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Abstract

The purpose of this study was to understand the trajectories of nonsuicidal self-injury (NSSI) and
suicide plans (SP) in the 90 days prior to inpatient hospitalization, understand the role of NSSI and
SP in predicting suicide attempts (SA) on a given day, and to test the interaction between NSSI
and SP in predicting same-day SA. Participants included 69 adolescents (77% female, 65% white,
77% Non-Hispanic/LatinX, Mage = 15.77 SD4ge = 1.00) from an inpatient psychiatric unit. Past

90 day NSSI, SP, and SA were measured using the Columbia Suicide Severity Rating Scale and
Timeline Follow Back. First, mixed effect models were conducted to assess trajectories of NSSI
and SP leading up to inpatient hospitalization. The odds of NSSI remained relatively stable prior
to hospitalization (OR = 1.01, 95% CI [1.00,1.02]). The odds of SP increased in the 90 days prior
to hospitalization (OR = 1.04, 95% CI [1.02,1.05]) with each day associated with a 4% increase
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in the odds of making a SP. Second, random effect models were conducted to predict the odds of
same-day SA from NSSI and SP. When adolescents endorsed either NSSI (OR = 2.99, p< .001) or
a SP (OR =77.13, p<.001) there was elevated odds of same-day SA. However, the presence of
both NSSI and SP on a given day did not increase risk of SA on that same day. For this high-risk
clinical sample of suicidal adolescents who drink alcohol, odds of SP increased in the days leading
up to psychiatric hospitalization, but NSSI remained stable. On days when adolescents reported
NSSI or SP, they had an increased odds of same-day SA. These results underscore the importance
of frequent monitoring of NSSI and SP among high-risk adolescents who drink alcohol to prevent
suicide attempts.

Introduction

Suicidal and nonsuicidal self-injurious behaviors are persistent public health problems
affecting adolescents across the United States. The period of adolescence is marked

by increased prevalence rates of both suicidal and nonsuicidal self-injurious behaviors,
particularly among high-risk clinical samples (Brown & Plener, 2017; Oquendo & Mann,
2008). Among inpatient adolescents specifically, 47.5% reported a suicide attempt (SA),
53.6% reported a suicide plan (SP) (Prinstein et al., 2008), and 67.9% reported non-suicidal
self-injury (NSSI) (Guerry & Prinstein, 2009). Despite mounting knowledge of risk factors
for SA, predicting if and when an adolescent will attempt suicide remains difficult. Two

of the most robust predictors of a future SA include engaging in NSSI (Muehlenkamp &
Brausch, 2014; Ribeiro et al., 2016; Tang et al., 2011; Wichstrom, 2009) and making a SP
(Joiner et al., 2003; Nock et al., 2008).

NSSI as a Risk Factor for Suicidal Behavior

The association between nonsuicidal and suicidal behavior is complex. Nonsuicidal and
suicidal behaviors are distinct in a variety of ways including the level of suicidal intent,
prevalence, frequency, and potential lethality (Glenn et al., 2017; Muehlenkamp, 2014).
Specifically, when adolescents engage in NSSI, compared to suicidal behaviors, there is no
intent to end one’s life as the behavior involves deliberate injury to the self for reasons other
than suicide (Hamza & Willoughby, 2015; Nock, 2009). With suicidal behavior, adolescents
engage in self-harm with the intent of ending their own life (Silverman et al., 2007).

In addition, NSSI is more prevalent and frequent than suicidal behavior in adolescents
(Prinstein et al., 2008). Lastly, compared to NSSI, SAs tend to have higher potential medical
lethality and more frequently require medical intervention (Grandclerc et al., 2016).

Despite unique distinctions between nonsuicidal and suicidal behaviors, there is significant
overlap between the two classes of behaviors. Research has consistently demonstrated that
NSSI is a robust risk factor for suicidal behavior (Tang et al., 2011; Wichstrom, 2009). For
instance, a recent meta-analysis found that almost half (47.8%) of participants endorsing
self-injury made a future SA (Ribeiro et al., 2016). Muehlenkamp and Brausch (2014)
found that among young adults, engaging in NSSI within the past year was predictive of a
past-year SA, and Asarnow and colleagues (2011) found NSSI to be one of the most robust
predictors of a SA, above and beyond prior suicidal behavior. A number of contemporary
suicide theories suggest that NSSI may increase risk for suicide by increasing the capability

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.



1duosnuey Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Sellers et al.

Page 3

for suicidal behavior (starting with the interpersonal theory of suicide [Joiner, 2003; Van
Orden et al., 2010], and also included in the integrated motivational-volitional model of
suicide [O’Connor & Kirtley, 2018] and the Three-Step Theory [Klonsky & May, 2015]).
For instance, the interpersonal theory of suicide posits that NSSI increases risk for suicidal
behavior by reducing an individual’s fear of death and increasing tolerance for pain (Joiner,
2003; Van Orden et al., 2010).

Making the association between NSSI and suicidal behavior even more complex, emerging
evidence suggests that NSSI can serve a function that protects against suicidal behavior
(Brausch & Muehlenkamp, 2018). Given that NSSI most commonly serves to help alleviate
individuals’ negative emotional states (Brausch & Muehlenkamp, 2018; Klonsky et al.,
2015; Nock & Prinstein, 2004; Taylor et al., 2018), engaging in NSSI may offer some
short-term relief and temporarily delay a SA. Given the mixed findings, it is important to
examine the trajectory of NSSI leading up to a SA in order to understand if NSSI confers
risk for, or protects against, SA in the context of a suicidal crisis leading to inpatient
hospitalization.

