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Abstract

Background: Mobile health (mHealth) technologies exhibit promise for offering patients and their caregivers point-of-need
tools for health self-management. This research study involved the dissemination of iPads containing a suite of mHealth apps to
family caregivers of veterans who receive care from the Veterans Affairs (VA) Health Administration and have serious physical
or mental injuries.

Objective: The goa of the study was to identify factors and characteristics of veterans and their family caregivers that predict
the use of mHealth apps.

Methods: Veteran/family caregiver dyads (N=882) enrolled in VA's Comprehensive Assistance for Family Caregivers program
were recruited to participate in an mHealth pilot program. Veterans and caregivers who participated and received an iPad agreed
to have their use of the apps monitored and were asked to complete a survey assessing Caregiver Preparedness, Caregiver Traits,
and Caregiver Zarit Burden Inventory baseline surveys.

Results: Of the 882 dyads, 94.9% (837/882) of caregivers were women and 95.7% (844/882) of veteran recipients were men.
Mean caregiver age was 40 (SD 10.2) years and mean veteran age was 39 (SD 9.15) years, and 39.8% (351/882) lived in rura
locations. Most (89%, 788/882) of the caregivers were spouses. Overall, the most frequently used app was Summary of Care,
followed by RX Refill, then Journal, CaredCaregivers, VA Pain Coach, and last, VA PTSD Coach. App use was significantly
predicted by the caregiver being a spouse, increased caregiver computer skills, arural living location, lower levels of caregiver
preparedness, veteran mental health diagnosis (other than posttraumatic stress disorder), and veteran age.

Conclusions: This mHealth Family Caregiver pilot project effectively establishes the VA's first patient-facing mHealth apps

that are integrated within the VA data system. Use varied considerably, and apps that were most used were those that assisted
them in their caregiving responsibilities.

(JMIR Mhealth Uhealth 2016;4(3):€89) doi: 10.2196/mhedlth.3726
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Introduction

TheUS health care system isunder tremendous pressureto find
ways to reduce costs and improve the quality of care. The
responsibility for managing health is shifting from health care
providers to patients and their families. This shift reflects an
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overal trend in health care, moving from a provider-centered
delivery system to a patient- and family-centered participatory
model of care[1]. This places greater emphasis on patients and
family members to assist in the provision of health care. A
variety of technologies are being developed in the commercial
health market to support self-management, but these
technologies need to be available at the point of need to be most
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useful. One specific group of technologies, the mobile health
(mHealth) technologies, shows promise for offering patients
and their caregivers point-of-need toolsfor the self-management
of health. These mHealth technologies are defined as apps that
run on mobile devices for the purpose of assisting consumers
or health care providersin monitoring health status or improving
health outcomes|[2]. mHealth al so encompasses sensors, phones,
or other devices worn on the body or carried that transmit and
receive data wirelessy. mHealth is a subset of the larger field
of electronic health (eHealth) that involves the information
technologies used in health care delivery [3].

mHealth technologies that run on accessible maobile platforms
may be able to accelerate the transformation of health care by
empowering patients and their families with the tools and
information that have historically resided with health care
professionals. Studies have been published that involve the use
of mHealth technologies to improve access to care, improve
communication between patients and providers, assist patients
in their disease management, and support disease monitoring
[4-7]. However, research into the factors that influence use and
acceptance of mHealth technology has not kept pace with the
rapid proliferation of mHealth tools [2,7]. The factors
influencing mHealth use and acceptance may be similar to the
factorsdriving other consumer-based eHealth technol ogi es, but
eval uations of mHealth tools have been limited to small studies
where key variations in use have not been assessed [6].

Technol ogy-based interventions designed to support caregivers
and their care recipients have been used with mostly positive
results. mCARE, amobile phone based secure messaging system
designed for veterans, encompasses several assistive components
for patient and caregiver self-management [8]. Some of these
components were appointment reminders, self-report
assessments, health tips, and secure messaging with their
provider. More than 90% of users believed that the mCARE
system was somewhat or was easy to use [9], demonstrating
that this mHealth app was feasible and effective for this
population. A randomized trial was conducted to assess the
impact of Comprehensive Health Enhancement Support System
(CHESS), a Web-based Iung cancer information,
communication, and coaching system for caregivers on caregiver
burden, disruptiveness, and mood [10]. Caregivers randomized
to CHESS reported lower burden and negative mood when
compared to those in the Internet group, suggesting that eHealth
and mHealth interventions similar to CHESS may improve
caregivers coping skills and, in turn, decrease their perceived
burden levels. Tele-Savvy, an Internet-based version of the
in-person, evidence-based psychoeducation Savvy Caregiver
Program for caregivers of veterans with dementia, used
synchronous (tel econferences) and asynchronous components
(video modules) to provide program accessto caregiversin their
homes [11]. In an effectiveness trial, caregivers demonstrated
moderately highinitial levels of burden, anxiety, and depressive
symptoms, all of which decreased significantly at follow-up.
There were dightly significant increases in caregiver
competence. While there is notable literature on the positive
outcomes associated with already developed eHealth
interventions [12], it is critical to continue to understand the
needs of the caregiver users.
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Numerous studies have shown that in order for technology to
be accepted by consumers it must be perceived as beneficial,
be easy to use, fit into the workflow of the end user, and be help
desk supported [13-15]. Understanding what caregivers want
from technol ogy-based interventionsisimportant for designing
mHealth interventions as well as understanding the factors that
will likely drive adoption. Focus groups conducted with
community-dwelling patientswith complex chronic disease and
disability and their caregivers revealed that open two-way
communication and dial ogue between them and their providers,
and better information sharing between providers in order to
support continuity and coordination of care asissuesthat eHealth
interventions could address and be of most benefit [16].
Additionally, privacy and data security, accessibility, the loss
of necessary visits, increased social isolation, provider burden,
shifting responsibility onto patientsfor care management, entry
errors, training requirements, and potentially confusing
interfaces were all identified as concerns of patients [16] and
therefore need to be taken into consideration when developing
eHealth/mHealth technol ogies. Despite these concerns, upwards
of 95% of caregivers who use mobile systems find that
interactive features of communication technologies assist in
their caregiving [13].

