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Abstract

Background. Little is known about when youth may be at greatest risk for attempting suicide,
which is critically important information for the parents, caregivers, and professionals who
care for youth at risk. This study used adolescent and parent reports, and a case-crossover,
within-subject design to identify 24-hour warning signs (WS) for suicide attempts.
Methods. Adolescents (N = 1094, ages 13 to 18) with one or more suicide risk factors were
enrolled and invited to complete bi-weekly, 8–10 item text message surveys for 18 months.
Adolescents who reported a suicide attempt (survey item) were invited to participate in an
interview regarding their thoughts, feelings/emotions, and behaviors/events during the 24-
hours prior to their attempt (case period) and a prior 24-hour period (control period).
Their parents participated in an interview regarding the adolescents’ behaviors/events during
these same periods. Adolescent or adolescent and parent interviews were completed for 105
adolescents (81.9% female; 66.7% White, 19.0% Black, 14.3% other).
Results. Both parent and adolescent reports of suicidal communications and withdrawal from
social and other activities differentiated case and control periods. Adolescent reports also
identified feelings (self-hate, emotional pain, rush of feelings, lower levels of rage toward
others), cognitions (suicidal rumination, perceived burdensomeness, anger/hostility), and ser-
ious conflict with parents as WS in multi-variable models.
Conclusions. This study identified 24-hour WS in the domains of cognitions, feelings, and
behaviors/events, providing an evidence base for the dissemination of information about
signs of proximal risk for adolescent suicide attempts.

There were 1689 suicides among youth ages 12 to 17 years in the United States in 2021, which
reflect a 50% increase in the adolescent suicide rate since 2001 (Centers for Disease Control
and Prevention, 2023a). Moreover, approximately 10% of high school students in the U.S.
report one or more suicide attempts (SAs) within a 12-month period (Centers for Disease
Control and Prevention, 2023b), and adolescent SAs have been associated with psychosocial
impairment, risk for subsequent suicidal behavior, and suicide (Bridge, Goldstein, & Brent,
2006). There is a pressing need to develop research-based knowledge to guide our recognition
of the warning signs (WS) for adolescent SAs, which could facilitate improved risk recognition
and timely intervention.

Many distal risk factors for adolescent SAs – those occurring in the weeks, months, and
years prior to an attempt – have been identified (Brent, Baugher, Bridge, Chen, &
Chiappetta, 1999; King et al., 2019). Such factors are critically important as they indicate
who is more likely to attempt suicide at some unknown point in time. Nevertheless, they
fail to indicate when an individual may be at greatest risk (Glenn & Nock, 2014; Rudd
et al., 2006), which is one of the major challenges facing healthcare providers who must
make rapid triage or disposition decisions as well as the parents and educators who care for
adolescents at risk for suicide. The critical question is, ‘How do I recognize when my patient’s
suicide risk (or child’s, student’s) has escalated and may warrant immediate action to prevent a
suicide attempt?’ Given research suggesting that two-thirds of suicide attempt planning steps
take place within 12 h of a suicide attempt (Millner, Lee, & Nock, 2017), an improved under-
standing of near-term risk and WS is particularly critical.

A warning sign for suicide can be defined as a ‘…detectable sign that indicates heightened
risk for suicide in the near-term (i.e. within minutes, hours, or days) …’ (Rudd et al., 2006).
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Acknowledging the lack of controlled research on near-term sui-
cide risk, in 2006 an expert panel generated a consensus list of
WS, with items encompassing the overt expression of heightened
risk (e.g. suicidal threats) and proximal increases in certain beha-
viors, affects, and cognitions (Rudd et al., 2006). Several years
later, the Substance Abuse and Mental Health Services
Administration convened a national panel to establish a consen-
sus list of WS for adolescent suicide risk. Based on the limited sci-
entific literature available and input from researchers, clinicians
and parent survivors of adolescent suicides, the panel put forth
four WS: (1) talking about or making plans for suicide; (2) expres-
sing hopelessness; (3) severe/overwhelming emotional pain or dis-
tress; and (4) worrisome behavioral cues or marked changes in
behavior, particularly in the presence of other WS (http://www.
youthsuicidewarningsigns.org/).

Candidate warning signs for adolescent suicide attempts

Most studies of adolescent risk for SAs have used a long assess-
ment window, confounded distal and near-term factors, and
used a between-person methodology (Rudd, 2008; Tucker,
Crowley, Davidson, & Gutierrez, 2015). Due to the ecological fal-
lacy of extending between person findings to conclusions about
within person processes, the risk factors identified in these studies
cannot be conceptualized as WS; however, they do provide pos-
sible clues to candidate WS.

Two strong WS candidates for adolescent suicide attempts are
recent suicidal ideation and low perceived school or social con-
nectedness (King et al., 2019). Aspects of recent suicidal ideation,
such as presence of suicidal planning (Nock et al., 2013), warrant
consideration, as do threats or disruptions to connectedness.
Social withdrawal has been associated with suicide risk (Rutter
& Behrendt, 2004); and interpersonal conflicts, losses, and legal/
disciplinary problems are common acute stressors associated
with suicide (Brent et al., 1993b). Bullying victimization and per-
petration (Borowsky, Taliaferro, & McMorris, 2013), as well as
sexual and physical abuse (Castellví et al., 2017), are possible
near-term triggers. Other candidate WS include notable increases
in established risk factors for adolescent SAs, such as depression
(Goldston et al., 1998); hopelessness (Goldston et al., 2001); anx-
iety (Brent et al., 1993a); agitation and behavioral dyscontrol
(Nock et al., 2013); sleep disturbance (Liu et al., 2019); and
aggressive behavior, alcohol, and substance use (Brent et al.,
1993a; Pena, Matthieu, Zayas, Masyn, & Caine, 2012).

