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Abstract

Purpose/Obijective: The primary objective of this study was to establish the feasibility and
acceptability of an intensive data collection protocol that involves the delivery of a personalized
just-in-time adaptive intervention (JITAI) in three distinct groups of care partners (care partners
of persons with spinal cord injury [SCI], Huntington disease [HD], or hematopoietic cell
transplantation [HCT]).

Research Methods: 70 care partners were enrolled in this study (n=19 SCI; n =21 HD, n=

30 HCT). This three-month (90 day) randomized control trial involved wearing a Fitbit® to track
sleep and steps, providing daily reports of health-related quality of life (HRQOL), and completing
end of month HRQOL surveys. Care partners in the JITAI group also received personalized pushes
(i.e., text-based phone notifications that include brief tips or suggestions for improving self-care).
At the end of three-months, care partners in both groups completed a feasibility and acceptability
questionnaire.

Results: 98.6% of care partners completed the study, average compliance was 88% for daily
HRQOL surveys, 96% for daily steps and 85% for daily sleep (from wearing the Fitbit®), and
all monthly surveys were completed with the exception of one missed 3-month assessment. The
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acceptability of the protocol was high; ratings exceeded 80% agreement for the different elements
of the study. Improvements were seen for the majority of the HRQOL measures. There was no
evidence of measurement reactivity.

Conclusions/Implications: Findings provide strong support for the acceptability and
feasibility of an intensive data collection protocol that involved the administration of a JITAL
Although this trial was not powered to establish efficacy, findings indicated improvements across a
variety of different HRQOL measures (~1/3 of which were statistically significant).
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While significant scientific discoveries and advances in human health are being made, the
complexities of disease management and care needs are also growing substantially. As a
society, these needs have always been placed on family caregivers who face an enormous
and growing burden, providing care to a loved one while maintaining their own health

and well-being (e.g., health-related quality of life [HRQOL]). The burden of caregiving
adversely affects the well-being of the caregiver and the quality of care the primary

patient receives (Applebaum et al., 2016; Aubeeluck, Buchanan, & Stupple, 2012; Blanes,
Carmagnani, & Ferreira, 2007; Cox, 2012; Foxall & Gaston-Johansson, 1996; Hamidou et
al., 2017; McCabe, Firth, & O’Connor, 2009; Ramkumar & Elliott, 2010; Ready, Mathews,
Leserman, & Paulsen, 2008).

Despite the growing awareness of the importance of caregiving, very little action has been
taken and this remains a major overlooked challenge facing the aging U.S. population
(Aubeeluck, 2005; Aubeeluck et al., 2012; Hurria, Naylor, & Cohen, 2013). Thus, family
caregiving is an urgent public health issue. Further, with a high risk for developing
depression, insomnia, and stress-related disorders (Banaszkiewicz et al., 2012; McCabe
et al., 2009; O’Connor & McCabe, 2011; Pickett, Altmaier, & Paulsen, 2007; Roscoe,
Corsentino, Watkins, McCall, & Sanchez-Ramos, 2009), care partners (i.e., informal
family caregivers) are an ideal population to target for early detection and intervention
strategies to treat compromised well-being. While psychoeducation, skills training, or
therapeutic counseling interventions are available for care partners, these interventions,
even when offered remotely, are still time intensive and commonly require a face-to-face
commitment (with trained personnel) which can be prohibitive for an individual that is
already overwhelmed by existing caregiving responsibilities and unable to make time for
self-care. Publicly available self-management apps provide a potential alternative to these
more time intensive interventions, yet few have been designed for caregivers, and many
are time intensive which can be prohibitive for persons that are already overwhelmed by
existing responsibilities (Bidenko & Bohnet-Joschko, 2022; Park, Tracy, & Gray, 2022).
Furthermore, very few of the publicly available self-management apps are evidence-based,
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and as such, their efficacy for improving caregiver outcomes is unknown (Agarwal et al.,
2022; Park et al., 2022).

Just-in-time adaptive interventions (JITAIS) are an emerging mobile health behavior-change
approach that operationalizes the selection and delivery of personalized mobile phone
intervention strategies based on real-time data collection (Nahum-Shani, Hekler, & Spruijt-
Metz, 2015; Nahum-Shani et al., 2016; Spruijt-Metz & Nilsen, 2014). Our newly developed
CareQOL app integrates passive sensor data derived from a Fitbit Inspire 2® (e.g.,
accelerometer-based estimates of physical activity and sleep) with real-time self-report
ratings (assessed once daily) of HRQOL to inform a personalized self-management
intervention designed to improve physical and mental health outcomes. The intervention

is composed of personalized “pushes” that are delivered in the form of “life insights”
(empathetic feedback about behavioral patterns) or “tips” messages (a cognitive behavioral
strategy with a motivational statement). These “pushes” are broadly based on Behavioral
Activation (BA) theory which posits that negative life events (negative interactions between
the care partner and care-recipient, increased stress due to the caregiver role, etc.) trigger
negative emotional responses (depression, anxiety, etc.), which lead to negative behavioral
patterns (poor sleep, decreased exercise, social withdrawal), which starts the cycle all

