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Abstract

We conducted a meta-analysis of neurobehavioral and neurocognitive indices of impulsivity in 

relation to suicidal thoughts and behaviors, as well as non-suicidal self-injury (NSSI). In our 

systematic review, 34 studies were identified and submitted to a random-effects meta-analysis. A 

small pooled effect size was observed for the association between behavioral impulsivity and NSSI 

(OR=1.34, p < .05). A small-to-medium pooled effect size (OR=2.23, p < .001) was found for the 

association between behavioral impulsivity and suicide attempts, and a medium-to-large pooled 

effect size was observed for this outcome in relation to cognitive impulsivity (OR=3.14, p < .01). 

Length of time between suicide attempt and impulsivity assessment moderated the strength of the 

relation between impulsivity and attempts, with a large pooled effect size (OR=5.54, p < .001) 

evident when the suicide attempt occurred within a month of behavioral impulsivity assessment. 

Studies of clinically significant NSSI temporally proximal to impulsivity assessment are needed. 

Longitudinal research is required to clarify the prognostic value of behavioral and cognitive 

impulsivity for short-term risk for self-harm.
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1. Introduction

Suicide continues to be a major public health concern. Despite increased intervention efforts 

to address this issue, the prevalence rate of this behavior has increased 24% over the last 15 
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years (Centers for Disease Control and Prevention, 2016a). In contrast, mortality rates for 

other leading causes of death have declined appreciably, with death from pediatric cancer, 

for example, down 20% over this same time period (Centers for Disease Control and 

Prevention, 2016b). To advance our ability effectively to prevent suicide, there is a need for a 

better understanding of potential processes underlying the occurrence of suicidal thoughts 

and behaviors.

Similarly in need of progress in this regard is non-suicidal self-injury (NSSI), defined as 

direct and deliberate destruction of one's own bodily tissue in the absence of suicidal intent 

(Nock, 2010), a clinical phenomenon of particular concern, given the current absence of 

empirically supported treatments for this behavior (Calati and Courtet, 2016; Ougrin et al., 

2015). In addition to being a clinical concern in its own right, NSSI has recently been 

identified as a stronger predictor of future suicidal behaviors than is their past occurrence 

(Asarnow et al., 2011; Wilkinson et al., 2011). In fact, a recent meta-analysis has found 

NSSI to be the strongest risk factor, among all forms of self-injurious thoughts and 

behaviors, for suicide attempts, with a large pooled effect size observed for this relationship 

(Ribeiro et al., 2016). One mechanism of potential relevance to suicide and NSSI is 

impulsivity. It is featured in several theoretical models of these self-harm behaviors (Mann et 

al., 2005; Nock, 2010; van Heeringen and Mann, 2014; Van Orden et al., 2010). 

Furthermore, it is among the most widely studied constructs in relation to suicide (Wenzel 

and Beck, 2008), and has been similarly much studied in the context of NSSI (Hamza et al., 

2015). Meta-analyses have recently been conducted to evaluate the strength of the 

association between impulsivity and suicide attempts (Anestis et al., 2014) and NSSI 

(Hamza et al., 2015), respectively.

Although these meta-analytic reviews offer a significant advancement in our understanding 

of impulsivity in relation to NSSI and suicidal behavior, important aspects of these 

relationships remain unaddressed. In particular, although the previous meta-analysis of 

impulsivity and suicide (Anestis et al., 2014) cleanly observed the important distinction 

between suicidal behavior and related constructs (e.g., NSSI and suicidal ideation; see Brent, 

2011; Klonsky et al., 2016; Mars et al., 2014; van Heeringen et al., 2011; Wichstrøm, 2009), 

impulsivity, conversely, was treated as a single homogenous, unitary construct. The recent 

review of impulsivity and NSSI (Hamza et al., 2015) provided a methodological 

advancement in several ways, including by differentiating between different facets of 

impulsivity in commonly used self-report measures, and by conducting analyses with task-

based indices of impulsivity separately from these self-report indices. Yet, this review did 

not distinguish between notably different facets of impulsivity indexed by the task-based 

measures, instead grouping them together as a single variable in analyses. Furthermore, it 

included only three studies employing these task-based measures, which hindered its ability 

accurately to characterize the strength of the relationship between associated facets of 

impulsivity and NSSI.

Although the approaches adopted in these reviews are consistent with self-harm research in 

general, in that most studies of impulsivity and self-injurious thoughts and behaviors have 

utilized unidimensional measures of impulsivity without a clear conceptual framework for 

this construct, these reviews stand in contrast with the broader impulsivity literature, and 

Liu et al. Page 2

Neurosci Biobehav Rev. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



addictions research particularly, wherein impulsivity has been recognized as a 

multidimensional construct, with important distinctions existing between different aspects of 

this construct (Cyders and Coskunpinar, 2011; Hamilton et al., 2015a, 2015b; Whiteside and 

Lynam, 2001; Winstanley et al., 2006). Indeed, several facets of impulsivity are believed to 

differ in their underlying neural basis (Hamilton et al., 2015a; Winstanley et al., 2006). 