Near-term suicide risk factors

The current study was designed to fill the gap in our understand-
ing of adolescent WS for SAs due to the paucity of research exam-
ining near-term predictors of suicide attempts in adolescents and
the absence of empirical WS data from parents. One study con-
ducted more than 25 years ago compared adolescents who did
and did not make SAs during periods of acute suicidality. The
adolescents who attempted suicide reported greater hopelessness,
suicidal ideation, and social isolation (Negron, Piacentini, Graae,
Davies, & Shaffer, 1997). Other studies of proximal risk in adoles-
cents have focused on suicidal ideation (Czyz, Horwitz, Arango, &
King, 2019) or non-suicidal self-injury (NSSI) (Nock, Prinstein, &
Sterba, 2009) rather than SAs. In contrast, studies with adults have
identified a range of WS, including alcohol/substance use (Bagge
& Borges, 2017), negative life events [especially interpersonal

(Bagge et al., 2022)], insomnia (Goldstein, Bridge, & Brent,
2008), and changes in affect and cognitions (Bagge et al., 2022)).

Purpose of the present study

Our study aim was to answer the question, Why did an adolescent
attempt suicide today, compared to a previous day when they
were also at high risk but did not attempt suicide? We obtained
adolescent and parent input, and we incorporated a within-
subjects, case-crossover design (Maclure, 1991), which can provide
information about the unfolding of risk immediately preceding an
event. Initially developed to detect triggers for myocardial infarc-
tion (Maclure, 1991), this design compares factors on the day of
the target event (‘case period’) to the same factors on another
day (‘control period’) for each individual, controlling for stable
risk factors.

Method

Participants

Adolescents, ages 13 to 18 years, were enrolled in this study by
telephone between January 2018 and February 2019, following
their final assessment for the Emergency Department Screening
for Teens at Risk for Suicide (ED-STARS) Study (King et al.,
2019). ED-STARS recruited youth from 14 geographically diverse
U.S. EDs affiliated with the Pediatric Emergency Care Applied
Research Network (PECARN) (King et al., 2021). Inclusion cri-
teria for the current study were one or more correlates of suicide
risk, based on reasons for ED visit and adolescents’ responses to
baseline and 3-month follow-up evaluations: (1) psychiatric chief
complaint; (2) lifetime history of suicide attempt; (3) endorse-
ment of any Ask Suicide-Screening Questions item (ASQ;
(Horowitz et al., 2012); (4) history of NSSI; (5) sexual/gender
minority; (6) depression score > 2 on PHQ-4 (Kroenke, Spitzer,
Williams, & Lowe, 2009); (7) alcohol abuse score > 1 on
AUDIT-C (Chung, Colby, Barnett, & Monti, 2002; Saunders,
Aasland, Babor, De la Fuente, & Grant, 1993); (8) self-reported
illicit drug use. Criteria 1, 3, and 5 were only collected at baseline.

Among the 1344 ED-STARS study participants who met the
current study’s inclusion criteria and were approached for partici-
pation, parent/guardian consent and adolescent assent were
obtained for 1094 participants (81.4%). The study’s analytic sam-
ple is comprised of the subset of 105 adolescents who reported a
SA on a text message survey (sent bi-weekly across an 18-month
period) and confirmed they had engaged in intentional self-harm
when contacted for an interview.

The analytic sample of 105 adolescents had a mean age of 15.0
years (S.D. = 1.46). Parent- or adolescent- reported sex at birth,
race and ethnicity were distributed as follows: female (81.9%,
n = 86)), male (18.1%, n = 19), White (66.7%, n = 70), Black
(19.0%, n = 20), Asian/Pacific Islander (2.9%, n = 3), multi-racial
(4.8%, n = 5), Unknown Race (6.7%, n = 7); Hispanic/Latino
(20.0%, n = 21), Not Hispanic/Latino (77.1%, n = 81); Unknown
Ethnicity (2.9%, n = 3). Fourteen adolescents (13.3%) self-
reported a gender identity of nonbinary, gender queer, or trans-
gender. Adolescents’ parents reported educational levels for up
to two parents; the higher of these levels was distributed as fol-
lows: high school graduate or less (n = 19, 18.1%), some college/
technical training (n = 24, 22.9%), college graduate/professional
(n = 62, 59.0%). According to parent reports, 37.1% of families
(n = 39) received public assistance.
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Measures

Baseline descriptive data
Baseline demographic (age, birth sex, gender identity, race/ethni-
city, parent education, family public assistance) and clinical data
(e.g. lifetime history of suicide attempt) were collected as part
of ED-STARS at baseline and follow-up, respectively (11).
Clinical measures included the Columbia-Suicide Severity
Rating Scale (C-SSRS) (Posner et al., 2011), the Alcohol Use
Disorders Identification Test- Consumption (AUDIT) (Chung
et al., 2002; Saunders et al., 1993), the Patient Health
Questionnaire-4- (PHQ-4) (Kroenke et al., 2009), and a NSSI
question from the Youth Risk Behavior Survey (Centers for
Disease Control and Prevention (Cartographer), 2012).

Text message surveys
The text message surveys consisted of 8–10 questions, presented
as a sequence of messages, assessing adolescents’ functioning
‘over the past two weeks.’ The primary purpose of this survey
was to ascertain if adolescents had made a SA and were eligible
to be contacted for a Warning Signs for Suicide Attempt
(WSSA) interview. The SA item was as follows: ‘In the past 2
weeks, have you made a suicide attempt or tried to harm yourself
because you were at least partly trying to end your life?’ The
response options were 1 = Yes and 2 = No. If the adolescent’s
response was a ‘1,’ they received three additional texts, as follows:
(1) a precautionary note with phone numbers for crisis services, if
needed; (2) an open-ended question asking the number of days
since their most recent attempt; and (3) a question regarding
the time of day of their attempt (four response options; e.g.
6:00 pm–11:59 pm). The latter two items were obtained to
guide follow-up interviews, described below.

The text message survey also assessed emotional distress with
one item, adapted from the PANAS (Laurent et al., 1999), ‘In the
past 2 weeks, how distressed or upset have you felt?’ In addition, it
assessed hopelessness (1 item, Mood and Feelings Questionnaire,
(Angold et al., 1995); sleep disturbance (1 item, PHQ-9 (Kroenke,
Spitzer, & Williams, 2001); alcohol/drug use (2 items), and family
and friend connectedness (2 items, taken from the ED-STARS
survey). The alcohol and drug use items were as follows: ‘In the
past 2 weeks, on how many days have you used an illegal drug
or used a prescription medication for nonmedical reasons?’ ‘In
the past 2 weeks, on how many days did you have at least one
drink of alcohol?’ For each of these items, the adolescent was
instructed to enter ‘0’ if they did not do this in the past 2
weeks (14 days). The connectedness items were as follows:
‘How much do people in your family understand you?’ ‘I have
friends I’m really close to and trust completely.’ The response
options for these two questions were on a 5 point Likert scale ran-
ging from ‘not at all’ to ‘very much’ and ‘very true,’ respectively.

