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Prior research has shown that most known risk factors for suicide attempts in the general population
actually predict suicide ideation rather than attempts among ideators. Yet clinical interest in predicting
suicide attempts often involves the evaluation of risk among patients with ideation. We examined a
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number of characteristics of suicidal thoughts hypothesized to predict incident attempts in a retrospective
analysis of lifetime ideators (N = 3,916) drawn from a large (N = 29,982), representative sample of
United States Army soldiers. The most powerful predictors of first nonfatal lifetime suicide attempt in
a multivariate model controlling for previously known predictors (e.g., demographics, mental disorders)
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were: recent onset of ideation, presence and recent onset of a suicide plan, low controllability of suicidal
thoughts, extreme risk-taking or “tempting fate,” and failure to answer questions about the characteristics

of one’s suicidal thoughts. A predictive model using these risk factors had strong accuracy (area under
= .93), with 66.2% of all incident suicide attempts occurring among the 5% of soldiers
with highest composite predicted risk. This high concentration of risk in this retrospective study suggests
that a useful clinical decision support model could be constructed from prospective data to identify those
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with highest risk of subsequent suicide attempt.
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General Scientific Summary

suicide attempts with good accuracy.

Suicide is a leading cause of death worldwide. One of the greatest challenges in this area is predicting
which people who think about suicide will act on those thoughts and make a suicide attempt. In this
study, we documented several characteristics of suicide-related thoughts that predict incident nonfatal
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Suicide is among the leading causes of death worldwide (World
Health Organization, 2017). In the United States, the suicide rate
is especially high among military service members and veterans
(Bossarte, Claassen, & Knox, 2010; Nock et al., 2013). Although
the number of studies aimed at improving the understanding and
prediction of suicidal behavior has increased dramatically over the
past several decades (Franklin et al., 2017), the majority of studies
seeking to predict suicidal behaviors have repeatedly examined the
same, relatively small, set of risk factors (e.g., sociodemographics,
mental disorders) in samples of the general population (Franklin et
al., 2017). Recent research has shown that the majority of these
risk factors are actually risk factors for suicide ideation in the total
population rather than for suicide attempts among ideators (Nock,
Borges, & Ono, 2012; Nock, Kessler, & Franklin, 2016). This is an
important limitation, given that most suicide prevention efforts
focus on the prevention of attempts among ideators.

The small amount of research that has been carried out on the
prediction of suicide attempts among ideators suggests that a
number of characteristics of suicidal thzoughts are important (Ri-
beiro et al., 2016). Most notably, recenteonset of suicidal thoughts, 2
duration and uncontrollability of these thoughts, severity of ide- -
ation at its worst point, and presence of a suicide plan have all been
found to predict increased risk of subsequent suicide attempts
(Beck, Brown, Steer, Dahlsgaard, & Grisham, 1999; Joiner et al.,
2003; Nock, Borges, Bromet, Alonso, et al., 2008). However, these
findings have been mixed, perhaps due to the small and selected
nature of the samples used in those studies (e.g., pediatric emer-
gency patients, bipolar patients; Horwitz, Czyz, & King, 2015;
Jiménez et al., 2016). It also has been proposed that engaging in
dangerous and intentionally self-injurious behaviors is associated
with increased risk of suicidal behaviors by removing the natural
fear and aversion toward self-harm (Joiner, 2005). However, there
is also a view that intentional nonsuicidal self-injury (NSSI) might
be protective in that it can serve as an emotion regulation strategy
that decreases a person’s risk for suicide (Suyemoto, 1998). Con-
sistent with this view, a recent study of temporal sequences and
trajectories of suicide-related thoughts and behaviors in a sample
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of military personnel and veterans enrolled in college courses
found that the transition time from suicide ideation to suicide
attempt was significantly longer for those who engaged in NSSI
compared with ideators without NSSI (Bryan, Bryan, May, &
Klonsky, 2015).

The primary purpose of the current study was to examine the
associations of these proposed predictors of first lifetime attempts2
among ideators in a much larger sample than in previous studies.
Notably, most prior studies in this area have examined predictors
of lifetime suicide attempt among clinical samples, rather than
onset of a first suicide attempt in some general population, such as
a large representative sample of Army soldiers. Our focus on the
latter was intentional and designed to provide new information that
could inform suicide prediction and prevention efforts.

