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DEDICATION

To everyone who said I was “annoyingly smart” as a kid – I’ve made a career out of it.
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ABSTRACT

A MULTIMETHOD APPROACH TO UNDERSTANDING THE ASSOCIATION
BETWEEN INTERPERSONAL STRESS, PROINFLAMMATORY RESPONSE, AND
SUICIDALITY
Annamarie B. Defayette, Ph.D.
George Mason University, 2022
Dissertation Director: Dr. Christianne Esposito-Smythers

Suicide is the second leading cause of death among adolescents and young adults.
Peer-related interpersonal stress increases suicide risk within this age group. However,
not all individuals who undergo peer-related interpersonal stress experience suicidal
thoughts and behaviors. Thus, the identification of factors that affect this relationship is
critical. Consistent with the Social Signal Transduction Theory of Depression (Slavich &
Irwin, 2014), a “primed” proinflammatory response to acute stress is one factor that may
influence the relationship between suicidal thoughts and behaviors and interpersonal
stress. While it is possible that a “primed” proinflammatory response serves as a pathway
through which mental health difficulties develop, it is equally plausible that it enhances
risk for mental health problems among individuals already experiencing
psychopathology. This dissertation examined the nature of this relationship using a mixed
methods approach in a sample of 42 emerging adults with recent suicidal thoughts and
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behaviors. Study 1 examined the relation between interpersonal stress and two
proinflammatory cytokines. Participants completed self-report measures of suicidal
thoughts and behaviors, recent peer-related stressors, interpersonal sensitivity, and
general perceived stress. They also participated in an acute laboratory social stress task
and provided three saliva samples to measure their proinflammatory responses (IL-6 and
TNF-a) to the stressor. Results demonstrated that greater sensitivity to interpersonal
interactions was marginally associated with a lower IL-6 proinflammatory response to the
acute lab stressor (small-to-medium effect). Study 2 examined the relation between
interpersonal stress and suicidal ideation in real time, as well as whether the
proinflammatory response (drawn from Study 1) moderated this association. Participants
completed 28 days of ecological momentary assessment that assessed for suicidal
ideation (presence vs. absence, ideation intensity), the occurrence of negative peer
stressors, and feelings of exclusion. Results demonstrated a trend for within-person
increases in feelings of exclusion to be associated with increases in suicidal ideation
intensity at the same time point (medium effect). Additionally, within-person increases in
number of negative peer events were associated with increased odds of the presence of
suicidal ideation at the next time point among individuals with a very low IL-6 response
to acute interpersonal stress. However, this finding is considered preliminary and requires
replication in larger samples, and thus must be interpreted with caution. Implications and
methodological considerations are discussed to guide future research in this area.

xiii

INTRODUCTION

Suicide is the second leading cause of death in youth ages 15-24 (Centers for
Disease Control and Prevention [CDC], 2019) and is considered a significant public
health concern (Nock et al., 2008). As overall rates are on the rise (Hedegaard et al.,
2018), progress must be made in the prediction of suicidal thoughts and behaviors.
Numerous risk factors for suicide have been identified but many are broad and carry very
limited predictive utility for such a low base-rate behavior (Franklin et al., 2017). Further,
most studies use long follow-up windows and methodologies that do not capture suicidal
thoughts and behaviors in an ecologically valid manner (Franklin et al., 2017).
Assessment of time-varying factors and intensive monitoring of high-risk samples may
help to effectively identify acute risk factors for heightened suicidal ideation and suicide
attempts (Glenn & Nock, 2014). The integration of biological markers of suicide risk into
this works holds the potential to further improve predictive utility (Glenn & Nock, 2014).
This dissertation examines: (1) the link between interpersonal stress-related factors and a
component of the biological stress response, proinflammatory cytokines; and (2) the
manner in which interpersonal stress, in real time, affects suicidal ideation, and whether
the proinflammatory response to acute stress moderates this association in a sample of
emerging adults.
Link Between Interpersonal Stress and Suicidal Behavior
A well-established link exists between stress, in both acute and chronic forms, and
suicidal thoughts and behaviors (Adams et al., 1994; Liu & Miller, 2014). Numerous
1

stressors have been associated with youth (i.e., adolescent and young adult) suicidality,
such as low family socioeconomic status (Burrows & Laflamme, 2010), neighborhood
poverty (Dupéré et al., 2009), school failure, chronic illness (Greydanus et al., 2010), and
interpersonal stress (Turecki & Brent, 2016). Interpersonal stress, in particular, has been
reliably associated with suicidal thoughts and behaviors. In a study conducted with
adolescents and young adults who had made a “serious” suicide attempt, the most
commonly reported precipitant for the attempt was interpersonal difficulties (Beautris et
al., 1997). Much of the research literature in this area has focused on the association
between interpersonal stress within the family system and suicidal thoughts and
behaviors, such as child maltreatment (Andover et al, 2007; Miller et al., 2013; Puzia et
al., 2014; Thompson et al., 2012; Turecki & Brent, 2016) and family conflict (Bridge et
al., 2006; Van Meter et al., 2019). Equally important during adolescence and young
adulthood is the association between peer-related interpersonal stress and suicidality.
During adolescence, the amount of time spent with peers increases. Adolescents
spend roughly twice as many waking hours with peers than with parents. Peer
relationships are increasingly important during adolescence, as these relationships help
adolescents to understand their identities, develop a positive self-image, and provide
emotional security in threatening situations (Parker et al., 2006). For example, Sentse and
colleagues (2010) found that peer acceptance buffers the relation between parental
rejection and psychopathology. Adolescent neural development also impacts the way in
which social interactions and emotions are processed, which in turn, increases sensitivity
to peer-related interpersonal stressors (Giletta et al., 2018; Miller & Prinstein, 2019).
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Thus, adolescents in particular are primed for peer conflict and sensitivity to negative
peer interactions. Further, adolescents who experienced more frequent interpersonal
stress earlier in development – such as those with regular family conflict, histories of
maltreatment, or early and severe peer victimization and rejection – can become more
sensitive to later interpersonal stress (Miller et al., 2017). As adolescents transition to
emerging adulthood, their social networks continue to grow (Wrzus et al., 2013), thus
providing continuous opportunities for peer-related interpersonal stress. One longitudinal
study demonstrated that peer victimization during adolescence predicted workplace peer
victimization in young adulthood, even when accounting for other vulnerability factors.
These findings suggest stability in experiences of victimization, which highlights the role
that individual factors may play in increasing risk for victimization (Brendgen & Poulin,
2018).
Importantly, peer rejection and victimization can lead to an array of negative
consequences for youth. Adolescents and young adults, relative to older adults,
experience heightened distress and anger as a result of interpersonal stress (Birditt &
Fingerman, 2003). Chronic, relative to sporadic, peer victimization has been associated
with poorer adjustment among adolescents (Massing-Schaffer et al., 2019). Moreover,
chronic interpersonal stress is associated with the onset of depression in older youth
(Vrschek-Schallhorn et al., 2015), and earlier interpersonal stress that results in stress
sensitivity can confer risk for earlier onset of psychopathology more broadly (Oldehinkel
et al., 2014). Research also suggests that peer victimization prospectively predicts suicide
attempts (Sheppard et al., 2019), and that individual characteristics, such as interpersonal
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rejection sensitivity, mediate the relation between peer victimization and suicidal ideation
(Williams et al., 2017). A recent meta-analysis concluded that peer victimization is
reliably associated with both suicidal ideation and suicide attempts (van Geel et al.,
2014). Interestingly, one study found that cyberbullying, relative to other forms of
bullying, is more strongly associated with suicidal ideation (Hinduja & Patchin, 2010),
suggesting that peer victimization can have devasting consequences in many forms. As is
evident, a clear association has been established between interpersonal stressors, such as
peer rejection and victimization, and suicidality among adolescents and young adults.
Recent research efforts are now focused on better understanding how, why, and for
whom interpersonal stressors are associated with suicidal thoughts and behaviors. One
potentially fruitful avenue of research is an examination of whether an individual’s
biological response to interpersonal stress moderates this association.
The Biological Stress Response as it Relates to Interpersonal Stress
A fundamental component of an individual’s response to an acute interpersonal
stressor is the activation of the biological stress response system. When a stressor is
encountered, the body triggers two stress responses, including the well-known “fight-orflight” response of the autonomic nervous system and a second, peripheral stress
response system which is activated by the hypothalamic-pituitary-adrenal (HPA) axis
(Miller & Prinstein, 2019). One well-established marker of this peripheral stress response
is proinflammation. The proinflammatory response, or the release of proinflammatory
cytokines in response to a stressor (Slavich & Irwin, 2014), has been the subject of
