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Abstract 

Background Nearly two-thirds of family caregivers of persons living with Alzheimer’s disease or related dementias 
(AD/ADRD) provide complex care, including medical care. Family caregivers typically receive little to no training 
on how to provide this care. Furthermore, family caregivers simultaneously grapple with the presence of behavioral 
and psychological symptoms of dementia (BPSD), diminished communication abilities, and comorbidities such as dia-
betes. We developed Learning Skills Together (LST), a 6-week digitally delivered psychoeducational program, to facili-
tate family caregiver abilities to administer complex care tasks. The goal of the present study is to test the efficacy 
of LST and to reduce adverse outcomes associated with caregiving, such as depressive symptomology and negative 
appraisal of BPSD.

Methods To test the efficacy of LST, we will conduct a two-arm single-site randomized controlled trial (RCT) 
with N = 200 family caregivers of persons living with AD/ADRD. Eligible family caregivers will be randomly assigned 
to participate in either the LST intervention or a structurally equivalent control condition focused on healthy living. All 
family caregivers will complete four surveys, including a baseline survey administered prior to randomization, a post-
intervention survey, and a 3- and 6-month follow-up survey to assess change in study outcomes. Between-group 
comparisons of each outcome will be evaluated using generalized estimating equation models. Mediation analyses 
will assess family caregiver self-efficacy as the intervention’s mechanism of change in depressive symptomology 
and BPSD. We will also examine caregiver race, ethnicity, and gender as effect modifiers of the intervention.

Discussion LST findings will inform the field of AD/ADRD and caregiving regarding optimally supporting family car-
egivers in managing complex care tasks. If efficacious, the LST intervention will support family caregivers in preserving 
their own mental health while providing complex care.

Trial registration Clinical Trials.gov NCT05 846984. This study was registered on May 6, 2023.
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Introduction
Background and rationale {6a}
Family caregivers increasingly provide complex care 
tasks for persons with Alzheimer’s disease and related 
dementias (AD/ADRD) [1, 2]. These tasks encompass 
both personal care duties and medical/nursing activities, 
such as monitoring the side effects of new medications, 
communicating with the healthcare team, and prepar-
ing special diets to manage chronic conditions like dia-
betes and hypertension [3, 4]. The loss of the ability to 
self-manage co-morbidities among persons living with 
AD/ADRD, such as following care plans and managing 
follow-up care, means that family caregivers often help in 
the management of multiple complex conditions.

Caregivers to persons living with AD/ADRD face addi-
tional challenges than those caring for cognitively intact 
individuals [3, 5–8]. These caregivers must apply AD/
ADRD knowledge even when managing routine personal 
care, such as monitoring for and preventing dysphagia 
during feeding assistance [9]. Caregivers to persons living 
with AD/ADRD must also manage behavioral and psy-
chological symptoms of dementia (BPSD), characterized 
by disturbances in mood and behavior that affect nearly 
all persons living with AD/ADRD [10]. BPSD are posi-
tively associated with both caregiver burden and depres-
sive symptomology and contribute to resistance to care 
from care recipients [11, 12]. Communication challenges 
add another layer of difficulty when delivering complex 
care to persons living with AD/ADRD, as care recipients 
may be unable to communicate their needs or express 
pain [4].

Complex care tasks performed by caregivers to per-
sons living with AD/ADRD are vital not only to the care 
receiver, families, and communities but also to the long-
term care system [7, 13]. Previous studies have noted that 
the US $600 billion estimated value of care provided by 
family caregivers in the U.S. outstrips costs paid to for-
mal long-term supports and services from all sources, 
including Medicare and Medicaid [14]. Yet, 53% of car-
egivers to persons living with AD/ADRD undertake these 
tasks without prior training, which may contribute to 
increased worry about potential errors and emotional 
distress [3, 4, 6, 15]; furthermore, 22% of caregivers who 
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perform complex care tasks report difficulty doing so 
[16].

There is a need for targeted training and support pro-
grams tailored for caregivers of persons living with 
AD/ADRD to better prepare them to meet their fam-
ily member’s complex care needs. Existent caregiver 
training interventions often lack specificity to unique 
circumstances of caring for persons with AD/ADRD 
(e.g., presence of BPSD), and current interventions to 
support caregivers to provide complex care frequently 
do not incorporate evidence-based psychoeducational 
approaches that have shown effectiveness in AD/ADRD 
caregiver interventions [17, 18]. Strategies such as active 
learning components and problem-solving methods, 
known to enhance existing caregiver interventions, 
remain underutilized [17, 18]. A focus on self-efficacy 
may bolster caregivers’ ability to administer complex care 
tasks to their family member living with AD/ADRD.

Self-efficacy—which refers to the belief in one’s ability 
to accomplish tasks and achieve desired outcomes [19]—
plays a critical role in the mental health and well-being of 
caregivers [20, 21]. Higher levels of self-efficacy are asso-
ciated with better outcomes and greater satisfaction in 
the caregiving role [20, 22–24]. Furthermore, self-efficacy 
can mediate the association between the perceived sever-
ity of BPSD and depression, underscoring its importance 
in managing complex care tasks [23, 25].