United States Army soldiers participating in the Army Study to
Assess Risk and Resilience in Servicemembers (Army STARRS;
http://starrs-1s.org). In the interest of focusing on associations of
self-injurious thoughts and behaviors (SITBs) with subsequent
incident nonfatal suicide attempts beyond known risk factors, we
controlled for sociodemographics, mental disorders, and other
factors shown in a prior analysis of this sample to predict this
outcome (Millner et al., in press, 2017). This allowed us to rule out
the possibility that any observed association between SITBs and
subsequent suicide attempts were due to these other predictors,
such as the possibility that SITBs predict suicide attempt because
both are caused by mental disorders. Given that different types of
SITBs may be related, we examined associations of each SITB
considered in the analysis both in isolation and in a multivariate
model to determine unique associations involving each SITB type.
Importantly, the data analyzed here were retrospective, which
means that results need to be considered provisional due to the
possibility of recall bias. However, the sample is the baseline for
an in-progress follow-up survey that will make it possible subse-
quently to evaluate the replicability of the results found here in a
prospective analysis.
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PREDICTING TRANSITION: SUICIDE IDEATION TO ATTEMPT

Method

Sample

Data are from the Army STARRS Consolidated All-Army Sur-
vey (AAS), a study that combines three large survey samples, each
administered to a large and representative sample of active duty
soldiers. The first of these three surveys was the AAS, in which a
sample of active duty soldiers (excluding those in basic combat
training or deployed to a combat theater) completed a self-
administered questionnaire (SAQ). The AAS sample was drawn in
quarterly replicates during the years 2011-2012, with the addition
of activated National Guard and Army Reserve (G/R) units in
2013. The AAS sample was stratified by Army Command-
location. The survey was administered to all soldiers in units or
subunits selected with probabilities proportional to authorized unit
strength (excluding units with <30, which was the case for <2%
of Army personnel). All soldiers in selected units were asked to
attend an informed consent session (20.2% could not attend be-
cause of conflicting duty assignments) covering the study purpose,
confidentiality, and voluntary participation before requesting: in-
formed consent, linkage with administrative records (not used in
the current study/report), and participation in future/longitudinal
data collection. Most attendees at the consent sessions (95.0%)
agreed to participate, 97.3% of consenters completed the survey,
and 63.1% of completers consented to record linkage. In total,
17,462 AAS soldiers completed the survey and consented to ad-
ministrative data linkage.

As noted in the previous paragraph, the main AAS excluded
soldiers deployed to a combat theater. The second survey included
in the Consolidated AAS was designed to fill that gap by admin-
istering the AAS questionnaire to soldiers in Kuwait waiting to be
processed for transit to and from their middeployment leave to
Afghanistan. In addition to the difference in location of the survey,
the sampling differed in that the sample selected individual sol-
diers rather than units. Each day during the field period, a sample
of soldiers either transitioning out of or back into Afghanistan was
selected at the airport and recruited in a group session to partici-
pate in the survey using the same procedures as in the main AAS.
As in the main AAS, most soldiers (80.9%) provided informed
consent, 86.5% of consenters completed the survey, and 55.6% of
completers provided record linkage. In total, 3,987 soldiers com-
pleted the survey and provided consent for administrative data
linkage.

The third survey included in the Consolidated AAS was the
baseline wave of the longitudinal STARRS Pre-Post Deployment
Survey (PPDS) of soldiers in three Brigade Combat Teams who
were assessed before deploying to Afghanistan and then again
three times after returning from deployment. Recruitment, consent,
and data collection procedures were the same as in the other two
surveys. Most soldiers invited to participate in the baseline PPDS
attended the consent session (96.7%), 98.7% of those attending
provided informed consent, 99.2% of consenters completed the
survey, and 90.9% of completers providing record linkage. In total,
8,558 soldiers completed the baseline PPDS survey and providing
consent for administrative data linkage.

Study procedures were approved by all collaborating organiza-
tions involved in this research. Survey responses of soldiers agree-
ing to administrative data linkage were doubly weighted before
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combining to adjust for discrepancies between the sample and
population. The first weight (W1) adjusted for differences in
survey responses between the respondents who agreed to record
linkage and those who did not. The second weight (W2) adjusted
for differences in administrative record profiles of weighted (W1)
survey completers with record linkage and the target population.
The latter weight adjusted the sample to be representative of all
active duty soldiers during the years 2011-2012 on the cross-
classification of sociodemographics (age, sex, race-ethnicity, edu-
cation, marital status), command (e.g., Forces Command, Training
and Doctrine Command, Reserve Command, Component Com-
mands), occupation (Combat Arms, Combat Support, Combat
Service Support), rank (E1-E4, ES-E9, W1-W4, O1-010), and
deployment status history (never-deployed, currently deployed,
previously deployed). The doubly weighted (W1 X W2) data were
combined to create the Consolidated AAS. A more detailed de-
scription of AAS weighting is presented elsewhere (Kessler, Heer-
inga, et al., 2013). Finally, participants (n = 25) with unknown
survey dates were omitted from the final analytic sample.