over again (Dimidjian, Barrera, Martell, Munoz, & Lewinsohn, 2011). JITAls have been
associated with significant improvements in health outcomes including physical activity
(King et al., 2013; Thomas & Bond, 2015), alcohol use (Gustafson et al., 2014; Witkiewitz
et al., 2014), mental illness (Ben-Zeev et al., 2014), smoking cessation (Free et al., 2011;
Riley, Obermayer, & Jean-Mary, 2008), and depression. They offer an accessible and cost-
effective intervention approach that delivers personalized and adaptive interventions in a
real-time, real-world context. However, we are unaware of any work that has utilized this
type of JITAI in care partners of persons with significant health conditions. As such, we
were interested in better understanding the feasibility and clinical utility of a JITAI to
improve HRQOL for care partners of persons with significant health conditions. Also, and
in line with recent work on “engagement” in mhealth interventions (Nahum-Shani, Shaw,
Carpenter, Murphy, & Yoon, 2022), we were also interested in understanding if different
care partner groups differed in their receptivity to this type of JITAI self-management
approach, and if additional group-specific personalization’s might be warranted for different
caregiver groups. That is, we wanted to know if there were important group differences
among care partners of persons with a chronic condition caused by a traumatic event, care
partners for persons with a fatal neurodegenerative disease, or care partners for persons with
an intensive relapsing and remitting condition.

This study was designed to examine the acceptability and feasibility of an intensive

data collection protocol that involves the delivery of the aforementioned JITAI and to
identify trends for improvements in HRQOL for care partners that were randomized to

the intervention group. Specifically, we examined the acceptability and feasibility of this
intensive protocol design, and the impact the JITAI had on HRQOL in three distinct groups
of care partners. 1) care partners for persons with a chronic condition that was caused

by a traumatic event (i.e., spinal cord injury [SCI]); 2) care partners for persons with a
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progressive, fatal neurodegenerative disease (i.e., Huntington disease [HD]); and 3) care
partners for persons with an episodic cancer condition that requires intense, prolonged
inpatient and outpatient treatment (persons with hematopoietic cell transplantation [HCT]).

Participants and Setting.

Eligibility.

A total of N=70 care partners (n=19 SCI, n=21 HD, and n=30 HCT care partners)
participated in this study. Data collection occurred at the University of Michigan using
hospital and community-based recruitment, as well as lab-specific research registries (of
both caregivers and patients), medical record data capture systems (Hanauer, Mei, Law,
Khanna, & Zheng, 2015), and a study posting on UMHealthResearch.org. Care partners
were recruited directly, or through the person for whom they provide care (i.e., the
individual with SCI, HD or HCT).

Care partners had to be at least 18 years old, be able to read and understand English,

and be caring for an individual 18 years or older with medically documented HD, SCI,

or HCT. A care partner was defined as an individual that provides physical assistance,
financial assistance and/or emotional support to the patient, and who is not a professional,
paid caregiver; specifically, participants had to indicate a response =1 on the following
question: “On a scale of 0-10, where 0 is ‘no assistance’ and 10 is ‘assistance with all
activities’, how much assistance does the person you care for require from you to complete
activities of daily living due to problems resulting from his/her HD/SCI/HCT? Activities
could consist of personal hygiene, dressing and undressing, housework, taking medications,
managing money, running errands, shopping for groceries or clothing, transportation, meal
preparation and cleanup, remembering things, etc.” In addition, care partners of individuals
with SCI had to be caring for someone that was =1 year post-injury and care partners of
persons with HCT had to be caring for an individual who was receiving, had received or was
scheduled to receive HCT. Care partners also had to be willing to use their own technology
(i.e., smartphone/tablet and internet access) and be willing to download the CareQOL app
and the Fitbit® app on their personal device.

Intervention.

The JITAI used sensor data derived from the Fitbit® (e.g., accelerometer-based estimates
of physical activity and sleep) and the real-time self-report ratings (assessed once daily)
of HRQOL (caregiver strain, depression, anxiety) to deliver personalized “pushes” to
participants via the CareQOL app. Care partners that were randomized to the JITAI
group had a 50/50 chance of receiving a personalized push notification each day during
the 3-month intervention period (push notification delivery was based on a similar
microrandomized trial that reported optimal delivery rates of 3.5/7 days across a 6-month
intervention period (NeCamp et al., 2020)).

The JITAI push notifications were designed to promote healthy behaviors (physical activity
and good sleep hygiene) and improve mood (anxiety, depression, care partner strain). Push
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notifications were adapted from another study designed to improve mental health outcomes
among individuals in stressful work environments (details are reported in (NeCamp et al.,
2020)). This adaptation process was iterative and included feedback from key stakeholders
(i.e., care partners, their advocates, and healthcare providers); adaptation was focused on
modifications and additional content that focused on key care partner HRQOL concepts
(Carlozzi et al., 2016; Carlozzi et al., 2015). Notification content was randomly drawn from
a pool of over 400 messages. Messages were composed of one or more of the following
different types: 1) Data feedback (e.g., Your daily step average this week is 10,251. You
have really committed to being active. Keep it up!); 2) Facts (e.g., Blue light from your
devices can suppress melatonin release, which is what helps us fall asleep and achieve good
quality deep sleep. When you struggle to sleep, avoid those screens before bed to feel more
alert the next day.); 3) Tips (e.g., When you feel stressed, worried, or angry, notice where
you feel it in your body. Maybe it’s in your neck, you’re clenching your fists, or you’re
frowning. Direct your focus to that spot and try to relax. Notice any calming effect this has
on your mood); and 4) Support (Everyone’s mood dips sometimes. Engaging with others is
important when this happens. Consider whether a check-in with friends would help, or if a
more formal support group might be a better fit. Reach out when needed.). Some messages
were personalized using the participants’ data directly in the messages (e.g., Your average
worry rating over the last week was [average T score from the previous week]. If you feel
worried, keep in mind things can feel worse when our thoughts move to the past or future.
Try being in the moment by focusing on your breathing), and the majority of the messages
were personalized based on individual HRQOL data (e.g., someone with below average
sadness will get a different message than someone with average sadness than someone with
above average sadness; high-medium-low). Additional examples of the personalized pushes
are published elsewhere (Carlozzi et al., 2021).