Several researchers have therefore stated that observing the multidimensional nature of 

impulsivity is essential for its potential to provide a more sensitive means for studying 

suicide risk (Klonsky and May, 2010; Watkins and Meyer, 2013).

Within a behavioral and cognitive neuroscience framework (Peters and Büchel, 2011; 

Robbins et al., 2012; Winstanley et al., 2010), impulsivity has been conceptualized as 

involving (i) impulsive choice (i.e., cognitive impulsivity) and (ii) impulsive action (i.e., 

behavioral or motor impulsivity). Cognitive impulsivity is characterized by the tendency to 

prefer small immediate rewards over larger delayed ones. In contrast, behavioral impulsivity 

refers to difficulty preventing the initiation of a behavior or stopping a behavior that has 

already been initiated (for thorough treatments by the International Society for Research on 

Impulsivity of these two forms of impulsivity, their respective underlying neural circuitry, 

and relevant measurement considerations, see Hamilton et al., 2015a, 2015b). Supporting the 

view that these two forms of impulsivity are distinct facets of the same construct, they have 

been found to be weakly correlated with each other (Hamilton et al., 2015a; Lane et al., 

2003; Reynolds et al., 2006).

This distinction between these dimensions of impulsivity has been supported by the finding 

across multiple studies that they possess distinct underlying neural correlates (Hamilton et 

al., 2015a; van Gaalen et al., 2006a, 2006b; Whelan et al., 2012; Winstanley et al., 2006). 

Specifically, the orbitofrontal cortex (OFC) and basolateral amygdala (BLA) appear to be 

uniquely involved in cognitive impulsivity (Ouellet et al., 2015; Peters and Büchel, 2011; 

Winstanley et al., 2006, 2004), but not behavioral impulsivity (Bari and Robbins, 2013; 

Winstanley et al., 2006). Additionally, several studies have consistently found that activation 

of the ventral striatum and ventral medial prefrontal cortex (vmPFC) is correlated with 

discounting of future rewards in a commonly used paradigm for indexing cognitive 

impulsivity, the delay discounting task (Peters and Büchel, 2011). Moreover, studies 

involving lesions to the nucleus accumbens have found no measurable effect on performance 

on behavioral impulsivity paradigms (e.g., the stop signal task), but an appreciable decline in 

performance on measures of cognitive impulsivity (e.g., the delay discounting task; 

Winstanley et al., 2006). In contrast, the ventrolateral PFC, particularly the right inferior 

frontal gyrus (rIFG) has been implicated in behavioral impulsivity, with much of the 

supporting evidence coming from lesion and fMRI studies with tasks measuring response 

inhibition (Aron et al., 2003; Bari and Robbins, 2013; Winstanley et al., 2006). These forms 

of impulsivity, and observing the distinction between them, are therefore important insofar 

as they may function as distinct bio-behavioral risk factors for self-injurious thoughts and 

behaviors (Brent, 2009; Joiner et al., 2005; Spirito and Esposito-Smythers, 2006). 

Maintaining the distinction between behavioral and cognitive impulsivity is of particular 

value insofar as establishing their potential respective associations with self-injurious 

thoughts and behaviors may elucidate the underlying neural processes (e.g., the rIFG in the 
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case of behavioral impulsivity and OFC in the case of cognitive impulsivity) relevant to 

these clinical outcomes.

Not only is the distinction between cognitive and behavioral impulsivity important, but so 

too is the conceptual distinction between task-based measures, typically used to indexed 

these aspects of impulsivity, and self-report measures of this construct. Self-report 

questionnaires are generally viewed as trait indicators of impulsivity, whereas task-based 

measures are more state-sensitive indices of this construct1 (Cyders and Coskunpinar, 2011; 

Dougherty et al., 2004a; Moeller et al., 2001). Supporting the significance of this conceptual 

distinction, several studies have found these trait and state-sensitive measures of impulsivity 

to be only modestly correlated with each other (Bagge et al., 2013; Cyders and Coskunpinar, 

2012, 2011; Peters and Büchel, 2011; Reynolds et al., 2008; Wu et al., 2009), and of 

particular relevance to the current context, to differ notably in their relation with self-harm 

(Glenn and Klonsky, 2010). This state-sensitive nature of neurobehavioral and 

neurocognitive indicators of impulsivity makes them of particular interest in the study of 

self-injurious thoughts and behaviors insofar as they have potential to inform models of 

short-term risk, rather than general risk, for these outcomes. That is, although trait 

impulsivity, the predominant focus of prior meta-analyses (Anestis et al., 2014; Hamza et al., 

2015), may be of relevance to determining long-term risk, state-sensitive indices of 

impulsivity have the potential to address the identified need for indicators of immediate risk 

for self-injurious thoughts and behaviors (National Action Alliance for Suicide Prevention, 

2014). Furthermore, self-report measures of trait impulsivity are naturally more vulnerable 

to response biases (e.g., minimization in individuals disinclined to be viewed as impulsive), 

and given their inherently subjective nature, accurate only insofar as the respondent has 

insight into his or her own behavioral tendencies (Cyders and Coskunpinar, 2011; Nisbett 

and Wilson, 1977). For these reasons, as well, task-based measures may more accurate 

reflect their intended construct and thus be of greater utility in assessing risk.

