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Abstract

Background: Online and mobile telephone applications (‘apps’) have the potential to improve the scalability of
effective interventions for suicidal ideation and self-harm. The aim of this review was therefore to investigate the
effectiveness of digital interventions for the self-management of suicidal ideation or self-harm.

Methods: Seven databases (Applied Science & Technology; CENTRAL; CRESP; Embase; Global Health; PsycARTICLES;
PsycINFO; Medline) were searched to 31 March, 2017. Studies that examined the effectiveness of digital interventions
for suicidal ideation and/or self-harm, or which reported outcome data for suicidal ideation and/or self-harm, within a
randomised controlled trial (RCT), pseudo-RCT, or observational pre-test/post-test design were included in the review.

Results: Fourteen non-overlapping studies were included, reporting data from a total of 3,356 participants. Overall,
digital interventions were associated with reductions for suicidal ideation scores at post-intervention. There was no
evidence of a treatment effect for self-harm or attempted suicide.

Conclusions: Most studies were biased in relation to at least one aspect of study design, and particularly the domains
of participant, clinical personnel, and outcome assessor blinding. Performance and detection bias therefore cannot be
ruled out. Digital interventions for suicidal ideation and self-harm may be more effective than waitlist control. It is
unclear whether these reductions would be clinically meaningful at present. Further evidence, particularly with regards
to the potential mechanisms of action of these interventions, as well as safety, is required before these interventions

could recommended.
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Background

Self-harm, which includes intentional self-injury or
self-poisoning irrespective of type of motivation and/
or degree of suicidal intent [1], and attempted sui-
cide, which refers to any intentionally self-inflicted
self-injurious and/or self-poisoning behaviour with
clear suicidal intent [2, 3], are associated with
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suicidal ideation [4], non-fatal repetition of self-harm,
and completed suicide [5]. Although in the United
States of America (USA) distinction is frequently
made between non-suicidal self-injury and suicidal
behavior [6], outside of the USA these terms are yet
to receive widespread acceptance [7]. Instead, this re-
view includes all forms of self-inflected self-injury or
self-poisoning, irrespective of type of motivation or
degree of suicidal intent, which we refer to collect-
ively as ‘self-harm’ [8].
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Effective face-to-face treatments for self-harm and sui-
cidal ideation are available [9-11]. Many effective psycho-
therapeutic options for the treatment of suicidal ideation
and self-harm are resource intensive and require specialist
clinician training, however. Resource limitations in some
low-to-middle income countries therefore limits access
to these professionals. Negative associations have, for
example, been found between per capita availability of
mental health services and suicide rates in a number of
countries [12—-14].

Even in countries where access to psychotherapy for
suicidal ideation and self-harm are available, less than
one-half of those who self-harm receive treatment [15].
There are a number of barriers to treatment for those
who experience self-harm or suicidal ideation, including:
beliefs that treatment is not warranted and/or is likely to
be ineffective, stigma, shame, negative prior experiences
with mental health care providers, and financial difficulties
[15]. Young people in particular also cite a preference for
self-management as a major obstacle to help-seeking for
self-harm from clinical services [16].

Given that an estimated 85% of the global population
is covered by a commercially-available wireless signal, and
further, over five billion persons have a mobile phone sub-
scription [17], digital interventions, including both online
programs and mobile telephone applications (‘apps’) (col-
lectively referred to here as ‘digital interventions’), have
been proposed as one mechanism by which the scalability
of effective treatments for self-harm and suicidal ideation
may be improved [18]. Such interventions may also help
to overcome some of the attitudinal and structural bar-
riers which prevent those who engage in self-harm from
accessing clinical services [19], and may therefore repre-
sent a valuable addition to a stepped care treatment model
in which access is improved through the provision of
lower intensity ‘self-help’ interventions in addition to high
intensity psychotherapeutic treatments for those whose
symptoms do not resolve.

To date, the effectiveness of these digital interventions
has not been routinely evaluated. This is problematic
given that the widespread implementation of these inter-
ventions without appropriate evaluation of their useabil-
ity and effectiveness could lead to the development and
promulgation of ineffective, or even harmful, interven-
tions [20]. We therefore present a systematic review and
meta-analysis of the characteristics and effectiveness of
digital interventions, including both online resources
and mobile telephone apps for suicidal ideation and self-
harm.

Methods
The reporting of this systematic review and meta-
analysis conforms to the Preferred Reporting Items for

Page 2 of 18

Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [21].

Search strategy and selection criteria

We searched for literature indexed in seven electronic
databases covering a wide range of disciplines, including:
computing and information technology (Applied Science
& Technology) clinical trials (Cochrane Central Register
of Controlled Trials [CENTRAL]), medicine (Embase;
Medline), psychology (PsycARTICLES; PsycINFO), and
public health (Global Health) as well as a database that
specifically indexes literature on interventions for the
prevention of suicide (Centre for Research Excellence in
Suicide Prevention [CRESP]). Clinical trial registries were
also searched using these same keywords to identify on-
going studies. All databases were searched from their re-
spective start dates until 31 March, 2017.