To address self-efficacy among family caregivers to 
persons living with AD/ADRD, we developed the Learn-
ing Skills Training (LST) program, a psychoeducational 
intervention to enhance caregiver self-efficacy in man-
aging complex care tasks. The current study aims to test 
the efficacy of the LST program. Prior pilot studies indi-
cate that LST is acceptable to caregivers and feasible to 
deliver [26, 27]. Findings from a pre- and post-test pilot 
trial conducted with N = 35 caregivers at an academic 
service center from 2020 to 2021 further identified 
improvements in caregiver self-efficacy [28]. Caregiv-
ers who participated in this pilot study completed self-
administered online surveys before participating in 
LST, and twice more 4  weeks and then 8  weeks post-
intervention. Statistically significant improvements in 
caregiver overall competence and self-efficacy with com-
plex care were observed at both follow-up time points 
compared to baseline scores. The current study aims to 
expand on earlier feasibility findings by testing the effi-
cacy of LST in a randomized controlled trial (RCT) rela-
tive to a control condition at improving caregiver mental 
health. Ultimately, this research aims to contribute to the 
development of effective interventions for caregivers to 
persons living with AD/ADRD, empowering them with 
essential skills and knowledge to reduce distress, increase 
self-efficacy, and provide high-quality care.

Objectives {7}
Primary objective
The primary objective of this study is to determine 
whether participation in the LST intervention: (1) 
improves caregiver self-efficacy (primary outcome) over-
all and related to complex care for persons living with 
AD/ADRD and (2) reduces depressive symptomatology 
and negative appraisals of BPSD (secondary outcomes) 
relative to a structurally equivalent control condition 
among family caregivers to persons living with AD/
ADRD. Further, the investigators will examine whether 
self-efficacy functions as a mediator of secondary out-
comes. If a mediating effect is found, it would support the 
application of self-efficacy as an intervention mechanism.

Secondary objectives
The secondary objective of this study is to determine 
whether intervention effects, if found, occur equitably 
among caregivers according to caregiver race, ethnic-
ity, and gender. Race/ethnicity (non-Hispanic Black, 
non-White Hispanic) and female gender will be tested 
as effect modifiers. Recent findings suggest that African 
American caregivers, for example, may benefit less than 
caregivers from other racial backgrounds in self-efficacy-
focused interventions due to a potential ceiling effect 
[29].

Ancillary objectives
Given the importance of identifying the change mecha-
nism to understand the catalyst of intervention effects, 
we will also conduct alternative theory testing [30]. 
Resourcefulness will be tested as a mediator in place of 
self-efficacy. “Resourcefulness” encompasses personal 
and social skills used to manage life challenges and has 
been found to mediate decreased depressive outcomes 
among family caregivers to persons living with AD/
ADRD who participated in the Resourcefulness Train-
ing intervention [31, 32]. Quality of care provided to care 
recipients, such as the provision of care that is respectful 
and meets their needs, will also be considered a second-
ary outcome in addition to caregiver mental health.

Trial design {8}
This study uses a RCT design involving two parallel 
groups equally allocated to the intervention and control 
conditions (n = 100 per arm; 1:1 allocation). In this study, 
the research team aims to determine whether the inter-
vention condition demonstrates superiority relative to 
the active control condition. The investigators will over-
sample caregivers who identify as non-Hispanic Black/
African American and non-White Hispanic caregivers 
to examine differences in intervention effects by race and 
ethnicity. These populations were selected for further 



Page 4 of 15Meyer et al. Trials          (2024) 25:369 

study due to the heightened risk of AD/ADRD relative to 
non-Hispanic whites [1]; access to efficacious interven-
tions among non-Hispanic Black/African American and 
non-White Hispanic families may still be more critical 
relative to other populations due to heightened disease 
prevalence.

Methods: participants, interventions, 
and outcomes
Study setting {9}
All research activities will be conducted remotely within 
the USA, including data collection and delivery of the 
intervention and control group. Participants will be asked 
to join Zoom-based intervention sessions.

Eligibility criteria {10}
Participants
To be eligible for the study, individuals must be ages 18 
years or older and a family member, including “families 
of choice,” of an individual living with AD/ADRD diag-
nosed by a physician. Consistent with prior caregiver 
intervention studies, caregivers must help with at least 
two instrumental activities of daily living (e.g., managing 
finances) or one activity of daily living (e.g., bathing). To 
ensure caregivers assist a person living with mid-stage 
AD/ADRD, caregivers must report a Global Deteriora-
tion Scale (GDS) rating for care recipients between 4 and 
6 [33]. Participants must be able to commit to attending 
at least 5 of 6 synchronous Zoom sessions. Further, indi-
viduals must have reliable access to the internet and email 
and be able to attend synchronous sessions using the 
Zoom videoconferencing platform. To promote access, 
individuals may meet this criterion by borrowing a device 
and/or using a WiFi access device provided by the study 
team. Participants will be excluded if they are unable to 
read and/or speak English, participated in Learning Skills 
Together in the past, plan to place their family member 
in a skilled nursing facility in the next 9 months (i.e., the 
study duration), or were diagnosed with, started, or sig-
nificantly altered their depression treatment, including 
starting a pharmacological therapy or beginning therapy, 
in the previous 3 months.

Interventionists
Interventionists who are eligible to deliver the interven-
tion or control condition are registered nurses (RNs) with 
a Bachelor’s degree level of training, at minimum.

Who will take informed consent? {26a}
This study will use a digital consent form. Eligible car-
egivers will receive an email with a unique link to the 
consent form, which is sent by the project manager, 
trained research assistants, or the principal investigator. 

Prior to sending this online form, key information from 
the consent document is reviewed verbally by these same 
team members. To assess their understanding, caregiv-
ers must correctly answer five true or false questions 
before signing the consent form. If a caregiver provides 
an incorrect response, the PI will call the participant to 
review study information and repeat true and false ques-
tions over the phone. This is done to rule out the possibil-
ity that a response was accidently mis-marked.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
Each time caregivers complete a follow-up survey, they 
will be reminded of key points of the consent form, 
such as the voluntary nature of the study and the option 
to skip questions if they so choose. This trial does not 
involve collecting biological specimens for storage.

