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Abstract

Background Caring for a loved one with Alzheimer’s disease can be stressful, resulting in poorer emotional and
physical health among family caregivers. Although supportive resources for caregivers are available, distance,
caregiver health, and the daily demands of caregiving are barriers to access. Based on research demonstrating

the importance of positive emotions in coping with stress, our previous trial showed that dementia caregivers

who participated in facilitated, web-based delivery of a positive emotion regulation intervention called LEAF (Life
Enhancing Activities for Family caregivers) experienced increased positive emotion and decreased depression and
anxiety. Building on this evidence, the LEAF 2.0 study aims to test whether web-based, self-guided delivery can confer
similar benefits for caregivers of individuals with Alzheimer’s disease.

Methods This paper presents the design and methods for LEAF 2.0, a 3-arm web-based randomized controlled

trial (N=>500) in which family caregivers of patients with Alzheimer's disease (AD) are randomized to (1) the LEAF
intervention facilitated remotely via the web (N=200), (2) the LEAF intervention self-guided online (N=200), or (3) an
emotion reporting control (N=100), which then crosses over to the intervention after approximately 6 months, half
to the facilitated arm and half to the self-guided arm. We aim to (1) compare the effect of the facilitated and self-
guided LEAF positive emotion interventions to an emotion reporting control condition on AD caregiver well-being
(positive emotion, depression, anxiety, and perceived stress) and secondary outcomes (caregiving burden, caregiving
self-efficacy, positive aspects of caregiving, quality of care, and AD patient quality of life); (2) assess whether effects
are mediated by improvements in positive emotion or other aspects of caregiver well-being; and (3) test whether
caregiver age or gender or the care recipient’s dementia severity moderates the effects of the intervention.
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Discussion If demonstrated to be effective, LEAF can be widely disseminated and ultimately have a significant
impact on the stress experienced by AD caregivers and the well-being of people living with Alzheimer’s disease.

Trial Registration ClinicalTrials.gov NCT03610698.

Keywords Positive affect, Dementia caregiving, Coping, Stress, Alzheimer’s disease, Randomized controlled trial

Background

Alzheimer’s disease (AD) is a debilitating and anxi-
ety-provoking illness that impacts not only those with
dementia but also their loved ones, who often serve as
caregivers. The prevalence of AD and other dementias is
rising and is predicted to impact as many as 16 million
Americans by 2050 [1]. More than 90% of persons with
dementia (PWD) will receive some amount of care from
a family member or friend [2]. Providing care for a PWD
can be a chronic stressor and burden as the PWD loses
the ability to perform many daily tasks themselves and
comes to depend on the caregiver(s) to meet their needs.
Furthermore, the psychological toll of seeing a loved one
decline is substantial [3] and puts caregivers at a higher
risk than noncaregivers for developing a variety of health
issues [4-6], including higher levels of depression [7-9].

Existing interventions for dementia caregivers have
mainly focused on reducing negative emotion and bur-
den through teaching caregiving skills [10-12], provid-
ing social support [8], and teaching stress management
techniques [13, 14]. However, a number of studies now
show that increases in positive emotion are related to
beneficial outcomes, independent of decreases in nega-
tive emotion [10, 11, 15-17], across a range of stressful
contexts. Positive emotion and related constructs, such
as optimism and resilience, have been linked to better
mental health and quality of life and lower perceived bur-
den in dementia caregivers [18, 19]. These findings sug-
gest that a positive emotion regulation intervention could
successfully decrease the impact of caregiving stress on
the overall well-being of dementia caregivers and poten-
tially increase the quality of care they provide for their
loved one living with AD.

Prompted by the link between positive emotion and
beneficial psychological and physical health outcomes,
we developed LEAF (Life Enhancing Activities for Family
Caregivers), an intervention that teaches evidence-based
positive emotion regulation skills to caregivers to better
cope with stress. It is premised on the Positive Pathways
to Health model [20], which integrates evidence for posi-
tive psychological interventions (PPIs) and foundational
theories, including Revised Stress and Coping Theory [7]
and the Broaden-and-Build Theory of positive emotion
[21]. The Positive Pathways to Health model posits that
PPIs such as LEAF support well-being and stress man-
agement by increasing positive emotion, which provides
a break from stressful experiences and builds physical,

social, and intellectual personal resources that can renew
one’s ability to cope. These proximal effects reduce stress,
leading to improvements in health behaviors and physio-
logic functions, ultimately resulting in better psychologi-
cal and physical health.

In the original LEAF study [22], dementia caregivers
learned positive emotion regulation skills via one-on-one
video sessions with a trained facilitator. Compared to an
emotion reporting waitlist control condition, caregiv-
ers who were in the LEAF condition reported improve-
ments in positive emotion, positive aspects of caregiving,
depression, and anxiety. Furthermore, consistent with
the Positive Pathways to Health model, positive emotion
appeared to mediate the effect of the LEAF program on
reduced depression [22].