A two stage process was used to locate relevant studies.
At the first stage, keywords inclusive of digital interven-
tions and platforms were combined. Next, using standard
Boolean operators, these were combined with keywords
related to suicidal ideation and self-harm. There were no
restrictions either on publication language or status. For
further information on this electronic search strategy,
please see the Appendix.

Ancestry searches were also conducted by manually
screening the reference lists of included studies and pre-
vious reviews [22-26]. Where information on either
study design, methodology, or results was either unclear
or missing from the published study, we sought clarifica-
tion from corresponding authors.

Selection criteria

Studies were eligible for inclusion if: (1) the effectiveness
of a standalone digital intervention (ie., any online or
mobile telephone app) was evaluated; (2) the intervention
was designed for the self-management of suicidal ideation
or self-harm; (3) data on the effectiveness of the interven-
tion with respect to any suicidal outcome (i.e., suicidal
ideation, repetition of self-harm, attempted suicide, or
completed suicide) were reported; and (4) either a ran-
domized, pseudo-randomized, or observational pre-test/
post-test design was used.

Studies were excluded if: (1) the program was not a
standalone digital intervention. Thus multimodal inter-
ventions, in which the digital intervention was intended
to serve either as a complement or adjunct to traditional
face-to-face psychosocial therapy or required significant
input or involvement from face-to-face treating clini-
cians, were not eligible for inclusion in this review. Brief
contact-based programs delivered via text messaging or
e-mail services were also excluded as no form of active
psychosocial therapy is typically provided in the context
of these programs. Studies were also excluded if: (2) the
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intervention targeted gatekeepers (i.e., carers, other
health care professionals, or bystanders who may come
into contact with suicidal persons); or (3) no data on sui-
cidal ideation, self-harm, attempted and/or completed
suicide were reported. Descriptions of programs without
data on effectiveness were also excluded.

Two authors (KW and AM) independently screened
studies for inclusion. Firstly, titles of all retrieved studies
were screened. Next, only studies meeting inclusion
criteria following a full text screen were retained. Any
disagreements regarding study eligibility were resolved
following consensus discussions with the broader group of
review authors. Once again, corresponding authors
were contacted to request further information on program
design, study design, data analysis, or methodology as
required.

Data analysis

Methodological details were extracted from included stud-
ies using a standardized extraction form by two authors
(KW and AM) working independently of one another.
Disagreements were resolved through consensus discus-
sions. Methodological details included: research design,
treatment setting, and outcome ascertainment. We also
assessed whether those evaluating the intervention were
independent from those who developed the intervention.

Data on the primary outcome, suicidal ideation, were
also extracted by KW and AM working independently of
one another. To make maximal use of the available data,
information was extracted irrespective of whether these
outcomes were measured continuously, for example as
scores on a psychometrically validated measure of sui-
cidal ideation or as numbers of repeat episodes of self-
harm, or categorically, as the proportion of participants
reporting thoughts of suicide or number of self-harm
events. Care was taken, however, to ensure the items
used to determine these outcomes were comparable
between studies.

Secondary outcomes included: episodes of self-harm,
attempted suicide, and completed suicide measured ac-
cording to self-report and/or hospital or medical records.
Where a study reported outcomes at multiple time points,
for example at six and 12 months’ follow-up, only data for
the longest follow-up period were extracted, in line with
recommendations [27].

Statistical analysis

Data on the primary outcome (i.e., suicidal ideation)
were synthesized using one of two approaches. Where
these were reported categorically (e.g., as a difference in
proportions reporting thoughts of suicide in the inter-
vention group as compared to the control group), odds
ratios (OR) and their accompanying 95% confidence in-
tervals were calculated.
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Where outcomes were reported as scores on a con-
tinuous scale, such as total scores on the Beck Scale of
Suicidal Ideation (BSSI; [28]), the mean difference (MD)
or the standard mean difference (SMD), with an accom-
panying 95% confidence interval, was calculated as ap-
propriate. Specifically, where the same scale was used to
investigate the outcome of interest in all studies included
in a meta-analysis, the MD was used. The SMD, on the
other hand, was used where outcomes were measured
using a variety of different scales as recommended [27].

Pooled ORs, MDs, or SMDs were calculated by using
the DerSimonian and Laird random effects model [29],
as implemented by RevMan for Windows, version 3.5.
The impact of between-study heterogeneity was quanti-
fied by the P statistic [30]. We interpreted an P statistic
of >75% as indicating substantial levels of between-study
heterogeneity. Where we found evidence of this, we
undertook sensitivity analyses to explore potential causes
of this between-study heterogeneity, as outlined below.

