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Abstract

Background: Mobile apps for mental health have the potential to overcome access barriers to mental health care, but there is
little information on whether patients use the interventions as intended and the impact they have on mental health outcomes.

Objective: The objective of our study wasto document and compare use patterns and clinical outcomes across the United States
between 3 different self-guided mobile apps for depression.

Methods: Participants were recruited through Web-based advertisements and social media and were randomly assigned to 1 of
3 mood apps. Treatment and assessment were conducted remotely on each participant’s smartphone or tabl et with minimal contact
with study staff. We enrolled 626 English-speaking adults (=18 years old) with mild to moderate depression as determined by a
9-item Patient Health Questionnaire (PHQ-9) score =5, or if their score on item 10 was =2. The apps were (1) Project: EVO, a
cognitive training app theorized to mitigate depressive symptoms by improving cognitive control, (2) iPST, an app based on an
evidence-based psychotherapy for depression, and (3) Health Tips, atreatment control. Outcomes were scores on the PHQ-9 and
the Sheehan Disability Scale. Adherence to treatment was measured as number of times participants opened and used the apps
asinstructed.

Results: Werandomly assigned 211 participantsto iPST, 209 to Project: EVO, and 206 to Health Tips. Among the participants,
77.0% (482/626) had a PHQ-9 score >10 (moderately depressed). Among the participants using the 2 active apps, 57.9% (243/420)
did not download their assigned intervention app but did not differ demographically from those who did. Differential treatment
effectswere present in participants with baseline PHQ-9 score >10, with the cognitive training and problem-solving appsresulting
in greater effects on mood than the information control app (x22=6.46, P=.04).

Conclusions: Mobile appsfor depression appear to havetheir greatest impact on peoplewith more moderate level s of depression.
In particular, an app that is designed to engage cognitive correlates of depression had the strongest effect on depressed mood in
this sample. This study suggests that mobile apps reach many people and are useful for more moderate levels of depression.

ClinicalTrial: Clinicaltrials.gov NCT00540865; https://www.clinicaltrials.gov/ct2/show/NCT00540865 (Archived by WebCite
at http://www.webcitation.org/6mj8I PqQr)

(J Med I nternet Res 2016;18(12):€330) doi: 10.2196/jmir.6482
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Introduction

Major depressive disorder affects approximately 7% of the US
population in a given year [1], and approximately 16% of all
individuals will experience major depression at least once in
their lifetime [2]. Despite the fact that depression is treatable
[3,4], less than a quarter of individuals receive adequate care
for thisillness[1] dueto treatment access barriers, such astime
and transportation constraints, long waiting lists, and a dearth
of trained professionals to provide high-quality care [5-7].
Access problems could be easily mitigated through the use of
technology; severa studies have already demonstrated that
telemedicine and Internet-based approaches are feasible and as
effective as in-person treatment [8,9]. The success of these
distance approaches has resulted in considerable interest in the
use of mobile phone apps as an aternative care delivery
platform. Not only do mental health apps have tremendous
reach, but also patients can access these tools whenever they
feel the need and as often as they like without having to wait
until a mental health professional is available [10,11]. Such
reach is evident when considering that 68% of all adultsin the
United States own a smartphone, and approximately 45% own
atablet device [12].

Hundreds of appsfor depression are available for download on
one's smart device [13-15], with the majority of these apps
designed to be self-guided. Whileafew proof-of-concept studies
and small-scale randomized controlled trials (RCTs) have been
conducted, to our knowledge, none have compared theoretically
driven interventions versus controls, nor have they investigated
the effects of these apps under real-world conditions [16].
Furthermore, we know little about the people who download
depression treatment apps in terms of symptom severity,
disability, and use of more traditional mental health services.
Although a few proof-of-concept studies have found that
adherence to depression app guidelines tends to be poor over
time [17-21], there is little information about the relative use
patterns between different types of apps. We conducted a
large-scale RCT (NCT00540865) of 3 different depression apps
to answer the following questions: (1) Who downloads mobile
apps for depression? (2) How do people who download these
apps use them? (3) What isthe impact of these apps asthey are
typically used? (4) What are the methodol ogical issuesinherent
in conducting afully remote RCT? We have already published
the data on the methodological issues in the recruitment and
retention of participants into a large-scale, remote RCT [10].
We report here on the characteristics of people who download
and use depression apps, what their use patterns are like, and
how effective these interventions are in light of typical use
patterns typically deployed in the community.

Methods

Study Design

This was a fully remote, randomized clinical field trial
comparing 2 active apps and a control app for mood [10], and
to test the feasibility of remote research using mobile phone
apps. We recruited participants through a variety of Web-based
advertising sources, including Craigdlist (Craigdist Inc, San
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Francisco, CA, USA), Google AdWords (Google Inc, Mountain
View, CA, USA), and social mediaoutlets (eg, Twitter; Twitter,
Inc, San Francisco, CA, USA) from al 50 US states. All
potential participants|earned about the study through awebsite
explaining study details, which led to a screening protocol using
automated software (SurveyGizmo; Widgix, LLC, Boulder,
CO, USA) to determine dligibility. Informed consent was
conducted through a 2-minute video explaining the study risks
and benefits, and the payment structure over the course of the
study. In addition to a PDF file of the consent form was
provided. Participants had to complete a 3-item quiz testing
their understanding of the study to advanceto the randomization
phase.

Participant contact was minimal. Study staff contacted
participants via email or short message service (SMS) text
messaging to remind them to use their intervention or assessment
app if they had 3 consecutive days of missing data. Aside from
this, participants were contacted only when they (1) were due
with a payment, or (2) reached out to study staff for technical
support. Contact was primarily through email or SMS, with
occasional phone call meetings if needed to help participants
download their intervention apps. Ethical approval for the trial
was granted by the University of California, San Francisco,
Committee for Human Research.

Participants

To be €ligible, participants had to be English speakers, be at
least 18 yearsold, and own asmartphone (iPhone or an Android
device) with Wi-Fi or third- or fourth-generation capabilities.
Because 1 of the 2 interventions was available only on the iOS
mobile operating system and had to be used on devices with a
visual field larger than that on atypical smartphone, participants
had to own an Apple iPad 2.0 or newer version.

Participants had to obtain a score of 5 or more on the 9-item
Patient Health Questionnaire (PHQ-9 [22]) or a score of 2 or
greater on item 10 of the PHQ-9 (“If you checked off any
problems, how difficult have these problems made it for you to
do your work, take care of things at home, or get along with
other people?’). The decision to include participants with mild
symptoms of depression, rather than limit the sample to those
with moderately severe depression (eg, PHQ-9 score >10), was
based on our intent to test the use and effects of these appsin
people with a range symptoms of depression, as well as to
determine what proportion of participants who downloaded
depression apps fell into mild, moderate, or severe ranges of
depression. Theonly exceptionto thisrulewas suicidal ideation.
Participants with aPHQ-9 suicideitem score of 1 or more were
referred to the suicide hotline. We randomly assigned
participantsto 1 of the 3 apps using arandom number generator
built into the eligibility survey.