Although LEAF 1.0 showed evidence of efficacy, the
high-effort nature of one-on-one facilitated sessions lim-
its our ability to disseminate the intervention on a larger
scale. Thus, in the present trial (LEAF 2.0), we compare
the effects of a self-guided online version of LEAF to
the facilitated version. Primary outcomes are caregiver
psychological well-being (positive emotion, depres-
sion, anxiety, perceived stress), and secondary outcomes
are caregiving burden, caregiving self-efficacy, positive
aspects of caregiving, quality of care, and AD patient
quality of life. In addition, we explore whether the inter-
vention’s effects on caregiver well-being are mediated
through improvements in positive emotion. Finally,
we examine whether caregiver age or gender or PWD
dementia severity moderates the effects of the interven-
tion on caregiver well-being.

Methods/Design

Overview of study design

LEAF 2.0 is a 3-arm, web-based, randomized controlled
trial (N=500) in which family caregivers of people with
Alzheimer’s disease (AD) are randomly assigned to (1)
the LEAF intervention facilitated remotely via the web
(N=200), (2) the LEAF intervention self-guided online
(N=200), or (3) an emotion reporting control (N=100)
that crosses over to the intervention after approximately
7 months, half to the facilitated arm and half to the self-
guided arm.
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Participants

Eligibility criteria

To be eligible for participation in LEAF 2.0, participants
must identify as the primary family caregiver of someone
with Alzheimer’s disease or Alzheimer’s-related demen-
tia and whose care recipient is not living in a care facility
at the time of enrollment. “Primary family caregiver” is
defined as the person who spends the most time caring
for the individual with AD in a nonprofessional capacity.
Participants must also be able to speak and read English,
live in the United States, be at least 18 years of age, and
have access to a reliable Wi-Fi connection. Respondents
are ineligible if they have already participated in a prior
version of LEAF.

Recruitment and enrollment
Participants are recruited online via advertisements
on platforms such as Facebook and Google; postings in
caregiver newsletters; and registries such as the Family
Caregiver Alliance, Alzheimer’s Association TrialMatch,
ResearchMatch, The New Normal (TNN), the Mesulam
Center for Cognitive Neurology and Alzheimer’s Dis-
ease Clinical Core and its participants at Northwestern
University. Additionally, we collaborate with Recruit-
ment Partners LLC, a recruitment firm that specializes
in recruitment for Alzheimer’s and related dementias
research, to supplement our own efforts in meeting our
recruitment goals. Advertisements contain a link to a
short, online eligibility screener administered in RED-
Cap. Individuals who are not eligible are immediately
notified of their ineligibility and thanked for their time.
Eligible participants are contacted by study staff via
email to sign up for Zoom audio calls for staff to con-
firm participant eligibility, explain the study and general
research participation, and answer any questions the par-
ticipant may have. Following the call, caregivers who wish
to participate are sent an email with a link to an online
consent form in REDCap. Upon completion of the con-
sent form, REDCap automatically sends the participant a
link to their baseline assessment.

Procedures

Ethics approval and consent to participate

All procedures were approved and monitored by the
Institutional Review Boards (IRB) at Northwestern Uni-
versity, and all participants provided informed consent
electronically via REDCap. All staff members have com-
pleted Human Subjects Research Training either through
the Collaborative Institutional Training Initiative or
the NIH Human Subjects Training Module. The trial is
registered at ClinicalTrials.gov (NCT03610698). Any
protocol changes will be approved by IRB prior to imple-
menting them, and information provided to participants

Page 3 of 14

and within the clinical trials registration will be updated
accordingly.

Randomization

Participants are randomized into one of three arms using
a 2:2:1 allocation ratio: (1) facilitated LEAF interven-
tion condition with weekly one-on-one videoconferenc-
ing meetings via Zoom, (2) an online, self-guided LEAF
intervention condition, or (3) an emotion reporting
waitlist control that crosses over to either the facilitated
or self-guided LEAF intervention after 7 months. We
stratify randomization based on gender and level of care-
giving burden using the short-form 6-item Zarit Burden
Interview (ZBI) [23] as our measure of burden severity.
The randomization assignments are computer-generated
via a randomization schedule uploaded to REDCap.

All aspects of the study (recruitment, consent, inter-
vention, and assessments) will be conducted online.
Participants are given the option to receive an Android
tablet, which enables the enrollment of caregivers who
do not have access to a suitable device for participation.
Those participants will be allowed to keep the tablet once
they complete the study. Study staff preloaded the tab-
let with the Zoom videoconferencing app and a link to
the study website on the home screen. Participants also
receive tablet and Wi-Fi connection guides and addi-
tional tech support as needed from study staff. These
measures increase the accessibility of the study for care-
givers who describe themselves as less “tech-savvy” No
other participation incentives are provided.