significant investigation. The proinflammatory response is generally associated with the
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response to physical injury following a physical threat. However, psychosocial, including
interpersonal, stress can also activate the proinflammatory response, and chronic
psychosocial stress can lead to a lasting dysfunctional proinflammatory response (Morey
et al., 2015; Segerstrom, 2007). A number of studies have documented a relation between
interpersonal stress and immune system functioning. Though several proinflammatory
cytokines exist, those receiving most attention in the literature include interleukin-1b (IL1b), IL-6, and tumor necrosis factor-a (TNF-a), as well as C-reactive protein (CRP),
which is a downstream marker of proinflammation (Giletta et al., 2018; Morey et al.,
2015; Slavich & Irwin, 2014). For example, a recent review demonstrated that a history
of child maltreatment has been consistently linked with elevated proinflammatory
cytokine concentration in adult samples (Morey et al., 2015). Other studies have
investigated this relationship through the use of a laboratory-induced social stressor task,
the Trier Social Stress Test (TSST). The TSST was developed to investigate the acute
stress response through a performance-based task (deliver a speech on a given topic to a
panel of confederates; Kirschbaum et al., 1993). In a sample of young adults, more
frequent interpersonal stress with family and friends, reported via a daily diary, predicted
elevated baseline TNF-a, and elevated TNF-a and IL-6 responses, to the TSST (Chiang
et al., 2013).
A similar pattern of results has been found in adolescent studies. For example,
Giletta and colleagues (2018) measured the proinflammatory response to a modified
TSST using a latent factor derived from IL-1b, IL-6, and TNF-a. Adolescents who
experienced more frequent peer victimization, as reported by a close friend, had elevated
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baseline, or basal, proinflammation and a heightened proinflammatory response to the
acute lab stressor. Another study found that more frequent peer victimization during
childhood was associated with greater basal CRP well into adulthood (Copeland et al.,
2014). A third found that high levels of interpersonal stress in family, friends, and
romantic partner relationships were associated with increased IL-6 response to an ex vivo
immune stimulation (i.e., stimulation of IL-6 with a bacterial stimulus outside the body;
Miller et al., 2009). Finally, using a daily diary methodology, Fuligni and colleagues
(2009) found a positive association between adolescents’ daily interpersonal stressors and
CRP. Cumulatively, these studies suggest that interpersonal stress, including peer-related,
can have a prominent, lasting impact on both basal proinflammation and the
proinflammatory response to interpersonal stress. Emerging research also suggests that
chronically elevated basal proinflammation, such as that resulting from interpersonal
stress, may be associated with mental health consequences (Jaremka et al., 2013; Walker
et al., 2014), such as suicidal thoughts and behaviors. Just as upregulated basal
proinflammation has been shown to result from peer-related stress, and potentially lead to
negative mental health outcomes, it is equally plausible that the proinflammatory stress
response may serve as a moderator of peer-related stress and mental health outcomes,
such as suicidal thoughts and behaviors.
Proinflammatory Cytokines and Suicidal Behavior
Several recent reviews have concluded that proinflammatory cytokines may be a
crucial biomarker for suicidal behaviors and death by suicide (Chang et al., 2016; Courtet
et al., 2016; Isun et al., 2012; Serafini et al., 2013). Studies conducted with adults have
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demonstrated significantly greater basal IL-6 levels in those with a history of a suicide
attempt compared to healthy controls (Lindqvist et al., 2009). Greater basal TNF-a and
IL-6 levels have also been found among adults with major depressive disorder (MDD)
and a history of a suicide attempt relative to those with MDD only and healthy controls
(Janelidze et al., 2011). Given the links between interpersonal stress, suicidality, and the
biological stress response, it is possible that the presence of both interpersonal stress and
a dysfunctional biological stress response transfers risk for engagement in suicidal
thoughts and behaviors (Miller & Prinstein, 2019).
The Social Signal Transduction Theory of Depression as a Theoretical Framework
The Social Signal Transduction Theory of Depression (Slavich & Irwin, 2014)
offers one explanation for the potential link between interpersonal stress, the biological
stress response, and suicidal thoughts and behaviors. Evolutionarily, as part of the
biological stress response, the brain encodes social-environmental cues associated with
possible danger to a conserved transcriptional response to adversity (CTRA). The CTRA
then creates a primed immunological response to physical threat. When the associated
social-environmental cues are detected, the CTRA is activated, and proinflammatory
cytokines are released to activate healing processes and minimize physical injury
following a physical threat. However, as society has evolved, fewer physical threats are
present in the environment and nonphysical (e.g., social, imagined, symbolic) threats
have increased in frequency and intensity. The Social Signal Transduction Theory of
Depression posits that the CTRA, and subsequent release of proinflammatory cytokines,
is now activated in the face of social threats (e.g., interpersonal stress) because our bodies
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process them as physical threats. This is hypothesized to be due to the fact that social
threats evolutionarily had negative implications for survival (e.g., access to resources,
protection, etc.; Slavich & Irwin, 2014).
Notably, this theory further posits that the CTRA is activated when social threats
are perceived by the individual, regardless of whether any objective threat is present.
Under such conditions, chronic experiences of interpersonal stress, such as peer rejection
and victimization, may lead to chronically heightened proinflammatory responses. The
ongoing interaction between interpersonal stress and proinflammatory cytokines transfers
risk for negative behavioral effects, such as depression, through subsequent biological
processes and sensitization of the brain to future social threats. For example,
proinflammatory cytokines induce behaviors associated with physical healing, such as
social-behavioral withdrawal, which has been shown to worsen symptoms of depression
(Slavich & Irwin, 2014). Though this theory has been applied to the development of
depression, it may also help to explain mental health conditions closely associated with
depression, such as suicidal ideation and behavior.
To our knowledge, no study to date has examined the manner in which
proinflammatory cytokines influence the association between peer rejection and suicidal
thoughts and behaviors. Research with youth who are already experiencing suicidal
thoughts and behaviors could help to clarify the moderating effect of a primed
proinflammatory response on this association. Indeed, a recent study with adolescents
examined neural responses to a virtual peer rejection task as a moderator of the
association between interpersonal stress and suicidal ideation. Results demonstrated that
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adolescents with greater experiences of interpersonal stress and increased activation of
the right anterior insula to peer rejection had greater suicidal ideation severity
(Oppenheimer et al., 2020). Notably, increased activation of the anterior insula has been
identified as one possible neural mechanism associated with social rejection and the
proinflammatory response to acute social stress (Slavich et al., 2010). Thus, these results
support the potential importance of examining the proinflammatory response as a
potential moderator of the association between peer rejection and suicidal ideation and
behavior.
Summary
As is evident, ample research suggests that peer-related interpersonal stress
increases suicide risk, particularly among adolescents and young adults. However, as not
all who experience peer-related interpersonal stress go on to experience suicidal thoughts
and behaviors, identification of factors that intensify this relationship is critical.
Consistent with the Social Signal Transduction Theory of Depression (Slavich & Irwin,
2014), a “primed” proinflammatory response to acute stress is one factor that may
increase risk for suicidal thoughts and behaviors in the face of interpersonal stress. While
it is possible that a “primed” proinflammatory response serves as a path through which
mental health concerns develop, it is equally plausible that it enhances risk for mental
health problems among individuals already experiencing psychopathology.
The goal of this dissertation is to examine the impact of the proinflammatory
response on the relation between interpersonal stress and suicidal ideation. Study 1
examines the relation between interpersonal stress and the proinflammatory response to
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an acute laboratory social stress task (as well as basal levels of proinflammation) in a
sample of emerging adults with recent suicidal thoughts and behaviors. To date, most of
this work has been conducted with adult or healthy youth samples. Moreover, extending
this work to youth with mental health concerns is important given that this population
may be most likely to experience a dysregulated proinflammatory response to
interpersonal stress. Study 2 examines the real-time occurrence of interpersonal stress and
suicidal ideation, as well as the moderating effect of the proinflammatory response on
this relation, in the same sample of emerging adults. Within-day assessment of suicidal
ideation is needed to improve the prediction of short-term suicide risk. Moreover, to date,
no study has examined the impact of the proinflammatory response on this real-time
association. Through this innovative mixed methods approach, this dissertation builds
upon the aforementioned literature and could aid in improving prediction of suicidal
thoughts and behaviors among youth and young adults.
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STUDY 1