The National Alliance for Caregiving reports that caregivers
consistently convey a need for more information including
information on keeping the care recipient safe at home (37%),
managing their own stress (34%), identifying easy activitiesto
dofor their carerecipient (34%), and finding timefor themselves
(32%). Only 24% of caregivers of veterans reported receiving
the formal training they need to perform their caregiver
responsibilitiesand amajority feel ill-equipped to deal with the
veteran's condition, both in terms of having confidencein their
own skills or knowing how to seek out additional sources of
information or support [17]. In a recent survey of 1000
technology-using family caregivers by the National Alliance
for Caregiving [18], caregivers were asked to rate 12
technologies on their potential helpfulness to the caregiver.
Thosetechnol ogiesthat ranked the highest were Personal Health
Record Tracking, Medications Support System, and Symptom
Monitoring and Transmission. Those technologies rated the
lowest were Caregiving Coaching Software, Transportation
Display, and Caregiver Mentor Matching Service. The top
benefits expected from the technology include saving time,
easing the organizational logistics of caregiving, making the
carerecipient feel safer, increasing the feeling of being effective,
and reducing stress. The overriding barrier expected was the
expense of the technology, which is echoed in other studies
[13].

Using the organizing framework for caregiver interventions
devised by Van Houtven et a [19] as a guide, the purpose of
this study was to generate new knowledge on the relative rates
of use of different mHealth tools and the characteristics of
veteransand their family caregiversthat would predict their use
of mHealth tools. The Caregiver Intervention Organizing
Framework has three main directives: (1) interventions should
assess the quantity and/or quality of care provided, (2) consider
a broader range of caregiver and care recipient outcomes, and
(3) consider a common set of caregiver and care recipient
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outcomes to facilitate comparison across studies and over time
[19]. Assuggested by the af orementioned framework, the quality
of the intervention was assessed by using validated caregiving
quality measures, as well as the quantity of care (usage rates).
In considering a broader range of caregiver and care recipient
outcomes, we assessed several different veteran and caregiver
factors that we believed may contribute to use of the
intervention. Our caregiver outcomes were measured at several
pointsintimeto alow for alongitudinal assessment. Theresults
of this study advance our understanding of the potential for
adoption of mHealth tools within the context of caregiving.

Methods

Summary

Thisresearch study involved the dissemination of iPads (N=881)
containing a specific suite of mHealth appsto family caregivers
of veteranswho receive carein the Veterans Affairs (VA) Health
Administration and have serious physical or mental injuries
resulting from the post-9/11 wars. Veterans in the study had a
combination of physical injuries, mental health diagnoses, and
chronic medical conditions, and al were supported by afamily
caregiver. Thus, these patients exhibit complexitiesalong several
axes of the Vector Model of Complexity, a conceptual model
that defines patient complexity along axes representing major
determinants of health [20]. The suite of mHealth tools was
designed by the VA to assist the caregiver in managing veteran
posttraumatic stress disorder (PTSD) and pain, as well as
provide support with health care-related tasks and help
caregivers manage their own stress.

Study Design and Setting

This study was designed as a prospective cohort study with the
objective of better understanding the factors that influence the
use of a suite of mHealth tools (apps). The study participants
wereenrolleesinthe VA Comprehensive Assistancefor Family
Caregivers program as of May 2013, who agreed to participate
in the VA Family Caregiver Mobile Health Pilot program. The
VA Comprehensive Assistance for Family Caregivers program
supports the care of post-9/11 veterans and service members
who have sustained serious physical or mental injuries because
of their service in the military. As part of this program, family
caregiversprovide personal care servicesto the eligible veteran
in the veteran’s home. The caregivers are eligible to receive a
stipend and health insurance if they do not already qualify for
it. In addition, the program provides training, counseling, and
respite care to support the caregivers in their caregiving role.
The Family Caregiver program is staffed by VA Caregiver
Support Coordinators who are located at each VA facility and
are responsible for making quarterly home visits to families
enrolled in the program and provide ongoing support and
assistance to these families.

The VA Family Caregiver Mobile Health Pilot is a program
that distributed government furnished iPads loaded with VA
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mHealth tools to VA family caregivers and the veterans they
carefor. A 1-year data and service plan was provided with the
iPads. The mHealth apps were developed by the VA for this
mHealth pilot and were available only to pilot participants. This
mHealth Family Caregiver Pilot project established the VA's
first patient-facing mHealth apps that are integrated with the
VA data system and allowed for the exchange of health-related
data between the VA and veterans and their family caregivers.

Study Population and Recruitment

The study population comprised a cohort of 882
caregiver/veteran dyads that received the iPads, which were
loaded with a suite of mHealth apps. A dyad is defined as each
caregiver and the unique veteran they provide care for. There
were two layers of participation within this study group. The
first were caregivers who agreed to participate in the VA
mHealth pilot program (N=882). VA administrative data were
available for this dyad group, and consent was waived based
on itsusefor secondary dataanalysis. The second was a subset
of caregiversfrom the study group that compl eted three baseline
surveys (n=577) and consented to participate in this research
study. This group will be referred to as the survey group. The
Ingtitutional Review Boards of both George Washington
University and the Veterans Administration approved the study.

