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Abstract

Background: In the United States, over 60% of adults aged 65 years or older have multiple chronic health conditions, with
consequences that include reduced quality of life, increasingly complex but less person-centered treatment, and higher health
care costs. A previous trial of ElderTree, an eHealth intervention for older adults, found socioemotional benefits for those with
high rates of primary care use.

Objective: Thisstudy tested the effectiveness of an ElderTree intervention designed specifically for older patients with multiple
chronic conditions to determine whether combining it with primary care improved socioemotional and physical outcomes.

Methods: In anonblinded randomized controlled trial, 346 participants recruited from primary care clinics were assigned 1:1
to the ElderTree intervention or an attention control and were followed for 12 months. All participants were aged 65 years or
older and had electronic health record diagnoses of at least three of 11 chronic conditions. Primary outcomes were mental and
physical quality of life, psychological well-being (feelings of competence, connectedness, meaningfulness, and optimism), and
loneliness. Tested mediators of the effects of the study arm (ElderTree vs active control) on changes in primary outcomes over
time were 6-month changes in health coping, motivation, feelings of relatedness, depression, and anxiety. Tested moderators
were sex, scheduled health care use, and number of chronic conditions. Datasourceswere surveys at baseline and 6 and 12 months
comprising validated scales, and continuously collected ElderTree usage.

Results: At 12 months, 76.1% (134/176) of ElderTree participants were still using the intervention. There was a significant
effect of ElderTree (vs control) on improvements over 12 monthsin mental quality of life (arm x timepoint interaction: b=0.76,
95% CI 0.14-1.37; P=.02; 12-month Ad=0.15) but no such effect on the other primary outcomes of physical quality of life,
psychological well-being, or loneliness. Sex moderated the effects of the study arm over time on mental quality of life (b=1.33,
95% CI 0.09-2.58; P=.04) and psychological well-being (b=1.13, 95% CI 0.13-2.12; P=.03), with stronger effects for women
than men. The effect of the study arm on mental quality of life was mediated by 6-month improvementsin relatedness (a=1.25,
P=.04; b=0.31, P<.001). Analyses of secondary and exploratory outcomes showed minimal effects of ElderTree.

Conclusions: Consistent with the previous iteration of ElderTree, the current iteration designed for older patients with multiple
chronic conditions showed signs of improving socioemotional outcomes but no impact on physical outcomes. This may reflect
the choice of chronic conditions for inclusion, which need not have impinged on patients’ physical quality of life. Two ongoing
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trialsare testing more specific versions of Elder Treetargeting older patients coping with (1) chronic pain and (2) greater debilitation

owing to at least 5 chronic conditions.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Aging 2024;7:€59588) doi: 10.2196/59588

Clinical Trials.gov NCT03387735; https://clinicaltrials.gov/study/NCT03387735
RR2-10.2196/25175
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Introduction

Background

Global dataindicate that among adults with a chronic disease,
more than haf have multiple diagnosable conditions [1].
Although the consequences of multimorbidity vary by the
particular array of conditions, research often indicates a
compounding effect on the complexity of medica treatment
[2-4], areduction in patient-centered care as clinicians respond
to the most pressing medical needs[5], and markedly increased
medical costs [6-8]. For patients, multiple chronic conditions
(MCCs) heighten the treatment burden [9] and the risk of
adverse outcomes such as prolonged hospitalization and
mortality [10]. Research also suggeststhat patientswith MCCs
tend to experience reduced quality of life (QOL) [11,12] aswell
as greater depression [13,14] and loneliness [15].

The prevalence of multimorbidity increases with age and
low-income status. Assessments of United States data from
2018 found diagnoses of M CCs among morethan 60% of those
aged 65 years or older (vs 27.2% of the total adult population)
and among 76.9% of older adultswho qualified for low-income
medical care (ie, “dual eligible” for Medicare and Medicaid)
[16]. Assuch, the burden of MCCs often falls on those patients
who may have fewer resources to navigate the complexities of
their conditions.

One of the core challenges of MCCs is that the specific
combination of conditions experienced by a given patient can
vary widely. Clinical practice guidelines and recommendations
for self-management tend to be based on specific diseases or
conditions, and adjusting those guidelines and recommendations
becomes more difficult as the number of comorbid conditions
rises [17,18]. As various authors have noted, the risk of
polypharmacy and the difficulty of self-management escalate
with the number of comorbid conditions [19,20]. Given these
challenges, the Nationa Ingtitutes of Heath caled for
researchers to develop and test behavioral interventions that
could be implemented in primary care and that would offer one
broadly applicable and effective tool to help manage a wide
array of combinations of chronic conditions [21]. This project
was funded by the National Institutes of Health and responds
to that call.

A recent review and meta-analysis of 16 randomized controlled
trials (RCTs) of interventions to address multimorbidity in
primary care and community settingswas not encouraging [22].
Interventions were broadly grouped into those focused on
medication management, self-management support, or care
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coordination plus self-management support. Most were designed
to enhance patients' interactions with their primary care team
by coaching or informational sessions and materials. Across
the 4753 participants, with most of them being older adultswith
3 or more chronic conditions, there was “little or no evidence”
of effects (relative to usual care [UC]) on health-related QOL
or mental health, or on an array of secondary outcomes,
including health care use, medication adherence, and
self-efficacy. Notably, only 2 of the 16 interventions (both
relatively brief, at 6 weeks in length) offered peer support in
theform of weekly meetings[23,24], and none provided online
resources for communicating with clinicians or peers.

A second meta-analysis, focusing on “digital telemedicine
interventions” for patients with at least 2 comorbid chronic
conditions [25], found somewhat more encouraging results,
though the authors noted the prevalence of low-quality study
designs, small sample sizes, and short durations (2-6 months
with limited follow-up). The interventions were typicaly
multifaceted, offering services such astelemonitoring (eg, online
tracking of blood glucose, blood pressure, or weight, to be
reviewed by the medical team), telecare (eg, online feedback
or appointmentswith clinicians based on health-tracking scores
and online yoga classes), or automated reminders (eg, for
exercise or medications). The results across 2 or 3 studies for
each outcome indicated moderate decreases in systolic blood
pressure and cholesterol and small to moderate decreases in
hemoglobin A,.. In contrast, the effects on patient-centered
outcomes, such as QOL, perceived health status, and depression,
were largely nonsignificant. Again, it was notable that no
interventions involved peer support, and most focused on
tracking specific health indicatorsrather than patient well-being.

The current RCT was designed to build on this prior work but
to avoid key limitations, including small sample size, short
intervention duration, and limited or no opportunity for
communicating with clinicians or peers. It presents arelatively
novel and rigorous approach to multimorbidity, testing a
12-month eHealth intervention designed to improve QOL,
socioemotional outcomes, and health-related outcomes among
older adultswith 3 or more chronic conditions. Theintervention,
ElderTree (ET), is an information and support platform
developed by our Center of Excellencein Active Aging, which
wasfunded by the Agency for Healthcare Research and Quality,
and isone of acollection of eHealth systems known as CHESS
(Comprehensive Health Enhancement Support System) [26,27].

All CHESS systems, including ET, are built on the principles
of continuing care and sdlf-management, including long duration
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[28]; assertive outreach [29]; tracking [30]; prompts [31];
problem solving [32]; and peer, family, or clinical support [33].
In addition, CHESS systems are consistent with
Self-Determination Theory, which asserts that satisfying the
fundamental psychological needs of competence (feeling
effective), relatedness (feeling connected to others), and
autonomy (feeling internally motivated rather than coerced)
contributes to adaptive functioning [34]. In randomized trials,
our interventions significantly improved asthma control [35];
QOL and cost of care in HIV patients [36]; QOL and
self-efficacy in breast cancer patients [37-39]; risky drinking
[40]; and caregiver burden, symptom distress, and median length
of survival in lung cancer patients [41].

ET was previously tested in an RCT involving 390 adults aged
65 years or older with at least one health risk factor (eg, recent
fall, depression, or emergency room visit) in 3 Wisconsin
communities (urban, suburban, and rural), who were followed
for an intervention period of 12 months [27]. There were no
significant effects in the sample as a whole, but subgroup
analyses indicated that among participants who had 3 or more
primary care visits in the 6 months prior to baseline, those in
the ET group performed significantly better than those in the
control group on measures of mental QOL, social support, and
depression.

The results suggested that (1) ET may be more effective for
patients who are dealing with multiple chronic conditions
(MCCs), given that primary care use is relatively high among
such patients, and (2) asystem such asET may be most effective
if integrated into primary care. Building on those findings, this
study examined the effects of an enhanced version of ET
specifically for patients with MCCs rather than a general older
population, focusing on not only QOL and socioemotional
outcomes but also health measures and health care use.

Study Objectives

The overall goa of the study was to assess the effects of ET
versus attention control in older patients with MCCs. Our
primary objective wasto determine whether, and to what extent,
supplementing patients UC with ET would lead to
improvementsin 4 primary outcomes. Like other interventions
for chronic conditions (eg, those reviewed above), we assessed
physical and mental QOL. Additionally, given the focus of our
intervention on the core constructs of Self-Determination Theory
(ie, motivation, competence, and autonomy), we assessed
psychological well-being, using a measure that focused on
feelings of competence, connectedness, meaningfulness, and
optimism [42]. Finaly, given the evidence about the
bidirectional causal impact of loneliness on the progression of
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chronic conditions in older adults [43,44], we assessed
participants’ loneliness. We also tested whether the effects of
the study arm on these primary outcomes were mediated by
6-month changes in heath-related coping strategies and
motivation, social relatedness, anxiety, and depressive symptoms
and whether effects were moderated by sex, scheduled health
care use, and the number of chronic conditions.

As prespecified in the trial protocol [26], we tested the effects
of the study arm (ET vs active control) on changes over time
in a number of health-related secondary and exploratory
outcomes: pain, number and severity of falls, symptom distress,
medication adherence, use of crisis health care and long-term
care, diet, acohol use, cigarette use, and pain medication i ssues.
To restrict the paper length, we only briefly summarize the
results for these nonprimary outcomes. Complete descriptions
and analyses of these variables are reported in Multimedia
Appendix 1.

Lastly, the COVID-19 pandemic, which began mid-way through
the study, overlapped with some portion of the 12-month
intervention period for nearly half of the participants. Asaresullt,
we conducted post-hoc analyses, examining the months of
overlap with the pandemic as a possible unanticipated moderator
of the effects of the study arm.