Sensitivity analyses

Given recent findings suggesting that psychological inter-
ventions that directly address suicidal ideation and self-
harm are more effective in reducing attempted and
completed suicide than interventions which indirectly
target the symptoms associated with suicidality (e.g., anx-
iety, depression, hopelessness) [31], we conducted sensi-
tivity analyses to investigate whether digital interventions
developed specifically for the self-management of suicidal
ideation or self-harm would be more effective in pre-
venting suicidal ideation and repetition of self-harm
than interventions developed for the self-management
of depression symptomatology more generally.

Sub-group analyses

The inclusion of RCTs and non-randomized observational
studies within a single meta-analysis is becoming increas-
ingly common as reliance on RCT evidence alone can lead
to knowledge translation bias [32]. RCTs, for example,
typically recruit highly selected patient populations with
lower risk profiles as compared to “real world” popula-
tions [33]. The inclusion of results from pre-test/post-test
observational studies together with those from RCTs,
however, can also lead to over-estimation of the treatment
effect size [34]. To balance these two concerns, all studies
were eligible for inclusion in our review, irrespective of
study design; however, we did not pool data from RCTs
together with data from observational studies. Instead,
we calculated separate sub-group analyses by study de-
sign to investigate what impact, if any, study design had
on the magnitude of the effect size observed for these
interventions.
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Risk of bias

Risk of bias was assessed using the Cochrane Collabor-
ation tool for randomised and pseudo-randomised con-
trolled trials [35] and, for controlled before/after designed
studies, the Risk of Bias In Non-Randomized Studies of
Interventions (ROBINS-I; [36]). The Cochrane Collabor-
ation tool assesses bias in seven domains including: ad-
equacy of the random sequence generation, allocation
concealment, blinding of participants, clinical personnel,
and outcome assessors, as well as incomplete data, select-
ive outcome reporting, and other bias. The ROBINS-I as-
sesses bias in eight domains including: confounding,
participant selection, classification of the intervention,
departures from the intended intervention, missing data,
measurement of outcomes, selection of the reported re-
sults, and overall bias.

Role of the funding source

The funder had no role in study design, data collection,
data analysis, data interpretation, or writing of the re-
port. KW and AM had full access to all the data in this
study, and all authors had final responsibility for the de-
cision to submit for publication.

Results

The electronic search strategy outlined in the Appendix
initially identified a total of 9033 potentially relevant re-
cords. Four additional records were retrieved following
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ancestry searching. After excluding duplicates, this figure
reduced to 6382 records. Of these, 6063 records were
screened out after a review of their titles, whilst 305 re-
cords were omitted following full text screening. A total
of 14 independent, non-overlapping studies were there-
fore included in the review, reporting data on a total of
3356 participants (Fig. 1; Table 1).

Study characteristics

The majority of these studies had been conducted either
in Australia (four studies: [37—40]) or the USA (four stud-
ies: [41-44]). Two studies were conducted in Germany
[45, 46], one in the Netherlands [47], one in Sweden [48],
and one in Switzerland [49]. One further study recruited
participants through online forums and therefore in-
cluded participants from a number of different coun-
tries, including countries in North America, Europe, and
Australasia [50].

Most studies evaluated the effectiveness of online pro-
grams [37-39, 41-49]. Only two evaluated the effective-
ness of mobile telephone apps [40, 50]. Most programs
were developed for the self-management of depression
[37, 38, 42, 43, 45, 46, 48, 49]. However, as these studies
assessed the effectiveness of these programs on to at least
one suicide-related primary or secondary outcome (i.e.,
suicidal ideation, self-harm, attempted and/or completed
suicide) they were nonetheless eligible for inclusion in this
review. Only five programs were developed specifically for
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the self-management of suicidal ideation [39-41, 44, 47],
and only one was developed for the self-management of
self-harm [50].

In terms of study design, eight were randomised con-
trolled trials [37, 40, 41, 44, 46, 47, 49, 50], four were ob-
servational pre-test/post-test studies [38, 39, 43, 48], and
one was a pseudo-randomised controlled trial in which
sequential participants were alternately allocated to the
intervention and control conditions [45]. For one RCT,
although participants were randomised to the interven-
tion and control conditions, all participants received ac-
cess to the digital intervention [42]. For the purposes of
this review, data from this RCT was therefore treated as
pre-test/post-test comparisons instead. For two add-
itional RCTs, outcomes at pre-test/post-test were also
reported for the intervention group, enabling their inclu-
sion in pre-test/post-test comparisons as well as in RCT
comparisons [45, 49]. However, to ensure results from
these studies were not double-counted, analyses were
pooled separately by study design for all outcomes re-
ported in this review. In one further RCT, participants
assigned to the wait-list control condition crossed over
to receive the intervention after six weeks [40]. To avoid
contamination from any ‘carry-over’ effects, we only ex-
tracted data for the first six week period prior to cross-
over as recommended [51].

