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Adverse social experiences are often linked to suicidal behavior in adolescence, perhaps particularly for
girls. Social problem-solving abilities may indicate more or less adaptive responses to adverse social expe-
riences that contribute to adolescent girls’ risk for suicidal behavior. While social problem-solving is impli-
cated in cognitive and behavioral theories of suicidal behavior, prior work is largely cross-sectional and
examines bivariate associations between social problem-solving, assessed in neutral conditions, and suicidal
behavior. Using a novel performance-based task, this study assessed social problem-solving in adolescent
girls (N = 185, My = 14.66, SD = 1.41) before and after an experimentally simulated social stressor and
examined associations between social problem-solving and past-year suicidal behavior. Prospective analy-
ses tested whether greater changes in specific social problem-solving domains following the social stressor
predicted greater likelihood of suicidal behavior over a 9-month follow-up in contexts of elevated, real-life
interpersonal stress. Results revealed that adolescent girls who showed greater changes (i.e., reflecting
declines) in problem-solving effectiveness following acute social stress were more likely to exhibit suicidal
behavior over the following 9 months, but only if they also experienced elevated interpersonal stress in real
life. State-dependent changes in social problem-solving may indicate a cognitive vulnerability following
social stress that, in combination with cumulative interpersonal stress in real life, distinguishes adolescent
girls at heightened risk for future suicidal behavior. Findings demonstrate the importance of examining sui-
cide risk factors under conditions that may more closely mirror the interpersonal contexts in which adoles-
cents’ risk for suicidal behavior may be elevated.

General Scientific Summary

Suicide is the second leading cause of death among adolescents, and rates of suicide attempts are par-
ticularly high among adolescent girls. This study suggests that deficits in social problem-solving, par-
ticularly in problem-solving effectiveness, in contexts of elevated, real-life interpersonal stress may
distinguish adolescent girls at greater risk for future suicidal behavior. Findings highlight the importance
of studying state-dependent changes in suicide risk factors under conditions that may more closely mir-
ror the interpersonal contexts in which adolescents’ risk for suicidal behavior may be heightened.
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Suicide is a leading cause of death among adolescents (Centers for
Disease Control and Prevention, 2019). Adolescent girls may be at
particularly high risk: more than one in 10 girls reported attempting
suicide in 2021, with adolescent girls almost twice as likely to
attempt suicide compared to boys (Centers for Disease Control
and Prevention, 2023). Rates of suicide attempts among girls have
risen nearly 30% in the past decade—a nearly two-fold sharper
increase than among boys (Centers for Disease Control and
Prevention, 2023). Despite these data, few studies have examined
female adolescent samples to better understand which girls may be
most likely to engage in suicidal behavior in this period.

Developmentally centered suicide theories posit that normative
social changes in adolescence (e.g., peer network reorganization)
may interact with developmental maturation (e.g., physiological
stress reactivity) to increase suicide risk in this period (Miller &
Prinstein, 2019). These explanations may be especially pertinent
to adolescent girls, who are exposed to greater peer group stress
and are more likely to exhibit internalizing reactions to social stress
compared to adolescent boys (Rose & Rudolph, 2006; Slavich et al.,
2020). Although most adolescents experience, and are affected by,
social stress, only a minority engage in suicidal behaviors. There
is a need to further examine particular responses to social stress
that may explain for which adolescent girls social stress exposure
may be linked to suicidal behavior.

Individual differences in cognitive processes may help to explain
which adolescents process and respond to social stress in ways that
increase their vulnerability to suicidal behavior. Maladaptive cognitive
responses to distress are implicated in several forms of psychopathology
(e.g., ruminative response styles in depression; Nolen-Hoeksema et al.,
2008), but remain understudied in relation to suicidal outcomes (Cha et
al., 2019). There has been particularly little work examining cognitive
risk factors for suicidal behavior (Franklin et al., 2017), as well as
social-contextual moderators (Wenzel & Beck, 2008). Although
some studies show associations between suicidal behavior and certain
cognitive tendencies in interpersonal contexts (e.g., negative feedback-
seeking; Stellrecht et al., 2006), they largely examine trait-level cogni-
tive risk factors, which may not reflect cognitive processes under dis-
tress. Prospective studies of these cognitive vulnerabilities—
specifically, those related to adverse interpersonal experiences—are
also lacking (Cheek et al., 2020).

Cognitive processes that underlie behavioral competencies under
distress may be promising risk factor candidates for suicidal behav-
ior. In particular, problem-solving—the ability to consider or enact
adaptive solutions to problems—is a critical component of several
theoretical pathways linking experiences of stress with suicidal out-
comes, including suicidal behavior. Problem-solving is implicitly
central to many suicide theories (e.g., Joiner, 2005; Klonsky &
May, 2015; O’Connor, 2011) given its overlap with constructs,
like hopelessness and future thinking, that encompass similar cogni-
tive processes (e.g., attitudes toward oneself or others; self-efficacy
to achieve goals or engage in desired behaviors; Czyz et al., 2016;
Millner et al., 2020). Cognitive and dialectical behavioral theories
of suicidal behavior more specifically posit that distress following
stress exposure may result in reduced problem-solving abilities,
which may potentiate adverse reactions to future social stressors
and increase suicidal behavior risk (Liu & Spirito, 2019; Spirito et
al., 2012)—possibly by reducing the set of adaptive behaviors avail-
able to an individual in response to acute stressors (Rotheram-Borus
et al.,, 1990). Problem-solving deficits may also encompass

maladaptive cognitive responses to problems, such as self-blame
and low self-efficacy to enact adaptive solutions. Under stress, this
may increase risk for suicidal behaviors as alternative “solutions”
that may be congruent with negative, self-focused cognitions (e.g.,
low self-efficacy, defeat, entrapment; Cha et al., 2019; O’Connor
etal., 2013) or more easily accessible than adaptive behaviors requir-
ing engagement with others or pursuit of social or other support
(Thompson et al., 2002).