Blinding/Concealment

There is no blinding/concealment of participants,
research staff, or assessors in this study. It isn’t possible
for participants to be blind to condition given the waitlist
control design. Specifically, all participants receive the
intervention, and there is no “placebo” or inert content.
Arm 3, the emotion reporting waitlist control group,
serves as the control condition for this study, and partici-
pants who are randomly assigned to that arm receive the
intervention seven months after enrollment rather than
right away. Assessments are self-administered via RED-
Cap so there are no assessors to be blinded as to whether
participants are in the intervention or control condition.

Assessments

Online assessments are administered via REDCap, a
secure, HIPAA-compliant, web-based app designed to
support data collection and management for research
studies. Participants complete assessments at seven
time points (see Fig. 1): baseline and 3, 5, 7, 9, 11, and
13 months. Assessments include self-report measures
of demographics, depression, positive and negative
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Fig. 1 LEAF 2.0 participant timeline

emotion, psychological well-being, coping resources,
potential moderators, and satisfaction with the interven-
tion. See Table 1 for the full list of measures. Participants
also complete daily check-ins using surveys that include
questions about stressful and positive events and posi-
tive and negative emotions. They complete these daily
check-ins for a one-week “burst” each time they are sent
an assessment and daily during the eight-week interven-
tion period.

Intervention and control conditions

Positive emotion regulation skills This study utilizes a
six-session, multicomponent positive emotion regulation
skills intervention that includes eight empirically sup-
ported cognitive and behavioral skills that have been dem-
onstrated to increase positive emotion across a number
of samples [24—26]. The skills included in the LEAF 2.0
intervention are (1) noticing positive events, (2) savoring
positive events, (3) gratitude, (4) mindful awareness and
nonjudgment, (5) positive reappraisal, (6) self-compas-
sion, (7) personal strengths, and (8) attainable goals (see
Table 2). Giving participants a variety of skills to choose



Leong et al. BMC Geriatrics (2024) 24:289 Page 5 of 14

Table 1 Table of measures
Instrument Description
Demographic and Clinical Characteristics

Demographics Collects information regarding caregiver age, length of time as a caregiver, relationship to care recipient,
sex, race/ethnicity, marital status, education, and contact information of the primary care provider.

Positive and Negative Emotions and Events

PROMIS Short Form v1.0 Positive Affect  Assess momentary positive or rewarding affective experiences, such as feelings and mood associated with

15a [55] pleasure, joy, elation, contentment, pride, affection, happiness, engagement, and excitement, over the
past 7 days, using a scale of not at all to very much.

Modified Differential Emotions Scale: Used to assess positive and negative emotion experienced within the last 24 h, modified to include

“Daily Emotion Check-in" (DES) [56] additional positive affect and positive affectivity items, scored to create total positive and total negative
affect scores.

Daily Inventory of Stressful Events (DISE)  An end-of-day measure consisting of a brief set of stem and conditional questions in which participants

and Positive Events [57] report whether any of a series of stressful or positive events have occurred within the past 24 h.

Psychological Well-Being

PROMIS SF v1.0-Depression 8a [58, 59] Assesses depressive mood by having participants rate items focused on depressive symptoms over the
past 7 days, using scale from Never to Always.

PROMIS SF v1.0- Anxiety 8a [58, 60] Assesses various anxiety dimensions including fear, dread, hyperarousal, and somatic symptoms by having

participants rate anxiety symptoms over the past 7 days using scale from Never to Always.

Profile of Emotional Competence Scale Self-reported measure of EC, identification, understanding, expression, regulation, and use of one’s own
(PEC) [61, 62] emotions and those of others.

Emotional Complexity Scale (ECS) [63] Four item survey measuring the breadth of people’s emotions and their ability to differentiate between
them.

Perceived Stress Scale (PSS-4) [64] Used to measure how overloaded, unpredictable, and uncontrollable respondents perceive their lives to
be. Scores range from 0 to 40, and higher scores indicate a higher stress level.

Satisfaction with Life Scale (SWLS) A short 5-item instrument designed to measure global cognitive judgments of satisfaction with one’s life.

[65-67]

PROMIS SF v1.0- Meaning and Purpose  Assesses the degree to which one feels life has purpose and there are good reasons for living, including

8a [68, 69] hopefulness, optimism, goal-directedness, and feelings that one’s life is worthy.

PROMIS SF v1.0- Sleep Disturbance 8b Measures self-reported perceptions of sleep quality, depth, and restoration within the past 7 days, includ-

[70,71] ing difficulty falling asleep and staying asleep and sleep satisfaction.

Self-Compassion Scale (SCS)- Short Form  Twelve-item measure used to assess a global self-compassion score.

[72]

Five Facet Mindfulness Questionnaire Self-report scale to measure mindfulness with regards to thoughts, experiences, and actions in daily life.

(FFMQ-15) [73]

Caregiving Resources

Caregiving Status Question that asks if participant is still current caregiver. Status may have changed if care recipient has
moved into a care facility, the care recipient has passed away, or someone else has taken over as primary
caregiver.

