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ABSTRACT
Background: Theoretical and empirical literature suggests that non-suicidal self-injury (NSSI) is an
important correlate of suicide risk. The present study was designed to evaluate: a) whether NSSI is
associated with increased odds of subsequent onsets of suicidal thoughts and behaviors (STB)
independent of common mental disorders, b) whether NSSI is associated with increased risk of

CR
IP
T

transitioning from suicide ideation to attempt, and c) which NSSI characteristics are associated with STB
after NSSI.

Method: Using discrete-time survival models, based on retrospective age of onset reports from college
students (n = 6,393, 56.8% female), we examined associations of temporally prior NSSI with subsequent

AN
US

STB (i.e., suicide ideation, plan, and attempt) controlling mental disorders (i.e., MDD, Broad Mania,
GAD, Panic Disorder, and risk for Alcohol Dependence). NSSI characteristics associated with subsequent
STB were examined using logistic regressions.

Results: NSSI was associated with increased odds of subsequent suicide ideation (OR=2.8), plan

M

(OR=3.0), and attempt (OR=5.5) in models that controlled for the distribution of mental disorders.
Further analyses revealed that NSSI was associated with increased risk of transitioning to a plan among

ED

those with ideation, as well as attempt among those with a plan (ORs=1.7-2.1). Several NSSI
characteristics (e.g., automatic positive reinforcement, earlier onset NSSI) were associated with increased

PT

odds of experiencing STB.

CE

Limitations: Surveys relied on self-report, and thus, there is the potential for recall bias.
Conclusions: This study provides support for the conceptualization of NSSI as a risk factor for STB.

AC

Investigation of the underlying pathways accounting for these time-ordered associations is an important
avenue for future research.

3

ACCEPTED MANUSCRIPT

INTRODUCTION
Non-suicidal self-injury (NSSI), the direct and deliberate damage to one‟s body tissue for reasons other
than to end one‟s life (Nock and Favazza, 2009), is a significant public health concern in young people. In
community samples, 17% of adolescents and 12-20% of young adults report having engaged in NSSI at
least once in their lifetime (Swannell et al., 2014). NSSI typically starts in mid-adolescence between 14
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and 16 years (Gandhi et al., 2018; Plener et al., 2015), can take many forms (e.g., skin cutting, burning
and self-hitting), and is most often used to escape aversive moods (e.g., sadness, anger) and cognitive
states (e.g., worry, criticism; Bentley et al., 2014; Taylor et al., 2017).

NSSI is a behavior distinct from a suicide attempt. People who engage in NSSI aim to modify,

AN
US

rather than terminate, consciousness, and do not expect that their self-injury will result in death (Hamza et
al., 2012; Walsh, 2012). Researchers have also found considerable differences in epidemiological features.
NSSI is more prevalent than suicide attempts (i.e., 3-4%; Mortier et al., 2018; Nock et al., 2013), has an
onset at an earlier age, and tends to occur more frequently (Gandhi et al., 2018; Glenn et al., 2017; Hamza

M

et al., 2012; Muehlenkamp, 2014; Plener et al., 2015). Further, NSSI typically involves low-lethality
methods (e.g., scratching, cutting, self-battery) that may not require medical attention compared to high-

ED

lethality methods (e.g., hanging, poising/overdose, firearms) used in suicide attempts (Hamza et al., 2012;
Muehlenkamp, 2014). Despite meaningful differences in intention, epidemiology and lethality, these

PT

behaviors frequently co-occur (Benjet et al., 2017; Glenn et al., 2017; Hamza et al., 2012). For example, in

CE

a population study of young adults, Benjet and colleagues (2017) observed that more than two thirds of
those who attempted suicide also reported a history of NSSI.

AC

Several theories have been proposed to explain the link between NSSI and attempted suicide (for
a detailed overview see Hamza et al., 2012; Grandclerc et al., 2016). Importantly, these theories
conceptualize NSSI as a precursor of a suicide attempt. Indeed, a dozen studies over the past decade have
consistently shown that NSSI is prospectively associated with increased risk for a suicide attempt (e.g.,
Guan et al., 2012; Hamza and Willoughby, 2016; Whitlock et al., 2013), and might even outpace other
significant risk factors (Franklin et al., 2017; Ribeiro et al., 2016). Despite this knowledge, several
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important questions remain regarding the role of mental disorders in this association, the extent to which
NSSI is associated with increased risk of transitioning from suicide ideation to attempt, and the NSSI
characteristics that might identify those at greatest suicide risk.
First, NSSI commonly co-occurs with mental disorders (especially internalizing disorders;
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Bentley et al., 2015; Kiekens et al., 2018; Taliaferro and Muehlenkamp, 2015), and thus these disorders
could confound the true association between NSSI and attempted suicide. Although there is some

evidence to suggest that the association between NSSI and attempted suicide cannot be fully explained by
co-existing psychopathology (Klonsky et al., 2013), this has not been rigorously tested in a time-ordered
framework that accounts for the distribution of comorbid mental disorders. Similarly, it is currently
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unclear whether NSSI is a risk factor for a suicide attempt among people without mental disorders, rather
than simply a marker of disorder severity (Selby et al., 2015). Alternatively, it may be that the association
between NSSI and risk for a subsequent suicide attempt is stronger among persons with mental disorders
(Hamza et al., 2012). Obtaining a clearer picture regarding the effect of mental disorders in the temporal

M

association between NSSI and attempted suicide could provide valuable information for prevention efforts

ED

and clinical risk assessment.