Measures

SITB. SITBs were measured using a modified version of the
Columbia Suicidal Severity Rating Scale (Posner et al., 2011). The
assessment began by asking about lifetime occurrence and age-of-
onset (AOO) of suicide ideation (Did you ever in your life have
thoughts of killing yourself? Did you ever wish you were dead or
would go to sleep and never wake up?), suicide plans (Did you
ever think of how you might kill yourself [e.g., taking pill, shoot-
ing yourself] or work out a plan of how to kill yourself?), and
suicide attempts (Did you ever make a suicide attempt; that is,
purposefully hurt yourself with at least some intention to die?).
Suicide plan and attempt were only assessed among those who
reported lifetime suicide ideation. We also assessed several char-
acteristics of suicide ideation hypothesized to predict subsequent
suicide attempt;g‘worst-week duration of suicide ideation (i.e.,
“Think of the one week in your life when you thought most about
killing yourself or wanting to be dead. How many days during that
worst week did you have those thoughts?” and “How long during
that worst week did those thoughts usually last on the days you had
them?,” which were combined to produce one duration variable)
and”worst-week controllability of suicide ideation (i.e., “During
that worst week, how easy was it for you to control those thoughts
or push them out of your mind when you wanted to?”). We also
assessed two forms of self-harm behavior that we hypothesized
would predict suicide attempts: extreme risk-taking or tempting
fate (i.e., “People who wish they were dead or think about killing
themselves sometimes do dangerous things as a way to tempt fate
(e.g., take a lot of drugs, drive too fast, volunteer for dangerous
missions, or act recklessly). How often in your life did you ever do
dangerous things related to wishing you were dead?”) and NSSI
(i.e., “Did you ever do something to hurt yourself on purpose, but
without wanting to die [e.g., cutting yourself, hitting yourself, or
burning yourself]?”).

Mental disorders. We assessed lifetime prevalence and age
of onset of five internalizing disorders (major depressive episode,
bipolar disorder [BPD], panic disorder [PD], generalized anxiety
disorder, posttraumatic stress disorder [PTSD]) and three external-
izing disorders (attention-deficit/hyperactivity disorder [ADHD],
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intermittent explosive disorder [IED], and substance use disorders
[SUDs]). The Composite International Diagnostic Interview
(CIDI; Kessler & Ustiin, 2004) screening scales were used to
assess BPD, PD, and IED, along with ADHD in the 6 months
before SAQ completion. All other disorders were assessed with a
modified self-report version of the Family History Screen (FHS;
Weissman et al., 2000). The CIDI screening scales have good
concordance with independent clinical diagnoses (AUC = .69--.79
across diagnoses; Kessler, Santiago, et al., 2013). The FHS also
has been shown to have good concordance with clinical diagnoses
(Weissman et al., 2000); however, the modified version used here
yielded implausibly high prevalence estimates and so the diagno-
ses based on the FHS should be considered combinations of
threshold and subthreshold disorders.

Army career variables. We examined three Army career
variables: component (Regular Army vs. Reserve component [i.e.,
activated G/R]), Military Occupational Specialty (MOS) collapsed
into the broad categories of combat arms, combat support, and
combat service support, rank (junior enlisted E1-E4, senior en-
listed ES-E9, and officers [combining Warrant officers and Com-
missioned officers]), and deployment status history (never de-
ployed to a combat theater, currently deployed, previously
deployed). Consistent with prior research on differences in health
across different occupations (Gubata, Piccirillo, Packnett, &
Cowan, 2013; Lindstrom et al., 2006; Niebuhr et al., 2011), we
grouped soldiers into three types of occupations: combat arms
(involved directly in ground combat), combat support (provide
operational assistance to combat arms), and combat service sup-
port (all other occupations; Kirin & Winkler, 1992; Layne, Naftel,
Thie, & Kawata, 2001).

Analysis Methods

We first examined the probability and speed of transitioning
from suicide ideation to subsequent suicide attempt among all
soldiers. We then used discrete-time survival analysis with person-
year the unit of analysis, time-varying predictors, and a logistic
link function (Efron, 1988) to examine associations of predictors
with first lifetime onset of suicide attempt (n = 803) among those
with suicide ideation (N = 3,916). Notably, we assessed AOO for
all predictor variables examined and they were considered to have
been present only if their AOO occurred before the outcome being
predicted in each model, with the exception of ideation duration,
controllability, and tempting fate. Therefore, these last three vari-
ables can only be considered correlates of (not risk factors for) the
outcomes of interest. We estimated a series of multivariate models
that included the hypothesized risk factors (i.e., mental disorders,
characteristics of suicide ideation, and self-harm behaviors) after
statistically controlling for a number of known risk factors includ-
ing: time since onset of ideation, presence of a suicide plan, time
since onset of the plan, and a range of sociodemographic (i.e., sex,
race, marital status) and Army history (i.e., timing of enlistment,
years of service, Army component, rank, MOS, and deployment
history) factors documented to be significant predictors of suicidal
behavior in our prior work (Millner et al., in press, 2017). We
examined the association between each hypothesized risk factor
and the presence of suicide attempts: (a) after controlling for these
previously studied factors (gross models), and (b) all together in a
final multivariate model including all putative risk factors (net

model) in order to examine the unique association between each
factor and the occurrence of suicide attempts.