The study group participants were recruited by aletter sent in
August 2012 to all 4501 caregivers enrolled in the VA Family
Caregiver program, inviting them to participate in the VA
Family Caregiver Mobile Health Pilot program. The VA
received 23.22% (1045/4501) affirmative responses. Prior to
distributing theiPads, caregiverswere eliminated for distribution
from the original 1045 if they (1) were no longer enrolled in
the Family Caregiver program or (2) could not verbally confirm
their shipping address. A total of 84.31% (881/1045) of iPads
were distributed in late May to June 2013 to caregivers, which
represented 882 unique caregiver/veteran dyads (one caregiver
had 2 veterans under care, resulting in an additional unique
dyad). A second letter was sent to the 881 caregivers in the
study group who had agreed to participate in the VA Family
Caregiver Mobile Health Pilot program, asking them if they
would like to participate in a research study that was intended
to help the VA better understand the needs and challenges
experienced by those using the mHeath apps. The letter
indicated that by completing the initial survey the study
participant was giving their consent to participatein theresearch
study. An opt-out postcard was also provided and study
participants were asked to return the card if they were not
interested in participating in the study. Survey information,
from three different surveys, was collected on 65.4% (577/882)
of study participants (see Figure 1). The surveys completed by
this survey group included the Caregiver Preparedness,
Caregiver Traits, and Caregiver Zarit Burden Inventory surveys,
which are provided in Multimedia Appendix 1.
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Figure 1. Consort diagram: how the study cohort was formed.
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Intervention

The intervention consisted of supplying an iPad loaded with a
suite of mHealth apps designed to support caregivers in their
caregiving role. Support was provided to usersin the form of a
quick start guide for setting up theiPad, awebsite with answers
to frequently asked questions, amonthly newsletter, and aHelp
Desk that received cal inquiries. All of the caregivers
participating in the study were also called early on to facilitate
obtaining a DS Logon (the Department of Veteran Affairs
salf-service account) and were referred to the VA Mobile Health
Help Desk for additional assistance.

Several family caregivers/veteran focus groups and usability
tests were conducted to assist VA in selecting the types of apps
that they would develop and in designing the apps provided in

http://mhealthjmir.org/2016/3/e89/
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the mHealth pilot. The appswere developed as native iOS apps
for the iOS 6 operating system.

The suite of appswas bundled within the Launchpad app, which
functioned as the “container” that housed all of the mHealth
apps in the study. The Launchpad enabled the user to log on
once rather than having to log on to each individual mHealth
app. The logon credential used for the mHealth apps was the
Department of Defense’'s “DS Logon” premium account
credential. In many cases, caregiversreported using the veteran's
credentials to log on to the VA mHealth apps instead of their
own, thusmaking it difficult to distinguish whether the caregiver
or the veteran was using the app. Figure 2 displays the
LaunchPad app and the apps as they appeared within the
L aunchpad.
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Figure 2. Descriptions and screenshots of the mHealth apps.
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Launchpad: Functions as a container for all study apps. The Launchpad enables
the usertolog on once rather than having to log on to each individual mHealth

app.

RxRefill: Displays a listing of active medications with their refill status and
provides the ability to submit a requestfor a refill.

Screenshot shows active meds, clicking the right arrow will provide detailed
information onthe medication.
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Summary of Care: Displays data fromVA's electronic medical record and was the
mostfrequently used app. The data display includes demographics, diagnoses,
surgeries, lab results, medications, radiology reports, consults, demographics,
and future clinic appointments.

Screenshot shows the graphical display of laboratory results with tabs to display
medications, radiology results etc.
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Journal: Enables users to record daily events, communications, mood, pain,
vitals, diet and exercise.

Screenshots: (Left) selector for specifying the event to be recorded- choices
include communication log, mood, pain, vitals, diet, exercise and assessments
(Right) demonstrates the calendar and scale for recording information on mood.
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VA Pain Coach: Provides the tools needed to manage pain. Provides pain
management education along with a monthly and daily pain diary and tools for
setting, tracking and sharing goals.

Screenshots: (Left)shows mainscreen; choices include learn, self-assessment,
manage and goals, (Right) is the selector for inputting data on monthly and daily
pain, viewing pain graph, generating pain reports, and scheduling reminders to
retake pain assessments.
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CaredCaregiver: Provides support to Caregivers by providing educational content
aboutthe emotional consequences of caregiving and techniques for building
resilience and managing stress. The Zarit Burden inventory (12 questions) was
incorporated into the app for burden self-assessments and tracking. Information
about caregiver support resourcesis also provided.
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VAPTSD Coach: Providesa PTSD screening tool for assessing PTSD symptoms,
and enables symptom tracking, provides tools for PTSD management and
information on support services.

Screenshots (Left)is main screen; choices include Learn, Self-Assessment,
Manage and Find Support. (Right) select the symptom being experienced for
information on how to manage the symptom.
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Notifications: Enables users to set medication remindersinto a calendar.