Methods

Trial Design

The trial was a nonblinded, randomized controlled design with
1:1 allocation to theintervention arm or an attention control for
aperiod of 12 months. Assessmentswere conducted at baseline,
6 months, and 12 months. We originally planned an 18-month
follow-up assessment (ie, 6 months after the end of the
intervention). However, with the start of the pandemic and
lock-down, as we considered the role that ET played in
connecting participants to each other and to their primary care
team, we (the study investigators) made an ethical decision to
offer continued access to ET to those participants who were
approaching months 13-18. Thisdid not change the study design
for the 12 months of the intervention, but it meant that the
18-month follow-up comparison between study arms was
compromised: Participantsin the ET arm varied in their access
to the intervention during their final 6 months of the study,
depending on whether that period coincided with the pandemic.
We continued to gather the 18-month data to offer participants
closure, but we no longer planned to analyze and did not reach
out to participants in cases of incomplete or ambiguous data.
As such, we did not analyze and do not report the 18-month
results. Figure 1 shows the study design.
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Figure 1. Study design. UC: usual care.
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Participants

Older adult patients with at least three chronic conditions were
recruited from primary care clinics within the UW Health
Department of Family Medicineand General Internal Medicine
at the University of Wisconsin-Madison (UW Health). Eligible
patients (1) were aged 65 years or older; (2) had been treated
in the clinic for the previous 18 months or longer with no plans
to leave during the study period; and (3) had diagnoses of 3 or
more of the following 11 chronic conditions: hypertension,
hyperlipidemia, diabetes, arthritis, BMI =30, chronic kidney
disease, chronic pain, chronic obstructive pulmonary disease
(COPD), congestive heart failure, arrhythmia/atrial fibrillation,
and pulmonary heart disease. We originally planned to recruit
participants based on self-reports of thefirst 5 conditions (4 of
them related to metabolic syndrome). Before recruitment began,
we changed our criterionto 3 or more of any of the 11 conditions
listed above. We did so both to increase the pool of eligible
patients and to provide amore expansivetest of the effectiveness
of ET in addressing a wide array of comorbid conditions
prevalent among ol der adults.

Prior to recruitment, we also decided to use documented
diagnoses from electronic health records (EHRS) as inclusion
criteria, rather than relying on participant self-report (including
possible self-diagnosis). This not only provided a more
standardized assessment of chronic conditions but also allowed
clinics to identify eligible participants and send them a
recruitment letter describing the study.

Further eligibility criteria were as follows: (4) no current
psychotic disorder that would prevent participation; (5) no acute
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Cigarette use
Pain medication issues

medical problem requiring immediate hospitalization; (6) no
visual or motor impairment preventing the use of a computer;
(7) ability to read and sign the consent form in English; (8)
agreement to share health-related study data (eg, lab scoresand
health care utilization); (9) permission to share information with
the patient’s primary care physician; and (10) no moderate or
advanced dementia.

Interventions

Patients in both conditions continued with their UC provided
by primary care and internal medicine clinicsin the University
of Wisconsin-Madison system and received their assigned
intervention.

Control Condition

In addition totheir UC, patientsin the control condition received
internet service and alaptop computer for 12 months. Shortcuts
to 4 general health information websites, vetted for quality by
our research team, were placed on the computer desktop for
easy access. the Cleveland Clinic [45], National Institute on
Aging [46], the American Academy of Family Physicians[47],
and Mayo Clinic [48]. We expected this UC+internet
intervention to be relatively ineffective because information
alone is unlikely to have much impact on health behaviors
[39,49-51]. Instead, access to the device, the internet, and the
sitesfunctioned asaform of attention control versus pure control
comparison and asaway to isolate the specific effects of access
to ET. In an attention control group, participants receive the
same amount of interaction and “attention” from the research
team as the intervention group, but that interaction does not
contain the hypothesized therapeutic content [52]. In our case,
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control participants could go online and interact with others but
did not do so in the context of ET.

Experimental Condition

Patients in the experimental condition received UC plus ET
access and alaptop computer, along with internet for 12 months.
This UC+ET group did not receive the health information
websites placed on computers for control patients, athough
they could have sought them out independently.

ET System Overview

As described previously [26], ET provides tools, motivation,
and socia support to help patients manage their chronic
conditions, communicate with peers and research staff, and
improve communication with clinicians. The system was
developed specifically for older adults with extensive input
from advisory and focus groups of older adults. It featured large
fonts, few options, and uncluttered screens for easy
comprehension, navigation, and usability. Areas of the sitewere
Community (with chatroom-like discussion groups, email-like
private messaging, and a bulletin board of loca events);
Well-Being (offering relaxation and meditation videos and
journaling with positive psychology prompts); and My Health
(acallection of health information resources). The content was
continuously refreshed. While the design and navigation were
based ontheoriginal ET and principles established in our earlier
testing [27,53], we enhanced the system for this study as
described below. A sample of the home screen is shown in
Figure S1 in Multimedia Appendix 2.

ET Enhancements

We made 3 major enhancements to the original ET. First, we
expanded a basic health-tracking feature in the original ET to
create aweekly survey with feedback. Patients were prompted
to complete weekly check-ins regarding 10 general health
indicators: sleep, nutrition, physical activity, cognition, balance,
fals, mood, pain management, medication adherence, and
quality of social interactions. As soon as the survey was
completed, ET feedback commended any improvements. If
survey results showed mild reductions in any of the health
indicators, ET feedback directed the patient to relevant articles
inthe ET My Health library. If the algorithm detected a sudden
or steep negative change in any of the indicators or a problem
that was not improving over several weeks, ET recommended
that the patient contact their clinic. ET also generated a graph
charting the patient’s responses for each indicator over the last
3 monthsto facilitate self-monitoring (Figure S2 in Multimedia
Appendix 2).

Second, we used the survey-generated graph as the basis for a
clinician report that was shared with the patient’s primary care
clinic. We used asimilar report in alung cancer trial comparing
a CHESS system alone to a CHESS system combined with a
clinician report [54] and found that the addition improved
symptom distress by more than 100% (26.2% improvement
with CHESS a one vs 53% with CHESS+clinician report; n=71
vs 68, respectively; P<.001). The clinician report was designed
to offer specific benefitsin health care ddlivery for patientswith
MCCs. While MCCs can lead to rapid declines in health [55],
carefor such patientsusually consists of periodic onsite contact
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with primary care clinicians, who may be unaware of such
changes or cannot respond as promptly as may be warranted.
The report, sent the week before a patient’s scheduled visit,
shared timely information on health indicators and helped both
patients and clinicians make the most of these visits. As a
single-page graphic summary of health-tracking data, the report
could be viewed and understood at a glance, avoiding a time
burden for clinicianswhile allowing them to provide responsive
and appropriate treatment. A hard copy of the report was also
mailed directly to the participant to take to the appointment.

When the COVID-19 lockdown began and clinics transitioned
to telehealth and fewer in-person visits, we altered our strategy
for the clinician report. Every 2 months, the study project
manager prepared a clinician report summary providing an
overview for all participantsat each clinic. Thegoal wasto help
clinicians identify patients who were reporting issues such as
missed medications or mood changes between appointments,
particularly as patients continued to isolate due to COVID-19.
This summary was emailed to clinic managers to share with
individual clinicians (Figure S3 in Multimedia Appendix 2).

Third, because our original trial of ET identified the greatest
improvements in mental QOL, social support, and depression,
we tried to strengthen these effects still further by adding an
interactive Fun & Games area (light-hearted polls, quizzes,
videos, and games) and a weekly Lifestyle article (topics
included travel, mind and body, etc). Both features were
designed to increase participants enjoyment of the site and
engagement with others via asynchronous comment threads.

M easures

Participants were assessed for al study variables at baseline, 6
months, and 12 months, as described below. To assess system
use, time-stamped usage data from ET participants were
continuously captured in our database, including specific
services used; date and time the system was accessed; and text
entered into discussions, comment threads, and message
features.

Primary Outcomes

Mental and physical QOL were assessed using the 8-item
PROM I S (Patient-Reported Outcomes M easurement Information
System) Global Health measure[56,57], with 4 itemsfor mental
QOL (eg, “How would you rate your mental health, including
your mood and your ability to think?") and 4 for physical QOL
(eg, “To what extent are you able to carry out your everyday
physical activities such as walking, climbing stairs, carrying
groceries, or moving a chair?’). Scoring of individual items
varies and is calculated by the scale's developers; the total
possible ranges are 21.2-67.6 for mental QOL and 16.2-67.7
for physical QOL, with higher values indicating better QOL
[58]. For consistency with other primary outcome measures,
the timeframe was modified to the past 2 weeks.

Psychological well-being was assessed with the 8-item
Psychological Flourishing Scale (eg, “My social relationships
are supportive” and “1 lead a meaningful life”) [42]. Each item
is scored on a 5-point scale, for atotal possible range of 8-40,
with higher scores indicating greater flourishing.
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Loneliness was measured with 8 items from the UCLA
Loneliness Scal e that showed the highest factor 1oadings among
elderly adultsin prior work (eg, “How often do you feel part of
a group of friends?’) [59]. Each item is scored on a 5-point
scale, for a total possible range of 8-40, with higher scores
indicating increasing loneliness.

Mediators

We measured 5 possible mediators. Health coping strategies
were assessed with 10 items from the Ways of Coping Scale
(eg, “Made aplan of action and followed it” and “Accepted the
situation”) [60]. Each item is assessed on a 5-point scale, for a
possible range of 10-50, with higher scores indicating better
coping.

Motivations were assessed with four 5-point items from the
Treatment Self-Regulation Questionnaire [61]; 2 items assessed
autonomous motivation (eg, “I try to manage my hedth
conditions because | want to take responsibility for my own
health”) and 2 assessed external regulation (eg, “| try to manage
my health conditions because | feel pressure from othersto do
s0"). The total possible range for each motivation subscale is
2-10, with higher scores indicating greater autonomous and
external motivation.

Relatedness was assessed with the 6-item McTavish Bonding
Scale [62] plus 3 items from the short form of the PROMIS
emotional support scale [63]. For all items, patients indicated
on a 5-point scale the frequency of the type of support (eg,
“Someone you can count on to listen when you need to talk”
and “ Someone to love and make you feel wanted”). The total
possible range is 9-45, with higher scores reflecting more
support.

Anxiety and depressive symptoms were assessed with the 7-item
Generalized Anxiety Disorder scale[64] and the 8-item version
of the Patient Health Questionnaire Depression scale [65],
respectively. The response option in both 4-point scales was
the frequency of a symptom (eg, “ Trouble relaxing” and “ Poor
appetite or overeating”) in the past 2 weeks. Higher scores
indicate more anxiety or depression symptoms.

Moderators

Weinvestigated whether the effects of the study arm on change
from baselineto endpoint in primary outcomeswere moderated
by sex, health care use, and number of chronic conditions.
Participantsindicated their sex (male or female) at baseline. On
all assessments, they reported scheduled visitsin the preceding
3 monthsto primary care, specialists, physical and occupational
therapists, chiropractors, and counseling. For the number of
chronic conditions, we used EHR data obtained during
enrollment for each participant, and the range was 3-11.

Potential Covariates

Potential covariates included comfort or familiarity with
technology, physical challenges using technology, and life
stressors. Patients rated on a 6-point scale their comfort with 6
communication technologies: computer, smartphone, tablet,
smart speaker, email, and Facebook. The total possible range
is 0-30, with higher scores indicating greater comfort. For
physical challenges, participants reported vision, hearing, hand
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pain or tremors, memory, “other,” or no limitations for both a
computer/tablet and a smartphone, checking all that applied.
To gauge life stressors, they reported on 14 possible stressors
from the Socia Readjustment Rating Scale (eg, “Death of a
very close friend or family member” and “ Change in financial
status”) [66], checking all that applied (possible rangeis 0-14).
Participants also reported sociodemographic variables of race
and ethnicity, education, income, health insurance, whether they
had a significant other, housing type, and whether they lived
alone or with others. We planned to control for these if they
varied by study arm.