Second, although most research has focused on the association between NSSI and a subsequent

PT

suicide attempt, a growing body of research suggests that NSSI might increase risk for a broad range of
suicidal thoughts and behaviors (STB); including suicide ideation and plans (Chu et al., 2017b; Hamza

CE

and Willoughby, 2016; Mortier et al., 2017). These distinct stages of the progression to attempted suicide
develop in closer temporal proximity to NSSI (Giletta et al., 2015; Glenn et al., 2017), and can precede as

AC

well as follow an onset of NSSI (Bryan et al., 2015; Glenn et al., 2015). If NSSI is used as a means of
averting thoughts and plans about suicide (c.f. the anti-suicide function of NSSI; Edmondson et al., 2016),
NSSI may decrease the risk of a subsequent suicide attempt. Yet, a recent study among a sample of
military personnel reporting suicide ideation suggests that NSSI increases risk of a subsequent suicide
attempt (Nock et al., 2018). If this initial finding is replicated in other samples, an important question is
whether NSSI thoughts, as distinct from NSSI behavior, might also be useful in predicting who, among
5
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people with suicide ideation or plans, will subsequently make attempts. If NSSI thoughts have predictive
validity beyond NSSI behavior they could provide useful information from a preventive point of view,
potentially signaling risk before the manifestation of any self-injury (Hasking et al., 2013).
Third, it is important to acknowledge that not all people who engage in NSSI will experience
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STB. In fact, among community samples, more than half of the people who self-injure report no STB
(Benjet et al., 2017; Muehlenkamp and Gutierrez, 2007). This raises the crucial question as to what

differentiates these individuals from their peers who do develop suicide thoughts and make plans and
attempts to end their lives. Prior studies demonstrated that several NSSI characteristics are associated with

AN
US

the presence of STB. Specifically, higher NSSI frequency, longer history of NSSI, greater variety of NSSI
methods, automatic functions of NSSI (i.e., affect regulation), higher subjective pain experience during
NSSI, medical treatment for NSSI, and a history of self-cutting have all been suggested to increase risk of
STB (e.g., Ammerman et al, 2016; Burke et al., 2018; Nock et al., 2006; Paul et al., 2015; Stewart et al.,

M

2017; Victor and Klonsky, 2014). However, because these NSSI characteristics have been identified
separately across studies, and only few studies considered these characteristics in multivariate prediction

ED

models (Burke et al., 2018), it is currently unclear which NSSI characteristics clinicians need to consider
when conducting risk assessments. Research studies that compare people who self-injure with different

subsequent suicide.

PT

STB trajectories could provide information that may better enable us to identify youth at greatest risk of

CE

In the present study, we sought to replicate and extend previous research by evaluating whether:
(a) NSSI is associated with increased risk of subsequent STB independent of common mental disorders,

AC

(b) NSSI thoughts and/or NSSI is associated with increased odds of transitioning from suicide ideation to
attempt, and c) particular NSSI characteristics are associated with subsequent STB trajectories when
controlling other aspects of NSSI.

6
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METHOD
Procedures and sample description
We used data from the Leuven College Surveys and the Curtin Wellbeing Surveys, which are part
of the World Mental Health International College Student Project (WMH-ICS, n. d.). For the purpose of the
current study, baseline data collected between 2014-2017 at KU Leuven (Belgium) and between 2016-2017

CR
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T

at Curtin University (Australia) was analyzed. These web-based self-report health surveys assessed the
occurrence of emotional and behavioral mental health problems, unmet needs, and a range of potential
correlates (e.g., stressors, social support). All first-year students in each cohort were invited to participate
and non-respondents were sent up to seven reminder emails containing unique electronic links to the survey.

AN
US

Informed consent was obtained before administering the questionnaires and conditional incentives were
applied (credit coupons and movie tickets). Procedures for obtaining informed consent and protecting
human participants were approved and monitored for compliance by the institutional review boards of both
universities. In total, 6,393 students (56.8% female, Mage = 18.9, SD = 2.6; see supplementary Table 1)

M

completed all relevant sections (Response Rate = 23.8%). To assess the representativeness of our data,
representativeness indicators (R-indicators) were calculated at each site on a broad range of

ED

sociodemographic variables. R-indicator values range between 0 and 1, with the latter indicating sample
data are fully representative of the population under study (Schouten et al., 2009). R-indicators were in the

PT

0.87-0.95 range, suggesting a high sociodemographic representativeness of the respondent data for both

Measures

CE

samples.