SP as a Risk Factor for SA

Suicide Planning (SP) is a robust risk factor for SA. SP is often understood as “a proposed
method of carrying out a design that will lead to a potentially self-injurious outcome”
(Silverman et al., 2007, p. 268). Research has demonstrated that the probability of a SA
among individuals who have SP is 56% (Nock et al., 2008). This is substantially higher than
the 15.4% of individuals with SI who have a SA without a SP (Nock et al., 2008). Research
has also indicated that making a SP increases the odds of a SA, with one study citing that as
SP increased, there was a 44% increase in the odds of a SA (Joiner et al., 2003). Joiner and
colleagues (2003) also found that during participants’ most severe experience of suicidality
(i.e., ideation & plan), a SP was the only predictor of eventual death by suicide. These
findings suggest that a SP, in addition to NSSI, is a key factor to predicting SA above and
beyond the desire to die.

Purpose of Study

Although research has demonstrated both NSSI and SP as risk factors for SA, less is

known about these associations over shorter and higher risk time periods, such as the period
leading up to psychiatric hospitalization. No research, to our knowledge, has examined these
relationships on a daily level prior to hospitalization in order to understand how a SP and
NSSI on a given day may influence the odds of a SA on that same day. Understanding the
trajectories of nonsuicidal and suicidal self-injurious behaviors among high-risk populations,
and specifically among suicidal adolescents who drink alcohol, is necessary in order to
identify potential intervention points. Suicidal adolescents who drink alcohol are one of

the highest risk groups for suicide death. Research has consistently shown that alcohol

use is a risk factor for suicide (Schilling et al., 2009) as alcohol use is associated with a
disinhibition of behavior and greater impulsivity. Among suicidal adolescents, disinhibition
and impulsivity while drinking can increase the chances of acting on suicidal thoughts
(Schilling et al., 2009; Zhang & Wu, 2014). To this end, the present study focused on a
sample at high risk for suicide and had three aims. The first aim was to test the trajectories

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.
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of NSSI and SP in the 90 days prior to inpatient hospitalization among adolescents. As
distress increases, there is reason to believe that NSSI may also increase for those that

use it as an emotion regulation strategy. This is based on the consistent findings in the
literature that emotion regulation is one of the most common functions of NSSI (Brausch &
Muehlenkamp, 2018). Separately, the literature indicates that NSSI increases risk for suicide
attempts (Tang et al., 2011; Wichstrom, 2009), but the timeline in how this risk is conferred
is unknown. Given that negative emotions increase in the days leading up to a suicide
attempt (Bagge et al., 2017), there is reason to hypothesize that NSSI could be used more
frequently during this time to cope with negative emotions. Although no other study has
examined the 90 days prior to hospitalization in this particular group, we hypothesized that
NSSI would increase leading up to hospitalization. Similarly, given the consistent research
findings on suicide planning as a risk factor for suicide attempts, we hypothesized that SP
would increase leading up to psychiatric hospitalization.

The second aim was to test whether NSSI and SP predicted SA on the same day and over
time. We hypothesized that on days when individuals engaged in NSSI or made a SP, they
would be at increased risk for a SA. The final aim was to test the interaction between NSSI
and SP on SA on the same day and over time. We hypothesized that there would be a
significant interaction between NSSI and SP on SA, such that when NSSI and SP occured
together the risk of a SA would increase that same day and over time.

Methods

Participants

Data from this study come from the baseline assessments of two different randomized trials
of a brief alcohol intervention among adolescents hospitalized for suicide risk (indicated

by a SA, SP, or SI) with co-occurring alcohol use (all participants reported alcohol use at
least once during the 90-days period: Mgays = 7.02, SD = 8.80) (McManama O’Brien et al.,
2017, 2018). Participants, aged 13-17 years, were recruited from an inpatient psychiatric
unit of an urban hospital in the northeastern United States. The typical length of stay at this
unit is 7-14 days and to warrant admission adolescents must have a DSM-5 diagnosis that
severely impacts their ability to function and their level of risk requires close supervision.
To be eligible for this study, participants must have endorsed Sl, a SP, or a SA, and alcohol
use, precipitating the hospitalization, and been able to speak and understand the English
language. To determine eligibility, we conducted a chart review of new patients to the unit
where we looked for the presence of these variables in unit questionnaires and medical
records. Participants actively experiencing psychosis or in the custody of the state were
excluded. The study was approved by the overseeing hospital’s Institutional Review Board
and all participants and their parents provided informed assent/consent. Participants received
a $25 gift card.

The current study includes data from 69 participants (Mage = 15.7, SD = 1.0): 77% female,
65% White, and 77% Non-Hispanic/Latinx, who consumed alcohol at least once during the
90 days prior hospitalization (100%, n = 69) and endorsed either SI (100%, n = 69), SP
(59.42%, n = 41) or SA (63.77%, n = 44) (see Table 1 for sample demographics).

