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Abstract

Background: Posttraumatic stressdisorder (PTSD) among US military veterans can adversely impact their concerned significant
others (CSOs; eg, family members and romantic partners). Mobile apps can be tailored to support CSO mental health through
psychoeducation, coping skills, and stress monitoring.

Objective: This study assessed the feasibility, acceptability, and potential efficacy of PTSD Family Coach 1.0, afree, publicly
available app that includes psychoeducation, stress management tools, self-assessments, and features for connecting to alternative
supports, compared with a psychoeducation-only version of the app for cohabitating CSOs of veterans with PTSD.

Methods: A total of 200 participants with an average age of 39 (SD 8.44) years, primarily female (193/200, 97%), and White
(160/200, 80%) were randomized to self-guided use of either PTSD Family Coach 1.0 (n=104) or a psychoeducation-only app
(n=96) for 4 weeks. Caregiver burden, stress, depression, anxiety, beliefs about treatment, CSO self-efficacy, and relationship
functioning assessed using measures of dyadic adjustment, social constraints, and communication danger signswere administered
viaaweb survey at baseline and after treatment. User satisfaction and app helpfulness were assessed after treatment. Data were
analyzed using linear mixed methods.

Results. Overall, 50.5% (101/200) of randomized participants used their allocated app. Participants found PTSD Family Coach
1.0 somewhat satisfying (mean 4.88, SD 1.11) and moderately helpful (mean 2.99, SD 0.97) to use. Linear mixed effects models
revealed no significant differences in outcomes by condition for caregiver burden (P=.45; Cohen d=0.1, 95% CI -0.2 to 0.4),
stress (P=.64; Cohen d=0.1, 95% CI —0.4 to 0.6), depression (P=.93; Cohen d= 0.0, 95% CI —-0.3 to 0.3), anxiety (P=.55; Cohen
d=-0.1, 95% CI -0.4 to 0.2), beliefs about treatment (P=.71; Cohen d=0.1, 95% CI -0.2 to 0.3), partner self-efficacy (P=.59;
Cohen d=-0.1, 95% CI -0.4 to 0.2), dyadic adjustment (P=.08; Cohen d=-0.2, 95% CI -0.5 to 0.0), social constraints (P=.05;
Cohen d=0.3, 95% CI 0.0-0.6), or communication danger signs (P=.90; Cohen d=-0.0, 95% CI -0.3 to 0.3). Post hoc analyses
collapsing across conditions revealed a significant between-group effect on stress for app users versus nonusers (f=—3.62;
t281:_2'27; P:OZ)

Conclusions: Approximately half of the randomized participants never used their allocated app, and participants in the PTSD
Family Coach 1.0 condition only opened the app approximately 4 times over 4 weeks, suggesting limitationsto thisapp version’s
feasibility. PTSD Family Coach 1.0 users reported moderately favorable impressions of the app, suggesting preliminary
acceptability. Regarding efficacy, no significant difference was found between PTSD Family Coach 1.0 users and psychoeducation
app users across any outcome of interest. Post hoc anal yses suggested that app use regardless of treatment condition was associated
with reduced stress. Further research that improves app feasibility and establishes efficacy in targeting the domains most relevant
to CSOs is warranted.

Trial Registration: Clinical Trials.gov NCT02486705; https://clinicaltrials.gov/ct2/show/NCT02486705
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Introduction

Background

Posttraumatic stressdisorder (PTSD) related to military service
has negative impacts not only on service members and veterans
but also on their families [1-4]. Thisis unsurprising given that
PTSD is often associated with impairment in relational
functioning [5-7]. Increasingly, the field of traumatic stressis
shifting from a narrow focus on PTSD-affected individuals to
their sociointerpersonal contexts [8]. This context includes
concerned significant others (CSOs), such as close friends,
family members, and romantic partners of trauma survivors
[9-11].

Consequences of PTSD for CSOs

Given that several PTSD symptoms involve social impairment,
there has been a growing interest in understanding the waysin
which PTSD may adversely impact trauma survivors CSOs
[2,4]. The negative consequences of PTSD for CSOs are
far-reaching and can range in severity from reduced relationship
satisfaction to an increased risk of emotional and physical abuse
[12]. Theliterature on CSO outcomes hasfocused primarily on
interpersona variables, such as relationship functioning and
communication problems. Female spouses of male National
Guard memberswith PTSD have reported high rates of marital
distress[13]. In their examination of the experiences of spouses
of ex-prisoners of war, Lahav et al [13] found that the spouses
of ex-prisoners of war struggled with PTSD symptoms and
reported lower sexua satisfaction in their relationships. Calhoun
et al [14] found that romantic partners of Vietnam War veterans
with PTSD experienced difficulties with psychological
adjustment, encompassing mood-related concerns (eg, stress,
depression, and anxiety) and caregiver burden, compared with
partners of veteranswithout the diagnosis. Taken together, these
findings suggest that military and veteran PTSD can create new
sources of stress and impairment for CSOswho surround these
individual s and highlight communi cation problems as a potential
interpersonal intervention target.

CSOs of PTSD-affected individuals also report high rates of
caregiver burden [12]. Caregiver burden is definitionally
multifaceted, including inter- and intrapersonal strain, and both
objective (eg, constraints on CSOs tangible and social
resources) and subjective consequences of caring for someone
with heightened physical or mental health needs [15]. Some
facets of caregiver burden have been explored in the literature
on CSOs of PTSD-affected individuals [14], with the aim of
identifying the potential mechanisms of CSO stress. For
example, in astudy of female partners of combat veteranswith
PTSD, partner self-efficacy significantly predicted partner
burden [16], suggesting that some CSOs may experience low
self-efficacy in a caregiving role. Consequently, CSO burden
and self-efficacy present potential targets for interventions to
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improve stressrelated outcomes for CSOs living with
PTSD-affected veterans.