Data Collection

Distribution of the mHealth iPad tools began in late May 2013
and continued through June. Data were collected on the use of
these tools for each study participant during their intervention
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assessment period. The intervention assessment period was
defined as the time between when the i Pad was received by the
study subject and the study end date of September 18, 2013.
All the iPads distributed to caregivers were loaded with mobile
device management software that allowed the VA to track the
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use and location of the devices and wipe the devices if they
were stolen or manipulated to remove Applé€’s security controls.
The VA mHealth apps were developed with back-end data
metrics that enabled the VA to see the utilization of each VA
mHealth app by individua pilot participants and the duration
of each use session. Survey datawere collected by having study
subjects complete three survey instruments that were rendered
on the iPads, or by collecting the information verbally over the
phone (see Multimedia Appendix 1 for survey items). The
survey data fed a back-end database that recorded the date and
results of the survey by individual study participant identifier.
Descriptive data about the study participants was taken from
the VA's administrative databases. Nonusers of the
iPad/mHealth appsintervention were contacted in the early part
of the study to determine the reasons for nonuse.

Study Variables

The study outcome variable was the use of the mHealth/iPad
tools. Use was measured in two ways: (1) a binary outcome
representing at least one use of the apps versus no use, and (2)
the frequency of app use, for those participants using the apps
at least once. Frequency of app use was computed asthe number
of times the app was used during the intervention assessment
period. App use was measured for each individual app and for
the entire group of apps.

The predictor variables for the study group dyad (N=882)
comprised veteran and caregiver characteristics that were
obtained from VA administrative databases and which are
described in Multimedia Appendix 2. We received a waiver of
Health Insurance Portability and Accountability Act
authorization to collect this data as it was deemed infeasible to
obtain consent for all caregivers enrolled in the VA Caregiver
program (N=4501). The predictor variablesfor the survey group
dyad (n=577) consisted of the same administrative predictor
variables asthe study group dyad and augmented with variables
derived from the three self-administered survey instruments.
Surveys could be completed on the iPad. If study participants
had not completed the surveys on the iPad within 2 weeks of
receiving the iPad and had not returned the opt-out postcard,
then they were contacted by research staff and were given the
opportunity to complete the survey using atelephoneinterview.
The survey instruments are listed in Multimedia Appendix 1.

The caregiver characteristic survey questions represent a subset
of questions derived from the 2009 National Alliance for
Caregiving survey [17]. These questions include self-reported
demographics, activities of daily living, caregiver stress/strain,
and computer skills. The caregiver preparedness questionswere
taken from the Preparedness for Caregiving Scale [21], which
asks caregivers to rate themselves on their perceived readiness
for the multiple domains of caregiving. The final summary
question of the preparedness survey, “Overal, how well
prepared do you think you are to care for your Veteran?,” was
used as the measure of preparedness because it correlated with
the other preparedness questions and had good face vaidity.
The4-question Zarit Caregiver Burden screening inventory was
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the survey instrument used to obtain information about caregiver
burden levels [22]. The Zarit Caregiver Burden screening
inventory is scored with values ranging from 0-4 for each of
thefour questions. Thetotal possible scoreis 16. Thetotal score
was used as the measure of burden.

Statistical Analysis

Analysis began by comparing the baseline caregiver/veteran
dyad characteristics of the study and survey groups using a
chi-square test to determine if the groups differed from one
another. Next, a parsimonious set of predictor variables was
selected by examining the bivariate relationships between
caregiver and veteran dyad characteristics and app use. The
strength of the bivariate analysis was assessed, and those
variables strongly associated with the outcome variable were
reserved as potential predictor variables. Next, a correlation
analysis between pairs of potential predictor variables was
performed. When two variableswere highly correlated, onewas
dropped or acomposite variable was created in order to reduce
model multicollinearity. Finally, multivariate modeling was
undertaken using SAS version 9.3 software, to predict app use.
Logistic regression modeling was performed to predict the
binary use/nonuse outcome for the seven apps as awhole. The
analysis was then repeated using negative binomial regression
modeling. The binary use/nonuse analysis was intended to
provideinformation on the factors associated withinitial interest
in using the app, while the frequency analysis was intended to
provide information on the factors driving sustained use of the
app once app use was established.

Multivariate models were assessed for fit. Logistic regression
modelswere eval uated using aHosmer and L eneshow Goodness
of Fit statistic of 0.05 or greater and a C-statistic greater than
0.65. Negative binomial fit was assessed by evaluating if the
value of the Pearson chi-sguare statistic divided by the degrees
of freedom was close to the value of 1 and by ensuring that the
dispersion parameter was not equal to 0. Model results were
assessed using oddsratiosin the logistic regression model. Since
our models were guided by a specific research purpose, we
report each P value “asis’ without further adjustment for the
total number of tests conducted.

Results

Table 1 displays the characteristics of the study and survey
groups. The chi-square analysis of the study group (N=882) and
the survey group (n=577) showed that they were not
significantly different from one another with respect to their
baseline characteristics. In the study group, the majority of
caregivers (94.9%, 837/882) were women and the majority of
veteran recipientswere men (95.7%, 844/882). The average age
of the caregiver was 40 years, and the average age of the veteran
was 39 years. The caregivers were primarily spouses (89.3%,
788/882) and were geographically dispersed across the United
Stateswith 60.0% (529/882) living in urban locationsand 39.8%
(351/882) living in rural locations.
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Table 1. Baseline characteristics of caregivers and veterans dyads (N=882).