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.
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Measures

Data for this study were collected via semi-structured interviews during the participants’
inpatient psychiatric hospitalization. We collected data on SA, SP, and NSSI over the

90 days prior to inpatient hospitalization. We operationalized a SA as “a self-inflicted,
potentially injurious behavior with a nonfatal outcome for which there is evidence (either
explicit or implicit) of intent to die” (Silverman et al., 2007, p. 273) and a SP as “a
proposed method of carrying out a design that will lead to a potentially self-injurious
outcome” (Silverman et al., 2007, p. 268). For the purposes of this paper, we differentiated
between nonsuicidal and suicidal self-injurious behaviors. Therefore, SP had to involve
suicidal intent. In addition, we coded for SP on the day that the adolescent first made

the plan or significantly modified their plan, rather than all days when SP was present,

and in this paper we use the phrase “made a SP” in order to refer to this. An example

of a significant modification to SP would be if an adolescent had planned to die by
overdose and kept that plan for some time, then significantly developed/modified that plan
by specifying which medications, how many, and when they would try to kill themselves.
NSSI was operationalized as “a self-inflected, potentially injurious behavior for which there
is evidence (either implicit or explicit) that the person did not intend to kill himself/herself
(i.e., had no intent to die)” (Silverman et al., 2007, p. 272).

The Columbia-Suicide Severity Rating Scale (C-SSRS; Posner et al., 2011) was used to
assess the presence of SA, SP, and NSSI. This was done by first asking participants if

they experienced each of the items on the C-SSRS and then using a a modified version of
the Timeline Follow Back Calendar (TLFB; Sobell & Sobell, 1995). Using the TLFB, we
assessed frequency and days in which participants engaged in past 90-day SA, SP, and NSSI.
This TLFB format has been used successfully in other studies to capture suicide-related

data in their relation to substance use (McManama O’Brien et al., 2018; Sellers et al.,

2021; Sellers et al., 2019) and prior studies have demonstrated good test—retest reliability for
adolescents’ self-report specifically for the prior 90 days with intra class correlations ranging
from 0.83-0.92 (Levy et al., 2004). To obtain optimal recall of information, the TLFB uses
a calendar format with temporal cues (e.g., birthdays, holidays, hospitalizations) to assist

in recall of days when suicidal and nonsuicidal behaviors were present: presence of SA on
any given day = 1; creation of a SP, or significant modifications of a SP, on a given day =

1; presence of NSSI on a given day = 1. The TLFB has yielded high test-retest reliability

in prior studies (Martin-Willett et al., 2020; Linda C. Sobell & Sobell, 1992). Moreover,
research has indicated reliability and validity of retrospective recall for NSSI and SP (Fox

et al., 2020). Age and gender identity (0 = male, 1 = female; no participants identified as
non-binary, transgender participants are coded with the gender they specified) were assessed
and included in these analyses as control variables.

Analytic Approach

Data were analyzed with longitudinal modeling using Stata SE 15.1, with days nested within
person. Individuals within our sample were independent of each other. We focused on how
our measures changed over time. To test our first hypothesis, we estimated the trajectory

of NSSI and SP on the 90 days prior to hospitalization through mixed effect models.

We conducted #test analyses to explore if the mean number of days adolescents reported

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.
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NSSI or SP differed by gender identity. These post-hoc analyses explored between-persons
variability in NSSI and SP trajectories. To test our second hypothesis and explore the effect
of NSSI and SP on SA, random effect models were conducted — the random and mixed
effects were not significantly different, according to Haussman test (p > 0.05). All models
were estimated using LaPlace method of integration, Bernoulli distribution, full maximum
likelihood method of estimation and logit link function to take into account the distribution
and nature of our main outcomes (Azevedo-Filho & Shachter, 1994; Kassahun et al., 2012;
Kim et al., 2013). Unit-specific models were reported (Kim et al., 2013; Rabe-Hesketh &
Skrondal, 2012). Finally, for our third hypothesis, we included an interaction term between
NSSI and SP on SA in the random effect models. In our models, we controlled for age and
gender identity separately; age was grand mean centered and all categorical vaiables were
zero centered.

Univariate Results

55% (n = 38) of adolescents endorsed NSSI on at least one day in the 90 days prior to
hospitalization (see Table 1). NSSI was reported, on average, 10 out of the 90 days (11.08%
of the time). During that same 90-day period, 59.42% (n = 41) of participants made a SP

on at least one day and 63.77 (n = 44)% of participants had a SA on at least one day in the
90 days leading up to inpatient hospitalization. Finally, 25% of the participants of this study
reported NSSI and SP on the same day at least once, and did so for an average of 1.43 days
out of the 90 days.

Unconditional Models and Intraclass Correlations

Prior to testing hypotheses, an unconditional model was examined to calculate the intraclass
correlation (ICC) of 0.32, indicating that about 32% of the variance in odds of attempting
suicide was due to between-person differences.

Trajectories of NSSI and SP Leading to Hospitalization

The average odds of NSSI remained stable across the 90 days leading up to hospitalization
(OR =1.01, 95% CI [0.99, 1.02]). However, there was significant between-person variability
in this trajectory (z=0.0002, p< 0.001) (see Table 2). The average odds of SP increased
significantly, though modestly, across the 90 days leading up to hospitalization (OR = 1.04,
95% CI [1.02,1.05]). Results indicate that for each day there was a 4% increase in the odds
of making a SP. There was, also, significant between-person variability in this trajectory (z =
0.0003, p< 0.001).