Collapsing across behavioral and cognitive impulsivity and combining self-report and task-

based methodologies therefore risks obscuring meaningful differences in their relation with 

self-injurious thoughts and behaviors. Adopting theoretically driven operationalizations of 

impulsivity that observe distinctions between different aspects of this construct is important 

for its greater potential to contribute to the empirical literature. Thus, the objective of the 

current meta-analysis was to build on prior reviews by evaluating impulsivity within a 

behavioral and cognitive neuroscience perspective in association with NSSI and suicidal 

thoughts and behaviors, specifically, focusing exclusively on state-sensitive neurobehavioral 

and neurocognitive indices of impulsivity. In this meta-analysis, behavioral and cognitive 

impulsivity were examined separately in association with these clinical outcomes, with the 

aim of characterizing the strength of these relationships across existing studies in the 

empirical literature.

1Here, we refer to the influence of the individual’s current state on performance on a specific measure of impulsivity, rather than self-
reported general tendencies for affect to increase impulsivity (e.g., negative urgency).
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2. Method

2.1. Search strategy and eligibility criteria

A systematic search of the literature was conducted in PsycINFO and MEDLINE to identify 

studies of potential relevance to the current review. The following search string was applied: 

(suicid* OR self-harm OR parasuicid* OR self-injur* OR mutilat*) AND (impulsiv* OR 

“response inhibition” OR “delay discounting” OR “delayed reward” OR “stop signal” OR 

“continuous performance” OR “attentional control” OR “behavioural control” OR 

“behavioral control” OR “go/no” OR “go no”). The search results were limited to: (i) 

English-language publications, (ii) journal publications, and (iii) publications since and 

including the year (2001) of the first study of self-injurious thoughts and behaviors (Horesh, 

2001) to utilize a neurobehavioral or neurocognitive measure of impulsivity. This search 

strategy yielded a total of 2,590 articles, of which 1,752 were unique reports. Each unique 

search result was reviewed by at least two independent raters to determine eligibility. In 

cases where the eligibility of an article could not be ruled out based on the title and abstract, 

the full text was also examined. Discrepancies in coding article eligibility were rare (0.7% of 

unique search results) and resolved by the first author.

The study inclusion criteria were: (i) NSSI and/or any aspect of suicidal ideation or behavior 

(e.g., suicidal ideation [SI], suicide attempt) was assessed, with the distinction between 

NSSI and suicide attempts being observed in studies including at least one of these 

outcomes; (ii) the time frame covered by the measure of NSSI and/or suicidal ideation and 

behavior was consistent across all study participants; (iii) neurobehavioral or neurocognitive 

indices of impulsivity, consistent with conceptualizations of these constructs by the 

International Society for Research on Impulsivity (see Hamilton et al., 2015a, 2015b), were 

included; and (iv) quantitative data were presented on the association between any of these 

forms of impulsivity and NSSI and/or any aspect of suicidal ideation and behavior. In the 

case of studies where more information on the measurement of NSSI or suicidal ideation or 

behavior was needed to determine study eligibility, every effort was made to obtain 

additional details in other publications describing the measure (e.g., other publications based 

on the same dataset) and through direct contact with the corresponding authors.

Using these inclusion criteria, we excluded 1,616 reports based on their titles and abstracts. 

After this initial screen, an additional 102 were excluded based on a detailed full-text review, 

leaving a set of 34 publications satisfying the eligibility criteria (see Figure 1 for PRISMA 

flow chart). Studies were excluded based on full-text review because they: (i) did not assess 

the relation between impulsivity and a specific form of self-injurious thoughts or behaviors 

(n = 44); (ii) did not include neurobehavioral or neurocognitive indices of impulsivity (n = 

22); (iii) were psychological autopsy studies (n = 11); (iv) provided insufficient data for 

meta-analysis (n = 10)2; (v) conflated NSSI with suicide attempts (n = 6); (vi) featured a 

sample that overlapped with that of a study already selected for inclusion and examined the 

same form of impulsivity in relation to the same outcome of interest (n = 5);3 (vii) provided 

2These 10 studies were excluded after attempts to contact the study authors did not produce sufficient data for inclusion in the meta-
analysis. An eleventh study (Dombrovski et al., 2011) similarly did not report data required for meta-analysis, but was retained after 
the necessary data were obtained from the study authors.
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a non-systematic assessment of NSSI or suicidal ideation or behavior across participants (n 

= 3); and (viii) were a narrative review publication (n = 1).