Baseline characteristics Study group (N=882) Survey group (n=577)

Caregiver characteristics
Caregiver gender, n (%)
Female 837 (95.01) 547 (96.13)
Caregiver age, mean (SD) 40.16 (10.20) 40.08 (9.92)

Relationship of caregiver to veteran, n (%)

Spouse 788 (89.34) 521 (91.40)

Parent 69 (7.82) 37 (6.49)
Tier funding level for caregiver, n (%)

Tier 1 145 (16.57) 98 (17.28)

Tier 2 308 (35.20) 199 (35.10)

Tier 3 422 (48.23) 270 (47.62)

Veteran characteristics

Veteran gender, n (%)

Female 38 (4.31) 16 (2.77)

Male 844 (95.69) 554 (97.19)
Veteran race, n (%)

African American 153 (17.35) 88 (15.44)

Missing 41 (4.65) 25 (4.39)

Other 54 (6.12) 29 (5.09)

White 634 (71.88) 428 (75.09)

Veteran agegroup in years, n (%)

<34 317 (35.94) 208 (36.49)

235 and <44 307 (34.81) 193 (33.86)

245 and <54 199 (22.56) 134 (23.51)

255 59 (6.69) 35 (6.14)
Veter an service-connected category, n (%)

<80 131 (14.94) 86 (15.14)

>80 746 (85.06) 482 (84.86)

Veteran Aid and Attendance recipient, n (%)

No 822 (93.30) 530 (93.15)

Yes 59 (6.70) 39 (6.86)
Time in program (days), mean (SD) 529.02 (117.03) 529.00 (117.54)
Veteran income (US $), mean (SD) 35,038.15(17,286.83)  35,377.63 (17,316.16)
Monthly stipend amount (US $), mean (SD) 1534.27 (625.39) 1530.50 (629.94)

Veteran marital status, n (%)

Married
Divorced
Other

Branch of service, n (%)

Army

Marines

Navy/Coast Guard

766 (87.14)
36 (4.10)
77 (8.76)

650 (77.66)
90 (10.75)
57 (6.81)

515 (89.35)
17 (2.95)
42 (7.29)

428 (79.11)
62 (11.46)
28 (5.18)
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Baseline characteristics

Study group (N=882) Survey group (n=577)

Air Force
Living location, n (%)
Urban
Rura
Veteran diagnoses, n (%)
PTSD
Other injury (nerve, multiple fractures)
Traumatic brain injury (TBI)
Other mental health diagnosis

Other illness (diabetes, chronic obstructive pulmonary disease, stroke, cancer)

Receiving polytrauma care
Spinal cord disorder
Amputation
Vision impairment
Substance abuse

Veteran service utilization, mean (SD)
Mental health visits
Ancillary outpatient visits
Medical outpatient visits
Specialty outpatient visits
Surgical outpatient visits

Other outpatient visits

40 (4.78) 23 (4.25)
529 (60.11) 337 (59.23)
351 (39.87) 232 (40.77)
600 (68.03) 390 (68.42)
381 (43.20) 247 (42.33)
268 (30.39) 180 (31.58)
192 (21.77) 126 (22.11)
148 (16.78) 89 (15.61)
144 (16.35) 104 (18.28)
77 (8.73) 54 (9.47)
28(3.17) 18 (3.16)
25 (2.83) 13 (2.28)
9(1.02) 7(1.23)
3.49 (7.57) 3.20 (6.50)
4.97 (5.66) 491 (5.78)
1.92 (2.19) 1.90 (2.16)
0.40 (1.55) 0.42 (1.63)
0.72 (1.50) 0.72 (1.51)
0.02 (0.20) 0.02 (0.19)

Table 2 displaysthe outcome variable, App Use, as both distinct
users (used at least once) and as frequency of use in the study
and survey groups. Table 2 shows that 29.7% (262/882) of the
study group never used one of the seven mHealth apps. In the
survey group (n=577), the number of nonusers was 13.5%
(78/577). An anaysis of these nonusers was conducted to

Table 2. mHealth app usein study and survey groups (N=882).

understand how many of the caregiver/veterans dyads lacked
the DS Logon credentials required to access the VA mHealth
Apps. In the study group, 43.1% of the nonusers (113/262) did
not haveaDS Logon credential and 33% of the nonusers (23/78)
in the survey group did not have aDS Logon credential.

App name Study group (=882) Survey group (n=577)
Distinct Percentageus-  Freguency uss Number of  Distinct Percentageus-  Freguency uss Number of
users ing ing uses per users ing ing uses per
dyad, mean dyad, mean
(SD) (SD)
All Apps 620 0.70 8,794 14.18 499 0.86 7.839 15.71
(14.22) (14.79)
Notifications 523 0.59 1,652 316 (271) 429 0.74 1,478 3.45 (2.84)
Summary of Care 522 0.59 2,727 522 (5.48) 436 0.76 2.397 5.50 (5.46)
Rx Refill 504 0.57 1,737 345(3.00) 422 0.73 1,522 3.61(3.01)
CaredCaregivers 372 0.42 756 2.03(1.40) 327 0.57 690 211 (1.43)
Journal 290 0.33 1,102 3.80(6.58) 244 0.42 988 4.05 (6.99)
VA PTSD Coach 220 0.25 392 1.78(1.41) 200 0.35 369 1.85 (1.46)
VA Pain Coach 215 0.24 428 1.99(2.47) 193 0.33 395 2.05(2.58)

A subset of nonuser caregivers (n=96) were contacted by phone
in the early phase of the study to understand the reasons for

http://mhealth.jmir.org/2016/3/e89/
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nonuse of the apps. Main reasons for nonuse included having
DS Logon issues (55%, 53/96), having issues with the apps
(22%, 21/96), or experiencing other usability issues (9%, 9/96).

Thedistribution of thefrequency of app use displayed anegative
binomial with a zero inflated dispersion. Figure 3 displays the
frequency distribution of app use for the seven mHealth Apps
asawholein the survey group (n=577).