Survival coefficients in all models were exponentiated to create
odds ratios (ORs) with 95% confidence intervals. As the survey
data are both clustered and weighted, the design-based Taylor
series linearization method was used to produce standard errors
(Wolter, 1985). Design-based F' tests were used to evaluate the
significance of predictor sets, with numerator degrees of freedom
equal to the number of variables in the set and denominator
degrees of freedom equal to the number of sampling error calcu-
lation units (SECUs; n = 395) with observed attempted suicides
minus the sum of primary sample units from which these SECUs
were selected (n = 208) and one less than the number of variables
in the predictor set (Reed, 2007), resulting in 188 denominator
degrees of freedom in evaluating univariate associations and fewer
in evaluating multivariate associations.

The ORs from the multivariate models described above provide
information about the magnitude of the individual-level associa-
tions between risk factors and suicide attempts, but do not take into
account the prevalence of each predictor or overlap among these
predictors. We did this by calculating population attributable risk
proportions (PARPs), which represent the proportions of suicide
attempts that would be prevented if each set of risk factors were
prevented assuming a causal association between risk factor and
outcome.

Finally a predicted probability of making a nonfatal attempt
among ideators was generated for each respondent from Net model
coefficients. A receiver-operating characteristic (ROC) curve was
estimated from these predicted probabilities and an area under the
ROC curve (AUC) was calculated to quantify the accuracy of the
model predictions. We evaluated the sensitivity and positive pre-
dictive values at the 1%, 5%, and 10% threshold of respondents
with highest predicted probabilities to determine how well the
model performs in identifying cases of suicide attempt among
ideators. Sensitivity was the proportion of observed attempts found
among the 1%, 5%, and 10% of respondents with highest predicted
probabilities. Positive predictive value was the prevalence of sui-
cide attempt among these respondents. We used replicated ten-fold
cross-validation with 20 replicates (i.e., 200 separate estimates of
model coefficients) to correct for the overestimation of prediction
accuracy when both estimating and evaluating model fit (Smith,
Seaman, Wood, Royston, & White, 2014). =

(3.7, d=

Results / :
854 *
Descriptive Statistics lat
As we noted in a previous report, a weighted 13.7% (N = 3,916)
of consolidated AAS respondents had a lifetime history of suicide
ideation and 20.5% (n = 803) of lifetime ideators made one or
more lifetime suicide attempts subsequent to the onset of ideation
(Millner et al., 2017). Median (interquartile range) AOO was 17
(15-23) in the total sample (N = 3,916), 17 (14-22) among
ideators who later made a suicide attempt (» = 803), and 17
(15-23) among ideators who did not. Median duration (in years)
between onset of ideation and first attempt was 0 (0-2) years.
Median duration between onset of a plan and first attempt was 0
(0-0) years. Median AOO of suicide attempt was 18 (15-23). The
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distribution of demographic and Army career variables at the AOO
of all suicide ideators is presented in the Appendix (Table Al).

Probability and Speed of Transition From Ideation to
First Lifetime Attempt

More than half (68.2%) of the observed transitions from suicide
ideation to first suicide attempt occur in the year of onset of
ideation and more than three quarters (91.1%) occur in the first
five years after onset of ideation. Notably, these trends differ
depending on whether or not the ideation is accompanied by a plan
and whether the plan began in the same year as the ideation or only
after the ideation (Figure 1). Among ideators who develop a plan
in the same year as the onset of their ideation, 28.4% make an
attempt at the AOO of the plan and 35.3% within five years of
onset of the plan. Among ideators who develop a plan in a year
after the AOO of their ideation, 19.9% make an attempt at the

a plan. In addition, there is a meaningfully negative time trend in
odds of incident attempts in the years after onset of ideation and
plans (F; 55 = 12.7, p < .001).

Predictors of the Transition From Ideation to Attempt

The associations between each set of the putative risk factors
and the transition from suicide ideation to first suicide attempt are
presented in Table 1. In the gross models, we examined the
association between each set of risk factors shown (entered one set
at a time) after adjusting for sociodemographic and Army history
factors documented in our prior work (Millner et al., in press,
2017) as well as for time-since-onset of ideation and plan. In the
net model we entered all of these variables simultaneously in one
multivariate model to examine the unique association between
each predictor and the transition from ideation to attempt.

Several important predictive associations are observed in the

gross models. Five of the eight mental disorders examined ar§ L6
significantly associated with the onset of a suicide attempt, with _*

AOO of the plan and 25.2 within five years of onset of the plan.