Sample Size Deter mination and Power

We focused on the effect of Cohen d=0.50 on the primary
outcome of patients perceptions of their QOL, given
recommendationsthat thisisthe minimally important difference
for QOL measuresin clinical trials[67]. For our other primary
outcomes (psychological well-being and loneliness), effect sizes
tend to be smaller. For example, aprior web-based intervention
for rural women with chronic diseases showed an effect of
Cohen d=0.29 on |oneliness among those who scored abovethe
median on baseline levels of loneliness, depression, and stress
[68]. Given that our intervention was substantially longer (12
months vs 22 weeks) and had more components specifically
designed to address social connectedness, we expected
somewhat larger effects but did not expect to reach Cohen
d=0.50. Balancing the need to be adequately powered with the
need to focus on meaningful impacts, the study was powered
to detect a main effect of Cohen d=0.35 for our primary
outcomes. Adequate power to detect a between-subjects effect
of Cohen d=0.35 (1-=0.80; a=.05) with repeated measures
on the outcome required afinal sample of 262 patients (130 per
arm). On the basis of our prior trial of ET, we assumed 20.5%
attrition and thus arrived at a recruitment goal of 330 patients
(165 per arm).

Recruitment

The UW-Madison Clinical Research Data Service examined
UW Health Clinic EHRs to identify patients who met the
eligibility criteria, including chronic conditions. Potential
participants then received an opt-in letter from the university’s
Office of Clinical Trias. The letter described the study and
included a postage-paid return invitation for further contact
from the study team.

After a patient returned the invitation, study staff called and
provided a detailed trial overview, including benefits and
potential risks of participation. If interested, patients were
screened on al digibility criteria. Those who verbally confirmed
they wanted to participate and met the criteria were mailed the
baseline survey and received a home visit from a member of
the research team, at which time written consent was obtained,
baseline datawere collected, and randomization was determined.

Randomization

The project manager used a computer-generated allocation
sequenceto randomize patientsina 1:1 ratio to the experimental
(UC+ET) or control (UC+internet) group, stratified by sex,
clinic site, and number of chronic conditions (3-5 vs. =6). The
block size was 10. When baseline assessment and consent were
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complete, the research staff person opened the numbered, sealed,
opaque envelope reveadling group assignment, and then
conducted equipment setup and training for either the
intervention (including all the services and how to use them)
or control device. Once the assignment was made, participants
could not be blind to their condition, given that those in the
experimental arm were asked to use ET, while those in the
control arm were not. The training researcher aso could not be
blind to the condition after the assignment was reveal ed.

Statistical M ethods

Fromthelist of our prespecified potential covariates, we selected
covariates to include in analyses by examining whether they
were moderately correlated (0.30 or higher) with at least one
of the primary outcomes [69]. Only life stressors met the
correlation benchmark (mental QOL: r=—0.35; physical QOL.:
r=—0.34).

In addition, given that participants varied in the extent of overlap
between the COVID-19 pandemic and the 12-month intervention
period (range=0.02 to 6.33 months), we included this variable
(defined as participant’s number of months during the pandemic
prior to each survey timepoint) in our analyses at each timepoint
as a covariate. Of note, pandemic months significantly
influenced mental QOL (P=.03) but none of the other primary
outcomes (al P>.31). Ultimately, life stressors and pandemic
months were the only covariates included in the models.

Normality, linearity, and homoscedasticity/homogeneity of
variance for outcome data were assessed using descriptive
statisticsand graphical representations. Outcomeswere analyzed
with mixed-effects models, using (g)lmer() from the Ime4
package, implemented in the R statistical software environment.
These models account for correlated measurements within
participants, use all available data (allowing for intention-to-treat
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rather than only compl ete-case analysis), and provide unbiased
estimates when data are missing at random [70]. Each model
included arandom effect for participant, aswell asfixed effects
for survey timepoint, study arm, and arm-by-timepoint
interaction. The survey timepoint was entered as a continuous
variablewith 3 timepoints (baseline, 6 months, and 12 months).

Ethical Consider ations

This study received ethical approval from the University of
Wisconsin Health Sciences Institutional Review Board
(reference number: 2017-0849) and has been registered at
Clinical Trials.gov (NCT03387735).

Results

Participants

A total of 346 participants were randomized, and 344 received
either the assigned intervention or control device and were
included in the analyses (Figure 2). Of the 344 receiving an
intervention, 321 (93.3%) completed the 6-month survey and
309 (89.8%) completed the 12-month survey. As data were
analyzed with mixed-effects models, which use all available
datarather than only complete cases, 318 (92.4%) wereincluded
inthe analyses. Recruitment began in February 2018 and ended
in December 2019. The intervention period concluded in
December 2020 (Figure 2). The CONSORT (Consolidated
Standards of Reporting Trials) checklist is presented in
Multimedia Appendix 3.

Participant characteristics at baseline are presented in Table 1.
Most participants identified as white (317/344, 92.2%) and
female (209/344, 60.8%), and the average age was 74 years 9
months. The average number of chronic conditions was 5.28.
For a detailed breakdown of chronic conditions by group, see
Multimedia Appendix 4.
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Figure2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of participantsthrough the study. Datawere analyzed with mixed-effects
models, which use all available data rather than only complete cases.
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Table 1. Participant characteristics by study arm at baseline.

Characteristic UC3+internet (N=168) UC+ElderTree (N=176)

Female, n (%) 103 (61.3) 106 (60.2)

Number of chronic conditions at enrollment (from EHRsb), n (%)
3-5 chronic conditions 104 (61.9) 108 (61.4)
6-11 chronic conditions 64 (38.1) 68 (38.6)

Race, n (%)

American Indian, White 1(0.6) 2(11)
Black 14(8.3) 8(4.6)
Jewish 0(0.0) 1(0.6)
Unspecified mixed race 0(0.0) 1(0.6)
White 153 (91.1) 164 (93.2)
Ethnicity Hispanic or Latino, n (%) 1(0.6) 0(0.0)

Highest level of completed education, n (%)

Middle school 2(1.2 1(0.6)

High school 40 (23.8) 30(17.1)
Vocational or technica school 19 (11.3) 26 (14.8)
Some college 38(22.6) 49 (27.8)
College graduate 30(17.9) 35(19.9)
Postgraduate or professional 39(23.2) 35(19.9)

Annual income, n (%)

Less than US $12,000 5(3.0) 7(4.0)
US $12,000-24,999 34(20.2) 32(18.2)
US $25,000-49,999 44(26.2) 41(23.3)
US $50,000-74,999 30(17.9) 34(19.3)
US $75,000 or above 41 (24.4) 43 (24.4)
Did not report 14 (8.3) 19 (10.8)
Had significant other, n (%) 105 (62.5) 110 (62.5)

Housing, n (%)

Nursing home 1(0.6) 0(0.0)

own 114 (67.9) 134(76.1)

Rent 33(19.6) 27 (15.3)

Assisted living facility 3(1.8) 1(0.6)

With family or friends 11 (6.6) 11 (6.3)
Live alone, n (%) 118(70.2) 124 (70.5)
Age (years), mean (SD) 74.54 (6.45) 74.88 (6.11)
Comfort using technology (range 0-5)°, mean (SD) 2.81(1.30) 2.79(1.34)
Physical issues with technology (range 0—10)d, mean (SD) 0.46 (1.19) 0.38(0.87)
Life stressors (range 0-14)°, mean (SD) 111(1.46) 1.01 (1.36)

3UC: usud care.

PEHRS: dlectronic health records.
®Higher values indicate greater comfort.
dH gher values indicate more physical issues.
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€Higher values indicate more stressors.

ET Use

We defined “use” as accessing any service or feature beyond
the home screen at least once during a given time period. Of
the 176 participants randomized to UC+ET, 166 (94.3%) had
used ET intheir first month, 164 (93.2%) used it in months 2-6,
137 (77.8%) used it in months 7-11, and 134 (76.1%) used it
in the final month of the study.

Number of daysof use (ie, accessing any ET servicein a24-hour
period) also indicated sustained use. In the first 6 months (180
days), participants accessed ET for a mean of 48.95 days (SD
35.16 days; 27.2% of days; range 0-179 days). During months
7-12, participants used the intervention for a mean of 31.40
days (SD 32.07 days; 17.44% of days; range 0-167 days). These
means include participants with no days of use (scored 0).

Participants made the most use of ET services that facilitated
socia interaction. Of the 6 main areas on the site, Community
was the most active. During their year on the intervention, 172
of the 176 UC+ET participants used this area a mean of 42.78
days (SD 59.66 days; range 1-305 days). Discussion Groups,
an activity within the Community area, was the most heavily
used single service on the system. During their intervention
year, atotal of 162 participants used it for amean of 34.82 days
(SD 57.48 days; range 1-295 days). Of the other main areas,
Fun & Gameswas the second most visited (=163 participants;
mean 32.74 days, SD 57.50 days; range 1-311 days), followed
by Lifestyle (n=163; mean 15.34 days, SD 23.81 days, range
1-214 days), both of which allowed for asynchronousinteraction
via comments. The nonsocial areas were used somewhat less
often: My Health informational resources were used by 169
participants for a mean of 24.89 days (SD 21.66 days, range
1-135 days), and Well-Being was used by 158 participants for
amean of 15.32 days (SD 35.14 days; range 1-290 days).

Table 2. Correlations between primary outcomes.

Gustafson Sr et al

Regarding the weekly health-tracking feature, 162 of the 176
UCHET participants (92.0%) used the tracker during their first
6 monthsin the study, and 134 (76.1%) were still usingitinthe
12th month. Prior to the 6-month survey, participants used the
tracker for amean of 20.16 weeks (SD 7.11 weeks; range 0-30
weeks). Between the 6- and 12-month surveys, participants used
it for a mean of 16.99 weeks (SD 8.21 weeks; range 0-26
weeks). These meansinclude participantswith no weekly tracker
use (scored 0).

Use of the Clinician Report and Summaries

We had planned to conduct study-end quantitative assessments
and qualitative interviews with clinicians about their uses and
perceptions of the clinician report. Because of the pandemic,
clinicians were unavailable to provide feedback on either the
prepandemic individual reports or the clinic summaries we
pivoted to once the pandemic started. We had anecdotal
feedback from staff members that the clinic summaries were
helpful in highlighting patients who might need outreach, but
we had no way of assessing the extent to which clinicians used
the reports or summaries and which aspects they found hel pful
or cumbersome. We did not measure patients uses and
perceptions of the clinician reports, but some participants
volunteered instances in which the clinician report sparked a
conversation with their doctor (eg, about sleep).

Effects of the Study Arm on Changes Over Timein
Primary Outcomes

Primary outcomeswere physical and mental QOL, psychological
well-being, and loneliness. We conceptualized these as distinct
though related variables. In fact, the 3 socioemotional outcomes
(mental QOL, psychological well-being, and loneliness) were
more strongly correlated than we had anticipated (Table 2).