Warning signs for suicide attempt-teen and -parent interviews
(WSSA-T, WSSA-P)
The WSSA-T and WSSA-P interviews are modified versions of
the WSSA-Adult interview (Bagge, Conner, & Littlefield, 2019),
whereby participants are asked to think back to two 24-hour
time periods to examine behaviors/events, affects, and cognitions
during 24-hour case and control period. We modified items to
include promising candidate WS for adolescent SAs, including
signs and characteristics that have been put forth by expert con-
sensus panels and empirically identified risk factors for suicide

attempts, as reviewed in the introduction. We developed a parent
interview to identify WS that may be observable by parents.

The WSSA-T interview is structured and computer-assisted;
however, interviewers are able to respond to questions, query fur-
ther if a response is unclear, and encourage respondents to take
their time. The interviewer begins by identifying the exact date
and time of the SA with the adolescent, after which the 24 h
period prior to SA is defined. The 49-item interview assesses
candidate WS, including behaviors and events (e.g. negative inter-
personal events, alcohol use), cognitions (e.g. hopelessness),
and feelings/emotions. Response options are ‘yes’ and ‘no’
for behaviors/events and on a 6-point scale ranging from ‘not
at all’ to ‘extremely’ for cognitions and feelings/emotions.
Following assessment of the 24 h prior to the SA, questions are
repeated for a control window during which a SA did not occur
(typically the 24 h before the case period). Three adolescents in
the study (2.86%) had alternative control days due to a suicide
attempt the day prior to their index suicide attempt.

We took several measures to minimize the bias associated with
the retrospective assessment strategy inherent in our interview
approach. First, because individuals struggle to report change in
attitudes, emotions, and cognitive states (Nisbett & Wilson,
1977), we simply asked adolescents to report their experiences/
states during each 24-hours over the 48-hour period rather than
the change in experiences/states between the case- and control-
periods. In addition, we used a relatively short recall period
(approximately 2–3 weeks) and a modified timeline follow-back
method to facilitate improved recall (Bagge et al., 2019). This
method involved (1) beginning with an event history calendar
for the 24-hour period (e.g. events with peers or family members,
school attendance), (2) allowing the participant sufficient time to
reflect on relevant experiences, and (3) allowing for a correction of
earlier responses during the interview. Finally, our use of a case-
crossover design controls for individual biases that are consistent
across the two reporting periods. Although research on adolescent
retrospective reports of emotions is limited, the Birk, Olino, Klein,
and Seeley (2020) study, which used longitudinal data to compare
adolescents’ concurrently and retrospectively assessed reports of
depressive symptoms during the same time period, supports the
validity of adolescents’ retrospective reports of depressive symp-
toms. Similarly, Czyz et al.’s study, which incorporated both
daily and 1-month follow-up assessments of suicidal thoughts,
documented the validity of adolescent’s 1-month retrospective
reports of suicidal ideation, although it is important to note
that adolescents’ daily reports captured more SI across this period
(Czyz, King, & Nahum-Shani, 2018).

To determine the reliability of WSSA interview data, 15 par-
ents and 24 teens with interviews were randomly selected. A
trained study member reviewed the audiotapes of the original
interviews and provided independent reliability ratings. Kappa
coefficients were calculated for binary variables; intra-class corre-
lations (ICCs) were calculated for continuous variables. Kappa
values for parent case days ranged from 0.81 to 1.00, with a
modal response of 1.00; kappa values for parent control days all
had a score of 1.00. Kappas for teens ranged from 0.65 to 1.00
on case days, with 1.00 as the modal response); and from 0.64
to 1.00 on control days, with 1.00 as the modal response. ICC
values for the continuous teen variables ranged from 0.77–1.00
(across case and control days; M = 0.92).

To determine the fidelity of interview administration, two
study two members (PG, CB) coded all interviews, using five
ordinal items (i.e. ‘How well did the interviewer facilitate recall
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of time periods?’; ‘How well did the interviewer obtain the infor-
mation needed to score all questions?’; ‘How was the interviewer’s
overall clarity of communication with participant?’). The response
scale for each item was: 1 = very poor, 2 = poor, 3 = fair, 4 = good,
5 = excellent. For both parent and teen interviews, the average
fidelity ratings fell in the fair-excellent range (M range = 3.80–
4.87, M range = 3.96–4.75, respectively), with modal responses
falling in the good – excellent range (i.e. 4.00–5.00). Detailed
information about fidelity ratings for each item are provided in
the online supplement.

Procedures

Text messages surveys were sent bi-weekly to adolescents across
an 18-month period. When an adolescent indicated they had
made a SA, a customized text messaging system automatically
sent a message to the study team indicating that a ‘case’ had
been identified and that the parent and adolescent should be con-
tacted to schedule WSSA interviews. Among the 1094 enrolled
adolescents, 1033 received at least one text message survey; 61
adolescents did not receive a survey due to out of operation
phone numbers or network errors. Most enrolled adolescents
(n = 931/1033, 90.1%) completed at least one survey; 38 adoles-
cents sent ‘Stop’ texts (3.7%); 418/1033 youth (40.5%) completed
65% of the surveys; 316/1033 youth (30.6%) completed 80% of the
surveys. Adolescents received a $4 online gift certificate for each
completed survey and an additional $25 or $35 if they completed
65% or 80% of surveys, respectively.

Trained interviewers administered the computer-assisted
WSSA-T and WSSA-P by telephone within approximately two
weeks of the adolescent’s survey response indicating a SA. The
mean time between text message survey responses and WSSA
interviews was 11.64 days (S.D. = 4.83) for adolescents (data for
104 adolescents) and 9.76 days (S.D. = 4.58) for parents (data for
54 of 55). The range of time was 0 days (same day as adolescent
responded to text message survey indicating SA) to 20 days. The
duration of adolescent and parent interviews was approximately
40–50 and 20–30 min, respectively.