Study Design.

Details for the study protocol are reported elsewhere (Carlozzi et al., 2021). Briefly, this
behavioral trial used a two-arm randomized controlled design. Study participation involved
a 2-hour baseline virtual study visit followed by a 10 day run-in period then a 3-month (90
day) home monitoring period. The baseline visit involved obtaining informed consent, the
completion of several self-report measures and instructions for the run-in period. During the
10 day run-in period, the care partners downloaded the study apps (CareQOL and Fitbit®)
on their mobile device, set up the Fitbit®, and began using the Fitbit® and CareQOL app

so baseline data could be gathered to inform the JITAl messages once the home monitoring
period began. The home monitoring period involved continuous monitoring of steps and
sleep using the Fitbit® and the collection of real-time ratings of HRQOL (3 questions each
day) using the CareQOL app. Participants randomized to the JITAI (intervention) arm also
received personalized push notifications delivered via the CareQOL app on ~50% of days
in the home monitoring period. In addition, all care partners completed a 5-10 minute
self-report survey assessment at the end of months 1, 2 and 3. Care partners for each patient
group were block randomized at a 1:1 ratio to the JITAIl and Control groups.
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Details for the complete schedule of assessments and study measures is reported elsewhere
(Carlozzi et al., 2021). The study-specific measures that were analyzed for this report are
detailed below.

Feasibility & Acceptability Questionnaire: This study-specific questionnaire (which
was based on existing measures of feasibility and acceptability (Haerens, Deforche,
Vandelanotte, Maes, & De Bourdeaudhuij, 2007; Kratz, Kalpakjian, & Hanks, 2017;
Vandelanotte & De Bourdeaudhuij, 2003)) was completed by participants at the 3-month
assessment. Items were scaled from 1 to 5 to indicate level of agreement, where “1”
indicates “strong disagreement” and “5” indicates “strong agreement.”

Baseline and End-of-Month HRQOL Assessments.—Participants completed several
patient-reported outcomes at baseline at the end of months 1, 2, and 3 during the home
monitoring period. HRQOL measures included the: 1) TBI-CareQOL Caregiver Strain Short
Form (SF) (N.E. Carlozzi et al., 2019; N. E. Carlozzi, M. A. Kallen, P. A. lanni, et al., 2019)
which assesses perceived feelings of feeling overwhelmed, stressed and “beat-down” related
to the care partner role; 2) TBI-CareQOL Caregiver-Specific Anxiety SF (N. E. Carlozzi,
M. A. Kallen, R. Hanks, et al., 2019; N. E. Carlozzi, M. A. Kallen, A. M. Sander, et al.,
2019) which assesses perceived feelings of worry and anxiety specific to the safety, health,
and future well-being of the person with TBI; 3) PROMIS Sleep-Related Impairment SF
(Cella et al., 2010; Cella et al., 2007) which evaluates the effect of poor sleep on daytime
functioning; 4) PROMIS Fatigue SF (Cella et al., 2010; Cella et al., 2007) which evaluates
self-reported symptoms of fatigue, ranging from mild subjective feelings of tiredness to
overwhelming exhaustion that may decrease one’s ability to perform activities of daily
living; 5) PROMIS Anxiety SF (Cella et al., 2010; Cella et al., 2007) which assesses self-
reported feelings of fear, anxiety and hyperarousal; 6) PROMIS Depression SF (Cella et al.,
2010; Cella et al., 2007) which assesses self-reported feelings of sadness and worthlessness;
7) PROMIS Anger SF (Cella et al., 2010; Cella et al., 2007) which assesses self-reported
feelings of irritability and frustration; 8) NIH Toolbox Self-Efficacy SF (Salsman et al.,
2013) which assesses self-reported confidence in the ability to successfully perform specific
tasks or behaviors related to one’s overall functioning; 9) Neuro-QoL Positive Affect and
Well-Being SF (Cella et al., 2012; Cella et al., 2011) which assesses parts of an individual’s
life that are related to overall life meaning and purpose, well-being and satisfaction; 10) NIH
Toolbox Perceived Stress SF (Salsman et al., 2013) which is a self-report measure designed
to assess an individual’s feelings about the nature of events and individual coping resources;
and 10) PROMIS Ability to Participate in Social Roles and Activities SF (Cella et al., 2010;
Cella et al., 2007) which assesses involvement in one’s ability to participate in usual social
roles and activities. These measures are scored on a 7 metric (M = 50; SD = 10). For all
measures, higher scores indicate more of the named construct; thus, for positively worded
concepts (i.e., Self-Efficacy, Positive Affect and well-Being, and Ability to Participate in
Social Activities), higher scores indicate better HRQOL, whereas, for negatively worded
constructs (i.e., Anger, Depression, etc.), higher scores indicate worse HRQOL.
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Daily Real-time Assessments of Caregiver Burden, Anxiety and Depression.—
The daily real-time assessments were composed of: 1 question on caregiver strain (taken
from the TBI-CareQOL Caregiver Strain item bank) (N.E. Carlozzi et al., 2019; N. E.
Carlozzi, M. A. Kallen, P. A. lanni, et al., 2019), 1 question on anxiety (taken from the
PROMIS Anxiety item bank) (Cella et al., 2010; Cella et al., 2007) and 1 question on
depression (taken from the PROMIS Depression item bank) (Cella et al., 2010; Cella et