AC

Non-suicidal self-injurious thoughts and behaviors were assessed with the self-report version
of the well-validated Self-Injurious Thoughts and Behaviors Interview (SITBI; Nock et al., 2007). The
NSSI section of the SITBI shows strong psychometric properties including good construct validity (κ =
0.74-1.0) and excellent test-retest reliability (κ = 1.0; Nock et al., 2007). The self-report version used in
the current study showed excellent test-retest reliability (κ = 1.0) and external validity (κ = 1.0) in a
comparison study of self-report questionnaires (Latimer et al., 2013). Respondents were asked whether
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they ever had “thoughts of purposely hurting themselves, without wanting to die?” to assess NSSI
thoughts. To assess presence of NSSI, respondents were asked to report, via a checklist of 13 behaviors
and an „other‟ category, all behaviors that they engaged in „to hurt themselves on purpose, without
wanting to die‟ (e.g., cutting, scratching, burning, hitting, head-banging, etc.). Follow-up questions

CR
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T

assessed the age of onset, lifetime frequency, number of NSSI methods, functions of NSSI, medical
treatment history for NSSI, and subjective pain experienced during NSSI (expressed on a 0 to 100 visual
analogue scale). Respondents rated the functions of NSSI based on the four-factor model (Bentley et al.,
2014): automatic negative reinforcement (i.e., to get rid of negative feelings), automatic positive

reinforcement (i.e., to feel something), social negative reinforcement (i.e., to get away from others/out of

AN
US

doing something), and positive social reinforcement (i.e., to communicate with others/get attention). Each
function was assessed by one question that asked respondents, when they self-injured, how much they did
it to achieve each function (0 = little; 4 = very much; Nock et al., 2007). Number of NSSI methods was
calculated by summing the total number of behaviors reported.

M

Suicidal thoughts and behaviors were also assessed with the self-report version of the SITBI
(Nock et al., 2007). Construct validity of the SITBI ranges from substantial to good for STB (κ = 0.48-

ED

0.65), with test-retest reliability ranging from good to excellent (κ = 0.70-1.00; Nock et al., 2007). STB

PT

was conceptualized as a continuum and included suicide ideation (i.e., wishing you were dead or having
thoughts of killing yourself), suicide plan (i.e., thinking about how you might kill yourself or working out a

CE

plan of how to kill yourself), and a suicide attempt (i.e., purposefully hurt yourself with at least some intent
to die). Follow-up questions assessed the age of onset for each STB.

AC

Mental disorders were assessed using the Screening Scales of the Composite International
Diagnostic Interview (CIDI-SC; Kessler and Ustün, 2004). We assessed two mood disorders (i.e., Major
Depressive Disorder, and [Hypo]mania), and two anxiety disorders (Generalized Anxiety Disorder, and
Panic Disorder). The CIDI-SC was developed by the World Health Organization to deliver reliable
estimates of DSM-IV mental disorders. Previous research indicates good concordance between CIDI-SC
and independent clinical diagnoses based on blinded structured clinical interviews (AUC = .70-.78;
8

ACCEPTED MANUSCRIPT

Kessler et al., 2013b). Using the well-validated Alcohol Use Disorders Identification Test (AUDIT;
DeMartini and Carey, 2012; Saunders et al., 1993), participants at risk for alcohol dependence were also
identified. Using follow-up questions, participants were again asked to report the age at which they first
experienced symptoms of each disorder.

CR
IP
T

Statistical analyses
All analyses were performed with SAS (version 9.3) and SPSS (version 23), and data were

weighted for potential non-response bias (Lee, 2006). Descriptive statistics are reported as weighted
numbers (n), weighted proportions (%) and associated standard errors. Discrete-time survival models with
person year as the unit of analysis and a logistic link function was used to analyze the data (Efron, 1988).

AN
US

In this approach, each year in the life of each respondent is treated as a separate observation, with years
prior to the onset of the outcome (e.g., suicide attempt) coded 0 and the year of onset coded 1. Personyears were set to begin at age 4, the youngest age evaluated for possible onset of mental disorders and
self-injurious thoughts and behaviors (Gandhi et al., 2018; Green et al., 2010). For respondents who never

M

experienced the outcome, all person-years up to the age at assessment were included. For those who

ED

experienced the outcome under examination, all years of life after the age of onset of the outcome were
excluded from that analysis. Predictor variables were considered time-varying, and coded 1 from the year

PT

of onset. Following a conservative approach, the predictor variable was coded 0 in cases where the
predictor and outcome occurred in the same year. To examine the unique effect of NSSI thoughts and

CE

avoid multicollinearity, NSSI thoughts were coded 0 from the year NSSI occurred.
This data array was then analyzed using logistic regressions, which yield survival coefficients

AC

because of the exclusion of person-years after the onset of the outcome. These coefficients were
exponentiated to yield odds ratios for ease of interpretation. Each model included time up to a fourth order
polynomial specification if required (p < .05), and was adjusted for age, gender, and university.
Multivariate additive models controlled for the main effects of pre-existing mental disorders, and
multivariate interactive models evaluated all two-way NSSI*Mental disorder interactions in predicting
STB. To evaluate whether NSSI thoughts/NSSI might be useful in predicting which people with thoughts
9
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or plans about suicide subsequently attempt suicide, we investigated whether NSSI thoughts/NSSI was
associated with an increased risk for a suicide attempt within respondents with lifetime suicide ideation
and plans. Standard errors were estimated with the Taylor series method (Wolter, 1985) and adjusted odds
ratios and 95% confidence intervals were provided with statistical significance evaluated with Wald χ2
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tests based on design-corrected coefficient-covariance matrices.
Finally, using logistic regression analyses, we examined whether we could identify NSSI

characteristics that may increase risk for STB onsets among people who self-injure. Nagelkerke pseudo-R2
was used as a measure of total effect size.