The Proinflammatory Response to Acute Social Stress: An Examination of
Emerging Adults with Recent Suicidal Thoughts and Behaviors

Social bonds and interpersonal relationships are fundamental to healthy
psychosocial development (Turner, 1981). However, interpersonal stress, including loss,
conflict, rejection, victimization, and maltreatment (Slavich et al., 2009), can threaten
healthy developmental trajectories. As adolescents transition into emerging adulthood,
their social networks continue to grow (Wrzus et al., 2013), creating continuous
opportunities for peer-related interpersonal stress. Notably, adolescents who experience
more frequent interpersonal stress earlier in development, such as those with regular
family conflict, histories of maltreatment, or early and severe peer victimization, can
become more sensitive to later interpersonal stress (Miller et al., 2017). They may also be
at greater risk for future experiences of interpersonal stress. Indeed, peer victimization
during adolescence predicts increased risk for workplace peer victimization in young
adulthood (Brendgen & Poulin, 2018). Thus, to offset negative developmental
trajectories, it is important to gain a better understanding of the processes that may
underlie deleterious outcomes of interpersonal stress among youth in particular.
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In general, adolescents and young adults, relative to older adults, experience
heightened distress and anger when faced with interpersonal stress (Birditt & Fingerman,
2003). Stress resulting from peer rejection and victimization, in particular, can lead to an
array of negative consequences among this younger population, including negative
emotions, negative beliefs about the self, and the development of mental health problems
(Prinstein et al., 2001; Rudolph et al., 2009). This may be particularly true when peer
victimization, or other forms of significant interpersonal stress, is chronic as opposed to
sporadic in nature (Sheppard et al., 2019; Vrschek-Schallhorn et al., 2015). One factor
that is directly impacted by interpersonal stress, and potentially underlie these negative
outcomes, is the body’s reaction to stress, also known as the biological stress response.
The purpose of the present study is to examine whether peer rejection and associated
forms of interpersonal stress are associated with alteration of the biological stress
response, or the proinflammatory response to acute interpersonal stress, in a high-risk
sample of adolescents and young adults with significant mental health difficulties,
including suicidal thoughts and/or behaviors.
Interpersonal Stress and Proinflammatory Cytokines
The biological stress response system is a fundamental component of an
individual’s response to an acute stressor. When a stressor is encountered, the body
triggers a cascade of responses, including the well-known “fight-or-flight” response of
the autonomic nervous system (ANS) and a second, peripheral stress response system
which is activated by the hypothalamic-pituitary-adrenal (HPA) axis (Miller & Prinstein,
2019). With regard to the latter, when the HPA axis is activated, glucocorticoids (i.e.,
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cortisol in humans) are released (Miller & Prinstein, 2019). Typically, the immune
system is suppressed during this period of HPA axis activation. When the release of
glucocorticoids ends (signaling the end of the HPA axis response), the proinflammatory
response is initiated. The proinflammatory response, or the release of proinflammatory
cytokines by the immune system, targets extracellular pathogens and initiates healing
(Slavich & Irwin, 2014). Notably, glucocorticoid-induced suppression of
proinflammatory cytokines may be greater for males than for females, resulting in a
somewhat different pattern of proinflammatory cytokine release (Prather et al., 2009;
Rohleder et al., 2001).
Though the proinflammatory response was evolutionarily developed to respond to
physical injury, psychosocial (e.g., interpersonal) stressors can also activate the biological
stress response, including the proinflammatory response (Morey et al., 2015; Segerstrom,
2007). According to the Social Signal Transduction Theory of Depression (Slavich &
Irwin, 2014), a primed immunological response and subsequent release of
proinflammatory cytokines can be activated in the face of perceived social threats (e.g.,
interpersonal stressors). This is due to the fact that social threats evolutionarily had
negative implications for survival (e.g., access to resources, protection, etc.). Importantly,
chronic activation of the biological stress response system resulting from chronic
interpersonal stressors, such as peer rejection and victimization, can lead to
glucocorticoid resistance, which can result in upregulation of proinflammatory cytokine
release. The ongoing interaction between interpersonal stress and proinflammation can
result in sensitization to future social threats and may transfer risk for negative behavioral
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effects, such as depression (Slavich & Irwin, 2014).
A number of studies that have examined the impact of interpersonal stress on
immune system functioning offer initial support for the Social Signal Transduction
Theory of Depression (Slavich & Irwin, 2014). These studies have predominantly
focused on the proinflammatory cytokines interleukin-1b (IL-1b), IL-6, and tumor
necrosis factor-a (TNF-a), as well as C-reactive protein (CRP), which is a downstream
marker of proinflammation (Giletta et al., 2018; Morey et al., 2015; Slavich & Irwin,
2014). For example, a recent review demonstrated that a history of child maltreatment is
reliably linked with elevated basal proinflammation and an elevated acute
proinflammatory response to psychosocial stress in clinical adult samples (Coelho et al.,
2014). This finding suggests that early experiences of significant interpersonal stress
during childhood may lead to lasting changes in the biological stress response well into
adulthood. In a study conducted with older adolescents drawn from the community,
higher levels of interpersonal stress in family, friends, and romantic partner relationships,
was found to be associated with increased IL-6 responses to an ex vivo immune
stimulation (that is, stimulation of IL-6 with a bacterial stimulus, outside the body; Miller
et al., 2009). A second study conducted with older adolescents recruited from high
schools demonstrated a positive association between adolescents’ daily interpersonal
stressors and basal CRP, which was measured via blood samples (Fuligni et al., 2009).
Other studies have investigated this relation through the use of a laboratoryinduced social stressor task, the Trier Social Stress Test (TSST). The TSST was
developed to specifically investigate the biological stress response through a
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performance-based task (Kirschbaum et al., 1993). Chiang and colleagues (2012)
investigated the relation between daily social interactions, reported via daily diary, and
the proinflammatory response during the TSST with a university-based sample of adults.
Their findings indicated that negative social interactions predicted elevated baseline
TNF-a as well as elevated TNF-a and IL-6 responses to the lab stressor. Additionally,
competitive interactions related to school/work was associated with elevated baseline IL6 and TNF-a, and seeking attention from others was associated with elevated baseline
IL-6 (Chiang et al., 2012). Finally, in a sample of “high risk” adolescents, defined as
those who had experienced mental health concerns within the past two years, Giletta and
colleagues (2018) measured peer victimization, as reported by a close friend, and the
proinflammatory response to a modified TSST. A latent factor comprised of IL-1b, IL-6,
and TNF-a was created. Adolescents who experienced more frequent peer victimization
had elevated basal proinflammation and a heightened proinflammatory response to the
acute stressor. Notably, the analyses were repeated for each separate proinflammatory
cytokine, and the pattern of results remained the same.
Cumulatively, these studies suggest that interpersonal stress, including peerrelated stress, can have a prominent, lasting impact on both basal proinflammation and
the proinflammatory response to interpersonal stress. Yet, most of this research was
conducted with community-based samples of healthy adults. Extending this work to
younger high-risk samples with significant mental health difficulties, a group known to
commonly experience chronic peer-related interpersonal stress, may help improve our
understanding of the extent to which interpersonal stress impacts this acute biological
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stress response.
Current Study
As is evident above, interpersonal stress, including peer rejection and
victimization, is associated with numerous negative consequences for adolescents and
young adults. Consistent with the Social Signal Transduction Theory of Depression
(Slavich & Irwin, 2014), preliminary research suggests that chronic interpersonal stress
can result in a dysfunctional, upregulated stress response. However, the majority of this
research has been conducted with healthy adult samples. Thus, it is unclear whether these
results generalize to younger samples, or those with mental health difficulties, a group
known to have heightened rates of interpersonal stress. The present study sought to
extend this current body of research by examining the relation between peer-related
stressors and basal levels of proinflammation as well as the proinflammatory response to
a laboratory-based acute social stressor in a sample of emerging adults with recent
suicidal thoughts and behaviors. Additionally, as interpersonal sensitivity is a cognitive
mechanism that may underlie the association between peer victimization and negative
outcomes (Williams et al., 2017), it was also examined as a predictor of proinflammation.
Finally, to test the specificity of peer-specific interpersonal stress on proinflammation,
the impact of general perceived stress on outcomes was also examined as an exploratory
aim.
To that end, we hypothesized that individuals with a greater history of peerrelated stressors (1A) and interpersonal sensitivity (1B) would have a greater basal level
of proinflammation (proinflammatory cytokine concentration). We also hypothesized that
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individuals with a greater history of peer-related stressors (2A) and interpersonal
sensitivity (2B) would have a greater proinflammatory response to the peer rejection
paradigm.
Methods
Participants
The present sample consisted of 42 emerging adults recruited from a large,
diverse university in the Mid-Atlantic region of the US. Participants ranged in age from
18-23 years (M = 19.55, SD = 1.29). The majority of participants reported their sex
assigned at birth as female (83.3%; 16.7% male) and identified as predominantly female
(73.8%; 16.7% male, 9.5% nonbinary). Participants were racially diverse (45.2% White,
16.7% African American, 16.7% Asian, 14.3% multiracial, 7.1% other) and
predominantly non-Latino (88.1%; 11.9% Latino).
Undergraduate students currently enrolled in at least one class at the university
were eligible to participate in the screening portion of the study. Inclusion criteria for the
laboratory phase of the study were: (1) 18 to 23 years of age; (2) fluent in English; and
(3) current suicidal ideation (e.g., self-reported presence of at least a wish to die within
the past month during study screening). Exclusion criteria was a self-reported
health/developmental condition that impacts immune functioning.
Procedures
Prior to the start of data collection, all study procedures were approved by the
university IRB. Importantly, data in the present study were collected during the COVID19 pandemic. The research protocol was designed to comply with social distancing
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requirements.
Undergraduate students were recruited from the psychology department research
pool via a study ad and from the broader university community via flyers (see Appendix
A for Recruitment Diagram). The study was described as examining “the link between
peers, stress, and mental health in young adults.” The study protocol included two phases,
a screening phase and a laboratory visit phase. Interested students recruited from the
research pool were able to self-initiate study screening by signing up via the online
research pool portal. Once signed up for screening, these students received a web link via
the research pool portal that directed them to the screening phase of the study. Similarly,
interested students who were recruited via flyers were able to scan a QR code on the
flyer, which directed them to the screening phase of the study. Alternatively, flyers also
included a study-specific email address which interested students could contact for more
information. Interested students who contacted study staff via email were provided with
the web link for the screening phase of the study.
Those students interested in participating and who were directed to the screening
portion of the study completed an electronic consent form that included a full description
of the study (screening and laboratory phase). They were first asked for their consent to
participant in the screening portion of the study and told that they would be contacted by
the study team with their eligibility status for the laboratory phase of the study postscreening. Students who provided consent to participate in the screening portion of the
study completed a 30-minute eligibility screening questionnaire online via Qualtrics (see
Measures for a description of the screening questionnaire). Responses to the screening
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were reviewed every 24 hours (see Appendix B for full study safety protocol). Upon
completion of the screening, all participants were contacted via email to inform them of
their eligibility status for the laboratory phase of the study. Students who met eligibility
criteria for the laboratory phase of the study were asked to schedule their laboratory visit
and offered the option to speak with someone from the research team via phone to answer
any questions about the study prior to their visit. They completed a second consent form
for the laboratory phase of the study with a member of the research team at the start of
their laboratory visit, which fully described study procedures and the safety protocol (see
Appendix B), if they wanted to participate.
The laboratory visit consisted of (1) a self-report assessment battery, (2) a
laboratory social rejection task, and (3) collection of three saliva samples for assessment
of proinflammatory cytokines. After consent was obtained, bachelor level research
assistants aided participants in the completion of an assessment battery via Qualtrics on a
laboratory computer. Next, master’s level clinically trained research staff administered an
interview to assess for recent and lifetime suicidal thoughts and behaviors. Participants
then completed a face-to-face peer rejection lab task, the Yale Interpersonal Stressor
(YIPS; Stroud et al., 2000) and provided a total of three saliva samples, collected
immediately before, immediately after, and 30 minutes after the YIPS. At the start of the
YIPS procedure, participants completed a 10-minute relaxation period to ensure that the
measured proinflammatory response could be attributed to the task. During the relaxation
period, participants listened to classical piano music and were provided with a selection
of mandalas to color. After providing their first saliva sample, participants completed the
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pre-task questionnaires and then the YIPS task. Immediately after completing the task,
participants completed the post-task questionnaire and provided their second saliva
sample. Participants then completed a 30-minute relaxation period before providing their
third saliva sample.
Given that salivary cytokines have an independent diurnal rhythm (Chiappelli et
al., 2006), study visits were conducted as much as possible at a standardized time during
the afternoon (3:30 PM ± 30 minutes) to reduce variability in salivary cytokine levels that
is otherwise attributable to diurnal rhythm. Most (90.48%) visits took place during this
standardized window; the few remaining visits took place within 1.5 hours of 3:30 PM.
Participants were also instructed to refrain from exercising, eating, and consuming
caffeine for one hour before the baseline laboratory visit, which may also impact salivary
cytokines (Chiang et al., 2012).
Once salivary sampling was completed, participants were debriefed on the true
nature of the YIPS, and then completed a positive mood induction task and re-assessment
of suicidal ideation. Research assistants debriefed participants by reading a script that
described the true nature of the study and answered any questions. For the positive mood
induction task, participants were presented with a list of musical pieces and asked to
select the piece that they found “happiest.” Participants then listened to that piece while
watching a slide show of positive images (e.g., puppies, calming scenery). The following
instructions (drawn from Robinson et al., 2012) were given: “Try to get into the mood of
the song and pictures. Feel free to outwardly display the emotions evoked. This activity is
fairly short, so you are encouraged to get as deeply into the emotion as possible.” The
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task lasted for four minutes, regardless of the piece of music selected. Following
completion of the positive mood induction procedure and prior to leaving the laboratory
visit, participants were re-administered an assessment of suicidal ideation intensity to
ensure that they were safe before leaving the lab (see Safety Considerations below). Of
note, no participants reported the presence of suicidal ideation during the re-assessment.
In compensation for their time, participants received research course credits if enrolled in
a psychology course that allowed for extra credit or a $30 Amazon gift card for
completing the laboratory visit.
YIPS Acute Laboratory Stressor
The Yale Interpersonal Stressor (YIPS; Stroud et al., 2000) is a face-to-face task
that mimics peer-related social exclusion and rejection to induce acute stress. Participants
were told that they were taking part in an activity to help researchers understand “how
people get to know one another” by discussing two topics (i.e., friends, weekend
activities) with two “peers” for 15 minutes per topic. Trained undergraduate confederates
served as “peers.” Past research using the YIPS has matched participants with same-sex
confederates in order for participants and confederates to have demographic
commonalities (Stroud et al., 2000; Stroud et al., 2009). In the present study, participants
were matched to confederates based on gender identity. Participants who identified as
nonbinary were matched to confederates based on sex assigned at birth, as the research
team did not have a pair of confederates who identified as nonbinary.
Prior to the task, participants completed a 10-minute relaxation period and
provided current (pre-task) affect ratings. For the affect ratings, participants were asked

21

to report how strongly they felt a series of emotions at that moment (happy, sad, angry,
nervous, included, excluded, lonely, and hopeless), on a 0 (“not at all”) to 10 (“very
strongly”) Likert-type scale. Items of “lonely” and “hopeless” were selected based on
their strong association with suicidal thoughts and behaviors (Beck et al., 1975; Calati et
al., 2019); the remaining items were selected from affect ratings used in other lab stressor
tasks (Silk et al., 2012). During the task, the two confederates subtly and increasingly
excluded the participant through both verbal and non-verbal techniques. They made
efforts to appear to bond with one another, share common interests that differed from that
of the participant, and excluded the participant from conversation. Importantly, the
laboratory was arranged such that the participant and two confederates were all separated
by six feet (to comply with social distancing) while still facing one another, and all were
required to wear face masks for the duration of the task.
Following task completion, participants provided current (post-task) affect ratings
again and then completed a bogus Social Perceptions Questionnaire (SPQ). The bogus
SPQ was designed to increase perceived validity of the YIPS paradigm or “story” (i.e.,
study is examining “how people get to know one another”) and was made for the present
study. The SPQ asks participants to rate each “peer” who served as a confederate on a list
of 10 characteristics (e.g., “easygoing and cooperative”, “dominates the conversation”)
using a 5-point Likert-type scale (1 = “not at all characteristic” to 5 = “completely
characteristic”) as well as two yes or no questions that ask whether each “peer” is
someone the participant likes (e.g., “I would like to get to know this person better”).
Items on the bogus SPQ were derived from the Bogus Social Perceptions Questionnaire