Interventions
Explanation for the comparison or control condition {6b}
A structurally equivalent control condition was selected 
to prevent the likelihood that exposure to caregiver peers 
and/or the facilitator might explain differences in inter-
vention effects, rather than intervention components 
designed uniquely to improve self-efficacy. As described, 
content is developed to build knowledge and explain 
information about healthy living and excludes active-
learning components believed to enhance self-efficacy.

Intervention description {11a}
Learning skills together intervention
Learning Skills Together is a 6-week psychoeducational 
intervention. Each week, participants are asked to join 
discussion group sessions of 6 to 12 caregivers over vide-
oconference, lasting 1.5 h each. Videoconference ses-
sions will introduce topics covered during a given week 
(e.g., communicating with someone living with demen-
tia). Sessions are designed to prioritize discussion and 
application of information such as thorough case stud-
ies, sharing examples among participants, and group 
exercises. In-between sessions, participants are asked 
to review written and video materials in the participant 
workbook to achieve an in-depth understanding of top-
ics. The workbook also contains interactive materials, 
including reflection exercises to support the application 
of information and multiple-choice “knowledge check” 
questions. Participants will also complete a practice exer-
cise relevant to the subject of that week’s lesson. Practice 
exercise experiences will be discussed during videocon-
ference sessions the following week. This framework is 
influenced by the successful models of the Tele-Savvy and 
Building Better Caregivers programs [34, 35]. The team 
selected to deliver the program over six sessions given 
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prior evidence that this is the optimal number for inter-
ventions targeting self-efficacy [36]. Topics are listed in 
Table 1.

Control condition
The control condition focuses on healthy living for fam-
ily caregivers and consists of six weekly Zoom discus-
sion sessions. Like LST, sessions last 1.5 h each and will 
be attended by 6 to 12 caregivers. Sessions will consist of 
information delivery, such as explaining the importance 
of certain dietary choices, rather than applying informa-
tion such as by using group exercises. Attendees will be 
asked to read in-depth information provided in their par-
ticipant workbook after each session. Interactive compo-
nents such as reflection exercises and knowledge checks 
are not incorporated into the control group workbook to 
reduce the possibility of contamination. Further, there is 
no required weekly practice exercise in the control con-
dition. A previous trial discovered that an educational 
intervention promoting a healthy lifestyle for caregivers 
of individuals with AD/ADRD, based on the National 
Institute on Aging’s Go4Life content, did not lead to 
enhancements in self-efficacy, depression levels, or the 
assessment of BPSD [34]. Topics for the control condi-
tion are listed in Table 1.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Participants may choose to withdraw from the study at 
any time. Participants may withdraw already collected 
research data so long as data are not yet de-identified. 
Participants may also be withdrawn if they become inel-
igible to participate, such as if the person they care for 
passes away. Involuntary withdrawal may occur if it is 
suspected that an individual is impersonating a caregiver 
or if their participation in the intervention or control 
group programs is considered overly disruptive to other 

participants. If this occurs, the participant will be noti-
fied by email. We will retain study data collected to that 
point unless otherwise requested.

Strategies to improve adherence to interventions {11c}
Interventionist adherence
Multiple strategies will be used to ensure consistent 
assessment of interventionist adherence. Both the inter-
vention and control arm will be administered by a nurse 
interventionist holding an RN credential, thereby estab-
lishing a common training baseline for all intervention-
ists. Further, training will be provided to all facilitators 
before intervention delivery, including an explanation 
of the background of each program, standards for the 
delivery of each arm, and rehearsal of delivering ses-
sions. Training includes self-study of material, didactic 
training with the PI and/or project manager, and role-
play of intervention delivery. Standardized materials will 
reinforce adherence, including intervention slides, talk-
ing points, and a facilitator guide. One videoconference 
session per cohort will be randomly selected for fidel-
ity monitoring for both LST and the control condition. 
This monitoring entails interventionist self-assessment 
and a review of a recorded session by an observer using 
a standardized form. Interventionists will meet at least 
quarterly with the PI and project manager to discuss any 
issues arising during delivery.

Participant adherence
To support participants’ adherence to the assigned inter-
vention, interventionists will call participants to intro-
duce themselves and answer any questions they may 
have before the start of the session. Before each sched-
uled video conference, interventionists will send two 
reminder emails. After each videoconference session, 
participants will receive a concise summary email and a 

Table 1 Topics covered in each intervention arm

Learning Skills Together Healthy living control condition

• Behavioral symptoms of dementia
• Communication with a person living with AD/ADRD
• Home safety
• Transfers (e.g., bed to wheelchair)
• Nutrition and mealtimes
• Oral hygiene
• Dysphagia
• Incontinence
• Medication management
• Assessment of health conditions
• Communicating with healthcare providers
• Advance directives
• Hospice and palliative care

• Overview of self-care
• Health risks of caregiving
• Healthy eating and nutrition
• Physical activity
• Mental health
• Social well-being
• Sleep hygiene
• Monitoring health
• Advance directives
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reminder about what participants should do before the 
next session.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Relevant concomitant interventions are permitted during 
the trial.

Provisions for post‑trial care {30}
There are no planned provisions for post-trial care, other 
than to provide written program materials to participants 
for whichever program into which they were not ran-
domized. As the likelihood of harm from participation 
in the trial is low, there is no plan for compensation for 
those who suffer harm from trial participation.