Among ideators without a plan, 6.9% make an attempt at the AOO D
n

of ideation and 9.3% do so within five years of onset of ideation.
Evaluation of the joint predictive effects of these factors along
with AOO of ideation shows that AOO of ideation is not a
significant predictor of a subsequent attempt (F, 35 = 1.0, p =
.36) and that information about the presence and timing of AOO of
#4a plan relative to AOO of ideation is significant (Fs 43 = 138.3,
p < .001). The year of highest odds of onset of a first attempt is
the year of onset of a plan among soldiers whose plan began at the
AOO of ideation (OR = 5.6) followed by the year of onset of a
plan among soldiers whose plan began at a later year than their
AOO of ideation (OR = 3.6), followed by the year of onset of
ideation among soldiers without a plan (OR = 1.0). Conditional
odds of making a first attempt in later years are dramatically lower
both among soldiers with (OR = 0.6-0.6) and without (OR = 0.1)
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Cumulative failure rate (%)
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effect sizes ranging from OR = 1.3 for PTSD to OR = 2.1 for

substance use disorder. In the case of worst-week suicide ideation,mg
AR

associations are small and insignificant for shorter durations of
ideation, but become larger and statistically significant if lasting -
more than five hours, with ORs increasing monotonically as the
number of days with ideation increase from 1-3 days/week (OR =
2.6), to 4—6 days/week (OR = 2.9), to 7 days/week (OR = 3.6).

There also is a significant association between not anS\ng_t,his, X
survey item and odds of suicide attempt (OR = 5.9).”A similar

pattern is observed in the case of worst-week controllability of
suicidal thoughts, such that there are small and nonsignificant ORs

among those who do not find it difficult to control their suicidal 9%5,
thoughts, but larger, significant, and increasing ORs for thosq who ®&»

report it is “very difficult” (OR = 2.4) or “impossible” (OR =\3.4)
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(n=2492)

s Plan onset =
ideation onset
(n=1135)

Plan onset after
ideation onset
(n=289)

Note. Respondents of the
third curve (in green)
were followed from onset
of plan until onset of

0 5

attempt or censoring,
whereas respondents of the
first two curves (in blue

and green) were followed
from onset of ideation until
onset of attempt or censoring.

10 1)

Years after onset of suicide ideation/plan

Figure 1.
the online article for the color version of this figure.

Probability and timing of transition to first suicide attempt among lifetime ideators (N = 3,916). See
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to control their thoughts of suicidg/ Engaging in behavior that
tempted fate (ORs = 1.5-3.3) and/engaging in NSSI (OR = 1.5)
also are associated with significarftly increased odds of transition-
ing from suicide ideation to attempt.

In the net model that includes all risk factors simultaneously,
most ORs are slightly attenuated compared with in the gross
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suicide ideation (which is strongly correlated with controllability;
r = .48) and NSSI (which is significantly associated with tempting
fate; r = .17) are not predictive when these other variables are
taken into account.

PARPs
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Table 1
Predictors of Suicide Attempt Among Ildeators
Gross models Net model
Predictors OR 95% CI OR 95% CI
Mental disorders J J
Major depressive episode (SC) 1.5 1.2 19] 14V Bl ES]
Generalized anxiety disorder (SC) 1.0 iRyl 1.0 [E85152]
Posttraumatic stress disorder (SC) u\f J 1235 v =17 1377 [1.0, 1.7]
Bipolar disorder 52 104181 1.1 6]
Panic disorder Pa T e [15232:5% 1.4 [1.0, 2.0]
Intermittent explosive disorder /(/ 1.4/ FE15158] 14* v [1.1, 1.8]
Attention deficit hyperactivity disorder .8 6111 6V B ER
3 Substance use disorder (SC) 21 [1.5, 2.9] 17 [1.25223]
) Fs150 11.3" <.001 6:3% <.001
% i Worst week ideation duration (reference: just a few minutes, during 1 day)
< 5 Just a few min, during 2-3 days 3 [.4, 3.6] 1.0 [.4,2.5]
= —:: Just a few min, during 4+ days 9 352561 .6 21561
2= Less than 1 to 4 hr, during 1 day et e 4] 1.5 E78.08
T E Less than 1 to 4 hr, during 2-3 days =3 [.4, 3.9] 9 [f35225]
= Z Less than 1 to 4 hr, during 4-6 days 7 [ A=3.8] 1.0 {5:22%
s B Less than 1 to 4 hr, during 7 days 1.8 [.6, 5.3] 8 [3:-2:31
=B More than 5 hr, during 1-3 days 2.6V [1.1, 6.3] 14 [.6, 3.1]
s More than 5 hr, during 4-6 days 29 v [1.0, 8.6] 1.1 E453.3]
§ % More than 5 hr, during 7 days ‘/ 3.6°7 [1.3, 10.4] 1.1 [.4;2.9]
5 = Missing 59" [1.9, 18.6] 67"V 25, 18.3]
B Fio.178 12:0% <.001 8.3" <.001
5-8 Controllability of thoughts during worst week (reference: easy)
55 ) A little difficult 9 [.6, 1.3] 17 E+:1.61
2 Somewhat difficult 13 [.9, 1.9] 1.4 [9,:2.2]
j‘ = Very difficult v VAT N [1.6:83.93 2.3*/ [1.4, 3.5]
Sz Impossible / 34" [2.0, 5.8] 30"V [1.9, 4.9]
&3 s 15.4* <.001 T <.001
e i Frequency of tempting fate (reference: never)
g Rarely v 153 K525 220 =65 (1522417
S Sometimes </ 2.1%7 [1.6, 2.8 L, [12:2:5]
g2 Often v 33V [2.3, 4.9] D75V, [1.7, 4.1]
s P 6.0° v~ <.001 6477 <.001
/Er g Nonsuicidal self-injury 1.57 [1:254 9] 1.0 e
b
Qo=
=

