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a  b  s  t  r  a  c  t

Background:  Prediction  of  self-harm  is  limited  clinically.  Early  identification  of individuals  likely  to  repeat
self-harm  could  improve  outcomes  and  reduce  suicide  risk. Various  neurocognitive  deficits  have  been
found  in  people  who  self-harm,  but the  ability  of  these  to predict  repetition  has  yet  to  be  established
Aims:  Identify  neurocognitive  factors  that  may  predict  repetition  of  self-harm.
Methods: Systematic  narrative  review  of  English  language  publications  assessing  neurocognitive  func-
tioning  and  self-harm  repetition,  searching  multiple  databases  from  inception  to  March  2015.  Quality  of
studies was  appraised.  A  narrative  synthesis  was  performed.
Results:  7026  unique  records  were  identified,  and  169  full-texts  assessed.  15  unique  studies  provided
data.  No  imaging  studies  could  be  included.  Most  studies  assessed  cognitive  control  or  problem  solving,
but neither  factor  was  consistently  associated  with  repetition.  However,  specific  tasks  may  show  promise.
ecision-making
ognitive control
xecutive functioning
emory

roblem solving
epetition

Two  studies  in adolescents  suggest  that value-based  decision-making  impairments  could  be  predictive
of  repetition.  There  were  too few results  for  memory  to draw specific  conclusions.
Conclusions:  Selected  studies  suggest  promise  for particular  neurocognitive  factors  and  specific  cognitive
tasks  in  terms  of repetition  of  self-harm.
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. Introduction

.1. What is self-harm and why is it important to predict
epetition?

Self-harm, where an individual intentionally causes physical
arm to themselves by self-injury or self-poisoning irrespective of

otivation (NICE, 2011), affects those with and without previously

iagnosed mental illness. One of the most widely used definitions
or research is that proposed by the WHO, where it is described as:
 .  . .  . . . .  . . .  . . . . .  .  . . . . .  . .  .  .  . . .  . . .  . . . . . . .  .  . . .  .  . . . .  .  .  . . . . .  . . . . . . .  .  .  .  . . .  .  . .  . . . .  .  276

. . .an act with nonfatal outcome, in which an individual
deliberately initiates a non-habitual behaviour that, without
intervention from others, will cause self-harm,.  . .and which is
aimed at realizing changes which the subject desired via the
actual or expected physical consequences.

From (Platt et al., 1992) p192

Self-harm can be associated with significant subsequent mor-

bidity, and it is the key risk factor for future suicide (Carroll et al.,
2014). Suicide is the known cause of death for approximately
800,000 people around the world each year, and by 2020, it may
equal 2% of the global burden of disease (WHO, 2012). At least 10%
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f young people report at least one episode of self-harm (Hawton,
012). The highest rates of self-harm are in females aged 15–24
ears (Hawton et al., 2015). Suicide is currently the most common
ause of death for young adult males (NCISH, 2015).

.2. What do we currently understand predicts self-harm and
epetition?

With every self-harm episode, the risk of eventual suicide
ncreases (Zahl and Hawton, 2004); the same is true for personal
nd healthcare costs (Sinclair et al., 2011). Repetition of self-harm
s associated with various demographic and clinical factors, such as
oung age, low educational level (Christiansen and Jensen, 2007; De
eo et al., 2001), unemployment (Tejedor et al., 1999) and certain
ental disorder diagnoses (personality disorder (Blasco-Fontecilla

t al., 2009), depression (Hawton et al., 1999), and substance and
lcohol misuse (Cooper et al., 2013; Monnin et al., 2012)). How-
ver, prediction of self-harm and suicide completion on the sole
asis of known risk factors is difficult. For instance, the SADPER-
ONS tool, a risk assessment based on recognised demographic
nd clinical factors, does not predict individuals requiring psy-
hiatric admission or community aftercare, or those who repeat
elf-harm (Quinlivan et al., 2016; Saunders et al., 2014). Currently,
he most important predictor of future self-harm and suicide is past
elf-harm (Carroll et al., 2014; Owens et al., 2002). However, most
eople who self-harmed will not re-attempt and will not die by
uicide (Owens et al., 2002). Therefore, the predictive value of clin-
cal and demographic parameters alone is weak, and in light of the
ncreasing incidence of suicide, assessment using additional factors
s required to accurately predict future self-harm. As at least 40%
f cases who died from suicide had previously attempted suicide
Hawton and van Heeringen, 2009), improving the prediction of
uture self-harm in individuals who previously attempted suicide
s particularly relevant. Of course, this individual approach based on
he prediction of self-harm repetition adds up to other recognized
lobal interventions, which may  also be interesting for individuals
ho never attempted before, e.g. access restriction to lethal means

r improved recognition and treatment of depression (Mann et al.,
005).

Examining repetition in terms of self-harm can be understood
n two main ways: repeating self-harm over a period of follow-up
either retrospectively or prospectively), and comparing individ-
als with a single episode of self-harm and those with multiple
elf-harm at one specific time point (which is by nature retrospec-
ive).

.3. Can we use neurocognition to predict repetition of self-harm?

Self-harm is likely to be best understood as a complex inter-
ction between individual factors (such as personality traits), and
ariable social and health events (such as employment, interper-
onal, legal or financial stress, current mental and physical state),
oderated by socio-demographic variables (age, sex, cultural fac-

ors) (Hawton and van Heeringen, 2009). The identification of the
ndividual factors increasing the risk of suicidal acts in a stressful
ituation is the aim of numerous studies worldwide. For instance,
t may  allow the identification of individuals at higher suicide risk
mong depressed patients.

Recently, there has been increasing exploration of potential
rain structural and functional abnormalities, and the associated
eficits in cognitive functions (globally known as neurocognitive
orrelates or factors), in patients who have a history of self-harm

Richard-Devantoy et al., 2014a; van Heeringen et al., 2014). These
actors have the advantage of potentially acting as objective mark-
rs, overcoming the biases present with self-reports, for instance
eports of past, current or future suicidal intent (Glenn and Nock,
havioral Reviews 72 (2017) 261–277 263

2014). Recent systematic reviews into the brain structural and func-
tional abnormalities associated with self-harm suggest that the
main regions involved include the orbitofrontal cortex (OFC), ven-
tromedial prefrontal cortex (VMPFC), dorsolateral prefrontal cortex
(DLPFC), and anterior cingulate cortex (ACC), indicating potentially
impaired functioning of the prefrontal network (Cox Lippard et al.,
2014; Jollant, 2016; Jollant et al., 2011; Van Heeringen et al., 2011;
van Heeringen et al., 2014; van Heeringen and Mann, 2014), in addi-
tion to other regions including the parietal cortex, some subcortical
nuclei and possibly the cerebellum (Gifuni et al., 2016; Jollant et al.,
2008a; Richard-Devantoy et al., 2016a). Dysfunctions of these brain
areas are thought to underlie several cognitive deficits observed in
individuals with a history of self-harm (mainly middle-aged adults
and more rarely in adolescents and elderly). The factors identi-
fied include risky decision-making (Clark et al., 2011; Jollant et al.,
2005; Jollant et al., 2010; Oldershaw et al., 2009; Richard-Devantoy
et al., 2014a), weak problem solving abilities (D’Zurilla et al., 1998;
Pollock and Williams, 2004), deficient cognitive inhibition and high
sensitivity to interference (Keilp et al., 2014; Richard-Devantoy
et al., 2014a; Richard-Devantoy et al., 2012), memory problems
(Richard-Devantoy et al., 2015), and altered implicit processing and
explicit recognition of emotional signals (Jollant et al., 2008b; Pan
et al., 2013; Richard-Devantoy et al., 2013a). While these observa-
tions may  be important to understand the mechanisms underlying
complex behaviours, it is uncertain if we  can use assessment of
these factors in an individual to predict the risk of future self-harm.
Therefore, in this systematic review, we aimed to assess the pres-
ence and extent of any associations between neurocognitive factor
assessments and repetition of self-harm.

Previous systematic reviews on repetition of self-harm have: (i)
focussed only on certain forms of self-harm (Fliege et al., 2009);
(ii) included little or no data on potential neurocognitive factors
(Mendez-Bustos et al., 2013); (iii) focussed only on psychometric
tools in hospital (Randall et al., 2011); (iv) focussed only on hospital
admissions (Larkin et al., 2014). As far as we are aware, there is no
previous systematic review of the major neurocognitive factors and
repetition of self-harm, inclusive of all forms of self-harm and all
settings.