2.2. Data extraction

To conduct our primary analyses and to assess for potential moderators, we extracted all 

necessary data for computing effect size (e.g., means, standard deviations, and sample size), 

as well as data on nine study characteristics. Four sample characteristics were extracted: (i) 

sample age group (i.e., youth versus adult); (ii) mean age of sample; (iii) sample clinical 

status (i.e., community versus clinical or mixed); and (iv) percentage of female participants 

in the study sample. Data for five study design characteristics were also extracted, including: 

(i) form of self-injurious thoughts or behaviors (i.e., NSSI, SI, suicide attempt, 

impulsiveness of attempt, and severity of suicidal behavior); (ii) self-harm instrument (i.e. 

self-report versus interview); (iii) time-frame of self-harm assessment; (iv) cross-sectional 

versus longitudinal design; and (v) form of impulsivity assessed (i.e., behavioral or 

cognitive). As noted above, we adhered to the International Society for Research on 

Impulsivity’s conceptualizations of these aspects of impulsivity (Hamilton et al., 2015a, 

2015b). In particular, the following paradigms, along with their variations, were included as 

measures of behavioral impulsivity: the go/no-go task, stop-signal task, and continuous 

performance test. Of the existing measures of cognitive impulsivity, only the delay 

discounting task has been used in studies of self-harm. These studies have been included in 

this review.

Among these sample and study design characteristics, the following were evaluated as 

potential moderators: sample age, sample clinical status, percentage of female participants in 

the study sample, self-harm instrument, time-frame of self-harm assessment, and cross-

sectional versus longitudinal design. Of these potential moderators, several were of 

particular interest. First, given the conceptualization of task-based measures of impulsivity 

as being state-sensitive, we were especially interested in evaluating whether significantly 

larger effects would be observed for studies assessing impulsivity more proximally to the 

occurrence of self-injurious thoughts and behaviors. Additionally, the association between 

impulsivity, at least at the trait level, and suicidal behavior has been found to be stronger in 

adolescence than in early adulthood (Kasen et al., 2011; McGirr et al., 2008). We therefore 

evaluated whether a similar stronger effect for task-based indices of impulsivity and self-

injurious thoughts and behaviors would be observed in adolescents relative to adults.

2.3. Data analysis

All analyses were conducted with Comprehensive Meta-Analysis Version 3.3.070 (Biostat, 

2014). The odds ratio (OR) was used as the primary index of effect size. In cases where ORs 

3Several studies featured overlapping samples. Whenever it remained unclear after inspection of the full text whether two studies 
reported on overlapping samples, the study authors were contacted to seek clarity on this issue. In cases where two studies used the 
same or overlapping samples but examined different outcomes (e.g., NSSI and suicide attempts), both studies were retained for 
respective analyses involving these outcomes. In all but one case where two studies used overlapping samples to examine the same 
outcome, identical measures of behavioral or cognitive impulsivity were also used. In these cases, the study with the larger sample size 
for the relevant analysis was retained. For the one case where two studies (Keilp et al., 2013, 2008) used overlapping samples to assess 
the same outcome and different measures of behavioral impulsivity were employed, the study (Keilp et al., 2008) that afforded the 
larger sample size for analysis was retained.
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were not reported, they were derived whenever possible from available data reported in the 

study (e.g., means and standard deviations, correlation). All ORs were calculated such that 

values greater than 1 indicated a positive association between impulsivity and self-injurious 

thoughts or behaviors (i.e., impulsivity is associated with greater odds of engaging in NSSI 

or self-injurious thoughts or behaviors). The overall weighted effect size was calculated by 

pooling ORs across all relevant studies. For all analyses, random-effects models were 

generated in preference to fixed-effects models, so as to account for the high expected 

heterogeneity across studies resulting from differences in samples, measures, and design. 

Heterogeneity across the studies was evaluated using the I2 statistic. I2 indicates the 

percentage of the variance in an effect estimate that is due to heterogeneity across studies 

rather than sampling error (i.e., chance). Low heterogeneity is indicated by I2 values of 

around 25%, and moderate heterogeneity by I2 values of 50%. Substantial heterogeneity that 

is due to real differences in study samples and methodology is indicated by an I2 value of 

75%, which suggests that the observed heterogeneity is more than would be expected with 

random error (Higgins et al., 2003). In cases where high heterogeneity is observed, random-

effects models are more appropriate than fixed-effects models in that they account for this 

heterogeneity by incorporating both sampling and study-level errors, with the pooled effect 

size representing the mean of a distribution of true effect sizes instead of a single true effect 

size. In contrast, fixed-effects models assume that a single true effect size exists across all 

studies and any variance detected is due strictly to sampling error. It thus estimates only 

within-study variance.