Individuals with histories of suicidal ideation or behaviors show
deficits in multiple problem-solving domains, although prior studies
are largely adult-based (Orbach et al., 1990; Pollock & Williams,
1998, 2001; Williams et al., 2005). Among adolescents, there is mod-
est, cross-sectional support for problem-solving deficits among youth
who have attempted suicide, compared to psychiatric and nonpsychi-
atric controls (for a review, see Speckens & Hawton, 2005). However,
studies in youth (Platt et al., 1974; Sadowski & Kelley, 1993; Schotte
& Clum, 1987) use a variety of problem-solving measures and incon-
sistent suicide outcome variables, making it difficult to discern clear
patterns across prior literature. Notably, few studies of problem-
solving have examined suicidal behavior (vs. ideation only, or idea-
tion or behavior) prospectively, despite evidence that social problem-
solving deficits may precede engagement in risk behaviors (Crick &
Dodge, 1994; Dubow & Tisak, 1989) and cross-sectional associations
with other self-injurious behaviors in adolescents (i.e., nonsuicidal
self-injury; Nock & Mendes, 2008).

Given that adolescence is marked by increases in rates of suicidal
behavior and sensitivity to adverse peer experiences (Somerville,
2013), social problem-solving may be particularly relevant to risk
during this period. Poor social problem-solving, in response to inter-
personal problems, may further increase the potentially deleterious
impact of the social stressors that are among the strongest risk factors
for adolescents’ suicidal behavior (King & Merchant, 2008; Pettit et
al., 2011). Social problem-solving domains capturing dimensions of
solution enactment (vs. solution generation or quality) may also be
particularly pertinent to suicidal behavior. In prior work, adolescents
with suicide attempt histories generated as many adaptive solutions
to interpersonal problems as controls but provided less accurate
problem-solving appraisals and reported using fewer strategies, sug-
gesting that suicidal behavior may be associated more specifically
with deficits in solution enactment (Wilson et al., 1995). Domains
such as problem-solving self-efficacy (i.e., confidence in one’s abil-
ity to carry out a desired behavior) and effectiveness (i.e., ability to
carry out a behavior) may be closely linked to problem outcomes.
Self-efficacy beliefs about the feasibility or likelihood of performing
goal-directed behaviors may inhibit or facilitate adaptive behavioral
responses in social contexts (Bandura, 1977; Crick & Dodge, 1994),
while effectiveness may facilitate solution implementation
(Gollwitzer & Sheeran, 2006). Deficits in these domains may poten-
tiate adverse consequences of interpersonal problems and increase
the risk for suicidal behavior. Indeed, lower self-efficacy to engage
in coping (i.e., problem-solving) strategies and differences in effec-
tive use of active or problem-focused coping have been shown to
predict future suicidal behavior risk in adolescents (Czyz et al.,
2016; Horwitz et al., 2018).

Problem-solving self-efficacy and effectiveness may also be
important contributors to outcomes in adolescent girls. Sex differ-
ences in social-cognitive styles indicate that adolescent boys may
be more likely to focus on agentic goals, whereas girls’ relational ori-
entation style may be better characterized by connection-oriented
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goals (Rose & Rudolph, 2006). This latter style may be related to
greater social-evaluative concerns and emotional distress concerning
relationships or social conflict, perhaps particularly in combination
with low self-efficacy (Rudolph & Conley, 2005). Girls also experi-
ence greater interpersonal stress in adolescence, and girls’ emotional
functioning is more directly tied to concerns about social relation-
ships compared to boys (Hankin et al., 2007; Rose & Rudolph,
2006). Adolescent girls' who show deficits in social problem-
solving self-efficacy or effectiveness may experience adverse reac-
tions to future interpersonal stress and be at greater risk for suicidal
behavior.

Additionally, prior work has most often assessed problem-solving
in neutral conditions, typically using self-report, which may be more
likely to capture subjective appraisals of a trait-level construct.
Although problem-solving deficits may characterize suicidal adoles-
cents across contexts, deficits may emerge or worsen under state-
dependent conditions of distress (Schotte et al., 1990). Certain cog-
nitive risk factors for suicide may distinguish suicidal individuals
only under distress-related conditions (e.g., negative mood; Cha et
al., 2018), and a prior study found that suicidal adults with a history
of depression showed problem-solving declines following a negative
mood induction (Williams et al., 2005). This effect was not observed
among formerly depressed but nonsuicidal individuals—suggesting
that distress-related problem-solving deficits may be associated with
suicide-related outcomes above and beyond potential covariates
such as depressive symptoms. Sensitivity to internal states may
also  characterize decision-making in suicidal behavior
(Dombrovski & Hallquist, 2017), further suggesting the importance
of state-dependent problem-solving.

Finally, in line with life-stress and stress-generation models of
psychopathology and suicidal behavior (Liu & Spirito, 2019;
Rudolph et al., 2000), social problem-solving deficits may confer
the greatest risk for suicidal behavior in contexts of cumulative, real-
life interpersonal stress. Among young adults with poor social
problem-solving, those who reported higher levels of negative life
stress also endorsed more severe suicidal ideation (Schotte &
Clum, 1982). Interpersonal stress (i.e., stressors whose impacts
may be mitigated or exacerbated by social problem-solving abilities)
may be particularly deleterious, while noninterpersonal stress (i.e.,
stressors whose impacts may be more independent of one’s interper-
sonal behaviors or skills) may be less relevant to this risk pathway.
Longitudinal approaches are needed testing interactions between
state-dependent social problem-solving (i.e., following interpersonal
stress) and actual experiences of cumulative interpersonal stress. The
use of objective measures, such as behavioral problem-solving tasks
and contextual life stress interviews, also may offer improved valid-
ity over self-report.