2. Methods

We used the Preferred Reporting Items for Systematic Review
and Meta-analyses (PRISMA) for guidance regarding reporting of
search, extraction and synthesis of results (Liberati et al., 2009). In
accordance with these guidelines, the protocol for the systematic
review was registered on PROSPERO (http://www.crd.york.ac.uk/
PROSPERO/), registration number: CRD42015017793.

2.1. Eligibility criteria

Articles were assessed for inclusion according to the follow-
ing criteria: (i) published in a peer-reviewed journal in English;
(ii) investigated neurocognitive functions with tasks or scales; (iii)
investigated repetition of self-harm; and (iv) involved adolescent,
adult or elderly people. Repetition of self-harm was defined as
either (i) multiple episodes of self-harm (“multiple”) versus first
episode of self-harm (“single”) or (ii) current suicidal ideation or

self-harm on background of past self-harm (“repeaters”) versus
no current suicidal ideation or recent self-harm on background of
past self-harm (“non-repeaters”). Details of inclusion and exclusion
criteria are available in supplementary material.

http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
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.2. Information sources

Relevant studies were identified using tailored electronic
earches with MeSH and textword terms for the following
atabases:

Medline
Embase
PsycINFO
CINAHL
The Cochrane Library
Web  of Science

To maximise the comprehensive nature of information col-
ection, reference lists of appropriate review articles and a book
hapter (Arensman et al., 2011) were also screened and a hand
earch of recent (January 2014–February 2015) editions of appro-
riate journals was performed (British Journal of Psychiatry, Suicide
nd Life-Threatening Behavior).

.3. Search strategy

Databases were searched from inception to March 2015. The
ollowing terms were used to search all databases: repeat, per-
ist, predict, repetition, self-harm, deliberate self-harm, suicidal
ehaviour, self-mutilation, self-injury, decision-making, problem
olving, aggression, impulsivity, arousal, emotion, facial expres-
ion, affect, amygdala, orbitofrontal cortex, anterior cingulate
ortex, and dorsolateral prefrontal cortex. All variations of spelling
f text terms were used (e.g. self-harm and self harm). Search terms
ere truncated as appropriate and MeSH or equivalents were used

o maximise the comprehensive nature of the searches. Search
trategies tailored to each database were checked with a skilled
edical librarian. There was no restriction in terms of date of pub-

ication. However, the search was restricted to English language
ublications. The Medline search strategy, and results for each
atabase search, can be found in the Appendix A.

.4. Study selection

The first phase of selection involved screening of titles and
bstracts against inclusion criteria to assess eligibility. Each ref-
rence was screened by two of four authors (AdeC, BP, KB, KJ) using
eference software (EndNote). In the second phase of selection,
he full-text of studies determined to be eligible in phase one was
xamined against inclusion criteria by two of the following authors
AdeC, KR, MB,  BP, KB, KJ, EL, FJ). Any disagreements were resolved
y discussion and the use of a third author.

.5. Data extraction

Data were extracted from studies meeting inclusion criteria
sing a pre-specified database as recommended by the Cochrane
andbook (Higgins and Green, 2011). Data extracted from each

tudy included:

General study characteristics (including study type, duration of
follow-up if appropriate)
Participant characteristics (including total and individual group
numbers, mean age, gender ratio, country, any diagnosis specified
at recruitment, setting)

Details of exposure: neurocognitive factor (including which
assessed, details of assessment methods)
Details of outcome: self-harm (including how self-harm
assessed/definition of self-harm used, form of repetition)
havioral Reviews 72 (2017) 261–277

• Study results (including attrition, percentage of repetition found
in study, significant findings and statistical results where given)

2.6. Risk of bias assessment

We  appraised risk of bias using the Newcastle-Ottawa Scale
(NOS) for longitudinal cohort and case-control studies as recom-
mended by the Cochrane Handbook (Higgins and Green, 2011), and
used the STROBE Collaboration (von Elm et al., 2007) individual
component checklists to appraise studies of any type. We  deter-
mined that a study was at moderate to high-risk of bias if there
were at least seven missing or unclear items (not including not
applicable items) out of a possible 34 items on the STROBE, and
five or less out of a possible eight stars on the NOS  where this was
also applicable. Scales are available in supplementary material.

2.7. Analysis

Included studies were reviewed and critically appraised, and
data synthesised. Study findings were categorised on the basis of
the assessed neurocognitive factor. Groupings for analysis were as
follows: (i) cognitive control (including attention, inhibition, inter-
ference and working memory); ii) value-based decision-making
and related processes (delay discounting, decision-making); iii)
problem solving; iv) memory processing (short and long-term and
autobiographical); v) emotional-processing; and vi) neuroimaging.
These groupings were determined by neurocognitive factor cat-
egorisation in the literature (Dixon and Christoff, 2014; Glascher
et al., 2012; Richard-Devantoy et al., 2013b) and the expert opinion
of the authors. The analysis group, cognitive control, was  formed
particularly in reference to the previous literature relating to defi-
cient cognitive inhibition and high sensitivity to interference (Keilp
et al., 2014; Richard-Devantoy et al., 2014a; Richard-Devantoy
et al., 2012). For the group, we included all studies meeting inclu-
sion criteria and where the neurocognitive measure related to
attention, inhibition, interference and/or working memory.

Within each neurocognitive factor, study findings were subdi-
vided into studies addressing objective 1 (retrospective: “multiple
vs. single” or “repeaters vs. non-repeaters”) or objective 2 (prospec-
tive: “repeaters vs. repeaters”). A priori, it was expected that data
synthesis would be narrative as the search would result in included
studies with heterogeneity in terms of study type, participants and
methods.

3. Results

3.1. Study selection

6990 records were identified from database searches after de-
duplication and 35 records from hand-searching of reference lists,
relevant journal searches and expert advice. 6857 records were
excluded following appraisal of title and abstract. 168 full-text
articles were assessed for eligibility. 153 full-text articles were
excluded, with reasons for each given in the PRISMA diagram
(Fig. 1). The majority of studies were excluded because they did
not examine repetition of self-harm. Two  articles were excluded
because of a lack of clarity about inclusion after we had attempted
to contact the study authors. 15 unique studies met inclusion crite-
ria. Full details are presented in the PRISMA flow diagram (Fig. 1).

3.2. Included study characteristics
15 unique studies were included in the analysis. 10 were
longitudinal studies, 2 were case-control in design and 3 were
cross-sectional. Findings were analysed in specific groupings
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Fig. 1. PRISMA flow diagram. PRISMA di

ccording to neurocognitive factor(s) under investigation. Details of
ll risk of bias assessments are included in supplementary material.

.3. Cognitive control

Seven studies assessed cognitive control in terms of predicting
epetition of self-harm. Study characteristics are given in Table 1,
nd a summary table with study findings is given in Table 2.

.3.1. Study design
Four studies involved longitudinal designs (Cha et al., 2010;

arkin et al., 2013; Nock et al., 2010; Pluck et al., 2013), one study
sed a case-control design (Dougherty et al., 2004) and two studies
ere cross-sectional (Mathias et al., 2011; Swann et al., 2005).

.3.2. Participants
Study sample sizes varied from 29 to 157 participants. All

tudies were conducted in Western countries (United States, UK,

reland and Germany). Two studies included participants with a
ingle mental illness diagnosis at baseline (bipolar disorder (Swann
t al., 2005), and schizophrenia (Pluck et al., 2013)), whereas other
tudies did not restrict participants in this manner. One study
 to demonstrate the flow of studies in the systematic review.

included only adolescents (Mathias et al., 2011) with all other stud-
ies including just adults. In terms of patient recruitment, one study
recruited participants from the community only (Dougherty et al.,
2004), three studies recruited patients from emergency depart-
ments (Cha et al., 2010; Larkin et al., 2013; Nock et al., 2010), one
study recruited community patients/psychiatric outpatients and
inpatients (Pluck et al., 2013), and the remainder recruited only
psychiatric inpatients.

3.3.3. Exposure
Cognitive control was assessed by:

• Emotional Stroop − modified (Cha et al., 2010; Larkin et al., 2013)
• Go/No-Go test (Mathias et al., 2011; Pluck et al., 2013)
• Continuous Performance Test − all versions (CPT) (Dougherty

et al., 2004; Pluck et al., 2013; Swann et al., 2005)
• Trail Making Test (TMT) (Pluck et al., 2013)
• Implicit Associations Test (IAT) (Nock et al., 2010)
3.3.4. Outcome
Of the four longitudinal studies, three assessed repetition of self-

harm or suicide attempts over follow-up (Cha et al., 2010; Larkin
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Table 1
Characteristics of included studies.