Basaline Assessments

We collected information on demographics, depression severity
using the PHQ-9 [22], functiona disability using the Sheehan
Disability Scale (SDS [23]), anxiety using the Generalized
Anxiety Disorder 7-item scale (GAD-7 [24]), history of mania
or psychosis using the Improving Mood-Promoting Access to
Collaborative Treatment (IMPACT) assessment of mania and
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psychosis[25], and acohol use using the Alcohol Use Disorders
I dentification Test (AUDIT-C) [26]. We also collected data on
self-reported quality of sleep, current use of mobile phone apps,
and engagement in outside mental health trestment. Participants
in al groups were sent these surveys and were paid US $15.00
for completing the baseline assessment. All treatments and
assessments were delivered over the participants smart devices.
Human interaction was limited to reminders sent via SMS or
email based on each participant’s stated preferences.

Proceduresfor App Access

Once participants completed the consent process, a secure,
1-user valid link to a secure webpage was sent to participants
email addresses that contained a brief personalized YouTube
video explaining how to download and then use their assigned
intervention. Thiswebpage also contained alink to automatically
download said apps to the participants’ phone or iPad.

I ntervention Apps

Cognitive Control App (Project: EVO)

Participants randomly assigned to this condition were
encouraged to use Project: EVO (Akili Interactive Labs,
Larkspur, CA, USA) 6 times a week for approximately 30
minutes per day. This app is designed as a video game that
modul ates cognitive control abilities, a common neurological
deficit seenin depression [27]. The app uses adaptive algorithms
to adjust the intervention’s difficulty to the user's level of
proficiency over time. Previous work that Project: EVO was
derived from demonstrated at thisdosage that its prescribed use
could improve cognitive control in older adults [28], with
preliminary evidence for asimilar effect on depression [29].

Problem-Solving Therapy App (iPST)

Participants were to use the problem-solving app iPST as often
as possible each week, with aminimum of once per week being
thetypical amount undertakenin aclinical setting. iPST isbased
on problem-solving therapy, which focuses on a 7-step model
to manage mood. I n this app, participants choose agoal and are
guided through a 7-step process to create an action plan.
Problem-solving therapy is an evidence-based treatment [30]
and is particularly effective in treating depression [3,31].

Information Control (Health Tips)

Participants in this condition were given an app that provided
daily health tips for improved hedth, such as self-care (eg,
taking a shower) or physical activity (eg, taking a walk).
Although it provided daily advice on improving one’s health,
itisnot tied to any specific theory, similar to supportive control
treatments. Participants were not required to act on the health
tip.

App Design

All 3 apps were devel oped by professionals with user-centered
design method experience (Project: EVO, Akili Interactive Labs,
Larkspur, CA, USA; iPST, Wow Internet Labz Pvt Ltd,
Bengaluru, India; and Health Tips, Ginger.io, San Francisco,
CA, USA) to maximize engagement and minimize app use
burden, a common problem associated with app adherence
[32,33]. Participants were expected to use their assigned app as
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instructed for 1 month. The survey app had internally
programmed remindersto notify the user that anew assessment
was ready for completion, or that they had not completed a
given assessment 8 hours after it was originally transmitted.
For each intervention app, our team of research assistants
monitored participants use of their assigned apps using acustom
Web-based dashboard. If a participant had not used Project:
EVO or iPST in 72 hours, they were sent an email or SMS
(based on their indicated preference) reminding them to use
their assigned app. If participants did not use their app within
the next 72 hours, no further reminders were sent. App use was
collected and ported to a secure data server at the University of
Cdlifornia, San Francisco, which met all Health Insurance
Portability and Accountability Act (HIPAA) and security
requirements imposed by the university. Participants were not
compensated for using the apps. Notethat the eligibility criteria
for randomization required that participants had (1) either an
iPhone or Android smartphone, and (2) an iPad 2.0 or newer.
Participants who met criteria as per requirement (1) but not (2)
were given Project: EVO if they had an iPhone, or Health Tips
if they had an Android.

Outcome Assessments

The primary outcome measures were of depression (PHQ-9)
and function (SDS[34]), with these scores captured weekly for
the first 4 weeks of treatment, then at 8 and 12 weeks (see
Multimedia Appendix 1 for discussion of other exploratory
outcomes). Participants were paid US $20.00 for completing
assessments at the 4-, 8-, and 12-week marks. Because all
assessment was conducted using assessment software,
procedures for blinding research assistants was not necessary.

Data Analysis

All analyses were modeled on an intent-to-treat approach. We
used hurdle models [35] to estimate (1) predictors of app
adherence and follow-up rates, (2) which variableswould predict
using the apps at least once (as oddsratios, ORs) and, (3) which
variableswould predict the number of timesthe appswere used
(asrate ratios, RRs). ORs and RRs used standardized z scores
as continuous predictors to facilitate interpretations associated
with the relative increase in odds or rate associated with a1-SD
change on given predictors. Predictorsin hurdle model sincluded
baseline PHQ-9, SDS, GAD-7, AUDIT-C, IMPACT, age, sex,
level of education, marital status, employment status, minority
status, whether participants endorsed other psychiatric or
psychotherapeutic treatments at baseline, and condition
assignment.

We characterized participant adherencein 3 ways: none=no use
at al (downloading the app did not count toward use);
suboptimal=some use, but never met adherence criteria for a
given week or only met adherence criteriafor 1 of the 4 weeks;
and optimal=met adherence criteriafor at least 2 of the 4 weeks,
such that participants exactly followed the specified instructions
for app use as outlined in the informative YouTube videos. For
Project: EVO, we considered three 30-minute sessions per week
(or 50% of the indicated amount) to be the minimum acceptable
amount of treatment with respect to assessing the feasibility of
self-administering a daily cognitive intervention. We used
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identical procedures to predict follow-up rates, but included
participants from all 3 treatment conditions.

To estimate changes in depression and disability during and
after the treatment period, wetested growth curve modelsusing
multilevel modeling with continuous piecewise growth curves
for each period. These models used restricted maximum
likelihood with all available data to reduce missing data bias
[36], and included random intercepts and random effects for
time. Growth curve models are well known to be better than
some other methods for estimating interindividual variability
inintraindividual patterns of change, including accounting for
missing data in a rigorous manner [37]. We entered baseline
PHQ-9 or SDSscoresas control variables along with medication
use due to differences between groups in this variable at
baseline. Separate model stested theimpact of the app conditions
on remission rates. Remission was assessed by characterizing
the proportion of participants who demonstrated a reduction of
50% of their pretreatment depression and disability scores
[38,39].

We conducted sensitivity analyses to evaluate whether missing
data biased estimates through pattern-mixture models [40],
which is considered the gold standard for RCT studies[41,42].
This approach is deemed important to test the assumption that
data are missing at random for multiple imputation methods
[43]. We d so tested whether the amount of changein depression
or disability was moderated by baseline PHQ-9, GAD-7, SDS,
AUDIT-C, age, or app use through baseline variable-by-time
interactions.

Arean et a

Sample Size and Power

A power analysis [44] indicated that 200 participants per
condition would provide 0.80 power to detect whether an active
treatment condition improved by 2 pointson the PHQ-9 beyond
the control condition (approximately Cohen d=0.4), assuming
a50% dropout and an alphalevel of .05.