al., 2007). The measurement development approach for these three item banks allows for a
reliable score estimate even if only a single item is administered (Cappelleri, Jason Lundy,
& Hays, 2014). Questions are on a five-point scale, with higher scores indicating more of
the named construct. These questions were administered as a computer adaptive test, with

a single item administered each day (based on the previous days response), with the CAT
event resetting each week. Each of these three measures is scored on a 7 metric (M = 50; SD
= 10), with higher scores indicating more strain, anxiety or depression, respectively.

Accelerometer Measures.—A Fithit® with heart rate recording capabilities was used

to continuously measure physical activity and sleep during the home monitoring period.

The Fithit® automatically generates accelerometer-based summary data (per established
proprietary algorithms) that is based on “activity counts’ collected over the course of the
day. This includes summary data for steps (Dominick, Winfree, Pohlig, & Papas, 2016; Reid
etal., 2017; Sushames, Edwards, Thompson, McDermott, & Gebel, 2016)) and sleep (total
sleep time) (Farina & Lowry, 2018; Kamper et al., 2016; Mantua, Gravel, & Spencer, 2016;
Montgomery-Downs, Insana, & Bond, 2012; Sargent et al., 2018; Smith et al., 2018).

Transparency and Openness.

This study was conducted in accordance with the United States (US) Code of Federal
Regulations (CFR) applicable to clinical studies (45 CFR Part 46, 21 CFR Part 50, 21

CFR Part 56, 21 CFR Part 312, and/or 21 CFR Part 812) and research best practices.

Study procedures were approved by IRBMED (Application Approval HUM00184455) and
is registered with ClinicalTrials.gov (NCT04556591). Caregivers provided informed consent
prior to the commencement of study activities. Syntax for the analyses reported within this
manuscript are provided in Appendix 3. Data and supporting materials are available by
emailing the corresponding author.

Statistical Analyses.

Normally distributed continuous variables are reported using means and SD, nonnormally
distributed variables are reported by medians and interquartile ranges, and categorical
variables are reported by number and percentages.

Feasibility and Acceptability Analyses.

Compliance.—Percent missing data of total expected data for each person and on average
was calculated to characterize the feasibility of this data collection method. We hypothesized
that this intensive data collection protocol would be both feasible and acceptable for care
partners (regardless of group assignment). Anticipated completion rates were based on

other mabile health studies that either employed a similar JITAI intervention (NeCamp et
al., 2020) or employed a similar intensive study design in a clinical population (Carlozzi,
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Schilling, Freedman, Kalpakjian, & Kratz, 2018; Kratz et al., 2017; Moore et al., 2017,
Rogers, 2021; Wooldridge, Soriano, Harris, & Afari, 2022). Specifically, we expected: 1)
>80% of participants to complete the study; 2) for each participant in the study, completion
rates for the daily assessment questions would be =60%; and 3) =80% completion rates for
the three monthly surveys. We also examined the relationship between baseline HRQOL and
compliance rates using Spearman correlations.

Feasibility and Acceptability Questionnaire.—Descriptive statistics (frequencies,
means, medians) of responses to individual items on the feasibility and acceptability
questionnaire were calculated to characterize the relative acceptability/non-acceptability of
different aspects of the study protocol and materials. We expected =80% of participants to
indicate that they either *Agree’ or ‘Strongly Agree’ for the different study elements.

Preliminary Efficacy Analyses.—Care partners in each study group (JITAI and control)
were compared descriptively according to Consolidated Standards of Reporting Trials
Guidelines (Schulz, Altman, & Moher, 2010). T-tests/ANOVA were used to examine group
differences for continuous variables (e.g., age, HRQOL outcomes). Cohen d effect sizes
were computed (mean change divided by SD of the mean change). Effect sizes for the
HRQOL variables were used to calculate a minimum sample size for a 2-tailed t-test study
with a significance level of 0.05 and desired statistical power of 0.8. Chi-squared/Fisher
exact tests were used to examine group differences for categorical variables (e.g., care
partner type). Pre- and post-intervention HRQOL scores were plotted by group (JITAI,
Control) for each participant and for the group mean.

Exploratory Analyses—Although this trial was not powered to examine efficacy, we
conducted exploratory analyses to identify trends for an improvement in HRQOL scores
(i.e., group differences between the JITAI and control group at the end of the 3-month
home monitoring period). Specifically, we conducted a series of ten analyses of covariance
(ANCOVAS) to determine if the JITAI had better HRQOL (separate ANCOVAS were
conducted for each of the HRQOL measures: Caregiver Strain, Caregiver Anxiety, Anger,
Anxiety, Depression, Fatigue, Perceived Stress, Positive Affect and Well-Being, Ability to
Participate in Social Roles and Activities, Sleep-Related Impairment) relative to the control
group, after controlling for baseline HRQOL of the same construct. We expected the JITAI
group to report better HRQOL than the control group across the 10 different HRQOL
measures. Given that these analyses were exploratory we report these results both with and
without a correction for multiple comparisons (i.e., false discovery correction). We also
conducted the analyses with and without controlling for work status (given a trend for
differences between the JITAI and control groups on this variable); the pattern of significant
findings did not change with the addition of work status as a covariate, and thus, we only
present findings from the initial models (that did not control for work status). Analyses
used an intention-to-treat approach where the participant will contribute data to the arm
they were randomized to regardless of the amount of data contributed (i.e., the duration of
participation).