RESULTS

AN
US

Descriptive analyses and temporal patterns

Lifetime suicide ideation, plan, and attempt were reported by 24.0% (SE=0.6), 11.1% (SE =
0.4), and 3.0% (SE=0.2) of the sample, respectively. Females reported higher rates of suicide ideation
= 7.8, p = .005) and suicide attempt (3.7% vs. 2.1%;

M

(25.3% vs. 22.2%;

= 10.1, p =

.002) than males. Lifetime NSSI was reported by 22.8% (SE=0.5), with higher rates reported among
= 26.9, p < .001). Of those who engaged

ED

females (25.4%, SE =0.7) than males (19.5%, SE=0.8),

in NSSI, 35.8% (SE =1.3) used one method, 21.9% (SE=1.1) used two methods, 14.4% (SE=0.9) used

PT

three methods, and 27.9% (SE=1.2) used four or more methods of NSSI. The three most common methods
were smashing hands or feet against the wall or other objects (50.8%, SE = 1.3), self-cutting (37.6%, SE =

CE

1.3), and hitting oneself (35.4%, SE =1.3). An additional 2.1% (SE=0.2) reported NSSI thoughts only,
= 0.0, p = .922).

AC

with similar rates across gender (

We first examined the occurrence of STB among respondents with and without NSSI thoughts

and NSSI regardless of the temporal order (Table 1). Compared to respondents without a prior history of
NSSI thoughts and NSSI, those with NSSI thoughts (ORs in the 4.7-9.2 range) and NSSI (ORs in the 8.129.1 range) had significantly higher odds of reporting all STB outcomes. Respondents who engaged in
NSSI were equally likely to report suicide ideation and suicide plans as those who had NSSI thoughts but

10
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did not act on them; however this group had significantly higher odds of having made a suicide attempt
(OR = 6.2, 95%CI = 1.9-20.4). Table 2 summarizes the temporal sequence between ages at onset of NSSI
compared with NSSI thoughts and STB within the subset of respondents who reported both outcomes.
Whereas most respondents (89.6%) reported an onset of NSSI within the same year as NSSI thoughts

CR
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emerged, for most people NSSI occurred prior to each STB outcome (55.8-80.1% range). On average,
NSSI (Mage of onset = 12.6 years, SD = 4.0) had an onset 1 month after NSSI thoughts emerged, 10 months
prior to suicide ideation, 1.6 years prior to a suicide plan, and 3.2 years before the first suicide attempt
occurred.

Associations between non-suicidal self-injurious thoughts and behaviors and subsequent onset of

AN
US

suicidal thoughts and behaviors

Bivariate survival models revealed that an onset of NSSI was significantly associated with
increased odds of subsequent suicide ideation (OR=3.3, 95%CI =2.9-3.7), suicide plan (OR= 4.2 , 95%CI
=3.5-5.0), and suicide attempt (OR=9.0 , 95%CI =6.2-13.0). In contrast, NSSI thoughts were significantly

M

associated with increased odds of subsequent suicide ideation (OR=3.1, 95%CI=2.3-4.2) and suicide plan

ED

(OR=2.5, 95%CI=1.7-3.6), but not attempted suicide (OR=0.8, 95%CI=0.3-2.3). A very similar pattern of
results is seen within the subset of respondents without mental disorders (Table 3).

PT

Compared to respondents with no history of NSSI thoughts or NSSI (16.5%, SE = 0.5),
individuals reporting NSSI thoughts (41.5%, SE=4.5

= 732.2, p < .001) were more likely to report at least one lifetime mental disorder

CE

SE=1.3,

= 52.4, p < .001) or NSSI (53.2%,

(Supplementary Table 2). Even after controlling for comorbid mental disorders in multivariate models,

AC

NSSI thoughts and NSSI remained significantly associated with increased risk of onset of suicide ideation
and suicide plan (ORs in the 2.8-3.5 range; Table 4). NSSI also remained significantly associated with
increased risk for a subsequent suicide attempt (OR=5.5, 95%CI=3.6-8.6).
We subsequently examined the extent to which NSSI thoughts and NSSI predict the transition
from suicide ideation to a suicide plan and attempt. As can be seen in Table 4, NSSI thoughts were
nonsignificant predictors in multivariate models. In contrast, NSSI remained a significant, although
11
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weaker, predictor in models predicting transitions to a suicide plan and attempt within the subset of
respondents with suicide ideation (ORs in the 1.7-2.9 range). Similarly, NSSI remained significant in the
model that evaluated which respondents with a suicide plan subsequently made an attempt (OR=2.1,
95%CI =1.4-3.2).
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Finally, we investigated the possibility of interactive associations between NSSI and each of the
mental disorders in the prediction of STB (Supplementary Table 3). These exploratory analyses revealed a
sub-additive interaction between NSSI and Major Depressive Disorder in the prediction of suicide ideation
(β = -0.47, SE = 0.17, p = .007) and suicide plan (β = -0.53, SE = 0.22, p = .015). As can be seen in Figure
1, respondents with both NSSI and Major Depressive Disorder have a substantially greater likelihood of a