Outcomes {12}
Outcome measures will be assessed using the aver-
age change score from baseline scores until each post-
intervention survey. Follow-up data collection will occur 
within 3 weeks post-intervention, 3 months post-inter-
vention, and 6 months post-intervention.

Primary outcome measures
Overall family caregiver self‑efficacy
The primary outcome measure in this trial will be the 
change in caregivers’ average scores on the 8-item Car-
egiver Self-Efficacy Scale from baseline until each fol-
low-up survey [37]. This measure was selected because 
it provides a more concise measure of self-efficacy than 
prior, domain-specific scales and demonstrates reliability 
(α = 0.88 to 0.89). On a scale of 1 to 10, participants are 
asked to rate their confidence with 8 aspects of caregiv-
ing (e.g., controlling upsetting thoughts). Scores range 
from 8 to 80, with higher scores indicating higher car-
egiver self-efficacy levels.

Family caregiver self‑efficacy with complex care
There are no validated scales to measure caregiver self-
efficacy specific to complex care. Thus, the authors gen-
erated a 16-item measure structured after the Caregiver 
Self-Efficacy Scale that asks caregivers to rate their con-
fidence in handling various complex care tasks. This 
16-item scale asks about how confident caregivers feel, 
from 0 (not at all confident) to 5 (very confident), with 
various complex care tasks (e.g., Managing incontinence 
issues) [28]. Pilot data showed high internal consistency 
(α = 0.89). Scores range from 0 to 80, with higher scores 
indicating higher caregiver self-efficacy levels with com-
plex care.

While not measuring self-efficacy per se, the related 
construct of caregiver confidence with complex care 
will also be measured using the Caregiver Confidence in 

Sign/Symptom Management Scale (α = 0.91), which sub-
scales for Knowledge of Symptoms (α = 0.56), Manage-
ment of Cognitive Symptoms (α = 0.82), Management of 
Medical Symptoms (α = 0.78), and General Medical Man-
agement (α = 0.94) [38]. Caregivers are asked how “true” 
statements are regarding their (1) knowledge, (2) ability 
to care for, and (3) make decisions about complex care 
tasks, as well as their level of confidence with various 
tasks. Scores range from 25 to 125, with higher scores 
indicating higher caregiver self-efficacy levels with com-
plex care.

Secondary outcome measures
Change in family caregiver depressive symptomology
Depression will be measured with the Patient Health 
Questionnaire-9 (PHQ-9) [39]. The PHQ-9 demonstrates 
specificity and sensitivity at 74–88% and 88–91%, respec-
tively, for major depression with a cut-off score of 10 [39, 
40]. Scores range from 0 to 27, where higher scores indi-
cate higher levels of depressive symptomology.

Family caregiver appraisal of behavioral symptoms 
of dementia
Appraisal of behavioral symptoms of dementia will 
be measured with the Revised Memory and Behavior 
Checklist (RMBC) [41]. The RMBC includes 24 items 
and asks about the caregiver’s appraisal of behavioral and 
psychological symptoms of dementia that are present 
in the last week (e.g., talking loudly or rapidly; α = 0.90). 
Participants may indicate whether they feel extremely 
bothered or upset (4), very much bothered or upset (3), 
moderately bothered or upset (2), a little bothered or 
upset (1), not at all bothered or upset (0), or did not occur 
in the past week (0). Scores range from 0 to 96, wherein 
higher scores indicate higher levels of bother (more nega-
tive appraisal of behavioral symptoms of dementia). The 
outcome measure will use the average change score from 
baseline scores until each post-intervention survey (i.e., 
post-intervention, 3 months post-intervention, 6 months 
post-intervention).

Ancillary outcome measures
Change in family caregiver resourcefulness
Resourcefulness is measured using the 28-item Caregiver 
Resourcefulness Scale (α = 0.85) [42]. This scale has two 
factors: (1) help-seeking and (2) self-help. Caregivers are 
asked the frequency with which they use different strate-
gies to manage challenges and may respond: not at all like 
me (0), pretty much not like me (1), a little bit not like me 
(2), a little bit like me (3), pretty much like much like me 
(4), or very much like me (5). Items are added together 
to create a total score. Scores range from 0 to 140, where 
higher scores indicate higher levels of resourcefulness.
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Change in quality of care by caregiver
Quality of caregiving according to the caregiver will be 
measured with the Task Management Strategy Index 
(TMSI; α = 0.74 to 0.81) [43]. The 19-item TMSI was 
developed to assess caregivers’ ability to manage their 
family member’s functional disabilities [44]. Caregivers 
are asked how often they engage in strategies that sup-
port quality care. Caregivers indicate never (1), rarely 
(2), sometimes (3), often (4), or always (5). Scores range 
from 19 to 95. Higher scores indicate higher quality of 
caregiving.

Participant timeline {13}
Participants will complete a baseline survey up to 3 weeks 
before randomization. Once randomized, they will par-
ticipate in either the intervention or control group con-
dition once weekly for 6 weeks. A follow-up survey will 
be completed within 3 weeks post-intervention. A third 
and fourth follow-up survey will be administered 3 and 
6 months post-intervention. Once the participant com-
pletes all study activities, they will receive the workbook 
materials for whichever program into which they were 

not randomly allocated to participate. Figure 1 illustrates 
this timeline.