Results

Participant Flow, Recruitment, and Baseline Data

National recruitment began in August 2014, with 2923
participants screened across the 5 waves of 2-week advertising
(total of 5 months of recruitment; see Consolidated Standards
of Reporting Trials[CONSORT] diagram, Figure 1). A total of
626 participants had both an iPad 2.0 and a smartphone, and
wererandomly assigned to the 3 study arms (iPST, 211; Project:
EVO, 209; Health Tips, 206). The mean age of the sample was
33.95 (SD 11.84) years, and the mean PHQ-9 score at baseline
(13.64, SD 4.95) indicated the sample was moderately
depressed. The proportion of individuals in our sample with a
PHQ-9 total score between 5 and 10 was 23.0% (144/626),
while the proportion of those with a score =210 was 77.0%
(482/626). Only 11 participants who had a total PHQ-9 score
less than 5 reported a score greater than 2 on item 10 of this
tool, with their baseline total PHQ-9 being 3.09 (SD 0.83). The
majority of the sample was female (494/626, 79.0%) and
non-Hispanic white (376/626, 60.1%) Table 1 presents the
demographic characteristics of the randomized sample, including
ethnic group proportions, concurrent clinical diagnoses, and
those in treatment.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram. EVO: Project: EVO; HT: Health Tips, PHQ-9: 9-item Patient Health

Questionnaire; wk: week.

n=2923
Assessed for eligibility

n=2327 |
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Disqualified (n = 951)
(Low PHQ-9, no smartphone)
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Enrolled in exploratory phone-only

n==626 (nonrandomized) study arm (n = 472)
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n=2I11 n =209 n =206
PST EVO HT
Dropped: 2 Dropped: 0 Dropped: |
Lost to follow-up: 69 Lost to follow-up: 72 Lost to follow-up: 54
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Wik8: 57 Wik8: 84 Wk8: 82
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Table 1. Sample descriptive statistics of participants using 3 different self-guided mobile apps for depression.

EVO? iPSTP HT® Total
(n=209) (n=211) (n=206) (n=626)
Basdlinevariable
PHQ-9¢ score, mean (SD) 13.76 (4.9) 13.51 (5.1) 13.64 (4.9) 13.64 (4.95)
PHQ-disability score, mean (SD) 134 (0.75) 1.44 (0.68) 1.40 (0.73) 1.39 (0.72)
Agein years, mean (SD) 349 (12.3) 334 (10.9) 336 (12.3) 33.9 (11.84)
Male, n (%) 51 (24.2) 48 (23.0) 33 (16.0) 132 (21.2)
University education, n (%) 128 (60.7) 140 (67.0) 130 (63.2) 398 (63.6)
Married, n (%) 62 (29.49) 73 (34.9) 68 (33.0) 203 (32.4)
Employed, n (%) 144 (68.2) 156 (74.6) 141 (68.4) a1 (70.5)
Racial/ethnic minority, n (%) 128 (60.7) 122 (58.4) 124 (60.2) 374 (59.7)
African American 29 (13.7) 29 (13.9) 28 (13.6) 86 (13.7)
American Indian 4 (2.9 1 (0.5 1 ©) 6 (2.0
Asian 22 (10.4) 16 (7.7) 16 (7.8) 54 (8.6)
White 137 (64.9) 140 (67.0) 133 (64.6) 410 (65.5)
>1 race 19 (9.0) 21 (10.0) 26 (12.6) 66 (10.5)
Native Hawaiian/Pacific | slander 0 0) 2 (1.0 2 (1.0) 4 (0.6)
Hispanic (any race) 24 (11.49) 33 (15.8) 22 (10.6) 79 (12.6)
First-usevariable
SDS®, mean (SD) 15.9 (7.1) 14.9 (6.7) 15.9 (7.1) 15.6 (6.96)
GAD-7, mean (SD) 104 (4.9 92 (4.9) 104 (5.3 100 (5.09)
AUDIT-CY, mean (SD) 3.20 (25) 3.03 (22) 3.40 23 321 (2.39)
Psychotic symptoms, n (%) 29 (29) 24 (20) 32 (24) 155 (21)
Other psychiatric treatment, n (%) 84 (58) 64 (52) 74 (56) 222 (56)
Psychiatrist 41 (19.6) 31 (14.8) 35 (16.7) 107 (7.1
Therapist 41 (19.6) 32 (15.3) 30 (14.9) 103 (16.5)
Group 15 (7.1 10 (4.8) 5 (2.9 30 4.8
Book 26 (12.9) 23 (11.0) 35 (16.7) 84 (13.9)
Medication” 63 (30.1) 43 (20.6) 39 (18.6) 145 (23.2)

3EVO: Project: EVO.

bipsT: problem-solving therapy app.

CHT: Hedlth Tips.

dPHQ-9: 9-item Patient Health Questionnaire.

€SDS: Sheehan Disability Scale.

fGAD-7: Generalized Anxiety Disorder 7-item scale.
9AUDIT-C: Alcohol Use Disorders Identification Test.

PEVO had asignificantly higher rate of baseline medication use than iPST and HT.

Sensitivity Analysisand Moder ator s of Treatment
Effects

The sensitivity analyses performed hereto account for potential
bias in the data revealed that the patterns of missing data did

not predict significant differencesin PHQ-9 (x%=8.47, P=.20)
or SDS trgjectories ()(26:9.67, P=.14) during weeks 1-4. This

http://www.jmir.org/2016/12/e330/
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suggests that overall levels and changes in depression during
weeks 1-4 were not significantly different between those who
did and did not provide follow-up data after week 4. Comparing
participants who used the Project: EVO and iPST apps
optimally, suboptimally, or not at al, we observed that the
overal levels of depression as scored by the PHQ-9 were not
different for the suboptimal or optimal groups relative to the
“none”’ group for both Project: EVO (all P =.22) and iPST (all
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P >.64; see Multimedia Appendix 1). Baseline functioning,
alcohol use, and age did not significantly moderate the effects
of treatment condition on depression outcomes. We found that
baseline depression significantly moderated changes in
depression over time during weeks 4-12 for the iPST group
relative to control (P=.02). Baseline anxiety significantly
moderated changes in the SDS scores over time during weeks
4-12 for iPST (P=.01) but not for Project: EVO (P=.08) relative
to control.

Assessment Adherence

Of the participants who self-reported a PHQ-9 total score <10,
66.0% (95/144) used the survey app, compared with 64.9%

Table 2. Predictors of app use and follow-up completion.

Arean et a

(313/482) of thosewith aPHQ-9 score>10, with thisdifference
in use being nonsignificant (P=.82). A total of 354/626 (56.6%)
provided at least one follow-up assessment. Participants with
at least one foll ow-up assessment provided an average of 5.83
(SD 2.42) of 8 possiblefollow-up assessments, with participants
who were older (RR 1.08, P=.02) completing a greater number
of follow-up assessments (see Table 2). Racial/ethnic minorities
were more likely than nonminorities to provide at least one
follow-up assessment (OR 1.26, P<.001; see Multimedia
Appendix 1 for more on follow-up anayses, participant
expectancy, and perceived study burden).