AN
US

subsequent onset of suicide ideation (Figure 1a) and suicide plan (Figure 1b) than those with either NSSI
or Major Depressive Disorder alone. However, the combined effect of NSSI and Major Depressive
Disorder in an interactive model (solid black line) is less than the individual effects together in an additive
model (dotted gray line).

M

NSSI characteristics and subsequent suicidal thoughts and behavior trajectories

ED

Among respondents with a lifetime history of NSSI, 44.4% (SE = 1.3) reported no history of STB.
Table 5 summarizes the multivariate associations between NSSI characteristics and subsequent STB

PT

trajectories within the subset of respondents who self-injure. Using NSSI to obtain automatic positive
reinforcement was associated with greater odds of having experienced each of the STB trajectories (ORs

CE

in the 1.5-1.7 range). Conversely, a later age of onset of NSSI was consistently associated with lower odds
of subsequent STB (all ORs=0.9). Results also revealed some divergent associations across STB

AC

trajectories. Using a greater variety of NSSI methods was associated with a subsequent STB trajectory
characterized by the development of suicide ideation, or the transition to a suicide plan, but not attempt.
Respondents who transitioned to a suicide plan and attempt after NSSI reported more frequent NSSI and
were more likely to report a history of cutting. Finally, respondents who required medical treatment for
NSSI were more likely to have experienced only suicide ideation as well as transitions to attempts.

12
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DISCUSSION
Despite mounting evidence that links NSSI to increased risk of attempted suicide (Franklin et al.,
2017; Ribeiro et al., 2016), important questions remain regarding the effects of comorbid mental
disorders, the extent to which NSSI plays a role in the transition from ideation to attempt, and the

questions within a large sample of college students.

CR
IP
T

identification of those at risk for subsequent STB. In the present study, we aimed to address these

As expected, people who reported NSSI were at increased odds of a subsequent suicide attempt.
Importantly, this remained the case in a multivariate time-ordered framework that accounted for the

distribution of common mental disorders. These findings extend previous work (Klonsky et al., 2013), and
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suggest that NSSI increases risk of a suicide attempt beyond the effects of mental disorders. Consistent
with this, NSSI also conferred risk for a suicide attempt among respondents without a history of mental
disorders; suggesting that NSSI is more than a severity marker of mental disorders in the prediction of
attempted suicide. In line with emerging evidence (Chu et al., 2017b; Guan et al., 2012; Hamza and

M

Willoughby, 2016), we found that this association may not be specific to suicide attempt alone. Indeed,
NSSI also conferred risk for an onset of suicide ideation and suicide plan. We observed sub-additive

ED

interactive effects of NSSI and Major Depressive Disorder in the prediction of suicide ideation and suicide
plan. Specifically, although young people who reported depression were more likely to subsequently

PT

develop suicidal thoughts and plans when they also self-injured, we observed that the combined effect

CE

conferred less than additive risk. One potential explanation may be that NSSI and Major Depressive
Disorder confer risk for suicidal desires though partially similar pathways (e.g., affect-dysregulation,

AC

rumination; Hofmann et al., 2012; Law et al., 2015; Miranda and Nolen-Hoeksema, 2007; Selby et al.,
2016). Evaluating this hypothesis represents an important avenue for future experience sampling studies.
To rule out the possibility that the temporal-order association between NSSI and suicide attempt is

merely an artifact of an association between NSSI and suicide ideation (Klonsky and May, 2014), we
evaluated whether NSSI increases risk of transitioning from ideation to attempt. Consistent with one
recent study (Nock et al., 2018), people who reported suicide ideation or a suicide plan were at higher risk
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of a subsequent suicide attempt when they had previously engaged in NSSI. Although our data cannot
speak about mechanisms underlying these associations, these findings are in line with the Interpersonal
Theory of Suicide (Joiner, 2005; Van Orden et al., 2010), and emerging evidence (Chu et al., 2017a;
Willoughby et al., 2015), that repeated tissue damage might contribute to an acquired capability for
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suicide. Consequently, we suggest clinicians be mindful that NSSI increases, rather than decreases, the
risk of acting on suicidal urges, even though clients might report engaging in NSSI to avert suicide