Frisbee

The results of the bivariate analysis that crossed each potential
predictor variablein the survey group (n=577) with the outcome
variable, frequency of mHealth app use, aredisplayedin Tables
3,4, and 5. Tables 3 and 4 contain caregiver-specific variables
and Table 5 contains veteran-specific variables. mHealth app
use was categorized into four levels: high (>18 uses), medium
(>7and<18), low (> 0 and <7), and no use. Use categorieswere
constructed by selecting use rangesthat produced threerelatively
equal groupings among the app users.

Table 3. Results of bivariate analysis of caregiver characteristics and frequency of total app use in the survey group.

Total Highuse  Mediumuse Low use No use
(>18), (>7and<18), (>0and<7) (n=78),
(n=195),% (n=175),%  (n=129),% 7

Caregiver age, years

18-34 196 30.1 32.7 26.5 10.7

35-49 266 38.7 293 20.3 117

=250 115 287 28.7 22,6

20.0

Caregiver education

Less than High School / High School Grad / GED / Tech 144 375 25.0 222 15.3

School

Some college/ College grad/ Grad school/ Grad work 433 326 321 224 12.9
Caregiver race

White 393 341 318 227 115

African American 76 29.0 27.6 26.3 171

Other 108 36.1 26.9 185 185
Caregiver gender Female 556 33.6 30.6 225 133
Caregiver health

Excellent 48 229 333 16.7 271

Very good/ Good 437 334 30.0 23.6 13.0

Fair/ Poor 92 413 304 19.6 8.7
Urban/Rural &

Rural 234 333 33.8 22.2 10.7

Urban 342 342 278 225 155
Relationship? Spouse 527 353 29.8 23.0 12.0
Tech adoption

Early adopter 160 325 35.0 21.3 11.3

Mid adopter 247  36.0 29.2 239 109

L ate adopter 170 318 27.7 21.2 194
Computer skills?

lor2-Limited 39 333 231 12.8 30.8

3 131 351 25.2 25.2 145

4 208 308 341 216 135

5 174 391 328 236 4.6

4 ncluded in the final set of predictor variables.

http://mhealth.jmir.org/2016/3/e89/
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The influence of caregiver strain, burden, preparedness, and
health was most notable in the bivariate analysis, with a high
usage associated with poor health, low preparedness, high
burden, and high strain. Caregiver age and education showed

Frisbee

an association with high use, with middle-aged and
lower-educated caregivers showing higher use. Those with
higher reported computer skillstended to be higher users of the

apps.

Table 4. Results of bivariate analysis of caregiving behaviors and frequency of total app usein the survey group.

Tota High use Medium use Low use No use
(>18) (>7 and <18) (>0and<7)  (n=78), %
(n=195), %  (n=175), % (n=129), %

Choicein caregiving Yes 371 35.6 29.7 21.6 13.2
Hours spent caregiving

<20 hours 58 345 36.2 20.7 8.6

21-40 hours 139 30.9 324 28.8 7.9

41-80 hours 216 36.1 30.1 20.8 130

280 hours 164 329 26.8 19.5 20.7
Caregiver strain

1- Notastrainat all 128 33.6 29.7 19.5 17.2

2 198 30.8 28.8 28.8 11.6

3 184 34.8 33.2 19.7 125

40r5- Very much astrain 67 40.3 284 164 14.9
Caregiver stress

1or2- Not at al stressful 186 29.0 285 22.6 199

3 165 358 291 255 9.7

4 134 36.6 321 18.7 12.7

5 - Very stressful 92 359 33.7 217 8.7
Years caregiving

<3years 237 304 291 28.3 122

4-7 years 217 39.6 32.3 16.1 12.0

>7 years 122 30.3 295 221

18.0

Preparedness

Not at all, Not Well, Somewhat Pre- 75 44.0 30.7 16.0 9.3

pared

Pretty Well Prepared 255 36.9 28.6 251 94

Very Well Prepared 228 28.1 32.0 19.7 20.2
Zarit Burden

High Burden 153 37.9 34.0 20.3 179

Medium Burden 253 34.8 31.2 245 9.5

Low Burden 126 31.0 28.6 16.7 23.8

Similar to caregivers, veterans in the middle-age range were
higher users of the apps. Veterans assessed at amonthly stipend
level of Tier 1 were higher users. The Tier level represents the
amount of work required of the caregiver to meet the care needs
of the veteran. Tier 3 represents the highest amount of work

http://mhealth.jmir.org/2016/3/e89/

and Tier 1 the lowest. Mental health conditions, other than
PTSD, were associated with higher app use. Those veterans
with a higher percentage of service connected related injuries
were associated with lower app use.
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Table 5. Results of bivariate analysis of veteran characteristics and frequency of app usein the survey group.