WSSA-T interviews were conducted for 105 of 164 study-
eligible adolescents (64.0%). Although 274 adolescents reported
a SA on at least one text message survey during the 18-month
follow-up, when contacted for interview, 95 adolescents (34.2%)
reported they had not made a SA when contacted for a
WSSA-T interview and 15 adolescents (5.4%) reported a SA out-
side the 2-week survey window. WSSA interviews were not con-
ducted with these adolescents.

We used only one suicide attempt interview for each adoles-
cent. For adolescents who reported more than one attempt during
the 18-month follow-up period, we used the first complete inter-
view, which was defined as all questions answered for case and
control periods. Among the 105 participants in the analytic sam-
ple, 60 (57.1%) reported one suicide attempt, 36 (34.3%) reported
two suicide attempts, 6 (5.7%) reported three suicide attempts,
and 3 (2.9%) reported four to six suicide attempts on text message
surveys.

Adolescents who participated in WSSA interviews received a
$20 online gift certificate and were connected with Boys Town
National Hotline for resources and any needed crisis services
immediately following the interview (Busby et al., 2020).

Retention analyses compared the 105 adolescents with WSSA
interviews to the 59 study-eligible adolescents lost to WSSA inter-
view and to the 110 study-ineligible adolescents (Table 1). There

were no significant differences in demographic characteristics,
lifetime history of SAs, or C-SSRS Suicide Ideation Severity
Scores between study-eligible adolescents who did and did not
participate in interviews.

WSSA-P interviews were conducted with the parents/
guardians of 72 of the 105 study adolescents (69.0%). Missing
parent interviews were due to: no contact with/observation of
adolescent during one or both 24-hour periods (n = 17, 16.2%);
lack of time/interest or could not schedule within allocated time
(n = 8, 7.6%); lost contact with parent (n = 16, 15.2%); parent
medically unable to participate (n = 1, 1.0%).

This study was approved by the Institutional Review Board.
Participating adolescents provided informed assent and their par-
ents/guardians provided informed consent.

Data analyses

We implemented a case-crossover, within-subject analysis using
conditional logistic regression with SA as the outcome. The
model was conditioned on subject, with each subject having an
observation corresponding to a SA (case) and a control window
(crossover). The predictor variables (candidate warning signs
[WS]) were divided into the domains of adolescent-reported cog-
nitions, feelings/emotions, and behaviors/events; in addition to
parent-reported behaviors/events. We computed domain-specific
multivariable models for several reasons. First, these domains
reflect how warning signs have been conceptualized and dissemi-
nated in lists that have been made available to the public, which
organize warning signs by categories. As an example, the
NIMH lists warning signs under three categories: ‘talking about’
thoughts, such as being a burden to others, ‘feeling,’ and ‘chan-
ging behavior’ https://www.nimh.nih.gov/health/publications/
warning-signs-of-suicide. Second, there has been very limited
research on warning signs for adolescents and this domain-
specific approach has been used in a study with adults. As we
adapted the WSSA-T and WSSA-P interviews from an adult
interview, we were interested in maintaining consistency with
this approach so that we could build our ‘database’ on warning
signs across ages. Finally, our statistical power and EPV ratio
are more favorable with the domain-specific approach.

Within each domain, WS variables were identified using a
p-value <0.05 from the univariable regression. In addition to
p-values, Benjamini–Hochberg false discovery rate ‘q-values’
were calculated. For each domain, a multivariable model was fit
using the identified WS variables as predictors. For these analyses,
we excluded (or collapsed) predictors if cells had <4 subjects or if
the odds ratio’s confidence interval couldn’t be estimated (or was
uninterpretable) due to small sample size.

Results

At study baseline, 62 of the 105 study adolescents (59.0%)
reported a lifetime history of multiple SAs, 18 (17.1%) reported
a lifetime history of one SA, and 21 (20.0%) reported 5 or more
incidents of NSSI in the previous 3 months. The mean baseline
C-SSRS Suicidal Ideation Severity score was 1.7 (S.D. = 1.8),
which falls between scores for the items, ‘…wished you were
dead or wished you could go to sleep and not wake up?’ and
‘…ever in your life had any thoughts of killing yourself.’ Mean
PHQ-4 and AUDIT-C total scores for the past three months
were 5.9 (S.D. = 3.27) and 0.4 (S.D. = 1.16), respectively. The
mean PHQ-4 score falls between the mild and moderate range
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Table 1. Demographic and clinical characteristics of case-crossover sample of adolescent suicide attempters, adolescents lost to interview, and adolescents without
confirmed suicide attempts

Analytic sample

Eligible for WSSA - lost/missed/
refusal

Self-report no SA or SA outside
2-week window

N = 105 N = 59 P-value N = 110 P-value

Sex 0.6481 0.0211

Male 19 (18.1%) 12 (20.3%) 34 (30.9%)

Female 86 (81.9%) 45 (76.3%) 73 (66.4%)

MISSING 0 (0.0%) 2 (3.4%) 3 (2.7%)

Race 0.0582 0.1521

American Indian or Alaska Native 0 (0.0%) 2 (3.4%) 0 (0.0%)

Asian, Native Hawaiian, Other
Pacific Islander

3 (2.9%) 1 (1.7%) 5 (4.5%)

Black or African American 20 (19.0%) 6 (10.2%) 19 (17.3%)

White 70 (66.7%) 37 (62.7%) 60 (54.5%)

Multi-racial 5 (4.8%) 9 (15.3%) 8 (7.3%)

Unknown or unavailable 7 (6.7%) 4 (6.8%) 18 (16.4%)

Ethnicity 0.3842 0.0961

Hispanic or Latino 21 (20.0%) 16 (27.1%) 29 (26.4%)

Not Hispanic or Latino 81 (77.1%) 40 (67.8%) 72 (65.5%)

Unknown 3 (2.9%) 3 (5.1%) 9 (8.2%)

Highest Parent Education 0.2032 0.2192

High school graduate or less 19 (18.1%) 8 (13.6%) 26 (23.6%)

Some college/technical training 24 (22.9%) 10 (16.9%) 27 (24.5%)

College graduate/professional 62 (59.0%) 39 (66.1%) 54 (49.1%)