(Brausch and Muehlenkamp, 2018; Paul et al., 2015; Victor et al., 2015). Taken together, the current
findings support the view that NSSI might be a particularly salient factor in the prevention of suicide
(Klonsky et al., 2013; Klonsky and May, 2014).
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Building upon previous findings (Bryan et al., 2015; Glenn et al., 2017), we evaluated whether
NSSI thoughts, as separate from NSSI behavior, are associated with increased risk of STB. Although
NSSI thoughts did not determine who, among those with suicide ideation or a plan, subsequently
attempted suicide, we found evidence that beyond the effects of NSSI behavior and comorbid mental

M

disorders, NSSI thoughts increase risk of subsequent suicide ideation and a suicide plan. These findings

ED

add to the literature that NSSI thoughts alone may be insufficient to increase one‟s capacity to attempt
suicide. However, assessment of NSSI thoughts, even if there is no history of NSSI, may provide a brief

PT

window of opportunity - on average one year between onset of NSSI thoughts and suicide ideation - to
intervene and mitigate risk of developing suicidal thoughts.

CE

Previous research has shown that several NSSI characteristics (e.g., higher frequency and number
of methods) are associated with the co-occurrence of STB (Ammerman et al, 2016; Paul et al., 2015;

AC

Stewart et al., 2017; Victor and Klonsky, 2014). However, more research is needed to illuminate which
NSSI characteristics may be most important to consider for clinicians (Burke et al., 2018). Extending this
work, we examined the extent to which particular NSSI characteristics were associated with three
meaningful trajectories of STB after NSSI when controlling other aspects of NSSI [1) onset of suicide
ideation only, 2) onset of suicide ideation and suicide plan, and 3) onset of suicide ideation, suicide plan,
and suicide attempt]. Our findings show that individuals who use NSSI to “feel something” were at
14
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elevated odds of experiencing each STB trajectory. This is consistent with a growing body of research
documenting that positive automatic reinforcement is related to more severe and persistent NSSI (Kiekens
et al., 2017; Paul, et al., 2015; Selby et al., 2014). Also in line with prior research, individuals who
reported more frequent NSSI (Paul et al., 2015; Victor and Klonsky, 2014) or needed medical treatment
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for NSSI (Burke et al., 2018) were more likely to have subsequently attempted suicide. However, in
contrast with prior findings (Stewart et al., 2017; Victor and Klonsky, 2014), this was not necessarily the
case for those who engaged in a greater variety of NSSI methods. Although these individuals were found
at heightened risk of developing suicidal ideation, a specific history of cutting was more salient in

identifying those who transitioned to a suicide plan or attempt. Finally, we observed that those with a later

AN
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onset of NSSI were less likely to develop STB. This is consistent with recent research showing that an
earlier onset is related to more severe NSSI (Ammerman et al., 2017), and suggests that risk for
subsequent STB might be reduced by an intervention that delays the onset of NSSI. Consistent with the
Interpersonal Theory of Suicide (Joiner, 2005; Van Orden et al., 2010), these findings indicate that people

M

who engage in repetitive and severe self-injury are more likely to subsequently attempt suicide.

ED

Limitations and further research directions

Our findings should be interpreted in the context of the following limitations. First and foremost,

PT

although using discrete-time survival models allowed us to test theory-driven hypotheses between NSSI
and STB within a time-ordered framework, it should be noted that this was based on retrospective age of

CE

onset reports which may be subject to biased recall. However, it is important to keep in mind that we
adopted a conservative approach by coding time-varying predictors as 0 when onsets were reported in the

AC

same year. Second, whether NSSI thoughts and NSSI simply precede (i.e., risk factor) or cause STB (i.e.,
causal risk factor) cannot be resolved with our current approach (Kraemer et al., 1997). Prospective,
process-oriented research - guided by contemporary theories of suicide (Joiner, 2005; Van Orden et al.,
2010) - is needed to shed light on potential mechanisms underlying these associations. Similarly, although
our findings show that assessing characteristics of NSSI might useful in identifying which individuals who
engage in NSSI are at risk for subsequent STB, it is important to note that several characteristics, such as
15
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NSSI frequency, were not time stamped, and thus could have changed since the onset of STB. Future
studies should examine the predictive utility of these characteristics in models that also account for other
clinical risk factors (e.g., history of abuse) of STB. Third, given that for a significant proportion of
participants both NSSI and STB had their onset in the same year, experience sampling studies may
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provide a unique opportunity to study these relationships with greater temporal specificity (Nock et al.,
2009). Relatedly, although the current data show that NSSI more often precedes than follows STB

(especially suicide attempt), STB outcomes, might also predict a subsequent onset of NSSI for some
individuals Future research needs to evaluate this and examine pathways through which suicidal
individuals may be at increased risk of subsequent NSSI.
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Fourth, the response rate was relatively low, yielding the possibility for non-response bias. Rindicators suggested a high sociodemographic representativeness of the respondent data and all analyses
were nonresponse propensity weighted; however, this limitation remains a concern. Fifth, we used
screeners rather than full diagnostic interviews to assess mental disorders. Although these screeners have

M

shown high concordance in general population surveys with blinded clinical diagnoses in clinical

ED

reappraisal studies (Kessler et al., 2013a, 2013b), they are not a substitute for in-depth clinical interviews.
Further, some comorbid mental disorders (e.g., eating disorders, borderline personality disorder, and post-