Types of digital interventions

Most programs were developed by clinical psychologists
and/or psychiatrists with experience treating suicidal
ideation and/or self-harm [37, 39-45, 47-50], and were
evaluated by those who developed the intervention [37-
40, 42, 44, 46-50]. In terms of therapeutic approach,
most programs were based on the principles of cognitive
behavioural therapy (CBT). Some also included elements
of ‘third wave’ CBT, such as mindfulness [45], dialectical
behaviour therapy [47], or mentalisation-based cognitive
therapy [47]; all of which hold the rationale that challen-
ging thoughts, a principle feature of CBT, is less import-
ant than understanding and accepting thoughts in a
non-judgemental manner. Other programs included a
variety of treatment approaches, including: acceptance-
based therapy [40], problem-solving therapy [47], inter-
personal therapy [42], mood monitoring [46], and crisis
planning [46]. Only one program utilised gamification in
which participants were presented with a series of visual
stimuli pairs designed to condition aversive reactions to
self-harming thoughts or behaviours [50].

Types of control conditions

For the eight RCTs and one pseudo-RCT designed trials,
the interventions were compared against a number of
types of control conditions, including: wait-list control
[37, 40, 45], attentional control [41, 47, 50],

Page 9 of 18

psychoeducation [44], treatment as usual [46], or face-
to-face psychotherapy [49].

Ongoing studies

An additional 10 ongoing studies were identified at the
time of the systematic search [52—59]. Further details of
these ongoing trials are reported in Table 2.

Suicidal ideation

Four studies reported data on the number of participants
self-reporting suicidal ideation. At post-intervention,
there was some suggestion of a reduction in the propor-
tion of participants self-reporting suicidal ideation in three
observational pre-test/post-test studies (OR 0.36, 95% CI
0.27 to 0.49, 3 studies, ¥ = 0%, p < 0.0001; Fig. 2). How-
ever, by the final follow-up assessment, data from one
RCT suggested no evidence of a treatment effect for these
interventions (Fig. 2). There was no evidence of a signifi-
cant difference in the magnitude of the treatment effect by
study design for this outcome (x> = 0.61, df = 1, p = 0.44).
As all four studies included in this analysis investigated
the effectiveness of digital interventions specifically devel-
oped for the self-management of depression symptoms
(rather than suicidal ideation or self-harm specifically),
sensitivity analyses could not be undertaken.

One study covering three related RCTs reported infor-
mation on the frequency of self-reported episodes of sui-
cidal ideation at post-intervention (for all three studies)
and at the conclusion of the final follow-up assessment
(for one of these three studies) [50]. However, no evi-
dence of a treatment effect was found for these interven-
tions at either time point (Fig. 3). As only one RCT was
included in this analysis, neither tests for subgroup dif-
ferences nor sensitivity analyses could be undertaken.

Eight studies reported data on suicidal ideation scores
using a number of different psychometric instruments,
including: the BSSI [44, 47, 49], the Depressive Symptom
Inventory—Suicidality Subscale (DSI-SS; [60]) [40], the
Suicide Behaviors Questionnaire—Revised (SBQ-R; [61])
[45], the Suicidal Ideation Questionnaire—Junior (SIQ-J;
[62]) [39], the four item suicidal ideation sub-scale of
the General Health Questionnaire (GHQ-28; [63]) [37],
and the suicidal ideation item of the Hopkins Symptom
Checklist (HSCL-20; [64]) [43]. As raw means and
standard deviations were not reported for suicidal idea-
tion scores in one RCT, data were instead estimated
from graphics in the original report for this study [37].

At post-intervention, there was evidence these inter-
ventions were associated with a significant reduction in
suicidal ideation scores in five RCTs (SMD -0.26, 95% CI
-0.44 to -0.08, 5 studies, I = 0.0%, p = 0.005; Fig. 4).
There was no evidence of a significant treatment effect
for these interventions in either one pseudo-randomised
controlled trial or four observational studies, however
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IX/Post-test TAU/Pre-test Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Observational studies (Pre-test vs. Post-test) (Post-intervention)
Mewton 2015 74 275 242 484 88.3% 0.37 [0.27, 0.51] -
van Voorhees 2009 2 83 11 83 3.8% 016[0.03, 075 ——"""
Whiteside 2014 7 31 14 37 7.9% 0.48[0.16, 1.40]
Subtotal (95% CI) 389 604 100.0% 0.36 [0.27, 0.49] ’
Total events 83 267

Heterogeneity: Tau®=0.00; Chi*=1.33,df=2 (P=0.51), F=0%
Testfor overall effect: Z= 6.57 (P < 0.00001)

Randomised controlled trials (Final follow-up)
Guille 2015 12 100 21 93 100.0% 0.51[0.23,1.10] i—
Subtotal (95% CI) 100 99 100.0% 0.51[0.23, 1.10]

Total events 12 21

Heterogeneity: Not applicable
Testfor overall effect. Z=1.73 (P = 0.08)

01 02 05 2
Favours digital IX Favours TAU

M+
-
o4

Testfor subgroup differences: Chi*=0.61, df=1 (P=0.44), F=0%

Fig. 2 Random effects odds ratio (OR) and accompanying 95% confidence interval (Cl) for digital interventions on the proportion of participants
reaching defined clinical thresholds for suicidal ideation