Study Study type SH assessment
(definition)

Neurocog
assessment
(measure)

Participants:
number, M/F, age

Setting Diagnosis Length F/U Loss to F/U Repetition of SH −
form

Repetition of SH −
frequency

Retrospective measure of SH (multiple versus single +/− versus controls, or repeaters versus non-repeaters)
Dougherty
et al. (2004)
Adults
USA

Case-control Suicide attempt
(Lifetime
Parasuicide
Interview-2) − all
methods included

Modified CPT n = 50:
20 HC (F = 60%,
mean age 28.3);
20 SSA (F = 70%,
mean age 31.15);
10 MSA  (F = 70%,
mean age 28)

Community No N/A N/A Multiple vs Single
vs Controls

N/A

Mathias et al.
(2011)
Adolescents
USA

Cross-sectional Self-harm and
suicide attempt
(Lifetime History of
Aggression) − all
methods included

Two choice,
Go-stop

n = 59, (F = 100%,
age range 13–17)

Hospital
(psychiatric IP)

No N/A N/A Multiple vs Single
vs Controls

N/A

Oldershaw
et al. (2009)
Adolescents UK

Case-control Self-harm (Fortune
and Hawton 2005)
− all methods
included

Iowa Gambling
Task, MEPS

n = 133:
30 current SH
(F = 96.7%, mean
age 15.2);
24 past SH
(F = 83.3%, mean
age 16.4);
22 depressed
controls (F = 90.9%,
mean age 15.7);
57 HC (F = 80.7%,
mean age 15.8)

Community
(CAMHS and
school)

Depression N/A N/A Current (past
SH + current SH) vs
Past (past SH)

N/A

Swann et al.
(2005)
Adults USA

Cross-sectional Suicide attempt
(not defined) −
unclear of detail of
methods included

CPT n = 48:
24 attempters
(F = 66.7%, mean
age 36.2) (12
multiple, 12
single);
24 non-attempters
(F = 62.5%, mean
age 35.4)

Hospital
(psychiatric IP)

Bipolar disorder N/A N/A Multiple vs Single
vs Controls

N/A

Rasmussen
et al. (2008)
Adults UK

Cross-sectional Self-harm (not
defined) − all
methods included

Autobiographical
memory (task
not specified)

n = 40 (F = 57.5%,
mean age 38)

Hospital (ED) No N/A N/A Multiple vs Single 23/40 = 57.5%

Prospective measure of SH (repeaters versus non-repeaters)
Cha et al.
(2010)
Adults USA

Longitudinal Suicidal behaviour
(Nock 2007) −
uncertain of detail
of methods
involved

Modified
emotional Stroop

n = 124:
68 attempters
(F = 42.6%, mean
age 34.1);
56 non-attempters
(F = 35.2%, mean
age 35.1)

Hospital
(Psychiatric ED)

No 6 months 64/124 = 51.6% Repeaters vs
non-repeaters at
F/U

10/60 = 17%

Larkin et al.
(2013)
Adults Ireland

Longitudinal Suicide attempt
(not defined) −
overdose or cutting

Modified
emotional
Stroop, MEPS,
Autobiographical
memory test

n = 29 (F = 58.6%,
mean age 33–34.5)

Hospital (ED) No 3 months 10/29 = 35.5% Repeaters vs
non-repeaters at
F/U

22/29 had prior SH
at baseline, 5/29
repeated during
F/U = 17.2%

Pluck et al.
(2013)
Adults UK

Longitudinal Self-harm (Hawton
2002) − all
methods included

Go NoGo, CPT n = 87 (M = 90%,
mean age 40.1):
59 SH attempters;
28 affected controls

Community
(psychiatric OP)
and Hospital
(psychiatric IP)

Schizophrenia 3 months None (records
used)

Repeaters vs
non-repeaters at
F/U

5/57 (with prior SH
at baseline) = 8.7%
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Table 1 (Continued)

Study Study type SH assessment
(definition)

Neurocog
assessment
(measure)

Participants:
number, M/F, age

Setting Diagnosis Length F/U Loss to F/U Repetition of SH −
form

Repetition of SH −
frequency

Nock et al.
(2010)
Adults USA

Longitudinal Suicide attempt
(Self-Injurious
Thoughts and
Behaviours
Interview, Nock
et al 2007)

Implicit
association test

n = 157
43 suicide attempt
past week
(F = 44.2%, mean
age 36.6)
114 no suicide
attempt past week
(other psychiatric
emergency)
(F = 36%, mean age
35.1)

Hospital
(emergency
department)

No 6 months None (records
used + self-
assessment
phone call)

Repeaters vs
non-repeaters at
F/U

14/91 = 15.4%
91 = baseline
suicide attempters

Dieserud et al.
(2003)
Adults Norway

Longitudinal Suicide attempt
(Platt 1992) − all
methods included

MEPS n = 50 (F = 66%, age
range 18–75, mean
age 41)

Hospital (ED) No 18 months 5/50 = 10% Repeaters vs
non-repeaters at
F/U

8/50 = 16%

Hughes and
Neimeyer
(1993)
Adults USA

Longitudinal Parasuicidal
behaviour (not
defined) − unclear
of details of
methods involved

Modified MEPS n = 79 (F = 58%,
mean age 37.4)

Hospital
(psychiatric IP)

No Not given N/A Repeaters vs
non-repeaters at
F/U

3/79 = 3.8%

Kehrer and
Linehan (1996)
Adults USA

Longitudinal Parasuicidal
behaviour (Linehan
1989) − all
methods included

MEPS n = 48 (F = 100%,
age range 18–45,
mean age 27.97)

Hospital
(Psychiatric OPD)

Borderline PD 1 year (4 month
intervals)

15/48 = 31% Repeaters vs
non-repeaters at
F/U

Not given

Both  (Retrospective and Prospective)
Goldston et al.
(2001)
Adolescents
USA

Longitudinal Suicide attempts
(Interview
Schedule for
Children and
Adolescents,
Goldston 1998) −
all methods
included

MEPS n = 225 (F = 50.6%,
mean age 14.8)

Hospital
(psychiatry IP)

No Mean 4.0 years
(max 6.9%)

16.7% (45/225)
at first F/U,
another 7.2% at
end
(13/180) = 26%
overall

Multiple vs single
at baseline
&
Repeaters vs
non-repeaters at
F/U

Not given

Hawton et al.
(1999)
Adolescents UK

Longitudinal Self-harm
(self-poisoning)

MEPS n = 45 (F = 84.4%,
33.3% 13–15y
66.7% 16–18y)

Hospital (ED) No 1 year None (used
records)

Multiple vs single
at baseline
&
Repeaters vs
non-repeaters at
F/U

14/45 prior OD,
9/45 repeat over
F/U, 18/45 previous
and/or repeat OD

McAuliffe et al.
(2008)
Adults Ireland

Longitudinal Parasuicide (Platt
1992) − all
methods included

OTT n = 152 (F = 62.5%,
all 18+ with 34%
18–23)

Hospital (ED) No 1 year 0% (used
hospital
records)

Multiple vs single
at baseline
&
Repeaters vs
non-repeaters at
F/U

20.4%
(28.7% of previous
repeaters (94) and
7.3% of first-timers
(55))

Key: M/F  = male/female, SH = self-harm, NSSI = non-suicidal self-injury, SA = suicide attempt, DSH = deliberate self-harm, SSA = single suicide attempt, MSA  = multiple suicide attempt, HC = healthy controls, PD = personality disorder,
MDD  = major depressive disorder, F/U = follow-up, CPT = continuous performance test, N/A = not applicable, n = number, IP = inpatients, OP = outpatients, MEPS = Means Ends Problem-Solving Procedure, OTT = Optional Thinking
Test,  USA = United States of America, PD = personality disorder, FH = family history, AVLT = Auditory-Verbal Learning Test, MDD  = major depressive disorder.
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Table  2
Cognitive control: summary and study findings.