Sample size {14}
We will enroll a sample of N = 200 caregivers for rand-
omization with a 1:1 ratio. This number is based on an 
effect size of d = 0.68 identified in a 2-month pre- and 
post-test pilot study for self-efficacy scores [28]. Given 
that control group participants may also experience some 
improvement from baseline, we reduced the anticipated 
effect size to d = 0.54 at 6 months. The corresponding 
sample size estimate is N = 110 to detect an effect size 
of d = 0.54 with 80% statistical power using two-sample 
t-tests with α = 0.05. Because using longitudinal data can 
increase power, we also performed power analysis using 
PASS v14 to calculate the detectable time-averaged effect 
size based on changes from baseline. A sample size of 
N = 110 can detect the time-averaged effect size of 0.42 
when repeated measurements have an AR(1) covari-
ance structure with a correlation coefficient of 0.2. We 
anticipate that the effect sizes at post-intervention and 3 
months will be at least 0.4 and 0.5, respectively, and thus 
a significant intervention effect will be observed if the 

Fig. 1 Timeline of study events for participants
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effect size at 6 months is at most 0.36. Given anticipated 
dropout based on prior studies, including between enrol-
ment and randomization, we conservatively estimate we 
will need to recruit 200 participants to reach a sample 
size of N = 110 after 6 months.

Recruitment {15}
Recruitment will occur nationally from multiple sources. 
To enroll N = 200 caregivers, the investigators will part-
ner with a consulting firm specializing in Alzheimer’s 
disease research. This organization will develop a mar-
keting strategy for materials such as flyers, in addition 
to their own proprietary in-person and online direct 
recruitment approaches. Researchers are also partnering 
with community-based organizations to share informa-
tion via newsletters and existing social media accounts, 
such as through the California Caregiver Resource Cent-
ers (https:// www. careg iverc alifo rnia. org/). Researchers 
will also connect with direct service providers at these 
organizations to encourage them to share information 
with family caregivers with whom they work and pro-
vide a “warm hand off” to the study team [45]. Prior to 
enrolment, study team members will participate in a 
training informed by the Network, Give first, Advocate for 
research, Give back, Evaluate, and Design and Develop 
Model developed at the Rush University Alzheimer’s Dis-
ease Research Center [46–48]. This training will include a 
focus on recruiting caregivers who are severely underrep-
resented in current AD/ADRD research, including Afri-
can American and Hispanic caregivers, as findings from 
the REACH II trial indicate culturally sensitive training 
may improve sample representativeness [49]. The recruit-
ment approaches applied in this study will be dynamic. 
Ongoing monitoring of recruitment approaches, such as 
assessing enrolment following the use of a novel recruit-
ment approach, will guide recruitment decisions. The 
researchers will recruit up to 16 cohorts of 12 to 24 
caregivers each, such that randomized cohorts will be 
assigned to a group of at least n = 6 participants, but no 
groups will be larger than n = 12.

Assignment of interventions: allocation
Sequence generation {16a}
We will use stratified block randomization to assign par-
ticipants to the intervention or control group at a 1:1 
ratio. Consented participants will be randomized in vari-
able block sizes once participants complete the baseline 
survey. Further, the study team will use stratification by 
race and ethnicity to prevent an unbalanced distribution 

of Hispanic and African Americans between the inter-
vention and control conditions.

Concealment mechanism {16b}
The randomization list will be generated in Stata 18 
before the beginning of the trial. Only the PI and pro-
ject manager can access the sequence file and REDCap 
project where randomization occurs. Block sizes will be 
known to the PI and project manager. Sequential rand-
omization of cases as baseline surveys are completed, 
limited access to this schema, and pre-upload of the 
sequencing schema support concealment.

Implementation {16c}
The PI will generate the allocation sequence in consulta-
tion with the statistician (BC) prior to enrolling any par-
ticipants. This file will be imported into REDCap when 
study enrolment begins. When a new case is entered into 
the REDCap randomization project by the PI or project 
manager, the participant will be assigned to the interven-
tion or control condition based on the order in which 
they completed the baseline survey. Group assignments 
will be communicated directly to interventionists by the 
PI or project manager to deliver the intervention. Despite 
providing a check of the randomization schema prior to 
enrolment, the statistician will be unable to determine 
participant allocation, since all data provided to the stat-
istician will be de-identified and participant labels do not 
indicate the sequence in which they were enrolled.

Assignment of interventions: blinding
Who will be blinded {17a}
The study statistician, data analyst, and research assis-
tants who are involved in post-randomization data col-
lection will be blinded to the intervention assignment. 
Participants, the PI, and the project manager will not 
be blinded. To maintain blinding, the statistician and 
data analyst will receive de-identified data on which to 
run analyses, wherein allocation will be indicated using 
a binomial variable not defined in the study codebook. 
Data collectors will receive participant contact infor-
mation from the project manager when survey collec-
tion is scheduled but will not be told about participant 
allocation. Participants will be informed that the data 
collector is unaware of which program they completed 
at the beginning of the call.

Procedure for unblinding if needed {17b}
The design of this study is open label with only out-
come assessors, the statistician and data analysts being 
blinded so unblinding will not occur.

https://www.caregivercalifornia.org/
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Data collection and management
Plans for assessment and collection of outcomes {18a}
Research assistants will enter research data directly into 
REDCap while completing Zoom-administered surveys 
[50]. REDCap is a secure, HIPAA-compliant survey 
data collection platform. Research assistants will share 
slide decks with questions and response options listed 
as each item is asked to promote focus and remind par-
ticipants of response options. All data collectors will 
complete training, which includes practicing adminis-
tering at least one recorded practice survey.