Predictors of app use

Predictors of follow-up

Any use Use count Pvaue  Any follow-up No. of follow-ups P value
OR? (SEb) RRS (SB) OR (SB) Beta (SE)
Basdlinevariable
PHQ-9¢ 101 (012) 079 (0.09) .93 0.90 (0.09) -23  (0.16) .04
PHQ-disability 093 (011) 127 (0.15) 54 096 (009) -17 (0.16) 03
Age 106 (012) 115 (0.12) 61 108  (0.10) 29 (0.15) .19
Male 089 (0.09) 096 (0.09) 25 096  (0.08) -11  (0.14) 67
University education 121  (013) 101 (0.11) 07 101  (0.09) 18 (0.14) 92
Married 093 (0.10) 093 (0.09) 53 084  (0.07) -21  (0.14) 46
Employed 109 (011) 092 (0.09) 42 097  (0.08) -05  (0.14) .39
Racial/ethnic minority 104 (011) 095 (0.09) 70 126 (0.12) 25 (0.14) 57
Condition: iPST® 106 (021) 111 (021) .78 105 (021) —05 (0.33) .60
Condition: EVO' 069 (014 -93 (033
First-usevariable

DI 097 (0.16) 130 (0.16) 83 129  (0.24) -06  (0.19) .04
GAD-7" 103 (017) 078 (0.10) 86 0.76  (0.14) -26  (0.19) .04
AUDIT-C 103 (013) 077 (0.06) .80 096 (0.14) -14 (0.15) .001
Psychotic symptoms 119 (040) 102 (0.25) .62 134 (0.53) 24 (0.39) .93
Other psychiatric treatment 077 (021) 108 (0.21) 34 073  (0.23) -03  (0.32) 71

80R: odds ratio.

bSE: standard error.

°RR: rateratio.

dPHQ-9: 9-item Patient Health Questionnaire.

SiPST: problem-solving therapy app.

fEVO: Project: EVO.

9SDS: Sheehan Disability Scale.

NGAD-7: Generalized Anxiety Disorder 7-item scale.
IAUDIT-C: Alcohol Use Disorders | dentification Test.

Intervention Adherence

Because the Health Tips control did not require interaction, we
report adherence for the active apps only. Among the 420
participants in the Project: EVO and iPST conditions, 243

http://www.jmir.org/2016/12/e330/

(57.9%) did not download their assign app. Those who used
their app at least once used it on average 10.78 (SD 11.44) times.
Higher baseline depression (PHQ-9) and anxiety (GAD-7) were
associated with less use, such that a 1-SD increase in each was
associated with a 21% and 23% lower rate of adherence,
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respectively (RR 0.79 and 0.78, respectively, P=.04 and P=.001,
respectively). However, higher disability was associated with
agreater adherence (27% for PHQ-disability scale and 30% for
SDS; RR 1.27 and 1.30, respectively, P=.047 and P=.04; see
Table 2). None of the baseline variables were significantly
associated with the likelihood of using versus not using the
Project: EVO or iPST apps. Among participants with at least
one use, higher baseline PHQ-9, GAD-7, and AUDIT-C scores
were associated with fewer uses, while higher PHQ-disability
scores and SDS scores were associated with a greater number
of uses.

We further tested whether there were condition-by-baseline
variableinteractionsthat predicted use counts and the likelihood
of at least one use. Marital status also interacted with treatment
condition to predict having at least one instance of use (P=.02),
such that married individuals were less likely to use iPST once
(OR 0.54, P=.05). Baseline AUDIT-C scores significantly

Arean et a

interacted with treatment condition to predict use counts among
those with at least one use (P=.048). Specifically, higher
AUDIT-C scores were significantly associated with lower use
countsin the Project: EVO condition (RR 0.59, P=.001). There
were no significant interactions between treatment and the
variables presented in Table 2 predicting use.

Baseline depression significantly interacted with treatment
condition to predict the likelihood of having at least one use
instance (P=.01), such that higher baseline depression was
associated with a lower likelihood of using the Project: EVO
app at least once (OR 0.73, P=.03; 95% CI 0.55-0.96). All app
adherence significantly declined over time (log OR -0.77, SE
0.23, z score—3.30, P<.001), with no main effect of group (log
OR 0.80, SE 0.51, z score 1.56, P=.12) or group-by-time
interaction (log OR 0.24, SE 0.31, z score 0.77, P=.44; see
Figure 2, partsaand b).

Figure 2. Participant intervention use and changesin primary outcome measures over time. (a) Average number of active intervention uses across the
first 4 weeks of the study. (b) Number of participants using each active intervention by the level of adherence. (c) 9-item Patient Health Questionnaire
(PHQ-9) depression scores over time for each intervention. (d) Sheehan Disability Scale scores over time for each intervention. Control: Health Tips;
EVO: Project: EVO; iPST: problem-solving therapy app. Error barsindicate +/- 1 SE.
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Table 3. Main effects of treatment on changesin depression and disability.

Arean et a

Fixed effects PHQ-92 sDsP
B SEC P value B SE P value

(Intercent, week 4) 8.21 (0.46) .00 11.33 (0.64) .000
Baseline PHQ-9 or SDS 2.89 0.22) .00 391 (0.26) .000
Medication use 1.10 (0.43) 01 0.66 (0.53) 21
Change per week, weeks 1-4 -0.73 (0.19) .00 —0.67 (0.22) .002
Evor condition -0.52 (067 44 0.05 (0.94) 96
iPST® condition -0.60 (062 34 0.47 (0.89) 60
Change per week, weeks 4-12 -0.01 (0.06) .90 -0.04 (0.20) .69
EVO x change per week, weeks 1-4 -0.12 (0.21) 58 -0.22 (0.33) 50
iPST x change per week, weeks 1-4 -0.16 (0.19) .40 -0.02 (0.31) .94
EVO x change per week, weeks 4-12 -0.03 (0.10) 77 0.03 (0.16) 87
iPST x change per week, weeks 4-12 -0.06 (0.09) .49 -0.05 (0.15) .76

3PHQ-9: 9-item Patient Health Questionnaire.
bSDS: Sheehan Disability Scale.

CSE: standard error.

9EVO: Project: EVO.

€iPST: problem-solving therapy app.

Depression Outcomes

Depression Symptom Severity

For the total sample, PHQ-9 scores decreased an average of
0.73 points per week during the treatment phase and did not
significantly change from weeks 4-12 (see Figure 2 ¢). The
models revealed no significant differences between Project:
EVO and iPST compared with control at week 4 or week 12,
and did not differ in rates of change over time (see Table 3).
With respect to treatment remission (using a reduction of
pretreatment scores of at least 50% as the criterion for this),
45.0% (45/100) of Project: EVO participants and 46% (36/79)
of iPST participants showed improvement by the 4-week
assessment, as compared with 34.0% (34/100) of the control

app (X°>=3.36, P=.19).

Outcomes by Baseline Depression Severity

A total of 144 participants were classified as having mild
symptoms of depression (PHQ-9 <9) and 482 with moderate
symptoms of depression at baseline (PHQ-9=10). For themildly
depressed subgroup, Project: EVO andiPST did not significantly
differ from the control condition at any point. For the subgroup
with higher baseline depression, depression was significantly
lower at week 12 for the iPST condition (difference=1.79, SE
0.76, ty;=—2.36, P=.02) but not the Project: EVO condition
(P=.15) relative to control (see Figure 3, parts a and b). With
regard to remission, moderately depressed participants had a
greater responseto Project: EVO (28/56, 50%) and iPST (39/79,

49%) than to the Health Tips arm (24/76, 32%; x°,= 6.46,

http://www.jmir.org/2016/12/e330/

P=.04). We found no difference between treatment groups at
week 4 (x2,=0.84, P=.66) or week 8 (x%=1.79, P=.41).

Disability Outcomes

Disability Symptom Severity

Disahility decreased an average of 0.67 points per week during
weeks 1-4 and did not significantly change from weeks 4-12
(seeFigure 2 d). The Project: EVO and iPST groups' disability
did not significantly differ from that of controls at week 4 or
week 8 or in the rates of change over time (see Table 3).