Study Objective
assessed

Form of SH Form of repetition Neurocog assessment Positive/No
association

Study findings: appropriate
statistic if given

Retrospective measure of SH (multiple versus single +/− versus
controls, or repeaters versus non-repeaters)
Dougherty et al. (2004)
Adult

1 Suicide attempt Multiple vs Single vs
Controls

Continuous Performance Test
(modified)

P Multiple vs single: p = 0.011 for
IMT  and p = 0.012 for DMT;
Multiple vs controls:
p = or <0.001 for both IMT  and
DMT

Mathias et al. (2011)
Adolescent

1 Suicide attempt Multiple vs Single vs
Controls

Go-Stop N No group differences on
Go-Stop task

Swann et al. (2005)
Adult

1 Self-harm Multiple vs Single vs
Controls

Continuous Performance Test N Not given

Prospective measure of SH (repeaters versus non-repeaters)
Cha et al. (2010)
Adult

2 Suicide attempt Repeaters vs
non-repeaters at F/U

Emotional Stroop (modified) P (subdomain) Suicide-related words: OR 1.02
(95% CI 1.00-1.03);
Negatively-valenced words: ns,
OR 1.00 (95% CI 0.99-1.01)

Larkin et al. (2013)
Adult

2 Suicide attempt Repeaters vs
non-repeaters at F/U

Emotional Stroop (modified) N Low stimulation: p = 0.36;
High stimulation: p = 0.79

Pluck et al. (2013)
Adult

2 Self-harm Repeaters vs
non-repeaters at F/U

Go/No-Go
Continuous Performance Test
Frontal function (Trail Making
Test)

N Not given

Nock et al. (2010)
Adult

2 Suicide attempt Repeaters vs
Non-repeaters at F/U

Implicit Associations Test P Death-related words predicted
occurrence
of  future suicide attempts
above and beyond clinical
predictors: p < 0.05
Participants with stronger
association on IAT between
death/suicide and self were
significantly more likely to
make a suicide attempt after
leaving the emergency
department (31.8%) than were
those with a
stronger association between
life and self (10.1%) p < 0.05.
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ey: SH = self-harm, SA = suicide attempt, SI = suicidal ideation, IMT  = immediate me
I  = 95% confidence interval, ns = not significant, P (subdomain) = at least one subdo

t al., 2013; Nock et al., 2010; Pluck et al., 2013). Therefore, all four of
hese studies provided prospective data for objective 2 (“repeaters
s. non-repeaters” or “current + past vs. past only). The case-control
nd cross-sectional studies assessed multiple versus single suicide
ttempts in participants (Dougherty et al., 2004; Mathias et al.,
011; Swann et al., 2005), therefore providing data for objective

 (“multiple vs. single”).

.3.5. Findings
A  summary of results for each study can be seen in Table 2.
Findings were mixed in terms of facets of cognitive control pre-

icting repetition of self-harm.

.3.5.1. Retrospective (multiple versus single). One study showed
ignificant associations. Dougherty et al. (2004) found a strong
ssociation between cognitive control and repetition of self-harm:
cores on a modified version of the CPT predicted multiple sui-
ide attempt group versus single suicide attempt group on both
he immediate memory test (p = 0.011) and delayed memory test
onditions (p = 0.012).

The other studies found no association (Mathias et al., 2011;
wann et al., 2005). In Mathias et al., there were no group dif-
erences on the Go-Stop task (Mathias et al., 2011). Swann et al.

iscovered no association between sustained attention measured
ith the CPT and repetition of self-harm in secondary analyses

Swann et al., 2005), but no statistics were reported.
test, DMT  = delayed memory test, IAT = implicit association test, OR = odds ratio, 95%
f measure showed an association.

3.3.5.2. Prospective (repeaters versus non-repeaters). Two  studies
showed significant associations. In Nock et al.’s study, death-related
words predicted occurrence of future suicide attempts above
and beyond clinical predictors (p < 0.05), and participants with a
stronger association on the IAT between death/suicide and self
were significantly more likely to make a suicide attempt after leav-
ing the emergency department (31.8%) over a six month period than
were those with a stronger association between life and self (10.1%)
(p < 0.05). One subdomain of Cha et al. (2010), yielded a border-
line association between attentional bias toward suicide-related
words measured with an Emotional Stroop task and repetition of
self-harm: suicide-related words were just predictive of repetition
of suicidal attempts over six month follow-up (OR 1.02 (95% CI
1.00–1.03)) (Cha et al., 2010). Two studies found no association. In
Larkin et al., a modified Emotional Stroop task found that neither
low stimulation (p = 0.36) or high stimulation (p = 0.79) predicted
repeaters compared to non-repeaters, and Pluck et al. showed no
association in patients with schizophrenia between sustained and
selective attention according to the CPT and response inhibition
as measured by a Go/No-Go task and repetition of self-harm in
secondary analyses, but no statistics were reported.

3.3.6. Risk of bias assessment
Three studies assessing cognitive control and repetition of self-
harm were at a moderate to high-risk of bias according to both the
NOS and STROBE where appropriate (Dougherty et al., 2004) and
STROBE only for a cross-sectional study (Mathias et al., 2011; Swann
et al., 2005). Therefore, there needs to be caution in interpreting
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(objective 2–retrospective).
In terms of the pre-determined objectives, the three studies
A.N. de Cates et al. / Neuroscience and

he findings of these individual studies. Other studies were not at
igh-risk.

.4. Value-based decision-making

Two studies studied whether value-based decision-making is
ssociated with repetition of self-harm in adolescents. Of note, none
ssessed decision-making in a social context (e.g. ultimatum game,
rust game, prisoner’s dilemma). Study characteristics are found in
able 1, with an overview and study findings in Table 3.

.4.1. Study design
Oldershaw and colleagues’ 2009 study was  case-control in

esign, whereas Mathias et al., 2011 was cross-sectional.

.4.2. Participants
Mathias and colleagues’ study was small, involving 59 partici-

ants, and there was no diagnosis specified at recruitment (Mathias
t al., 2011). The sample in the Oldershaw and colleagues study
Oldershaw et al., 2009) was twice the size and all participants had
epressive disorder. Both only included adolescent participants.

.4.3. Exposure
Oldershaw et al. assessed decision-making using the Iowa Gam-

ling Task (IGT) (Oldershaw et al., 2009), whereas Mathias et al.
ssessed decision-making using the Two Choice paradigm (Mathias
t al., 2011).

.4.4. Outcome
In the studies, Oldershaw et al. (Oldershaw et al., 2009) assessed

roader self-harm, whereas Mathias et al. assessed all self-harm
nd suicide attempts (Mathias et al., 2011). However, the studies
ssessed different forms of repetition. Oldershaw et al. (2009) com-
ared presence or absence of current self-harm in those with only a
istory of self-harm (objective 2 − retrospective), whereas Mathias
t al. assessed multiple vs single suicide attempts (objective 1).

.4.5. Findings
A summary of results for each study can be seen in Table 3.
Both studies found associations between impaired decision-

aking and repetition of self-harm (Mathias et al., 2011; Oldershaw
t al., 2009).

.4.5.1. Retrospective (single versus multiple). In Mathias and col-
eagues’ study, the Two-Choice task results were significantly
ifferent between participants with multiple and single suicide
ttempts (p < 0.001) (Mathias et al., 2011).

.4.5.2. Retrospective (repeaters versus non-repeaters). In Older-
haw, those continuing to self-harm were significantly more likely
o have lower scores on the IGT and were less likely to improve
heir scores over the task than those not continuing to self-harm
Oldershaw et al., 2009). However, interestingly, mean number of
otal DSH episodes was higher in the past self-harm only group than
he current self-harm group.

.4.6. Risk of bias assessment
One of the two studies was at moderate to high-risk of bias

ccording to the STROBE checklist (Mathias et al., 2011). Therefore,
he results of this study should be viewed with caution. The other
tudy was not at high-risk of bias.
.5. Problem solving

Eight studies used cognitive tasks to measure associations
etween problem solving and repetition of self-harm. Study char-
havioral Reviews 72 (2017) 261–277 269

acteristics are found in Table 1, with an overview and study findings
in Table 4.

3.5.1. Study design
One study was  case-control in design (Oldershaw et al., 2009).

The seven remaining studies were longitudinal.

3.5.2. Participants
All studies were conducted in Western countries: three in

the United States (Goldston et al., 2001; Hughes and Neimeyer,
1993; Kehrer and Linehan, 1996), two in the UK  (Hawton et al.,
1999; Oldershaw et al., 2009), two in Ireland (Larkin et al., 2013;
McAuliffe et al., 2008) and one in Norway (Dieserud et al., 2003).
Three studies included only adolescents (Goldston et al., 2001;
Hawton et al., 1999; Oldershaw et al., 2009) with the remainder
adults. Two studies specified diagnosis at recruitment: Kehrer et al.
(Kehrer and Linehan, 1996) involved adults with borderline per-
sonality disorder, and Oldershaw et al. (Oldershaw et al., 2009)
recruited adolescents with depression. The other six studies did
not restrict by diagnosis. Included studies also varied in size: sev-
eral studies recruited 50 or fewer participants (Dieserud et al., 2003;
Hawton et al., 1999; Kehrer and Linehan, 1996; Larkin et al., 2013),
whereas Goldston and colleagues study involved over 200 partic-
ipants (Goldston et al., 2001). However, unlike studies assessing
cognitive control, there were no large cohort studies with more
than 1000 participants.

