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Abstract

Background: Many adults with post-traumatic stress disorder (PTSD) are unable to access healthcare services for treatment
due to logistical, social, and attitudinal barriers. Interventions delivered via mobile applications (apps) may help overcome
these barriers.

Objective: The aim of this study is to systematically evaluate the most recent evidence from trials investigating the efficacy of
mobile apps for treating PTSD.

Methods: PubMed, Web of Science, Embase, PsycINFO, and Medline were searched in February 2018. Randomised con-
trolled trials (RCTs) were included if they quantitatively evaluated the efficacy of a mobile app for treating PTSD as part of
the primary aim. Findings were presented in a narrative synthesis.

Results: In the five identified RCTs, the use of app-based interventions appeared to be associated with reductions in PTSD
symptoms. However, the strength of evidence for this association appeared to be inconsistent, and there was little evidence
that those using the apps experienced greater reductions in PTSD symptoms than those in control conditions. Nonetheless,
there was some evidence that app-based interventions are both a feasible and acceptable treatment pathway option.

Conclusions: Included studies were often limited by small sample sizes, brief intervention, and follow-up periods, and self-
reported measures of PTSD. Evidence for the efficacy of mobile interventions for treating PTSD was inconclusive, but
promising. Healthcare professionals should exercise caution in recommending app-based interventions until the potentially
adverse effects of app use are better understood and larger-scale studies have taken place.
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Introduction

King’s Centre for Military Health Research, Institute of Psychiatry,

Post-traumatic stress disorder (PTSD) 1s an anxiety Psychology and Neuroscience, King’s College London, London, UK

disorder that can arise following exposure to a trau-
matic event, and is estimated to effect around 4.4%
of the UK adult population." Those with PTSD may
require long-term treatment, but access to support can
be hampered by a range of barriers including limited
resources available to mental health services, perceived
stigma discouraging help-seeking, preference for
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resolving the problem without help and difficulties
accessing help.>?

Emerging healthcare interventions supported by
electronic information and communication processes,
such as the use of mobile applications (apps), could
provide a means to overcome these barriers and reach
individuals who are unable or reluctant to access
mental healthcare.*> Mobile phones are owned by
an estimated 85% of the UK adult population, with
ownership trends expected to rise even further, and,
therefore, provide an opportunity for delivering inter-
ventions at a population-level using apps.’ In the
last decade, computer and web-based health technolo-
gies (such as mobile phone-based alcohol app interven-
tions’ and machine-learning approaches to detect
PTSD®) have been harnessed to increase reach,
provide real-time monitoring, and offer a more holistic
treatment pathway via digital support platforms and
tele-health.”'© A recent survey of veterans receiving
treatment for PTSD indicated that those who had
access to a mobile device were interested in using a
mobile health intervention via apps to manage and
monitor symptoms.'!

App-based interventions might be a far-reaching,
ubiquitous, and desirable treatment option for people
with PTSD. However, despite the increase in available
app-based interventions, a 2015 review found that com-
pared to other mental health disorders, the evidence
base for mobile health technologies in PTSD was lack-
ing (see OIff'? for review). The primary aim of this
review was to systematically evaluate recent evidence
for the efficacy of mobile apps for treating PTSD. We
summarise the best available evidence by focusing on
results from randomised controlled trials (RCTs),
which are widely considered the gold standard in exper-
imental research design. We also summarise secondary
findings of the included studies relating to outcomes
other than PTSD, and the feasibility and acceptability
of the interventions under study.

Methods

Design

We conducted a systematic review of RCTs, following
Cochrane methodology and Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
guidelines."> The review was registered with
PROSPERO (CRD42018107815).

Search strategy

PubMed, Web of Science, Embase, PsycINFO, and
Medline electronic bibliographic databases were
searched in February 2018 to identify relevant,

peer-reviewed studies. As smartphone technology is
rapidly evolving, the search was limited to papers pub-
lished since 2007, the year the first iPhone was
released.'* The following search strategy was applied
to each electronic database search engine, restricted to
abstracts only:

(smartphone* OR apps OR application OR mhealth
OR m-health OR mobile* OR uhealth) AND (PTSD
OR post traumatic stress disorder OR posttraumatic
stress disorder OR post-traumatic stress disorder)

The asterisk denotes truncation. Reference lists of rel-
evant studies and systematic reviews were searched in
addition to the electronic databases.