We also used repeated-measures models with random effects for subject-specific intercepts
to determine whether real-time ratings of Caregiver Strain, Depression or Anxiety changed
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over time (week) to examine measurement reactivity. Linear or curvilinear changes would
suggest measurement reactivity over the course of the three months (French & Sutton,
2010). The “week” of data collection (1 — 12) served as the independent variable. Three
different models were conducted for each of the three HRQOL variables (Caregiver Strain,
Depression, and Anxiety). Week was treated as a linear variable and quadratic effects were
examined using a Week x Week interaction term. A significant effect of week (linear) or
week X week (quadratic) would indicate reactivity to the intensive protocol methodology.

Seventy participants were enrolled in this study (Figure 1), with 36 randomized to the
JITAI group and 34 randomized to the control group (Table 1). In general, there were very
few demographic differences between groups (JITAI versus control and SCI versus HD
versus HCT); the only significant differences were that: 1) care partners in the JITAI group
were caring for individuals that were approximately 3 years older than care partners in

the control group, Kruskal-Wallis Chi-square(df=1)= 4.37, p=.037; and HCT caregivers
reported significantly fewer years in the caregiver role than the other two cohorts, Kruskal-
Wallis Chi-square(df=2)= 35.15, p < .0001. There were two study-related adverse events
reported in this study: 1) one participant in the JITAI group reported skin irritation from
the Fitbit (this resolved when participant was sent a different type of wristband); and 2) one
participant in the control group reported bruising and swelling from the Fitbit (this resolved
when participant was sent a different type of wristband).

Feasibility and Acceptability.

Compliance.—The vast majority (98.6%) of care partners completed the study (n=69 care
partners across the three different care partner populations: HD n=21, HCT n=30, and SClI,
n=18); the n=1 care partners who was lost to follow-up was a care partner of a person with
SCI. Completion rates for the sample were high; Table 2 provides this data for each of the
three different care partner groups (HD, SCI, and HCT) and Appendix 1 reports completion
rates for the combined sample, as well as by intervention group (JITAI versus control).
Compliance rates were comparable across the three care partner groups with the exception
that care partners of people with SCI had lower rates of step data compliance than the

other two care partner groups. In a couple of instances there were significant relationships
between percentage of days with step data (compliance data for syncing and/or wearing the
Fitbit provided in Table 2) and baseline HRQOL; specifically, greater levels of depression
and fatigue, and lower positive affect was associated with worse compliance for daily step
data (see Table 3).

Feasibility and Acceptability Questionnaire Results.—The Feasibility and
Acceptability questionnaire responses indicate that the Fitbit, CareQOL app, and intensive
study design were all acceptable according to our a priori expectations; Table 4 provides
detailed data for the full sample and Appendix 2 reports the summary data for each of the
three different care partner groups (HD, SCI, and HCT), as well as by intervention group
(JITAI versus control).
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Preliminary Efficacy.—Comparisons between those in the JITAI versus the control
groups are indicated in Table 5. Of note, at 3-months, the JITAI group had significantly
lower levels of caregiver strain, depression, and sleep-related impairment relative to the
control group (after controlling for baseline rates of HRQOL); these differences held even
after a false discovery rate correction was employed.

Reactivity.—Results are detailed in Figure 2 and Table 6. For Depression, there were no
significant main effects, nor were there significant interactions: there was no significant
effect for change over time, no significant group differences, and no differences in the
change over time between groups. Thus, for Depression, there was no evidence for either
efficacy or reactivity. For Caregiver Strain, there was a significant interaction indicating a
decrease in strain over time in the JITAI group relative to the control group, but there was
no significant main effect for time (i.e., there was no temporal change in Caregiver Strain
among controls). These results demonstrate potential efficacy—that is, the JITAI group
improved over time and controls did not. For Anxiety there was a significant negative main
effect for time (i.e., there was a significant decrease in Anxiety over time for both the JITAI
and control groups), but no significant interactions. In other words, both groups improved
over time suggesting potential reactivity of measurement. There was no evidence of any
quadratic relationships.

Discussion

The findings reported herein provide strong support for a 90-day intensive data collection
protocol that involved continuous monitoring of physical activity and sleep (via a Fitbit®),
daily reports of HRQOL, and end of month surveys of HRQOL. Compliance rates were
in line with or exceeded those that have been reported for other studies that involve
continuous monitoring via a wrist-worn device and/or the collection of daily self-report
surveys (Brannon, Cushing, Crick, & Mitchell, 2016; Evans et al., 2016; Kratz et al.,
2017; Moore et al., 2017; Nam et al., 2020; Rogers, 2021; Sohn et al., 2020; Stone et

al., 2003; Wooldridge et al., 2022). Interestingly, compliance rates tended to be lowest for
care partners of people with SCI relative to the other two cohorts. Given that care partners
of people with SCI did not appear to be more distressed (i.e., have worse HRQOL) than
the other two care partner groups, we postulate that this may be due to the fact that they
are caring for a group that is typically characterized by more severe functional deficits
than the other two care partner groups. In addition, baseline ratings of depression, fatigue
and positive affect and well-being were associated with daily compliance with daily step
data (more depression, more fatigue and less positive affect were associated with worse
compliance).