3.5.3. Exposure
Two  different cognitive tests were used to assess problem solv-

ing. Each measure and the corresponding studies involved is given
below.

• Means Ends Problem solving Procedure (MEPS) or modifications
of this: (Dieserud et al., 2003; Goldston et al., 2001; Hawton et al.,
1999; Hughes and Neimeyer, 1993; Kehrer and Linehan, 1996;
Larkin et al., 2013; Oldershaw et al., 2009)

• Optional Thinking Test (OTT): (McAuliffe et al., 2008)

3.5.4. Outcome
The studies included participants with different forms of self-

harm. Three studies included those with suicide attempts (Dieserud
et al., 2003; Goldston et al., 2001; Larkin et al., 2013), three stud-
ies parasuicide (Hughes and Neimeyer, 1993; Kehrer and Linehan,
1996; McAuliffe et al., 2008), and two studies self-harm (Hawton
et al., 1999; Oldershaw et al., 2009). However, two studies did
not define how they interpreted the specific term they were using
(Hughes and Neimeyer, 1993; Larkin et al., 2013). Hawton and col-
leagues study only included those who had a self-harm episode
involving self-poisoning (Hawton et al., 1999).

The studies assessed different forms of repetition. Of  the lon-
gitudinal studies, four studies assessed repeaters compared to
non-repeaters at follow-up only (Dieserud et al., 2003; Hughes and
Neimeyer, 1993; Kehrer and Linehan, 1996; Larkin et al., 2013),
(objective 2 − prospective) whereas three studies assessed repeti-
tion at baseline and follow-up (Goldston et al., 2001; Hawton et al.,
1999; McAuliffe et al., 2008) (objective 1 and 2 − prospective). Old-
ershaw et al.’s case control study assessed those with continuing
self-harm compared to past self-harm only (Oldershaw et al., 2009)
assessing repetition of self-harm at baseline and follow-up pro-
vided evidence for objectives 1 and 2 (Goldston et al., 2001; Hawton
et al., 1999; McAuliffe et al., 2008). The other five studies provided
evidence for objective 2 only.



270 A.N. de Cates et al. / Neuroscience and Biobehavioral Reviews 72 (2017) 261–277

Table  3
Value-based decision-making: summary and study findings.

Study Objective assessed Form of SH Form of repetition Neurocog
assessment

Positive/No
association

Study findings: appropriate
statistic if given

Retrospective measure of SH (multiple versus single +/− versus
controls, or repeaters versus non-repeaters)
Mathias et al.
(2011)
Adolescents

1 Suicide attempt Multiple vs Single vs
Controls

Two-Choice P Two-choice: multiple vs
single or controls: p < 0.001

Oldershaw et al.
(2009)
Adolescents

2 Self-harm Current (past
SH + current SH) vs Past
(past SH)

Iowa Gambling
Task

P Current vs non-current:
p < 0.01

Key: SH = self-harm, SI = suicidal ideation.

Table 4
Problem-solving: summary and study findings.

Study Objective assessed Form of SH Form of repetition Neurocog
assessment

Positive/No
association

Study findings: appropriate
statistic if given

Retrospective measure of SH (multiple versus single +/− versus
controls, or repeaters versus non-repeaters)
Goldston et al.
(2001)
Adolescents

1 and 2 Suicide attempt Multiple vs single at
baseline & repeaters vs
non-repeaters at F/U

MEPS N Multiple vs single at baseline:
not given

Hawton et al.
(1999)
Adolescents

1 and 2 Self-harm Multiple vs single at
baseline & repeaters vs
non-repeaters at F/U

MEPS N Multiple vs single: ns (not
given);

McAuliffe et al.
(2008)
Adults

1 and 2 Parasuicide Multiple vs single at
baseline & repeaters vs
non-repeaters at F/U

OTT P Multiple vs single at baseline:
(low scores on both relevant
options and relevancy ratio
predicted repetition) p = 0.011,
p = 0.014;

Oldershaw et al.
(2009)
Adolescents

2 Self-harm Current (Past + current) vs
Past

MEPS N Current vs non-current: not
given

Prospective measure of SH (repeaters versus non-repeaters)
Goldston et al.
(2001)
Adolescents

1 and 2 Suicide attempt Multiple vs single at
baseline & repeaters vs
non-repeaters at F/U

MEPS N Repeaters vs non-repeaters at
F/U: not given

Hawton et al.
(1999)
Adolescents

1 and 2 Self-harm Multiple vs single at
baseline & repeaters vs
non-repeaters at F/U

MEPS N Repeaters vs non-repeaters at
F/U: total and effectiveness
subdomains significant
(p < 0.05 for both) but ns once
controlled for BDI score

Dieserud et al.
(2003)
Adults

2 Parasuicide Repeaters vs non-repeaters
at F/U

MEPS N Repeaters vs non-repeaters:
not given

Hughes and
Neimeyer (1993)
Adults

2 Parasuicide Repeaters vs non-repeaters
at F/U

MEPS (modified) P (subdomain) Repeaters vs non-repeaters:
(alternative problem-solving)
not given

Kehrer and Linehan
(1996)
Adults

2 Parasuicide Repeaters vs non-repeaters
at F/U

MEPS P (subdomain) Repeaters vs non-repeaters:
Inappropriate means scores at
4  and 8 months: p < 0.001 and
p < 0.1;
Combined MEPS scores at
pretreatment, 4 months and 8
months (for inappropriate
means and passive means) to
ends: p < 0.0001;
Other domains not significant
(not given)

Larkin et al. (2013)
Adults

2 Suicide attempt Repeaters vs non-repeaters
at F/U

MEPS N Repeaters vs non-repeaters:
p = 0.76

McAuliffe et al.
(2008)
Adults

1 and 2 Parasuicide Multiple vs single at
baseline & repeaters vs
non-repeaters at F/U

OTT P Both repeaters at baseline and
F/U: (low scores on relevancy
ratio predicted repetition)
p = 0.012

K e, OTT
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3
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ey: SH = self-harm, F/U = follow-up, MEPS = Means-Ends Problem-Solving Procedur
ne  subdomain of measure showed an association.

.5.5. Findings

.5.5.1. Retrospective (multiple versus single). One study showed an

ssociation between problem solving using the OTT and repetition
f self-harm (McAuliffe et al., 2008). Low scores on both subdo-
ains of relevant options and relevancy ratio predicted multiple
 = Optional Thinking Test, BDI = Beck Depression Inventory, P (subdomain) = at least

self-harm versus single self-harm at baseline (p = 0.011, p = 0.014).
Furthermore, repetition at baseline and follow-up was predicted

by low scores on the subdomain of relevancy ratio (p = 0.012).

The two other studies did not find associations between self-
harm repetition and problem solving. Goldston et al., 2001 found
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hat there were no significant associations between MEPS scores
nd repetition of self-harm but statistics were not given; Hawton
ound no associations between problem solving using the MEPS
nd either multiple versus single self-harm (though no statistics
ere given) or repetition at follow up (where total and effectiveness

ubdomains were significant on initial analyses (p < 0.05 for both)
ut were non-significant once they controlled for scores on the Beck
epression Inventory);

.5.5.2. Retrospective (repeaters versus non-repeaters). Oldershaw
t al., 2009 demonstrated no association between problem solv-
ng on the MEPS and repetition of self-harm (continuing self-harm
ersus past self-harm only), but no statistics were reported.

.5.5.3. Prospective (repeaters versus non-repeaters). For two  stud-
es (Hughes and Neimeyer, 1993; Kehrer and Linehan, 1996), only
ertain subdomains of the problem solving measure involved were
ssociated with repetition of self-harm: for Hughes et al., using a
odified MEPS, the subdomain assessing alternative problem solv-

ng showed an effect of group between current and non-current
elf-harm on a background of self-harm, but no statistics were
iven; for Kehrer et al., inappropriate means scores on the MEPS at

 and 8 months (p < 0.001 and p < 0.1) and combined MEPS scores
t pre-treatment, 4 months and 8 months for inappropriate means
nd passive means to ends (p < 0.0001) predicted current self-harm
ersus non-current self-harm.