Toward | nterventions for CSOs

Although the impact of PTSD can be far-reaching, efforts to
address these consequences have typically targeted only
individuals with a PTSD diagnosis. There is evidence that
involving CSOs in efforts to support treatment engagement or
intervention can improve the outcomes for individuals with
PTSD [10,12,17]. There are aso a growing number of
informational resources (ie, psychoeducation) on the internet
to help CSOs support trauma survivors (eg, articles and blogs
for CSOs posted on mental health specialty websites) [18-20].
However, few interventions exist to support CSOsin their own
right, particularly with mental health needs that stem directly
from being in a support provision role for a person with PTSD.
In a meta-analysis of interventions to support caregivers of
patients with traumatic brain injury, PTSD or polytrauma, only
4 studies were identified that incorporated family caregivers
into PTSD treatment, and only 2 of these examined CSO mental
health outcomes (eg, anxiety, depression, global distress) [21].
To our knowledge, no evidence-based stand-alone resources
exist that directly reduce the stress experienced by CSOs of
people with PTSD.

Resources that are tailored to meet the needs of CSOs hold
promiseto addressthis gap; however, scalability and availability
continue to be barriers to reaching CSOs in need of support
[22]. Mobile phone-based interventions, such astext messaging
and mobile app interventions, have been increasingly used to
reach individualswho might not otherwise access mental health
treatment [23]. Mobile apps may be particularly beneficial for
members of the armed forces because they are housed on users’
mobile phones and can be used without web connectivity and
are therefore aways accessible and more secure than
internet-based interventions [24]. Within the US military and
veteran communities, several scalable, easily accessible mobile
apps have been developed and have demonstrated efficacy in
improving user well-being and reducing stress [25,26]. For
example, PTSD Coach [27] was developed to provide
PTSD-affected userswith a suite of supportive, evidence-based
tools, including psychoeducation about PTSD and treatment,
self-assessments, linksto external sources of support, and skills
for stress management (eg, relaxation strategies, positive
self-talk, and distress tolerance). One benefit of mobile appsis
their capacity to deliver abroad range of audio and visual tools
[28]. Compared with informational brochures or websites that
provide only psychoeducation, mobile apps may providearicher
and more engaging experience for those seeking support. An
added benefit of mobile app interventionsrelative to traditional
provider-based interventions (eg, face-to-face psychotherapies)
is that once deployed, mobile apps are less resource-intensive
[29]. These findings suggest that mobile apps may offer an
engaging, scalable means for reaching CSOs with
psychoeducation, cognitive-behavioral coping strategies,
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opportunitiesto track symptoms, monitor wellness, or progress
toward behavioral goalsto support social and emotional health.

Little work has been done to elucidate CSO experiences as
social support providersfor loved oneswith PTSD [30], limiting
the evidence base on what type of therapeutic content might be
beneficial to CSOsversusaperson directly experiencing PTSD.
Therefore, an examination was conducted to understand the
needs of family members cohabitating with a PTSD-affected
veteran before the development of PTSD Family Coach 1.0
[31]. The CSO participants in this study supported that they
would like to see built into a mobile app, including support for
managing veteran PTSD symptomes, interacting with health care
systems, interactions within the relationship, experiences of
CSO burden and stress, and promoting CSO safety from abuse
or violence. These themes informed the development of 4
modules in PTSD Family Coach 1.0. Notably, there was some
overlap between the tool s requested by CSOs and the tool s that
the study team had developed for the PTSD Coach app, a tool
directed at PTSD-affected veterans (eg, psychoeducation on
PTSD and stress management). Given this, sometoolsthat have
been shown to promote positive outcomes in PTSD-affected
veterans[32,33] werelikewiseincludedin PTSD Family Coach
1.0, along with CSO-specific features. To address CSOs' stated
need for informational support for PTSD, the Learn section
aims to provide psychoeducation on the nature of PTSD, the
importance of CSO self-care and safety, and treatment options.
To address CSOs' stated need for support around burden and
stress, the Manage Sress section was designed to offer
cognitive-behavioral coping strategiesthat CSOs could practice
to promote stress reduction, and the Self-Assessment section
was designed to offer CSOs an opportunity to assesstheir stress
levels related to veteran PTSD and track progress. To address
CSOs' stated need for support navigating health care systems,
the Get Support section was designed to offer networking
support to link CSOs to other sources of assistance to promote
veteran recovery and CSO and family safety.

This Study

This study was designed to gather preliminary evidence for the
feasibility, acceptability, and efficacy of PTSD Family Coach
1.0, thefirst iteration of amobile app-based health support tool
for family member CSOs of veterans with PTSD. The PTSD
Family Coach 1.0 was developed by clinical expertsin PTSD
to address the specific needs of CSOs and to serve as a
companion tool to the PTSD Coach app for PTSD-affected
veterans, which has been shown to improve user outcomes,
including satisfaction, perceived helpfulness, and PTSD
symptom severity [32,33]. Although both apps included
mindfulness and breathing-based stress management tools,
PTSD Family Coach 1.0 included CSO-specific tools, such as
guidance for setting appropriate boundaries with veterans to
reduce CSO burden, and skills for promoting positive
communication to improve rel ationship functioning. Given that
the app was devel oped based on CSOs' articulated needs, it was
hypothesized that participants would use PTSD Family Coach
1.0 and find it satisfying and helpful. Given that a needs
assessment highlighted several CSO concerns above and beyond
traditional psychoeducation [31], in which CSOs can accessvia
the internet even if they do not use a mobile app [19-21],
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preliminary efficacy was assessed by testing the hypothesisthat
the full version of PTSD Family Coach 1.0, including stress
management and sel f-assessment features, would outperform a
psychoeducation-only version of the app in reducing caregiver
burden, stress, depression and anxiety, and improving beliefs
about accessing psychiatric or psychological treatment and
social constraints as a function of coexisting with PTSD,
self-efficacy, relationship functioning, and communication
danger signs.