22

(Stroud et al., 2000) and from an assessment of sociometric peer status (peer nomination)
for young adults (Bot et al., 2007).
Previous research has demonstrated that the YIPS induces the biological stress
response. Specifically, salivary cortisol has been shown to increase in young adults in
response to the YIPS, particularly among females (Stroud et al., 2000). Similarly,
increases in salivary cortisol, alpha-amylase, and secretory immunoglobulin have been
found among children and adolescents in response to an adapted YIPS protocol for
younger youth (Stroud et al., 2009).
Proinflammatory Cytokines
Whole unstimulated saliva was collected via passive drool into 2mL cryogenic
vials after the 10-minute relaxation period, as well as immediately following and 30
minutes following completion of the YIPS. Due to the COVID-19 pandemic, salivary
sample collection procedures were modified to remove any in-person contact between
participants and research assistants during sample collection, as well as to minimize risk
of research assistant contact with saliva while still preserving the integrity of samples.
Specifically, a “saliva collection cooler kit” was placed in the participant’s data collection
room prior to participant arrival. Kits were comprised of all necessary cryovials (labeled
and color-coded to correspond with each sample time point), three sets of gloves, hand
sanitizer, and a small cooler that maintained a temperature of 4C. During sample
collection, research assistants instructed participants via videoconference (i.e., via Zoom)
in how to provide each sample. Each sample was placed on ice in the cooler immediately
after collection and remained in the cooler for the duration of the lab visit. Immediately
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after the lab visit, vials were disinfected, and samples were stored in a -20C freezer by
trained research assistants. They were later transferred to a -80C freezer for long-term
storage until shipped for assay. Salivary assays were conducted at the Institute for
Interdisciplinary Salivary Bioscience Research at the University of California- Irvine.
Proinflammatory cytokines IL-6 and TNF-a were selected a priori. Samples were
assayed in duplicate with controls for IL-6 and TNF-a using proinflammatory cytokine
4-plex electrochemiluminescence immunoassays by Meso Scale Discovery (following
Riis et al., 2015). Cytokine concentrations (pg/mL) were determined using curve fit
models with MSD Discovery Workbench software. Mean lower limits of detection were
0.05 pg/mL for IL-6 and 0.04 pg/mL for TNF-a. Intra-assay coefficients of variation
were 3.24% for IL-6 and 3.94% for TNF-a. All IL-6 and all but one TNF-a
concentrations were measurable above the lower limits of detection. The single sample
with a TNF-a concentration below lower limits of detection was replaced with zero as
recommended by laboratory estimates.
Descriptive statistics of raw IL-6 and TNF-a concentrations are presented in
Table 1. Figure 1 displays the mean raw IL-6 and TNF-a concentrations across sample
time points. Basal proinflammation corresponds to the first sample. The proinflammatory
response to the YIPS was based on raw cytokine data and was calculated using the area
under the curve with respect to ground (AUCg), which allows for examination of the
overall proinflammatory cytokine output across the response period. The AUC formula is
a commonly used computational approach in studies using repeated endocrinological
measurements (Pruessner et al., 2003). This approach is preferable over using a
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difference score (subtracting the last proinflammatory concentration value from the first)
because it takes into account all three time points and more accurately captures the
proinflammatory response trajectory (Pruesnner et al., 2003). Separate AUCg values
were calculated for IL-6 and TNF-a. As salivary cytokine concentration distributions are
often non-normal (Riis et al., 2013; Riis et al., 2015; Riis et al., 2016), basal
proinflammation and AUCg concentration values were examined for normality. AUCg
was calculated with raw values prior to examination of normality to preserve individual
proinflammatory response patterns, as recommended by Riis and colleagues (2020).
Basal IL-6 and the IL-6 response (AUCg) were both positively skewed and leptokurtic;
these values were log-transformed (Cohen et al., 2003) to improve normality of the
distributions (see Table 2). Transformed data were used in all statistical analyses for
examination of IL-6. Basal TNF-a and the TNF-a response were normally distributed
(see Table 2) and thus were not transformed.
Measures
Eligibility Screening Questionnaire
The eligibility screening questionnaire consists of a series of questions about
socio-demographics, recent experiences of relational peer victimization, brief checklists
of preferred weekend activities and friendship qualities, and one item that assesses for
passive thoughts of death in the prior month, drawn from the Columbia Suicide Severity
Rating Scale (Posner et al., 2009; see below).
Columbia Suicide Severity Rating Scale (C-SSRS)
The C-SSRS (Posner et al., 2009) is a self-report measure that assesses a broad
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spectrum of suicidal thoughts and behaviors, as well as non-suicidal self-injury.
Specifically, the C-SSRS measures four constructs: intensity of suicidal ideation; severity
of suicidal ideation; suicide attempt (aborted, interrupted, actual); and lethality of any
attempts (Posner et al., 2011). The C-SSRS Baseline/Screening Version, which accounts
for both lifetime STBs as well as STBs that have occurred within a given time frame
(“current” in the present study was within the past month), was administered to each
participant by trained research staff. Items corresponding to the intensity of ideation
construct were also re-administered at the end of the visit to ensure no significant
increase in suicidal ideation occurred during the study visit.
Depression Anxiety Stress Scales (DASS-21)
The DASS-21 (Henry & Crawford, 2005; Lovibond & Lovibond, 1995) is a selfreport measure that assesses the negative emotion states of depression, anxiety, and stress
(e.g., “I felt that I had nothing to look forward to”, “I found myself getting upset rather
easily”). The DASS-21 consists of 21 items rated on a 4-point Likert type scale ranging
from scale of 0 (“did not apply to me at all”) to 3 (“applied to me very much, or most of
the time”). There are three scales that correspond to the three negative emotion states
(depression, anxiety, stress). A total score can also be calculated. The DASS-21 has
demonstrated satisfactory (anxiety scale) to good (depression, stress, and total score)
reliability and adequate construct validity (Henry & Crawford, 2005).
Responses to Stress Questionnaire – Peer Social Stress Version (RSQ)
The RSQ (Connor-Smith et al., 2000) is a self-report measure that examines
recent stressors, coping, and involuntary stress responses. The present study utilized the
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Peer Stress (College Student) version. This version of the RSQ is comprised of a
checklist of events associated with peer stress, three coping strategy scales (primary
control coping, secondary control coping, and disengaging coping), and two involuntary
stress response scales (involuntary engagement and involuntary disengagement). For the
15-item checklist of events scale, participants rate the degree to which each event has
been stressful for them over the past six months (e.g., “someone spreading rumors about
you”, “not being invited to do things with others”) using a 4-point Likert-type scale of 1
(“not at all”) to 4 (“very”). For the 57 items included in the coping and involuntary stress
scales, participants indicate how often they engage in each coping/stress response using a
4-point Likert type scale of 1 (“not at all”) to 4 (“a lot”). In the present study, only the
total peer-related stressors score from the checklist of events scale was used.
Interpersonal Sensitivity Measure (IPSM)
The IPSM (Boyce & Parker, 1989) is a self-report measure that assesses
heightened sensitivity to interpersonal interactions and negative evaluations by others
(e.g., “I avoid saying what I think for fear of being rejected”). The IPSM consists of 36
items rated on a 4-point Likert-type scale (1 = “not at all like me,” 4 = “very like me”)
and includes five subscales: interpersonal awareness; need for approval; separation
anxiety; timidity; and fragile inner self. A total score is also provided. The IPSM has
demonstrated good internal consistency in clinical and non-clinical samples (Boyce &
Parker, 1989; Rizzo et al., 2006).
Perceived Stress Survey
The Perceived Stress Survey (Gershon et al., 2013) is a self-report measure from
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the NIH Toolbox “Emotion Measures” (https://www.healthmeasures.net/) that assesses
the degree to which individuals find their life unpredictable, uncontrollable, and
overloaded (e.g., “How often have you been upset because of something that happened
unexpectedly?”). The Perceived Stress Survey consists of 10 items rated on a 5-point
Likert-type scale (1 = “never,” 5 = “very often”) and yields a total (summed) score.
Health Factors Survey
Consistent with past studies (Riis et al., 2013; Riis et al., 2015; Riis et al., 2016),
participants were asked to report on several health factors that may influence
proinflammatory cytokines. Questions of oral health included smoking status, frequency
of brushing teeth, regular contact with a dentist, and any current infections of the mouth.
Questions of systemic health included current medication use, current (i.e., past 48-hour)
substance use, and presence/absence of a current cold or illness (e.g., cough, sinus
infection, fever, etc.). Female participants also reported on the start date of their last
period. Height and weight were measured in the lab and used to calculate BMI. Questions
of the prior night’s sleep were derived from a daily sleep diary (Morin, 1993) and yield
the following sleep factors: sleep onset latency; total sleep time; total length of nighttime
awakenings; and sleep efficiency.
Safety Considerations
Consistent with the American Psychological Association (APA) ethical principles
and code of conduct, procedures to manage participant risk concerns were developed. As
indicated above, an assessment for suicidality, using items from the C-SSRS, was
conducted at the start as well as at the end of each research visit to ensure participant
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safety before leaving the lab. A positive mood induction procedure was also included at
the end of the study protocol to aid in the reduction of any distress induced during the
laboratory visit. Referral procedures for participants in need of mental health services
were developed based on the Columbia Protocol triage and risk identification guidelines
for emergency departments (The Columbia Lighthouse Project, 2016). The full safety
protocol, as approved by the university IRB, can be found in Appendix B.
Data Analysis Plan
Power estimates were conducted in G*Power Version 3.1 (Faul et al., 2009). A
priori analyses were conducted to compute the necessary sample size to detect small (d =
.20), medium (d = .50), and large (d = .80) effects (as outlined by Cohen, 1988) in a
multiple linear regression. Estimates were based on an expected power of .80 (1-b), a =
.05, and 4 predictors (to account for the likelihood of needing to include multiple
covariates in each model). Of note, because SPSS (used for primary analyses) defaults to
two-tailed significance testing, power estimates were also based on a two-tailed test.
Results demonstrated that a sample size of N = 42 is needed to detect small effects (actual
1-b = .81), N = 19 to detect medium effects (actual 1-b = .82), and N = 13 to detect large
effects (actual 1-b = .81).
All analyses were conducted using SPSS Version 27. Preliminary analyses were
conducted to examine descriptive statistics and distributional properties of all study
variables, as well as correlations between variables of interest and possible covariates.
Possible covariates examined during preliminary analyses included demographic
variables, mental health symptoms, and health factors that can impact proinflammatory
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cytokines (as outlined by Riis et al., 2013; Riis et al., 2015; Riis et al., 2016).
Additionally, changes in self-reported affect ratings from before and after the YIPS were
examined using paired samples t-tests as an assessment of whether the task evoked
perceived changes in affect and feelings of inclusion and exclusion.
One participant was missing all pre-YIPS affect rating data due to administration
error and thus was dropped from analyses of self-reported affect ratings changes. Three
additional participants were missing pre- and post-YIPS affect rating data specifically for
ratings of “lonely” and “hopeless,” as these items were added to the protocol after these
participants’ baseline visits. These three participants were thus excluded specifically from
analyses of changes in ratings of loneliness and hopelessness but were included in all
other analyses of self-reported affect ratings changes. No other data were missing across
any variables of interest. Thus, the complete sample was included in all preliminary and
primary analyses.
A series of single regression analyses were conducted to examine each study
hypothesis.1 Each model included one of three predictors and the corresponding study
hypothesis outcome. The predictor variables consisted of the RSQ total peer stress score
(peer-related stressors), IPSM total score (interpersonal sensitivity), and PSS total score
(perceived stress). IL-6 and TNF-a were examined separately. To examine Hypothesis 1,
basal level of proinflammation was regressed onto one of the three predictor variables. To
examine Hypothesis 2, proinflammatory response (calculated as AUCg) was regressed
1