Don’t know/Not applicable/Missing 0 (0.0%) 2 (3.4%) 3 (2.7%)

Family public assistance 0.3621 0.2221

No 65 (61.9%) 32 (54.2%) 58 (52.7%)

Yes 39 (37.1%) 26 (44.1%) 49 (44.5%)

MISSING 1 (1.0%) 1 (1.7%) 3 (2.7%)

Gender minority 0.3511 0.0851

No 91 (86.7%) 54 (91.5%) 103 (93.6%)

Yes 14 (13.3%) 5 (8.5%) 7 (6.4%)

Lifetime suicide attempt 0.3551 <0.0011

0 times 25 (23.8%) 20 (33.9%) 59 (53.6%)

1 time 18 (17.1%) 10 (16.9%) 19 (17.3%)

Multiple times 62 (59.0%) 29 (49.2%) 32 (29.1%)

NSSI: Non-suicidal self-injury, past 3 months 0.0291 <0.0011

0 times 43 (41.0%) 36 (61.0%) 96 (87.3%)

1–2 times 25 (23.8%) 13 (22.0%) 7 (6.4%)

3–4 times 15 (14.3%) 2 (3.4%) 3 (2.7%)

5 or more times 21 (20.0%) 7 (11.9%) 4 (3.6%)

MISSING 1 (1.0%) 1 (1.7%) 0 (0.0%)

Age at enrollment (years) 0.8923 0.3643

Mean (S.D.) 15.0 (1.46) 15.1 (1.63) 14.8 (1.67)

Median (Q1, Q3) 15.0 (13.9, 16.3) 15.2 (13.8, 16.6) 14.7 (13.6, 16.3)

(Continued )
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[mild = 3–5; moderate = 6–8; (Löwe et al., 2010)]; the mean
AUDIT-C score is below the threshold for alcohol problem use,
for which the cut-off value is a score >3 (Liskola et al., 2021).
Baseline clinical data are in Table 1.

Conditional logistic regression analyses

Adolescent behaviors/events
As shown in Table 2, seven adolescent-reported behaviors and
events significantly differentiated case and control periods in
univariable analyses, meeting study criteria for designation as
WS. Three of these remained significant in the multivariable
model: serious conflict with parent, withdrawal, and suicidal
communication.

For parent-reported information, four of the six adolescent
behaviors and events considered in univariable analyses, with-
drawal, problem with sleep, risky behavior, and suicidal commu-
nications, significantly differentiated case and control periods,
meeting criteria for designation as WS. As shown in Table 3,
withdrawal and suicidal communications remained significant
in the multivariable model.

Adolescent cognitions
As shown in Table 4, all adolescent-reported cognitions consid-
ered were statistically significant as WS for suicide attempts in
univariable analyses. In a multivariable model that included
thoughts of killing self as a predictor, only thoughts of killing one-
self remained significant. In a second multivariable model that

Table 1. (Continued.)

Analytic sample

Eligible for WSSA - lost/missed/
refusal

Self-report no SA or SA outside
2-week window

N = 105 N = 59 P-value N = 110 P-value

C-SSRS: Suicide ideation severity score 0.0573 <0.0013

Mean (S.D.) 1.7 (1.76) 1.3 (1.84) 0.5 (1.20)

Median (Q1, Q3) 1.0 (0.0, 3.0) 0.0 (0.0, 3.0) 0.0 (0.0, 0.0)

AUDITC: Total score 0.7793 <0.0013

Mean (S.D.) 0.4 (1.16) 0.3 (0.95) 0.1 (0.36)

Median (Q1, Q3) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)

1Chi-squared test; 2Fisher’s exact test; 3Wilcoxon rank-sum test.
Each p-value column shows tests of differences with the case-crossover population. ‘MISSING’ observations excluded from tests; variables with an unknown option incorporate missing data
and are included.

Table 2. Adolescent-reported behavioral and event predictors of suicide attempt

Univariableb Multivariableb,c

Control period Case period
95% CI 95% CI

Adolescent behavior/Eventa N (%) N (%) OR LL UL p value q valued OR UL LL p value

Alcohol use 7 (6.7) 10 (9.5) 2.50 0.49 12.89 0.273 0.2983

Substance use 13 (12.4) 15 (14.3) 1.50 0.42 5.32 0.530 0.5450

Risky behavior 10 (9.5) 17 (16.2) 2.17 0.82 5.70 0.117 0.1361

Negative romantic event 15 (14.3) 30 (28.6) 6.00 1.77 20.37 0.004 0.0054 3.85 0.66 22.59 0.135

Serious conflict with parent 15 (14.3) 39 (37.1) 9.00 2.73 29.67 <0.001 0.0005 10.97 2.02 59.65 0.006

Other negative interpersonal evente 18 (17.1) 37 (35.2) 4.80 1.83 12.59 0.001 0.0020 2.12 0.53 8.46 0.286

Other negative life eventf 17 (16.2) 40 (38.1) 8.67 2.62 28.63 <0.001 0.0006 5.79 0.96 34.97 0.056

Withdrawal from people, activities 43 (41.0) 73 (69.5) 11.00 3.37 35.87 <0.0001 0.0001 15.44 2.68 89.04 0.022

Suicidal communications 17 (16.2) 40 (38.1) 6.75 2.36 19.29 <0.001 0.0006 3.80 1.02 14.21 0.047

Learn of suicide 4 (3.8) 6 (5.7) 1.67 0.40 6.97 0.484 0.5127

Problem with sleep 40 (38.1) 51 (48.6) 3.75 1.24 11.30 0.019 0.0226 3.76 0.66 21.49 0.140

Note. Behaviors with a cell count of less than 4, or for which the odds ratio’s confidence interval couldn’t be estimated due to small sample size, were removed from tables and analyses.
aN = 105 subjects.
bOdds ratios, confidence intervals, and p-values are from a conditional logistic regression, conditioned on subject; Model predicts 24-hr. suicide attempt period (v. control period).
cUnivariable-significant ( p-value <0.05) warning signs used as predictors in model.
dFalse discovery rate q-values use Benjamini–Hochberg method.
eExamples include ‘falling out or serious disruptive argument’ with another student, teacher, coach, or other.
fExamples include encounter with police, traffic accident, bad grade, caught cheating at school.
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excluded thoughts of killing self (a possible endpoint of other cog-
nitive WS), suicidal rumination, perceived burdensomeness, and
angry or hostile thoughts significantly differentiated case and con-
trol periods.