Methods

Ethics Approval

The VA Medical Center and Stanford University's I nstitutional
Review Board approved al study procedures (eProtocol
#28147), and al participants provided electronic consent.
Participants received US $20 in major retail store gift cards (ie,
Target and Walmart) for completing each assessment, for total
compensation of up to US $40 in gift cards.

Consent to Participate

Informed consent was obtained from all participants included
in the study.

Consent for Publication

The authors affirm that human research participants provided
informed consent for the publication of deidentified data
included in all tables and figures.

Participants

Adult family members of veterans with PTSD were recruited
through Facebook advertising. The study inclusion criteriawere
as follows: (1) age =18 years, (2) iPhone ownership, (3)
cohabitation with a veteran with a diagnosis of PTSD, and (4)
a Perceived Stress Scale (PSS) score >14, indicating moderate
or higher stress[34].

Procedure

Prospective participantswere recruited via Facebook and Google
advertisements targeting those who were interested in
veteran-related issuesthat directed them to the baseline Qualtrics
survey where they accessed an electronic consent form. Those
who consented were directed to a brief screener questionnaire,
which included an assessment of age, PSS, and three yes or no
guestions as follows: (1) Do you own an iPhone or iPad? (2)
Areyou currently living with a Veteran? and (3) Hasthe Veteran
that you areliving with been diagnosed with PTSD? Those who
were screened completed the baseline survey and provided an
email address to recelve randomization information and
instructions for downloading their allocated app.

The participants were enrolled in 2014. At that time,
downloading a prototype app for research on an iPhoneinvolved
aspecialized multistep process. Once participants had identified
the app in the app store, they were required to open Settings on
their device, select Device Management, and “ Trust” a
nonverified devel oper (ie, the research app platform) to install
the app on their device. Upon first opening the app, participants
were required to enter a unique 6-character study invite code.
Thereafter, participants were able to access the app freely at
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any time. About half of the participantsin both the full version
of PTSD Family Coach 1.0 (54/104, 51.9%) and
psychoeducation-only app conditions (47/96, 49%) completed
this process and opened their allocated app at least once.
Hereafter, these participants are referred to as app users. Those
who failed to download or for other reasons never opened their
app are referred to as appnonusers. Limited data, such as the
number of times each participant opened their app, were
collected; however, whether, how long, and how individuals
used varioustoolswithin their allocated app were not available.

After 4 weeks, participants were e-mailed a link to the
posttreatment survey. The 4-week treatment period was chosen
because of the pilot nature of the study, the novelty of the
intervention, and the feasibility and acceptability aims. Prior
mobile app development work in related domains (ie, PTSD
Coach) used a 4-week study timeline, which was adequate to
demongtrate feasibility, acceptability, and potential improvement
in participant outcomes [35].

Measures
Feasibility or Acceptability Measures

Study Metrics

Information on the number of prospective participants,
individuals who were digible after screening, and individuals
who completed the baseline and posttreatment surveys were
collected within Qualtrics. Intervention feasibility metrics
included the number of times PTSD Family Coach 1.0
participants opened the app each week.

User Satisfaction

Participants’ satisfaction with their allocated app was assessed
through the 7-item satisfaction subscale of the Usefulness,
Satisfaction, and Ease of Use (USE) Questionnaire [36]. Each
item was scored on a seven-point Likert scale ranging from 1
(strongly disagree) to 7 (strongly agree), and a mean score was
generated for the 7 items overall. Scoresrangefrom 1to 7, with
ascore of 4 reflecting neutral feelingstoward the app and higher
scores reflecting greater user satisfaction. The USE
Questionnaire has been found to be a valid and reliable
instrument with excellent internal consistency (a=.98) [37].

Per ceived Helpfulness

Participants’ perceptions of the helpfulness of their allocated
mobile app were assessed through an 18-item measure based
onameasure used in aprior study of the PTSD Coach app [32].
Items assessed the degree to which participants believed their
app helped them learn about PTSD, resources for
trauma-exposed individuals, and self-care practices. Items are
scored on a 5-point Likert scale ranging from 1 (not at all
helpful) to 5 (extremely hel pful), and the mean score of all items
is generated for an overall rating of perceived helpfulness.
Scores range from 1 to 5, with a score of 3 reflecting moderate
helpfulness of the app and higher scores reflecting more
helpfulness. The perceived hel pfulnessitems used in this study
demonstrated excellent internal consistency in prior work
(0=.96) [39].
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Outcomes of I nterest

Caregiver Burden

Participants’ perceptions of caregiver burden were measured
using the Montgomery Borgatta Caregiver Burden Scale [39],
a 16-item self-report measure. Items are scored on a 5-point
Likert scale ranging from 1 (not at all) to 5 (a great deal).
Scores range from 16 to 80, with higher scores reflecting a
greater caregiver burden. The Montgomery Borgatta Caregiver
Burden Scal e has been shown to have good internal consistency
(0=.86).

Per ceptions of Stress

Participants' perceptions of stresswere measured using the PSS
[40]. The PSSisa10-item self-report measure of respondents
perception of stressin their lives. Items are scored on a 5-point
Likert scale for frequency, ranging from O (never) to 4 (very
often). Scores ranged from 0to 40, with higher scoresreflecting
greater perceived stress. The PSS has been shown to have
acceptable internal consistency (a=.78) [40].