Outcomes by Baseline Disability Severity

A total of 159 participants were classified as having mild
disability (SDS <15) and 237 with moderate disability at
baseline (SDS >15). For the both subgroups, Project: EVO and
iPST did not significantly differ from the control condition at
week 4 or week 8. With regard to remission, moderately disabled
participants showed no difference at weeks 4 and 8 for the
Project: EVO (13/42, 31%; and 7/30, 23%), iPST (20/54, 37%;
and 16/45, 36%), and Health Tips conditions (15/61, 25%; and
18/44, 41%; x°,=2.09 and 2.48, respectively, P=.35 and .29,
respectively; see Figure 3 c). For the mildly disabled group,
Project: EVOyielded higher rates of recovery at 4 weeks (18/34,
53%) compared with the Health Tips group (9/38, 24%;

X%1=5.36, P=.02), with similar recovery observed between the
iPST (14/40, 35%) and Health Tips arms (x2,=0.72, P=.40; see
Figure 3 d), with no group differences observed at week 8
(x%=1.31, P=.52).
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Figure 3. Changes in 9-item Patient Health Questionnaire (PHQ-9) and Sheehan Disability Scale scores moderated by baseline depression and by
symptom severity for each intervention. (a) Individuals with lower baseline depression by group. (b) Individuals with higher baseline depression by
group. (c) Individuals with lower baseline anxiety by group. (d) Individuals with higher baseline anxiety by group. Control: Health Tips; EVO: Project:

EVO; iPST: problem-solving therapy app. Error bars represent +/- 1 SE.
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Discussion

Principal Findings

To our knowledge, this is the first fully remote randomized
clinical field trial of mobile apps for depression in a national
sample in the United States. Given the increased interest of
health care organizations in the potential of mobile technology
to address service gaps for mental health [45], the data from
this study provide important information on the impact apps
can have in depression care. Our findings suggest that apps
designed to engage cognitive correlates of depression had the
strongest effect on depressed mood for people with more
moderate levels of depression.

As has been found in smaller-scale studies, people who
download mood apps tend to use these tools as intended for no
more than 2 weeks[21,46]. Despite poor adherencein app use,
the benefits seem to be positive in terms of mood and
functioning. While we cannot rule out that the outcomes were
not simply regression to the mean for the full sample, it does
appear that for those who are more significantly impaired, apps
that are designed to target specific cognitive deficitsimplicit in
depressive disorders, in this case cognitive control, are more
effective than our control intervention. These findings, coupled
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with data from smaller proof-of-concept studies of the impact
of apps on mood [17,47], suggest that for some people with
mild to moderate depression, mobile apps could serve as an
alternative means of treatment, particularly for those where
mental health resources are scarce (eg, ethnic minorities). This
was evidenced by the fact that our sample was much more
representative of the US population than is typically found in
mental health settings across the United States, with service
utilization among ethnic/racial groups here being comparable
with use rates in the United States [48]. However, these (and
all) interpretations should be reviewed with caution given that,
while this was an RCT, it was primarily conducted as a
feasibility trial. Thus, thiswas not amechanistic trial specificaly
designed to assess and compare the efficacy of these
interventions, but rather to provide methodological insights for
future work in this space.

Interpretation and Limitations

While our findings showed a positive impact on depression and
disability outcomes, half of the enrolled participants never
downloaded their assigned app despite having completed
eligibility screens, consent forms, and baseline assessment. This
is not an uncommon phenomenon in research of this nature: for
example, nearly all self-guided I nternet-based studies experience
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dropout rates as high as 90% very early in the study timeline
[49], and arecent RCT comparing amood app versus a control
app had an 82% dropout rate [50]. Although our final sample
was large enough to test the effects of apps on outcomes, the
findings should be interpreted cautiously. For the mildly
depressed subsample (those individuals with a PHQ-9 between
5 and 10), changesin mood could be attributed to regression to
the mean, as spontaneous recovery with such mild depression
is not uncommon. However, it is rare for people with a score
of 215 on the PHQ-9 to simply “get better” (ie, regress to the
mean), with our findingsin the moderately depressed subsample
demonstrating a significant difference between interventions.
Furthermore, given the variation in outcomes based on symptom
severity, and recent datafinding that people with PHQ-9 scores
of lessthan 10 do not have aclinical depression [22], we do not
recommend that depression outcomes studiesrecruit participants
with such mild presentations, unless the sample is very large
(>10,000).

In addition to the high early study dropout rate, most participants
did not use their assigned intervention apps as instructed, a
ubiquitous effect across apps even given that these apps differed
in content, user experience, and other features. This pattern of
use mirrors other field trials of mental health apps that report
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app usetypically wanes over the course of 2 weeks[51]. While
limited adherencerestricts our ability to test the efficacy of these
interventions when used as designed, our data provide useful
insight into how individuals typically interact with self-guided
treatment apps. Indeed, the participants in this study were
relatively tech savvy compared with those less technologically
inclined, and we would expect to see some differences
comparing these 2 groups, especially in the likelihood of using
such appsfor treatment purposes. For those lesstechnol ogically
inclined (or even those in this study), having a personal
connection with acoach or other peersmay beacritical element
to encouragelonger-term app use. Additionally, future research
should also investigate the utility of appsthat dynamically shift
as user goals shift. The human-computer interaction field has
recently demonstrated that user needs and interest in
app-supported care vary over time, and engagement with
app-based care may hinge on the ability of appsto dynamically
adjust to the users’ needs and interests [52].

Mobile apps till have apotential placein the treatment of mood
disorders. Adherenceto thesetools, particularly when delivered
as a self-guided treatment, is a problem, and methods for
improving adherence should be explored.

Support for this research was provided by the National Institute of Mental Health (PAA R34-MH100466, T32MH0182607,
K24MHOQ74717). PAA had full accessto al of the datain the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis. The authors thank M Brander (University of California, San Francisco, UCSF) and A Bodepudi
(UCSF) for assistance in data monitoring; M Gross (UCSF) and J Camire (Ekho.me) for their help in participant recruitment; J
Steinmetz (Ekho.me) for database architecture; D Ziegler (UCSF) for hel ping with app deployment; D Albert (UCSF) for assistance
in Web design; C Catledge (UCSF) for administrative oversight; A Piper, E Martucci, S Kellogg, J Bower, M Omerick, and the
entire Akili Interactive team, as well as | Elson, L Kaye, S Goobich, and the rest of the Ginger.io team, for helping with data
collection and partnering with uson this project. We thank A Brandes-Aitken for assistance with supplemental cognitive analyses.
The authors also would especially like to thank all the participants whose time and efforts made this work possible.

Conflictsof Interest

AG is cofounder, chief science advisor, and shareholder of Akili Interactive Labs, a company that develops cognitive training
software. AG has a patent pending for a game-based cognitive training intervention, “Enhancing cognition in the presence of
distraction and/or interruption,” on which the cognitive training app (Project: EVO) that was used in this study was based. No
other author has any conflict of interest to report.

Multimedia Appendix 1

Supplemental materials: Follow-up rates; eTable 1 (PHQ-9 by week asafunction of Group Adherencefor each active intervention);
Adaptive Cognitive Evaluation (ACE); Cognitive Therapy (EVO); Problem Solving Therapy; Health Tips; Expectancy; Perceived
Participant Burden.