High heterogeneity is indicative of the need for moderator analyses to account for potential 

sources of this heterogeneity. Each potential moderator was first assessed individually, with 

the effect size at each level of the moderator estimated. Where possible and significance was 

detected for at least one moderator, these analyses were followed with a meta-regression 

with unrestricted maximum likelihood evaluating all moderators simultaneously. A common 

concern in meta-analyses is the possibility of publication bias. That is, studies with small 

effect sizes or non-significant findings are less likely to be published, and thus may be more 

likely to be excluded from meta-analyses, resulting in a potentially inflated estimate of the 

overall effect size. To assess for the presence of a potential publication bias, the following 

publication bias indices were calculated: Orwin’s fail-safe N (Orwin, 1983), Duval and 

Tweedie’s trim-and-fill analysis (Duval and Tweedie, 2000), and Egger’s regression 

intercept (Egger et al., 1997). Orwin’s fail-safe N is an index of the robustness of the overall 

effect, providing an estimate of how many studies with an effect size of zero would be 

required to reduce the overall effect size in a meta-analysis to a trivial or non-significant 

effect. Egger’s regression test assesses for the presence of a common form of bias, whether 

small studies tend to yield larger effects and are thereby biasing the results. Duval and 

Tweedie’s trim-and-fill analysis first generates an estimate of the number of studies likely 

missing due to publication bias, based on asymmetry in a funnel plot of the standard error of 

each study in a meta-analysis (based on the study’s sample size) against the study’s effect 

size, and then imputes the pooled effect size accounting for these missing studies.
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3. Results

Thirty four publications assessing the relation between an aspect of impulsivity (i.e., 

behavioral or cognitive) and an aspect of self-injurious thoughts or behaviors were included 

in the meta-analysis.4 Six publications, reporting on seven studies, examined the relation 

between impulsivity and NSSI (Auerbach et al., 2014; Fikke et al., 2011; Glenn and 

Klonsky, 2010; Janis and Nock, 2009; McCloskey et al., 2012; Vega et al., 2015); four 

evaluated impulsivity in association with SI (Booij et al., 2006; Cáceda et al., 2014; 

Dombrovski et al., 2011; Westheide et al., 2008); 26 publications assessed impulsivity and 

suicide attempts (Brenner et al., 2015; Bridge et al., 2015; Cáceda et al., 2014; Chamberlain 

et al., 2013; de Moraes et al., 2013; Dombrovski et al., 2011; Dougherty et al., 2009, 2004b; 

Homaifar et al., 2012; Horesh, 2001; Jones et al., 2004; Keilp et al., 2014, 2008; Liu et al., 

2012; Malloy-Diniz et al., 2009; Mathias et al., 2011; Nangle et al., 2006; Pan et al., 2011; 

Raust et al., 2007; Richard-Devantoy et al., 2012, 2011, Swann et al., 2009, 2005; Westheide 

et al., 2008; Wojnar et al., 2009; Wu et al., 2009); three examined impulsivity relative to 

impulsiveness of suicide attempt (Dombrovski et al., 2011; Vanyukov et al., 2016; Wojnar et 

al., 2009); and three evaluated severity of suicide attempts as an outcome (Dombrovski et 

al., 2011; Keilp et al., 2008; Swann et al., 2005).5 For a summary of study details, see Table 

1. Although four studies employed a longitudinal design, all analyses of impulsivity and 

some aspect of self-harm were cross-sectional. Additionally, none of the studies featured 

self-report measures of suicide attempts.6 These study design considerations were therefore 

not included in any moderator analyses. A summary of all analyses is presented in Table 2.

3.1. NSSI

Across seven studies with eight unique effects,7 behavioral impulsivity was positively 

associated with NSSI. The weighted mean OR was 1.34 (95% CI = 1.00–1.79),8 p < .05. 

Since I2 < .01%, indicating low heterogeneity, moderator analyses were not conducted. As 

none of the studies reported statistically significant findings, assessment of publication bias 

was not indicated. A reliable estimate of the strength of the association between cognitive 

impulsivity and NSSI was not possible as only one study (Janis and Nock, 2009) examined 

this relationship.

3.2. Suicide attempts

For the association between behavioral impulsivity and suicide attempts, across 22 studies, 

pooled OR = 2.23 (95% CI = 1.69–2.94), p < .001. Heterogeneity was moderately high (I2 = 

53.47%, p < .01), indicating the appropriateness of moderator analyses. In our moderator 

analyses, the strength of the association between behavioral impulsivity and suicide attempts 

did not change as a function of the mean age of the study sample, regardless of whether 

mean age was treated as a categorical (p = .47) or continuous variable (b = .01, p = .21). This 

4Several studies employed multiple measures of impulsivity and/or examined several aspects of self-harm.
5A fifth study, not counted here, also examined impulsivity in relation to suicide attempt severity but did not report sufficient data for 
inclusion in the relevant analysis, and contacting the study authors yielded no additional data.
6Several studies featured essentially verbally administered self-report measures of this outcome. It was not always possible, however, 
reliably to differentiate between these measures and genuine interviews.
7One study yielded separate effects for males and females (Fikke et al., 2011).
8The lower end of the confidence interval was rounded down but exceeded 1.00.
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association was also not moderated by the percentage of female participants in each study (b 
< .01, p = .37). Time-frame of suicide attempt assessment was a significant moderator (p =.