models, whereas others decrease substantially and are no longer
significantly predictive of suicide attempts. ORs are largely un-
changed for mental disorders, with three of the initial five disor-
ders being significantly associated with suicide attempt, and now
the (negative) association between ADHD and suicide attempt is
significant (OR = 0.6). The effects of worst-week ideation dura-
tion are largely gone (with the only remaining significant effect for
having missing data on this item), as are the association between
NSSI and suicide attempt. In contrast, the ORs are only slightly
attenuated for controllability of ideation and tempting fate. This
LS pattern of findings suggests that mental disorders, controllability of
suicidal thoughts, and engaging in behavior that tempts fate all
contribute uniquely (relative to the other variables in the model) to
the transition from suicide ideation to suicide attempt. Duration of

As noted above in the Analysis Methods section, PARPs rep-
resent the proportions of observed cases of suicide attempt among
ideators that would be prevented if specific predictor variables
were prevented based on the assumption that the ORs for these
predictors represent causal effects. Focusing first on the PARPs for
the gross models, we estimate that approximately 54% of suicide
attempts among ideators are associated with having a suicide plan,
43% are associated with prior mental disorders, 61% with ideation
duration, 40% with ideation controllability, 42% with tempting
fate, and 11% with NSSI (Table 2). As in the predictive models
described above, these effects are attenuated in the net model, with
the strongest effects observed for suicide plan (47%), ideation
controllability (39%), and tempting fate (38%). Assuming that
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Table 3
Concentration of Risk of Suicide Attempt Among Ildeators:
Weighted Analysis

- Simulated le (N = 690,500
Suicide plan 53.5 4712V 5o c\\mgﬂ imulated sample ( )
Mental disorders 42.8 275 - Positive predictive
Ideation duration 60.5 8.8 A’L[)SW\ Sensitivity value
Temping e 0 .
¥ s P il ici S E ici t t E
omdionie st 106 10 ercentile suicide attempts S suicide attemp S
All of the above 86.2 Top 99th percentile 30.0 2.9 39.5 3.1
Note. n = 803 observed suicide attempts in this sample of N = 7,916 e percenqle the 29 2 i
ideators. PARP = population attributable risk proportion. LAl L nerpentie 5.8 >l 28.8 Ll
d/ W 2 Top 96th percentile 61.4 3.0 25.1 1.4
Top 95th percentile 2 : ;e A
I 95th il 66.2 Shl 22.4 1.3
N\ (d\u..\\c. Top 90th percentile 80.2 22 14.9 8

these are causal associations, preventing these predictors from
occurring or blocking their effects would prevent 86% of suicide
attempts among ideators.

Prediction Accuracy in the Net Model

We evaluated the predictive accuracy of our final net model by
calculating individual-level predicted probabilities with 20 repli-
cates of ten-fold cross-validation and then estimating ROC curves
and AUC based on these predictive probabilities. The overall
estimated AUC was .93, meaning that if we used the results of this
model to classify two randomly selected respondents, one ideator
who made an attempt and one who did not, we would classify them
correctly 93% of the time (Figure 2). The 1% of respondents with
the highest predicted probability of suicide attempt (according to
our model) include 30.0% of all attempters (sensitivity; Table 3).
The 5% of respondents with the highest probability include 66.2%
of all attempters, ang/the top 10% include 80.2% of all attempters.
Positive predictivg/ value (the proportion of predicted positives
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Note. Estimates calculated from 20 replicates of 10-fold cross-validation
of the final model.

who made an attempt) for the top 1%, 5%, and 10% are 39.5%,
22.4%, and 14.9%, respectively.