Zarit Burden Interview (ZBI-6) [23,74,75]  Assesses perceived burden in caregivers by assessing subjective feelings of the impact of caregiving on
emotional and physical health, financial strain, and social functioning. Higher scores reflect greater burden.

Oberst Caregiving Burden (OCBS-15) [76]  Measures life changes as a consequence of caregiving with 15-items scored on a 7-point scale with
responses ranging from ‘changed for the worse”to “changed for the best”.

Positive Aspects of Caregiving (PAC) [77]  Eleven item scale that identifies positive consequences of caregiving such as feeling more useful, feeling
appreciated, and strengthening relationships with others. Higher scores indicate greater identification of
the positives of being a caregiver.

Caregiving Mastery Subscale (CM)- Short  Six-item measure used to assess a caregiver's feelings about their own caregiving abilities.

Form [78]

Satisfaction with one's own performance  Twenty-seven item scale based on a family-crisis model that measures caregivers'feelings of being ca-

as a caregiver (SCQ) [79] pable of caring for an individual with dementia.
Dementia Severity Rating Scale (DSRS) Characterizes the level of functional abilities of the PWD being cared for by the study subject. The DSRS
[80] collects information from the caregiver on impairment severity of the PWD in 12 functional and cognitive

ability domains. The full range of dementia severity is assessed, from no impairment observed to extreme
impairment observed in each category.

Quality of Life of Care Recipient (QOL-AD) Thirteen items that provide caregiver report of the quality of life of persons who have been diagnosed
[81] with AD.

Revised Memory and Behavior Checklist A 24-item caregiver report measure of observable problems in the loved one with dementia.
(RMBC) [82]

Moderators
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Instrument Description

Demographic and Clinical Characteristics

PROMIS SF v1.1- Global Health [83]

Assesses participants’ perceptions of their health, quality of life, and abilities to carry out physical activities.

The Global Health Scale contains 10 items that are rated on a scale of Excellent to Poor.

COMBO Health Behavior Measures [84]
Healthcare Utilization (HU)
Comorbidity checklist

Medication Adherence, single item from
Heart and Soul Study [85]

Acceptability
Recommending the LEAF study
Frequency of skill practice

Modified Perceived Partner Responsive-
ness (MPPR) [86]

System Usability Scale (SUS) [87]

Measures frequency of heath behaviors such as smoking, drinking, and physical activity.

Assesses degree to which individual is taking advantage of available health care resources.

Assesses other health conditions that may be co-occurring along with care recipient’s Alzheimer’s disease.
One question to assess if the individual is taking prescribed medications.

Assesses whether caregivers would recommend LEAF to another caregiver and/or friend.
Measures how often caregivers have been using each LEAF skill over the past month.
Three-item survey measures the degree to which people feel the study is responsive to them.

A ten-item questionnaire for measuring usability of the intervention, with participants marking statements

about usability on a scale ranging from Strongly agree to Strongly disagree.

Device use and tech issues

Assesses which devices caregivers used most frequently for participation as well as sources and frequen-

cies of any tech issues encountered.

Android tablet usage
quency of usage.

Assesses for which aspects of the study the caregiver used the provided Android tablet, as well as fre-

from allows them to identify the ones that are most effec-
tive for them, which may increase the chances that the
intervention will be successful [27].

LEAF 2.0 was tailored to include language and skills
that would be most relevant to AD caregivers. The
included skills are the same as LEAF 1 [26] and other
previous versions of the intervention [25, 28, 29] with the
exception of self-compassion, which was substituted for
acts of kindness. Given that caregiving activities could be
considered acts of kindness, we felt that self-compassion,
defined as extending kindness to oneself (instead of self-
judgment), especially during times of stress [30], was a
better fit for these caregivers and made that change with
this iteration of the LEAF program.

Facilitator guided LEAF skills condition (Arm 1). When
a participant is randomized to Arm 1, they are assigned a
facilitator who then schedules an initial videoconferenc-
ing session. The sessions take place over approximately
6 weeks (5 weeks for delivery of the skills plus one week
for wrap-up and discussion of continued practice). The
home practice follows each session for a total of 6 weeks.
Each session has a didactic portion that covers 1-3 skills,
followed by an opportunity to practice with the facilitator
in the session. Between training sessions, participants are
asked to complete home exercises and write daily expe-
riences on the same online platform that the self-guided
participants use (see below). They are also asked to com-
plete daily stress and emotion questions included in the
control condition.

LEAF sessions are facilitated by research staff and
trainees who are not licensed clinicians. Facilitator train-
ing includes review of study aims and LEAF session

guides (i.e., scripts), watching recordings of LEAF ses-
sions conducted by seasoned facilitators, and role-play
of LEAF sessions with an established facilitator act-
ing as an AD caregiver. Training and feedback focus on
presentation style, responding to typical challenges, and
emphasizing consistent presentation of specific content
milestones to maintain intervention fidelity. After new
facilitators receive their first participant assignment, an
established facilitator reviews their session recordings
and provides feedback according to the quality assurance
(QA) form and procedures (see below). Trained facilita-
tors meet approximately monthly to review progress,
share examples, and discuss challenges.