Eligibility criteria

Studies were eligible to be included in the current
review if they (i) were published in English, (ii) were
published since 2007, (iii)) were RCTs, (iv) as part of
the primary study aim, quantitatively evaluated the effi-
cacy of a mobile app (exposure) for PTSD treatment
(outcome), and (v) included participants with subthresh-
old or full PTSD caused by any type of trauma or trau-
matic event.

Studies were excluded from the review if they
(1) assessed the efficacy of mobile apps developed for
the sole purpose of screening for PTSD, and (ii) assessed
the use of passive interventions such as teletherapy.

Article selection process and data collection

PRISMA flow diagram can be found in Figure 1.
Following the removal of duplicates in Mendeley,
titles and abstracts of articles were independently
reviewed for eligibility by PMP, DL, and AW between
May and September 2018. Full texts of studies deemed
potentially eligible were independently evaluated fur-
ther. If any discrepancies arose, these were dis cussed
by the two reviewers until a consensus was reached.
Data were extracted by PMP and AW on study
design (intervention type, study participants, and
PTSD measurement instruments used) and on study
findings (with a specific focus on findings relating to
PTSD outcomes). Findings were summarised in a nar-
rative synthesis.

Assessment of quality

The methodological quality of the included studies was
assessed using the Cochrane Handbook for Systematic
Reviews of Interventions.'”> The handbook recom-
mends using the Cochrane risk of bias tool'® to allocate
a risk of bias classification for each study. Grading with
this approach was dependent on certain issues affecting
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Records identified through
database searching
(n=671)

Additional records identified
through study references
(n=1)

y

Records after duplicates
removed
(n=421)

A 4

Abstracts screened
(n=421)

A 4

Abstracts excluded (n = 391)

Grey literature (n = 41)

Systematic reviews (n = 94)

Conference abstracts (n = 32)

Do not investigate efficacy of applications for

PTSD treatment (n= 199)

— Studies of applications that solely screen or
monitor PTSD (n = 16)

— Studies of applications used as passive
intervention (n =9)

A

Full-text articles assessed for
eligibility .
(n=30)

A

Studies included in narrative

Full-text articles excluded (n = 25)

— Full-text not available (n = 2)

— Studies of applications that solely screen or
monitor PTSD (n = 2)

— Do not quantitatively evaluate the efficacy of a
mobile app (exposure) for PTSD treatment
(outcome) (n=18)

— Not randomised controlled trials (n = 3)

synthesis
(n=5)

Figure 1. Flow diagram of screened studies.

bias such as reporting of randomisation, blinding and
allocation concealment, and whether outcome meas-
ures were fully reported. Each study was reviewed by
two authors (DL and VW), given an overall risk of bias
grade of low, unclear or high, and then discussed for
consensus if there was disagreement in grading.

Results

Study characteristics

The characteristics of the five included studies are
summarised in Table 1. All studies were conducted
in the USA. Mean sample ages ranged from 32 to
46 years. Two of the five included studies were pilot
RCTs,'”2° both of which are from the same research
group and had the lowest sample sizes (=49 and

n =20, respectively). All studies used variants of the
PTSD Checklist to measure PTSD.* Three of the
included studies compared an app intervention to a
waitlist control group and/or a standard-of-care com-
parator,'”'? while the remaining two compared dif-
ferent ways of delivering an app intervention.?*>' The
majority of studies screened for PTSD symptoms for
inclusion.'® 2!

Intervention periods ranged from one month to four
months. Three of the five included studies investigated
the PTSD Coach app. PTSD Coach is intended to
provide psycho-education, self-assessment, symptom-
management tools, and links to resources for individu-
als with PTSD. A thorough overview of the app and its
global application can be found in Kuhn et al.*® The
remaining two studies investigated the efficacy of apps
that were not specifically designed for PTSD. Kahn
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et al.'” reported results from a study examining the

impact of Mission Reconnect, a dyadic intervention
program for veterans and their partners, which sup-
ports psychological, social, and physical outcomes.
Finally, Roy et al.>' outline evidence from a variety
of healthcare apps delivered together to foster a range
of positive activities including social engagement,
psycho-education, and relaxation.