Discussion

There are three key findings from this study. First, we identified
several different characteristics of suicidal thinking that are asso-
ciated with increased risk of suicide ideators making incident
suicide attempts: recency of ideation onset, presence of a suicide
plan, and worst- week duration and controllability of suicidal
thoughts. Second, we found that two self-harm-related behaviors,
tempting fate and NSSI, were associated with increased risk of
incident suicide attempts among ideators. Third, we found that, as
a group, all the risk factors studied here predicted which people
with suicide ideation went on to make a suicide attempt with a

o) Hann:
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1. Total-simulated
(AUC=.93)
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False positive rate (1-specificity)

Figure 2. ROC curve for final model predicting suicide attempts among ideators, simulated sample of full
person-year file, weighted analysis (n = 690,500). See the online article for the color version of this figure.
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fairly high degree of accuracy (AUC = .93). Each of these find-
ings warrants additional comment.

For decades, theories of suicidal behavior have proposed that the
risk factors for suicide ideation differ from those for suicide
attempt (Joiner, 2005; Mann, Waternaux, Haas, & Malone, 1999;
Shaffer, Pfeffer, & the American Academy of Child and Adoles-
cent Psychiatry, 2001). Prior research has supported this idea by
showing that most risk factors for suicide attempt and death
actually predict suicide ideation, but not the transition from sui-
cidal thought and behavior (Nock, Borges, Bromet, Cha, et al.,
2008; Nock et al., 2016). Factors predicting the latter transition
have been much more difficult to identify. As such, the identifi-
cation in this study of several characteristics of suicidal thinking
that predict this transition is an important finding. The findings that
recent onset of suicide ideation and the presence of a suicide plan

m predict suicide attempts among ideators is consistent with results
from prior studies (Nock, Borges, Bromet, Alonso, et al., 2008;
Nock et al., 2012). New findings in this study are that worst-point

% \duration and controllability of suicide ideation statistically predict
the transition to suicide attempt. Specifically, relatively brief pe-
riods of suicidal thinking lasting <5 hr are not associated with an
increased risk of going on to make a suicide attempt, whereas
longer periods of time are. If replicated in a prospective study, this
finding would have important clinical implications regarding the
prediction of suicide attempts. It is perhaps not surprising that

Ogreater duration of suicide ideation also is strongly associated with
greater difficulty controlling suicidal thoughts, but less intuitive is
the finding that when examined together, it is controllability that is
the significant predictor of suicide attempts—even after control-
ling for mental disorders—suggesting that controllability is an

@especially important clinical predictor of suicidal behavior.

&) Italso is noteworthy that a refusal to answer the question about
duration of suicidal thinking had an especially strong association
with subsequent risk of suicidal behavior. This finding is in line
with those from a recent study showing that those who choose not
to answer questions about suicide show elevated scores on other
measures of suicide risk (Podlogar et al., 2016). These findings
suggest that nonresponse to questions about suicidal thinking may
provide useful information in the prediction of suicidal behavior.
This important finding should be followed up in future studies and,
if replicated, should factor into clinical risk assessments.

Researchers and clinicians have long sought to understand what
psychological or behavioral factors might increase the risk of
acting on one’s suicidal thoughts. It has been suggested that the
tendency or willingness to intentionally hurt oneself (in the form of
NSSI) or engage in potentially harmful behaviors (in the form of
risk-taking) may increase the risk of suicide attempt (Ammerman,
Steinberg, & McCloskey, 2016; Ribeiro et al., 2016). The current

D study suggests that extreme risk-taking, or tempting fate, and NSSI
¢ are significant predictors of the transition from suicidal thought to
suicidal action. Importantly, tempting fate was an especially strong
redictor of this transition and was one of the few significant
predictors in the final multivariate model, whereas NSSI was not.
Indeed, the single-item assessment of tempting fate used in this
study was more strongly associated with suicide attempt among
ideators than each of the mental disorders examined in this study
and had a larger association with suicide attempt in the PARP
calculations than did all mental disorders combined. To our knowl-
edge, this is the first study to examine the role of tempting fate in
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predicting suigidal behavior. As such, additional studies are
needed to tesf'the reliability and generality of this association, and
if supported, to better understand how and why tempting fate is
associated /with this risk.