Plans to promote participant retention and complete 
follow‑up {18b}
To support retention, caregivers will receive a welcome 
packet in the mail with their participant workbook. This 
welcome packet will include a letter from the investigator 
team thanking participants for their time and reminding 
them of the importance of trial participation. Participants 
will also receive a branded writing utensil and fridge 
magnet to remind them of their study participation with 
a message that reinforces the importance of their con-
tribution. Prior research has found that similar motiva-
tional approaches can promote participant retention [51]. 
In addition, following best practices from prior trials to 
the extent that it is feasible, participants will work with 
consistent study staff and will have multiple options to 
schedule interview times [52, 53].

Data management {19}
To check the accuracy of data entry, the project man-
ager or PI will select 5% of surveys due for data collec-
tion for each cohort. Data quality checks will consist of 
video recording Zoom survey data collection and hav-
ing a second study team member mark the accuracy of 
how response options were captured in a REDCap form. 
The program manager or PI will notify data collectors if 
their Zoom survey was selected for a quality check and 
will review data entry quality check reports monthly. If 
reports indicate a rate of data entry error at 5% or higher 
on any single survey, the person conducting data entry 
will undergo retraining. If this occurs a second time, the 
data collector will be removed from the study to prevent 
inaccurate data entry from affecting results.

Confidentiality {27}
To preserve participant confidentiality, during the trial, 
participants identifying information will be stored in a 
separate REDCap folder from their outcome data. Each 
study participant will be identified using two unique IDs: 
a sequentially generated identifier used to track partici-
pant status in the trial and a second four-digit identifier 

generated using a random number sequence to label all 
study data. A study key to connect identifiable informa-
tion to study data will be stored in an encrypted folder 
available only to the PI and project manager. When data 
collectors are assigned to collect follow-up survey data, 
they will be provided with the participant’s name, phone 
number, and a link to the designated study survey. All 
participant identifying information will be deleted at the 
end of the trial after a summary of study results is shared 
with participants.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
Not applicable. The research team is not collecting bio-
logical specimens as a part of this study.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
Preliminary descriptive analyses
Prior to running models to test study hypotheses, the 
investigators will calculate means/standard deviations 
on continuous variables and frequencies/percentages for 
categorical variables for each survey (e.g., baseline) for 
both the intervention and control group participants. 
Analyses of primary and secondary outcomes will be 
stratified by race, ethnicity, and gender. We will visu-
ally analyze box-and-whisker plots to detect potential 
outliers.

Bivariate analyses
Next, three sets of paired t-test analyses will be con-
ducted using primary and secondary outcome scores 
from baseline to the (1) post-intervention, (2) 3-month 
survey, and (3) 6-month survey for both the LST and 
active control group. We anticipate that LST partici-
pants will demonstrate statistically significant differences 
in mean self-efficacy and secondary outcomes for each 
t-test but that there will not be a significant difference 
between means for the active control group. We will also 
visually analyze spaghetti plots that chart each outcome 
variable.

Selecting covariates
Before running models to test study hypotheses, the 
investigators will conduct additional bivariate tests (e.g., 
Pearson chi-squared) to compare the characteristics of 
participants randomized into the intervention and active 
control groups to confirm that groups are balanced in 
terms of sample characteristics and possible confound-
ers. Variables that demonstrate statistically significant 
differences in means or distribution at α = 0.10 between 
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study arms will be included as model covariates. Impor-
tant covariates such as age, gender, race, and ethnicity 
will be included in models, regardless of their balance 
between two groups.

Direct effects of the Learning Skills Together intervention
To test for intervention effects of LST compared to the 
control condition, we will apply generalized estimat-
ing equation (GEE) models with an identity link and an 
unstructured correlation matrix to data. The models 
will include group assignment (intervention), time, and 
interaction between the group and time. A multivariate 
Wald test will be performed to see whether there is any 
group × time interaction. Once this joint test yields a sig-
nificant result (α = 0.05), we will test if each regression 
coefficient of the group × time interaction demonstrates 
a p-value of < 0.05. If the model coefficient shows a posi-
tive association with self-efficacy, this will support our 
hypothesis that participation in LST improves caregiver 
self-efficacy relative to participation in an active control 
group. These analyses will be repeated for the outcomes 
measuring self-efficacy with complex care tasks, as well 
as secondary outcomes of depressive symptomology and 
negative appraisal of BPSD.

Self‑efficacy as a mediator of intervention effects
To test self-efficacy as a mediator of secondary outcomes, 
we will adopt a structural equation modeling approach, 
which comprises two sequential models. In this analy-
sis, the outcome will be the change score for depression 
or appraisal of BPSD, which is calculated by the score at 
6 months minus the score at baseline. The mediator will 
be the change score for self-efficacy, tested using the Self-
Efficacy Scale-8, calculated by 3 months minus the base-
line score. Direct and indirect effects will be estimated 
using Baron’s and Kenny’s method [54] (Fig. 2).

Effect modification by race, ethnicity, and gender
To compare intervention effects on primary and sec-
ondary outcomes according to caregiver race, ethnicity, 
and gender, the investigators will first compare average 
change scores between study arms among African Amer-
ican vs. non-African American, non-white Hispanic vs. 
non-Hispanics, and female vs. male gender. Next, the 

researchers will include group × race/ethnicity/gender 
and group × time × race/ethnicity/gender effects in the 
GEE models to test effect modifications.