Given the significant between-person variability in trajectories, we examined gender identity
differences on NSSI and SP, separately, over the 90-days periods. The mean number of days
reporting NSSI was higher for females than males (7.02 vs 1.18), but the mean difference
was not significant (£=-1.45, p= 0.15). The mean number of days reporting a SP was
higher for males than females (4.46 vs 2.15), but the mean difference was not significant (=
0.94, p=0.35).

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.
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Effects of NSSI and SP On Odds of Same-day SA

As depicted in Table 3, we first ran models with only time varying variables. Both NSSI (OR
= 3.57, 95% CI [1.86,685]) and SP (OR = 61.02, 95% CI [27.01,137.83]) predicted elevated
odds of same-day SA. NSSI and SP predicted 37% of SA. In a second model, we also tested
the interaction between NSSI and SP in predicting same-day SA, which was not statistically
significant (OR = 0.66, 95% CI [0.15, 2.91]). In other words, there was no additional effect
on the odds of SA when both NSSI and SP occurred on the same day.

Our third model included time varying and time invarying variables to predict same-day
SA. Females had significantly higher odds of SA compared to males (OR = 4.87, 95% ClI
[1.41, 16.86]). While the participant’s age did not predict the odds of SA (OR = 1.15, 95%
CI [0.73, 1.81]). The conditional main effects for NSSI and SP remained significant when
controlling for time invariante predictors (ps < 0.001). This full model predicted 34% of SA
variance, and presented the worsen fit compared to all other models (AIC = 686.61, BIC =
727.01).

The most parsimonious model (model 4) predicted about 35% of the SA variance. Both
NSSI (OR =3.51, 95% CI [1.84,6.68]) and SP (OR = 62.69, 95% CI [27.87,141.00])
predicted elevated odds of same-day SA, while controlling for gender identity (OR = 5.05,
95% CI [1.45, 17.58]). A participant who endorsed NSSI was 2.51 times more likely to
attempt suicide compared to a participant who did not endorse NSSI on that given day.
Additionally, a participant who endorsed SP was 61.69 times more likely to attempt suicide
compared to a participant who did not endorse SP on a given day.

Discussion

This study investigated trajectories of NSSI and SP in the 90 days prior to inpatient
hospitalization of suicidal adolescents who drink alcohol and aimed to understand the role of
NSSI and SP in predicting SA. Results from this study partially supported our hypotheses.
First, odds of SP, but not NSSI, increased modestly leading up to inpatient hospitalization,
partially supporting our first hypothesis. Second, on days when youth engaged in either
NSSI or SP, their odds of SA increased on that same day, supporting our second hypothesis.
Third, the interaction between NSSI and SP was not significant. In other words, the presence
of both NSSI and SP on a given day did not increase risk of SA on that same day, over

and above when NSSI or SP occurred alone. However, the prevalence of adolescents who
engaged in NSSI and SP on the same day was quite small, which limited our ability to draw
conclusions from the findings related to our third aim.

Our findings indicated that the likelihood that an adolescent would make a SP increased in
the 90 days leading up to psychiatric hospitalization. In practice, suicide risk assessments
often involve gathering a detailed patient presentation of suicidality which includes inquiring
about suicide ideation, planning, and other suicide-related behaviors (Jacobs et al., 2010).
Our finding of modestly increasing likelihood of SP in the time leading up to hospitalization
emphasizes that in addition to assessing for SP, it is important to assess how SP may change
over time. This is particularly important as our findings indicated that the likelihood of SP
and SA both increased over time for this group of suicidal adolescents who drink alcohol.

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.
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Given this study specifically assessed the development and/or modification of a suicide plan,
more detail is needed to understand specifically how suicide plans develop or change over
time.

Our most novel findings were related to NSSI. NSSI remained relatively stable over the 90
days prior to inpatient psychiatric hospitalization for suicide risk. Adolescents who engaged
in NSSI at the beginning of the 90 days continued to engage in NSSI, and adolescents

who did not engage in NSSI at the beginning did not increase the frequency of their NSSI
leading up to their hospitalization. This may be because among youth with depression,
NSSI tends to be relatively stable in nature (Barrocas et al., 2014), and is a distinctly
different construct than SA in that there is no suicidal intent of the action itself. In addition,
because NSSI serves to habituate the individual to pain via repeated exposure to physically
painful experiences (Van Orden et al., 2010), a change in daily frequency over a three
month period may not elevate the relative risk of SA, especially for those who may have
been engaging in NSSI for months or even years prior. However, it is possible that our
sample and methodology conflates these findings as our sample is of suicidal adolescents
prior to psychiatric hospitalization, thus decreasing variability of suicidal and nonsuicidal
experiences. Nevertheless, our findings imply that simply the presence of NSSI, regardless
of change in frequency, confers risk for suicide attempts among high-risk adolescents.