The other two studies found no association between any subdo-
ains of cognitive problem solving on the MEPS and repetition of

elf-harm: Larkin et al. found that overall MEPS score was not pre-
ictive of repeat self-harm (p = 0.76); Dieserud et al., 2003 similarly

ound that there were no significant associations between MEPS
cores and repetition of self-harm but statistics were not given

.5.6. Risk of bias assessment
One study where at least one subdomain of impaired problem

olving and repetition of self-harm were found to be associated was
t moderate to high-risk of bias according to the NOS assessment
nd STROBE checklist (Hughes and Neimeyer, 1993). Therefore, we
ay need to be cautious when placing weight on the study findings.
ther studies were not at a high-risk of bias according to all results
vailable.

.6. Memory

Two studies analysed facets of memory with repetition of self-
arm. Study characteristics are found in Table 1, with an overview
nd study findings in Table 5.

.6.1. Study design
One study was longitudinal in design (Larkin et al., 2013) and

ne study was cross-sectional (Rasmussen et al., 2008).

.6.2. Participants
All studies were conducted in Western countries: one in the UK

Rasmussen et al., 2008), and one in Ireland (Larkin et al., 2013). All
tudies involved adults. The studies were both small: Rasmussen
t al. involved 40 participants, and Larkin et al. involved 29 partic-
pants.

.6.3. Exposure
Both studies used tasks assessing autobiographical memory.
.6.4. Outcome
The studies assessed different forms of self-harm. One study

ssessed suicide attempts (Larkin et al., 2013), and one study
havioral Reviews 72 (2017) 261–277 271

assessed broader self-harm (Rasmussen et al., 2008) but neither
defined their understanding of the term used.

The studies assessed different forms of repetition. Larkin et al.
assessed repeaters compared to non-repeaters at follow-up only
(objective 2–prospective) (Larkin et al., 2013). Rasmussen et al.
assessed multiple episodes of self-harm versus a single episode
(objective 1) (Rasmussen et al., 2008).

3.6.5. Findings
Details of results can be seen in Table 5.

3.6.5.1. Retrospective (multiple versus single). Rasmussen et al.
found an association between a particular impairment in auto-
biographical memory (recall of positive memories (p < 0.05), but
not negative memories (non-significant, but no statistic given) and
repetition of self-harm (Rasmussen et al., 2008).

3.6.5.2. Prospective (repeaters versus non-repeaters). Larkin et al.,
2013 found that total or subdomain scores on an autobiograph-
ical memory task did not demonstrate group effects in terms of
repeaters vs. non-repeaters of self-harm: total scores (p = 0.17),
positive memories (p = 0.16), negative memories (p = 0.51).

3.6.6. Risk of bias assessment
Neither of the studies was found to be at high risk of bias.

4. Discussion

4.1. Overview of neurocognitive results

There were 15 studies included in this review. Seven studies
assessed cognitive control (including attention, interference and
response inhibition), two studies value-based decision-making,
eight studies problem solving, and two studies autobiographical
memory. There were no data available for other neurocognitive
factors. Only one quarter (n = 4) of studies involved adolescents.
Two studies assessed participants with diagnosed affective disor-
ders at baseline, and only one each with personality disorder and
schizophrenia. Overall, the results were inconsistent for cognitive
control, although one longitudinal study suggests a potential pre-
dictive value of the IAT in terms of repetition. Results were also
inconsistent for autobiographical memory, although there were
too few and heterogeneous studies to draw conclusions from this.
There were two cross-sectional studies with data for impaired
decision-making in adolescents and both were predictive of repe-
tition of self-harm. The majority of problem solving studies did not
demonstrate any association between problem solving and repe-
tition of self-harm. There were no data available for other facets
of memory (working memory, long-term memory), or for strategic
decision-making in a social context. There were also no data for
emotional-processing or imaging studies.

4.2. Studies excluded from the review

153 studies were excluded following review of the full text.
A summary of reasons for exclusion is given in the PRISMA dia-
gram (Fig. 1). Many studies were excluded because data collected
in terms of neurocognition and repetition of self-harm had not been
analysed together. This is an important point for the research com-
munity in general to consider when planning future analyses of

similar studies.

One excluded study was a conference abstract where a detailed
publication of the data was in submission according to the study
authors (Blumberg, 2014). As it is likely the full publication would
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Table  5
Memory processing: summary and study findings.

Study Age group Objective
assessed

Form of SH Form of repetition Neurocog assessment Positive/No
association

Study findings: appropriate
statistic if given

Retrospective measure of SH (multiple versus single +/− versus
controls, or repeaters versus non-repeaters)
Rasmussen
et al. (2008)

Adults 1 Self-harm Multiple vs Single Autobiographical memory −
recall (task not specified)

P (subdomain) Multiple vs single:
(positive memories) p < 0.05;
(negative memories) ns (not given)

Prospective measure of SH (repeaters versus non-repeaters)
Larkin et al.
(2013)

Adults 2 Suicide attempt Repeaters vs
non-repeaters at
F/U

Autobiographical memory −
recall (Autobiographical
Memory Test)

N Repeaters vs non-repeaters: (total)
p = 0.17;
(positive memories) p = 0.16;
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ey: SH = self-harm, F/U = follow-up, WCST = Wisconsin Card Sorting Test, MEPS = M
ubdomain of measure showed an association.

eet inclusion criteria, the characteristics of this study are pre-
ented in the Appendix A.

.3. How current findings relate to the literature

.3.1. Cognitive control
Cognitive control is a set of flexible and adaptive brain processes,

hich come into play when we engage in intentional actions,
s opposed to unintentional and inflexible automatic brain pro-
esses (Egner and Hirsch, 2005). Cognitive tasks designed to explore
n individual’s cognitive control aim to simultaneously activate
utomatic and conscious responses to the same stimulus, which
epending on the situation may  give rise to a conflict in that indi-
idual (Cona et al., 2016; Lu and Proctor, 1995). A classical issue
n neuropsychology is that most tasks activate multiple cogni-
ive functions (e.g. Go/No-Go and attention, working memory and
esponse inhibition (Criaud and Boulinguez, 2013)).

In this review, there was inconsistency for cognitive control
asks in terms of associations with repetition. This was particu-
arly true for the related tasks, the CPT and the Emotional Stroop,

here two or more studies using the same task provided opposing
ndings in terms of ability of task results to predict repetition. How-
ver, one study (Nock et al. 2010) found that death-related words
redicted occurrence of future suicide attempts above and beyond
linical predictors (p < 0.05), indicating that this task is worthy of
urther research.

This inconsistency is also reflected in the literature on self-
arm in general: in a meta-analysis of nine studies, performances
n the cognitive Stroop task were found to differentiate between
uicide attempters and patient controls (Richard-Devantoy et al.,
014a), but also in this meta-analysis, the CPT did not show clear
ifferences between these patient groups. A separate recent meta-
nalysis restricted to the emotional version of the Stroop task also
uggested a significant bias toward suicide-related words in suicide
ttempters compared to patient controls (Richard-Devantoy et al.,
016b), although this effect was small and may  be dependent on
he depressive state more than vulnerability traits.

Both included studies in our review using Go-Stop tasks failed
o find any association with repetition, suggesting that this task

ay  show more consistency of results. The lack of association
etween the classical Go/No-Go and repetition of self-harm is

n line with recent neuroimaging findings showing that brain
esponses during this task did not discriminate between attempters
nd non-attempters (Richard-Devantoy et al., 2016a). Nonetheless,
utwith of this review, Westheide and colleagues provide evidence
hat there may  an association between performance on a Go-Stop

ask and prediction of future suicidal ideation in participants with
revious self-harm (Westheide et al., 2008).

In terms of frontal functioning tasks, the one included study
Pluck) failed to find any association between repetition and
(negative memories) p = 0.51

 Ends Problem-Solving Procedure, ns = not significant, P (subdomain) = at least one

the TMT. Westheide and colleagues also showed no association
between delayed alternation and impairments in selective atten-
tion with repetition (Westheide et al., 2008). However, Miranda
et al. found that impairments in cognitive flexibility on the Wis-
consin Card Sorting Test did predict future suicidal ideation on a
background of previous self-harm (Miranda et al., 2012), and Fikke
et al. found an association between impaired frontal functioning
and self-harm not related to specific diagnosis using set-shifting
tasks (Fikke et al., 2011).

In summary, at this point in time, we are unable to clarify if, and
which particular aspects, of cognitive control may be relevant in
terms of associations with repetition of self-harm. However, spe-
cific tasks may  be important.

4.3.2. Problem solving
There were a moderate number of studies assessing problem

solving and repetition of self-harm (n = 8). The majority of studies
did not demonstrate an association between cognitive assessments
of problem solving and repetition of self-harm; only McAuliffe and
colleagues’ 2008 study found such an association (McAuliffe et al.,
2008), which interestingly used a different measure (OTT) to all the
other included studies (MEPS).