Variable Data Correlation
Number  Mean (SD) Mental quality of life Physical quality of life Psychological well-being Loneliness

Mental quality of life 344 46.25(7.28) _a 0.50P 0.61° —0.56°
Physical quality of life 344 4239(6.23) (s5ob — 0.37° —017°
Psychological well-being 344 3133(523) 1P 0.37° — _068°
Loneliness 344 1659 (5.93) _gggd —017° —0.68° —

3ot applicable.

bp<.05.

Controlling for life stressors and pandemic months, we found
asignificant difference between the ET and control armsin the
extent of change in mental QOL over time from baselineto 12
months (arm x timepoint interaction: b=0.76, 95% Cl 0.14-1.37;
P=.02). Specifically, as shownin Figure 3, the ET arm showed
an increase in mental QOL and the control arm showed a
decrease, for atotal difference of 1.5 T-score points (PROMIS

https://aging.jmir.org/2024/1/e59588

measures are standardized so that scores have a mean of 50 and
SD of 10. Thus, the T-score difference can be interpreted as
Cohen d divided by 10, that is, 1.5 points can be read as Cohen
d=0.15). Although this differencein means between the 2 groups
at 12 months was statistically significant (P=.04), PROMIS
scoring guidelines [71,72] state that a difference is considered
meaningful at 3 or more T-score points when comparing groups.
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Figure 3. Predicted mean values of mental quality of life over time. Possible range is 21.2-67.6, with higher values indicating better mental quality of

life. Shaded areas represent 95% Cls.
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We did not find significant differences between groups in
changes over time for physical QOL (b=0.10, 95% CI —0.44 to
0.64; P=.71), psychological well-being (b=0.23, 95% CI —0.26
to 0.72; P=.36), or londliness (b=—0.25, 95% Cl —0.73t0 0.22;
P=.29).

ET System Useasa Predictor of Primary Outcomes

Asthe overall goal of the study was to assess the effects of ET,
we examined whether the amount of use of the ET systemwould
predict changes in our primary outcomes, as specified in our
protocol [26]. For these analyses, the amount of ET use was
measured as days of any use. If aparticipant in the intervention
arm did not use the system after training, they were assigned a
value of 0 days. Both arms (control and intervention) were
included in these analyses, with all control participants assigned
values of 0 days.

With regard to mental QOL, controlling for baseline scores,
days of ET use significantly predicted improvement over the
12 months of the intervention (b=0.02, 95% CI 0.00-0.03;
P=.046), and the magnitude of this effect did not change over
time (b=0.00, 95% CI -0.02 to 0.02; P=.72). The model
predicted that those using ET every day within a 6-month time
span (180 days) would show a 3.23-point increase in mental
QOL compared to those not using the system. A clinically
meaningful difference of 3 points would thus be seen at 167
days within a 180-day span or 92.7% of days.

Days of ET use did not statistically predict a difference in the
other primary outcomes: physical QOL (b=—0.00, 95% CI —0.02
to 0.01; P=.90), psychologica well-being (b=0.01, 95% ClI
—0.01t0 0.02; P=.26), or loneliness (b=—0.01, 95% CI —0.02 to
0.00; P=.20).

https://aging.jmir.org/2024/1/e59588

Mediation of the Effects of the Study Arm

As proposed, we investigated whether the effects of the study
arm on changes in primary outcomes over time would be
mediated by 6-month changes in health coping strategies,
health-related motivation, feelings of relatedness, depression
symptoms, and anxiety symptoms. Controlling for baseline, the
study arm did not significantly predict coping (b=—0.69, 95%
Cl —2.14t0 0.75; P=.34), motivation (b=0.04, 95% CI —0.56 to
0.64; P=.88), depression (b=0.05, 95% Cl —0.53 to 0.64; P=.86),
or anxiety (b=0.12, 95% CI —0.48 to 0.71; P=.70) at 6 months
(simpletest of path a). However, the study arm did significantly
predict feelings of relatedness (b=1.35, 95% Cl 0.13-2.57;
P=.03) at 6 months. Given this, we tested a simple mediation
model of the effect of the study arm on the change from baseline
to 12 months in our primary outcome mental QOL, mediated
by the change from baseline to 6 monthsin relatedness. We did
not test mediation for our other 3 primary outcomes because
the arm-by-time analyses were nonsignificant.

The mediation analysis showed that the study arm was
significantly associated with changes in mental QOL from
baselineto 12 months (path c=1.38; P=.03), aswas demonstrated
by our main primary outcome analyses. The inclusion of
relatedness in the model resulted in significant associations
between the study arm and relatedness (path a=1.25; P=.04)
and between rel atedness and mental QOL (path b=0.31; P<.001).
The association between the study arm and changes in mental
QOL (direct effect) was not significant (path ¢'=1.00; P=.10),
indicating complete mediation. See Figure 4 for a diagram of
this mediation model.
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Figure 4. Diagram of the study arm mediational model.
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M oder ation of the Effects of the Study Arm

We examined whether the effects of the study arm on changes
over time in the primary outcomes were moderated by sex,
amount of scheduled health care use, and number of chronic
conditions.

Sex moderated the effect of the study arm over time on mental
QOL (sex x arm x time interaction; b=1.33, 95% CI 0.09-2.58;
P=.04). To understand this 3-way interaction, we looked at the

simple effects of time for the 4 combinations of sex and arm.
For female participants, the ET arm showed an increase in
mental QOL over time, whilethe control arm showed adecrease.
By 12 months, the difference in means was statistically
significant (mean difference=2.60; P=.002) for females, athough
it did not exceed the benchmark of 3.0 considered meaningful.
For male participants, no differencein meanswas seen between
groups over time (12-month mean difference=—0.06; P=.95).
Data are presented in Figure 5.

Figure 5. Predicted mean values of mental quality of life by sex over time. Possible range is 21.2-67.6, with higher values indicating better mental

quality of life. Shaded areas represent 95% Cls.
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Sex also moderated the effect of the study arm over time for
psychologica well-being (sex x arm x timeinteraction: b=1.13,
95% CI 0.13-2.12; P=.03). To understand this 3-way interaction,
we looked at the simple effects of time for the 4 combinations
of sex and arm. For female participants, the ET arm showed an
increase in well-being over time and the control arm showed a
decrease. By 12 months, the differencein meanswas stetistically
significant (mean difference=1.38; P=.04; Cohen d=0.28). For

https://aging.jmir.org/2024/1/e59588

male participants, the ET arm remained steady while the control
group showed an increase in psychological well-being over
time. However, at 12 months, the difference in means was not
gatistically significant (12-month mean difference=0.88; P=.28;
Cohen d=0.18). Data are presented in Figure 6.

No other moderation of the effect of the study arm over time
was found. Inferential statistics for all moderation analyses are
presented in Table 3.
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Figure 6. Predicted mean values of psychological well-being by sex over time. The possible range is 8-40, with higher values indicating greater

psychological well-being. Shaded areas represent 95% Cls.
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Table 3. Inferential statistics for the moderators of the study arm regarding primary outcomes.

Moderator and outcome

Inferential statistics for moderator x arm x timepoint

b 95% Cl P value

Sex

Mental quality of life 1.33 0.09to0 2.58 .04

Physical quality of life 0.08 -1.02t01.18 .88

Psychological well-being 113 0.13t02.12 .03

Loneliness 0.51 —0.45t01.48 .30
Number of scheduled health care visits

Mental quality of life -0.06 -0.17t0 0.04 .26

Physical quality of life 0.00 —-0.09t0 0.10 .92

Psychologica well-being -0.05 -0.13t0 0.04 .28

Loneliness -0.00 —0.09 t0 0.08 91
Number of chronic conditions from EHRs?

Mental quality of life -0.02 —0.4910 0.45 .94

Physical quality of life -0.01 -0.42t00.41 .97

Psychological well-being -0.02 -0.40t0 0.35 91

Loneliness -0.01 —0.38100.35 .94

3EHRs: electronic health records.

Post Hoc Probing of Sex M oderation

To probe the finding that the effects of the study arm on mental
QOL and psychologica well-being were stronger for women
than for men, we began by examining whether there were sex
differences in variables that might explain this pattern: other

https://aging.jmir.org/2024/1/e59588
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demographic or background variables that we had considered
as covariates, baseline levels of relatedness and primary
outcomes, days of ET use, and (more specifically) days of ET
discussion group use. Therewere only 2 significant differences.
For education (4=some college, 5=college graduate,

JMIR Aging 2024 | vol. 7 | €59588 | p. 13
(page number not for citation purposes)


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

JMIR AGING

6=postgraduate or professional degree), men (mean 5.37, SD
1.36) had higher levels than women (mean 4.85, SD 1.46;
P<.001). For the likelihood of having a partner, men (n=112,
83%) had a higher likelihood than women (n=103, 49%;
P<.001). However, adding education and the presence of a
partner as covariatesto the moderation analysesfor mental QOL
and psychological well-being did not alter the significance of
the study arm x time x sex interactions or the magnitude or
direction of the coefficients for the study arm (b=1.35, 95% CI
0.10-2.60; P=.03 for mental QOL; b=1.14, 95% Cl 0.15-2.14;
P=.025 for psychological well-being). See Table 3 for values
without education and partner. Further exploratory analyses
examining possible moderated mediation are reported in
Multimedia Appendix 1.

Post Hoc M oderation Analysis: Effect of COVID-19
on the Study Arm for Primary Outcomes

Because our outcomes seemed likely to be impacted by the
extended isolation of lockdowns, which began in March 2020,
and because our older health-compromised population was
among the most vulnerableto theillness[73,74], we conducted
post hoc analyses. Specifically, to understand how the pandemic
may have affected primary outcomes, we tested pandemic
months as a moderator.

The pandemic overlapped with some portion of the 12-month
intervention period for 158 (45.9%) of the 344 participantswho
received an intervention. A total of 77 (43.8%) ET and 81
(48.2%) control participants completed the 12-month survey
during the pandemic, and of these, 3 (1.7%) ET and 6 (3.6%)
control participants also completed the 6-month survey during
this period. The 81 control participants experienced a mean
overlap of 3.11 months (SD 2.03 months; range 0.02-6.33
months), while the mean overlap for the 77 ET participantswas
3.02 months (SD 1.94 months; range 0.20-6.10 months). Given
this, we examined months of overlap with the pandemic as a
possible unanticipated moderator (rather than covariate) of the
effects of the study arm.

The pandemic did not appear to impact the effects of the study
arm on the primary outcomes. Controlling for baseline, we
found that months during COV1D-19 did not moderate the effect
of the study arm for mental QOL (b=-0.98, 95% CI —4.03 to
2.08; P=.53), physical QOL (b=-0.13, 95% Cl —2.91 to 2.64;
P=.93), psychological well-being (b=—1.73, 95% CI —4.16 to
0.71; P=.16), or loneliness (b=1.15, 95% CI -1.27 to 3.57;
P=.35).

Secondary and Exploratory Outcomes

Results for secondary and exploratory outcomes are presented
and discussed in Multimedia Appendix 1. To summarize, we
found asignificant effect of the study arm on changes over time
in the level of pain, such that the ET arm showed a dlight
increasein pain over time, whilethe control arm showed aslight
decrease, resulting in a significant difference between study
arms at 12 months. We did not find significant effects of ET
versus control on changes over timein falls, symptom distress,
medication adherence, use of crisis health care, pain medication
issues, alcohol use problems, or diet. We were unable to test
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cigarette use due to a lack of participants who smoked at any
point during the study.