PTSD-related outcomes

Key findings relating to PTSD-related outcomes are
described in Table 1. All included studies reported
within-group comparisons, which were variously sug-
gestive of improvements in PTSD symptoms immedi-
ately following app intervention. Particularly
promising was the find by Kahn et al. that veterans
who entered their study with high levels of PTSD saw
clinically significant reductions in PTSD CheckList —
Civilian Version (PCL-C) scores following app use.!’
However, where reported, effect sizes for PTSD
improvements following app use were typically weak
to moderate.'”?® Only clinician-supported use of
PTSD Coach produced a large effect size for immediate
within-group changes in PTSD, but with a sample size
of n=10 in the relevant study arm, this test was not
adequately powered.?® Included studies also reported
evidence of sustained improvements in PTSD symp-
toms over the following weeks or months.'” 2!
However, the study with the longest follow-up period
also reported a partial rebound in PCL-C scores at six
and 12 months.?! Overall, there was little evidence for a
strong, long-term improvement in PTSD symptoms
following app use.

In addition, there was little to no evidence that those
who used the apps experienced a greater improvement
in PTSD symptoms compared to those who received a
standard-of-care comparator or who did not receive
any intervention at all.'”"'* Kuhn et al.'” did report a
greater reduction in PTSD scores following app use
compared to waitlist control, but the effect size for
this interaction was weak (d=0.41), and a further anal-
ysis showed that the post-treatment PTSD scores for
two groups did not significantly differ from each
other.'® Similarly, two studies found that a higher pro-
portion of participants achieved clinically significant
improvements in their PTSD following app use than
waitlist control, but only Kuhn et al. found this asso-
ciation to be statistically significant.'®""

Several studies also investigated how the extent and
type of app use might be related to PTSD outcomes.
There was no significant evidence to suggest that PTSD
improvements were significantly enhanced by provid-
ing daily directions for app use,?! or by delivering the
apps with clinician support.”® This was despite both

features appearing to encourage more frequent app
use. Consistent with this, two other included studies
did not find extent of app use to significantly correlate
with changes in outcomes.'®!” However, clinician-
supported app use did appear to increase the likelihood
of participants accepting referrals for mental health
treatment than self-managed app use.”® Finally, there
was no evidence to suggest that app use benefited par-
ticular groups, with Miner et al.'” reporting that among
those who used the app, changes in PCL scores were
not significantly related to gender, education, or smart-
phone ownership.

Other findings

Most of the included studies investigated a range of
other outcome variables, including stress, anxiety,
depression, self-compassion, sleep quality, pain, psy-
chosocial functioning, and quality of life.!”-18:20-2!
Findings regarding these outcomes were inconsistent
both within and between the included studies, such
that no firm conclusions can be drawn. It is noteworthy
that self-managed PTSD Coach use was significantly
associated with worsening social quality of life.*”
However, there was evidence to suggest that the
apps under study were both feasible and acceptable
interventions. Veterans and partners in Kahn et al.’
used Mission Reconnect for over one hour per week on
average throughout the intervention period, and in the
final survey, were highly likely to recommend it to a
friend. In Miner et al.,'” participants opened PTSD
Coach between two and three times per week on aver-
age, and only one of the 43 participants reported not
using the app at all. The app was used at a range of
times and places, and few barriers to use were
endorsed. The majority of participants agreed that
they had learned new tools to cope with their symp-
toms from the app, and only five out of the 43 partic-
ipants reported that the app was of no use to them.'?