Depression Symptoms

Participants’ depression symptoms were measured using the
8-item version of the Patient Health Questionnaire (PHQ)-8.
Thisversionisidentical to the PHQ-9[41] but does not include
the item on suicidal ideation and was developed for instances
in which study staff were not able to provide immediate crisis
intervention if participants endorsed suicidal thoughts or feelings
[42], as was the case in this study. Items are rated on a 4-point
Likert scale for frequency, ranging from O (not at all) to 3
(nearly every day). Scores ranged from 0 to 24, with higher
scores refl ecting more severe depressive symptoms. The PHQ-8
has been shown to have good internal consistency (a=.89) [43].

Anxiety Symptoms

Participants' anxiety symptoms were measured using the
Generalized Anxiety Disorder-7 (GAD-7) [43]. The GAD-7 is
a7-item self-report measure of physiological and psychological
indicators of generalized anxiety. Items are rated on a 4-point
Likert scale ranging from O (not at all) to 3 (nearly every day).
Scores ranged from 0 to 21, with higher scores reflecting more
severe anxiety symptoms. The GAD-7 has been shown to have
excellent internal consistency (0=.92) [43].

Beliefs About Treatment

Participants’ views on psychological and psychiatric treatment
for mental health problems were assessed using the Beliefs
about Psychotherapy and Medications Scale [44]. This is a
14-item self-report measure, with itemsrated on a5-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Scores range from 14 to 70, with higher scores reflecting more
favorable views of mental health treatment. The medication
subscal e demonstrated acceptableinternal consistency (a=.71),
and the psychotherapy subscal e has demonstrated good internal
consistency (a=.82) [44].

Social Constraints

Participants' perceptions of constraints on their relationship
were assessed using the Social Constraints Scale (SCS) [45].
The SCSisa5-item self-report measure, with itemsrated on a
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5-point Likert scalefor frequency ranging from 1 (almost never)
to 5 (almost always). Scores ranged from 5 to 25, with higher
scores reflecting greater perceived constraints on social
functioning. The SCS has been shown to have good internal
consistency (a=.81).

Self-efficacy

Participants’ perceptions of self-efficacy were assessed using
3 items from the Partner Self-Efficacy scale (PSE) [16]. The
items assessed the degree to which control CSOs felt that they
had over their loved ones emotional difficulties and wererated
on a 5-point Likert scale of control, ranging from O (no
control/ability) to 4 (total control/ability). PSE scores ranged
from 0 to 12, with higher scores reflecting greater perceived
self-efficacy. The PSE has been shown to have questionable
internal consistency (a=.54) [16].

Relationship Functioning

Participants' perceptions of overall relationship functioning
with veterans were assessed using the Dyadic Adjustment Scale
(DAS) [46]. DASisa47-item salf-report measure with subscales
for consensus, cohesion, and satisfaction. Items 1 to 3 were
scored on a 6-point Likert scale ranging from 1 (always agree)
to 6 (always disagree). Items 4 to 6 were scored on a 6-point
Likert scale ranging from 1 (never) to 6 (more often than once
per day). Item 7 was scored on a 7-point Likert scale ranging
from 1 (extremely unhappy) to 7 (perfect). Scores ranged from
7 to 43, with higher scoresreflecting more effective relationship
functioning. The DAS has demonstrated excellent internal
consistency (a=.96) [46].
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Communication Danger Signs

Perceived communication problems between participants and
veteranswere assessed using the Communication Danger Signs
scale (CDS) [47]. The CDS is an 8-item self-report measure
with itemsrated on a3-point Likert scaleranging from 1 (almost
never) to 3 (frequently). Scoresranged from 8 to 24, with higher
scores reflecting more problematic communication patterns.
The CDS has demonstrated acceptable internal consistency
(0=.73) [47].

I nterventions

PTSD Family Coach 1.0

Participants randomized to the full version of PTSD Family
Coach 1.0 had access to all features of the app for 4 weeks and
could use it as much or as little as they wished. Features of
PTSD Family Coach 1.0 included the following: (1)
psychoeducation on PTSD, self-care, relationship functioning,
and military and veteran-specific issues (Learn); (2) 24 unique
stress management tools, including mindfulness exercises, social
skills resources, and cognitive-behavioral strategies (Manage
Sress); (3) a self-assessment tool (ie, the PSS) so that users
could track their stress levels over time (Self-Assessment); and
(4) resources for connecting to other military families and
caregivers, finding professional help, contacting crisis services,
and reaching out to existing social support (Get Support).
Screenshots of PTSD Family Coach 1.0 can be found in Figure
1
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Figurel. PTSD Family Coach screenshots. PTSD: posttraumatic stress disorder.
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Psychoeducation Comparison

Partici pants randomized to the psychoeducati on app had access
only to the psychoeducation and support resources (ie, Learn
and Get Support) from PTSD Family Coach 1.0 (Figure 1) and
could use these resources as much or asllittle as they wished.

Data Analyses

All data analyses were conducted in R using the Ime4 package
[48]. Datainspection and visualization revealed that all variables
met the assumptions of normality. Observed scores for all
variables of interest were plotted for individual s by time point,
and observed variance-covariance and correl ation matriceswere
generated. Ordinary least squares residuals were plotted to
determine whether they appeared to have any remaining time
trend that would need to be addressed before analyses[49]. No
changes were needed.