Note that the original data analysis plan consisted of utilizing a series of hierarchical multiple regression
models with any relevant covariates entered into step 1 and the predictor variable entered into step 2.
However, given that no potential covariates examined were significantly associated with proinflammation,
single regression models were used to examine study hypotheses.
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onto one of the three predictor variables. All predictors were mean centered.
Results
Descriptive Statistics
Clinical characteristics of the study sample, drawn from the C-SSRS and DASS21, are presented in Table 3. Additionally, Figure 2 displays participant past month and
lifetime most severe suicidal ideation as reported on the C-SSRS. As can be seen, 50% of
the present sample reported both past-month and lifetime SI during the laboratory visit;
the remaining 50% reported lifetime SI only. Figure 3 displays the percentage of
participants who fall within each of five clinical descriptive ranges (as outlined by
Lovibond & Lovibond, 1995) for symptoms of depression and anxiety on the DASS-21.
Notably, the sample had high rates of depression and anxiety symptoms. Further, 26.2%
of participants reported current use of psychiatric medication.
Descriptive statistics and bivariate correlations among all model variables are
presented in Tables 2 and 4, respectively. At the bivariate level, significant positive
associations were found between: recent history of peer-related stressors and symptoms
of anxiety; interpersonal sensitivity and symptoms of depression and anxiety; and general
perceived stress and symptoms of depression and anxiety. Symptoms of depression and
of anxiety were also significantly positively associated with one another. Additionally,
significant positive associations were found between all four proinflammatory cytokine
variables (see Table 4).
Affective Responses
Paired samples t-tests examining pre- to post-YIPS changes in self-reported affect
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ratings demonstrated significant changes in sadness, inclusion, and exclusion.
Specifically, results suggested that the YIPS evoked significant increases in feelings of
sadness, t(40) = 2.17, p = .04 (pre-task M = 2.10, SD = 2.26; post-task M = 2.41, SD =
2.42) and exclusion, t(40) = 7.90, p < .001 (pre-task M = 1.00, SD = 1.83; post-task M =
4.73, SD = 3.16), and a significant decrease in feelings of inclusion, t(40) = -4.43, p <
.001 (pre-task M = 4.49, SD = 2.94; post-task M = 2.54, SD = 2.23). Results of all paired
samples t-tests are presented in Table 5.
Covariates
Possible covariates examined included demographic variables, mental health
symptoms, and health factors. Demographic variables were age (to capture potential
developmental influences) and sex at birth. Mental health symptoms included symptoms
of depression and anxiety. Health factors included: BMI, smoking status (dichotomized
into “no” and “yes, less than once per month” based on participant reports),
alcohol/substance use within the past 48 hours (“yes” or “no”), average frequency of
brushing teeth per day, presence vs. absence of an oral infection, presence vs. absence of
a current cold/illness, and current use of psychiatric medication (“yes” or “no”). No
participants reported presence of an oral infection or of a cold/illness, so these variables
were not considered further. As shown in Table 4, none of these variables were
associated with any of the outcome variables of interest (i.e., basal IL-6, basal TNF-a,
IL-6 response, TNF-a response; ps > .05). Thus, no covariates were included in analyses
of main hypotheses.
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Models of Basal Proinflammation
Results of single linear regression models for the prediction of basal levels of
proinflammation are presented in Table 6. Peer-related stressors were not associated with
basal IL-6 (b = -.04, p = .81) or basal TNF-a (b .09, p = .59). Similarly, interpersonal
sensitivity was not associated with basal IL-6 (b = -.21, p = .17) or basal TNF-a (b = .15,
p = .36). Additionally, general perceived stress was not associated with basal IL-6 (b = .24, p = .13) or basal TNF-a (b = .03, p = .86). In sum, neither recent history of peerrelated stressors nor interpersonal sensitivity predicted basal levels of proinflammation.
Similarly, exploratory analyses revealed that general perceived stress did not predict
basal levels of proinflammation.
Models of the Proinflammatory Response
Results of single linear regression models for the prediction of the
proinflammatory response are presented in Table 7. There was a trend for interpersonal
sensitivity to be negatively associated with the IL-6 response (b = -.30, p = .054).
Specifically, interpersonal sensitivity had a small-to-medium effect (R2 = .09) on the
overall IL-6 response to the interpersonal stressor. Interpersonal sensitivity was not
associated with the TNF-a response (b = .03, p = .84). Similarly, peer-related stressors
were not associated with the IL-6 response (b = -.05, p = .77) or the TNF-a response (b =
-.02, p = .90). General perceived stress was not associated with the IL-6 response (b = .19, p = .22) or the TNF-a response (b = -.01, p = .94). In sum, while interpersonal
sensitivity was marginally related to the IL-6 response, neither recent history of peerrelated stressors nor general perceived stress, were associated with the IL-6 response to
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the interpersonal stressor; recent history of peer-related stressors, interpersonal
sensitivity, and general perceived stress were also not associated with the TNF-a
response to the interpersonal stressor.
Discussion
Interpersonal stress can threaten healthy developmental trajectories and result in a
variety of negative consequences, particularly for youth and emerging adults (Prinstein et
al., 2001; Rudolph et al., 2009). When interpersonal stress is chronic, it can cause chronic
activation of the biological stress response, and ultimately, upregulation of
proinflammatory cytokines. This, in turn, may sensitize youth to future social threats and
increase risk for negative health consequences, including mental health (Slavich & Irwin,
2014). The present study sought to add to this literature by examining the relation
between peer-related stressors, as well as interpersonal sensitivity, and proinflammation
(IL-6 and TNF-a cytokines). This was studied using a laboratory-based acute social
stressor task with a sample of emerging adults with a history of suicidal thoughts and
behaviors.
Contrary to study hypotheses, no statistically significant association was found
between peer related stressors or interpersonal sensitivity and either basal
proinflammation or the proinflammatory response. However, though not statistically
significant, interpersonal sensitivity had a small-to-medium negative effect on the IL-6
response. That is, greater sensitivity to interpersonal interactions was marginally
associated with a lower IL-6 response across the acute lab stressor. This direction of this
small-to-medium effect was contrary to that anticipated and may reflect that participants
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in the present study, overall, may not have experienced a level of chronic interpersonal
stress over the course of their lives that would trigger chronic upregulation of
proinflammatory cytokines. In this case, the period captured by salivary sampling would
capture the cortisol response and co-occurring suppression of proinflammatory cytokines
(as the typical stress response involves suppression of proinflammatory cytokines by
cortisol; Slavich & Irwin, 2014). Alternatively, a lower proinflammatory response could
also reflect a hypoactive stress response. Some research suggests that a stress response
characterized by upregulation earlier in life can change over time (with continued
exposure to chronic stress) to one of hypoactivity, or downregulation, to limit the longterm negative effects of chronic activation (Koss & Gunnar, 2018). However, it was not
possible to examine whether either, or both, of these explanations could account for the
present findings.
Also surprising is that neither recent history of peer-related stressors,
interpersonal sensitivity, nor general perceived stress predicted basal levels of either
proinflammatory cytokine examined or the TNF-a response. Further, neither history of
peer-related stressors nor general perceived stress predicted the IL-6 response. Findings
related to recent history of peer-related stressors are contrary to prior research
demonstrating positive associations between peer stress and basal levels of IL-6 (Giletta
et al., 2018) and TNF-a (Chiang et al., 2012; Giletta et al., 2018), as well as heightened
proinflammatory responses for both IL-6 (Chiang et al., 2012; Giletta et al., 2018; Miller
et al., 2009) and TNF-a (Chiang et al., 2012; Giletta et al., 2018). However, these studies
differed in many ways from the present study, including the methods used to examine
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negative peer stress, elicit a proinflammatory response, and/or measure proinflammatory
cytokines (i.e., saliva vs. plasma) as well as the nature of the study sample.
Interestingly, similar to the present study, one prior study also found results
inconsistent with what the emerging adult literature would predict. In this study, systemic
proinflammation was examined across groups of adolescents with MDD and suicidality,
MDD without suicidality, and healthy controls (Gabbay et al., 2009). Unexpectedly, their
results demonstrated lower systemic proinflammation (including lower TNF-a) in
adolescents with MDD and suicidality, the group believed to experience the most stress,
relative to the other groups. The authors highlighted two limitations that may have
influenced findings. First, the sample size of each group was very small (i.e., group sizes
ranging 12-18 participants). Additionally, approximately half of participants were taking
psychotropic medications that may have influenced proinflammatory cytokine
concentrations (Gabby et al., 2009). Though this study did not directly measure
interpersonal stress, it does highlight the degree of variability in the current literature on
the proinflammatory response.
There are a few additional potential explanations for null results in the present
study. First, it is possible that the present study did not capture the full stress response
and recovery window. Salivary sampling was limited to three sampling time points and
assay of two proinflammatory cytokines. These decisions were partially driven by
budgetary constraints. Optimal sampling timing for examination of the proinflammatory
response to stress is, as of yet, not fully determined, and studies range from two sampling
points to multiple points collected across two hours post-stressor (Slavish et al., 2015).
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With regard to the latter, collecting samples in regular intervals up to 60-120 minutes
post-stressor may have allowed for a fuller assessment of the stress response (Slavish et
al., 2015).
Second, consideration must be given to the timing of data collection and the
impact that it may have had on study tasks and associated findings. Laboratory visits
were conducted between October 2020 and May 2021, during the COVID-19 pandemic.
To maximize safety of participants and research staff alike, modifications were made to
the acute social stressor laboratory task to include mask wearing and social distancing.
Masks limit facial feedback that can be important for interpreting nonverbal cues during
social interactions, and may impact a person’s ability to properly hear what is said by
another. Additionally, ensuring six feet of distance between participants and confederates
may have decreased the intimacy and impact of the social interaction. Though a
significant increase in sadness and exclusion, as well as a significant decrease in
inclusion, were reported pre-to-post acute social stressor, it is possible that these COVID19 related changes reduced the potency of the laboratory paradigm and thus the
likelihood of a biological response. Nonetheless, use of a modified in-person stressor
task, rather than use of a virtual alternative was deemed preferable because of the body of
evidence demonstrating a lack of neuroendocrine response to virtual stress tasks (Jobst et
al., 2015; Radke et al., 2018). Moreover, it is highly likely that the present sample had
experienced social isolation for many months prior to their participation in this study.
Thus, participants’ reports of recent histories of peer-related stressors may have been
lower than what is typical for them. Relatedly, sensitivity to interpersonal interactions, as
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well as biological responses to social stress, could have been attenuated as a result of
extended social isolation. In sum, the full extent of the impact of COVID-19 on the
present study cannot be determined.
Limitations
Though the present study has several strengths, including examination of both
negative peer-related stressors as well as interpersonal sensitivity and use of an
ecologically valid peer rejection paradigm, findings should be considered in the context
of several limitations. First, the present sample was limited in size. Although an a priori
power analysis was conducted to determine the necessary sample size for the study and
this sample size was achieved, the present analyses still may have been underpowered.
Estimation of parameters needed for a power analysis are particularly difficult to
determine for proinflammatory cytokines given that population-level cytokine
concentration norms and ranges are not established (Riis et al., 2020). Accordingly,
present findings may reflect that analyses were underpowered to detect effects. Second,
the sample was disproportionately comprised of cisgender females and we were unable to
examine group differences by gender or sexual identity due to very small cell sizes.
Third, approximately one quarter of participants also reported use of psychiatric
medication. While use of psychiatric medication was not associated with any of the
proinflammatory cytokine variables at the bivariate level in the present study, medication
use has been shown to impact proinflammatory cytokines (Padilla et al., 2020), which
may have influenced findings. Last, though three proinflammatory cytokines (IL-1b, IL6, and TNF-a) have been found to be associated with interpersonal stress, the present
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study was constrained budgetarily to examination of only two cytokines. Not enough is
currently known to clearly determine which of the three cytokines are most reliably
associated with interpersonal stress, thus it would have been optimal to examine the third
cytokine (i.e., IL-1b).
Future Directions
To our knowledge, this is the first study to utilize the YIPS as an acute laboratory
stressor in a sample of young adults with a history of suicidal thoughts and behaviors.
Importantly, no participants reported an increase in or onset of suicidal thoughts
following task participation, which provides support for the use of this exclusion and
rejection paradigm, along with proper debriefing and positive mood induction
procedures, in this population. Thus, one important next step for future research is to
extend the present study to samples with a greater acuity of current suicidal thoughts and
behaviors in order to better understand the stress response among individuals who are at
greater risk for suicide.
Future work in this area may also benefit from the use of more complex
biopsychosocial models of stress responsivity that incorporate developmental factors and
multiple stress response systems. This may be particularly important for not only
clarifying the relation between interpersonal stressors and the biological stress response,
but also for continuing to extend this line of work toward understanding the development
of suicidal thoughts and behaviors. Models that utilize multiple levels of analysis in the
prediction of psychological functioning are common in the area of developmental
psychopathology (Cicchetti, 2008). The Social Signal Transduction Theory of Depression
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is predicated on the assumption that a transaction between interpersonal stress and
activation of proinflammatory cytokines occurs across an extended period of time
(Slavich & Irwin, 2014). In the absence of chronic interpersonal stress across
development, the stress response does not become primed to interpersonal threat, and
upregulation of proinflammatory cytokines does not occur. Thus, important
developmental factors for future work include presence, chronicity, and developmental
timing of experiences of childhood maltreatment, peer victimization, and interpersonal
trauma, which are also known risk factors for suicidal thoughts and behaviors (Miller et
al., 2017).
Further, an emerging body of literature is examining the importance of
coordination of the HPA axis, ANS, and inflammatory systems, as well as the relative
impact of asymmetrical stress response coordination on mental health outcomes (Laurent
et al., 2013; Laurent et al., 2016; Padilla et al., 2020). Coordination of stress response
systems may be of critical importance to the present work. That is, an upregulated
proinflammatory response occurs through glucocorticoid resistance, which is an example
of when the HPA axis and inflammatory system are no longer working together as they
should. Consequently, to best understand the impact that interpersonal stress has on the
biological stress response, models need to incorporate multiple components of the stress
response, including cortisol, alpha-amylase, and proinflammatory cytokines, and their
relative coordination. Limiting examination to a single aspect of the stress response, such
as in the present study, may mask the true nature of effects.
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Conclusion
The present study sought to examine the relation between peer-related stressors,
as well as interpersonal sensitivity, and proinflammation among emerging adults with a
recent history of suicidal thoughts and behaviors. Somewhat contrary to hypotheses, a
marginally significant association between greater sensitivity to interpersonal interactions
and a lower IL-6 proinflammatory response was found; no other hypotheses were
supported. Future research should consider incorporating developmental factors and
coordination of multiple stress response systems into more complex models of
responsivity to interpersonal stress.
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-a
Figure 1. Average Raw Proinflammatory Cytokine Concentrations by Sample Time Point
Note. Proinflammatory cytokine values are in pg/mL.
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Figure 2. Past Month and Lifetime Most Severe Suicidal Ideation
Note. Represents scores on the severity subscale of the C-SSRS for two timeframes. Graph labels
correspond to the following C-SSRS suicidal ideation items: “No thoughts of death/SI” = denied pastmonth presence of thoughts of death or suicidal ideation; “Wish to be dead” = Wish to be dead;
“Nonspecific SI” = Nonspecific active suicidal thoughts; “SI with some methods” = Active suicidal
ideation with any methods (not plan) without intent to act; “SI with some intent” = Active suicidal ideation
with some intent to act, without specific plan; “SI with plan” = active suicidal ideation with specific plan
and intent.
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Figure 3. Symptoms of Depression and Anxiety by Clinical Descriptive Ranges
Note. Represents percent of participants who fall within each clinical descriptive range based on responses
to the DASS-21 depression and anxiety subscales. Clinical descriptive ranges are derived from Lovibond &
Lovibond, 1995.
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Table 1. Raw Proinflammatory Cytokine Descriptive Statistics by Sample Time Point
M