Discussion

Summary and Interpretation

Given the need for broadly applicable behavioral interventions
that could be implemented in primary care to help manage
patients' varied combinations of chronic conditions [20,21],
this study was designed to test the effectiveness of an online
intervention, ET. Given that prior interventions for
multimorbidity have been critiqued for low-quality assessments
[25], this study was designed to be a high-quality clinical trial
featuring a large sample of older adults with 3 or more of 11
chronic conditions randomized to the ET intervention or an
attention control group for a full year. The goas of the
intervention were to help older adults manage their chronic
conditions (in part by providing their primary care team with
insights about their ongoing health status) and to connect them
with peersfor social support. A previousiteration of ET yielded
positive effects on socioemotional outcomes of mental QOL,
social support, and depression among those with high levels of
primary care use [27]. The current iteration leaned into this
finding, with system enhancements designed to connect
participantswith their primary care team and to strengthen peer
interactions and pleasurable aspects of the site.

Consistent with the findings for the earlier version of ET, the
current ET version showed signs of improving socioemotional
outcomes. There was a significant effect of ET (vs control) on
improvements over the 12-month intervention period regarding
the primary outcome of mental QOL, as well as a significant
study arm x sex interaction, indicating stronger effects for
women than men. There was a significant moderated effect of
ET on improvements over the 12-month intervention period in
the primary outcome of psychological well-being, again
indicating stronger effects for women than men. There was a
significant effect on improvements over 6 monthsin rel atedness,
which was our hypothesized mediator variable that assessed
feelings of socia support, love, and connectedness.

As such, even though we did not find the predicted effects on
the primary outcome of loneliness, ET relative to an attention
control group showed socioemotiona benefits for older adults
with MCCs. We acknowledge that the 3 socioemotional primary
outcome variables (mental QOL, psychological well-being, and
loneliness) were more strongly correlated than we initially
anticipated. Given that we had preregistered the analysesin our
protocol paper and given that we continue to believe these are
important and conceptually distinct variables, we have treated
them as separate variables. However, it isimportant to note that
doing so inflates the risk of type 1 errors across the set of
outcomes, and therefore, the identified effects should be
considered preliminary until replicated.

It isalso important to acknowledge that the difference between
study arms for mental QOL at 12 months was smaller than the
benchmark for a clinically meaningful effect (benchmark =
T-score difference of 3.0), both in the overall sample
(difference=1.5) and for women (difference=2.6). Our analyses
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examining days of ET use predicted that the benchmark
difference between study arms would occur with at least 167
days of app use over 6 months (or at least 93% of days),
suggesting that while clinically meaningful effects for mental
QOL may be possible, substantial engagement with ET would
be needed. Possible strategies to foster sustained high levels of
engagement are being examined in our subseguent ongoing
RCT of ET. Our current iteration of ET is now being tested on
smart displays as well as laptops, the content library is much
larger, and we now have weekly video-chat “ meet-ups” These
meet-ups not only allow participantsto interact with each other
and build social connections but also provide opportunities for
a trained moderator to highlight key aspects of ET and their
uses.

Although participants’ engagement with ET was markedly lower
than our analyses suggest would be needed for clinically
meaningful effects on mental QOL, it is noteworthy that the
percentage of participants who were still using ET at the end
of the year-long intervention (76.14%) was far higher than is
typical for mental health apps. A 2019 review of 93 apps
targeting emotional well-being, anxiety, or depression found
median 30-day retention rates of 3.3%, with somewhat higher
rates for 2 apps offering peer support (8.9%) [75]. A 2022
review of 56 mental health apps found that retention 7 days
after download varied from 5.5% to 19% [76]. Although ET
use was undoubtedly higher because participants were aware
of being in a study, they were not required to use the app. The
fact that they showed the most use of the tools for socia
engagement suggests that these forms of contact continued to
have meaning and value for them across the year of the study.

In contrast to the effects on asubset of socioemotional outcomes,
we found no significant effects of ET on any of our physical
health outcomes. Due to insufficient EHR data, as described in
Multimedia Appendix 1, we were unable to conduct planned
analyses for participants' lab scores. However, there were no
significant effects of ET on participants’ physical QOL or the
secondary outcome of “symptom distress’ (eg, shortness of
breath, bowel problems, cough, and weakness) or scheduled
health care use. This lack of effects on physical outcomes is
consistent with the weak mostly null effects yielded in a
meta-analysis of 16 RCTs of in-person primary care
interventions for multimorbidity [22] and is in contrast to the
moderate effects on lab scores observed in a meta-analysis of
digital telemedicine interventions [25], perhaps reflecting the
fact that the latter interventions tended to engage medical care
more directly and specifically (eg, viaonline tracking of blood
pressure). On the other hand, those interventions found scant
effects on patients' QOL.

Our expanded inclusion criteria meant that participants could
have varied combinations of 11 chronic conditions. This was
arguably a strength of the study, in that such diverse arrays are
akey challenge of treating patientswith multimorbid conditions.
On the other hand, this design decison may aso have
contributed to the lack of effects on physical outcomes and the
relatively weak effects on mental QOL, in that some patients
chronic conditions need not have been particularly onerous. A
patient could have high blood pressure, high cholesterol, and a
BMI over 30 without feeling much incentive to engage with the
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health-related aspects of the intervention and without much
impact on their ability to engage in social activities. Although,
asshownin Multimedia Appendix 1, the mgority of participants
in both study arms had EHR diagnoses of chronic pain or
arthritis, there were signs that patients did not see themselves
as incapacitated and that many had active socia lives. In exit
interviews, participants made commentssuch as, “1f | had more
medical problems, this could be more helpful. But | am pretty
healthy” and “I don't have any chronic aches or pains, nothing
constant that bothers me. | think this doesn't apply to me.”
Others made comments about their high levels of social
engagement as areason for not needing the interactions offered
by ET (eg, “I'm not ashut-in. We'revery active, do lots of things
with family, don't need interaction with other people that
much”). In our current RCT of asubsequent iteration of ET, we
arefocused on older adultswith at least 5 (rather than 3) chronic
conditions to probe whether there are indeed stronger effects
for patients with more complex sets of conditions.

It is also possible that the effects of ET were reduced by the
overlap of the study with the pandemic. A key component of
ET was the health tracking survey and the ensuing clinician
report. The goals of the clinician report were to not only flag
potential issuesfor health care providers (eg, recent falls could
signal important health risks) but al so open conversationsduring
appointments about issues, such as sleep, diet, or mood, that
may not be primary concerns for clinicians in the context of
more urgent medical indicators but that may affect patients
physical and socioemotional QOL. As clinic visits ceased and
clinical staff were triaging the crises of the pandemic, the
potential for such expansive conversations decreased, even
though we adapted to send clinics a summary of their patients
health tracker responses. However, despite the intuitive appeal
of the pandemic as a potentia limiting factor, we found no
indication that days of overlap with the pandemic moderated
the effects of the study arm for either physical or socioemotional
outcomes. Approximately half of the sample who completed
the 12-month intervention period prior to the pandemic did not
appear to respond differently than those who overlapped with
the pandemic.

It is also worth noting that these analyses |eave the pattern of
stronger effects for women (vs men) unexplained. One
possibility is that there were sex differences in the types of
messages posted and received on ET and that this had
implicationsfor participants’ socioemotional outcomes. A 2020
meta-analysis found that women were more likely than men to
givesocial support in online communities (eg, social networking
sites) and were also dlightly more likely than men to receive
social support [77]. This pattern of sex differences was aso
observed in a CHESS intervention for alcohol use disorder [78].
Moreover, giving and receiving social support viathe discussion
groupsin CHESS interventionswas previously found to predict
more positive outcomes. improved mental well-being in a
CHESS intervention for women with breast cancer [79] and
reduced drinking in a CHESS intervention for acohol use
disorder [80]. Further work is needed with the current data set
to code the types of online interactions that took place on ET
and to assess how they may have contributed to socioemotional
outcomes.
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Limitations

We have aready alluded to severa limitations, including the
issues of multiple primary outcomes potentially inflating type
lerror and thelack of EHR lab data. The latter issue meansthat
thisis a study of the effects of ET on older adults' perceptions
of their physical status, rather than a study of whether the
intervention could induce sufficient behavioral changes to be
reflected in participants' physical health indicators. While our
focus was more on participants QOL than lab scores, as
evidenced by our choice of primary versus secondary outcomes,
this nonetheless leaves an important question about physical
effects to be answered by further work.

Asnoted in the Methods section, welost the 18-month follow-up
timepoint, given our ethics-based decision to allow participants
during the pandemic to continue their use of ET beyond the
12-month study period. The goal of the follow-up period is, of
course, to assess whether any effects observed during the
intervention period endure even after the intervention ends.
While we acknowledge the loss of these insights, we also note
that they may be less critica than for other types of
interventions. Unlike interventions that are highly burdensome
for clinicians or that involve biomedical procedures, the online
accessibility of ET resources could potentially be an ongoing
open-ended opportunity for patients, rather than coming to an
end once a“dose” is completed.

Perhaps amore substantive limitation was the lack of data about
the clinician report. We originally intended to gather both
guantitative and qualitative data from primary care clinicians
to gain insightsinto the waysthey did (or did not) engage with
patients health tracking data. Given the effort involved in
making sure that clinicians received the relevant report in a
timely manner before a patient’s appointment, it would have
been useful to understand the results of those efforts. Thiswas
intended to be an intervention implemented within primary care.
It is possible that the benefits could be observed even in the
absence of engaging directly with clinics, simply by encouraging
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participants to reflect on their health tracking data and to use
their EHRs or clinic visits to flag changes over time that
mattered to them. The relatively high sustained rates of
engagement with the tracker suggested that participants found
some utility, but we did not obtain their ratings of the
helpfulness of the tracker or the associated clinician report.
Measures of patient perceptions of the intervention or the 6-
and 12-month participant surveys would have hel ped us assess
the value of the feature and determine possible improvements
for future interventions.

Finaly, it is important to highlight that participants were all
located in Wisconsin and were mainly white (92.2%), with at
least some education beyond high school (78.8%), limiting the
generalizability of theresults. Thislimitation reflected our focus
on implementing ET into primary care and our goal of using
EHR data to assess physical outcomes. The complexity of
engaging with clinics and accessing EHR data limited the
number of clinicsthat participated and restricted usto 1 health
care organization. A possible solution is to prioritize the
accessibility of ET over the as-yet-unknown benefits of trying
to implement ET within specific primary care clinics. In our
ongoing RCT, we have made that trade-off by recruiting
participants viatelevision and social mediarather than through
specific clinics, allowing usto recruit a more diverse sample.

Conclusions

This study extends our prior findings by focusing exclusively
on the growing complex population of older adults coping with
MCCs. The current findings continue to support the value of
ET for patients' socioemotional outcomes, with lessimpact on
physical outcomes. Subsegquent RCTsof ET are underway with
(2) older adults experiencing chronic pain and (2) older adults
with 5 or more chronic conditions for whom there may indeed
be greater decrementsto physical and mental QOL, with content
more explicitly focused on addressing their serious health-related
needs.