PT

traumatic stress disorder) were not controlled in the current analyses, and thus warrant additional research.
Finally, our findings are based on data from college students; replicating the current findings in other

CE

populations represents an important goal for future research.
Despite these limitations, the current findings suggest that NSSI may be a particularly important

AC

risk factor to consider in terms of (subsequent) suicide risk. Prioritizing the identification of young people
who self-injure, and providing them with timely and effective interventions, might be one fruitful strategy
to offset future suicidal thoughts and plans, as well as subsequent suicide attempts.
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Figure 1. Mean Predicted probability curves for an onset of suicide ideation (a) and suicide plan (b)a
a

AC

CE

The marked area indicates the difference of the joint effect of NSSI and Major Depressive Disorder in the prediction of onset
suicide ideation and plan between an additive and interactive model (i.e., sub-additive interaction). The onset curves for the main
effects and group without major depressive disorder and NSSI are drawn from the multivariate interactive models.
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Table 1.
Prevalence and co-occurrence of suicidal thoughts and behaviors
SE

OR (95% CI)
relative to controls

OR (95% CI)
relative to NSSI
thoughts

Controlsa (w(n) = 4,799)
Lifetime suicide ideation
Lifetime suicide plan
Lifetime suicide attempt

13.4
3.8
0.4

0.5
0.3
0.1

Reference
Reference
Reference

-

NSSI thoughtsb (w(n) = 134)
Lifetime suicide ideation
Lifetime suicide plan
Lifetime suicide attempt

58.7
25.3
2.1

4.4
4.1
1.5

9.2*** (6.4-13.3)
8.5*** (5.4-13.3)
4.7* (1.0-21.5)

NSSI (w(n) = 1,460)
Lifetime suicide ideation
Lifetime suicide plan
Lifetime suicide attempt

55.6
33.6
11.5

1.3
1.3
0.9

8.1*** (7.1-9.3)
12.7*** (10.5-15.4)
29.1*** (16.9-50.0)

Reference
Reference
Reference

AN
US

0.9 (0.6-1.3)
1.5 (1.0-2.3)
6.2** (1.9-20.4)

N
o
t
e
:

Controls = respondents without a prior history of NSSI thoughts and NSSI, b NSSI Thoughts = respondents with
NSSI thoughts but not NSSI. NSSI = Non-Suicidal Self-Injury, SE = Standard Error, w(n) = weighted number of
cases, w% = weighted percentage, OR = Odds Ratio, CI = Confidence Interval.
* p< .05, ** p< .01, *** p< .001

AC

CE

PT

ED

M

a

CR
IP
T

Lifetime
w(%)
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Table 2.
Mean onset ages and temporal priorities among respondents with non-suicidal self-injury
M time-lag
(SD) from
NSSIa
- 0.2 (0.6)

Onset NSSI
first
w% (SE)
-

Onset in
same year
w% (SE)
89.6 (0.8)

Onset
NSSI last
w% (SE)
10.4 (0.8)

13.5 (4.0)

0.8 (4.7)

55.8 (1.8)

18.6 (1.4)

25.6 (1.6)

14.3 (3.7)

1.6 (4.7)

62.5 (2.3)

18.6 (1.8)

18.9 (1.8)

15.6 (3.3)

3.2 (3.8)

80.1 (3.1)

12.2 (2.6)

7.7 (2.1)

CR
IP
T

NSSI thoughts
(w(n) = 1459)
Suicide ideation
(w(n) = 811)
Suicide plan
(w(n) = 491)
Suicide attempt
(w(n) = 168)

Mean age
of onset
(SD)
12.4 (4.0)

AC

CE

PT

ED

M

AN
US

Note: a Mean age of onset = 12.6 (4.0), NSSI = Non-Suicidal Self-Injury, SD = Standard Deviation, SE = Standard
Error, w(n) = weighted number of cases, w% = weighted percentage.
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Table 3.
Survival models predicting the
onset of suicidal thoughts and
Suicide ideation
OR (95% CI)
3.0*** (1.8-5.1)
2.5*** (2.0-3.2)
71,734

Suicide plan
OR (95% CI)
3.3** (1.5-7.3)
3.1*** (2.1-4.6)
73,966

CR
IP
T

NSSI thoughts
NSSI
n(person-years)
behaviors within respondents
without lifetime mental disorders

Suicide attempt
OR (95% CI)
0.8 (0.1-6.2)
5.3*** (2.2-13.1)
74,917

AC

CE

PT

ED

M

AN
US

Note: Each cell represents a separate
bivariate model in a survival framework, with
NSSI thoughts or NSSI in the row as
predictors and suicide ideation, suicide plan,
or suicide attempt in the columns, as
dependent variables, including the following
covariates: age, gender, and university. NSSI
= Non-Suicidal Self-Injury, OR = Odds Ratio,
CI = confidence interval.
* p< .05, ** p< .01, *** p< .001, two-sided
tested
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Table 4.
Multivariate survival models predicting the onset of suicidal thoughts and behaviors
Note: Each column represents a separate multivariate model in a survival framework, with all variables in the rows as predictors and