(Fig. 4). The test for subgroup differences was non- for suicidal ideation by this time point (SMD -0.34, 95%
significant suggesting there was no difference in magni- CI —0.70 to 0.01, 2 studies, I = 0.0%, p = 0.06; Fig. 4).
tude of the effect size by study design for this outcome  Given that both studies included in this analysis were
(x> = 0.25, df = 2, p = 0.88). Sensitivity analyses includ- RCTs, neither tests for subgroup differences nor sen-
ing only those studies in which the intervention was spe-  sitivity analyses could be undertaken. One further
cifically developed for the self-management of suicidal RCT presented data on outcomes at final follow-up
ideation or self-harm also did not materially affect these  for the intervention group only [65]. Analyzing these
results (results not shown). data as pre-test/post-test comparisons suggested a

Two RCTs reported data on suicidal ideation at the significant reduction in suicidal ideation scores at
final follow-up assessment [37, 44]. For one of these tri- the final follow-up assessment in this trial (MD
als, however, data on suicidal ideation scores at final -4.90, 95% CI -7.07 to -2.73, 1 study, I = not ap-
follow-up had to be estimated by review authors from plicable, p < 0.001). As only one RCT reported data
graphics presented in the original trial report [37]. Data  at the final follow-up assessment, neither tests for
from these trials suggested these digital interventions subgroup differences nor sensitivity analyses could
were not associated with a significant treatment effect be undertaken.

Digital IX TAU Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Post-intervention
Franklin 2016 - study 1 567 841 31 657 1031 23 224%  -0.90[-6.05, 4.25) =
Franklin 2016 - study2 1178 11.85 40 76 905 50 287% 418 [-0.29, 8.65] T
Franklin 2016 - study 3 5.65 7.3 33 481 7 48 48.9% 0.84 [-2.38, 4.06] — i
Subtotal (95% CI) 104 121 100.0% 1.41 [1.17, 3.99] =i

Heterogeneity: Tau*=0.85, Chi*= 237, df=2 (P=0.31), F=15%
Test for overall effect. Z=1.07 (P =0.29)

One month follow-up
Franklin 2016 - study 3 618 994 33 385 83 48 100.0% 2.33[-1.80, 6.46] _-t
Subtotal (95% CI) 33 48 100.0% 2.33 [-1.80, 6.46]

Heterogeneity. Not applicable

Test for overall effect Z=111 (P =0.27)

I
T

10 -5 0 5 1
Favours digital IX Favours TAU

o4

Fig. 3 Random effects mean difference (MD) and accompanying 95% confidence interval (Cl) for digital interventions on frequency of self-
reported suicidal ideation
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IX/ Post-test TAU / Pre-test Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, 95% ClI v, 95% CI
Randomised controlled trials (Post-intervention)
Christensen 2013 1103 27 120 08 27 115% -0.30(-0.83,0.24) I
Hill 2016 205 327 41 449 601 39 16.7% -0.50(-0.95,-008) ———
Tighe 2017 19 21 3 19 17 30 132% 0.00 [-0.50, 0.50] —_—
van Spijker 2014 1073 5256 116 122 5256 120 50.6% -0.28-0.54,-0.02) —
Wagner 2014 227 478 17 24 48 20 B80% -0.03[-0.67,0.62] —
Subtotal (95% Cl) 232 236 100.0% -0.26 [-0.44, -0.08] A

Heterogeneity: Tau®= 0.00; Chi*=2.71, df=4 (P = 0.61); F=0%
Test for overall efiect. Z= 2.81 (P = 0.005)

Pseudo-randomised controlled trials (Post-intervention)
Moritz 2012 11.72 485 80 1314 485 90 100.0% -0.29 [-0.59, 0.01] i
Subtotal (95% Cl) 80 90 100.0% -0.29 [-0.59, 0.01]

Heterogeneity: Not applicable

Test for overall effect: Z=1.89 (P = 0.06)

Observational studies (Pre-test vs. Post-test) (Post-intervention)

Moritz 2012 1172 485 80 1137 446 105 206% 0.08 [-0.22,0.37] —t—
Robinson 2016 15 13 21 32 16 32 228%  -112(1.72,-053 ¥

Wagner 2014 227 478 17 324 487 25 222%  -0.20[0.81,0.42) —_—
Whiteside 2014 04 1 31 1 14 37 254%  -048[096,000] — =]
Subtotal (95% CI) 149 199 100.0%  -0.40[-0.92,012] o

Heterogeneity: Tau®= 0.21; Chi*=13.98, df=3 (P = 0.003), F= 79%
Test for overall effect Z=1.52 (P=0.13)

Randomised controlled trials (Final follow-up)

Christensen 2012 075 112 23 142 128 22 352%  -0.55[1.14,005 ——8—F
Hill 2016 169 301 41 257 44 39 648%  -0.23[0.67,0.21) —a—
Subtotal (95% CI) 64 61 100.0%  -0.34[0.70,0.01] o