Brief overview of study quality

The included studies shared some common strengths.
In particular, they all had clear aims and objectives,
randomised participants to study condition, and had
low attrition rates. However, the included studies also
had some key limitations. Two of the included studies
were pilot studies and were, therefore, underpowered
with particularly small sample sizes.'”?* Additionally,
while the quality of reporting was typically good, there
were some gaps. For instance, Kahn et al.'” did not
report the results of their within-groups comparisons
in full, and Roy et al.?! did not report any numerical
results, instead presenting all results graphically, limit-
ing proper scrutiny of their findings.
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Kahn et al.'” was the only study to include a waitlist
control arm and a standard-of-care comparison arm.
Kuhn et al.'® and Miner et al.'” only included a waitlist
comparator, which, alone, does not offer the most
stringent comparison, and Possemato et al.”*® and
Roy et al.?! did not include any such control arms,
such that the overall potential benefit of their different
forms of app use cannot be fully ascertained. In addi-
tion, across the studies, intervention and follow-up
periods were typically brief, thereby Ilimiting the
window to instigate and detect beneficial change in
participants.

All included studies were vulnerable to response
bias, using self-report measures of PTSD and some-
times of app usage (used as an adherence measure).
The clinical relevance of self-reported PTSD symptoms
are more doubtful than clinician-administered diagnos-
tic measures, but several studies did attempt to isolate
findings which were clinically relevant.'” 2

Studies were also vulnerable to sampling bias, most
often with concerns around participants self-selecting
into the studies. Additionally, there was very limited
discussion of participant blinding, perhaps because
the concealment of group allocation is particularly
challenging for this kind of intervention. In Kahn
et al.,'” all participants were explicitly told the impor-
tance of their study arm, which may have particularly
biased their activities and self-reporting throughout the
trial. Finally, it should be noted that all included stud-
ies were conducted in the USA, and, therefore, might
not be representative of other national samples.

Risk of bias

Of the five studies, two were classified as having an
overall low risk of bias'"** based on qualities such as
clearly defined randomisation process reporting,
appropriate blinding of group allocation where possi-
ble, and complete reporting for all outcome measures.
The remaining studies'®?° did not report or clarify
measures taken to avoid bias, and, therefore, were
given ratings of either unclear risk or high risk. A sum-
mary of the risk of bias assessment can be found in
Supplementary Table 1.

Discussion

The aim of this systematic review was to summarise
evidence on the efficacy of apps for treating PTSD.
We focused on RCTs as the gold standard in experi-
mental research design. Findings on the efficacy of app-
based interventions were, overall, promising but weak,
with risk of bias present in several studies. There was
little evidence that they had a greater effect than
standard-of-care or receiving no intervention, and

directing or supporting app use added little benefit.
However, despite the limited clinical benefits of app
use, explorations of app use and satisfaction indicated
that the app-based interventions appeared both feasible
and acceptable to participants.

The impact of the reviewed apps on PTSD outcomes
is disappointingly inconclusive. It is difficult to identify
the exact cause due to the small number of studies.
It may be explained by differences in determining
PTSD status (such as clinical diagnosis and
self-report probable PTSD questionnaires) and the
duration of follow-up. Other study designs have
shown varying degrees of improvement in PTSD symp-
toms associated with apps that target PTSD,*> 2" and
even with apps that primarily target anger and pain
management.”® " But the promising feasibility and
acceptability of the app-based interventions is more
consistent with previous studies. PTSD Coach in par-
ticular has been downloaded several thousand times
and has received predominantly positive reviews and
user satisfaction ratings, with many describing the
app as helpful for improving symptoms and knowledge
of PTSD.?*>! These findings are also consistent with
the known interest in mobile health interventions
among veterans in PTSD treatment.'!

One of the included studies found changes in PTSD
symptoms to be unrelated to the gender, education, or
smartphone ownership of users.'” However, existing
literature suggests that app use may in the first instance
be associated with user computer literacy and skills,
expected usefulness of the app, and social influence,?>*
and that app satisfaction may be higher among smart-
phone owners than non-owners.’' Given that one of
the key motivations for developing app-based interven-
tions is to ensure that otherwise neglected groups can
access treatment, predictors of app use, satisfaction,
and efficacy warrant further research and attention.