This study was funded by the National Heart Lung and Blood Institute, National Institutes of Health, United States Department
of Health and Human Services (grant number 1R01HL 134146). Support included the use of the UW Institute for Clinical and
Translation Research (ICTR) Data Monitoring Committee (DMC) and Clinica Research Data Service. The project was also
supported by the Clinical and Trandational Science Award (CTSA) program through the NIH National Center for Advancing
Translational Sciences (NCATS) (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.

Conflictsof I nterest

DHG Sr has a small shareholder interest in CHESS Health, a corporation that devel ops health care technology for patients and
family members struggling with addiction; this relationship is managed by DHG and the UW-Madison’'s Conflict of Interest
Committee. The authors have no other disclosures to report.

Multimedia Appendix 1

Additional prespecified analyses: secondary and exploratory outcomes.
[DOCX File, 261 KB-Multimedia Appendix 1]

https://aging.jmir.org/2024/1/e59588 JMIR Aging 2024 | vol. 7 | €59588 | p. 16

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=aging_v7i1e59588_app1.docx&filename=86f0a37cd5c6bd5340ed7873b7fb57ae.docx
https://jmir.org/api/download?alt_name=aging_v7i1e59588_app1.docx&filename=86f0a37cd5c6bd5340ed7873b7fb57ae.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Gustafson Sr et @

Multimedia Appendix 2

ElderTree system samples.
[DOCX File, 754 KB-Multimedia Appendix 2]

Multimedia Appendix 3

CONSORT-eHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDF File), 983 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Breakdown of chronic conditions by group.
[DOCX File, 42 KB-Multimedia Appendix 4]

References

1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuriesin 204 countries and territories,
1990-2019: asystematic analysisfor the Global Burden of Disease Study 2019. Lancet. Oct 17, 2020;396(10258):1204-1222.
[EREE Full text] [doi: 10.1016/S0140-6736(20)30925-9] [Medline: 33069326]

2. Gomis-Pastor M, Roig Mingell E, Mirabet Perez S, Brossa L oidi V, Lopez Lopez L, Diaz Bassons A, et a. Multimorbidity
and medication complexity: New challengesin heart transplantation. Clin Transplant. Oct 2019;33(10):e13682. [doi:
10.1111/ctr.13682] [Medline: 31368585]

3. Juul-Larsen HG, Christensen LD, Bandholm T, Andersen O, Kalemose T, Jargensen L, et a. Patterns of multimorbidity
and differencesin healthcare utilization and complexity among acutely hospitalized medical patients (=65 years) - A latent
class approach. Clin Epidemiol. 2020;12:245-259. [FREE Full text] [doi: 10.2147/CL EP.S226586] [Medline: 32184671]

4.  Sturmberg JP, Getz LO, Stange KC, Upshur REG, Mercer SW. Beyond multimorbidity: What can welearn from complexity
science? J Eval Clin Pract. Oct 2021;27(5):1187-1193. [doi: 10.1111/jep.13521] [Medline: 33588522]

5. Kuipers SJ, Nieboer AP, Cramm JM. Easier said than done: healthcare professionals barriers to the provision of
patient-centered primary care to patients with multimorbidity. Int J Environ Res Public Health. Jun 04, 2021;18(11):6057.
[FREE Full text] [doi: 10.3390/ijerph18116057] [Medline: 34199866]

6. Soley-Bori M, Ashworth M, Bisguera A, DodhiaH, Lynch R, Wang Y, et a. Impact of multimorbidity on healthcare costs
and utilisation: a systematic review of the UK literature. Br J Gen Pract. Jan 2021;71(702):e39-e46. [FREE Full text] [doi:
10.3399/bjgp20X 713897] [Medline: 33257463]

7. SumG, HoneT, AtunR, Millett C, Suhrcke M, Mahal A, et al. Multimorbidity and out-of-pocket expenditure on medicines:
asystematic review. BMJGlob Health. 2018;3(1):e000505. [ FREE Full text] [doi: 10.1136/bmjgh-2017-000505] [Medline:
29564155]

8.  Badhler C, Huber CA, Brungger B, Reich O. Multimorbidity, health care utilization and costsin an el derly community-dwelling
population: a claims data based observational study. BMC Health Serv Res. Jan 22, 2015;15:23. [FREE Full text] [doi:
10.1186/s12913-015-0698-2] [Medline: 25609174]

9.  Sheehan OC, Leff B, Ritchie CS, Garrigues SK, Li L, SalibaD, et a. A systematic literature review of the assessment of
treatment burden experienced by patients and their caregivers. BMC Geriatr. Oct 11, 2019;19(1):262. [FREE Full text]
[doi: 10.1186/s12877-019-1222-7] [Medline: 31604424]

10. BujaA, RiveraM, De Battisti E, Corti MC, Avossa F, Schievano E, et a. Multimorbidity and hospital admissionsin
high-need, high-cost el derly patients. JAging Health. 2020;32(5-6):259-268. [doi: 10.1177/0898264318817091] [Medline:
30522388]

11. Makovski TT, Schmitz S, Zeegers MP, Stranges S, van den Akker M. Multimorbidity and quality of life: Systematic
literature review and meta-analysis. Ageing Res Rev. Aug 2019;53:100903. [doi: 10.1016/j.arr.2019.04.005] [Medline:
31048032]

12. SheR, Yan Z, Jiang H, Vetrano DL, Lau JTF, Qiu C. Multimorbidity and health-related quality of lifein old age: role of
functional dependence and depressive symptoms. JAm Med Dir Assoc. Sep 2019;20(9):1143-1149. [doi:
10.1016/j.jamda.2019.02.024] [Medline: 30979676]

13. TrioloF, Harber-Aschan L, Belvederi Murri M, Calderén-LarrafiagaA, Vetrano DL, Sjdberg L, et a. The complex interplay
between depression and multimorbidity in late life: risks and pathways. Mech Ageing Dev. Dec 2020;192:111383. [FREE
Full text] [doi: 10.1016/j.mad.2020.111383] [Medline: 33045250]

14. Qiao Y, LiuS, Zhang Y, Wu Y, ShenY, Ke C. Bidirectional association between depression and multimorbidity in
middle-aged and elderly Chinese adults: alongitudinal cohort study. Aging Ment Health. Apr 2022;26(4):784-790. [doi:
10.1080/13607863.2021.1877609] [Medline: 33512250]

15. Hajek A, Kretzler B, Kénig H. Multimorbidity, loneliness, and social isolation. a systematic review. Int JEnviron Res
Public Health. Nov 23, 2020;17(22):8688. [ FREE Full text] [doi: 10.3390/ijerph17228688] [Medline: 33238506]

https://aging.jmir.org/2024/1/€59588 JMIR Aging 2024 | vol. 7 | €59588 | p. 17
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=aging_v7i1e59588_app2.docx&filename=42f297655a56aa30536eb2a1277aeb22.docx
https://jmir.org/api/download?alt_name=aging_v7i1e59588_app2.docx&filename=42f297655a56aa30536eb2a1277aeb22.docx
https://jmir.org/api/download?alt_name=aging_v7i1e59588_app3.pdf&filename=394b11351b66e1d58785fc0d3b82e6f4.pdf
https://jmir.org/api/download?alt_name=aging_v7i1e59588_app3.pdf&filename=394b11351b66e1d58785fc0d3b82e6f4.pdf
https://jmir.org/api/download?alt_name=aging_v7i1e59588_app4.docx&filename=3416ab8dc37d4db4d1b0496ef1348d32.docx
https://jmir.org/api/download?alt_name=aging_v7i1e59588_app4.docx&filename=3416ab8dc37d4db4d1b0496ef1348d32.docx
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30925-9
http://dx.doi.org/10.1016/S0140-6736(20)30925-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33069326&dopt=Abstract
http://dx.doi.org/10.1111/ctr.13682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31368585&dopt=Abstract
https://europepmc.org/abstract/MED/32184671
http://dx.doi.org/10.2147/CLEP.S226586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32184671&dopt=Abstract
http://dx.doi.org/10.1111/jep.13521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33588522&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18116057
http://dx.doi.org/10.3390/ijerph18116057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34199866&dopt=Abstract
https://bjgp.org/lookup/pmidlookup?view=long&pmid=33257463
http://dx.doi.org/10.3399/bjgp20X713897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33257463&dopt=Abstract
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=29564155
http://dx.doi.org/10.1136/bmjgh-2017-000505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29564155&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-015-0698-2
http://dx.doi.org/10.1186/s12913-015-0698-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25609174&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-019-1222-z
http://dx.doi.org/10.1186/s12877-019-1222-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31604424&dopt=Abstract
http://dx.doi.org/10.1177/0898264318817091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30522388&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2019.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31048032&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2019.02.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30979676&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0047-6374(20)30179-2
https://linkinghub.elsevier.com/retrieve/pii/S0047-6374(20)30179-2
http://dx.doi.org/10.1016/j.mad.2020.111383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33045250&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2021.1877609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33512250&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17228688
http://dx.doi.org/10.3390/ijerph17228688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33238506&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Gustafson Sr et @

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

BoersmaP, Black LI, Ward BW. Prevalence of multiple chronic conditions among US adults, 2018. Prev Chronic Dis. Sep
17, 2020;17:E106. [FREE Full text] [doi: 10.5888/pcd17.200130] [Medline: 32945769]

Boyd CM, Fortin M. Future of multimorbidity research: how should understanding of multimorbidity inform health system
design? Public Health Rev. Dec 10, 2010;32(2):451-474. [doi: 10.1007/BF03391611]

Roland M, Paddison C. Better management of patients with multimorbidity. BMJ. May 02, 2013;346:f2510. [doi:
10.1136/bmj.f2510] [Medline: 23641032]

Boyd CM, Darer J, Boult C, Fried LP, Boult L, Wu AW. Clinical practice guidelines and quality of care for older patients
with multiple comorbid diseases: implications for pay for performance. JAMA. Aug 10, 2005;294(6):716-724. [doi:
10.100V/jama.294.6.716] [Medline: 16091574]

Guthrie B, Payne K, Alderson B, McMurdo MET, Mercer SW. Adapting clinical guidelinesto take account of multimorbidity.
BMJ. Oct 04, 2012;345:e6341. [FREE Full text] [doi: 10.1136/bmj.e6341] [Medline: 23036829]

Behavioral interventionsto address multiple chronic health conditionsin primary care (Funding Opportunity Announcement
[FOA] No. PA-14-114). US Department of Health and Human Services. URL: https://grants.nih.gov/grants/quide/pa-files/
PA-14-114.html [accessed 2024-11-11]

Smith SM, Wallace E, Clyne B, Boland F, Fortin M. Interventions for improving outcomesin patients with multimorbidity
in primary care and community setting: a systematic review. Syst Rev. Oct 20, 2021;10(1):271. [FREE Full text] [doi:
10.1186/s13643-021-01817-z] [Medline: 34666828]

Garvey J, Connolly D, Boland F, Smith SM. OPTIMAL, an occupational therapy led self-management support programme
for peoplewith multimorbidity in primary care: arandomized controlled trial. BMC Fam Pract. May 12, 2015;16:59. [FREE
Full text] [doi: 10.1186/s12875-015-0267-0] [Medline: 25962515]