Total  Highuse Medium use Low use No use
(>18) (>7 and <18) (>0 and <7) (n=78), %
(n=195), % (n=175), % (n=129), %
Veteran agegroup 2, years
<34 210 281 314 271 133
235 and <54 332 38.0 30.1 193 12.7
=55 35 28.6 25.7 229 229
Monthly stipend tier
Tier 1 98 40.8 31.6 18.4 9.2
Tier 2 200 30.0 255 115
33.0
Tier 3 276 319 30.1 217 16.3
Veteran race
Black 92 28.3 27.2 26.1 185
Missing 25 32.0 20.0 28.0 20.0
Other 29 345 20.7 345 10.3
White 431 35.0 323 204 12.3
Branch of service
Air Force 24 333 25.0 25.0 16.7
Army 430 351 319 20.9 121
Marines 64 281 281 26.6 17.2
Navy/ Coast Guard 30 36.7 26.7 20.0 16.7
TBI DX 1 182 28.0 35.2 19.2 17.6
PTSD DX 1 392 33.9 30.9 212 14.0
Other Mental Health DX? 1 130 40.8 239 217 1.7
Other Medical DX 1 97 351 29.9 217
134
Major Trauma DX 1 69 333 18.8 31.9 15.9
Other Nerve Injury DX 1 251 34.3 28.3 219 155
Veteran income, US $
<20,000 104 337 25.0 26.9 144
20,000-40,000 318 352 324 211 11.3
>40,000 151 305 29.8 219 17.89
Timein program
300 and <400 109 376 284 19.3 14.7
>400 and <500 145 30.3 30.3 255 138
>500 and <600 129 32.6 35.7 20.2 11.6
>600 and <700 153 34.6 275 235 144
>700 and <800 41 36.6 29.3 22.0 12.2
Service connection
<80 86 40.7 279 19.8 11.6
>80 489 32.7 30.9 13.9
225
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Total  Highuse Medium use Low use No use
(>18) (>7 and <18) (>0 and <7) (n=78), %
(n=195), % (n=175), % (n=129), %
Aid and Attendance recipient Yes 39 25.6 35.9 20.5 18.0
Marital status
Divorced 17 59 353 294 294
Married 515 34.8 30.9 22.7 11.7
Other 42 35.7 214 16.7 26.2
Polytrauma care® Yes 104 240 34.6 20.2 21.2

4 ncluded in the final set of predictor variables.

A correlation analysis was performed on the set of potential
predictor variables that had a strong association with the
outcome variable. Many variableswere strongly correlated with
one another, for example, caregiver age and veteran age,
relationship and marital status, as well as caregiver stress,
burden, health, and preparedness, and education with computer
skills. A parsimonious set of predictor variables was selected
based on the results of the bivariate and correlation analyses.
Thefinal set of variables selected for modeling included veteran
age, caregiver-veteran relationship, urban-rural living location,

other menta health diagnosis, receiving polytraumacare, overall
preparedness survey question, and computer skills.

Logistic regression modeling was performed to predict at least
one use of the mHealth Apps. Table 6 displays the results of
modeling the administrative explanatory for the study group
(N=882) (Model 1a) and the administrative explanatory variables
plus two additional survey variables, Caregiver Preparedness
and Computer Skills, on the survey group (n=577) (Modd 2b).
The negative binomial anaysis demonstrated similar
associations (data not shown).

Table 6. Logistic regression model predicting at least one use of a clinical mHealth app.

Parameter Level Model 1a(N=882) Model 2b (n=577)

OR 95% ClI Pr>x? OR 95% ClI Pr>x2
Assessment period 1.036 1.023-1.050 <.001 1.010 0.975-1.047 .57
Veteran age 0.978 0.962-0.994 .007° 0.983 0.953-1.014 .28
Caregiver-veteran relationship Spousevs Other  2.428 1.517-3.885 .001° 1591 0.637-3.975 32
Urban / Rurd living location Rural vs Urban 1514 1.104-2.075 0.01° 1.374 0.777-2.430 .28
Other mental health diagnosis 1vsO 1.629 1.104-2.404 0.01° 2.602 1.117-6.058 .03°
Receiving polytrauma care Novs Yes 1.260 0.847-1.874 0.25 1.844 0.981-3.468 .06
Computer skills — — — 1.680 1.288-2.191 <.001¢
Preparedness — — — 0.588 0.381-0.906 .02¢

@odel 1 is based on data from all veteran and caregiver dyads that received the iPad and uses Hosmer and Lemeshow Goodness-of-Fit Test )(2:12.76

PR>X?=.121, C-Statistic=0.65.

PModel 2 includes all the data from Model 1 and additional survey variables and uses Hosmer and Lemeshow Goodness-of-Fit Test x2=.21 PR>x2:.21

C-Statistic=0.72.
CStatistically significant at the .05% level.

For the study group (N=882), significant predictors of using an
mHealth App at least onceincluded (1) assessment period—the
longer the caregiver/veteran dyad had the mHealth/iPad
intervention, the morelikely it wasthey would useit, (2) veteran
age—for every one unit increase in age, the likelihood of using
a clinical app declined by 0.02%, (3) if the caregiver of the
veteran is a spouse, then the odds of using at least one clinical
app was 2.4 times greater, (4) those living in a rural location
had a 1.5 times greater chance of using aclinical app than those
living in aurban location, and (5) veterans with amental health
diagnosis, other than PTSD, were 1.6 times more likely to use

http://mhealth.jmir.org/2016/3/e89/

aclinical app. When adummy variable was added to the model
to reflect if the caregiver/veteran dyad had alogon credential,
veteran age was no longer significant. The significance of this
isthat veteran ageislikely aproxy for the likelihood of having
aDSLogon credential. Younger veteranstend to have DS Logon
credentials issued when they separated from the service, while
this was not true for older veterans.

For survey group (n=577), the only administrative predictor
that remained significant was the diagnosis of “Other Mental
Health,” which resulted in a 12% increase in the likelihood of
using aclinical app compared with those who do not have this
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diagnosis. Two survey variables were significant predictors.
Each one unit increase in caregiver computer skill competency
increased the likelihood of using a clinical app by 28%, and

Frisbee

each one unit increase in caregiver preparedness decreased the
chances of using aclinical app by 42%.