Some caution is warranted around the use of app-
based interventions in this population. PTSD has been
linked to problematic smartphone use,**** and prob-
lematic smartphone use has, in turn, been linked to
poorer mental health outcomes.*® These associations
could conceivably be exacerbated by encouraging the
use of app-based interventions. There is also limited
but concerning evidence around the potentially adverse
effects of app-based interventions. One of the included
studies found self-directed app use to be associated
with worsening social quality of life.”* Additionally,
in a recent study of aggregate mobile analytics data
from downloads of PTSD Coach, one user reported
feelings of increased stress in response to technical dif-
ficulties in using the app,>® and focus groups in another
study found some aspects of the app frustrating.®!
These incidents highlight the need to consider that,
like all treatments options, app-based interventions
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can induce both positive and negative outcomes. It
should be noted that none of the included studies spe-
cifically sought to identify negative outcomes of the
app-based interventions under study, and future trials
should aim to capture possible adverse effects.

As yet, app-based interventions are not explicitly
recommended in the National Institute for Health
and Care Excellence PTSD treatment guidelines as a
treatment pathway in the UK.*® Indeed, this review
finds the efficacy of apps as a treatment for PTSD to
be weak. However, the results remain promising: when
delivered with clinician support, app-based interven-
tions may prompt users to seek further care,® and
studies suggest that they may be a feasible and accept-
able treatment option. Future RCTs should, therefore,
continue to investigate the efficacy of app-based inter-
ventions for PTSD and should seek to address some of
the methodological constraints of the included studies
by ensuring adequately powered samples, using
clinician-administered diagnostic tools to measure
PTSD outcomes, and including suitable control
groups to allow comparison with the existing standard
of care. Moreover, considering the known drawbacks
of increased mobile phone use, a greater effort should
be made to ensure that there are no unintended adverse
effects of app use in this population.

Limitations

This review provides a systematic, up-to-date overview
of the current evidence around mobile health and
PTSD. We summarise the highest-quality available evi-
dence by focusing on results from published, peer-
reviewed RCTs. However, there are some limitations
to the review and of the studies included. First, by
focusing on RCTs whose primary aim was to evaluate
the efficacy of app-based interventions for treating
PTSD, we do not capture evidence from other study
designs or from studies that investigated this topic as
their secondary aim. While this ensures the quality of
the reported results, other important findings and con-
siderations may have been missed. Second, owing to
time constraints, we did not contact key researchers
in the field to help identify relevant studies.

Third, as outlined in the results section, the included
studies had some limitations, thereby impacting on the
quality of the review. There were particular concerns
around sample sizes (particularly in the case of both
pilot studies), brief intervention and follow-up periods,
the use of self-report measures of PTSD symptoms and
app usage, and sometimes incomplete reporting of
results. Future research should adopt larger samples,
include longer intervention and follow-up periods, and
consider using clinician-administered diagnostic meas-
ures of PTSD. Fourth, the review identified only five

published peer-reviewed studies. Thus, the results
should be interpreted taking this low number of studies
into account.

Finally, to capture as much available evidence as
possible, we did not screen according to various study
features. For instance, the included studies vary in
whether they screened participants for PTSD as part
of their inclusion criteria, which trauma types they
included, whether they instructed participants on app
use, and what sort of control group condition was
included, if any. The results should, therefore, be inter-
preted taking this variability into consideration.

Conclusions

Overall, evidence for the efficacy of mobile interven-
tions for treating PTSD is weak but promising. While
studies did show app-based treatments to be associated
with reductions in PTSD symptoms, these improve-
ments were not consistently significant, sustained, or
more substantial than improvements seen in control
conditions. But, despite this, the apparent feasibility
and acceptability of these interventions is noteworthy,
and it remains possible that they can overcome various
barriers associated with access to mental health serv-
ices. Additional usability and programme development
is still needed to further optimise user experience, and
there are gaps in knowledge with regards to whether
apps may inadvertently worsen mental health symp-
toms for certain individuals. As such, healthcare pro-
fessionals must ensure that such apps are recommended
cautiously with appropriate safeguards in place to sup-
port patients. Future research should continue to inves-
tigate the viability of app-based interventions for
PTSD using rigorous, large-scale studies, and app
developers should continue to use this growing evi-
dence base and user feedback to minimise potential
frustrations and other adverse effects that can be asso-
ciated with app use.
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