To address these gaps, this investigation examined associations
between adolescent girls’ social problem-solving (i.e., problem-
solving self-efficacy and effectiveness) and suicidal behavior in con-
texts of both proximal (i.e., lab-based) and more distal (i.e., naturally
occurring) interpersonal stress. Study methods offered several
advantages over prior work. First, a performance-based problem-
solving task was administered following acute social stress to
assess state-dependent social problem-solving under conditions
that may mirror adolescents’ real-world experiences of interpersonal
stress. Second, analyses examined distress-related changes in
problem-solving. Intraindividual changes in risk factors (i.e., relative
to a person’s baseline or average) may be robust predictors of

suicidal outcomes (Miller et al., 2017) and, for certain risk factors,
may be stronger predictors of suicidal behavior than baseline or
mean levels (Wang et al., 2021). Finally, this investigation considers
adolescents’ real-world experiences by examining whether state-
dependent problem-solving deficits are associated with future suici-
dal behavior specifically in contexts of cumulative interpersonal, but
not noninterpersonal, stress in real life.

Cross-sectional analyses first examined differences in problem-
solving based on the history of suicidal behavior and exposure to
acute social stress. We hypothesized that adolescent girls with a his-
tory of suicidal behavior would exhibit deficits in problem-solving
before acute social stress and greater declines in problem-solving
following acute stress, relative to adolescents without histories of
suicidal behavior. The primary aim was longitudinal and tested the
hypothesis that problem-solving deficits would be associated with
greater risk for future suicidal behavior in contexts of elevated, real-
life interpersonal stress.

Method
Participants

Participants were clinically referred adolescent females (i.e., bio-
logical sex at birth), ages 12—17, recruited from inpatient and outpa-
tient facilities, and who endorsed mental health concerns (e.g., mood
disorders, substance use) in the prior 2 years. A clinical sample
spanning early to middle adolescence was selected to overlap
with the onset of puberty, given the hypothesized links between
puberty-related changes in social functioning and social stress reac-
tivity, and suicidal behavior risk in adolescence (Miller & Prinstein,
2019). Of the 187 adolescents with social problem-solving data at
baseline, two were excluded from analyses due to lack of past-year
suicidal behavior data at baseline. The final sample included 185
adolescents (Mz. = 14.66, SD = 1.41) and was majority (62.7%)
White (24.9% African American; 9.7% mixed/other; 1.1% Asian;
1.6% Latina).

Measures
Suicidal Behavior

Suicidal behavior was assessed using the Self-Injurious Thoughts
and Behaviors Interview (SITBI; Nock et al., 2007), a semi-
structured interview assessing the presence, frequency, and charac-
teristics of self-injurious thoughts and behaviors across various
time periods. At baseline, questions assessed the past-year presence
of multiple types of suicidal behaviors: suicide plan, interrupted sui-
cide attempt, aborted suicide attempt, and suicide attempt. At each
follow-up, questions assessed the presence of these same suicidal
behaviors in the prior 3 months. Composite suicidal behavior vari-
ables were created to capture the presence of at least one of these
types of suicidal behavior(s) for baseline (i.e., capturing presence
in the past year) and over follow-up (i.e., capturing presence over
the 9-month follow-up period). The SITBI yields good reliability

! While the present study focused on adolescent females (i.e., biological
sex at birth), other aspects of gender identity may also impact youths’ cogni-
tive or behavioral responses to interpersonal stressors in ways that increase
the risk for engagement in maladaptive behaviors, such as suicidal behavior
(Fox, Millner et al., 2018; Smith et al., 2020).
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and agreement with other suicide measures in adolescents (Nock et
al., 2007).

Social Problem-Solving

Social problem-solving was measured using a novel performance-
based task called the Social Problem-Solving Skills Test (SPST;
Nock & Mendes, 2008), administered by undergraduate research
assistants acting as interviewers. Adolescents first listened to audio
recordings of hypothetical social scenarios involving problems with
peers, friends, a romantic partner, parent, and teacher. Following
each scenario, participants performed problem-solving tasks as
prompted by the interviewer following a standardized administration
manual, including rating and enacting potential problem solutions
(e.g., initiating a conversation with a romantic partner about a hurtful
comment). The SPST assessed multiple problem-solving domains
with both participant self-report items (i.e., self-efficacy) and objec-
tive ratings (i.e., effectiveness) of behavioral performance assigned
by an independent team of coders using a manualized coding system.
Coders were “masked” as to whether the problem-solving task being
coded had come before or after the Trier Social Stress Test (TSST).
This investigation focused on problem-solving self-efficacy and effec-
tiveness. For self-efficacy, participants were provided with one solu-
tion that would likely lead to a positive outcome and rated their
perceived ability to use that solution to solve the problem (0 = low,
4 = high). For effectiveness, participants were instructed to pretend
the other person(s) involved in the scenario was sitting across from
them and to say or do what they would do to successfully cause a pos-
itive outcome. Participants enacted this for up to 30 s while audio-
taped. Problem-solving effectiveness was coded as effectiveness
of behaviors for positively achieving the solution goal (1 = low,
4 = high). Participants were administered four SPST scenarios
before, and four different SPST scenarios after undergoing an exper-
imental social stressor task (i.e., the TSST). The administration of
SPST scenarios before and after the stressor task was counterbal-
anced across participants. In this sample, the interrater reliability
for the SPST constructs examined in this study was good (intraclass
correlation coefficient [ICC] = 0.80, p <.01).