Adolescent feelings/emotions
As shown in Table 5, 14 of 16 feelings/emotions were significant
WS in univariable analyses. The final multi-variable model
included four emotions that each significantly differentiated the
24-hour SA and control periods: rush of feelings, emotional
pain, rage toward others (less), and self-hate.

Discussion

Clinical providers who care for adolescents at risk for suicide, as
well as the parents and other adults in their lives, are faced with
the often repeated challenge of recognizing whether the adoles-
cent is at proximal risk for a suicide attempt. We have a dearth
of empirical knowledge to guide us in recognizing WS for possible
acute high risk in adolescents, despite the importance of recogni-
tion to seeking timely crisis services (e.g. parent recognition) and
clinical disposition. In this study, we used a case-crossover
research design to compare adolescents’ and parents’ reports of
adolescents’ experiences during the 24 h prior to their SAs and
during a 24-hour comparison period. Adolescent reports identi-
fied key differences in their behaviors and events, cognitions,
and affect during the 24 h prior to their SAs, and the inclusion
of parents as informants in this study enabled us to identify
behavioral WS that parents and other gatekeepers (e.g. teachers)
could potentially learn to recognize.

We chose to define a warning sign as a candidate variable that
is significant in the case-crossover analysis at the univariable level.
Our study aim was to identify warning signs for adolescent suicide
attempts that could be shared with those who interface with
youth, and a candidate warning sign that is significant when con-
sidered on its own, at the univariable level, is meaningful within
this context. Although multivariable models also provide infor-
mation regarding the significance of each candidate warning
sign when considered in the context of each other, not all warning
signs are possible to observe or will be observed by parents,

other caregivers and gatekeepers, and the clinicians who interface
with youth.

Parent WSSA interviews identified withdrawal, sleep problems,
risky behavior, and suicidal communications as WS, with with-
drawal and suicidal communications remaining significant as
WS in a multivariable model. Whereas suicidal communications
may serve as direct WS to clinicians and caregivers, adolescents
may not communicate their suicidal thoughts and intentions to
others. The behavioral WS identified by parents in this study,
such as withdrawal from social and other activities, have the
potential to be observed by others, such as parents, enabling a
preventive response. Previous longitudinal research has associated
social disconnectedness and sleep problems with suicide risk
(King et al., 2019), and this study suggests that these problems
may be particularly exacerbated during the 24 h prior to a SA.

Our results also emphasize the importance of negative inter-
personal experiences as 24-hour WS for suicide risk. Adolescent
interview data independently identified serious conflict with
parent and withdrawal as WS, providing converging parent and
adolescent reports regarding the importance of withdrawal.
Although previous research examining precipitants of suicidal
behavior is limited by lack of specific delineations of how
proximally these precipitants occurred relative to the suicidal
behavior, our findings are consistent with those from the limited
previous research suggesting that social isolation (Negron et al.,
1997) as well as social exclusion, and parent-child relationship
problems (Park et al., 2015) may be near-term risk factors.
Youth facing a range of predisposing and more static risk
characteristics (e.g. history of depression, chronic stress) lack the
emotional resources necessary to cope with interpersonal conflict,
and the associated distress may prompt the transition from suicidal
thoughts to behaviors.

The WS identified from adolescents’ reports are wide ranging
and consistent with those that emerged from a national consensus
panel ((http://www.youthsuicidewarningsigns.org/) and one prior
case control study comparing attempters to non-attempters
(Negron et al., 1997). They extend upon these findings by indicat-
ing that the ‘worrisome behaviors’ highlighted by the national
consensus panel include withdrawal from social and other activ-
ities. They also provide more specific information regarding

Table 3. Parent-reported adolescent behavior and event predictors (warning signs) of suicide attempt

Univariableb Multivariableb,c

Control period Case period
95% CI 95% CI

Adolescent behavior/Eventa N (%) N (%) OR LL UL p value q valued OR LL UL p value

Withdrawal from social or other activities 19 (26.4) 38 (52.8) 10.50 2.46 44.78 0.0015 0.0089 6.90 1.53 31.05 0.012

Suicidal communications 5 (7.6) 19 (28.8) 15.00 1.98 113.56 0.0087 0.0219 8.78 1.11 69.53 0.040

Negative romantic relationship event 12 (16.9) 19 (26.8) 3.33 0.92 12.11 0.0674 0.0809

Problem with sleep 24 (34.8) 33 (47.8) 4.00 1.13 14.17 0.0317 0.0476 2.79 0.68 11.47 0.154

Risky behavior, including drugs 4 (5.6) 16 (22.2) 5.00 1.45 17.27 0.0109 0.0219 1.89 0.42 8.42 0.405

All negative life events 14 (19.4) 20 (27.8) 2.20 0.76 6.33 0.1438 0.1438

Note. Parent reported behaviors with a cell count <4, or for which the odds ratio (OR) confidence interval (CI) couldn’t be estimated due to small sample size, were removed from tables and
analyses.
aN = 72 adolescents with eligible parent interview, multivariable model used 64 subjects with complete-case data.
bOdds ratios, CIs, and p-values are from a conditional logistic regression, conditioned on subject; model predicts 24-hr. suicide attempt period (v. control period).
cUnivariable-significant (p-value <0.05) warning signs used as predictors in model.
dFalse discovery rate q-values use Benjamini–Hochberg method.
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Table 4. Adolescent-reported cognitions as predictors (warning signs) of suicide attempt

Univariableb Multivariableb,c

Control period Case period 95% CI 95% CI

M S.D. M S.D. OR LL UL p value q valued OR LL UL p value

Cognitions, including suicidal thoughtsa

Suicidal rumination 1.5 1.71 2.9 1.73 2.65 1.80 3.91 <0.0001 <0.0001 1.47 0.78 2.77 0.233

Perceived burdensomeness 2.0 1.69 3.0 1.64 2.72 1.78 4.14 <0.0001 <0.0001 1.65 0.89 3.08 0.115