001), with attempts occurring within a month prior to behavioral impulsivity assessment 

being associated with a stronger effect (OR = 5.54 [95% CI = 2.99–10.26], p < .001) than 

were attempts occurring at any point within the lifetime (OR = 1.78 [95% CI = 1.42–2.23], p 
< .001). In a meta-regression analysis, past-month suicide attempts remained more strongly 

associated with behavioral impulsivity than did lifetime attempts (b = 1.03, p < .001), 

whereas the strength of association between behavioral impulsivity and suicide attempts did 

not vary as function of age (b < .01, p = .43) and percentage of female participants in the 

sample (b < .01, p = .43).9 Separate analyses were conducted with suicide attempters 

compared to clinical controls and healthy controls, respectively. When suicide attempters 

were compared to clinical controls, the pooled OR was 1.70 (95% CI = 1.34–2.15), p < .001. 

In contrast, when suicide attempters were compared to healthy controls, the pooled OR was 

4.05 (95% CI = 1.93–8.49), p < .001.

In our assessment of potential publication bias, Orwin’s fail-safe-N indicated that 164 

unpublished studies with an OR of 1.0 would be required to reduce the pooled effect size for 

the relation between behavioral impulsivity and suicide attempts to 1.1 (our a priori trivial 

effect size), suggesting that the observed weighted effect size is relatively robust. Egger’s 

regression test, however, indicated that significant publication bias was present (intercept = 

2.53, [95% CI = .61–4.45], t(20) = 2.75, p < .05). Additionally, the funnel plot of effect sizes 

was notably asymmetrical (Figure 2). When the trim-and-fill method was used to correct 

parameter estimates for potential publication bias, the adjusted weighted OR was reduced to 

1.61 (95% CI = 1.18–2.20).

The weighted effect size for the relation between cognitive impulsivity and suicide attempts, 

across six studies, was OR = 3.14 (95% CI = 1.48–6.67), p < .01. Heterogeneity was high (I2 

= 82.34%, p < .001), suggesting moderator analyses were warranted. The strength of the 

association between cognitive impulsivity and suicide attempts was not moderated by mean 

age as a categorical (p = .21) or continuous variable (b < .01, p = .89). Likewise, the 

percentage of female participants in the sample was not a significant moderator (b = −.02, p 
= .14). Again, time-frame of suicide attempt assessment moderated the strength of the 

association between cognitive impulsivity and suicide attempts (p < .05), with attempts 

occurring within a month prior to cognitive impulsivity assessment associated with a 

stronger effect (OR = 10.44 [95% CI = 3.91–27.87], p < .001) than were attempts assessed 

over the lifetime (OR = 2.52 [95% CI = 1.11–5.72], p < .05). This finding should be 

interpreted with caution, however, as only one study (Cáceda et al., 2014) assessed cognitive 

impulsivity in relation to suicide attempts occurring within the past month. A meta-

regression analysis was therefore not conducted. In separate analyses comparing suicide 

attempters to clinical and healthy controls, respectively, no differences were observed for 

healthy controls (OR = 7.98 [95% CI = .34–186.48], p = .20), but attempters were more 

impulsive than clinical controls (OR = 2.84 [95% CI = 1.34–6.03], p < .01). Again, caution 

9Results are presented for age as a continuous variable. When it was considered as a categorical variable, the results remained 
essentially unchanged.
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must be exercised in interpreting the finding regarding healthy controls, as it included only 

two studies (Cáceda et al., 2014; Dombrovski et al., 2011).

No evidence of publication bias was found. Orwin’s fail-safe-N indicated that 66 

unpublished studies with an OR of 1.0 would be required to reduce the pooled effect size for 

the relation between cognitive impulsivity and suicide attempts to 1.1. Egger’s regression 

test intercept = −3.39, (95% CI = −11.60–4.82], t(4) = 1.15, p = .32). The funnel plot of 

effect sizes was symmetrical (Figure 2).

3.3. NSSI versus suicide attempts

When the relation between behavioral impulsivity and NSSI was directly compared to that 

for this form of impulsivity and suicide attempts, a significant difference in effect size was 

observed (p = .01), with the association being stronger in the case of suicide attempts. With 

there being only one study of cognitive impulsivity and NSSI, it was not possible to compare 

the magnitude of this association with that for this type of impulsivity and suicide attempts.

3.4. Exploratory analyses

Exploratory analyses were conducted for specific aspects of suicidal ideation or behavior 

when two unique effects were available for the association between these outcomes and a 

specific facet of impulsivity. Additionally, effect sizes were also presented when only one 

unique effect was available. A measure of caution should be taken in interpreting these 

results, as a low number of effects may yield unstable estimates of effect sizes.

Across two studies of SI and behavioral impulsivity, no significant association was observed, 

with the weighted mean OR being 2.43 (95% CI = .84–7.02), p = .10. Contrastingly, across 

two studies of SI and cognitive impulsivity, the pooled OR was 6.47 (95% CI = 2.35–17.79), 

p < .001).

In the one study to assess impulsiveness of suicide attempts in relation to behavioral 

impulsivity, highly impulsive individuals were less likely to make planned attempts (OR = .

30 [95% CI = .12–.75], p = .01). Across two studies of cognitive impulsivity, a negative 

association was also observed with planned attempts (OR = .14 [95% CI = .02–0.81], p = .