Acute Social Stress

Acute social stress was simulated using an adaptation of the TSST
(Kirschbaum et al., 1993). Participants were given 1 min to prepare,
and 3 min to deliver, an impromptu speech (i.e., simulating an audi-
tion for a reality TV show about how teens interact with peers) to an
imaginary peer audience watching a live video feed. An undergrad-
uate research assistant acting as a confederate entered the room and
asked the adolescent participant to deliver her speech while facing a
video camera. Participants were unaware that the peer audience was
fictional and were told that the confederate would be evaluating their
audition. The confederate pretended to evaluate the speech by mak-
ing marks on a clipboard but refrained from providing feedback
except to prompt the participant if she stopped speaking before
3 min elapsed. The TSST has been shown to elicit meaningful stress-
related responses in adolescents (e.g., Klimes-Dougan et al., 2001).

Life Stress

Life stress over the 9-month follow-up was assessed using
the Youth Life Stress Interview (YLSI; Rudolph & Flynn, 2007),

a semi-structured interview assessing the nature and intensity of
participants’ experiences of stress across multiple domains (e.g.,
school, peer relationships, parent-child relationships). Interviewers
received extensive training to collect detailed factual information
about the timing and contextual features of stressful life events.
Expert raters used a consensus process to assign an objective stress
rating to each event on a 5-point scale based on how the event
would impact a typical adolescent in the same circumstances,
with higher scores corresponding to greater stressfulness. Raters
also categorized each event as interpersonal (i.e., involving an
adolescent’s relationship or interaction with another individual)
or noninterpersonal. These categorizations were used to calculate
interpersonal and noninterpersonal stress severity scores (i.e., two
separate scores) for each participant across the three follow-up
assessments (at 3, 6, and 9 months), capturing interpersonal stress
(i.e., mean score) over the full 9-month follow-up period. Primary
analyses focused on stressors within interpersonal domains (e.g.,
conflict with a friend) and used interpersonal stress scores; sensitiv-
ity analyses used noninterpersonal stress scores to examine whether
findings generalized to stressors in noninterpersonal domains (e.g.,
receiving a poor test grade). YLSI coders showed excellent reliabil-
ity for both life event severity scores (ICC =0.95) and categori-
zation of interpersonal versus noninterpersonal event content
(x=0.92).

Depressive Symptoms

Depressive symptoms were assessed with the Mood and
Feelings Questionnaire (MFQ; Costello & Angold, 1988), a
33-item self-report measure assessing depressive symptoms in
children and adolescents. Participants rated the extent to which
items applied to them in the prior 2 weeks on a 3-point Likert
scale (0 =not true, 2 =mostly true). To avoid concerns about
inflated associations, four items assessing suicidal ideation were
removed (e.g., “I thought about killing myself”). All other items
were averaged to yield a mean score, with higher scores indicating
more severe depressive symptoms. Participants completed the
MFQ at baseline (o. = 0.94). Prior work demonstrates strong psy-
chometric properties for the MFQ in adolescent samples (Daviss
et al., 2006).

Procedure

Participants attended a baseline lab visit with a caregiver. After
parents and adolescents granted consent/assent in accordance
with the university’s Institutional Review Board, adolescent partic-
ipants completed self-report measures (i.e., demographics, depres-
sive symptoms), the SITBI (i.e., suicidal behavior), and the
SPST (i.e., social problem-solving). Participants then underwent
the TSST and completed the SPST again, immediately after the
TSST. Following the lab visit, life stress and suicidal behaviors
experienced after the lab visit were assessed via phone-based
assessments at 3-, 6-, and 9-month intervals to facilitate more
accurate reporting (i.e., retrospective reporting across shorter
timespans).

Analytic Plan

Regression diagnostics were conducted to check that no
single case exerted undue influence on parameter estimates and
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that multicollinearity assumptions were met. At the lab visit,
minimal data were missing (0.50%-1.60%) and Little’s Missing
Completely at Random (MCAR) test supported MCAR,
¥*(7)=5.37, p = .62. Cross-sectional analyses used all available
data and examined associations between social problem-solving
and past-year suicidal behavior history in the following ways:
(a) t tests examined baseline versus post-TSST problem-solving
across the sample, and baseline differences based on past-year
suicidal behavior history; (b) repeated measures analysis of vari-
ances examined group differences in changes in problem-solving
based on the past-year history of suicidal behavior, with problem-
solving variables as the within-subjects factor with two levels
(i.e., baseline and post-TSST) and the past-year suicidal behavior
group (i.e., presence vs. absence) as the between-subjects factor.
Time x Group interactions were estimated to test the hypothesis
that adolescents with (vs. without) past-year suicidal behavior
histories would show greater problem-solving declines after
acute social stress.