[PDE File (Adobe PDF Fil€), 409K B-Multimedia Appendix 1]

Multimedia Appendix 2
CONSORT-EHEALTH checklist V1.6.1.

[PDE File (Adobe PDF File), 720K B-Multimedia Appendix 2]

References

1. Kesser RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas KR, National Comorbidity Survey Replication. The
epidemiology of major depressive disorder: results from the National Comorbidity Survey Replication (NCS-R). JAMA
2003 Jun 18;289(23):3095-3105. [doi: 10.1001/jama.289.23.3095] [Medline: 12813115]

http://www.jmir.org/2016/12/e330/ JMed Internet Res 2016 | vol. 18 | iss. 12| €330 | p. 10

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v18i12e330_app1.pdf&filename=b9100c99452f91515ad46f1c915f284b.pdf
https://jmir.org/api/download?alt_name=jmir_v18i12e330_app1.pdf&filename=b9100c99452f91515ad46f1c915f284b.pdf
https://jmir.org/api/download?alt_name=jmir_v18i12e330_app2.pdf&filename=0038c79389c675bd056beef39cc7ba9f.pdf
https://jmir.org/api/download?alt_name=jmir_v18i12e330_app2.pdf&filename=0038c79389c675bd056beef39cc7ba9f.pdf
http://dx.doi.org/10.1001/jama.289.23.3095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12813115&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Arean et a

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime prevalence and age-of-onset distributions
of DSM-1V disordersin the National Comorbidity Survey Replication. Arch Gen Psychiatry 2005 Jun;62(6):593-602. [doi:
10.100V/archpsyc.62.6.593] [Medline: 15939837]

Bell AC, D'ZurillaTJ. Problem-solving therapy for depression: ameta-analysis. Clin Psychol Rev 2009 Jun;29(4):348-353.
[doi: 10.1016/j.cpr.2009.02.003] [Medline: 19299058]

Cuijpers P, Geraedts AS, van Oppen P, Andersson G, Markowitz JC, van Straten A. Interpersonal psychotherapy for
depression: ameta-analysis. Am J Psychiatry 2011 Jun;168(6):581-592 [FREE Full text] [doi:
10.1176/appi.ajp.2010.10101411] [Medline; 21362740]

Greenberg DB. Barriersto the treatment of depression in cancer patients. J Natl Cancer Inst Monogr 2004(32):127-135.
[doi: 10.1093/jncimonographs/Igh019] [Medline: 15263054]

Hirschfeld RM, Keller MB, Panico S, AronsBS, Barlow D, Davidoff F, et al. The National Depressive and Manic-Depressive
Association consensus statement on the undertreatment of depression. JAMA 1997;277(4):333-340. [Medline: 9002497]
Fortney JC, Harman JS, Xu S, Dong F. The association between rural residence and the use, type, and quality of depression
care. J Rural Health 2010;26(3):205-213. [doi: 10.1111/j.1748-0361.2010.00290.x] [Medline: 20633088]

Muller 1, Yardley L. Telephone-delivered cognitive behavioural therapy: a systematic review and meta-analysis. J Telemed
Telecare 2011;17(4):177-184. [doi: 10.1258/jtt.2010.100709] [Medline: 21357672]

Mohr DC, VellaL, Hart S, Heckman T, Simon G. The effect of telephone-administered psychotherapy on symptoms of
depression and attrition: ameta-analysis. Clin Psychol (New York) 2008;15(3):243-253 [FREE Full text] [doi:
10.1111/j.1468-2850.2008.00134.x] [Medline: 21369344]

Anguera JA, Jordan JT, Castaneda D, Gazzaley A, Arean PA. Conducting a fully mobile and randomised clinical trial for
depression: access, engagement and expense. BMJ Innov 2016 Jan;2(1):14-21 [FREE Full text] [doi:
10.1136/bmjinnov-2015-000098] [Medline: 27019745]

Mohr DC, Burns MN, Schueller SM, Clarke G, Klinkman M. Behavioral intervention technologies: evidence review and
recommendations for future research in mental health. Gen Hosp Psychiatry 2013 Aug;35(4):332-338 [FREE Full text]
[doi: 10.1016/j.genhosppsych.2013.03.008] [Medline: 23664503]

Anderson M. Technology device ownership. Washington, DC: Pew Research Center; 2015. URL : http://www.pewinternet.org/
2015/10/29/technol ogy-device-ownership-2015/ [accessed 2016-12-12] [WebCite Cache ID 6mhsOhgRL ]

Donker T, Petrie K, Proudfoot J, Clarke J, Birch M, Christensen H. Smartphones for smarter delivery of mental health
programs: a systematic review. JMed Internet Res 2013;15(11):e247 [FREE Full text] [doi: 10.2196/jmir.2791] [Medline:
24240579

Huguet A, Rao S, McGrath PJ, Wozney L, Wheaton M, Conrod J, et al. A systematic review of cognitive behavioral therapy
and behavioral activation apps for depression. PLoS One 2016;11(5):e0154248 [EREE Full text] [doi:

10.1371/journal .pone.0154248] [Medline: 27135410]

Shen N, Levitan M, Johnson A, Bender JL, Hamilton-Page M, Jadad AA, et a. Finding a depression app: areview and
content analysis of the depression app marketplace. IMIR Mhealth Uhealth 2015;3(1):e16 [FREE Full text] [doi:
10.2196/mhesalth.3713] [Medline: 25689790]

Anthes E. Mental health: there's an app for that. Nature 2016 Apr 7;532(7597):20-23. [doi: 10.1038/532020a] [Medline:
27078548]

Ben-Zeev D, Brenner CJ, Begale M, Duffecy J, Mohr DC, Mueser KT. Feasibility, acceptability, and preliminary efficacy
of asmartphone intervention for schizophrenia. Schizophr Bull 2014 Nov;40(6):1244-1253. [doi: 10.1093/schbul/sbu033]
[Medline: 24609454]

Saeb S, Zhang M, Karr CJ, Schueller SM, Corden ME, Kording KP, et a. Mobile phone sensor correlates of depressive
symptom severity in daily-life behavior: an exploratory study. JMed Internet Res 2015;17(7):e175 [FREE Full text] [doi:
10.2196/jmir.4273] [Medline: 26180009]

Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone application for weight loss compared to website
and paper diary: pilot randomized controlled trial. JMed Internet Res 2013;15(4):e32 [FREE Full text] [doi:
10.2196/jmir.2283] [Medline: 23587561]

Kumar S, Nilsen WJ, Abernethy A, Atienza A, Patrick K, Pavel M, et a. Mabile health technol ogy evaluation: the mHealth
evidence workshop. Am J Prev Med 2013 Aug;45(2):228-236 [FREE Full text] [doi: 10.1016/j.amepre.2013.03.017]
[Medline: 23867031]

Rosa C, Campbell AN, Miele GM, Brunner M, Winstanley EL. Using e-technologiesin clinical trials. Contemp Clin Trials
2015 Nov;45(Pt A):41-54. [doi: 10.1016/j.cct.2015.07.007] [Medline: 26176884]

Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version of PRIME-MD: the PHQ primary care
study. Primary Care Evaluation of Mental Disorders. Patient Health Questionnaire. JAMA 1999 Nov 10;282(18):1737-1744.
[Medline: 10568646]