Heterogeneity: Tau®= 0.00; Chi*= 0.69, df=1 (P = 0.41); F=0%
Test for overall effect: Z=1.90 (P = 0.06)

4 05 05 1
N p Favours digital IX Favours TAU
Testfor subaroup differences: Chi= 0.35, df= 3 (P = 0.95), F= 0%

Fig. 4 Random effects standard mean difference (SMD) and accompanying 95% confidence interval (Cl) for digital interventions of suicidal
ideation scores

. J
Digital IX TAU Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Frequency of self-cutting (Post-intervention)
Franklin 2016 - study1 1322 3953 31 561 882 23 28% 7.61[6.76,21.99] +
Franklin 2016 - study 2 555 9.3 40 398 651 50  42.0% 1.57 [1.83, 4.97) — T
Franklin 2016 - study 3 208 322 33 305 835 48 4651%  -0.97[-3.83,1.89 ——
Subtotal (95% CI) 104 121 100.0% 0.34 [-2.10, 2.78] B

Heterogeneity. Tau*=0.68, Chi*=2.28,df=2 {P=032), F=12%
Test for overall effect Z= 027 (P=0.78)

Frequency of self-cutting (One month follow-up)

Franklin 2016 - study 3 136 339 33 164 383 48 1000% -0.28[1.87,1.
Subtotal (95% CI) 33 48 100.0% -0.28[-1.87,1.

Heterogeneity. Not applicable
Test for overall effect. Z=034 (P=0.73)

Frequency of NSSI (Post-intervention)

Franklin 2016 - study 1 606 779 31 67 983 23 458% -064[550 427 L

Franklin 2016 - study2 1485 2887 40 1426 38.04 50 56% 059[13.26,14.44] ¢ *
Franklin 2016 - study 3 6.84 787 33 671 1372 48 486% 0.13[-4.59, 4.85] T

Subtotal (95% CI) 104 121 100.0%  -0.20 [-3.49, 3.09]

Heterogeneity. Tau*=0.00; Chi*=0.06, df=2 (P =087), F=0%
Test for overall effect: Z=0.12 (P = 0.91)

Frequency of NSSI (One month follow-up)

Franklin 2016 - study 3 612 1465 33 408 845 48 100.0%
Subtotal (95% CI) 33 48 100.0%
Heterogeneity. Not applicable

Test for overall effect: Z= 0.72 (P = 0.47)
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Fig. 5 Random effects mean difference (MD) and accompanying 95% confidence interval (Cl) for digital interventions on frequency of self-reported
self-cutting and non-suicidal self-injury (NSSI)
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Self-harm

One study, covering three related RCTs, evaluated the
effectiveness of digital interventions on frequency of
self-harm episodes [50]. At post-intervention, there was
no indication of a treatment effect for these interventions
on either self-reported frequency of self-cutting or non-
suicidal self-injury in these three RCTs (Fig. 5). There was
also no indication of a treatment effect for this interven-
tion on frequency of self-reported self-cutting or non-
suicidal self-injury at the final follow-up assessment (at
one month) in one of these RCTs (Fig. 5). Sensitivity ana-
lyses could not be undertaken for this outcome as only
one study investigated outcomes relating to repetition of
self-harm. As all three studies were RCTs, subgroup ana-
lyses to investigate the impact of study design on the mag-
nitude of the effect size could also not be undertaken.

Combined self-harm and attempted suicide

One RCT evaluated the effectiveness of a digital inter-
vention on attempted suicide and self-harm [46]. As re-
sults for self-harm could not be disaggregated from that
for attempted suicide, they are instead analysed here as a
combined outcome. There was no evidence of a reduc-
tion in the proportion of participants who attempted
suicide and/or engaged in self-harm over a 24 month
follow-up period in this study (OR 2.11, 95% CI 0.19 to
23.81, 1 study, I* = not applicable, p = 0.55). Once again,
as only one study investigated outcomes relating to com-
bined attempted suicide and/or self-harm, sub-group
and sensitivity analyses could not be undertaken.

Attempted suicide

One RCT evaluated the effectiveness of a digital interven-
tion on attempted suicide [47]; however, no evidence of a
reduction in the proportion of participants self-reporting a
suicide attempt was noted by the post-intervention assess-
ment in this study (OR 0.58, 95% CI 0.16 to 2.02, 1 study,
I = not applicable, p = 0.39). As only one study investi-
gated outcomes relating to combined attempted sui-
cide, sub-group and sensitivity analyses could not be
undertaken.

Discussion

This systematic review and meta-analysis evaluated the
effectiveness of digital interventions, including both online
and mobile telephone applications (‘apps’) for the self-
management and/or treatment of suicidal ideation or be-
haviours. A total of 14 studies were included in the
present review, reporting data for a total of 3356
participants.