Primary analyses tested prospective associations between
changes in social problem-solving and future suicidal behavior.
Follow-up data were missing for life stress and suicidal behavior
due to attrition (22.7%-30.3%). Consistent with prior longitudinal
studies of suicidal behavior (Glenn et al., 2019), prospective anal-
yses used listwise deletion as a conservative approach among ado-
lescents with life stress and suicidal behavior data over follow-up.”
Interactions of self-efficacy and effectiveness with interpersonal life
stress were hypothesized, such that adolescents who showed greater
changes (i.e., reflecting declines) in self-efficacy and effectiveness
would be more likely to engage in suicidal behavior over the
9-month follow-up in contexts of higher than lower levels of real-
life interpersonal stress. Variables capturing change in problem-
solving self-efficacy and effectiveness were computed by subtract-
ing pre-TSST from corresponding post-TSST variables. Two hier-
archical logistic regression models were tested predicting suicidal
behavior (presence vs. absence) across the 9-month follow-up.
Changes in problem-solving self-efficacy and effectiveness were
examined as predictors in separate models; interpersonal stress
over the 9-month follow-up was tested as a moderator in both.
Age, baseline depressive symptoms, and baseline suicidal behavior
(i.e., past-year history) were correlated with problem-solving and/or
the presence of suicidal behavior over follow-up and included as
covariates. To further isolate the unique effects of change in
problem-solving and control for individual differences in baseline
problem-solving on suicidal behavior over follow-up, models also
controlled for baseline problem-solving (i.e., pre-TSST self-
efficacy and pre-TSST effectiveness) and for their interactions
with interpersonal stress. Standardized variables were used to com-
pute interaction terms and in regression analyses. To test the sec-
ondary hypothesis that problem-solving would not be associated
with suicidal behavior in contexts of elevated noninterpersonal
life stress, models were repeated with noninterpersonal stress as a
moderator.

Transparency and Openness

We report how we determined our sample size, data exclusions,
manipulations, and measures. Data were analyzed using SPSS
(IBM; v.27). This study was not preregistered. Materials are
available from the authors upon request.

Results
Cross-Sectional Group-Level Analyses

Descriptive statistics and correlations among primary variables
in cross-sectional analyses are presented in Table 1. In this sam-
ple, 65 adolescents endorsed a lifetime history of suicidal behav-
ior at the lab visit, with 55 adolescents endorsing a history of
suicidal behavior in the past year (55 endorsed a suicide plan
and 37 endorsed a suicide attempt in the past year). Across the
sample, there was a significant decline in problem-solving self-
efficacy, #(181)=3.31, p =.001, d =0.25, following the TSST,
but no significant change in problem-solving effectiveness,
t(181) = —0.79, p = .43, d=0.06. At baseline, adolescents with
past-year suicidal behavior histories had significantly lower self-
efficacy than adolescents without past-year suicidal behavior his-
tories, #(183)=2.20, p=.03, d=0.35. There was no group
difference in effectiveness at baseline, #(183) = —0.51, p =.61,
d=0.08.

When testing changes in problem-solving by suicidal behavior
history group, the Time x Group interaction was significant for
self-efficacy, F(1, 180) =5.18, p = .02, n,,z = .03, but not effective-
ness, F(1, 180)=0.73, p=.39, n,> =.004. Post hoc tests with
Bonferroni correction revealed that adolescents without past-year
suicidal behavior histories showed significant declines in self-
efficacy, p <.001, while there was no significant change in self-
efficacy among adolescents with past-year suicidal behavior
histories, p = .94. The Time x Group interaction was not signifi-
cant in sensitivity analyses controlling for depressive symptoms,
F(1,178) =244, p=.12,71,” = 0L.

Prospective Associations Among Social Problem-Solving,
Interpersonal Stress, and Suicidal Behavior

In the sample examined in prospective analyses, 19 adolescents
endorsed suicidal behavior across the full 9-month follow-up period,
among whom 57.9% had endorsed a past-year history of suicidal
behavior at baseline. Past-year history of suicidal behavior at base-
line was associated with the presence of suicidal behavior across
follow-up, x*(1) = 19.56, p < .001. At 3-month follow-up, seven
adolescents endorsed a suicide plan and four endorsed a suicide
attempt in the prior 3 months. At the 6-month assessment, four ado-
lescents endorsed a suicide plan and four endorsed a suicide attempt
in the prior 3 months. At the 9-month assessment, five adolescents
endorsed a suicide plan and two endorsed a suicide attempt in the
prior 3 months.

There was a significant interaction of change in problem-solving
effectiveness with interpersonal stress over the 9-month follow-up

2 Little’s MCAR test supported MCAR, x*(29) = 34.44, p = .22, for pro-
spective analyses. Problem-solving variables were not associated with the
likelihood of missing 9-month life stress and/or suicidal behavior data
(ORs =0.75-1.10, ps = .13—.97). Among covariates, only past-year suicidal
behavior history was associated with the missingness of 9-month life stress
(x*s =4.95-6.64, ps=.01-.03), but not suicidal behavior (yx*s=0.91,
ps = .34), data. The presence of 9-month suicidal behavior was not associated
with the missingness of 9-month life stress data (s = 3.07-4.00,
ps =.05-.08), and 9-month life stress was not associated with the missing-
ness of 9-month suicidal behavior data (ORs =0.91-1.21, ps = .47-.69).
Participant race/ethnicity was not associated with missingness of 9-month
life stress and/or suicidal behavior data (x%s = 1.30-2.97, ps = .56—.86).
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Table 1

Descriptive Statistics and Bivariate Correlations Among Problem-Solving Variables and Covariates

Examined in Cross-Sectional Analyses

Variable 1 2 3 4 5 6 7
1. Baseline self-efficacy —
2. A self-efficacy —0.44%* —
3. Baseline effectiveness —0.18* 0.04 —
4. A effectiveness —0.07 0.12 —0.42%* —
5. Baseline depressive symptoms (MFQ)  —0.32%%* 0.14 -0.07 0.09 —
6. Age —0.11 0.07 0.11 —0.02  0.19%* —
7. Past-year SB history at baseline® —0.16* 0.17* 0.04 0.06  0.44%* 0.18% —
M 2.93 —0.17 2.71 0.04 0.50 14.66 —
SD 0.55 0.70 0.62 0.59 0.40 1.41 —
Note. MFQ = Mood and Feelings Questionnaire; SB = suicidal behavior (i.e., suicide plan; interrupted or aborted

suicide attempt; and/or suicide attempt); SD = standard deviation. Pearson’s correlations are presented for all
variables except past-year SB history (i.e., point-biserial correlations).