Figure 3. Thefrequency distribution of total mHealth app use of the caregivers who completed the baseline surveys.
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Discussion

Principal Considerations

To the author’sknowledge, thisisthefirst study that haslooked
at factorsthat predict the use of mHealth appsin the context of
caregiving. The study provided anumber of key insights. It was
found that the mHealth apps used most frequently in this
population of caregivers of seriously injured veterans were the
Summary of Care, Rx Refill, and Notification apps. Apps used
less frequently included the Cared4Caregiver Journal, PTSD
Coach, and Pain Coach apps. The implication of this finding,
based on IT acceptance models, is that use is driven by the
perceived usefulness of the app and ease of use [23-25].

The picturethat emerged from the bivariate analysisisthat there
arefour principal components driving mHealth app usage. The
first relates to the amount of time and effort required for the
caregiver to managethe veteran’smedical condition. The second
relates to the caregiver strain and preparedness for caregiving.
Thethird hasto do with the demographics of the caregiversand
veterans. The fourth has to do with computer skills and
technology adoption. Caregivers providing care for seriously
injured veterans, such asthosein polytraumacare or with ahigh
percentage of service-connected conditions as reflected by a
high Tier rating (ie, Tier 3) in the caregiver stipend, was
associated with decreased app use. Thismay berelated to fewer
hours available by the caregiver to use the apps, or it could
reflect that use of the apps was a combination of caregiver and
veteran use and serioudly injured veterans were not as likely to
use the apps. The variable selected to represent this dimension
in this study was Polytrauma Care. The second component is

http://mhealth.jmir.org/2016/3/e89/

RenderX

related to the caregiver's and veteran care recipient’s physical
and mental health condition. Lower health and caregiver
preparedness scores coupled with higher strain scores were
associated with higher app use. The variable selected to
represent the state of the caregiver is Overall Preparedness for
Caregiving. The veteran’s medical condition was aso an
important factor with adiagnosis of a mental health condition,
excluding PTSD, being associated with higher usage. Consistent
with other studies on factors driving eHealth, demographics
were found to be important drivers associated with app use.
Increased age of both the veteran and caregiver decreased app
use, as did being a non-spouse caregiver. The fourth and final
component was related to caregiver computer skills. Thosewith
poor computer skills and low technology adoption rates were
less likely to use the Apps; the variable Computer Skills was
chosen to represent this dimension.

The results of the logistic regression modeling predicting use
versus nonuse of the apps revealed that at least one use of any
of the seven study apps was increased by living in a rura
location, being a spouse caregiver, being younger, taking care
of aveteran with amental health condition (excluding PTSD),
having better computer skills, and feeling less prepared for
caregiving. Thesefindingsthat older individuals and those with
lower computer literacy make less use of consumer health
technologies is consistent with other research [26,27]. Rural
living locations have often been associated with lower eHealth
use due to lower Internet access in rural areas [28]. However,
inthis study, rural living was associated with increased odds of
using the mHealth intervention, which islikely associated with
the data plans provided to study participants reducing their
requirement for Internet access.

JMIR Mhealth Uhealth 2016 | vol. 4 | iss. 3| €89 | p. 13
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

The surprising 30% nonuse rate found in the study group
deservesfurther investigation. We know that about 50% of these
nonusers did not obtain the proper logon credentials required
to use the mHealth intervention. The barriers created by the
requirement to obtain user credentials are an important
consideration when designing future mHealth apps. Another
30% of nonuse was accounted for by issues the users had with
the apps. Although the design of many of the appswasinformed
by collecting feedback from caregiver focus groups, thisfinding
highlights the need to collect regular feedback from app users
to understand usability issues so that these issues can be
addressed in subsequent app releases. A surprising finding from
this study was the low use of the PTSD app in patients with
PTSD. This may be related to the fact that the VA aready
released a PTSD app to public app stores prior to this study.
This was the only one of the study apps that has been released
to the public during the course of the study.

Limitations

It should be noted that this was a pragmatic study examining a
target population that is dissimilar to the general patient and
caregiver populations, and therefore care must be exercised in
extrapolating the results. The study population was restricted
to veterans with multiple comorbidities who have sustained
serious injuries due to their service in the military. The
prevalence of mental health conditions in this population was
high and the average age of the population was young, with the
average age equal to 39 years. The caregiversin this study were
also young, with the average age egqual to 40 years old, and
therefore do not reflect the typical family caregiver found in
the general population. Due to their unique health care needs,

Frisbee

future research, both qualitative and quantitative in nature,
should aim to evaluate the effects that programs like the
Comprehensive Assistance for Family Caregivers program have
on veteran/caregiver dyads.

Conclusions

This study was designed to contribute to our understanding of
the factors that drive veteran and caregiver mHealth use within
the caregiving context. The mHealth apps that were most used
by family caregiversand their veteran recipients were those that
provided information from their health care record and assisted
them in their caregiving responsibilities, specifically, filling
prescriptions and setting medication reminders. This is
consistent with previous research indicating that patients value
having health information electronically in one place so that it
can be shared and used for the management of their health care.
Another key finding in this study was that when tablets with
data services plans are provided to health care consumers, those
inrural areaswere more likely to use the technology than those
in urban locations. Computer skills and age continue to matter
in mHealth usage as they have in other consumer health
technol ogies, reinforcing the need to provide age-target support
to avoid disenfranchising ol der, less computer-savvy individuas.
A fina key finding of this study was that those caregivers
reporting that they are less prepared for caregiving were more
likely to use mHealth tools to support their caregiving
responsibilities. ThismHealth family caregiver VA pilot project
was the first to identify predictors of the use of patient-facing
mHealth appsthat areintegrated within the VA data system and
that facilitate the exchange of health-related data between the
VA and veterans and their family caregivers.
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