Sheehan KH, Sheehan DV. Assessing treatment effectsin clinical trials with the discan metric of the Sheehan Disability
Scale. Int Clin Psychopharmacol 2008 Mar;23(2):70-83. [doi: 10.1097/Y 1C.0b013e3282f2b4d6] [Medline: 18301121]
Spitzer RL, Kroenke K, Williams JB, Léwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

http://www.jmir.org/2016/12/€330/ JMed Internet Res 2016 | vol. 18 | iss. 12 [ €330 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1001/archpsyc.62.6.593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15939837&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2009.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19299058&dopt=Abstract
http://europepmc.org/abstract/MED/21362740
http://dx.doi.org/10.1176/appi.ajp.2010.10101411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21362740&dopt=Abstract
http://dx.doi.org/10.1093/jncimonographs/lgh019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15263054&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9002497&dopt=Abstract
http://dx.doi.org/10.1111/j.1748-0361.2010.00290.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20633088&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2010.100709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21357672&dopt=Abstract
http://europepmc.org/abstract/MED/21369344
http://dx.doi.org/10.1111/j.1468-2850.2008.00134.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21369344&dopt=Abstract
http://europepmc.org/abstract/MED/27019745
http://dx.doi.org/10.1136/bmjinnov-2015-000098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27019745&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0163-8343(13)00069-8
http://dx.doi.org/10.1016/j.genhosppsych.2013.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23664503&dopt=Abstract
http://www.pewinternet.org/2015/10/29/technology-device-ownership-2015/
http://www.pewinternet.org/2015/10/29/technology-device-ownership-2015/
http://www.webcitation.org/

                                            6mhsOhgRL
http://www.jmir.org/2013/11/e247/
http://dx.doi.org/10.2196/jmir.2791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24240579&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0154248
http://dx.doi.org/10.1371/journal.pone.0154248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27135410&dopt=Abstract
http://mhealth.jmir.org/2015/1/e16/
http://dx.doi.org/10.2196/mhealth.3713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25689790&dopt=Abstract
http://dx.doi.org/10.1038/532020a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27078548&dopt=Abstract
http://dx.doi.org/10.1093/schbul/sbu033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24609454&dopt=Abstract
http://www.jmir.org/2015/7/e175/
http://dx.doi.org/10.2196/jmir.4273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26180009&dopt=Abstract
http://www.jmir.org/2013/4/e32/
http://dx.doi.org/10.2196/jmir.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587561&dopt=Abstract
http://europepmc.org/abstract/MED/23867031
http://dx.doi.org/10.1016/j.amepre.2013.03.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23867031&dopt=Abstract
http://dx.doi.org/10.1016/j.cct.2015.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26176884&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10568646&dopt=Abstract
http://dx.doi.org/10.1097/YIC.0b013e3282f2b4d6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18301121&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Arean et a

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

Unutzer J, Katon W, Callahan CM, Williams JW, Hunkeler E, Harpole L, IMPACT Investigators. Improving Mood-Promoting
Access to Collaborative Treatment. Collaborative care management of late-life depression in the primary care setting: a
randomized controlled trial. JAMA 2002 Dec 11;288(22):2836-2845. [Medline: 12472325]

Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT acohol consumption questions (AUDIT-C): an
effective brief screening test for problem drinking. Ambulatory Care Quality Improvement Project (ACQUIP). Alcohol
Use Disorders Identification Test. Arch Intern Med 1998 Sep 14;158(16):1789-1795. [Medline: 9738608]

Paulus M. Cognitive control in depression and anxiety: out of control? Curr Opin Behav Sci 2015:003-020 [FREE Full
text]

Anguera JA, Boccanfuso J, Rintoul JL, Al-Hashimi O, Fargji F, Janowich J, et al. Video game training enhances cognitive
control in older adults. Nature 2013 Sep 5;501(7465):97-101 [FREE Full text] [doi: 10.1038/nature12486]

Anguera J, Gunning F, Arean P. Improving late life depression and cognitive control through the use of therapeutic video
game technology: A proof-of-concept randomized trial. Depression Anxiety 2016:1-11 (forthcoming).

Malouff JM, Thorsteinsson EB, Schutte NS. The efficacy of problem solving therapy in reducing mental and physical health
problems: a meta-analysis. Clin Psychol Rev 2007 Jan;27(1):46-57. [doi: 10.1016/j.cpr.2005.12.005]

Cuijpers P, van Straten A, Warmerdam L. Problem solving therapies for depression: a meta-analysis. Eur Psychiatry 2007
Jan;22(1):9-15. [doi: 10.1016/j.eurpsy.2006.11.001]

Karkar R, ZiaJ, VilardagaR, Mishra SR, Fogarty J, Munson SA, et al. A framework for self-experimentation in personalized
health. JAm Med Inform Assoc 2016 May;23(3):440-448. [doi: 10.1093/jamia/ocv150] [Medline: 26644399]

Hyewon S, Shahriaree N, Hekler E, Kientz J. Devel oping validating the User Burden Scale: atool for ng user burden
in computing systems. 2016 Presented at: CHI Conference on Human Factors in Computing Systems. Santa Clara, CA,
USA; May 7-12, 2016; Santa Clara, CA, USA p. 7-12. [doi: 10.1145/2858036.2858448]

Sheehan DV, Harnett-Sheehan K, Raj B. The measurement of disability. Int Clin Psychopharmacol 1996 Jun;11 Suppl
3:89-95. [Medline: 8923116]

Atkins DC, Baldwin SA, Zheng C, Gallop RJ, Neighbors C. A tutorial on count regression and zero-altered count models
for longitudinal substance use data. Psychol Addict Behav 2013 Mar;27(1):166-177 [FREE Full text] [doi: 10.1037/a0029508]
Hallgren KA, Witkiewitz K. Missing datain alcohol clinical trials: a comparison of methods. Alcohol Clin Exp Res 2013
Dec;37(12):2152-2160 [FREE Full text] [doi: 10.1111/acer.12205]

Curran PJ, Obeidat K, Losardo D. Twelve frequently asked questions about growth curve modeling. J Cogn Dev
2010;11(2):121-136. [doi: 10.1080/15248371003699969] [Medline: 21743795]

Titov N, Andrews G, Davies M, Mclntyre K, Robinson E, Solley K. Internet treatment for depression: arandomized
controlled trial comparing clinician vs. technician assistance. PLoS One 2010;5(6):€10939 [FREE Full text] [doi:
10.1371/journal .pone.0010939]

Richards DA, Suckling R. Improving accessto psychological therapies: phaseV prospective cohort study. Br J Clin Psychol
2009 Nov;48(Pt 4):377-396. [doi: 10.1348/014466509X405178]

Hedeker D, Gibbons R. Application of random-effects pattern-mixture models for missing datain longitudinal studies.
Psychol Methods 1997;2(1):64-78.