In the total sample

Among respondents
with suicide ideation

Among
respondents
with a suicide
plan
Suicide
attempt
OR (95% CI)

Suicide
plan
OR (95%
CI)
3.0***(1.94.5)
3.0***(2.43.7)

Suicide
attempt
OR (95%
CI)
1.6 (0.64.9)
5.5***(3.68.6)

Suicide
plan
OR (95%
CI)
1.3 (0.81.9)
1.7***(1.42.0)

Suicide
attempt
OR (95%
CI)
0.8 (0.32.3)
2.9***(2.04.3)

4.8***(3.86.0)
1.8**(1.12.7)
1.3 (1.01.7)
1.0 (0.71.5)
0.6 (0.31.2)

4.9***(3.37.2)
2.0**(1.23.2)
0.9 (0.61.3)
1.3 (0.82.1)
1.7 (0.93.4)

1.9***(1.52.3)
1.4 (0.92.0)
1.0 (0.81.3)
1.1 (0.71.5)
0.6 (0.31.0)

2.3***(1.63.2)
1.7*(1.12.6)
0.8 (0.61.1)
1.3 (0.82.2)
1.7 (0.93.2)

1.7**(1.2-2.5)

Risk for Alcohol
Dependence

4.4***(3.75.2)
1.8**(1.12.7)
1.4**(1.11.7)
1.0 (0.71.5)
0.6 (0.41.1)

n(person-years)

92,646

97,492

21,435

24,526

11,274

Mental Disorders:
Major Depressive
Disorder
Broad mania
Generalized Anxiety
Disorder
Panic Disorder

AN
US

NSSI

M

NSSI thoughts

CR
IP
T

Suicide
ideation
OR (95%
CI)
3.5***(2.64.8)
2.8***(2.43.2)

100,600

0.7 (0.2-2.1)

2.1***(1.4-3.2)

1.5 (0.9-2.4)
0.8 (0.5-1.1)
1.4 (0.9-2.3)
1.6 (0.9-3.1)

AC

CE

PT

ED

suicide ideation, suicide plan, or suicide attempt in the columns, as dependent variables, including the following covariates: age, gender,
and university. NSSI = Non-Suicidal Self-Injury, OR = Odds Ratio, CI = confidence interval.
* p< .05, ** p< .01, *** p< .001, two-sided
tested
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Table 5.
Multivariate logistic regressions predicting subsequent onsets of suicidal thought and behaviors among
respondents with lifetime NSSI
Trajectory1:
Suicide ideation
only after NSSI
ORa (95% CI)

Trajectory2:
Suicide ideation
and plan after
NSSI
ORa (95% CI)

Trajectory3:
Suicide ideation,
plan, and attempt
after NSSI
ORa (95% CI)

1-5 acts
6-20
21-50
51+
χ2 (p-value)b

Reference
1.1 (0.7-1.7)
1.5 (0.8-2.9)
0.9 (0.5-1.9)
0.0 (.884)

Reference
1.7*(1.0-2.8)
2.4*(1.2-4.9)
2.6**(1.3-5.0)
9.0 (.003)

Reference
1.7 (0.6-4.6)
4.1*(1.3-13.1)
4.3*(1.3-13.7)
7.5 (.006)

Number of methods:

1.2**(1.1-1.4)

1.2** (1.1-1.4)

1.2 (1.0-1.5)

Automatic negative reinforcement
Automatic positive reinforcement
Social negative reinforcement
Social positive reinforcement

1.1 (1.0-1.3)
1.5***(1.3-1.7)
1.1 (0.9-1.3)
0.9 (0.8-1.1)

1.2*(1.0-1.4)
1.6***(1.3-1.9)
1.0 (0.8-1.3)
1.0 (0.8-1.2)

1.2 (0.9-1.6)
1.7***(1.3-2.2)
1.4 (0.9-2.0)
0.8 (0.6-1.1)

2.7*(1.1-6.4)

0.7 (0.3-2.0)

8.2***(2.9-23.5)

1.0*(1.0-1.2)

1.1 (1.0-1.2)

1.1 (1.0-1.3)

0.9***(0.9-0.9)

0.9**(0.9-1.0)

0.9*(0.8-1.0)

1.1 (0.7-1.8)

3.2***(1.9-5.3)

5.2***(2.0-13.9)

.25
174

.45
181

.70
86

M

Required medical treatment for NSSI
(yes vs. no)

AN
US

Functions:

10% increase in subjective pain during NSSI

ED

Age of onset NSSI
History of cutting skin (yes vs. no)

PT

R2(Nagelkerke)
n(w)

CR
IP
T

NSSI frequency:

AC

CE

Note: a Relative to respondents with NSSI but no subsequent suicidal thoughts and behaviors [w(n) = 637], b Linear trend test. Each
binary logistic regression controlled for the effects of gender, age and university. OR = Odds Ratio, 95%CI = 95% confidence
interval. NSSI = Non-Suicidal Self-Injury. * p< .05, ** p< .01, *** p< .001
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