Overall, this review found some evidence that digital
interventions may be associated with reductions in sui-
cidal ideation, particularly at the post-intervention as-
sessment. It is notable, however, that where these
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interventions were associated with significant treatment
benefits for suicidal ideation, these effects tended to be
stronger in observational pre-test/post-test-designed stud-
ies as compared with RCTs. Most of the included studies
conducted to date, however, have utilised a pre-test/post-
test observational design. There was no evidence to sug-
gest these interventions are associated with reductions in
self-harm or attempted suicide, although only three stud-
ies investigated these outcomes [46, 47, 50]. Few of these
studies would have been adequately powered to evaluate
rare outcomes, including repetition of self-harm and sui-
cide reattempts.

Adherence was poor in majority of these studies; al-
though this was not clearly related to the number of
treatment modules. Of those studies that reported infor-
mation on adherence [38—50], for example, up to one-
half of participants allocated to the intervention group
did not complete all treatment modules. Adherence dur-
ing the long-term follow-up period, which was reported
in one RCT [50], was also poor; over one-half (64%) of
participants allocated to the intervention group in this
trial did not access the intervention at all during the one
month follow-up period in this RCT [50]. This suggests
that the use of digital innovations, including gamifica-
tion, may be insufficient to keep these interventions en-
gaging over the longer term.

Limitations of the included studies

Most studies were of low to moderate quality, as assessed
using the Cochrane Collaboration’s tool for randomised
and pseudorandomised controlled trials [35], or the
ROBINS-I tool for controlled pre-test/post-test studies
[36], with biases most apparent for the domains of partici-
pant, clinical personnel, and outcome assessor blinding.
Performance and detection bias therefore cannot be ruled
out.

Of those studies utilising an RCT design, most com-
pared the intervention to either waitlist control [37, 45]
or attentional control [41, 47, 50] conditions. Variability
in the control condition has been found to be associated
with the magnitude of the treatment effect in office-
based psychosocial interventions for depression and anx-
iety [66, 67]. Yet, despite this, variability in the control
condition is a rarely investigated source of heterogeneity
in meta-analyses of digital interventions.

The included studies report data on a variety of differ-
ent outcomes. Although all studies included at least one
suicidal ideation and/or behaviour relevant outcome,
these were measured in a variety of different ways, in-
cluding from psychometric scales, self-report, or accord-
ing to hospital or medical records. Given that these
outcomes were measured using the same methodology
within individual studies, the effect of outcome measure
definition on case identification at the post-intervention
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and follow-up assessments could be expected to affect
the intervention and control groups equally. Between
studies, however, outcome measure definition may have
affected our results in light of research findings suggest-
ing that self-reported self-harm underestimates hospital-
treated self-harm [68]. We were unable to assess
whether variability in the magnitude of the treatment ef-
fect size was related to the way in which the outcome
measure was assessed in this review, however, owing to
the small number of studies included in any one meta-
analysis. Further work will be necessary to pick apart the
influence of outcome definition on the apparent effect-
iveness of interventions, including digital interventions,
for the prevention of self-harm.

Most studies (71.4%) also reported information on de-
pression [38-40, 42—45, 47-49]. Fewer studies reported
data on other clinically relevant outcomes, such as hope-
lessness [40], and none reported information on
problem-solving following the completion of the inter-
vention. The National Institute for Health and Clinical
Excellence (NICE) guidelines recommend that all inter-
ventions for self-harm should, at a minimum, investigate
the effect of psychological interventions for self-harm on
potential mechanisms of action, including depression,
hopelessness, and problem-solving [69], echoing more
recent calls to this effect in the international scholarship
[70, 71]. Online resources may normalize self-harm and
may provide vulnerable individuals with access to self-
harm content and imagery, including information on
methods of self-harm [72]. Additionally, digital interven-
tions that provide some form of active psychosocial ther-
apy, and particularly those that include a focus on mood
monitoring, may lead to increased negative affectivity
and rumination [73]. Outcomes relating to negative
affect and rumination should therefore also be reported
for all evaluations of digital interventions for this patient
group in future.

Most programs (57.1%) were developed for the self-
management of depression [37, 38, 42, 43, 45, 46, 48,
49]. Recent findings for psychosocial interventions, how-
ever, suggest that those developed specifically for the
management of suicidal thinking are associated with
greater impacts for the reduction of attempted and com-
pleted suicide as compared to those targeting indirect
symptoms associated with suicidal behaviour, such as
anxiety, depression, or hopelessness [31]. Future studies
in this area should evaluate the degree to which these
digital interventions lead to meaningful change in the
proposed mechanism(s) of action in order to identify the
treatment module(s) associated with the greatest impacts
in reducing suicidal ideation and self-harm in this
population.

The included studies also examined interventions of
varying intensity. Whilst it could be expected that
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treatments of greater intensity will have greater impacts
on reducing suicidal ideation and self-harm, a recent
meta-regression review found no evidence to suggest
that treatment intensity, measured as the total number of
available treatment sessions, was associated with greater
effectiveness for office-based psychosocial therapy for self-
harm repetition [74].