Descriptive and summary statistics were used to assess
feasibility, and 2-tailed t tests were used to assess differences
in acceptability metrics by condition. For all efficacy analyses,
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maximum likelihood estimation methods were used to make
use of all availabledatafor each participant [50]. Intent-to-treat
analyses were performed using linear mixed effects models
[51]. Asthiswasapilot project, additional exploratory post hoc
analyses were conducted to better understand how mobile app
uptake might impact the outcomes of interest. These analyses
explored outcomes by app use versus nonuse aswell asby group
randomization.

Results

Baseline Characteristics

Demographic characteristics of the participants are presented
in Table 1. The flow of the study is presented in Figure 2. Of
the 665 individual s assessed for eligibility, 465 (69.9%) did not
consent, completed the initial assessment, or met the study
inclusion criteria. Of those remaining, 200 individuals were
randomized (1:1) into the PTSD Family Coach (n=104) and
psychoeducation app conditions (N=96).
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Table 1. Baseline characteristics by group.

Characteristics Family coach (n=104) Psychoeducation (n=96)
Female, n (%) 99 (95.19) 94 (97.92)
Age (years), mean (SD) 39.23(8.88) 38.97 (8.00)

Race or ethnicity, n (%)

White 89 (85.58) 71 (73.96)
African American or Black 4(3.85) 3(3.13)
Asian 0(0) 2(2.08)
Latino 4(3.39) 15 (15.63)
Native American or Pacific Islander 6 (5.77) 3313
Other 1(0.96) 2(2.08)
Education, n (%)

L ess than high school 6 (5.77) 5(5.21)
High school or equivalent degree 6 (5.77) 11 (11.46)
Some college 47 (45.19) 33(34.38)
Associate degree 13 (12.5) 16 (16.67)
Bachelor’s degree 18 (17.31) 19 (19.79)
Advanced degree 14 (13.46) 12 (12.5)

Employment, n (%)

Full-time 45 (43.27) 37(38.54)
Part-time 14 (13.46) 14 (14.58)
Student 7 (6.67) 9(9.39)
Retired 1(0.96) 1(1.04)
Disabled 13 (12.5) 9(9.39)
Unemployed 24 (23.08) 25 (26.04)
Branch of veteran’s service, n (%)
Air Force 5(4.81) 4(4.17)
Army 66 (63.46) 55 (57.29)
Marine Corps 14 (13.46) 15 (15.63)
Navy 11 (10.58) 10 (10.42)
National Guard 8(7.69) 12 (12.5)
Veteran combat exposure, n (%) 90 (86.54) 84 (87.5)

Relation to veteran, n (%)

Spouse 94 (90.38) 86 (89.58)

Other 10 (9.62) 10 (10.42)
Annual household income (US $), n (%)

<25,000 15 (14.42) 15 (15.63)
25,000-50,000 35 (33.65) 27(28.13)
50,000-75,000 23(22.12) 27 (28.13)
75,000-100,000 14 (13.46) 9(9.39)
>100,000 5(4.81) 5(5.2)
Do not know or refused to disclose 12 (11.54) 13 (13.59)
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Figure2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of recruitment, reasons for exclusion, and experimental compliance.
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POSTTREATMENT (4 WEEKS)

Completed Posttreatment Survey (n=69)
* App users (n=47)

PTSD Family Coach Feasibility and Acceptability

Of the 200 randomized individuals, 101 (50.5%) used their
allocated app at least once over 4 weeks of the study. There
were no significant differences between the proportion of app
users in each condition (PTSD Family Coach, n=54, 51.9%;
psychoeducation, n=47, 49%; N=200; x*=0.2; P=.62) or the
average number of times the app was opened overal
(t163.94=—1.03; P=.31): PTSD Family Coach, mean 3.77 (SD
4.22), psychoeducation, mean 3.10 (SD 4 21). Similarly, there

was no significant differencein app use each week by condition
(Figure 3). PTSD Family Coach 1.0 users opened their apps an

Figure 3. App users by condition over time.
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Completed Posttreatment Survey (n=54)
* App users (n=40)

average of 2.38 times in the first week (SD 2.86), with a
reduction in use for weeks 2 (mean 0.45, SD 1.13), 3 (mean
0.14, SD 0.46) and 4 (mean 0.22, SD 0.92).

PTSD Family Coach 1.0 usersreported scores of approximately
5 out of 7 on the USE Questionnaire measuring satisfaction
(mean 4.88, SD 1.11), corresponding to “ somewhat agree[ing]”
that the app was satisfying to use. Regarding perceived
helpfulness, PTSD Family Coach 1.0 users reported scores of
around 3 out of 5 (mean 2.99, SD 0.97), suggesting that they
considered the app to be moderately helpful. There were no
significant differences in user satisfaction or helpfulness by
condition.

Condition

. Full Version

. Psychoeducation

3 4
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Treatment Effects

Analyses were performed to examine the outcomes of interest
on an intent-to-treat basis. No significant treatment by time
interaction effects were identified between users in the PTSD
Family Coach 1.0 and psychoeducation app conditions (Table
2). There were no significant correlations between the number
of timesthe app was opened and changesin outcomes of interest
for either PTSD Family Coach 1.0 users or psychoeducation
app users (al values of P>.05).

Given that approximately half of the participants accessed their
allocated app and no significant differences by condition were

https://formative.jmir.org/2023/1/e42053
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found, post hoc analyseswere run collapsing across app versions
(Table 3) to compare app users (n=101) with app nonusers
(n=99). Therewere no significant differences between app users
and nonusersin any demographic variables or outcome variables
of interest at baseline. A dignificant treatment-by-time
interaction effect wasidentified for changesin perceived stress,
such that app users experienced reductionsin perceived stress,
while app nonusers did not (3=-3.21; t,g;=—2.34; P=.02). No
other significant treatment x time interaction effects were
identified.
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Table 2. Treatment effects for family coach condition relative to psychoeducation condition on study outcomes.