# Participants with a past-year SB history had lower baseline self-efficacy, less change (i.e., decline) in self-efficacy after
acute social stress, greater baseline depressive symptoms, and were older than those without a past-year SB history.

*p< .05, *p< .0l

for the prediction of suicidal behavior (odds ratio [OR] = 0.36, 95%
confidence interval [CI] = [0.15-0.87], p = .02; Table 2). This inter-
action was probed at low (—1 SD), average (M), and high (+1 SD)
levels of interpersonal stress (Figure 1). Adolescents with greater
changes (i.e., reflecting declines) in problem-solving effectiveness
were more likely to exhibit suicidal behavior over follow-up at
high levels of interpersonal stress (OR=0.30, [0.10-0.92],
p = .04). Change in effectiveness was not associated with future sui-
cidal behavior at average and low levels of interpersonal stress
(ORs =0.85-2.39, ps=.12-.63). In the self-efficacy model, the
interaction of change in self-efficacy with interpersonal stress was
not significant (OR = 0.85, [0.41-1.77], p = .67).

Prospective Associations Among Social Problem-Solving,
Noninterpersonal Stress, and Suicidal Behavior

Additional analyses tested the interaction of change in problem-
solving effectiveness with noninterpersonal stress over follow-up.
In contrast to results for interpersonal stress, the interaction of
change in effectiveness with noninterpersonal stress did not predict
the likelihood of suicidal behavior over follow-up (OR = 0.56,
[0.24-1.30], p = .17). Similarly, the interaction of change in self-
efficacy with noninterpersonal stress was not associated with future
suicidal behavior (OR = 1.21, [0.67-2.19], p = .53).%

Discussion

Problem-solving is implicated in multiple suicide theories, but few
studies have examined whether problem-solving deficits, particularly
under distress, may help to explain which adolescents later engage in
suicidal behavior. Building on evidence that social, including peer-
related, stressors are robust risk factors for adolescents’ suicidal
behavior (King & Merchant, 2008; Pettit et al., 2011), the present
study examined social problem-solving before and after acute
social stress in adolescent females and tested whether adolescents
who showed greater distress-related changes (i.e., larger declines)
in problem-solving self-efficacy and effectiveness were more
likely to exhibit suicidal behavior over the following 9 months.
Cross-sectionally, acute social stress exposure was associated with

changes in problem-solving self-efficacy, with significant declines
observed among adolescents without (vs. with) past-year histories
of suicidal behavior. Prospective results largely supported the primary
hypothesis by showing that girls who showed greater changes (i.e.,
reflecting greater declines) in problem-solving effectiveness were
more likely to exhibit future suicidal behavior, but only if they also
experienced higher levels of real-life interpersonal stress. As expected,
this effect was specific to interpersonal (vs. noninterpersonal) stress.

Adolescents showed changes in certain problem-solving domains
(i.e., self-efficacy) following acute social stress, consistent with
associations between acute social stressors, including social evalua-
tion simulated using the TSST, and impairments in cognitive and
behavioral domains of functioning, including problem-solving
(e.g., Alexander et al., 2007). Reactivity to social stress is heightened
in adolescence, particularly among females (Gunnar et al., 2009),
and girls’ emotional functioning and self-esteem may be more
directly tied to concerns about social relationships (Rose &
Rudolph, 2006). Social stressors may be particularly likely to nega-
tively impact self-esteem-relevant domains of problem-solving,
such as self-efficacy, in adolescent female samples such as this one.

When considering history of suicidal behavior, problem-solving
self-efficacy was lower at baseline among adolescent girls with (vs.
without) a past-year history of suicidal behavior. Problem-solving def-
icits in suicidal adolescents (Arie et al., 2008; Sadowski & Kelley,
1993) may be related to prior suicidal behavior through several mech-
anisms. Lower self-efficacy may inhibit adaptive problem-solving,
perpetuating adverse effects of social stressors (e.g., feelings of defeat
or entrapment) and increasing suicidal behavior risk (Panagioti et al.,
2012). Engagement in suicidal behavior also may contribute to low
self-efficacy, insofar as these behaviors may themselves represent
unsuccessful problem-solving attempts (e.g., interrupted or aborted
suicide attempts). In contrast, changes (i.e., declines) in self-efficacy
following social stress were observed only among adolescents without
past-year suicidal behavior, which may reflect more habituated or self-

3 Identical patterns of results were found for all prospective analyses,
including interactions of social problem-solving variables with both interper-
sonal and noninterpersonal stress when models included a lifetime (i.e.,
instead of past-year) history of suicidal behavior at baseline as a covariate.
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Table 2

Interpersonal Stress Moderates the Association Between Change in Problem-Solving
Effectiveness Following Acute Social Stress and the Presence of Suicidal Behavior Over

a 9-Month Follow-Up

Variable x OR (95% CI) p

Step 1. Covariates 13.92%*

Past-year SB history at baseline® 3.83 (1.22-12.00) .02%

Baseline effectiveness 1.10 (0.63-1.95) 72

Age 1.22 (0.81-1.84) .35

Baseline depressive symptoms 2.59 (0.62-10.81) 19
Step 2. Main effects 14.02*

A Effectiveness 0.90 (0.48-1.71) 75
Step 3. Moderator 18.14*

Interpersonal stress 0.95 (0.52-1.74) .87

Baseline Effectiveness x Interpersonal Stress 2.19 (0.98-4.93) .06
Step 4. Interaction 23.64%*

A Effectiveness x Interpersonal Stress 0.36 (0.15-0.87) .02%*

Note.