On days when an adolescent engaged in NSSI or made a SP, their risk of SA also increased
the same-day. This is consistent with prior research indicating NSSI (Tang et al., 2011;
Wichstrom, 2009) and SP (Joiner et al., 2003) are robust risk factors for SA. Given the
relationship between NSSI and SA, contemporary theories of suicide (Klonsky & May,
2015; O’Connor & Kirtley, 2018; Van Orden et al., 2010) have been used to help tease
apart the functional duality of NSSI and SA. Although engaging in the act of NSSI may
offer short-term relief and temporarily delay a SA, especially among persons experiencing
emotion dysregulation, continued NSSI may not be an effective long-term strategy (Joiner et
al., 2012). Therefore, it is possible that over time this function may no longer be effective
and instead may have increased risk for suicide in our sample. Future research should
consider examining the time course of NSSI and SA in order to establish at which point
NSSI no longer reduces risk and instead increases risk (Brausch & Muehlenkamp, 2018;
Burke et al., 2018).

Our findings extend prior research by focusing on the risk that NSSI and SP confer on

SA on a given day, as opposed to simply over time. The potential elevation of risk of this
relationship suggests the importance of practitioners’ awareness of adolescents’ ongoing
NSSI and SP behaviors. Our finding that SP confers risk for SA on a given day supports
current best clinical practices. Specifically, obtaining information that an adolescent has
made a SP should signal to the practitioner that more stringent safety measures and perhaps
a higher level of intervention and monitoring may be warranted. Although assessing SPs is
best practice for all suicidal patients, this is particularly important given the high risk nature
of the sample in this study. Research has established that alcohol use is a risk factor for
suicide (Brausch & Muehlenkamp, 2018; Burke et al., 2018). Because adolescents who have
a suicide plan and become intoxicated may be more likely to act on the plan due to the

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.
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disinhibition caused by alcohol (Bagge & Sher, 2008), timely identification of a new SP or
alteration of an existing SP among these high risk individuals is evermore critical.

Inconsistent with our hypothesis, the interaction between NSSI and SP on SA was not
significant. On days when youth engaged in both NSSI and SP, the odds of making a SA
that same day did not change. It is important to recognize that this study looked specifically
at the 90 days leading up to inpatient hospitalization of suicidal adolescents, and did not
account for the temporal precedence of NSSI and SP on a given day, limiting our ability

to examine daily causal effects. Additionally, given the small number of individuals who
reported this co-occurrence, these results should be interpreted with caution. Despite the
small sample and nonsignificant findings, it is possible that the two behaviors (planning
and engaging in NSSI) do not add together to increase risk, but the presence of either
alone is sufficient to warrant concern. Other literature indicates that NSSI emerges as a
strong predictor of future suicidal behavior, however, comparatively fewer studies have
examined suicide planning as a predictor variable. Thus, it is too early to make substantive
conclusions. Nonetheless, these results are an important first step and these findings should
be examined in larger studies.

Our findings should be interpreted with caution due to a small, homogenous sample of
predominantly White females. Our sample consists of adolescents who were admitted to
an inpatient psychiatric unit following a suicidal event who were at elevated suicide risk
because they also endorsed past-month alcohol use. Consequently, our results are not
generalizable to all suicidal adolescents. Rather, results should be applied to a high-risk
clinical sample of suicidal adolescents who drink alcohol. Another limitation is that we
retrospectively examined their suicidal and nonsuicidal self-injurious behavior leading up
to the suicidal event. Although there is the possibility of recall bias given the use of
self-report retrospective data, using self-report data allows us to share the experiences of
participants from their perspective. Moreover, the use of a reliable and valid measure (the
TLFB) helps to mitigate some of that risk. Prior research has demonstrated only minimal
disparity between the TLFB and actual experiences and scholars have indicated that this may
be influenced primarily by individual differnences in reporting (Donohue et al., 2004).

Similarly, our use of retrospective data and lack of temporal ordering of NSSI, SP, and

SA on a given day limit our ability to make causal statements despite the longitudinal
nature of the data. Despite these limitations, this study utilized recalled daily data to assess
the relationship among distinct suicide-related variables on a fine-grained level. This is

a strength of our study, as researchers frequently aggregate data which fails to allow for
analysis of variability in the days leading up to a suicidal crisis. Future studies could extend
research on suicidal and nonsuicidal self-injurious behavior by examining the temporal
ordering of events as well as add variables related to emotion dysregulation, using advanced
methodology such as ecological momentary assessment. Future studies could also examine
longer time periods of the association between NSSI, SP, and SA.

With respect to clinical implications, by looking at daily changes over time in this study
we can infer that when suicidal adolescents engage in NSSI or make a SP, they may be
at particularly high risk of making a SA on that same day. This finding underscores the
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importance of in-the-moment symptom monitoring and indicates the need to develop and
test ecological momentary assessments and interventions (Kleiman et al., 2019). In addition,
this research suggests how SP may increase over the short-term leading up to SA. However,
SP is one of the least well studied constructs in the suicide field and we know even less
about suicide planning among youth. Future research is needed to understand how formation
of suicide plans or substantial changes to suicide plans may signal risk for SA.

Funding

This work was supported by the American Foundation for Suicide Prevention [Y1G-1-097-13, PI: O’Brien,
Mentor: Spirito] and the National institute on Alcohol Abuse and Alcoholism [R34AA025763, Pl: O’Brien].

Data Availability

Data is available upon request.