Interim analyses {21b}
We will conduct one interim analysis when 50% of partic-
ipants are randomized to evaluate intervention safety and 
futility. Results of the interim analyses will be made avail-
able to the investigators, SO, and NIA PO. Trial termi-
nation will only be considered in the following instances: 
(1) the trial is unable to recruit caregiver participants, (2) 
the investigators discover a change in average depres-
sion in the intervention group that (a) worsens following 
intervention and (b) worsens to a degree that is greater 
than any negative changes in the control group for this 
outcome, and/or (3) we discover reports of unexpected 
serious adverse events linked to participation in the 
Learning Skills Together intervention in more than 15% of 
caregivers.

Methods for additional analyses, including by subgroup 
{20b}
Alternative theory testing with resourcefulness
In addition to primary analyses, the investigators will test 
resourcefulness as an alternative theory of intervention 
to explain hypothesized changes in depressive sympto-
mology and negative appraisal of BPSD [32]. If mediation 
effects for resourcefulness are equal to or greater than 
those observed for self-efficacy, it will support the appli-
cation of resourcefulness as an alternative or comple-
mentary mechanism of change.

Quality of care as an ancillary secondary outcome
Although the intervention is primarily focused on car-
egiver outcomes to support the delivery of complex care 
while supporting mental health, it is conceivable that 
participating in Learning Skills Together could affect care 
delivery. As such, quality of care, measured by the Task 
Management Strategy Index will be examined in the 
same manner as secondary outcomes [44].

Intervention dosage
Lastly, the investigators will conduct secondary analyses 
with a subsample of participants who participated in at 

Fig. 2 Mediation model to test self-efficacy as a mediator of secondary outcomes
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least four of the six sessions for the assigned study arm. 
If a high level of non-adherence to the intervention is 
observed, it may weaken observed intervention effects 
due to limited intervention exposure. In this case, sec-
ondary analyses could help disentangle intervention effi-
cacy from potential feasibility issues. Though failure to 
observe intervention effects in primary analyses would 
still indicate a lack of efficacy, secondary analyses could 
help inform the next steps in modifying and testing 
Learning Skills Together.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Non-complete cases, due to situations such as changes 
in eligibility between survey waves (e.g., care recipient 
deceased) and skipped surveys, will be treated using an 
intent-to-treat analysis. This means that all data from 
participants who completed a baseline survey and were 
randomized will be analyzed as members of the group 
into which they were randomized. We will conduct 
bivariate comparisons between study completers and 
non-completers to determine factors associated with 
dropping out, including group assignment. Missing data 
at the construct level will be handled using multiple 
imputations using chained equations (MICE). Imputed 
data sets will be used to fit the GEE models. Covariates 
that demonstrate a bivariate association with missingness 
will be included as auxiliary variables to inform imputa-
tions. The results with imputation will be summarized 
using Rubin’s rules and compared with the GEE models 
using complete cases.

Plans to give access to the full protocol, participant 
level‑data, and statistical code {31c}
De-identified research data will be shared at the National 
Archive of Computerized Data on Aging (NACDA), an 
NIH-funded repository. Documentation, such as code 
names and original survey questions, and protocol docu-
ments, will also be uploaded to the repository in com-
pliance with NACDA requirements (e.g., code names 
usable across software packages). We will also document 
meta-data (e.g., study title, investigator team). Data will 
be accessible to investigators working under an institu-
tion with a Federal Wide Assurance (FWA) and could be 
used for secondary study purposes. Sharing of analytic 
code will be provided at the discretion of the investiga-
tor team, based on the assessed qualification of the access 
requester, where “expert users” with an advanced aca-
demic degree or other relevant experience will be pro-
vided with code files. De-identified data will be made 
available as soon as possible but no later than within 
1  year of the completion of the funded project period 
for the parent award or upon acceptance of the data for 

publication, or public disclosure of a submitted patent 
application, whichever is earlier.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The PI and project manager are at the core of the study 
coordinating center. They are responsible for hiring and 
coordinating staff, including undergraduate, graduate, 
and professional research assistants and associates, who 
will conduct routine activities such as data collection and 
day-to-day recruitment activities. This team will meet 
once per week, either in-person or remotely. The pro-
ject manager will also coordinate nurse interventionists 
who will deliver the intervention and who are hired on a 
contract basis. Nurse interventionists will meet with the 
PI or project manager at least quarterly to identify chal-
lenges and coordinate coverage for upcoming sessions. 
The investigator team, responsible for monitoring study 
progress and providing input on how to respond to chal-
lenges, will meet monthly.

Composition of the data monitoring committee, its role, 
and reporting structure {21a}
Due to the low-risk nature of this trial, it was determined 
that a Data Safety Monitoring Board was not required. 
Instead, a qualified safety officer with relevant clinical 
and research experiences with family caregivers to per-
sons living with AD/ADRD will review study safety con-
cerns. The SO was approved by the sponsor but remains 
independent from the sponsor and has no competing 
interests. The SO will receive a report and meet twice 
per year with the PI to review study progress, including 
adverse events and the quality of data collection. The SO 
will report to the funder.

Adverse event reporting and harms {22}
Adverse events are any untoward or unfavorable medi-
cal occurrence in a human study participant, including 
any abnormal symptom or disease, temporally associ-
ated with the participant’s involvement in the research, 
whether or not considered related to participation in the 
research. The only expected AEs with possibly deleteri-
ous outcomes for this study are risks of transient emo-
tional upset experienced during research surveys and/or 
in processing their caregiving situation during the course 
of participating in the group-based online course.