Definition of problem solving as a neurocognitive factor is par-
ticularly important, and open to a certain level of interpretation
when examining the existing literature in self-harm: problem solv-
ing may  be used by study authors to describe what they later
detail as coping styles or strategies, or resilience. McAuliffe used the
Utrecht Coping List to assess “problem solving” in her 2006 study,
which determined that certain subdomains were associated with
repetition of self-harm (McAuliffe et al., 2006). Furthermore, some
authors suggest that problem solving deficits in self-harm may  be
linked with problems with autobiographical memory (Pollock and
Williams, 2001; van Heeringen, 2003), and so the two constructs
may  need to be considered together in research.

Despite conflicting evidence surrounding problem solving and
repetition of self-harm, the majority of recent studies investigat-
ing problem solving and self-harm are trials (or protocols of trials)
of problem solving interventions to reduce self-harm repetition
(Collinson et al., 2014; Hatcher et al., 2015; Husain et al., 2011;
McAuliffe et al., 2014); but few show particular promise as yet. As
the underlying research base may  still be equivocal, it potentially
throws into question whether we are running ahead of the evidence
by trialling interventions when it is not clear to what extent, and
potentially what component of, impaired problem solving may  be
associated with repetition.
4.3.3. Value-based decision-making
There were only two  studies assessing value-based decision-

making in the current review, but both demonstrated associations
between impaired decision-making and repetition of self-harm in
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dolescents, although they varied in baseline mental health sta-
us (Mathias et al., 2011; Oldershaw et al., 2009). Value-based
ecision-making involves the use of cognitive processes required
o balance rewards, the expected value of such outcomes, as well
s the delays and efforts involved, and feedback received (Dixon
nd Christoff, 2014). The core regions associated with such pro-
esses have been identified as the ventromedial prefrontal cortex
VMPFC), orbitofrontal cortex (OFC), and cingulate cortex, as well
s the ventral striatum and amygdala (Dixon and Christoff, 2014),

Although outside of our inclusion criteria, Malloy-Diniz and col-
eagues found further evidence to support a link between repeat
elf-harm and decision-making: there was a significant nega-
ive correlation between the number of suicide attempts and
ecision-making results (as measured with the IGT) (Malloy-Diniz
t al., 2009). Studies assessing general self-harm behaviour and
ecision-making also provide support. A recent meta-analysis of
eurocognitive factors and general suicidal behaviour found that,
ver nine studies, IGT scores were significantly lower in 299 sui-
ide attempters than 281 patient controls with a moderate effect
ize (g = −0.47, 95% confidence intervals −0.65 to −0.29) as well
s 250 suicide attempters versus 350 healthy controls (Richard-
evantoy et al., 2014a). Furthermore, adolescents who previously

elf-harmed but are no longer engaging in this behaviour appear
o have normal decision-making abilities (Oldershaw et al., 2009),
ndicating that perhaps deficits in decision-making are specific to
urrent self-harm. However, Jollant authored two studies that were
nable to provide supportive evidence, but which did not meet

nclusion criteria. In his 2005 non-imaging study, there was no sig-
ificant correlation in secondary analysis between the number of
uicide attempts and performance on the IGT (Jollant et al., 2005).
here was also no correlation between adults who  showed risky
ecision-making and activation in the lateral orbitofrontal cortex,
nd the number of previous self-harm episodes in a later fMRI study
Jollant et al., 2010).

Therefore, considering the supportive data so far in terms of
elf-harm, and for repetition, decision-making could be a clinically
mportant factor for self-harm risk prognostication and therapy,
nd definitely merits future research attention.

.3.4. Memory processing
There were too few studies (n = 2), both limited to autobiograph-

cal memory, to draw any firm conclusions from the inconsistency
f results.

There is some cognitive plausibility for this factor to be involved
ith self-harm behaviour: impaired autobiographical memory

torage and recall might prevent an individual from using these
emories appropriately to protect themselves from any painful

uture consequences (Liu et al., 2013) and from using these mem-
ries to guide problem solving (van Heeringen, 2003).

Other studies, which did not meet criteria for inclusion in
he current review, found associations between impairments in

emory (especially autobiographical memory) and repetition of
elf-harm (Richard-Devantoy et al., 2015). Sinclair found that low
emory specificity mediated the association between childhood

exual abuse and “recent” self-harm episodes (Sinclair et al., 2007).
owever, it was not able to be included because it classified “recent

elf-harm” as occurring within the last year, which was an exclusion
riteria for the current review. Larkin and colleagues’ systematic
eview of prospective hospital studies found that a few studies
ssessed autobiographical memory and overall there was  a small
ssociation with repetition of self-harm (Larkin et al., 2014). There

ay  also be other important aspects of memory: Martinez-Aran

etermined that impairments of verbal memory (on the California
erbal Learning Test) were correlated with the number of suicide
ttempts in secondary analyses (Martinez-Aran et al., 2004).
havioral Reviews 72 (2017) 261–277 273

In summary, no conclusions can be drawn from this review due
to limited evidence. However, the included studies put in the con-
text of other evidence suggest that further research is merited to
determine if associations do exist, and to what extent impairments
in different memory domains may predict repetition of self-harm.

4.3.5. Emotional-processing (and the close relation with imaging
studies)

There were no data for emotional-processing in this review.
However, as previously mentioned, we await further report of
findings from a conference abstract which used imaging methods
(structural MRI, fMRI, diffusion tensor imaging) and an emotional-
processing (faces) task alongside other tasks (Blumberg, 2014). The
study was  longitudinal involving adolescents with suicide attempts
and either bipolar disorder or depressive disorder, and matched
healthy controls.

Work on emotional-processing usually requires use of imaging
methods. Jollant and colleagues performed a seminal emotional-
processing study, demonstrating that in remitted patients with
self-harm history compared to patient controls there was increased
activation in the right OFC to angry faces and in the right anterior
cingulate cortex (ACC) to mild happy versus neutral faces (Jollant
et al., 2008b). In this study, the number of previous self-harm
episodes was recorded, but this was  not analysed alongside the
emotional processing data. Pan et al. partly replicated this impor-
tant work in adolescents: they also found activation level changes in
the ACC and related brain areas on happy and angry versus neutral
faces (Pan et al., 2013) in adolescents with suicidal attempts versus
depressed controls. Therefore, emotional processing appears to be
an important facet of neurocognition in terms of self-harm, and
thus it deserves further investigation into its relevance for predict-
ing repetition.

4.3.6. Other important findings from imaging studies
Imaging studies in neurocognition and self-harm would allow us

to connect structural brain abnormalities with functional changes,
and so understand the underlying cognitive mechanisms. Van
Heeringen and colleagues published a recent systematic review
and meta-analysis of structural and functional MRI  studies exam-
ining general suicidal behaviour (van Heeringen et al., 2014),
identifying activation foci from 12 studies including 213 suicide
attempters with mental illness and 262 psychiatric controls. In
those with suicidal history, compared to without, there was an
increased activation during emotional tasks (such as exposure
to emotionally-charged faces) in the rostral ACC, and decreased
activation during non-emotional cognitive tasks (such as the IGT
(decision-making), or the Go/No-go task (cognitive control)) in the
dorsal ACC (van Heeringen et al., 2014). Previous studies have
demonstrated decreased grey matter in the OFC, ACC, and pre-
frontal cortex (PFC) associated with suicide attempts (Benedetti
et al., 2011; Monkul et al., 2007), and volume changes of the right
amygdala (Monkul et al., 2007). These structural abnormalities may
impair the functioning of the amygdalo-orbitofrontal-cingulate
network, thereby preventing the amygdala from inhibiting the OFC
and PFC, and the OFC from inhibiting the ACC appropriately (de
Cates and Broome, 2016). The neurocognitive factors in the cur-
rent review are thought to be located or connected to these brain
regions and network.

4.4. Strengths and limitations of this systematic review
There were several strengths of this current review, including
a comprehensive data search, duplication of processes with good
agreement, and an assessment of risk of bias for all included studies.
Due to the high level of heterogeneity in included studies, even after
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ividing into groupings based on neurocognitive factor, we avoided
n inappropriate meta-analysis (Higgins and Green, 2011).

Unfortunately, non-English studies were excluded, and most
tudies were conducted in adults, in Western countries, and using
articipants with no specific diagnosis. This therefore limits the
eneralisability of review findings to other populations.