References

Asarnow JR, Porta G, Spirito A, Emslie G, Clarke G, Wagner KD, & Brent DA (2011). Suicide
attempts and nonsuicidal self-injury in the treatment of resistant depression in adolescents: findings
from the TORDIA study. Journal of the American Academy of Child and Adolescent Psychiatry,
50(8), 772-781. 10.1016/j.jaac.2011.04.003 [PubMed: 21784297]

Azevedo-Filho A, & Shachter RD (1994). Laplace’s method approximations for probabilistic inference
in beliefnetworks with continuous variables. In Lopes de Manaras R & Poole D (Eds.), Uncertainty
in Artificial Intelligence, 28-36. 10.1016/b978-1-55860-332-5.50009-2
Bagge CL, Littlefield AK, & Glenn CR (2017). Trajectories of affective response as warning signs
for suicide attempts: an examination of the 48 hours prior to a recent suicide attempt. Clinical
Psychological Science, 5(2), 259-271. 10.1177/2167702616681628
Bagge CL, & Sher KJ (2008). Adolescent alcohol involvement and suicide attempts: toward the
development of a conceptual framework. Clinical Psychology Review, 28, 1283-1296. 10.1016/
j.cpr.2008.06.002 [PubMed: 18676078]
Barrocas AL, Giletta M, Hankin BL, Prinstein MJ, & Abela JRZ (2014). Nonsuicidal Self-Injury in
Adolescence: Longitudinal Course, Trajectories, and Intrapersonal Predictors. Journal of Abnormal
Child Psychology, 43(2), 369-380. 10.1007/s10802-014-9895-4
Brausch AM, & Muehlenkamp JJ (2018). Perceived effectiveness of NSSI in achieving functions
on severity and suicide risk. Psychiatry Research, 265, 144-150. 10.1016/j.psychres.2018.04.038
[PubMed: 29709788]
Brown RC, & Plener PL (2017, March 1). Non-suicidal Self-Injury in Adolescence. Current Psychiatry
Reports, 19. 10.1007/s11920-017-0767-9
Burke TA, Jacobucci R, Ammerman BA, Piccirillo M, McCloskey MS, Heimberg RG, & Alloy LB
(2018). Identifying the relative importance of non-suicidal self-injury features in classifying suicidal
ideation, plans, and behavior using exploratory data mining. Psychiatry Research, 262, 175-183.
10.1016/j.psychres.2018.01.045 [PubMed: 29453036]
Donohue B, Strada MJ, Silver NC, Azrin NH, Teichner G, & Murphy H (2004). Psychometric
evaluation of self- and collateral timeline follow-back reports of drug and alcohol use in a sample
of drug-abusing and conduct-disordered adolescents and their parents. Psychology of Addictive
Behaviors, 18(2), 184-189. 10.1037/0893-164X.18.2.184 [PubMed: 15238061]
Fox KR, Harris JA, Wang SB, Millner AJ, Deming CA, & Nock MK (2020). Self-Injurious
Thoughts and Behaviors Interview-Revised: Development, reliability, and validity. Psychological
Assessment, 32(7), 677-689. 10.1037/pas0000819 [PubMed: 32324021]

Glenn CR, Lanzillo EC, Esposito EC, Santee AC, Nock MK, & Auerbach RP (2017). Examining
the Course of Suicidal and Nonsuicidal Self-Injurious Thoughts and Behaviors in Outpatient

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.



1duosnuey Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Sellers et al. Page 11

and Inpatient Adolescents. Journal of Abnormal Child Psychology, 45(5), 971-983. 10.1007/
510802-016-0214-0 [PubMed: 27761783]

Grandclerc S, De Labrouhe D, Spodenkiewicz M, Lachal J, & Moro M-R (2016). Relations between
Nonsuicidal Self-Injury and Suicidal Behavior in Adolescence: A Systematic Review. PL0oS One,
11(4), e0153760. 10.1371/journal.pone.0153760. [PubMed: 27089157]

Guerry JD, & Prinstein MJ (2009). Longitudinal Prediction of Adolescent Nonsuicidal Self-Injury:
Examination of a Cognitive Vulnerability-Stress Model. Journal of Clinical Child & Adolescent
Psychology, 39(1), 77-89. 10.1080/15374410903401195

Hamza CA, & Willoughby T (2015). Nonsuicidal Self-Injury and Affect Regulation: Recent Findings
From Experimental and Ecological Momentary Assessment Studies and Future Directions. Journal
of Clinical Psychology, 71(6), 561-574. 10.1002/jclp.22174 [PubMed: 25850819]

Jacobs DG, Baldessarini RJ, Conwell Y, Fawcett JA, Horton L, Meltzer H, ... Simon RI (2010).
PRACTICE GUIDELINE FOR THE Assessment and Treatment of Patients With Suicidal
Behaviors

Joiner TE, Ribeiro JD, & Silva C (2012). Nonsuicidal Self-Injury, Suicidal Behavior, and Their Co-
occurrence as Viewed Through the Lens of the Interpersonal Theory of Suicide. Current Directions
in Psychological Science, 21(5), 342-347. 10.1177/0963721412454873

Joiner TE, Steer RA, Brown G, Beck AT, Pettit JW, & Rudd MD (2003). Worst-point suicidal plans:
a dimension of suicidality predictive of past suicide attempts and eventual death by suicide.
Behaviour Research and Therapy, 41(12), 1469-1480. 10.1016/S0005-7967(03)00070-6 [PubMed:
14583414]

Kassahun W, Neyens T, Molenberghs G, Faes C, & Verbeke G (2012). Modeling overdispersed
longitudinal binary data using a combined beta and normal random-effects model. Archives of
Public Health, 70(1). 10.1186/0778-7367-70-7