Following procedures used in our prior research [31],
10% of LEAF sessions are randomly selected for fidel-
ity monitoring and QA. Video recordings are reviewed
alongside the corresponding LEAF session script and a
checklist of necessary session components. Reviews can
also include qualitative comments about specific session
components or the session overall. Each element on the
QA checklist is assigned 1 point if present or 0 if miss-
ing, and the session score is calculated as a percentage.
Any facilitator who averages less than 90% undergoes
retraining.

Self-guided condition (Arm 2). In Arm 2, the skills are
delivered as a self-guided program arranged into six
online modules on the study platform. The web-based
platform is designed, developed, and hosted by Bright-
Outcome, a digital health technology company that spe-
cializes in patient-centered healthcare applications. The
website hosts the intervention for the self-guided arm,
home practice for the facilitated and self-guided arms,
and emotion reporting for the waitlist control condition.
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Skills Background and Rational for Inclusion Goals of session Home Practice

Session 1: Positive  Noticing positive life events is associated with increases in Identify positive events and ~ Noting a positive event each
Events, Savoring, positive emotion and well-being [88-92], and may have a re- the associated positive emo-  day and writing about it
Gratitude storative effect on psychological resources used to combat and  tion; practice ways to savor  (savoring); starting a daily

cope with stress [93]. Savoring a positive event, also known as  the experience of positive gratitude journal and the
capitalizing or amplifying, can prolong the positive emotional  events; and learn to practice  daily emotion check-ins. The
effect and work to strengthen the association between that gratitude. gratitude home practice

event and the resulting positive emotion [93, 94].

continues through the rest of

Gratitude is a feeling of thankfulness and appreciation ex- the intervention period.
pressed toward something (e.g., person, spiritual entity, place).
Studies in a variety of populations where participants kept a

gratitude journal have found benefits including less neg

ative

emotion, increased positive emotion, better sleep quality, and

greater satisfaction with life [95-97].

Session 2: Everyday  Mindfulness is defined as intentionally paying attention to one’s  Learn and practice the Daily informal mindfulness
Mindfulness and experience in the present moment without judgment [98]. awareness and nonjudgment activities, a 10-minute formal
Mindfulness Interventions aimed at increasing mindfulness are associated components of mindfulness.  breath awareness activity, con-
Meditation with increases in positive emotion [99]. tinuing the gratitude journal
and daily emotion check-ins.
Session 3: Positive  Positive reappraisal is defined as reinterpreting an event's Understand positive reap- Reporting a relatively minor
Reappraisal significance in a more positive light. Stress and coping theory  praisal and the idea that stressor each day, then listing
states that an individual's appraisal of an event affects the different forms of positive ways in which the event can
degree to which that event is experienced as stressful [100]. reappraisal can all lead to be positively reappraised.

Positive reappraisal is consistently associated with an increase in  increased positive emotion  The daily formal mindfulness

positive affect [101-104]. in the face of stress. practice, gratitude journal,
and the daily emotion
check-ins.
Session 4: Self-compassion is extending warmth and understanding to Learn about how to show Listing an act of self-compas-
Self-Compassion oneself in the face of failure or suffering [30]. It has been shown  compassion for oneself, sion each day. The 10-minute

to be associated with increased psychological well-beingand  especially in the context of ~ mindful breathing, gratitude

positive affect [105]. We added self-compassion content for caregiving. Understand how  journal, and daily emotion
LEAF 2.0 based on our experience with previous caregiver stud-  self-compassion relates to check-ins continue.
ies [26] that indicated there was a need for participants to be the other positive emotion

less critical of themselves, and we anticipate that self-compas-  skills in the LEAF 2.0 course.
sion will make it easier for participants to engage with the other

skills in the program.

Session 5: Personal  Identifying and focusing on one’s personal strengths is a type of = List personal strengthsand  Listing a strength each day

Strengths, Attain- self-affirmation that can lead to increased positive affect. Focus- note how they may have and how it was “expressed”

able Goals ing on personal strengths is associated with better physical and  used these strengths recent-  behaviorally, working toward
psychological outcomes [106, 107]. ly; understand characteristics one of the attainable goals
Attainable Goals: Setting small, short-term goals is correlated of attainable goals and set and noting progress each
with subjective reports of well-being, and perceptions of goals for the week. day. The 10-minute mind-
progress toward goals are associated with increased positive ful breathing, the gratitude

emotion as well as greater life satisfaction [108-110].

Session 6: Skills
Summary

journal, and the daily emotion
check-ins continue.