The ulfimate goal of this line of work is to improve the predic-
tion and/ prevention of suicidal behavior. Toward this end, the
finding [in this study that nearly nine out of 10 (86%) suicide
attempty among ideators are attributable to this relatively small
handful pof risk factors suggests that they may be useful in improv-
ing the prediction of suicide attempts. Moreover, the finding that
an algorithm using these factors identified a small proportion of
soldiers with suicide ideation who account for the majority of
subsequent suicide attempts suggests that these risk factors can
help with clinical prediction of such behavior. On balance, how-
ever, only 39.5% of the soldiers in the highest-risk group identified
by the model (top 1% of risk scores) went on to make a suicide
attempt, a false positive rate that presents a significant challenge to
the current feasibility of using such an algorithm in actual clinical
settings (Nielssen, Wallace, & Large, 2017; Quinlivan et al.,
2017). Although the results of the current study represent a sig-
nificant advance in the understanding and prediction of suicidal
behavior, we need much greater understanding and accuracy to aid
prediction and prevention efforts. S Jhe Wi \&) CtOwwmpdr ?.

The results of this study should be interpreted in the context of
six important limitations. The most obvious of these is that the
analysis was based on retrospective data. Recall error and differ-
ential survivorship could have biased results. Moreover, several
key predictors (ideation duration, controllability, and tempting
fate) were not time stamped and could have occurred after respon-
dents’ first lifetime suicide attempt—in which case they would
represent correlates of making a suicide attempt, but not necessar-
ily predictors of that outcome. As a result, it will be important to
evaluate the consistency of these results in future prospective
studies that carefully document the time of onset of each predictor
and outcome. Second, the response and linkage rates were rela-
tively low, limiting inferences that can be made about the external
validity of these findings to other Army soldiers. Poststratification
was used to adjust for differences between the sample and the
population; however, this limitation remains a concern. Third, it is
likely that respondents underreported suicidal thoughts and behav-
iors due to concerns about confidentiality or stigma (Zinzow et al.,
2013) and/or displayed errors or bias in their recollections of the
timing of the AOO of suicidal thoughts and behaviors. Both
concerns would introduce imprecision into our predictive models.
Fourth, although we included a large number of covariates in our
models, we included a relatively small set of types of SITBs that
might predict the transition from suicide ideation to suicide at-
tempt. Therefore, it will be important to test the associations
between other SITBs (e.g., preparatory behavior, interrupted/
aborted suicide attempt) and suicide attempts in future studies.
Fifth, we used screeners rather than full diagnostic interviews to
assess mental disorders. Although several of these screeners
showed acceptable-to-good concordance with full diagnostic in-
terviews, some had lower concordance rates (with implausibly
high prevalence estimates) and so should be considered combina-
tions of threshold and subthreshold disorders. Sixth, because the
focus of this study was on Army soldiers, the generality of these
findings to other populations also is not known. Prior studies have
revealed that there is much overlap between the risk factors for
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suicidal behavior between service members and civilians (Nock et
al., 2013); nevertheless, the replication of these results in other
populations represents an important goal for future research, as
some differences in risk factors between service members and
civilians have been observed (Nock et al., 2014; Ursano et al.,
2016).
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Appendix

Table Al
Distribution of Demographic and Army Career Characteristics at the Age of Onset, Among Ideators in the
Full AAS Consolidated Sample: Weighted Analysis

Total sample No attempt Attempt
(N = 3,916) (n =.3,113) (n = 803)
% SE. % SE % SE
Demographics
Age
=14 22.8 9 21, 1.2 27.1 2.7
15-17 29.9 1.4 294 133 31:9 3.0
=18 473 1.2 48.9 1.4 41.0 2.6
Sex: Female 19:% 1.1 18.5 1.0 24.2 24
Race
White 66.8 155 67.5 1.6 64.4 23
Black 159 3 155k A 15.8 2.0
Hispanic 10.9 1.1 10.9 1.4 10.8 1.6
Other 7.0 6 6.5 .6 9.1 =5
Army characteristics
Preenlistment 63.8 1:1 63.3 1.4 66.0 2.3
Postenlistment: Before 2000 29 4 S 55) 1.6 .6
Postenlistment: After 2000 852, 1.0 532 1r, 324 2,
Component: RA vs. G-R
MOS*
Combat arms 33.2 22, 531 2 332 6.1
Combat support 23.8 9 23.6 1=9 249 4.5
Combat service support 429 2:2 43.2 )] 41.9 4.8
Rank?
Junior 54.3 1.8 522 23 63.1 5
Senior 31.9 1.6 33.0 2k 274 555
Officer 13.8 i) 14.8 1.6 9:5 24
Deployment”
Currently 8.0 17 8.9 12, 4.8 1.8
Previously 36.9 243 38.3 2.7 S1:3 2.7
Never 214 1.8 20.3 19 26.1 4.7
Unknown (before 2000) S 2.4 3255 2.4 ST 5.4

Note. AAS = All Army Survey; RA = Regular Army; G-R = National Guard and Army Reserve; MOS = Military
Occupational Specialty.

% There were N = 1,332 respondents who had enlisted in the Army by the age of their ideation onset. Of enlisted ideators,
there were n = 1,101 who did not make a subsequent suicide attempt and n = 231 who made a suicide attempt.
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