SD

Range

Skewness (SE)

Kurtosis (SE)

IL-6
Time 1
Time 2
Time 3

4.94
4.34
4.22

6.67
4.09
3.97

0.41-40.35
0.49-20.20
0.48-17.98

4.01 (0.37)
1.86 (0.37)
1.71 (0.37)

19.76 (0.72)
4.65 (0.72)
2.99 (0.72)

TNF-a
Time 1
Time 2
Time 3

3.79
3.18
3.07

2.77
2.58
1.89

0.11-11.24
0.00-11.11.08
0.32-7.99

0.92 (0.37)
1.28 (0.37)
0.75 (0.37)

0.46 (0.72)
1.70 (0.72)
0.13 (0.72)

Note. Values are in pg/mL; Time 1 = pre-YIPS sample (basal); Time 2 = immediately post-YIPS; Time 3 =
30 minutes post-YIPS.

Table 2 . Descriptive Statistics of Model Variables

Peer-related
stressors
Interpersonal
sensitivity
Perceived stress

M

SD

Range

Skewness (SE)

Kurtosis (SE)

25.95

5.93

15-40

0.24 (0.37)

-0.14 (0.72)

97.00

14.21

66-126

-0.32 (0.37)

-0.55 (0.72)

33.31

3.17

26-39

-0.01 (0.37)

-0.56 0.72)

0.45
2.77

-0.39-1.61
0.11-11.24

0.03 (0.37)
0.92 (0.37)

-0.09 (0.72)
0.46 (0.72)

0.41
4.39

0.00-1.69
0.21-18.66

-0.14 (0.37)
.71 (0.37)

-0.60 (0.72)
-0.02 (0.72)

Basal proinflammation
IL-6a
0.47
3.79
TNF-a
Proinflammatory response
IL-6a
0.77
6.61
TNF-a
a

IL-6 values are log 10-transformed.
Note. Proinflammatory values are in pg/mL.
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Table 3. Clinical Characteristics of the Study Sample
n (%)

Range

M

SD

Symptoms of Depression/Anxiety
Depression
Anxiety

---

0-38
0-28

16.57
11.76

9.76
6.85

Most Severe Suicidal Ideation
Lifetime
Past Month

---

1-5
0-3

3.14
0.76

1.51
0.88

33 (78.6)
9 (21.4)
--

--1-6

--2.33

--1.73

37 (88.1)
5 (11.9)
--

--1-11

--3.8

--4.21

33 (78.6)
9 (21.4)
--

--1-112

--13.78

--36.84

29 (69.0)
13 (31.0)

---

---

---

17 (40.5)
25 (59.5)

---

---

---

37 (88.1)
5 (11.9)

---

---

---

Lifetime Suicidal Behavior
Actual suicide attempt
No
Yes
Number of actual attempts*
Interrupted suicide attempt
No
Yes
Number of interrupted attempts*
Aborted suicide attempt
No
Yes
Number of aborted attempts* †
Preparatory acts or behavior
No
Yes
Non-Suicidal Self-Injury
Lifetime
No
Yes
Past 3 months
No
Yes

Note. Clinical characteristics presented are based on responses to the DASS-21 depression and anxiety
scales and the C-SSRS.
*
Descriptive statistics associated with number of attempts are based on participants who responded “yes” to
a lifetime attempt.
†
Median number of aborted attempts = 9.
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Table 4. Correlations Among Study Variables and Examined Covariates
1.
1. Age

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

--a

2. Sex (at birth)

-.16

---

3. Depressive symptoms

-.06

.11

---

4. Anxiety symptoms

.00

.14

.61**

---

5. BMI

-.04

.24

-.15

.06

---

6. Cigarette use

.02

.16

-.05

.27

.14

---

7. Alcohol/substance usec
8. Average teeth
brushing/day
9. Use of psychiatric
medication d
10. IL-6 basale

.23

-.08

-.21

-.21

-.08

-.01

---

-.35*

.13

-.07

-.35*

-.18

-.09

-.11

---

.00

.12

.29

.20

.07

-.05

-.05

.16

---

.12

.09

-.04

-.06

.28

.04

-.11

.04

.10

---

11. TNF-a basal

.01

-.05

.04

.00

.05

-.15

-.28

-.07

-.17

.61**

---

12. IL-6 responsee

.28

.04

-.03

-.12

.25

-.04

-.04

.00

.05

.92**

.52**

**

**

b

13. TNF-a response
14. Perceived social stress
15. Interpersonal
sensitivity
16. Perceived stress

.11

-.11

-.03

-.04

-.04

-.21

-.17

-.03

-.18

.62

*

.89

--.62**

---

-.10

.12

.27

.39

.05

.29

-.15

-.20

-.13

-.04

.09

-.05

-.02

---

-.26

.01

.45**

.46**

-.11

-.13

-.14

-.04

.19

-.21

.15

-.30

.03

.41**

---

.04

.02

.44**

.37*

-.11

.06

-.09

-.22

.29

-.24

.03

-.19

-.01

.15

.33*

a

0 = male and 1 = female; b0 = no and 1 = yes (less than once/month); c0 = no and 1 = yes (in the past 48 hours); d0 = no and 1 = yes; eIL-6
values are log 10-transformed
*
p < .05; **p < .01
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Table 5. Pre- to Post-YIPS Changes in Affective Responses
Affect Item
happy
sad
angry
nervous
included
excluded
distressed
lonely
hopeless
*

Pre-YIPS Rating
M
SD
4.56
2.32
2.10
2.26
0.51
1.31
3.15
3.02
4.49
2.94
1.00
1.83
2.34
2.69
2.66
2.61
1.47
2.28

Post-YIPS Rating
M
SD
4.02
2.23
2.41
2.42
0.61
1.24
3.24
2.76
2.54
2.23
4.73
3.16
2.29
2.39
3.00
2.55
1.34
2.33

N

t

df

p

41
41
41
41
41
41
41
38
38

-1.73
2.17*
0.49
0.24
-4.43**
7.90**
-0.11
0.92
-0.64

40
40
40
40
40
40
40
37
37

.09
.04
.63
.81
<.001
<.001
.92
.36
.53

p <.05. **p < .001.

Table 6. Single Regression Models Predicting Basal Proinflammation
B

SE B

b

p

R2

Models Predicting IL-6
Peer-related stressors
Interpersonal sensitivity
Perceived stress

-0.003
-0.01
-0.03

0.01
0.01
0.02

-.04
-.21
-.24

.804
.173
.130

.002
.05
.06

Models Predicting TNF-a
Peer-related stressors
Interpersonal sensitivity
Perceived stress

0.04
0.03
0.03

0.07
0.03
0.14

.09
.15
.03

.589
.355
.855

.01
.02
.001
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Table 7. Single Regression Models Predicting Proinflammatory Response
B

SE B

b

p

R2

Models Predicting IL-6
Peer-related stressors
Interpersonal sensitivity
Perceived stress

-0.003
-0.01
-0.03

0.01
0.004
0.02

-.05
-.30
-.19

.767
.054
.221

.002
.09
.04

Models Predicting TNF-a
Peer-related stressors
Interpersonal sensitivity
Perceived stress