Participants will receive Course wrap-up. The 10-min-
a summary of the LEAF ute mindful breathing, the

2.0 course as a whole. gratitude journal, and the daily
Participants will identify emotion check-ins continue.

which skills they enjoyed or
did not enjoy and why. They
will make a plan to practice
the positive emotion skills
beyond the LEAF 2.0 course.

Once randomized to the self-guided condition, partici-
pants are sent an email to activate their account on the
LEAF study website, which includes features designed
to increase both usability and participant engagement.
The homepage of the LEAF website includes a dashboard
with links to daily emotion check-in surveys and home

practice activities, and a display of completion progress.
For participants in the self-guided arm, the site includes
a tab to easily navigate to the skill readings and a discus-
sion board, where caregivers have the option of posting
their home practice to share with fellow participants and
reply to the posts of others. Self-guided participants earn
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virtual badges for various milestones throughout the
intervention, such as logging in for ten consecutive days,
posting to the discussion board five times, and complet-
ing ten home practices (see Figs. 2, 3 and 4).

Each lesson contains 1-3 skills and is designed to be
completed within 1 week; however, to allow for variations
in individual schedules and self-pacing, participants are
given a total of 8 weeks to complete the LEAF course.
Participants also have the opportunity to complete daily
online home practice throughout the intervention, which
includes daily emotion check-ins and skill practice exer-
cises. The website remains available to participants even
after their participation in the study has concluded, so
they can continue the home practice or revisit skills.

Waitlist Control (Arm 3). Participants who are random-
ized into Arm 3 receive an automated email from RED-
Cap notifying them that they will start the LEAF course
in 7 months. The LEAF 2.0 platform sends an automated
email instructing participants to activate their account,
and they begin eight weeks of emotion reporting. Arm
3 participants begin their crossover to the interven-
tion after completing the fourth assessment. Crossover
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procedures mirror the intervention group procedures
described earlier, and the participant receives an email
instructing them to reactivate their LEAF account.

Retention and attrition Study staff provide participants
with a contact email and phone number and respond
promptly to any questions or concerns raised by partic-
ipants. If participants fail to log into LEAF 2.0 to begin
the intervention or emotion reporting, they receive up
to three follow-up emails and/or phone calls to prompt
engagement. Even if these contacts are ineffective, fol-
low-up assessments are still sent unless the participant
requests to withdraw.

Requests to withdraw from LEAF are processed by
study staff, who note in REDCap the date the request was
received, the reason (if given), the last activity the partici-
pant completed (e.g., completed session 2 with facilitator,
completed assessment 4, etc.), and the name of the study
team member who processed the withdrawal. The study
team notifies the participant via email that their with-
drawal has been completed and that they will not receive
additional invites or reminders for study activities.

WELCOME BACK

YOURTO DO LIST

Home Practice

Don't forget to complete this week's home
practice

YOUR PROGRESS

Overall

> M 27%

Finish Home Practice &
Daily Check-in
Let us know how you are doing today. dics <
Y Giodey Week 1 (positive events, savoring,
. . gratitude)
Finish Check-in =
YOUR JOURNEY
@ skill 1: Positive Events 72z o8 @ skill 4a: Everyday Mindfulness =200 @ skill 5: Positive Reappraisal
< @ skill 2: Savoring 2 @ skill 4b: Mindful Meditation 3 >
@ skill 3: Gratitude
@ ) = ¥
DASHBOARD SKILLS HOME PRACTICE DISCUSSION AWARDS

Fig. 2 LEAF 2.0 website dashboard
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AWARDS

Your Virtual Awards

Discussion Logins Skills
Total awards earned 9 K

2/6 0/5

awards \ awards awards

4/32

awards / Home Practice Emotion check-in

@ & 2 =

DASHBOARD SKILLS b TICE DISCUSSION AWARDS

Fig. 3 LEAF 2.0 website awards page
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Earn awards for reading through the skills each week. Check back often to see which awards you added to your collection.
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Reading through all Reading through Skill Reading through Skill Meditation
content Readi.ng t.hrou.gh Skill Skill 2: Savoring Skill 3: Gratitude Reac!ing T'hrough Skill Reading through Skill
Skill 1: Positive Skill 4a: Everyday 5 "
Bl : Skill 4b: Mindful
Events Mindfulness T
Meditation
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PP P Strengths Reading through Skill
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Skill 5: Positive Skill 6: Self- Readl_ng through Skill Skill 8: Attainable
: i Skill 7: Personal
Reappraisal Compassion Goals

Strengths

© & = =

DASHBOARD SKILLS HOME PRACTICE DISCUSSION AWARDS

Fig. 4 Example of LEAF 2.0 website virtual badges
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Participants are permitted to keep their study-provided
tablet upon withdrawing.