03).

High-severity suicide attempts did not differ from low-severity attempts across two studies 

in terms of behavioral impulsivity (OR = 1.55 [95% CI = .76–3.15], p = .23). In the one 

study to examine suicide attempt severity relative to cognitive impulsivity, greater severity of 

attempt was associated with lower cognitive impulsivity (OR = .10 [95% CI = .02–.41], p < .

01)..

Finally, in the single study to evaluate NSSI in relation to cognitive impulsivity, a non-

significant association was found, albeit with a medium effect size (OR = 2.49 [95% CI = .

80–7.80], p = .12).
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4. Discussion

This review provides general support for self-injurious thoughts and behaviors being 

associated with greater impulsivity, as conceptualized within a behavioral and cognitive 

neuroscience perspective. The current findings differ significantly, however, from those of 

prior meta-analyses of suicide attempts (Anestis et al., 2014) and NSSI (Hamza et al., 2015), 

respectively, with larger mean effect sizes observed in the present case. These differences 

warrant consideration.

First, although we found greater behavioral impulsivity to be related to NSSI, interestingly, 

no significant effects were observed at the level of individual studies, and a recent meta-

analysis (Hamza et al., 2015) similarly did not find a significant pooled effect. When 

considered together with the small pooled effect in the current meta-analysis, this 

discrepancy likely indicates that each of the primary studies and the prior meta-analysis (k = 

3) were underpowered to detect an effect of this size. Caution should also be exercised in 

interpreting this modest effect, particularly when considering the degree to which clinically 

significant NSSI was present in these studies. Most studies featured NSSI inclusion criteria 

or subgroups with average frequency for this behavior falling below DSM-5 (American 

Psychiatric Association, 2013) criterion A (i.e., five days over 12 months; Fikke et al., 2011; 

Glenn and Klonsky, 2010; McCloskey et al., 2012; Vega et al., 2015). Additionally, only one 

study (Auerbach et al., 2014) assessed NSSI over a period of under 12 months, an important 

consideration given the state-sensitive nature of behavioral impulsivity measures (Cyders 

and Coskunpinar, 2011; Dougherty et al., 2004a; Moeller et al., 2001). Whether larger 

effects would be observed in studies with clinically significant NSSI proximal to assessment 

of behavioral impulsivity remains to be determined.

In the current meta-analysis, a small-to-medium effect was observed for the relation between 

suicide attempts and behavioral impulsivity, and a medium-to-large effect in the case of 

cognitive impulsivity. Contrastingly, in the previous meta-analysis of trait impulsivity and 

suicide attempts, a small effect was reported (Anestis et al., 2014). This difference is 

accentuated when recency of suicide attempt relative to time of assessment of behavioral 

impulsivity was considered in the current meta-analysis, particularly when restricted to past-

month attempts, which yielded a large effect size. Of note, lifetime suicide attempts were 

associated with a significantly smaller effect comparable to that observed in the prior meta-

analysis. Collectively, this pattern of findings may, in part, be accounted for by the exclusive 

focus of the current meta-analysis on neurobehavioral and neurocognitive indices of 

impulsivity, which as mentioned above, are state-sensitive (Cyders and Coskunpinar, 2011; 

Dougherty et al., 2004a; Moeller et al., 2001), and the contrasting emphasis of the prior 

meta-analysis on self-report trait impulsivity. Additionally, given that assessments of suicide 

attempts over the lifetime appear most common in the literature, and thus likely are most 

represented in the prior meta-analysis, this design characteristic may have diminished its 

observed effect size.

The findings of the current meta-analysis have implications for future study. Given the 

finding of a stronger association with behavioral impulsivity for suicide attempts relative to 

NSSI, an interesting question that remains unresolved is whether any observed relation with 
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these state-sensitive indices of impulsivity, for NSSI is simply an artifact of their shared 

association with suicidal behavior. Such a possibility is not implausible, given that suicidal 

and non-suicidal self-harm are strongly associated with each other (Klonsky et al., 2013; 

Ribeiro et al., 2016). Thus, individuals with a history of suicide attempts frequently have a 

history of NSSI as well. Additionally, a proportion of participants in studies of NSSI with a 

history of this behavior but not suicide attempts at the time of assessment are likely 

eventually to attempt. The current review was unable to assess this possibility. As a step 

toward evaluating this question, future research is required directly comparing three groups: 

(i) individuals with no self-harm history, (ii) those with a history of NSSI but not suicide 

attempts, (iii) those with a history of suicide attempts. If the association between impulsivity 

and NSSI is a function of their shared relation to suicidal behavior, no significant difference 

would be observed between the individuals with no self-harm history and the “pure” NSSI 

group, and both groups would be less impulsive than the suicide attempt group. In contrast, 

if NSSI is associated with impulsivity independent of suicidal behavior, both self-harm 

groups would be more impulsive than the group with no self-harm history.