-0.02
0.01
-0.02

0.12
0.05
0.22

-.02
.03
-.01

.897
.836
.939

.0004
.001
.0001
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STUDY 2

Examination of the Proinflammatory Response as a Moderator of the Relation
Between Momentary Interpersonal Stress and Suicidal Ideation
Suicide is the second leading cause of death among youth aged 15-24 (CDC,
2019) and is on the rise (Hedegaard et al., 2018). Large population-based studies suggest
that the period between late adolescence and young adulthood marks the highest risk for
the onset of suicidal thoughts and behaviors, though this peak onset occurs earlier in
clinical samples of youth (Glenn et al., 2017). The prevalence of suicidal ideation is
highest among emerging adults aged 18-25, with 10.5% reporting suicidal thoughts in the
past year (National Institute of Mental Health [NIMH], 2019). Despite these high rates of
suicidal behavior, relatively little is known about the short-term prediction of suicidal
events. The use of experience sampling methodologies, such as ecological momentary
assessment (EMA), may be helpful in this regard as they are able to capture fluctuations
in suicidal thoughts and behaviors across weeks, days, and even within days in real time
(e.g., Glenn et al., 2020; Hallensleben et al., 2018; Kleiman et al., 2017). Indeed, recent
research suggests that the presence and intensity of suicidal ideation for a given
individual can fluctuate substantially throughout the day (Hallensleben et al., 2018;
Hallensleben et al., 2019; Kleiman et al., 2017). Use of such methodologies can also be
used to capture events that may precipitate suicidality. For example, within-person
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changes in mood (i.e., increased sadness, tension, and boredom) and affect (i.e., increased
negative affect, decreased positive affect) have been shown to predict greater suicidal
ideation across hours and days (Armey et al., 2020; Ben-Zeev et al., 2012). Thus, use of
experience sampling may improve our ability to examine short term predictors of suicidal
thoughts and behaviors among individuals at greatest risk for suicide.
Interpersonal Stress and Suicidal Thoughts and Behaviors
Among the numerous predictors of suicidality that have been examined, one that
has received a significant amount of attention and holds the potential to increase shortterm risk for suicide is interpersonal stress (Adams et al., 1994; Beautris et al., 1997;
Turecki & Brent, 2016). In one study, the most commonly reported precipitant for a
“serious” suicide attempt among adolescents and young adults was interpersonal
difficulties (Beautris et al., 1997). Interpersonal stress, in the form of peer victimization
and rejection, are particularly salient stressors for youth and young adults. Indeed, in two
recent meta-analyses, peer victimization was found to be reliably associated with both
suicidal ideation and suicide attempts (Hinduja & Patchin, 2010; van Geel et al., 2014).
Further, in one of the reviews, cyber relative to other forms of bullying, was found to be
more strongly associated with suicidal ideation (van Geel et al., 2014), highlighting the
variety of ways in which peer victimization can have devastating effects. Another study
examined the cross-sectional and longitudinal association between loneliness and suicidal
thoughts and behaviors. Reported loneliness was assessed when children were in grades
3-6 and again during adolescence at age 15, and suicidal ideation and suicidal behaviors
were assessed during adolescence. Loneliness reported during adolescence was found to
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be associated with concurrent suicidal ideation. Further, loneliness reported during
middle childhood and adolescence was associated with adolescent suicidal behavior
(Schinka et al., 2012).
Research also suggests that peer-related interpersonal stress prospectively predicts
suicide attempts. In a longitudinal study, the association between childhood maltreatment
and suicide attempts in older adolescence was mediated by peer-related interpersonal
stress in middle adolescence. The type of interpersonal stress examined included
loneliness, isolation, difficulty making friends, and conflicts with friends (Johnson et al.,
2002). In a second study conducted with a sample of female adolescents, aged 12 to 18,
experiences of peer victimization at baseline and suicidal thoughts and behaviors at a
nine-month follow-up were assessed via structured and semi-structured interviews. When
controlling for baseline suicidality, results demonstrated that baseline peer victimization
predicted the presence of a suicide attempt within the following nine months (MassingSchaffer et al., 2019).
As is evident, there is a reliable association between interpersonal stressors, such
as peer rejection and victimization, and adolescent suicidal thoughts and behaviors in
cross-sectional and longitudinal research. However, these studies do not capture more
acute changes in interpersonal stress or suicidal thoughts and behaviors that may occur
day-to-day and even within a given day. Researchers have begun to examine these
associations at the daily level in predominantly middle aged adult samples. For example,
in a study conducted with psychiatrically hospitalized adults that used ecological
momentary assessment, variability in several interpersonally related risk factors (e.g.,
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hopelessness, loneliness, burdensomeness) was found to be correlated with variability in
suicidal ideation (Kleiman et al., 2017). In a daily diary study with adults who had a pastyear suicide attempt, lower social support was found to be associated with more severe
suicidal ideation, with the two varying considerably together in an inverse relationship
(Coppersmith et al., 2019). In a third study, adults were asked to complete a timeline
follow-back interview of the 48 hours prior to a recent suicide attempt. The occurrence of
a negative interpersonal event with a romantic partner was identified as a significant
trigger for a suicide attempt within the subsequent 24 hours (Bagge et al., 2013). Finally,
using EMA with a sample of adults with a recent suicide attempt, social isolation and
family-related interpersonal stress were associated with increases in subsequent suicidal
ideation, while daily negativity was not (Husky et al., 2017). Taken together, these
studies demonstrate the importance of examining acute time frames to clarify the
occurrence and timing of suicidal thoughts and behaviors relative to recent interpersonal
precipitants or events.
Equally important to understanding whether interpersonal stress serves as a shortterm predictor of suicidality among youth, is the study of factors that may help explain
how, why, and for whom this relation exists. Recent research has begun to focus on the
role of biomarkers in suicide risk (Glenn & Nock, 2014). Along these lines, one
potentially promising line of research is the examination of whether an individual’s
biological response to interpersonal stress may moderate the association between peer
related stress and suicidality. The proinflammatory response during acute stress, in
particular, is one emerging potential biomarker of interest.

53

The Proinflammatory Response as a Moderator
During acute stress, the biological stress response system is activated. This
includes the autonomic “fight or flight” response and a hypothalamic-pituitary-adrenal
(HPA) axis-activated peripheral stress response (Miller & Prinstein, 2019). When HPA
axis activation has ended, the immune system releases proinflammatory cytokines
(Slavich & Irwin, 2014). Proinflammatory cytokines promote healing of physical injury
following a physical threat. Though it well known that the proinflammatory response is
triggered by acute physical stress and injury, it is now theorized to be prompted by social
threat as well (see Social Signal Transduction Theory of Depression, Slavich & Irwin,
2014). Specifically, research suggests that the proinflammatory response (i.e., release of
proinflammatory cytokines) can be activated during the acute stress response to
interpersonal stress (Morey et al., 2015; Segerstrom, 2007). Moreover, exposure to
chronic interpersonal stress can result in lasting changes to the way in which the
biological stress response functions. Specifically, sensitization to social threat and other
biological processes results in earlier activation of the proinflammatory response (Slavich
& Irwin, 2014). Indeed, a history of interpersonal stress and peer victimization has been
associated with upregulation of basal proinflammation as well as a heightened
proinflammatory response to acute stress (Chiang et al., 2012; Copeland et al., 2014;
Fuligni et al., 2009; Giletta et al., 2018). In turn, upregulation of proinflammatory
cytokines has been associated with mental health consequences (Jaremka et al., 2013;
Walker et al., 2014) and may even serve as a biomarker for suicidal behaviors and death
by suicide (Chang et al., 2016; Courtet et al., 2016; Serafini et al., 2013).
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With the potential promise of proinflammatory cytokines as a biomarker for
suicide risk, it is possible that a “primed” proinflammatory response is one condition
under which the relation between interpersonal stress and suicidal thoughts and behaviors
is strengthened. However, to our knowledge, no studies to date have examined this
question in either traditional (i.e., cross-sectional and longitudinal) research designs or in
real time. Given the heightened risk for peer rejection, peer victimization, and suicidal
thoughts and behaviors during the adolescent and young adult years (Brendgen & Poulin,
2018; Cha et al., 2018; Nock et al., 2008), the investigation of this potential relation in
this age group is warranted.
Current Study
The relation between interpersonal stress and suicidal thoughts and behaviors
among youth and young adults, herein referred to as emerging adults, is well-established.
However, this relation has not been studied at the momentary level in real time using
experience sampling methods with this younger population. Moreover, it is equally
important to understand the conditions under which this relation is most likely to exist.
Though research suggests that proinflammatory cytokines may serve as a potential
biomarker of suicidality, it has yet to be studied as a moderator of the relation between
interpersonal stress and suicidal ideation. The current study addressed these gaps in the
literature using a mixed methods approach. Specifically, we examined the relation
between the real time occurrence of interpersonal stress (i.e., negative peer events,
perceived exclusion) and suicidal ideation, using ecological momentary assessment, in a
sample of emerging adults. We also examined whether the proinflammatory response
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(measured during an acute laboratory peer rejection task) moderated the association
between negative peer events as well as perceived peer rejection or exclusion, and
suicidal ideation.
The following hypotheses2 are offered: (1A) a greater number of negative peerrelated events would be associated with greater odds of the presence (versus absence) of
suicidal ideation at the same time point and next time point; (1B) the degree of perceived
exclusion from peers would be positively associated with severity of suicidal ideation
intensity at the same time point and next time point; and (2) the relation between negative
peer-related events (hypothesis 1A) and degree of perceived exclusion from peers
(hypothesis 1B) and suicidal ideation would be particularly strong for those with a greater
proinflammatory response.
Methods
Participants
The present sample consisted of 42 emerging adults recruited from a large,
diverse university in the Mid-Atlantic region of the US. Participants ranged in age from
18-23 years (M = 19.55, SD = 1.29). The majority of participants reported their sex
assigned at birth as female (83.3%; 16.7% male) and identified as predominantly female
(73.8%; 16.7% male, 9.5% nonbinary). Participants were racially diverse (45.2% White,
16.7% African American, 16.7% Asian, 14.3% multiracial, 7.1% other) and
predominantly non-Latino (88.1%; 11.9% Latino).
Undergraduate students currently enrolled in at least one class at the university
2

An additional set of hypotheses related to suicidal intent were included in the original study proposal that
are not presented here. Please see Appendix D for hypotheses and results for suicidal intent.
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were eligible to participate in the screening portion of a larger study of interpersonal
stress, proinflammation, and suicidality. The larger study included a screening phase,
laboratory visit phase (described in detail in Study 1), and ecological momentary
assessment (EMA) phase. Inclusion criteria for the EMA phase of the study were: (1) 18
to 23 years of age; (2) fluent in English; (3) current suicidal ideation (i.e., self-reported
presence of at least a wish to die within the past month during study screening); (4)
access to a smartphone during the study; and (5) participation in the laboratory visit phase
of the larger study. Exclusion criteria was a self-reported health/developmental condition
that impacts immune functioning.
Procedures
Prior to the start of data collection, all study procedures were approved by the
university IRB. Importantly, data in the present study were collected during the COVID19 pandemic. The full research protocol was designed to comply with social distancing
requirements.
Undergraduate students were recruited from the psychology department research
pool via a study ad and from the broader university community via flyers (recruitment
procedures are described in full in Study 1). As part of a larger study, participants
completed a laboratory visit wherein they provided informed consent to participate,
completed an in-person laboratory acute peer rejection task, and provided three salivary
samples to measure the proinflammatory response to acute stress during the task (see
Study 1 for a full description of laboratory procedures). Participants also received
training by a trained research assistant on how to complete EMA surveys during the
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laboratory visit.
Participants completed 28 days of EMA via the HIPAA-compliant MetricWire
(www.metricwire.com) app downloaded onto their smartphone (available for iOS and
Android). Each day, participants received one scheduled survey notification at 10:00 AM
and five semirandom survey notifications between the hours of 11:00 AM and 10:00 PM.
EMA surveys assessed three domains, and participants were instructed to base responses
on feelings and events that occurred since their last completed survey. EMA survey
domains included peer-related interpersonal stressors, suicidal thoughts and behaviors,
and affect ratings. In compensation for their time, participants received an Amazon gift
card at the end of the EMA period. To aid in EMA survey compliance, a payment
schedule utilizing micro-incentives (i.e., small incentive provided for each survey) with
bonus payments for high compliance was implemented. Specifically, participants
received $0.25 for each EMA survey completed. Additionally, each week that a
participant’s survey completion rate was at or above 80%, the participant received a $2
bonus. A recent review documented that the use of micro-incentives yields higher
response rates in EMA studies relative to other compensation approaches (Van Berkel et
al., 2017). To encourage participants to maintain high compliance throughout the
duration of the study, compliance rates were calculated for each of the four weeks of
participation. Participants received an email at the end of each week with their
compliance rate from the last week and a statement of whether they earned a bonus for
that week.