OTooleL, Connolly D, Boland F, Smith SM. Effect of the OPTIMAL programme on self-management of multimorbidity
in primary care: arandomised controlled trial. Br J Gen Pract. Apr 2021;71(705):e303-e311. [FREE Full text] [doi:
10.3399/bjgp20X 714185] [Medline: 33685920]

Kraef C, van der Meirschen M, Free C. Digital telemedicine interventions for patients with multimorbidity: a systematic
review and meta-analysis. BMJ Open. Oct 13, 2020;10(10):e036904. [ FREE Full text] [doi: 10.1136/bmjopen-2020-036904]
[Medline: 33051232]

Gustafson DH, Mares M, Johnston DC, Mahoney JE, Brown RT, Landucci G, et al. A web-based eHealth intervention to
improvethe quality of life of older adultswith multiple chronic conditions: protocol for arandomized controlled trial. IMIR
Res Protoc. Feb 19, 2021;10(2):e25175. [FREE Full text] [doi: 10.2196/25175] [Medline: 33605887]

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

Maisto SA, Zywiak WH, Connors GJ. Course of functioning 1 year following admission for treatment of acohol use
disorders. Addict Behav. Jan 2006;31(1):69-79. [doi: 10.1016/j.addbeh.2005.04.008] [Medline: 15919159]

Godley MD, Godley SH, Dennis ML, Funk R, Passetti LL. Preliminary outcomes from the assertive continuing care
experiment for adolescents discharged from residential treatment. J Subst Abuse Treat. Jul 2002;23(1):21-32. [doi:
10.1016/s0740-5472(02)00230-1] [Medline: 12127465]

Scherr D, Kastner P, Kollmann A, Hallas A, Auer J, Krappinger H, et al. MOBITEL Investigators. Effect of home-based
telemonitoring using mobile phone technology on the outcome of heart failure patients after an episode of acute
decompensation: randomized controlled trial. JMed Internet Res. Aug 17, 2009;11(3):e34. [FREE Full text] [doi:
10.2196/jmir.1252] [Medline: 19687005]

Davis JR, Glaros AG. Relapse prevention and smoking cessation. Addict Behav. 1986;11(2):105-114. [doi:
10.1016/0306-4603(86)90034-1] [Medline: 3739795]

Lorig KR, Holman H. Self-management education: history, definition, outcomes, and mechanisms. Ann Behav Med. Aug
2003;26(1):1-7. [doi: 10.1207/S15324796ABM2601_01] [Medline: 12867348]

Shaw BR, Jeong Yeob H, Hawkins RP, McTavish FM, Gustafson DH. Communicating about self and others within an
online support group for women with breast cancer and subsequent outcomes. J Health Psychol. Oct 2008;13(7):930-939.
[FREE Full text] [doi: 10.1177/1359105308095067] [Medline: 18809644]

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

Gustafson D, Wise M, Bhattacharya A, Pulvermacher A, Shanovich K, Phillips B, et al. The effects of combining Web-based
eHealth with telephone nurse case management for pediatric asthma control: arandomized controlled trial. JMed Internet
Res. Jul 26, 2012;14(4):e101. [FREE Full text] [doi: 10.2196/jmir.1964] [Medline: 22835804]

Gustafson DH, Hawkins R, Boberg E, Pingree S, Serlin RE, Graziano F, et al. Impact of a patient-centered, computer-based
health information/support system. Am J Prev Med. Jan 1999;16(1):1-9. [doi: 10.1016/50749-3797(98)00108-1] [Medline:
9894548]

Gustafson DH, McTavish F, Hawkins R, Pingree S, AroraN, Mendenhall J, et al. Computer support for elderly women
with breast cancer. JAMA. Oct 21, 1998;280(15):1305. [doi: 10.1001/jama.280.15.1305] [Medline: 9794300]

https://aging.jmir.org/2024/1/e59588 JMIR Aging 2024 | vol. 7 | €59588 | p. 18

(page number not for citation purposes)


https://europepmc.org/abstract/MED/32945769
http://dx.doi.org/10.5888/pcd17.200130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32945769&dopt=Abstract
http://dx.doi.org/10.1007/BF03391611
http://dx.doi.org/10.1136/bmj.f2510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23641032&dopt=Abstract
http://dx.doi.org/10.1001/jama.294.6.716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16091574&dopt=Abstract
https://core.ac.uk/reader/9648577?utm_source=linkout
http://dx.doi.org/10.1136/bmj.e6341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23036829&dopt=Abstract
https://grants.nih.gov/grants/guide/pa-files/PA-14-114.html
https://grants.nih.gov/grants/guide/pa-files/PA-14-114.html
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-021-01817-z
http://dx.doi.org/10.1186/s13643-021-01817-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34666828&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-015-0267-0
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-015-0267-0
http://dx.doi.org/10.1186/s12875-015-0267-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25962515&dopt=Abstract
https://bjgp.org/lookup/pmidlookup?view=long&pmid=33685920
http://dx.doi.org/10.3399/bjgp20X714185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33685920&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33051232
http://dx.doi.org/10.1136/bmjopen-2020-036904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33051232&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://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
http://dx.doi.org/10.1016/j.addbeh.2005.04.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15919159&dopt=Abstract
http://dx.doi.org/10.1016/s0740-5472(02)00230-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12127465&dopt=Abstract
https://www.jmir.org/2009/3/e34/
http://dx.doi.org/10.2196/jmir.1252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19687005&dopt=Abstract
http://dx.doi.org/10.1016/0306-4603(86)90034-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3739795&dopt=Abstract
http://dx.doi.org/10.1207/S15324796ABM2601_01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12867348&dopt=Abstract
https://europepmc.org/abstract/MED/18809644
http://dx.doi.org/10.1177/1359105308095067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18809644&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://www.jmir.org/2012/4/e101/
http://dx.doi.org/10.2196/jmir.1964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22835804&dopt=Abstract
http://dx.doi.org/10.1016/s0749-3797(98)00108-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9894548&dopt=Abstract
http://dx.doi.org/10.1001/jama.280.15.1305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9794300&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Gustafson Sr et @

38.

39.

40.

41.

42.

43.

45,
46.
47.
48.
49,
50.
51.
52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

Gustafson DH, Hawkins R, Pingree S, McTavish F, AroraNK, Mendenhall J, et al. Effect of computer support on younger
women with breast cancer. J Gen Intern Med. Jul 2001;16(7):435-445. [FREE Full text] [doi:
10.1046/j.1525-1497.2001.016007435.x] [Medline: 11520380]

Gustafson DH, Hawkins R, McTavish F, Pingree S, Chen WC, Volrathongchai K, et a. Internet-based interactive support
for cancer patients: Are integrated systems better? J Commun. Jun 2008;58(2):238-257. [FREE Full text] [doi:
10.1111/j.1460-2466.2008.00383.x] [Medline: 21804645]

Gustafson DH, McTavish FM, Chih M, Atwood AK, Johnson RA, Boyle MG, et al. A smartphone application to support
recovery from alcoholism: arandomized clinical trial. JAMA Psychiatry. May 2014;71(5):566-572. [FREE Full text] [doi:
10.1001/jamapsychiatry.2013.4642] [Medline: 24671165]

Gustafson DH, DuBenske LL, Namkoong K, Hawkins R, Chih M, Atwood AK, et a. An eHealth system supporting
palliative care for patients with non-small cell lung cancer: arandomized trial. Cancer. May 01, 2013;119(9):1744-1751.
[EREE Full text] [doi: 10.1002/cncr.27939] [Medline: 23355273

Diener E, WirtzD, Tov W, Kim-Prieto C, Choi D, Qishi S, et al. New well-being measures: Short scalesto assessflourishing
and positive and negative feelings. Soc Indic Res. May 28, 2009;97(2):143-156. [doi: 10.1007/s11205-009-9493-y]
Phillips DM, Finkel D, Petkus AJ, Mufioz E, Pahlen S, Johnson W, et a. Longitudinal analyses indicate bidirectional
associations between loneliness and health. Aging Ment Health. Jun 2023;27(6):1217-1225. [FREE Full text] [doi:
10.1080/13607863.2022.2087210] [Medline: 35699236]

Corno D, BurnsRJ. Loneliness and functional limitations among ol der adultswith diabetes: Comparing directional models.
JPsychosom Res. Mar 2022;154:110740. [doi: 10.1016/j.jpsychores.2022.110740] [Medline: 35114603]

Cleveland Clinic. URL: https://health.clevelandclinic.org/ [accessed 2024-11-11]

National Institute on Aging. URL: https.//www.nia.nih.gov/ [accessed 2024-11-11]

Family Doctor (American Academy of Family Physicians). URL : https://familydoctor.org/ [accessed 2024-11-11]

Mayo Clinic. URL: https://www.mayoclinic.org/patient-care-and-heal th-information [accessed 2024-11-09]

Kruglanski A, Higgins E. Socia Psychology: Handbook of Basic Principles (2nd edition). New York, NY. Guilford Press;
2007.

Edelman C, Kudzma E, Mandle C. Health Promotion Throughout the Life Span. Maryland Heights, Missouri. Mosby;
2013.

Ryan P. Integrated Theory of Health Behavior Change: background and intervention devel opment. Clin Nurse Spec.
2009;23(3):161-70; quiz 171. [FREE Full text] [doi: 10.1097/NUR.0b013e3181a42373] [Medline: 19395894]

Aycock DM, Hayat MJ, Helvig A, Dunbar SB, Clark PC. Essential considerations in developing attention control groups
in behavioral research. Res Nurs Health. Jun 2018;41(3):320-328. [doi: 10.1002/nur.21870] [Medline: 29906317]
Gustafson DH, Maus A, Judkins J, Dinauer S, Isham A, Johnson R, et a. Using the NI ATx model to implement user-centered
design of technology for older adults. IMIR Hum Factors. Jan 14, 2016;3(1):e2. [FREE Full text] [doi:
10.2196/humanfactors.4853] [Medline: 27025985]

Gustafson DH, DuBenske LL , Atwood AK, Chih M, Johnson RA, McTavish F, et al. Reducing symptom distressin patients
with advanced cancer using an e-alert system for caregivers. pooled analysis of two randomized clinical trials. JMed
Internet Res. Nov 14, 2017;19(11):e354. [EREE Full text] [doi: 10.2196/jmir.7466] [Medline: 29138131]

Wolff JL, Starfield B, Anderson G. Prevalence, expenditures, and complications of multiple chronic conditionsin the
elderly. Arch Intern Med. Nov 11, 2002;162(20):2269-2276. [doi: 10.1001/archinte.162.20.2269] [Medline: 12418941]
HaysRD, Bjorner JB, Revicki DA, Spritzer KL, CellaD. Development of physical and mental health summary scoresfrom
the patient-reported outcomes measurement information system (PROMIS) global items. Qual Life Res. Sep
2009;18(7):873-880. [FREE Full text] [doi: 10.1007/s11136-009-9496-9] [Medline: 19543809]

Barile JP, Reeve BB, Smith AW, Zack MM, Mitchell SA, Kobau R, et a. Monitoring population health for Healthy People
2020: evaluation of the NIH PROMIS® Global Health, CDC Healthy Days, and satisfaction with life instruments. Qual
Life Res. Aug 2013;22(6):1201-1211. [FREE Full text] [doi: 10.1007/s11136-012-0246-z] [Medline: 23404737]