Particularly noteworthy too is that all studies in this review employed cross-sectional 

analyses. Research featuring longitudinal analyses is required to evaluate whether behavioral 

and cognitive impulsivity are simply correlates of, or more importantly, risk factors for, self-

injurious thoughts and behaviors. Constructs that are only correlated with these clinical 

phenomena have no prognostic value, whereas risk factors, by definition, temporally precede 

and predict these outcomes, and therefore are of particular clinical importance (Kraemer et 

al., 1997).

Moreover, although notable as an indicator of general risk, trait impulsivity, a fixed marker 

of risk by definition, cannot inform our understanding of causal risk factors for self-injurious 

thoughts and behaviors (Kraemer et al., 2001, 1997). In contrast, state-sensitive 

neurobehavioral and neurocognitive indices of impulsivity, inasmuch as they may prove to 

be variable markers of risk, hold promise as candidates for causal risk factors for these 

outcomes. Furthermore, as mentioned above, these latter indices of impulsivity are more 

clinically meaningful insofar as they may reflect proximal, rather than general, risk for self-

injurious thoughts and behaviors; they may lend temporal clarity as to when clinical 

intervention is warranted for at-risk individuals. That is, whereas trait impulsivity may aid in 

identifying who is at risk, indices of state-sensitive impulsivity may facilitate determination 

of when these individuals are most at risk. That the strength of the association between 

behavioral impulsivity and suicide attempts was significantly stronger in the current meta-

analysis when the assessment of the former was more proximal to the occurrence of the 

latter is congruent with this possibility. Longitudinal research evaluating the predictive 

validity of these indices, especially for short-term risk, is therefore indicated.

Within this context, there is a need to employ multiple task-based measures reflecting 

different facets of impulsivity, particularly to maintain the distinction between behavioral 

and cognitive impulsivity, in studying risk for self-injurious thoughts and behaviors (Gorlyn, 

2005) to the extent that potentially observed associations may elucidate neural mechanisms 

relevant to short-term risk for these clinical outcomes. If behavioral impulsivity is a short-

term prospective predictor of suicide attempts, for example, the rIFG may be implicated in 
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proximal risk for this behavior (Aron et al., 2003; Winstanley et al., 2006). Similarly, to the 

degree that cognitive impulsivity prospectively predicts proximal risk for this outcome, the 

OFC may be of particular relevance (Ouellet et al., 2015; Winstanley et al., 2006, 2004).

Such knowledge has direct treatment implications. Specifically, if neurobehavioral and 

neurocognitive facets of impulsivity are indeed prospectively predictive of self-injurious 

thoughts and behaviors, they may have added clinical value as variable markers of risk, 

relative to fixed risk markers, in having potential to serve as modifiable targets of 

intervention and to inform the development of future strategies for reducing risk for these 

outcomes in vulnerable populations. As just one example of this possibility, transcranial 

direct current stimulation (tDCS) is a non-invasive stimulation technique for modulating 

cortical excitability through the application of weak electrical currents between two scalp 

electrodes placed over the target cortical regions. tDCS neuromodulation of various targets 

has been increasingly applied in treatment research (e.g., to relieve major depression Meron 

et al., 2015), but it has also been used for experimental manipulation of neural networks to 

enhance or diminish specific cognitive functions or symptoms, including impulsivity. 

Anodal tDCS applied to the rIFG appears to reduce behavioral impulsivity (Cai et al., 2016; 

Cunillera et al., 2014; Ditye et al., 2012; Stramaccia et al., 2015), whereas anodal tDCS to 

the left OFC has been found to lead to a reduction in cognitive impulsivity (Ouellet et al., 

2015). If behavioral and cognitive impulsivity are implicated in short-term risk for self-

injurious thoughts and behaviors, tDCS may therefore have potential to become a new 

protocol for addressing these clinical outcomes, through targeting the respective underlying 

neural circuitry of these facets of impulsivity. With the current limited progress in the 

treatment of suicidal behavior and NSSI (Calati and Courtet, 2016; Ougrin et al., 2015), 

there remains a pressing need for the development of novel treatment paradigms for these 

behaviors. Such treatment development may be significantly aided by a better understanding 

of neurobehavioral and neurocognitive facets of impulsivity, insofar as they have potential to 

inform our understanding of the processes underlying short-term risk for these clinical 

outcomes.
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Highlights

• Meta-analysis of behavioral and cognitive impulsivity in relation to self-injury

• Behavioral impulsivity was associated with non-suicidal self-injury (NSSI)

• Behavioral and cognitive impulsivity were associated with suicide attempts

• Link with behavioral impulsivity was stronger for past-month than lifetime 

attempts

• Studies with clinically significant NSSI and longitudinal research are needed
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Figure 1. 
PRISMA flow chart of literature search
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Figure 2. 
Funnel plot for effect sizes in the meta-analyses. The vertical line indicates the weighted 

mean effect. Open circles indicate observed effects for actual studies, and closed circles 
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indicate imputed effects for studies believed to be missing due to publication bias. The clear 

diamond reflects the unadjusted weighted mean effect size, whereas the black diamond 

reflects the weighted mean effect size after adjusting for publication bias.
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