Feasibility and acceptability ratings were also high with the vast majority of care partners
indicating positive responses across the different elements of the study (i.e., using the
Fitbit®, using the CareQOL app, completing the daily questions, and completing the end of
month surveys). There were a couple of instances, when different subgroups were examined,
that this rating fell slightly short of a priori expectations. In particular, care partners of
persons with HD appeared to be less enthusiastic about the Fitbit® than the other two
cohorts; only 76% indicated that it was comfortable to wear, and only 71% indicated they
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were confident using it, relative to the other two cohorts (where ratings all exceeded 87%).
In addition, care partners of both HD and SCI were less likely to indicate they would
recommend this study to others (71% for HD and 78% for SCI versus 90% for HCT care
partners).

With regard to participation in future studies, 97% of care partners indicated that they would
participate in a similar study of similar or less duration; this fell to 76% for a similar study
that lasted 6 months, 73% for a study that lasted 9 months and 70% for a study that lasted
12 months. Care partners of people with SCI were less enthusiastic relative to the other

two cohorts about participation in a similar study that lasted 6-, 9- or 12-months. Overall,
care partners’ expectations about participation in this type of study were either met or were
exceeded.

Taken together, overall feasibility and acceptability was extremely high across three different
caregiving population. Care partners of people with neurodegenerative disease were most
enthusiastic about this type of study design (e.g., HD), whereas those individuals caring for
an individual with a chronic disability were the least enthusiastic (e.g., SCI). While further
work is needed to explore this difference, it may be that individuals that are caring for
someone with cognitive and behavioral changes (e.g., caring for someone with HD) may be
more receptive to this type of study design than those caring for an individual with more
substantial physical/functional impairments (e.g., SCI).

Our findings support the preliminary efficacy of this JITAI intervention. Although we were
not appropriately powered to identify significant improvements in HRQOL, individuals in
the JITAI group relative to the control group demonstrated significant improvements in
caregiver burden (i.e., Caregiver Strain), anxiety related to the caregiver role (Caregiver-
Specific Anxiety), sadness (PROMIS Depression), and sleep (PROMIS Sleep-Related
Impairment). In addition, although mean important differences (MIDs) for HRQOL
improvements have not yet been established in care partner populations, in other clinical
populations MIDs tend to hover around a change score of 2—4 7 on these HRQOL measures
(Amtmann et al., 2016; Chen et al., 2018; Kroenke et al., 2020; Lapin, Thompson, Schuster,
& Katzan, 2019; Lee et al., 2017; Rubery, Houck, Mesfin, Molinari, & Papuga, 2019); using
this as a guide, those in the JITAI group demonstrated improvements that are potentially
clinically meaningful for six of the 10 HRQOL domains that were assessed (caregiver
burden, anxiety related to the caregiver role, anger, sadness, stress, and sleep). There was
also some indication of reactivity of measurement for anxiety over this three-month period.

While these results are promising, we also acknowledge several study limitations. First,
although we were able to identify some effects (of the intervention), future work is needed
to determine if there are differential effects by care partner group and if/how type of care
provided influences outcomes. In addition, the sample was predominantly Caucasian, and
thus generalizability to minority participants warrants future examination. Furthermore, our
sample was predominantly female, and although consistent with the caregiver literature
more generally, additional work in male caregivers is also warranted. There was also a
trend for group differences between the JITAI and control groups for work status; although
formal inclusion of this variable in analyses did not change the overall pattern of results,
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future work focused on the impact that care partner work status has on care partner and
care recipient outcomes is needed. Finally, it is unclear if findings would generalize to care
partners of individuals that were caring for individuals with more acute conditions or other
chronic conditions.

Taken together, the reported findings from this trial indicate that real-time daily assessments
of symptoms and functioning, as well as compliance with passive activity monitoring (via a
wrist-worn device) is both feasible and acceptable for three distinct care partner groups: care
partners of individuals with chronic disability (caused by a traumatic event), care partners

of persons with an insidious and progressive disease, and care partners of persons with a
relapsing and remitting cancer condition. In addition, findings provide preliminary support
that this JITAI can indeed improve HRQOL for these care partners over a 3-month period.
Large scale efficacy trials are warranted to establish the efficacy of this low-cost, low-burden
self-management JITAI.
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Appendix 1

Protocol Compliance for Full Sample and by Intervention Group

Domain N Minimum Maximum Mean SD
Daily Surveys
« JITAI 34 59% 100% 91% 9%
« Control 36 46% 100% 88%  13%
e Combined Sample 70 46% 100% 90% 11%
Daily Steps
o JITAI 34 7% 100% 98% 4%
« Control 36 38% 100% 94%  14%
¢ Combined Sample 70 38% 100% 96%  10%
Daily Sleep
« JITAI 34 28% 100% 92% 16%
« Control 36 4% 100% 78%  32%
e Combined Sample 70 4% 100% 85%  26%
End of Month Surveys N N %
complete  Complete
End of Month Surveys
Month 1