Study team members with direct participant contact 
will complete role-play training to handle cases with 
risk of harm, such as suicidal ideation. Staff will receive 
a readily accessible flow chart/decision tree to provide 
quick guidance. In the case of suspected depression or 
suicidal ideation where the immediate risk of harm to 
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self or others is not suspected, the study team will pro-
vide contact information for the 9–8-8 Suicide Crises 
Hotline and the Alzheimer’s Association 24/7 Helpline. If 
a participant affirms suicidal ideation on the PHQ-9 or 
has a PHQ-9 score of 15 or above, calculated automati-
cally in REDCap survey forms, the threshold for mod-
erately severe depression, we will notify participants 
of their elevated score and recommend consulting with 
their healthcare provider. Cases where we suspect elder 
mistreatment or neglect will be reported to the Adult 
Protective Services (APS) per Ohio’s mandatory report-
ing laws. The study team will undergo a learning session 
on APS referral during training before interacting with 
participants. When emergency scenarios arise, their han-
dling will be discussed with the investigator team and SO 
to ensure compliance with emergency procedures. We 
will work with the SO and the participant on a case-by-
case basis to determine whether the participant should 
be removed from the study due to severe depression or 
suicidal ideation.

Any unanticipated serious adverse event (SAE; e.g., 
death) related to the intervention will be reported to the 
NIA Program Officer, IRB, and the SO within 48 h of the 
study team’s knowledge of the SAE. Again, we do not 
anticipate any SAEs, as this is a low-risk study. Any unan-
ticipated problem (e.g., a lapse in adherence to study pro-
cedures) involving risks to study participants or others 
that are related or possibly related to study participation 
will be reported to the NIA Program Officer within 48 h 
of the study team’s knowledge of the event. Self-moni-
toring, SO reports, and interim analyses, described in 
other sections, will help the study team to identify unan-
ticipated problems that may occur. The study will pro-
vide the NIA Program Officer and the Safety Officer with 
quarterly reports of any SAE occurring during the study. 
All related or possibly related SAEs will be reported 
to the responsible IRB, as well as to the NIA Program 
Officer and the study’s SO at least annually.

Frequency and plans for auditing trial conduct {23}
In addition to fidelity monitoring procedures described 
in 11c, data quality checks described in 19b, and SO 
reports described in section 21a, the research team will 
train all new staff to prevent non-adherence to study pro-
tocols, including rehearsal of all study procedures and 
regular team meetings to discuss unanticipated chal-
lenges among the study team. Prior to enrolling the first 
participant, the research team will conduct an internal 
audit of all procedures and materials. The PI will further 
internally audit records for completion and team adher-
ence to protocols at least quarterly. The study team will 
also, following NIA requirements, upload study enrol-
ment reports to the Clinical Research Operations & 

Management System (CROMS) system. Enrollment 
reports include characteristics for those screened and 
enrolled in the study and their status.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
Protocol amendments will be submitted to the responsi-
ble IRB before their implementation. Modifications that 
affect the risks of participation and trial experiences will 
be communicated to study participants by phone and/or 
email, including reconsenting of current and past par-
ticipants if required by the IRB. Modifications will be 
reported to the SO at the following twice-yearly meeting 
to discuss safety monitoring. Changes to the study pro-
tocol following the publication of this manuscript will 
be specified in publications that report the results of the 
study objectives described in this submission.

Dissemination plans {31a}
Our dissemination strategy employs multiple channels 
to reach professional and public audiences. To reach 
researchers and healthcare providers, findings will be 
presented in peer-reviewed journals, at academic con-
ferences (e.g., Gerontological Society of America Annual 
Scientific Meeting), and conferences with a practice-
based audience (e.g., American Society on Aging). Par-
ticipants will also be provided with a written summary of 
findings in layperson language and invited to a webinar 
presentation of trial findings. If the trial demonstrated 
that Learning Skills Together is an evidence-based inter-
vention, the investigators will also apply to have the inter-
vention featured the Benjamin Rose Institute on Aging’s 
Best Practices in Caregiving platform to drive broader 
adoption.

Discussion
Findings from this study will help to support family 
caregivers of persons living with AD/ADRD who pro-
vide complex care, a type of caregiving that an increas-
ing number of family members are providing to persons 
living with AD/ADRD and often other chronic condi-
tions [4]. For individual caregivers, if Learning Skills 
Together demonstrates efficacy, it will provide another 
avenue to help families mitigate poor mental health 
associated with care stressors, such as the manage-
ment of the BPSD that can make delivery of complex 
care challenging [4, 12]. Perhaps more importantly, 
identifying evidence-based approaches to help caregiv-
ers feel more prepared when providing complex care is 
highly relevant to the many caregivers who report feel-
ing underprepared to provide complex care and wor-
ried about making a mistake [55]. At a societal level, 
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developing evidence-based responses to better support 
family caregivers is more pressing than ever given the 
projected growth in the number of families affected 
by AD/ADRD. Current estimates project an increase 
in spending on long-term supports and services for 
persons living with AD/ADRD from US $345 billion 
in 2023 to nearly US $1 trillion by 2050 [1]. Prepara-
tion of family members may curb some of these costs, 
such as by delaying nursing home placement. Conse-
quently, multiple payors in the USA are expanding pay-
ment options to support better access to interventions 
to support caregiver education and training, including 
the Department of Veteran’s Affairs and the Centers for 
Medicare and Medicaid Services [56]. Future research 
will aim to understand the implementation of the 
Learning Skills Together program in health and social 
care settings to determine the need for program modi-
fications, appropriateness in various delivery settings, 
and facilitator training needs.

Trial status
Study recruitment began on January 30, 2024. The cur-
rent protocol version 1 is up to date as of May 24, 2024. 
Recruitment is anticipated to be completed by Decem-
ber 31, 2026.
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