Global Health scoring manual: A brief guide to scoring the PROMIS Global Health instruments. HealthMeasures. URL :
https.//www.healthmeasures.net/images/ PROM | S/manual§/Scoring_Manuals /PROMIS _Global_Heslth_Scoring_Manual.
pdf [accessed 2024-11-11]

Russell DW. UCLA Loneliness Scale (Version 3): reliability, validity, and factor structure. J Pers Assess. Feb
1996;66(1):20-40. [doi: 10.1207/s15327752jpa6601_2] [Medline: 8576833]

Folkman S, Lazarus RS, Gruen RJ, Del.ongis A. Appraisal, coping, health status, and psychological symptoms. J Pers Soc
Psychol. Mar 1986;50(3):571-579. [doi: 10.1037//0022-3514.50.3.571] [Medline: 3701593]

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. Oct
2007;22(5):691-702. [doi: 10.1093/her/cyl148] [Medline: 17138613]

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]

https://aging.jmir.org/2024/1/e59588 JMIR Aging 2024 | vol. 7 | €59588 | p. 19

(page number not for citation purposes)


https://europepmc.org/abstract/MED/11520380
http://dx.doi.org/10.1046/j.1525-1497.2001.016007435.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11520380&dopt=Abstract
https://europepmc.org/abstract/MED/21804645
http://dx.doi.org/10.1111/j.1460-2466.2008.00383.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21804645&dopt=Abstract
https://europepmc.org/abstract/MED/24671165
http://dx.doi.org/10.1001/jamapsychiatry.2013.4642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24671165&dopt=Abstract
https://europepmc.org/abstract/MED/23355273
http://dx.doi.org/10.1002/cncr.27939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23355273&dopt=Abstract
http://dx.doi.org/10.1007/s11205-009-9493-y
https://europepmc.org/abstract/MED/35699236
http://dx.doi.org/10.1080/13607863.2022.2087210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35699236&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2022.110740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35114603&dopt=Abstract
https://health.clevelandclinic.org/
https://www.nia.nih.gov/
https://familydoctor.org/
https://www.mayoclinic.org/patient-care-and-health-information
https://europepmc.org/abstract/MED/19395894
http://dx.doi.org/10.1097/NUR.0b013e3181a42373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19395894&dopt=Abstract
http://dx.doi.org/10.1002/nur.21870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29906317&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
https://www.jmir.org/2017/11/e354/
http://dx.doi.org/10.2196/jmir.7466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29138131&dopt=Abstract
http://dx.doi.org/10.1001/archinte.162.20.2269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12418941&dopt=Abstract
https://europepmc.org/abstract/MED/19543809
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://europepmc.org/abstract/MED/23404737
http://dx.doi.org/10.1007/s11136-012-0246-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23404737&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
http://dx.doi.org/10.1207/s15327752jpa6601_2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8576833&dopt=Abstract
http://dx.doi.org/10.1037//0022-3514.50.3.571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3701593&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://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://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Gustafson Sr et @

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Patient-Reported Outcomes M easurement Information System (PROMIS): Emotiona Support Scoring Manual.
HealthMeasures. URL : https://www.heal thmeasures.net/images/promis/manual s/

PROMIS Emotional_Support Scoring_Manual.pdf [accessed 2024-11-11]

Spitzer RL, Kroenke K, Williams JBW, Léwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med. May 22, 2006;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

Kroenke K, Strine TW, Spitzer RL, Williams JBW, Berry JT, Mokdad AH. The PHQ-8 as a measure of current depression
inthe general population. JAffect Disord. Apr 2009;114(1-3):163-173. [doi: 10.1016/].jad.2008.06.026] [Medline: 18752852]
Holmes TH, Rahe RH. The social readjustment rating scale. J Psychosom Res. Aug 1967;11(2):213-218. [doi:
10.1016/0022-3999(67)90010-4] [Medline: 6059863]

Sloan J, Symonds T, Vargas-Chanes D, Fridley B. Practical guidelinesfor assessing the clinical significance of health-related
quality of life changes within clinical trials. Drug Information J. Dec 30, 2003;37(1):23-31. [doi:
10.1177/009286150303700105]

Weinert C, Cudney S, Hill WG. Rural women, technology, and self-management of chronic illness. Can J Nurs Res. Sep
2008;40(3):114-134. [FREE Full text] [Medline: 18947095]

Cohen J. Statistical Power Analysisfor the Behavioral Sciences (Second Edition). Hillsdale, NJ. Lawrence Erlbaum
Associates; 1988.

Bates D, Méchler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J Stat Soft. 2015;67(1):1-48.
[doi: 10.18637/jss.v067.i01]

Meaningful Changefor PROMIS. HealthM easures. URL : https.//www.heal thmeasures.net/score-and-interpret/interpret-scores/
promis/meaningful-change [accessed 2024-11-11]

Terwee CB, Peipert JD, Chapman R, Lai J, Terluin B, CellaD, et a. Minimal important change (M1C): a conceptual
clarification and systematic review of MIC estimates of PROMIS measures. Qual Life Res. Oct 2021;30(10):2729-2754.
[FREE Full text] [doi: 10.1007/s11136-021-02925-y] [Medline: 34247326]

Marengoni A, Zucchelli A, Vetrano DL, Armellini A, Botteri E, NicosiaF, et al. Beyond chronological age: frailty and
multimorbidity predict in-hospital mortality in patients with Coronavirus Disease 2019. J Gerontol A Biol Sci Med Sci.
Feb 25, 2021;76(3):e38-e45. [FREE Full text] [doi: 10.1093/gerona/glaa?91] [Medline: 33216846]

Agrawal U, Azcoaga-Lorenzo A, Fagbamigbe AF, Vasileiou E, Henery P, Simpson CR, et al. Association between
multimorbidity and mortality in a cohort of patients admitted to hospital with COVID-19 in Scotland. JR Soc Med. Jan
2022;115(1):22-30. [FREE Full text] [doi: 10.1177/01410768211051715] [Medline: 34672832]

Baumel A, Muench F, Edan S, Kane JM. Objective user engagement with mental health apps: systematic search and
panel-based usage analysis. JMed Internet Res. Sep 25, 2019;21(9):€14567. [FREE Full text] [doi: 10.2196/14567] [Medline:
31573916]

Kaveladze BT, Wasil AR, Bunyi JB, Ramirez V, Schueller SM. User experience, engagement, and popularity in mental
health apps: secondary analysis of app analytics and expert app reviews. IMIR Hum Factors. Jan 31, 2022;9(1):e30766.
[FREE Full text] [doi: 10.2196/30766] [Medline: 35099398]

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

Yoo W, Shah DV, Chih M, Gustafson DH. Predicting changes in giving and receiving emotional support within a
smartphone-based al coholism support group. Computersin Human Behavior. Jan 2018;78:261-272. [doi:
10.1016/j.chb.2017.10.006]

Yoo W, Namkoong K, Choi M, Shah DV, Tsang S, Hong Y, et a. Giving and receiving emotional support online:
communication competence as amaoderator of psychosocial benefits for women with breast cancer. Comput Human Behav.
Jan 2014;30:13-22. [FREE Full text] [doi: 10.1016/j.chb.2013.07.024] [Medline: 24058261]

LiuY, Kornfield R, Shaw BR, Shah DV, McTavish F, Gustafson DH. Giving and receiving social support in online substance
use disorder forums: How self-efficacy moderates effects on relapse. Patient Educ Couns. Jun 2020;103(6):1125-1133.
[FREE Full text] [doi: 10.1016/j.pec.2019.12.015] [Medline: 31901364]

Abbreviations

CHESS: Comprehensive Health Enhancement Support System

EHR: electronic health record

ET: ElderTree

MCCs: multiple chronic conditions

QOL: quality of life

RCT: randomized controlled trial

UC: usual care

UC+ET: usual caret+ElderTree access (experimental condition)

UC+internet: usual caretinternet access but no ElderTree (attention control condition)

https://aging.jmir.org/2024/1/e59588 JMIR Aging 2024 | vol. 7 | €59588 | p. 20

(page number not for citation purposes)


https://www.healthmeasures.net/images/promis/manuals/PROMIS_Emotional_Support_Scoring_Manual.pdf
https://www.healthmeasures.net/images/promis/manuals/PROMIS_Emotional_Support_Scoring_Manual.pdf
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2008.06.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18752852&dopt=Abstract
http://dx.doi.org/10.1016/0022-3999(67)90010-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6059863&dopt=Abstract
http://dx.doi.org/10.1177/009286150303700105
https://europepmc.org/abstract/MED/18947095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18947095&dopt=Abstract
http://dx.doi.org/10.18637/jss.v067.i01
https://www.healthmeasures.net/score-and-interpret/interpret-scores/promis/meaningful-change
https://www.healthmeasures.net/score-and-interpret/interpret-scores/promis/meaningful-change
https://europepmc.org/abstract/MED/34247326
http://dx.doi.org/10.1007/s11136-021-02925-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34247326&dopt=Abstract
https://europepmc.org/abstract/MED/33216846
http://dx.doi.org/10.1093/gerona/glaa291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33216846&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/01410768211051715?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/01410768211051715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34672832&dopt=Abstract
https://www.jmir.org/2019/9/e14567/
http://dx.doi.org/10.2196/14567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573916&dopt=Abstract
https://humanfactors.jmir.org/2022/1/e30766/
http://dx.doi.org/10.2196/30766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35099398&dopt=Abstract
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
http://dx.doi.org/10.1016/j.chb.2017.10.006
https://europepmc.org/abstract/MED/24058261
http://dx.doi.org/10.1016/j.chb.2013.07.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24058261&dopt=Abstract
https://europepmc.org/abstract/MED/31901364
http://dx.doi.org/10.1016/j.pec.2019.12.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31901364&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Gustafson Sr et @

Edited by JWang; submitted 16.04.24; peer-reviewed by P Bower, C Whitmore; commentsto author 15.07.24; revised version received
05.09.24; accepted 26.10.24; published 06.12.24

Please cite as.

Gustafson S DH, Mares M-L, Johnston D, Vjorn OJ, Curtin JJ, Landucci G, Pe-Romashko K, Gustafson Jr DH, Shah DV

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:€59588

URL: https://aging.jmir.org/2024/1/e59588

doi: 10.2196/59588

PMID:

©David H Gustafson Sr, Marie-Louise Mares, Darcie Johnston, OliviaJVjorn, John JCurtin, GinaLanducci, Klaren Pe-Romashko,
David H Gustafson Jr, Dhavan V Shah. Originaly published in IMIR Aging (https:.//aging.jmir.org), 06.12.2024. 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 IMIR Aging, is properly cited. The complete bibliographic information, alink to
the original publication on https://aging.jmir.org, as well as this copyright and license information must be included.

https://aging.jmir.org/2024/1/€59588 JMIR Aging 2024 | vol. 7 | €59588 | p. 21

(page number not for citation purposes)

RenderX


https://aging.jmir.org/2024/1/e59588
http://dx.doi.org/10.2196/59588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