Rehabil Psychol. Author manuscript; available in PMC 2023 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Carlozzi et al. Page 13
Domain N Minimum Maximum Mean SD
o JITAI 34 34 100%
« Control 36 36 100%
e Combined Sample 70 70 100%
Month 2
o JITAI 34 34 100%
e Control 36 36 100%
¢ Combined Sample 70 70 100%
Month 3
e JITAI 34 34 100%
« Control 36 35 97%
e Combined Sample 70 69 99%
Appendix 2
Acceptability data by care partner group
Fitbit®
JITAI Control
Group Group HD scl HCT
Agree + Strongly Agree
g (>80°/?)y g Agree + Strongly Agree (>80%)
Instructions for the Fitbit® were
easy to understand. 97% 82% 90% 83% 93%
The Fithit® was easy to set up. 97% 85% 90% 89% 93%
The Fitbit® was easy to use. 97% 88% 86% 94% 97%
ithit®
The Fitbit® was comfortable to 89% 85% 76% 89% 93%
wear.
o -
;r;lep?(t)zg. was easy to sync with 86% 82% 81% 83% 87%
1 was confident using the Fitbit® 89% 82% 71% 100% 87%
CareQOL app
The instructions for the CareQOL o 0 o 0 o
app set up were easy to understand. 100% 91% 95% 94% 97%
'ul'ge CareQOL app was easy to set 100% 88% 95% 89% 97%
The CareQOL app was easy to use. 97% 97% 90% 100% 100%
;F\;\’/)as confident using the CareQOL 100% 94% 90% 100% 100%
I am confident that | was using the 0 0 o o 0
CareQOL app correctly. 94% 94% 90% 100% 93%
Very Good + Excellent (>80%) Very Good + Excellent (>80%)
What is your overall rating of the
design of the screens on the app, 81% 88% 76% 89% 87%
including the colors and layout?

Daily Questions
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Fitbit®
JITAI Control
Group Group HD SCI HCT
Agree + Strongly Agree
g (>80°/?)y g Agree + Strongly Agree (>80%)
easiy mio my routie, 86% 943 6% 9% 03%
The number of daily questions to
answer on the app was reasonable. 100% 100% 100% 100% 100%
Monthly Surveys
Ivgfe”;gg‘;ht'g Sveys on the app 92% 91% 86% 89% 97%
prswering the monthly suveys it | gaog 943 90% 100% 03%
The number of questions in the
monthly surveys was reasonable. 92% 91% 95% 89% 90%
Likely + Extremely (>80%) Likely + Extremely (>80%)
How likely are you to recommend
this study to another family 94% 91% 90% 89% 97%
caregiver?
How likely are you to recommend
the CareQOL app to another family 81% 82% 71% 78% 90%
caregiver?
Likely + Extremely (>80%) Likely + Extremely (>80%)
How likely would you be to
participate in a study that lasted...
1 month? 94% 97% 95% 89% 100%
3 months? 86% 97% 86% 89% 97%
6 months? 78% 76% 86% 61% 80%
9 months? 64% 73% 76% 44% 7%
1 year? 61% 70% 67% 44% 7%
Study Expectations
About the same + A little better About the same + A little better + A lot
+ A lot better (>80%) better (>80%)
Compared to what you expected,
how you would rate your
experience in participating in this 100% 96% 95% 100% 100%
research study?

Appendix 3
I*MODEL SYNTAX*/
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[*Linear regression models were used for the ANCOVA results in Table 5. These models
were performed for each HRQOL domain. The syntax below is from a macro. The macro
variable

&var is for the HRQOL variable. The dataset “prepost” is a flat file (with one row per
subject) with “_pre” and “_post” HRQOL variables. There is also a categorical variable
“group”

for JITAI vs. control. This model tests if the “_post” scores are higher in the JITAI vs.
Control group after controlling for “_pre” scores*/

proc glm data=prepost;
class group(ref=“Control”)/param=ref;
model &var._post=group &var._pre/solution;
ods output parameterestimates=parameterestimates;

quit;

/*Linear mixed-models were used for the reactivity analyses in Table 6. The dataset
“fithit_weekly2” is a long file where subjects have multiple rows for each week. This is
also from a

macro and--as above--the macro variable &var is the HRQOL variable. Also--like above--
there is a categorical variable “group” for JITAI vs. control. There are two identical time
variables:

Week and weekn (for week “numeric”). The values are the same--this was done so that we
can treat week as a categorical variable for the repeated measures portion of the model but as

a continuous/interval variable for the fixed effects portion of the model.*/

proc mixed data=Fitbit_weekly2 ;
class subjectid group(ref=“Control’) Week;
model &var=weekn group weekn*group/s cl;
random subjectid;
repeated Week/type=vc subject=subjectid;
ods output solutionf=solutionf;

quit;

/*All other results are simple descriptive statistics comping from PROC MEANS or PROC
FREQ*/
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Impact:

. Although many care partners have excessive demands on their time, intensive
app-based interventions are feasible and show promise for improving quality
of life.

. Tailored self-management messaging has the potential for improving mental,

physical, and social health of care partners for people with chronic diseases.
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Figure 1.
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Figure 2.