OR =odds ratio; CI=confidence interval; SB =suicidal behavior (i.e., suicide plan;

interrupted or aborted suicide attempt; and/or suicide attempt).

# Reference group: past-year SB present.
*p<.05. **p<.0l

protective responses to social stress among those with histories of sui-
cidal behavior (Taylor et al., 2011). Changes in self-efficacy may also
have been less likely to reach statistical significance for this group due
to lower self-efficacy at baseline.

As hypothesized, and in line with cognitive and behavioral mod-
els of suicidal behavior (Pollock & Williams, 1998; Spirito et al.,
2012), adolescents whose problem-solving effectiveness showed

Figure 1

The Interaction Effect of Change in Problem-Solving Effectiveness
and Interpersonal Stress (i.e., Over a 9-Month Follow-Up) on the
Probability of Suicidal Behavior Over a 9-Month Follow-Up

30 Interpersonal Stress

a, — Low
“ -—- Average
- High

~ -

20

Probability Suicide Behavior

05

00

-.50 -25 00 25 50
Change in Problem-Solving Effectiveness

Note. Simple slopes were plotted at low (—1 SD), average (M ), and high (+1
SD) levels of interpersonal stress. The simple slope of change in problem-
solving effectiveness on probability of suicidal behavior was significant at
high levels of interpersonal stress. Regarding change in problem-solving
effectiveness (x-axis), negative scores represent greater declines in effective-
ness, whereas positive scores represent greater increases in effectiveness fol-
lowing acute social stress. Log odds of suicidal behavior were converted to
probability (y-axis) to facilitate interpretability. SD = standard deviation.

greater change (i.e., reflecting declines) following acute social stress,
and who experienced greater interpersonal stress in their real lives,
were more likely to engage in suicidal behavior over the 9-month
follow-up. This association was found even when statistically
controlling for depressive symptoms, consistent with other work
(Pollock & Williams, 2001; Williams et al., 2005). Poor problem-
solving may confer risk for suicidal behavior insofar as these behav-
iors may be perceived as viable solutions to distress or a means of
achieving relief or escape—perhaps especially when prior options
have been exhausted (Baumeister, 1990; Shneidman, 1998).
Thoughts of suicide are associated with subsequent reductions in
negative affect (Kleiman et al., 2018), and the probability of suicidal
behavior may increase when suicide is associated with desirable con-
sequences (e.g., escape from something unpleasant; Huang et al.,
2020). Motivations for suicidal behavior may be particularly salient
in contexts of interpersonal stress. When presented with a hypothet-
ical choice between virtual reality-simulated suicide and other
options, participants who had undergone a social stressor task
(i.e., the TSST) more frequently selected suicide over alternatives
involving social stress, compared to both a control and third condi-
tion wherein suicide was not associated with avoidance of further
social stress (Huang et al., 2020). These findings support the effects
of both interpersonal stress and anticipated consequences of suicidal
behavior (e.g., avoidance, relief from distress) on the likelihood of
suicidal behavior. Greater declines in problem-solving effectiveness
following social stress may increase suicidal behavior risk due in
part to the anticipated potential of suicidal behaviors to provide
desired outcomes, such as relief or escape.

Results specifically showed that a greater change in effectiveness
following social stress predicted the future presence of suicidal
behavior. This distinction is important given evidence that within-
person change in risk factors may predict heightened risk for future
psychopathology, including suicidal outcomes, above and beyond
an individual’s average level (Miller et al., 2017). Consistent with
conceptualizations of suicide as resulting from interactions among
basic, normally adaptive processes that may become maladaptive
under certain conditions (Millner et al., 2020), state-dependent
changes in problem-solving effectiveness following acute social
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stress may distinguish those at elevated risk for suicidal behavior.
Our finding complements a cross-sectional study showing declines
in problem-solving effectiveness following negative mood induction
among adults with (but not without) suicidal ideation histories
(Williams et al., 2005) and contributes to understanding of distress-
related, cognitive-behavioral vulnerabilities that may play a role in
suicidal behavior. For example, suicidal individuals have shown a
bias for an active response to escape under experimentally simulated
distress (Millner et al., 2019), which may reflect decision-making
biases associated with suicidal outcomes, including greater sensitiv-
ity to internal emotional states (Dombrovski & Hallquist, 2017).
This “active-escape bias” is consistent with clinical conceptualiza-
tions of suicidal behaviors as maladaptive coping strategies to
achieve relief from aversive internal states. Similar vulnerabilities
may underlie problem-solving deficits following social stress,
wherein capacities to enact effective problem-solving behaviors—
which may require engagement with (vs. escape from) problematic
scenarios or tolerance of short-term distress to achieve better solu-
tions—are reduced. Changes (i.e., declines) in problem-solving
effectiveness may also reflect tendencies to resort to familiar, but
less effective, problem-solving behavior—including suicidal behav-
ior—when capacities to enact more situation-appropriate solutions
are impacted (Dombrovski & Hallquist, 2022). Alternatively, sus-
ceptibility to distracting (e.g., distressing) social-environmental
information, or poor problem conceptualization, may interfere
with effective solution enactment (Szanto et al., 2015). These spec-
ulative interpretations could be explored in future work by testing
other cognitive functioning domains (e.g., attention) or traits (e.g.,
disinhibition) as covariates or moderators.