Hopelessness 2.2 1.69 3.3 1.43 2.27 1.60 3.21 <0.0001 <0.0001 1.49 0.80 2.80 0.209

Could not escape problems 2.4 1.80 3.6 1.52 2.15 1.54 3.00 <0.0001 <0.0001 1.28 0.74 2.20 0.380

Thwarted belongingness 2.4 1.70 3.4 1.60 2.40 1.62 3.55 <0.0001 <0.0001 0.88 0.43 1.80 0.728

Thoughts killing self 1.5 1.64 3.2 1.63 5.58 2.52 12.35 <0.0001 <0.0001 3.23 1.32 7.91 0.011

Failure 2.5 1.68 3.4 1.58 2.27 1.53 3.38 <0.0001 0.0001 1.20 0.64 2.25 0.562

Not stop worrying 2.9 1.72 3.5 1.57 1.62 1.22 2.15 <0.001 0.0012 0.96 0.52 1.76 0.896

Angry or hostile 1.2 1.60 1.7 1.93 1.80 1.25 2.59 0.0016 0.0022 1.54 0.80 2.94 0.193

Cognitions, excluding suicidal thoughtsa,e

Suicidal rumination 1.5 1.71 2.9 1.73 2.65 1.80 3.91 <0.0001 <0.0001 1.92 1.10 3.37 0.022

Perceived burdensomeness 2.0 1.69 3.0 1.64 2.72 1.78 4.14 <0.0001 <0.0001 1.97 1.09 3.57 0.024

Hopelessness 2.2 1.69 3.3 1.43 2.27 1.60 3.21 <0.0001 <0.0001 1.61 0.90 2.88 0.110

Could not escape problems 2.4 1.80 3.6 1.52 2.15 1.54 3.00 <0.0001 <0.0001 1.30 0.76 2.22 0.337

Thwarted belongingness 2.4 1.70 3.4 1.60 2.40 1.62 3.55 <0.0001 <0.0001 0.98 0.50 1.92 0.953

Failure 2.5 1.68 3.4 1.58 2.27 1.53 3.38 <0.0001 0.0001 1.33 0.76 2.35 0.319

Not stop worrying 2.9 1.72 3.5 1.57 1.62 1.22 2.15 <0.001 0.0012 1.11 0.68 1.80 0.687

Angry or hostile 1.2 1.60 1.7 1.93 1.80 1.25 2.59 0.0016 0.0022 2.02 1.09 3.75 0.026

Note. Youth reported behaviors with a cell count <4, or for which the odds ratio (OR) confidence interval (CI) couldn’t be estimated due to small sample size, were removed from tables and analyses.
aN = 105 subjects.
bOdds ratios, confidence intervals, and p-values are from a conditional logistic regression, conditioned on subject.
cUnivariable-significant (p-value <0.05) warning signs used as predictors in model.
dFalse discovery rate q-values use Benjamini–Hochberg method.
eMultivariable model did not include thoughts of killing self.
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cognitive and affective WS (suicidal rumination, perceived bur-
densomeness, angry/hostile). Perhaps not surprisingly, there are
some striking consistencies across these WS and previously iden-
tified adult WS for suicide attempts. These include negative inter-
personal life events (such as serious conflict with parents for
adolescents), hostility, perceived burdensomeness and suicidal
communications (Bagge et al., 2022), suggesting the potential
for a core group of warning signs across the lifespan. Alcohol
and drug use did not, however, emerge as a WS for adolescents.
This may be partially due to the overall reduction in adolescent
alcohol use in recent years (Vashishtha et al., 2021).

Further research is recommended that identifies differing
patterns or profiles of warning signs in identifiable subgroups
of adolescents. Such profiles may be characterized by different
combinations of warning signs, different baseline levels of these
warning signs (e.g. expressed hopelessness, sleep disturbance) as
well as by their chronicity and time varying course prior to
a suicide attempt. Although we have documented significant
increases in certain experiences (e.g. withdrawal) during the
24-hour period prior to the attempt, we realize that, depending
upon the adolescents’ baseline levels of these behaviors, such
changes or ‘warning signs’ may or may not be easily recognizable
by parents, other gatekeepers, and clinicians. For instance, a youth
who has chronic sleep disturbance that is exacerbated prior to a
suicide attempt may be more difficult to identify than a youth
who moves from no sleep disturbance to significant sleep
disturbance.

Regarding the representativeness of this study’s sample of ado-
lescents, enrolled in EDs, it is notable that approximately 19% of
U.S. adolescents visit the ED in a one-year period (Burstein,
Agostino, & Greenfield, 2019). Furthermore, in a recent study
of pediatric patients (10–18 years old) evaluated for suicidal idea-
tion or a suicide attempt in EDs, most patients (56.1%) had an
encounter with the healthcare system in the year prior to their
ED visit (Sarin et al., 2021) and, within this group, 24.7% were
seen in the ED or urgent care setting. Similarly, in a study of
health system contacts prior to death in a geographically diverse
sample of U.S. suicide decedents, 77.4% of individuals ages
19 years or younger had made a healthcare visit and 49.1% had
visited an ED in the 52 weeks prior to their suicide (Ahmedani
et al., 2014).

Our study sample of adolescents differs in some ways from the
general population of adolescents. First, although nearly 20% of
U.S. adolescents visit the ED each year, those with higher utiliza-
tion of ED services are more likely to be publicly insured and/or
characterized by higher medical complexity (Cohen, Berry,
Sanders, Schor, & Wise, 2018; Weiss, D’Angelo, & Rucker,
2014). In addition to presence in the ED setting, the current
study required one or more indicators of suicide risk for inclusion.
This criterion was met by approximately two-thirds of adolescents
enrolled in the parent ED-STARS study (n = 2724/4031; 67.6%),
which did not require an indicator of suicide risk for inclusion.
However, all adolescents in the ED-STARS study who had
made a suicide attempt by follow-up had at least one indicator

Table 5. Adolescent-reported feelings/emotions as predictors (warning signs) of suicide attempt

Univariableb Multivariableb,c

Control period Case period 95% CI 95% CI

Adolescent feeling/Emotiona M S.D. M S.D. OR LL UL p value q valued OR LL UL p value