Week-by week real-time PRO data
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Table 2
Protocol Compliance by Caregiver Group
Domain N Minimum Maximum  Mean SD
Daily Surveys
« HD 21 46% 100% 90% 12%
* SCI 19 51% 100% 86%  14%
e HCT 30 64% 100% 92% 8%
Daily Steps
« HD 21 92% 100% 98% 2%
« SCI 19 38% 100% 90%  18%
« HCT 30 91% 100% 99% 2%
Daily Sleep
« HD 21 8% 100% 82%  29%
* SCI 19 8% 100% 80%  27%
e HCT 30 4% 100% 90%  21%
End of Month Surveys N  ncomplete % complete
Month 1
« HD 21 21 100%
* SCI 19 19 100%
e HCT 30 30 100%
Month 2
« HD 21 21 100%
* SCI 19 19 100%
« HCT 30 30 100%
Month 3
« HD 21 21 100%
« SCI 19 18 95%
« HCT 30 30 100%

1duosnuey Joyiny

1duosnuen Joyiny

Note. Caregiver groups included: HD = Huntington disease; SCI = spinal cord injury; HCT = hematopoietic cell transplantation. Comparisons
among the three care partner groups indicated that care partners of people with SCI had lower compliance with step data than the other two care
partner groups (p < .008); there were no group differences for survey or sleep compliance data.
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Spearman correlations between baseline HRQOL and protocol compliance data (average % of days with data)
for daily assessments

Protocol Compliance

Baseline HRQOL domain

Daily Surveys Daily Steps  Daily Sleep
Caregiver Strain -0.04 -0.20 0.01
Caregiver-Specific Anxiety — -0.02 -0.18 0.10
Anger -0.09 -0.19 0.05
Anxiety 0.03 -0.15 -0.05
Depression -0.05 —0.24% 0.03
Perceived Stress -0.07 -0.19 0.02
Positive Affect 0.02 0.307% 0.03
Social Role Ability -0.02 0.11 -0.10
Fatigue -0.11 —0.30% 0.03
Sleep-Related Impairment ~ -0.08 -0.19 0.01

*
=p<0.05
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Table 4

Acceptability data (N=70 care partner respondents)

Page 29

Fitbit®
Neither
Strongly . Agree + Strongly
disagree Disagree eg;i;;zpe%r Agree Strongly agree Agree (>80%)
i ithit®
The Fithit® was easy to set up. 1% 6% 1% 39% 52% 91%
The Fitbit® was easy to use. 0% 3% 10% 48% 39% 87%
ithit®
\Tv:: rF|tb|t was comfortable to 0% 6% 10% 41% 43% 84%
he Fr:]tgipt'iownf easy to sync 0% 3% 12% 35% 51% 86%
1 was confident using the Fitbit® 0% 3% 10% 48% 39% 87%
CareQOL app
Neither
Strongly : Agree + Strongly
disagree Disagree a:jgigt;(;;\e%r Agree Strongly agree Agree (>80%)
The instructions for the
CareQOL app set up were easy 0% 3% 1% 38% 58% 96%
to understand.
sTeI:eu(r?alreQOL app was easy to 0% 3% 3% 21% 54% 04%
1’:1: CareQOL app was easy to 0% 1% 1% 35% 62% 97%
'C‘;"ercgtfg’pe;“ using the 0% 1% 1% 33% 64% 97%
| am confident that | was using
the CareQOL app correctly. 0% 3% 3% 38% 57% 94%
. Very Good +
Poor Fair Good Very Good Excellent Excellent (>80%)
What is your overall rating of
the design of the screens on the
app, including the colors and 0% 1% 14% 48% 36% 84%
layout?
Daily Questions
Neither
Strongly : Agree + Strongly
disagree Disagree zgiggzpe%r Agree Strongly agree Agree (>80%)
L:fed:;g,‘ig?;'sw:r"” the app 0% 3% 7% 36% 54% 90%
Answering the daily questions o o o o o o
fit easily into my routine. 0% 0% 10% 30% 59% 90%
The number of daily questions
to answer on the app was 0% 0% 0% 26% 74% 100%
reasonable.

Monthly Surveys
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your experience in participating
in this research study?

Fithit®
Neither
Strongly : Agree + Strongly
disagree Disagree %}i;ggpe%r Agree Strongly agree Agree (>80%)
Neither
Strongly : Agree + Strongly
disagree Disagree etjgiir;:(;pe%r Agree Strongly agree Agree (>80%)
Jvzferggg)t,ht'g Surveys on the app 0% 1% 7% 30% 61% 91%
Answering the monthly surveys
fit easily into my routine. 0% 0% 6% 28% 67% 9%
The number of questions
in the monthly surveys was 0% 1% 7% 42% 49% 91%
reasonable.
Likely +
Extremely . . Extremely
; Unlikely Neutral Likely : Extremely
unlikely likely (>80%)
How likely are you to
recommend this study to another 0% 0% 7% 29% 64% 93%
family caregiver?
How likely are you to
recommend the CareQOL app to 0% 0% 19% 29% 52% 81%
another family caregiver?
How likely would you be to participate in a study that lasted...
Likely +
E:Hﬁ:gfly Unlikely Neutral Likely Extremely Extremely
y (>80%)
1 month? 0% 0% 3% 21% 76% 97%
3 months? 0% 0% 3% 30% 67% 97%
6 months? 0% 3% 21% 21% 55% 76%
9 months? 3% 9% 15% 21% 52% 73%
1 year? 6% 9% 15% 21% 48% 70%
Study Expectations
About the same
A little About the A little + A little better
A lot worse worse same better A lot better + A lot better
(>80%)
Compared to what you
expected, how you would rate 0% 1% 35% 26% 38% 99%
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