KimY, Choi YK, & Emery S (2013). Logistic regression with multiple random effects: A simulation
study of estimation methods and statistical packages. American Statistician, 67(3), 171-182.
10.1080/00031305.2013.817357

Kleiman EM, Glenn CR, & Liu RT (2019). Real-Time Monitoring of Suicide Risk among
Adolescents: Potential Barriers, Possible Solutions, and Future Directions. Journal of Clinical
Child & Adolescent Psychology, 48(6), 934-946. 10.1080/15374416.2019.1666400 [PubMed:
31560584]

Klonsky ED, Glenn CR, Styer DM, Olino TM, & Washburn JJ (2015). The functions of nonsuicidal
self-injury: converging evidence for a two-factor structure. Child and Adolescent Psychiatry and
Mental Health, 9(1), 44. 10.1186/s13034-015-0073-4 [PubMed: 26421059]

Klonsky ED, & May AM (2015). The Three-Step Theory (3ST): A New Theory of Suicide Rooted in
the “ldeation-to-Action” Framework. In International Journal of Cognitive Therapy, 8.

Levy S, Sherritt L, Harris K, Gates EC, Holder DW, Kulig JW, & Knight JR (2004). Test-retest
reliability of adolescents’ self-report of substance use 10.1097/01.ALC.0000134216.22162.A5

Martin-Willett R, Helmuth T, Abraha M, Bryan AD, Hitchcock L, Lee K, & Bidwell LC (2020).
Validation of a multi-substance online Timeline Followback assessment. Brain and Behavior,
10(1). 10.1002/brb3.1486

McManama O’Brien KH, Aguinaldo LD, White E, Sellers CM, & Spirito A (2017). A Brief Alcohol
Intervention During Inpatient Psychiatric Hospitalization for Suicidal Adolescents. Cognitive and
Behavioral Practice 10.1016/J.CBPRA.2017.04.002

McManama O’Brien KH, Sellers CM, Battalen AW, Ryan CA, Maneta EK, Aguinaldo LD, & Spirito
A (2018). Feasibility, acceptability, and preliminary effects of a brief alcohol intervention for
suicidal adolescents in inpatient psychiatric treatment. Journal of Substance Abuse Treatment, 94,
105-112. 10.1016/j.jsat.2018.08.013 [PubMed: 30243410]

Muehlenkamp JJ (2014). Distinguishing between suicidal and nonsuicidal self-injury. In Knock MK
(Ed.), Oxford library of psychology. The Oxford handbook of suicide and self-injury (pp. 23-46).
Oxford University Press.

Nock MK (Ed.). (2009). Understanding nonsuicidal self-injury: Origins, assessment, and treatment
10.1037/11875-000

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.



1duosnuey Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Sellers et al. Page 12

Nock MK, Borges G, Bromet EJ, Alonso J, Angermeyer M, Beautrais A, & Williams D (2008).
Cross-national prevalence and risk factors for suicidal ideation, plans and attempts. British Journal
of Psychiatry, 192(2), 98-105. 10.1192/bjp.bp.107.040113

Nock MK, & Prinstein MJ (2004). A Functional Approach to the Assessment of Self-

Mutilative Behavior. Journal of Consulting and Clinical Psychology, 72(5), 885-890.
10.1037/0022-006X.72.5.885 [PubMed: 15482046]

O’Connor RC, & Kirtley OJ (2018, September 5). The integrated motivational-volitional model of
suicidal behaviour. Philosophical Transactions of the Royal Society B: Biological Sciences, 373.
10.1098/rsth.2017.0268

Oquendo MA, & Mann JJ (2008, June). Suicidal Behavior: A Developmental Perspective. Psychiatric
Clinics of North America, 31, xiii. 10.1016/j.psc.2008.03.001

Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, & Mann JJ (2011). The
Columbia-Suicide Severity Rating Scale: Initial Validity and Internal Consistency Findings From
Three Multisite Studies With Adolescents and Adults. American Journal of Psychiatry, 168(12),
1266-1277. 10.1176/appi.ajp.2011.10111704

Prinstein MJ, Nock MK, Simon V, Aikins JW, Cheah CSL, & Spirito A (2008).

Longitudinal trajectories and predictors of adolescent suicidal ideation and attempts following
inpatient hospitalization. Journal of Consulting and Clinical Psychology, 76(1), 92-103.
10.1037/0022-006X.76.1.92 [PubMed: 18229987]

Rabe-Hesketh S, & Skrondal A (2012). Multilevel and Longitudinal Modeling Using Stata, Volumes |
and 1, Third Edition (Third). StataCorp LP.