Family coach (n=105) Psychoeducation (n=100) Treatment effect
Measureandtime Mean (SE) Cohend,, (95% Cl) Pvalue Mean (SE) Cohend,, (95% Cl) Pvaue Cohend(95%Cl) P vaue

MBBS?

BLD 486(15) N/AC N/A 492 (16) N/A NA  NA N/A

prd 463,(17) -02(-03t000) .12 449 (1.9) -03(-05t0-01) ;¢ 01(-02t004) .45
pssf

BL 247(06) N/A N/A  24.4(06) N/A NA  NA N/A

PT 239(08) -02(-05t002) .39 23.0(0.9) -0.3(-0.7t00.1) 17 01(-04t006) .64
PHQY

BL 11.1(06) N/A N/A  11.8(06) N/A NA  NA N/A

PT 94(07) -03(-05t0-01) 9  102(08) -03(-05t0-00) g -00(-03t003) .93
GAD-7"

BL 10.0(06) N/A N/A  104(06) N/A NA  NA N/A

PT 84(07) -03(-05t0-01) ggg  94(0.7) -0.2 (-0.4t0 0.0) a1 -01(-04t002) .55
BAT!

BL 53.1(06) N/A N/A  539(07) N/A NA  NA N/A

PT 548(0.7) 02(0.1t00.5) 019  552(08) 0.2 (-0.0t0 0.4) 06 01(-02t003) .71
scy

BL 17.1(04) N/A N/A  18.0(0.4) N/A NA  NA N/A

PT 16.7(04) -01(-03t001) .24 16.5 (0.5) -04(-06t0-02) gk  03(0.0t006) .05
PSE!

BL 75(03) N/A NA  7.2(03) N/A NA  NA N/A

PT 74(03) -00(-02t002) .74 7.4(0.4) 0.0(-0.2t00.3) 68 -01(-04t002) .59
DAS™

BL 255(07) N/A N/A  244(07) N/A NA  NA N/A

PT 260(0.7) 0.1(-0.1t00.2) 37 26.4(0.8) 0.3(0.1t0 0.5) 002X  -02(-05t00.0) .08
cDs”

BL 165(0.4) N/A N/A  16.8(0.4) N/A NA  NA N/A

PT 16.0(04) -01(-0.3t000) .15 16.3 (0.4) -0.1(-0.3t00.1) 26 -00(-03t00.3) .90

a\IBBS: Montgomery Borgatta Caregiver Burden Scale.
bBL: baseline.

°N/A: not applicable.

9PT: posttreatment.

P<.05.

'PSS: Perceived Stress Scale.

9PHQ: Patient Health Questionnaire.
NGAD: Generdlized Anxiety Disorder-7.
'BAT: Beliefs About Treatment.

Iscs: socia Constraints Scale,

Kp<.01.

|PSE: Partner Self-Efficacy.

MDAS: Dyadic Adjustment Scale.
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"CDS: Communication Danger Signs.
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Table 3. Treatment effects for app users versus app nonusers on study outcomes.

App users (n=101) App nonusers (n=99) Treatment effect
Measureandtime Mean (SE) Cohend,, (95% Cl) P vaue Mean (SE) Cohend,, (95%Cl) Pvalue  Cohend(95% Cl) P vaue

MBBS?

BLD 482(15) N/AC N/A 495(15) N/A N/A N/A N/A

prd 444(16) -03(-04t0-01) gzt 482(22) -0.1(-0.3100.2) 52 -02(-05t00.1) .30
pssf

BL 243(06) NI/A N/A 248(05) NIA N/A N/A N/A

PT 221(08) -05(-08t0-01) (10 258(1.0) 0.2(-0.2t00.6) 33 -06(-12t0-01) gpe
PHQM

BL 106(0.8) N/A N/A 123(06) N/A N/A N/A N/A

PT 89(0.6) -03(-05t0-0.1) ggue 112(09) -0.2(-0.41t00.1) 21 -0.1(-04100.2) .54
GAD-7

BL 96(06) N/A N/A 10.8(06) N/A N/A N/A N/A

PT 81(06) -03(-04t0-0.1) (os0 102(0.8) -0.1(-0.4t00.2) 49 -02(-05t00.2) .31
BAT!

BL 53.6(0.6) N/A N/A 53.4(0.6) N/A N/A N/A N/A

PT 551(0.7) 0.2(0.1t00.4) 006¢ 546(09) 02(-0.1t00.5) 15 01(-0.3t004) .74
scsf

BL 17.4(04) NIA N/A 17.7(04) N/A N/A N/A N/A

PT 163(04) -03(-05t0-0.1) goge 17.1(05) 02(-0.41t00.1) 22 -01(-04t002) .50
PSE'

BL 76(03) N/A N/A 71(03) N/A N/A N/A N/A

PT 76(03) 00(-0.2100.2) 87 69(04) -0.1(-0.3t00.2) 58 0.1(-02t004) .60
DAS™

BL 252(0.7) N/A N/A 248(0.7) NIA N/A N/A N/A

PT 266(0.7) 02(0.1t00.4) 006° 254(09) 0.1(-0.1t00.3) 50 01(-01t004) .33
cps”

BL 16.1(04) NI/A N/A 17.1(04) N/A N/A N/A N/A

PT 158(05) -01(-02t001) .34 165(05) -0.2(-0.4t00.1) 14 01(-02t004) .48

3\BBS: Montgomery Borgatta Caregiver Burden Scale.
bBL: basdline.

°N/A: not applicable.

dpr: posttreatment.

fP<.01.

fPSs: Perceived Stress Scale.