Finally, it is also likely that these populations will have
a very low risk for suicidal behaviour as all studies re-
cruited participants from the community. Despite this, al-
most all (78.6%) studies included indicated samples,
such as callers to telephone or online counselling ser-
vices [37, 45, 50], or those already in contact with pri-
mary care [38, 42, 43], counselling [39, 40, 49] or
psychiatric services [46, 48].

Strengths and limitations of the present review

The majority of these interventions were based on the
principles of standard cognitive behavioural therapy
(CBT), which has been found to have efficacy in redu-
cing repetition of self-harm in clinical populations in a
recent systematic review of psychosocial interventions
for the treatment of self-harm [10]. The findings of the
present review significantly extend this by suggesting
that digital interventions which incorporate the princi-
ples of standard CBT may have promising effects in re-
ducing suicidal ideation in non-clinical populations, at
least in the short-term.

Whilst we utilized a comprehensive search to locate all
relevant trials of digital interventions for the self-
management of self-harm, we identified only two mobile
telephone apps [40, 50]. Given that a recent Australian
study identified a total of 24 apps for the prevention of
suicidal behaviour are currently available for download
from the Australian Google Play and iOS store [75], this
would suggest that a large number of these apps have no
evidence to support their effectiveness. It is likely that a
similar proportion of online interventions would have
little evidence to support their effectiveness.

Conclusions

Although a growing number of both online and mobile
telephone applications (‘apps’) for the self-management
and treatment of suicidal thinking and behaviours are
now available, few of these have been evaluated for their
effectiveness in reducing these outcomes. We identified
just 14 in this review. Overall, while there is some prom-
ise of these interventions to reduce suicidal ideation,
how this translates into reductions in self-harm and/or
attempted suicide is unclear at present. Given the preva-
lence of suicidal ideation in clinical populations, add-
itionally, it is unclear whether these reductions would be
clinically meaningful at present.
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Appendix
Electronic Search Strategy for the Medline and the
Cochrane Library
Provides keywords used and electronic search strategy
for the Medline and the Cochrane Library. Current to 31
March, 2017.

Electronic search strategy

Table 3 Cochrane Library

Keyword Number of ‘hits’
#1 ‘mhealth’ 4
#2 ‘ehealth’ 2
#3 web 790
#4 online 178
#5 internet 126
#6 ‘mobile device* 10
#7 ‘mobile phone’ 23
#3 ‘cell* phone' 18
#9 smartphone 4
#10 ‘phone app*’ 39
#11 ‘mobile app*’ 36
#12 ‘cell* app*’ 1134
#13 ‘tablet computer*’ 6
#14 ipad* 0
#15 iphone* 0
#16 samsung 0
#17 android 0
#18 ‘windows phone* 0
#19 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 2007

OR #8 OR #9 OR #10 OR #11 OR #12 OR #13

OR #14 OR #15 OR #16 OR #17 OR #18
#20  ‘autoSmutilat* 0
#21 ‘selfSharm’ 19
#22  ‘selfSinjur® 11
#23 ‘selfSmutilat® 1
#24  ‘selfScutt™ 0
#25  ‘selfSpoison® 5
#26  'drug overdos* 16
#27 overdos* 22
#28  ‘selfSdestructive behavio* 0
#29 ‘suicid* attempt*’ 14
#30 suicid* 69
#31 #20 OR #21 OR #22 OR #23 OR #24 OR #25 102

OR #26 OR #27 OR #28 OR #29 OR #30
#32 #19 AND #31 32

Dates searched: Start Date to 30.06.2016

Table 4 MEDLINE (OVID interface)
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Keyword Number of ‘hits’
#1 ‘mhealth’.mp 741
#2  ‘ehealth'mp 1199
#3 web.mp 61,883
#4  onlinemp 56,082
#5  internetmp 76,766
#6  'mobile device®.mp 1159
#7  'mobile phone’mp 2999
#8  'cell* phone'mp 1540
#9  smartphone.mp 2325
#10  ‘phone app*.mp 229
#11  'mobile app*.mp 2291
#12  'cell* app*.mp 19,603
#13  ‘tablet computer*.mp 340
#14  ipad*.mp 696
#15 iphone*mp 400
#16  samsungmp 527
#17  android.mp 1057
#18 ‘'windows phone*.mp 1
#19  #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 186,347
OR #8 OR #9 OR #10 OR #11 OR #12 OR #13
OR #14 OR #15 OR #16 OR #17 OR #18
#20  ‘auto?mutilat.mp 123
#21  suicide, attempted/ or self-injurious behavior/or 22,723
‘self?harm’.mp.
#22  suicidal ideation/ or suicide, attempted/ or 75,063
suicide/or suicid*.mp.
#23  overdos*.mp 16,949
#24  #20 OR #21 OR #22 OR #23 92,822
#25 #19 AND #24 1265

Dates searched: Start Date to 31.03.2017
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