Self-harm is a global problem, with approximately one million
eaths per year around the world (WHO, 2015). Moreover, differ-
nces in cognitive functions have been shown between different
ultural groups (Han and Northoff, 2009). A hypothesis that culture
ay modify the relationship between cognition and suicide risk
ill need to be specifically tested. The paucity of data in adolescents

s a common problem, especially present in self-harm research,
ue to extra safeguards in terms of ethical approval, recruitment
nd consent (Barzilay and Apter, 2014; Hawton et al., 2012), and
hen assessing neurocognitive factors (Gorlyn, 2005). Moreover,

o study directly compared age groups, preventing us to exam-
ne potential differences in the link between cognitive functioning
nd repetition of self-harm according to developmental and aging
tages. Self-harm and the relationship with diagnosis is a compli-
ated issue. The Research Domain Criteria approach of the NIMH
oes suggests that we should be focussing on trans-diagnostic pro-
esses (Walter, 2013). Nonetheless, the presence of a specific illness
ay  have some relevance: Hawton and colleagues have shown

he potential importance of the diagnosis of depression in par-
icular in self-harm research (Hawton et al., 2013; Hawton et al.,
999), although the vast majority of those with depression do
ot attempt suicide (Chen and Dilsaver, 1996). Furthermore, and
erhaps surprisingly, some studies in patients with schizophrenia
howed cognitive deficits to be more pronounced in those without
elf-harm history as opposed to those with self-harm (Richard-
evantoy et al., 2014b). Therefore, it seems likely that self-harm
eeds to be understood in the context of any mental illness present,
ut not be defined by its presence or absence. In our review, only
ne included study exclusively recruited patients with depression
Oldershaw et al., 2009), and so it was not possible to assess the
xtent of depression on trait-dependent neurocognitive vulnera-
ility.

Another issue with research examining repetition of self-harm is
hat self-harm and particularly suicide are rare events. To be com-
rehensive and maximise data available for analysis, all types of
elf-harm were included. Therefore, studies assessing non-suicidal
elf-injury (NSSI)/self-injurious behaviour (SIB) were included as

 type of self-harm at baseline and at follow-up. Some may  argue
hat NSSI is not related to suicide attempts, especially in the United
tates where NSSI has been segregated from “suicidal behaviour
yndrome” in the new DSM-5 (APA, 2015). However, the major-
ty of the evidence indicates that any form of self-harm, regardless
f intent, increases the risk of future self-harm and suicide (Brent,
011; Groschwitz et al., 2015; Owens et al., 2002; Wilkinson et al.,
011).

Self-harm in all settings (hospital and community) and using
ll methods (self-cutting, overdose, hanging etc.) were included in
he current review for comprehensiveness, and analysed together.
t is difficult to determine if there is a difference between commu-
ity and hospital presentations of self-harm due to a lack of direct
omparison studies, and excluding community self-harm risks
nder-representing repetition in particular. We  therefore noted the
etting for each study and made this clear in the study character-
stics tables for each neurocognitive factor. Some have argued that
sychological underpinning of individuals with different methods
ay  be different: self-cutters may  be undertaking this behaviour to
elease tension, whereas those who overdose for example may  be
ore motivated by thoughts of death (Rodham et al., 2004). How-

ver, recent cohort analysis indicates that many individuals switch
elf-harm methods in subsequent episodes, and so division of par-
havioral Reviews 72 (2017) 261–277

ticipants by methods alone for prediction of repetition may  not be
appropriate (Owens et al., 2015).

Ideally, we would have liked to use the findings of this review to
determine the predictive power of different neurocognitive tasks in
terms of repetition of self-harm. However, in general, where studies
determined that there was no association between a neurocogni-
tive factor and repetition of self-harm, no statistics or detailed data
were reported (e.g. five out of seven studies using MEPS, both stud-
ies using Go-Stop, the only study using TMT, two out of three studies
using CPT). Therefore, making comments in terms of the negative
predictive power of tasks is particularly difficult. Nonetheless, due
to the variability seen in findings across studies for many tasks
(such as the Emotional Stroop, CPT), the sensitivity and specificity
is likely to be low. Furthermore, even with tasks that may  show
promise (such as the IAT, although this only involved one study),
only 31.8% of those identified as potentially high risk (according
to a strong association between death/suicide and self) actually
repeated self-harm over 6 months. In other words, the false pos-
itive rate was approximately 68%. Therefore, the main strength
of neurocognitive factors may  prove to be in terms of identifying
mechanisms for repetition of self-harm rather than as risk factors
in isolation for prediction of repetition.

5. Conclusions

In conclusion, the evidence base is patchy and inconsistent for
most neurocognitive factors in terms of potential associations with
repetition of self-harm. Furthermore, the majority of data for prob-
lem solving, particularly using the MEPS measure, demonstrated no
association with repetition of self-harm. However, there were some
promising findings for certain neurocognitive factors and tasks.
Therefore, further research and re-analyses of data for decision-
making, emotional-processing, different memory domains, and
aspects of cognitive control is recommended.

At this time, neurocognitive variables may be most appropri-
ate for understanding the neural mechanisms underlying self-harm
behaviour. However, combining variables may lead to future clini-
cal applications, such as (i) enhanced risk assessments of self-harm
to include bedside tests of specific neurocognitive factors (along-
side demographics and clinical factors), and (ii) targeted treatment
of individual neurocognitive deficits, potentially using tailored cog-
nitive therapy, targeted neurophysiological techniques (e.g. brain
stimulation) or pharmacotherapy (de Cates and Broome, 2016).
Early intervention after episodes of self-harm or suicidal ideation
in this targeted manner could potentially reduce the risk of these
patients repeating self-harm and/or requiring longer term support
from mental health services.

Acknowledgements

AdeC was in receipt of a National Institute for Health Research
(NIHR) Academic Clinical Fellowship at the time of this review.

KH is a National Institute for Health Research (NIHR) Senior
Investigator.

KR is supported by the National Institute for Health Research
(NIHR) Collaboration for Leadership in Applied Health Research and
Care West Midlands.

The NIHR had no other input into the research described or the
drafting of this article.

Appendix A.
Appendix A1: Medline search strategy

1. deliberate self-harm.mp.
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2. self-harm.mp.
3. deliberate self harm.mp.
4. suicid*.mp. or exp Self Mutilation/or exp Suicide,

ttempted/or exp Self-Injurious Behavior/or self harm.mp. or
xp Suicide/

5 repet*.mp.
6 repeat*.mp.
7  persist*.mp.
8  predict*.mp.
9  decision making.mp. or exp Decision Making/
10 decision-making.mp.
11. decis*.mp.
12. exp Problem Solving/or problem solving.mp. or problem-

olving.mp.
13. cogniti*.mp.
14. aggress*.mp. or exp Aggression/or exp Impulse Control Dis-

rders/or exp Impulsive Behavior/or impuls*.mp.

15. emotion*.mp. or exp Emotions/or exp Facial Expression/or

xp Arousal/or exp Affect/
16. amygdala.mp. or exp Amygdala/

Study Study type SH assessment
(definition)

Cognitive or
self-assessment
(measure)

Participants: 

M/F, age

Blumberg
(2014)
Adult USA

Case-control
imaging plus
longitudinal
F/U

Suicide
attempt (not
defined)

Imaging (fMRI) &
cognitive emotional
processing (faces task)

N = unclear:
51 suicide att
63 affective c
Unclear numb

Key: SH = self-harm, M/F  = male/female, F/U = follow up, HC = healthy c
resonance imaging, USA = United States.
havioral Reviews 72 (2017) 261–277 275

17. orbitofrontal cortex.mp. or exp Prefrontal cortex/
18. dorsolateral prefrontal cortex.mp.
19. anterior cingulate cortex.mp. or exp Gyrus Cinguli/
20. 1 or 2 or 3 or 4
21. 5 or 6 or 7 or 8
22. 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19
23. 20 and 21 and 22

Appendix A2: Results of database searches

Medline search (4/3/15): 2145 results
Embase search (4/3/15): 4320 results
PsycINFO search (6/3/15): 249 results
CINAHL search (4/3/15): 647 results
The Cochrane Library search (4/3/15): 193 results
Web  of Science search (4/3/15): 3571 results
Total results from all databases = 11125
Unique references after removal of duplicates = 6990

Appendix A3: Pending study: study characteristics.

number, Diagnosis Length F/U Loss to F/U Repetition of
SH − form

Repetition of SH
−  frequency

empters;
ontrols;
er HC

Affective
disorder

Unclear Not given Repeaters vs
non-repeaters
over F/U

Not given

ontrols, N/A = not applicable, fMRI = functional magnetic
Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.neubiorev.2016.10.032.
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