9p<.05.

hPHQ: Patient Health Questionnaire.
IGAD: Generalized Anxiety Disorder-7.
IBAT: Beliefs About Treatment.

KsCs: Social Constraints Scale.

IPSE: Partner Self-Efficacy.

MDAS: Dyadic Adjustment Scale.
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"CDS: Communication Danger Signs.

Discussion

Principal Findings

This study tested the feasibility, acceptability, and potential
efficacy of amobile app-based mental health resource for CSOs
living with veterans with PTSD. Approximately half of the
randomized participants never opened the app, and participants
in the PTSD Family Coach 1.0 condition only opened the app
approximately 4 times over 4 weeks, suggesting limitations to
thisversion’sfeasihility. Interms of acceptability, PTSD Family
Coach 1.0 users reported moderately favorable impressions of
the app regarding satisfaction and perceived helpfulness. For
potential efficacy, findings suggested no differences between
participants randomized to PTSD Family Coach 1.0 versus the
psychoeducation app on any outcome of interest. Post hoc
analyses of participantswho did and did not download and open
their allocated app yielded a significant between-groups effect
for perceived stress, such that app users had moderately greater
reductions (ie, Cohen d=-0.6) in perceived stress scores from
baseline to posttreatment compared with nonusers.

Evidence for the feasibility of an intervention tool accruesasa
function of participant recruitment, retention, and adherence
rates, among other factors[52]. Given these metrics, the results
from this study suggest that updates will be needed to improve
the feasibility of PTSD Family Coach for participants. Owing
to the nature of recruitment and retention procedures,
information about why app nonusers never opened their assigned
app is not available. It is possible that discomfort with mobile
technology or the complexity of the app download procedure
congtituted significant barriers to successful downloading of
the app. At thetime of the study, accessing the research versions
of PTSD Family Coach 1.0 and the psychoeducation app
required a multistep procedure involving granting customized
permissions, which users may have found confusing or
anxiety-provoking from a data security or privacy standpoint.
Mobile app studies no longer require this step, which has
eliminated one potentia barrier to user engagement and retention
in future studies [53]. Another hypothesis was that family
members with particularly high rates of stress or burden might
have been less likely to access an app because of the competing
demands on their time and psychological resources. However,
app users and nonusers did not significantly differ in baseline
levels of stress, burden, depression symptoms, or anxiety
symptoms. Adherence rates among those who used PTSD
Family Coach 1.0 (ie, app use less than once per week) were
also lower than anticipated, given that prior research on apps
to support PTSD-related concerns has found app use rates
around 2 to 3 timesweekly [27,35]. Given that psychoeducation
was one of the support CSOs desired in amobile app [31], and
psychoeducation is a common component in PTSD treatments
that involve family members [54,55], it is possible that CSOs
accessed the app for psychoeducation, after which they did not
see aneed to return for skills practice.

This study found preliminary support for the hypothesis that
PTSD Family Coach 1.0 would be deemed acceptable by users.
Participants reported being moderately satisfied with the app
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and considered it to be moderately hel pful. PTSD Family Coach
1.0 was conceived in response to CSO demands and high levels
of unmet mental health needs among CSOs of PTSD-affected
Veterans[31]. Assuch, the evidence for moderate acceptability
in this study may best be conceptualized as a starting point for
engaging CSOs, with room to improve the CSO experience with
future iterations of PTSD Family Coach.

This study did not find support for the hypothesis that access
tothefull version of PTSD Family Coach 1.0 would be superior
to access to a psychoeducation-only version. One possible
explanation for the absence of a significant difference between
groups is that veterans' CSOs have a particular interest in the
informational support characteristic of psychoeducation
[31,55,56]. Specifically, CSOs may benefit from information
that provides a context for the behaviors or struggles they are
witnessing in their veterans, as this information can normalize
difficult experiences and provide a framework for how CSOs
can proceed. Furthermore, the full version of PTSD Family
Coach 1.0 involves components that require active engagement
and time (eg, interactive coping tools and assessments of stress),
which may prove difficult in a CSO population with high rates
of caregiver burden [31]. CSO burden, CSOs greater initial
adherence to the app (Figure 3), and existing literature
highlighting CSOs' desirefor and benefit from psychoeducation
[54,55] may suggest that a light-touch psychoeducation
intervention is more conducive to a CSO'’s limited time,
availability, and prioritized needs. Most PTSD Family Coach
1.0 users opened the app between one and two times within the
first week, and minimally thereafter. This may indicate that
users accessed the app to gain psychoeducation, after which
they no longer felt the need to return to the tool.

Limitations

This study has severa limitations. The app was built and data
were collected in 2014. Given the rapid rate of change in
technological platforms [57], this dates and limits the
applicability of the study findings to current efforts to develop
and pilot-test app-based interventions. The attrition ratesin both
randomized conditions were high. This may be attributable to
a less directive methodological approach to study recruitment
and retention [58]. Approximately half of those randomized to
a condition accessed their allocated app, and approximately
40% of al participants did not complete the posttreatment
survey. High rates of attrition and low levels of intervention
engagement are common problemsin internet-based intervention
studies [59,60], and this problem likely extends to mobile app
interventions as well. In epidemiological-level work,
internet-based projects that use some offline enrollment
initiatives outperform those that are completely virtual [58].
For evidence-based interventions to be developed for mobile
apps such that they are widely available and scalable, however,
it will be crucial to use research methodsthat allow participants
to find and use these tools with minima to no face-to-face
support. Subsequent studies may benefit from using larger
incentives [61], more user-friendly training tools (eg, atraining
video or an interactive step-by-step guide to downl oad the app),
or more readily available accessto troubl eshooting technol ogy.