Data and safety monitoring The funding agency did not
require a Data and Safety Monitoring Board for this proj-
ect because it is not an NIH-defined Phase III clinical trial
and was deemed by the IRB to be of minimal risk. Instead,
an external study monitor reviews results of interim analy-
ses to determine whether group-level changes in PROMIS
depression and anxiety raise study stopping concerns,
based on meaningful increases (>=5 points on PROMIS
T-score metric) or in the proportion of participants with
moderate to severe elevations (PROMIS T-score>=60) in
these symptoms.

At the individual level of safety monitoring, LEAF staff
will be alert to possible signs of significant distress and/
or suicidality such as statements via phone, email, dis-
cussion board, or during facilitated sessions. When a
staff member observes or receives a potential signal of
increased distress in a participant, whether in response
to study procedures that involve reporting on or describ-
ing negative or stressful emotions and experiences, the
demands of caring for a loved one with AD, and/or the
stressors of daily life, they will make note of as many
details of the statement and/or circumstances as pos-
sible and contact the LEAF safety team, consisting of the
study PI, team licensed clinical psychologist, and project
director. With guidance from the PI and clinical psychol-
ogist, project director (and/or facilitator if participant is
currently receiving facilitated LEAF sessions), will pro-
vide distressed participants with information about how
to seek help. Given that participants may live anywhere
in the United States, it will not be possible to provide
them with direct referrals for therapy or medical care.
However, study staff will provide resources for identify-
ing a local provider or other support services, based on
national recommendations (e.g., Substance Abuse and
Mental Health Services Administration (SAMHSA))
or via their existing healthcare team (e.g., primary care
physician) for further evaluation and local recommenda-
tions. If the participant’s distress appears to be related to
their engagement in LEAF 2.0, the project director will
also file Reportable New Information (RNI) with the IRB
within five business days from the date when study staff
are notified or become aware of the participant’s distress.

In addition, to protect participant confidentiality,
identifiable information will be collected using REDCap
which uses industry-standard encryption to protect par-
ticipants’ information while in transit from the moment
data is entered to the moment it is stored on HIPAA
compliant servers. Access to REDCap is granted only to
key personnel.

Bright Outcome hosts the LEAF 2.0 platform and
is protected by end-to-end encryption and password
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measures. Participants will be assigned and identified by
a unique Study ID on the LEAF 2.0 platform that only
key IRB approved personnel will have access to. No iden-
tifiable data will ever be stored locally on staff comput-
ers, and no data are ever stored locally on participants’
devices (tablet, home computer, or mobile device).

Facilitated session recordings will be securely stored on
Northwestern servers, accessible only to IRB-approved
study staff. After completion of primary data analysis,
recordings will be deleted.

Outcomes

Planned analyses The primary outcomes, psychological
well-being (positive emotion, depression, anxiety, per-
ceived stress), will be evaluated using intent-to-treat lon-
gitudinal growth models with varying times of observa-
tion. Given variability in the actual time that participants
will complete each assessment, we will use time elapsed
since the baseline assessment (in months) as our metric of
time. We plan to model time (centered at baseline) at Level
1 and the randomization arm (facilitator-guided LEAF vs.
self-guided LEAF vs. emotion-reporting waitlist control)
at Level 2, dummy-coded with emotion-reporting control
as the reference category. We will test for both linear and
quadratic changes over time and present the results for
the best-fitting longitudinal change pattern. The primary
parameters of interest will be the differences in the mag-
nitude of change of each of the active intervention con-
ditions (facilitator-guided LEAF and self-guided LEAF)
relative to the control condition over time. We hypoth-
esize that both active intervention conditions will dem-
onstrate improved psychological well-being relative to the
control. Intervention effects on secondary outcomes (see
above and Table 1) will also be assessed with longitudinal
growth models.

Mediation effects will be examined using paral-
lel growth models [32] with individual varying times of
observation. For the mediational analyses, we will com-
bine the two active intervention conditions (facilita-
tor-guided LEAF and self-guided LEAF) to explore the
effects of the intervention (regardless of delivery method)
compared to the control condition. We plan to conduct
multilevel moderated mediation analyses [33] using a
multilevel structural equation modeling (MSEM) frame-
work [34]. More specifically, mediation effects will be
estimated by examining the indirect effect of the inter-
vention on change in caregiving burden through the
effect of change in the mediating variable(s) (e.g., posi-
tive emotion) on change in caregiving burden. We will
test the significance of the specific indirect effect in the
MSEM using the Monte Carlo method with 20,000 boot-
straps [35, 36]. In addition, we will conduct exploratory
mediational analyses to explore whether improvements
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in positive emotion mediate the intervention effects on
secondary psychological well-being (perceived stress,
life satisfaction, self-efficacy, and meaning and purpose)
and caregiving outcomes (positive aspects of caregiving,
caregiving self-efficacy, quality of care provided, and care
recipient QOL). Once again, we will conduct multilevel
moderated mediation analyses to explore these effects.