Wright CC, Sim J. Intention-to-treat approach to data from randomized controlled trials: a sensitivity analysis. JClin
Epidemiol 2003 Sep;56(9):833-842. [Medline: 14505767]

Armijo-Olivo S, Warren S, Magee D. Intention to treat analysis, compliance, drop-outs and how to deal with missing data
in clinical research: areview. Phys Ther Rev 2009;14(1):36-49. [doi: 10.1179/174328809X405928]

Yuan Y. Sensitivity analysisin multiple imputation for missing data. Cary, NC: SAS Ingtitute Inc; 2014. URL: https:/
/support.sas.com/resources/papers/proceedings14/SA S270-2014.pdf [accessed 2016-12-12] [WebCite Cache D 6mhu3cE7y]
Bates D, Méchler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J Stat Software 2015;67(1):1-48.
[doi: 10.18637/jss.v067.i01]

Banos O, Villalonga C, GarciaR, Saez A, Damas M, Holgado-Terriza JA, et al. Design, implementation and validation of
anovel open framework for agile development of mobile health applications. Biomed Eng Online 2015;14 Suppl 2:S6
[FREE Full text] [doi: 10.1186/1475-925X-14-S2-S6] [Medline: 26329639)]

Lee J, Nguyen AL, Berg J, Amin A, Bachman M, Guo Y, et a. Attitudes and preferences on the use of mobile health
technology and health games for self-management: interviews with older adults on anticoagulation therapy. IMIR Mhealth
Uhealth 2014;2(3):€32 [FREE Full text] [doi: 10.2196/mhealth.3196] [Medline: 25098413]

Burns MN, Montague E, Mohr DC. Initial design of culturally informed behavioral intervention technologies: devel oping
an mHealth intervention for young sexual minority men with generalized anxiety disorder and major depression. JMed
Internet Res 2013;15(12):e271 [EREE Full text] [doi: 10.2196/jmir.2826] [Medline: 24311444]

Results from the 2015 National Survey on Drug Use and Health: detailed tables. Table 8.38B — Received outpatient mental
health treatment/counseling in past year among persons aged 18 or older, by past year level of mental illness, demographic
characteristics, and socioeconomic characteristics: percentages, 2014 and 2015. Rockville, MD: Substance Abuse and
Mental Health Services Administration. URL: http://www.samhsa.gov/data/sites/defaul t/filessNSDUH-DetTabs-2015/
NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm#tab8-38b [accessed 2016-12-15] [WebCite Cache ID 6mmGOc39h]

http://www.jmir.org/2016/12/€330/ JMed Internet Res 2016 | vol. 18 | iss. 12 | €330 | p. 12

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12472325&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9738608&dopt=Abstract
http://www.sciencedirect.com/science/article/pii/S2352154614000345
http://www.sciencedirect.com/science/article/pii/S2352154614000345
http://europepmc.org/abstract/MED/24005416
http://dx.doi.org/10.1038/nature12486
http://dx.doi.org/10.1016/j.cpr.2005.12.005
http://dx.doi.org/10.1016/j.eurpsy.2006.11.001
http://dx.doi.org/10.1093/jamia/ocv150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26644399&dopt=Abstract
http://dx.doi.org/10.1145/2858036.2858448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8923116&dopt=Abstract
http://europepmc.org/abstract/MED/22905895
http://dx.doi.org/10.1037/a0029508
http://europepmc.org/abstract/MED/23889334
http://dx.doi.org/10.1111/acer.12205
http://dx.doi.org/10.1080/15248371003699969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21743795&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0010939
http://dx.doi.org/10.1371/journal.pone.0010939
http://dx.doi.org/10.1348/014466509X405178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14505767&dopt=Abstract
http://dx.doi.org/10.1179/174328809X405928
https://support.sas.com/resources/papers/proceedings14/SAS270-2014.pdf
https://support.sas.com/resources/papers/proceedings14/SAS270-2014.pdf
http://www.webcitation.org/

                                            6mhu3cE7y
http://dx.doi.org/10.18637/jss.v067.i01
http://www.biomedcentral.com/1475-925X/14/S2/S6
http://dx.doi.org/10.1186/1475-925X-14-S2-S6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26329639&dopt=Abstract
http://mhealth.jmir.org/2014/3/e32/
http://dx.doi.org/10.2196/mhealth.3196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25098413&dopt=Abstract
http://www.jmir.org/2013/12/e271/
http://dx.doi.org/10.2196/jmir.2826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24311444&dopt=Abstract
http://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm#tab8-38b
http://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm#tab8-38b
http://www.webcitation.org/

                                            6mmGOc39h
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Arean et a

49,

50.

51.

52.

Ludden GD, van Rompay TJ, Kelders SM, van Gemert-Pijnen JE. How to increase reach and adherence of Web-based
interventions: adesign research viewpoint. JMed Internet Res 2015;17(7):e172 [FREE Full text] [doi: 10.2196/jmir.4201]
[Medline: 26163456]

Roepke AM, Jaffee SR, Riffle OM, McGoniga J, Broome R, Maxwell B. Randomized controlled trial of superbetter, a
smartphone-based/internet-based self-help tool to reduce depressive symptoms. Games Health J 2015 Jun;4(3):235-246.
[doi: 10.1089/g4h.2014.0046] [Medline: 26182069]

Kuhn E, Greene C, Hoffman J, Nguyen T, Wald L, Schmidt J, et al. Preliminary evaluation of PTSD Coach, a smartphone
app for post-traumatic stress symptoms. Mil Med 2014 Jan;179(1):12-18. [doi: 10.7205/MILMED-D-13-00271] [Medline:
24402979

Li |, Dey A, Forlizzi J. A stage-based model of personal informatics systems. 2010 Presented at: SIGCHI Conference on
Human Factorsin Computing Systems (CHI 10); April 10-15, 2010; Atlanta, GA, USA p. 10-15. [doi:
10.1145/1753326.1753409]

Abbreviations

AUDIT-C: Alcohol Use Disorders Identification Test
CONSORT: Consolidated Standards of Reporting Trials
GAD-7: Generalized Anxiety Disorder 7-item scale

HIPAA: Health Insurance Portability and Accountability Act
IMPACT: Improving Mood-Promoting Access to Collaborative Treatment
OR: oddsratio

PHQ-9: 9-item Patient Health Questionnaire

RCT: randomized controlled trial

RR: rateratio

SDS: Sheehan Disability Scale

SMS: short message service

Edited by G Eysenbach; submitted 11.08.16; peer-reviewed by K Kauppi, S Schueller, D Ben-Zeev; comments to author 14.09.16;
revised version received 14.11.16; accepted 30.11.16; published 20.12.16

Please cite as:

Arean PA, Hallgren KA, Jordan JT, Gazzaley A, Atkins DC, Heagerty PJ, Anguera JA

The Use and Effectiveness of Mobile Apps for Depression: Results From a Fully Remote Clinical Trial
J Med Internet Res 2016;18(12): €330

URL: http://www.jmir.org/2016/12/e330/

doi: 10.2196/jmir.6482
PMID: 27998876

©PatriciaA Arean, Kevin A Hallgren, Joshua T Jordan, Adam Gazzaley, David C Atkins, Patrick JHeagerty, Joaquin A Anguera.
Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 20.12.2016. Thisisan open-accessarticle
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal
of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

http://www.jmir.org/2016/12/e330/ JMed Internet Res 2016 | vol. 18 | iss. 12| €330 | p. 13

RenderX

(page number not for citation purposes)


http://www.jmir.org/2015/7/e172/
http://dx.doi.org/10.2196/jmir.4201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26163456&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2014.0046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26182069&dopt=Abstract
http://dx.doi.org/10.7205/MILMED-D-13-00271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24402979&dopt=Abstract
http://dx.doi.org/10.1145/1753326.1753409
http://www.jmir.org/2016/12/e330/
http://dx.doi.org/10.2196/jmir.6482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27998876&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