JMIR Form Res 2023 | vol. 7 | 42053 | p. 13
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Therefore, linear mixed modeling approaches, which are robust
to high rates of attrition, such as those observed in this project,
were therefore used to maximize data quality [62]. However,
future work should prioritize app training and retention efforts
to ensure that those who enroll are more likely to receive their
allocated interventions.

The demographic features of the sample were narrow, such that
it was composed primarily of White female spouses of male
veterans. Thus, cohabitating CSOs other than White female
spouses were not adequately represented in this study, and the
extent to which these findings generalize across demographic
factors such as gender, race, ethnicity, and family role for
families of veterans living with PTSD. At the time the study
procedures were conducted, granular descriptive use data, such
aswhich tools participants accessed or returned the most, were
not available. The absence of significant differences between
PTSD Family Coach 1.0 users and psychoeducation-only users
may point to CSO reliance on psychoeducation tools in both
conditions. However, information on how users navigated the
app could potentially shed light on whether CSOs gravitated to
psychoeducation over more active tools, such as skill-building
or self-assessment, and these anonymized data were collected
for the updated version of the app, PTSD Family Coach 2.0. It
ispossiblethat constraints on app content and design diminished
PTSD Family Coach 1.0’s usefulness for CSOs, and the lack
of descriptive data on how CSOs used various tools limits the
conclusionsthat can be drawn about these potential constraints.
For example, it is possible that the coping skills CSOs were
encouraged to practice in the Manage Stress section required
further tailoring to address CSOs articulated needs (eg,
managing reactions to veterans' PTSD symptoms). Across its
various features, PTSD Family Coach 1.0 was heavy in text,
which may have made the tool s less accessible or more difficult
to navigate. Updates to PTSD Family Coach 2.0 included
revisions to how tools were labeled, and how much text-based
content users would need to navigate on each screen. Future
work would benefit from more granular data about which tools
are used, and it may prove beneficial to build in opportunities
for CSOsto provide immediate feedback on each accessed tool
(eg, 3 yes or no questions after a tool has been accessed to
determine whether CSOsfound thetool helpful, appealing, and
easy to understand). PTSD Family Coach 1.0 was available for
research use only on iOS devices, limiting inclusion to only
those with iPhones. Some demographic and personality
differences between iOS and Android users have been identified
in prior work, suggesting that apps available only to iOS users
may limit the generalizability of the findings [63,64]. PTSD
Family Coach 2.0 isavailable on Android platformsand should
be tested by both types of smartphone users. Minimal training
on downloading the maobile app and now obsolete security
barriers appear to have resulted in more-than-typical issueswith
accessing both app versions. Study procedures should be
replicated with the more user-friendly functionality of being
ableto download the app directly from the app storeon auser’s
phone. Finally, the study was conducted in 2014. Smartphone
ownership inthe United States hasincreased by 30% from 2014
to 2021, and mobile technol ogies are undergoing nearly constant
changes and updates [65]. As such, future projects examining
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PTSD Family Coach 2.0 arelikely to include more generalizable
samples with more experience using smartphone technologies.

Conclusions

Despite these limitations, this study has several implications
and directions for future research. The rates of stress, anxiety,
and depression in the sample at baseline were high, and the
impetus for building PTSD Family Coach stemmed from the
CSO'sdemand for support. Among those who accessed the app
in this study, the rates of stress diminished. This highlights the
promise of tailored, evidence-based mobile resourcesto address
an as yet unmet needs in this underserved popul ation.

Since the completion of study procedures, advancesin clinical
intervention research that uses mobile platforms [66] have
resulted inimprovementsin app intervention devel opment best
practices. These best practicesinclude both user-centered design
considerations (eg, creating platforms that are easy for
prospective users to find, download, and interact with,
minimizing redundancies in content, and increasing
opportunitiesfor usersto customize the app interface) [67], and
data quality considerations (eg, passive collection of granular
use data) [68]. Adherence to these revised best practices holds
promise for improving the data quality and potential clinical
impact of future app development studies aimed at assisting
CSOs. Although PTSD Family Coach 1.0 was devel oped based
on the articulated needs of CSOs of PTSD-affected veterans
[31], researchers who wish to intervene to address CSO needs
via mobile app development would benefit from adhering to
the principles of user-centered design [69], which isan iterative,
cyclical process involving (1) needs assessments of the target
population through field studies, focus groups, and one-on-one
interviews, (2) the development of aprotype, and (3) evaluation
of the prototype, followed by tool deployment or areturn to a
needs assessment if the prototype requires further changes.

After the completion of this project, PTSD Family Coach 2.0
was devel oped including substantial updates and enhancements
that supersede the 1.0 version. Changesin the app were largely
driven by qualitative feedback collected from participants in
this study [31]. Participants articulated a need for specific
support in domains such as connecting their veterans to
treatment, connecting to professiona help for themselves, and
practicing skills specifically designed to help them managetheir
reactionsto their veterans' PTSD symptoms|[31]. Thisfeedback
was used to inform them of the toolsincluded in PTSD Family
Coach 2.0. In addition, PTSD Family Coach 2.0, which is
accessible on both iPhone and Android devices, does not entail
an involved permissions process to download and use. Thus,
more research is needed to determine whether the changes made
based on participant feedback and improvements in the user
interface trandate into improved engagement and outcomes.
Future research on PTSD Family Coach 2.0 should specifically
aimtoimprovethetool’sfeasihility, optimize user acceptability,
and establish efficacy intargeting domainsthat CSOs find most
distressing (eg, caregiver burden and depression symptoms).
M echanisms studiesto identify which resources are most hel pful
to veterans CSOs when delivered via mobile apps are also
warranted.
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