Ribeiro JD, Franklin JC, Fox KR, Bentley KH, Kleiman EM, Chang BP, & Nock MK (2016).
Self-injurious thoughts and behaviors as risk factors for future suicide ideation, attempts, and
death: a meta-analysis of longitudinal studies. Psychological Medicine, 46(2), 225-236. 10.1017/
S0033291715001804 [PubMed: 26370729]

Schilling EA, Aseltine RH, Glanovsky JL, James A, & Jacobs D (2009). Adolescent alcohol use,
suicidal ideation, and suicide attempts. Journal of Adolescent Health, 44, 335-341. 10.1016/
j.jadohealth.2008.08.006

Sellers CM, Diaz-Valdés A, Oliver MM, Simon KM, & O’Brien KHMM (2021). The relationship
between alcohol and cannabis use with nonsuicidal self-injury among adolescent inpatients:
Examining the 90 days prior to psychiatric hospitalization. Addictive Behaviors, 114. 10.1016/
j.addbeh.2020.106759

Sellers CM, Diaz-Valdes Iriarte A, Wyman Battalen A, & O’Brien KHMM (2019). Alcohol and
marijuana use as daily predictors of suicide ideation and attempts among adolescents prior to
psychiatric hospitalization. Psychiatry Research, 273, 672—-677. 10.1016/j.psychres.2019.02.006
[PubMed: 31207851]

Silverman MM, Berman AL, Sanddal ND, O’Carroll PW, & Joiner TE (2007). Rebuilding the
Tower of Babel: A Revised Nomenclature for the Study of Suicide and Suicidal Behaviors
Part 2: Suicide-Related Ideations, Communications, and Behaviors. Suicide and Life-Threatening
Behavior, 37(3), 264-277. 10.1521/suli.2007.37.3.264 [PubMed: 17579539]

Sobell LC, & Sobell MB (1995). Alcohol Timeline Followback User’s Manual Addiction Research
Foundation.

Sobell Linda C., & Sobell MB (1992). Timeline Follow-Back. In Measuring Alcohol Consumption
41-72.10.1007/978-1-4612-0357-5_3

Tang J, YuY,Wu Y, Du Y, MaY, Zhu H, & Liu Z (2011).

Association between Non-Suicidal Self-Injuries and Suicide Attempts in Chinese Adolescents
and College Students: A Cross-Section Study. PLoS ONE, 6(4), e17977. 10.1371/
journal.pone.0017977

Taylor PJ, Jomar K, Dhingra K, Forrester R, Shahmalak U, & Dickson JM (2018). A meta-analysis
of the prevalence of different functions of non-suicidal self-injury. Journal of Affective Disorders,
227, 759-769. 10.1016/J.JAD.2017.11.073 [PubMed: 29689691]

Van Orden KA, Witte TK, Cukrowicz KC, Braithwaite S, Selby EA, & Joiner TE (2010). The
Interpersonal Theory of Suicide. Psychological Review, 11(2), 576-600. 10.1037/a0018697

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Sellers et al. Page 13

Wichstr@om L (2009). Predictors of Non-Suicidal Self-Injury Versus Attempted Suicide: Similar
or Different? Archives of Suicide Research, 13(2), 105-122. 10.1080/13811110902834992.
[PubMed: 19363748]

Zhang X, & Wu LT (2014). Suicidal ideation and substance use among adolescents and
young adults: A bidirectional relation? Drug and Alcohol Dependence, 142, 63-73. 10.1016/
j.drugalcdep.2014.05.025 [PubMed: 24969957]

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 March 17.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sellers et al.

Table 1

Descriptive Statistics for Time-Invariant and Time-Varying Variables

Variables % (n) / M(SD)

Time-Invariant Variables

Gender Identity

Male 25% (17)
Female 77% (52)
Race

White 65% (45)
Non-White 35% (24)
Ethnicity

Hispanic/Latinx 23% (16)
Non-Hispanic/Latinx 77% (53)
Age 15.77 (1.00)
Time-Varying Variables — Between %
Suicide Attempts 63.77% (44)
Suicide Planning 59.42% (41)
NSSI 55.07% (38)
SA, SP & NSSI 23.19% (16)
Alcohol Use 100% (69)

Within %

3.08% (2.77 days)
4.23% (3.81 days)
11.08% (9.97 days)
1.53% (1.38 days)
7.79% (7.01 days)
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Table 2

Odds Ratios and 95% Confidence Intervals of the Mixed Effect Model for the Trajectory of NSSI and Suicide
Planning

Variable NSSI SP

Day 1.01[0.99, 1.02] 1.04*** [1.02, 1.05]
Var(Day)  0.0002 [0.002, 0.02] ~ 0.003 [0.00016,0.009]

Nonsuicidal self-injury (NSSI); Suicide Plan (SP)
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Table 3
Odds Ratios and 95% Confidence Intervals of the Mixed Effect Models of NSSI and Suicide Planning on Suicide Attempts (n = 69 nt = 6,207)

Variable Model 1 Model 2 Model 3 Model 4
NSSI 3.57***[1.86, 6.85] 3.95**[1.89, 8.27] 3.51***[1.84, 6.69] 3.517*"[1.84,6.68]
sp 61.02**"[27.01,137.83]  67.90 [27.84, 165.57] 60.92 "[26.97,137.62] 62.69 *"[27.87,141.00]
NSSI x SP 0.66 [0.15, 2.91]
Gender Identity 4.877[1.41, 16.86] 5.05 *[1.45, 17.58]
Age 1.15[0.73, 1.81]
Intercept 0.003***[0.00,0.01]  0.003**[0.00, 0.01] 0.001 ***[0.00, 0.00] 0.001 ***0.00, 0.00]
AlC 690.22 691.92 686.61 684.95
BIC 717.16 725.59 727.01 718.62
Icc 0.37 0.36 0.34 0.35
*
p<0.05
*Kk
p<0.01
Ak
p < 0.001

Confidence Intervals in Brackets. NSSI nonsuicidal self-injury
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