Importantly, problem-solving deficits under distress may increase
risk for future suicidal behavior only in combination with greater
cumulative interpersonal stress in real life. The risk for suicidal behav-
ior was higher among adolescents who showed greater changes
(i.e., declines) in effectiveness and who experienced high levels of
interpersonal stress over the 9-month follow-up, consistent with robust
evidence for links between interpersonal life stress and suicidal behav-
ior (Liu & Miller, 2014, Pettit et al., 2011). While we did not test a
mediation model nor examine temporal associations among interper-
sonal stress and suicidal behavior across finer timescales, prior work
supports bidirectional effects whereby life stress—particularly inter-
personal stress—is a risk factor for suicidal behavior (i.e., stress expo-
sure; Bagge et al., 2013), and suicidal behavior is also associated with
subsequent increases in life stress (i.e., stress generation; Liu &
Spirito, 2019). These temporal associations may be reciprocal
and occur over finer timescales, as shown in studies of other self-
injurious outcomes (e.g., suicidal ideation, nonsuicidal self-injury)
using methodologies (e.g., ecological momentary assessment)
well-suited to elucidate such temporal relations across shorter time-
scales (Glenn et al., 2022; Snir et al., 2015). Continued study of the
temporal associations among social problem-solving, interpersonal
stress, and suicidal behavior—including the potential impact of inter-
personal stress on subsequent occurrence of suicidal behavior, or of
suicidal behavior on reports of interpersonal stress,* among those
with poorer problem-solving—would benefit from more fine-grained
assessment approaches in future work. Importantly, results from the
present study help establish longitudinal support for the role of social
problem-solving in the risk for future suicidal behavior.

Problem-solving was not associated with suicidal behavior in
contexts of heightened noninterpersonal stress. Social problem-

solving may be less relevant to stressors not directly involving
interactions or relationships with others, and thus deficits in this
skillset may be less likely to influence (i.e., exacerbate) the poten-
tially adverse effects of noninterpersonal stressors. Interpersonal
stress, meanwhile, may also be particularly deleterious among
adolescent females (Slavich et al., 2020), and sex differences in
interpersonal stress exposure and reactivity may contribute to
females’ elevated risk for certain psychopathology (Shih et al.,
2006). Additional facets of gender identity may compound the
deleterious effects of social stress on problem-solving in ways
that increase the risk for suicidal behavior. Adolescents assigned
female at birth, but who identify as sexual and/or gender minority,
may be at even greater risk for experiencing interpersonal stressors
and for engaging in suicidal behavior (Fox, Millner, et al., 2018;
Fox, Hooley, et al., 2018), possibly due to the impact of such
stressors on cognitive factors such as self-esteem (Oginni et al.,
2019). Other aspects of sociodemographic diversity may also
influence adolescents’ susceptibility or responses to interpersonal
stressors in ways that moderate the risk for suicide-related out-
comes (Xiao & Lindsey, 2021). Future studies might explore the
potential interactive effects of sexual and/or gender identity and
sociodemographic factors on associations between social
problem-solving and suicidal behavior risk to explore the general-
izability of the present findings to diverse populations.

This study demonstrated that state-dependent changes in problem-
solving may temporally precede the occurrence of suicidal behavior
in adolescent girls. Findings show that these changes may be risk
factors in contexts of elevated, real-life interpersonal stress and high-
light a potential mechanism that may underlie previously reported
associations among proximal social stress reactivity, elevated inter-
personal stress, and elevated suicide risk in adolescence (Miller &
Prinstein, 2019). This study benefited from objective measures of
key variables (i.e., problem-solving effectiveness, life stress),
which were not reliant on self-report and, in the case of life stress,
avoided confounding stress exposure itself with other vulnerabilities
(e.g., cognitive appraisals of stress) that may contribute to suicide
risk (Liu et al., 2016). While attrition and relatively low endorsement
of suicidal behavior over follow-up were limitations, retention and
low base rates of suicidal behavior are common limitations in
research on this outcome (Borges et al., 2006; Prinstein, 2008).
Finally, the lab-based design was unable to test the extent to
which the TSST invoked problem-solving changes that may mirror
those occurring in real life with actual peers or even during a suicidal
crisis. Future work might assess problem-solving in naturalistic con-
ditions (i.e., following real-life social stressors) and in more diverse
samples to improve generalizability. Similarly, future studies might
explore whether associations among social problem-solving, inter-
personal stress, and suicidal behavior differ based on additional
demographic factors (e.g., gender identity).

This study fills critical gaps in the literature on adolescent suicidal
behavior by examining state-dependent changes in a cognitive risk
factor (i.e., social problem-solving) and its interaction with social

*We note the additional possibility that recent engagement in suicidal
behavior impacted youths’ reports of life stress, including interpersonal
stress. However, reports of life events via the YLSI were rigorously coded
to yield objective consensus ratings of life stress, which may decrease the
potential influence of participant reporting bias (i.e., due to recent suicidal
behavior or concomitants such as negative affect), compared to self-report.
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context (i.e., interpersonal stress). Interventions that focus on social
problem-solving skills may reduce the risk for suicidal behavior in
adolescence, and problem-solving abilities have been shown to mod-
erate the impact of cognitive behavioral therapy-based treatments on
other suicidal outcomes (i.e., suicidal ideation; Becker-Weidman et
al., 2010; Salkovskis et al., 1990). Interventions that specifically target
problem-solving effectiveness may be particularly promising, along-
side approaches that build coping skills for interpersonal stressors.
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