Self-hate 2.3 1.81 3.5 1.54 3.16 1.94 5.14 <0.0001 <0.0001 5.16 1.83 14.55 0.002

Rush of feelings 2.1 1.82 3.3 1.69 1.89 1.43 2.49 <0.0001 <0.0001 2.74 1.28 5.86 0.009

Down, depressed 3.0 1.77 4.1 1.29 2.21 1.56 3.13 <0.0001 <0.0001 1.79 0.90 3.57 0.098

Scared 1.8 1.76 2.7 1.78 2.47 1.66 3.68 <0.0001 <0.0001 1.94 0.93 4.06 0.079

Ashamed 1.9 1.82 2.9 1.71 2.17 1.54 3.04 <0.0001 <0.0001 1.09 0.59 2.02 0.780

Emotional pain 2.4 1.79 3.4 1.68 2.66 1.71 4.12 <0.0001 <0.0001 2.48 1.18 5.22 0.016

Turmoil in gut 2.1 1.83 3.1 1.74 1.98 1.45 2.69 <0.0001 <0.0001 1.12 0.64 1.96 0.703

Stirred up inside 2.0 2.00 3.2 1.79 1.92 1.42 2.60 <0.0001 <0.0001 3.42 0.97 11.98 0.055

Alone 2.7 1.77 3.6 1.53 2.32 1.57 3.42 <0.0001 <0.0001 1.37 0.52 3.65 0.523

Hollow, empty 2.3 1.90 3.3 1.76 1.93 1.41 2.63 <0.0001 <0.0001 1.48 0.75 2.93 0.261

Numb 2.1 1.80 2.8 1.89 1.95 1.38 2.75 <0.001 <0.001 0.75 0.31 1.81 0.526

Hurt by someone 2.0 1.95 2.9 1.91 1.61 1.25 2.07 <0.001 <0.001 0.86 0.39 1.87 0.698

Rage toward others 1.4 1.89 2.0 1.91 1.43 1.12 1.83 0.005 0.006 0.40 0.20 0.81 0.011

Have friends can trust completelye 2.7 1.76 2.4 1.67 0.60 0.41 0.89 0.010 0.012 0.30 0.08 1.05 0.059

Feel close to people at schoole 1.8 1.83 1.6 1.76 0.82 0.61 1.10 0.188 0.211

Feel my family understands mee 2.0 1.52 2.0 1.55 1.07 0.75 1.51 0.722 0.722

Note. Behaviors with a cell count <4, or for which the OR’s or CIs couldn’t be estimated due to small n, were removed from analyses.
aN = 105 subjects.
bOdds ratios, confidence intervals, and p-values are from a conditional logistic regression, conditioned on subject; Model predicts 24-hr. suicide attempt period (v. control period).
cUnivariable-significant ( p-value <0.05) warning signs used predictors in model.
dFalse discovery rate q-values use Benjamini–Hochberg method.
eItems were coded in the positive direction, such that a higher score represented more positive feelings.
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of suicide risk. As such, the current study sample is most repre-
sentative of the approximately 20% of adolescents who visit
EDs each year and have at least somewhat elevated suicide risk.

Study limitations

This study had substantial strengths, including its relatively large
and diverse sample of adolescents, its prospective design, its inclu-
sion of parents and adolescents as WS informants, and its use of a
case-crossover design. Nevertheless, it is important to interpret
findings within the context of study limitations. Our study sample
was geographically diverse but not nationally representative.
Moreover, we enrolled adolescents from pediatric EDs in academic
health centers, which are not representative of all EDs in the com-
munity, and we were only able to retain 64% of eligible adolescents
for WSSA interviews. These adolescents did not vary from those
lost to follow-up on demographic or suicide-related variables (his-
tory of suicide attempts, C-SSRS severity scores); however, study
findings cannot be generalized to the population of adolescents
who report SAs in the 18 months following ED visits.

Our retrospective examination of WS could impact the accur-
acy of data, as we relied on post-attempt recollections of the 48 h
prior to the SA. We used bi-weekly text message surveys that
could feasibly be implemented across a relatively long,
18-month period to capture sufficient SA outcomes. Despite the
steps we took to minimize the measurement bias of retrospective
reports (described in Methods), measurement bias may still occur
for several reasons. These include recall biases related to memory
limitations, which could be partially associated with cognitive
functioning at the time of the event; the intentional non-
disclosure of details; respondent personality; and respondent
mood state, coping strategies, or situation at time of assessment
(e.g. Levine & Safer, 2002; Naicker, Norris, & Richter, 2021).
Some of these reasons (e.g. intentional non-disclosure, situation
at time of assessment) are not unique to retrospective recall and
may also impact real-time, ecological momentary assessments
(EMAs). Moreover, although EMA has been used to examine
the contexts and frequencies of suicidal thoughts and behaviors
among adolescents (Nock et al., 2009), in addition to day-to-day
changes in suicidal ideation (Coppersmith, Kleiman, Glenn,
Millner, & Nock, 2019; Czyz et al., 2019), it is only feasibly imple-
mented across short time periods, which makes it extremely dif-
ficult to capture a sufficient number of suicide attempt
outcomes. Moreover, repeated EMA self-monitoring may have a
self-regulatory impact and adolescent’s reports of precursors to
SAs (e.g. suicidal intent) may necessitate intervention to manage
indicators of acute suicide risk in youth – a vulnerable study
population. Our strategy did not disrupt the naturalistic unfolding
of precursors to a SA and captured a relatively large number of
SAs due to the extended study period.

Conclusions

Using a within-participant case-crossover research design, we
identified adolescent emotions, cognitions and behaviors/
experiences that differentiated the 24-hour period prior to adoles-
cent SAs from a control period. Adolescents and parents both
identified suicidal communications and withdrawal from social
and other activities as key warning signs. Adolescents also identi-
fied rush of feelings, emotional pain, self-hate, rage toward others
(less), suicidal ruminations, perceived burdensomeness, angry/
hostile, and serious conflict with parent, among others. This

WS information warrants widespread dissemination as it offers
the potential to recognize and intervene at a time of acute risk.
It also has the potential to inform new strategies for the recogni-
tion of warning signs and targeted interventions at times of heigh-
tened near-term risk.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291723003112.
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