Finally, a third set of analyses will utilize the postinter-
vention assessments (Assessment 2 for Arms 1 and 2 or
Assessment 5 for Arm 3) across both groups. Such analy-
ses will enable us to examine whether benefits from the
intervention are maintained over time. Therefore, the test
of change for the two combined groups will be used to
determine the shape of the trajectory for study partici-
pants following the end of the intervention and whether
benefits to caregivers remain at the 1-, 3-, and 6-month
follow-ups.

We will conduct exploratory tests to examine whether
the effects of the intervention are moderated by age,
gender, or baseline dementia severity. For the modera-
tion analyses, we will combine the two active interven-
tion conditions to explore the effects of intervention
(regardless of delivery method) compared to the control
condition. For each potential moderator, we will rerun
the longitudinal growth models with a set of interaction
variables between the moderator and the treatment indi-
cator (LEAF intervention vs. emotion-reporting control)
regressed on the slope factor (i.e., change over time). Due
to power limitations, we will not test all four moderators
in the same model or explore any interactions among the
moderators.

Power Simple group comparisons for single timepoints
or pre-post comparisons between the facilitated (n=200)
and self-guided (n=200) groups will have 80% power to
detect effect sizes of d=0.28 (R?=0.019), smaller than the
observed effect sizes for positive emotion, negative emo-
tion, stress, depression, and anxiety in our previous LEAF
trial [37]. Comparisons between the wait-list control
group (n=100) and the LEAF interventions individually
(n=200) or taken together (n=400) will have 80% power
to detect effect sizes of d=0.34 (R?=0.029) and d=0.31
(R?=0.024), respectively. Our design of seven timepoints
and 500 individuals exceeds established minimums for
detecting predictors of individual differences [38] and for
detecting associations between parallel growth processes
[39]. Power for these models was estimated by Monte
Carlo simulation to account for our longitudinal experi-
mental design. The effects of the observed predictors (i.e.,
LEAF group, Aim 1) had 80% power for effects of d=0.27
(R?=0.018). Parallel growth curves showed 80% power for
slope correlations of r=.14 (R*=0.019) and comparable
power for indirect effects of (r=.15, R?=0.021), consistent
with previous work on mediational power [40].
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Data access and dissemination Prior to publication of
results from the planned analyses (see above) only study
staff will have access to the dataset. Manuscripts will be
published in open access journals in accordance with
guidelines for NIH-funded projects. The clinicaltrials.gov
registration will also be updated with these findings. After
publication of the planned analyses, the fully de-identified
dataset will be made publicly available through the Open
Science Framework (https://osf.io/).

Discussion

The literature has repeatedly demonstrated the psycho-
logical and physical toll that caring for a loved one takes
on an individual [41-48]. Given these adverse effects,
there is a great need for interventions to improve family
caregiver well-being; this need only grows as the preva-
lence of AD increases. LEAF aims to improve the lives of
family caregivers by increasing positive emotion, which
has been shown to have significant benefits not just for
the caregiver but possibly for the PWD as well. LEAF 2.0
builds on our previous work [37] by increasing the avail-
ability and convenience of the LEAF program to a wider
population of caregivers across the country. If the self-
guided LEAF intervention is demonstrated to be as bene-
ficial to caregivers as the facilitated version, LEAF 2.0 will
prove to be an important step forward in both addressing
the need for increased access to AD caregiver well-being
resources and improving the quality of life of PWD and
their family caregivers.

This study is not without limitations. While an online
intervention can be convenient, it also limits the recruit-
able population of caregivers by excluding those who do
not have reliable internet access or who are reluctant to
participate because they are not comfortable with tech-
nology. We do attempt to address the latter through
increased tech support throughout participation; how-
ever, low comfort with technology is still a formidable
barrier [49, 50]. To the extent that access to a reliable
internet connection or comfort with technology skews
the demographics of caregivers who enroll in the study,
our results will be similarly biased and will not be gener-
alizable to the full array of AD caregivers.

In addition, the COVID-19 pandemic has been a sig-
nificant obstacle in clinical trial recruitment (Mitchell et
al,, 2020). Recent studies make clear that COVID is hav-
ing a negative impact on many aspects of the research
enterprise across many types of studies, not simply those
that relied on face-to-face recruitment [51-53]. Although
LEAF 2.0 benefits from its virtual nature, the fact that
caregivers face increased psychological distress and care-
giving hours due to COVID-19 [54] may impact their
inclination to participate in research and could further
bias our sample to those who, perhaps, are less burdened
in their caregiving.
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Finally, the focus of LEAF on positive emotion should
not be misconstrued as an attempt to minimize the sig-
nificant stress of providing care for PWD. LEAF is not
instructing caregivers to “don’t worry-be happy” Instead,
consistent with the Positive Pathways to Health Model
[20], we argue that an intervention that specifically
increases positive emotion can result in a cascade of ben-
eficial effects, including reduced burden and improved
quality of care. Ultimately, given the high levels of stress
and depression documented in dementia caregivers, we
consider positive emotion to be an inherently worthwhile
goal.
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