58

Measures
Peer-Related Interpersonal Stressors
Participants were asked to report on the presence versus absence of a list of
positive peer interactions and negative peer events since their last EMA survey. The peerrelated interpersonal stressor survey consists of 7 positive peer interactions (e.g., “invited
to a party by a peer”, “had a peer stick up for you”) and 7 negative peer events (e.g.,
“conflict/argument with a friend”, “harassed by a peer online”). The list of interpersonal
stressors was developed for the present study. Relevant items were derived from
validated assessments of peer experiences and stressors (De Los Reyes & Prinstein, 2004;
Fuligni et al., 2009; Prinstein et al., 2001). The full survey can be found in Appendix C.
A total score for number of negative peer events was derived for each observation (i.e.,
since the last EMA survey).
Suicidal Thoughts and Behaviors
Participants were asked to report on any suicidal ideation and behaviors since
their last EMA survey. Assessment of suicidal ideation included presence versus absence
of any ideation, as well as suicidal ideation intensity and intent, each rated on a 0 (“not at
all”) to 10 (“very high”/“very much”) Likert-type scale. Assessment of suicidal behaviors
included presence vs. absence of a plan and of an attempt. All items were developed for
the present study and informed by past EMA studies of self-injurious thoughts and
behaviors (Nock et al., 2009; Kleiman et al., 2017). The full survey can be found in
Appendix C.
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Affect Ratings
To assess for current affect, participants were asked to report how strongly they
felt happy, sad, angry, nervous, included, excluded, lonely, and hopeless since their last
survey, on a 0 (“not at all”) to 10 (“very strongly”) Likert-type scale, with higher ratings
indicating stronger affect. The “lonely” and “hopeless” items were included based on
their reliable association with suicidal thoughts and behaviors (Beck et al., 1975; Calati et
al., 2019). The other items were selected from affect ratings used in other lab stressor
tasks (Silk et al., 2012). The full survey can be found in Appendix C. The “excluded”
rating at each observation was of primary focus in the present study.
Proinflammatory Response
As part of the larger study, three saliva samples were collected across the course
of an acute laboratory social stressor task, the Yale Interpersonal Stressor (YIPS; Stroud
et al., 2000), modified to comply with distancing requirements due to COVID-19. Whole
unstimulated saliva was collected via passive drool after a 10-minute pre-task resting
period, as well as immediately following and 30 minutes following completion of the
YIPS. Salivary samples were assayed for IL-6 and TNF-a. The acute proinflammatory
response to the YIPS was calculated using the area under the curve with respect to
ground (AUCg; Pruessner et al., 2003) for each cytokine. Please see Study 1 for a full
description of the social stressor task and salivary sampling procedures.
Safety Considerations
As with Study 1, procedures for managing risk concerns were employed in
accordance with published guidelines for studies monitoring individuals at risk for
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suicidal behavior (Hom et al., 2017; Michaels et al., 2015). First, any participant
endorsement of suicidality triggered a message at the end of their EMA survey that
included a reminder to seek support as needed, as well as relevant support service
numbers and resources. Second, EMA responses in the present study were monitored
once every 24 hours. Any participants who reported suicidal intent at or above a 5 (on a
0-10 scale) or a suicide attempt were contacted for further suicide risk assessment and
referral for more immediate support, if needed. Of note, no suicide attempts were
reported in the present study. The full safety protocol can be found in Appendix B.
Data Analysis Plan
Analyses were conducted using R (R Core Team, 2020) with the RStudio
development environment (R Studio Team, 2020). Specific R packages for each set of
analyses are noted throughout.
Power Analyses
All power estimates were based on an intraclass correlation (ICC) of .50 (selected
based on Kleiman et al., 2017), six EMA prompts per day for 28 days, with an adjusted
response rate of 75%, and N = 50. The EMAtools R package (Kleiman, 2017a) was used
for power estimates of observation-level (level 1) main effects (hypothesis 1). This
package provides power curves of estimates to detect small, medium, and large effects (d
= .20, .50, and .80, respectively) for a level 1 predictor in a two-level multilevel model
with continuous outcome. With 50 participants and an adjusted response rate of 75%,
power was above .80 (1-b) to detect medium and large effects.
The simr R package, which conducts Monte Carlo simulations (Green &
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MacLeod, 2016), was used for power estimates of cross-level (i.e., observation-level x
person-level, or level 1 x level 2) interactions (hypothesis 2). A two-level multilevel
model including time and estimation of random slopes predicting a continuous outcome
was simulated. The model included one observation-level predictor and one person-level
predictor entered into both the level 2 equation for level 1 slope (for examination of the
direct effect) and the level 2 equation for the level 1 predictor (for examination of the
cross-level interaction). Power estimates were based on b = .15 for the proinflammatory
response (level 2; selected based on Giletta et al., 2018) and b = .40 for peer rejection
(level 1; selected based on Coppersmith et al., 2019). With 50 participants, the study was
nearly sufficient powered (.72; 1-b) to detect large effect sizes (d = .80). It was expected
that cross-level interactions would be slightly underpowered (Aguinis et al., 2013), which
is common in clinical research.
Preliminary Analyses
Descriptive statistics and distributional properties of all study variables were
examined using the psych R package (Revelle, 2019). To further examine variability in
suicidal ideation intensity, we fit an unconditional means model to derive and examine
the intraclass correlations (ICC), calculated in the lme4 R package (Bates et al., 2015).
The ICC quantifies the percentage of total variance attributed to between-subjects
differences (Bolger & Laurenceau, 2013). The percentage of total variance attributed to
within-subjects differences was then determined by calculating 1-ICC. Additionally, data
visualization (as recommended by Bolger & Laurenceau, 2013) was used to capture
variability in EMA variables using the ggplot2 R package (Wickham, 2016). Specifically,
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time series plots of observation-level raw data were examined for all continuous EMA
variables (i.e., suicidal ideation intensity, exclusion ratings, number of negative peer
events).
Missing Data
Missing data patterns were examined for overall degree of missingness and time
trends, as well as compared against demographic and clinical (i.e., baseline degree of
suicidality, depression, and anxiety) variables using the mice (Van Buuren & GroothuisOudshoorn, 2011), tidyverse (Wickham et al., 2019), and psych (Bates et al., 2015) R
packages. In EMA research, a degree of missing data is expected; one of the most
common reasons for missing data is missed survey notifications (Bolger & Laurenceau,
2013). In the present study, the large majority of missing data was due to missed
observations (i.e., missed notification; overall rate of missing survey data = 28.25%).
There were five cases in which data were missing at the item level (i.e., some but not all
items completed), and pairwise deletion was used to remove these cases from analyses as
indicated. This resulted in removal of two cases in analyses of negative peer events and
presence vs. absence of suicidal ideation, and three cases in analyses of exclusion
severity and suicidal ideation intensity. Data for all proinflammatory response variables
were complete.
Data for missed observations were not imputed due to methodological constraints.
Participants were instructed to respond to each survey based on events and experiences
that had occurred in the time since their last completed prompt. For example, on a given
day, if a participant completed notification 1 and notification 3, but missed notification 2,
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data for notification 3 would contain events and experiences that took place between both
notifications 1 and 2 and notifications 2 and 3. As such, data for notification 2 cannot be
properly imputed. Exclusion of these missing observations is consistent with recent
research (Glenn et al., 2021).
Significant differences in degree of missingness on EMA variables were found
across time, ethnicity, and lifetime suicidal ideation severity. Specifically, the frequency
of missing observations increased across time (r = .70, p < .001). Additionally, a greater
number of observations were missing for participants who identified as Hispanic/Latino
(relative to non-Hispanic/Latino; t = 2.25, p = .03) and for participants who reported a
greater lifetime severity of suicidal ideation during their baseline assessment (r = .31, p =
.046; see Study 1). However, number of missing observations did not vary by any other
demographic (i.e., age, sex, gender, race) or clinical (i.e., past-month suicidal ideation
severity, depression, anxiety, as assessed during Study 1) variables (all ps > .05).
Additionally, degree of missingness for each EMA variable was not related to participant
mean score on each variable (e.g., frequency of missing “excluded” was not related to a
participant’s average “excluded” rating; all ps > .05).
Primary Analyses
Analyses of primary hypotheses were conducted using the brms R package
(Bürkner, 2017) for binary outcomes and the lme4 R package (Bates et al., 2015) for
continuous outcomes. All models included time and estimation of random slopes, which
is considered best practice in multilevel models with experience sampling data (Bolger &
Laurenceau, 2013). Moreover, estimation of random slopes allows for examination of
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between-subjects differences in the relation between within-subjects predictors and
outcomes and should be included when examining person-level moderators (Kleiman,
2017b; Myin-Germeys & Kuppens, 2021). Additionally, time-varying predictors (i.e.,
negative peer events, exclusion severity) were separated into their component parts at
each level (i.e., within-subject and between-subject). This was done to prevent confounds
due to differential relations between predictor and outcome at the different levels of the
model (Bolger & Laurenceau, 2013). First, each predictor variable was grand-mean
centered (between-subject component). Second, a new variable was computed by
subtracting each person’s mean from their raw score at each observation (within-subject
component). For all models, the within-subject component was entered into level 1, and
the between-subject component was entered into level 2.
To address hypothesis 1A, a series of two-level Bayesian generalized linear mixed
models (GLMMs) were conducted with observations nested within people. Observationlevel number of negative peer events at time T was used to predict presence (1) versus
absence (0) of suicidal ideation at time T (same time point). Observation-level number of
negative peer events (at time T) was also used to predict presence (1) versus absence (0)
of suicidal ideation at time T+1 (next time point). Models were estimated via the Markov
chain Monte Carlo algorithm and no-U-turn sampler extension (Bürkner, 2017; Hoffman
& Gelman, 2014). We selected the default priors set in the brms R packages, which are
designed to be minimally influential on the outcomes of the analysis (i.e., uninformative
priors). Each model used four Markov chains, each with 1,000 warm-up iterations and
1,000 inference iterations, for a total of 4,000 posterior samples. Additionally, a linear
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function cannot be used to predict a binary outcome (in this case, presence versus
absence of suicidal ideation). Therefore, the logit exponential function was used to
transform the mixed model linear equation and express the underlying probability of
presence versus absence of suicidal ideation (Bolger & Laurenceau, 2013). Of note, the
brms R package summarizes parameter estimates using the mean (b) and standard
deviation (estimate error; SE) of the posterior distribution, along with two-sided 95%
credible intervals (CrIs; Bürkner, 2017). Parameter estimates in which 95% CrIs do not
cross zero are considered significant.
To address hypothesis 1B, a series of two-level multilevel models (MLMs) were
conducted with observations nested within people. Observation-level exclusion severity
at time T was used to predict suicidal ideation intensity at time T (same time point).
Observation-level exclusion severity (at time T) was also used to predict suicidal ideation
intensity at time T+1 (next time point). Models were fitted using a maximum likelihood
estimator. Effect sizes were examined as indicated using the EMAtools R package
(Kleiman, 2017a).
To address hypothesis 2, the proinflammatory response to the acute stressor
(AUCg score) was added to the series of two-level GLMMs conducted for hypothesis 1A
and the series of two-level MLMs conducted for hypothesis 1B. Separate models were
conducted to examine the IL-6 and TNF-a responses. Specifically, one proinflammatory
cytokine response (i.e., IL-6, TNF-a) was entered into the level 2 equation for level 1
slope for examination of the direct effect of the proinflammatory response on the
outcome variable. This also allowed for examination of the interaction between the
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proinflammatory response and the between-subject component of the interpersonal stress
predictor. The given proinflammatory response was also entered into the level 2 equation
for the level 1 interpersonal stress predictor (negative peer events for hypothesis 1A;
exclusion severity for hypothesis 1B) for examination of the cross-level interaction
between the proinflammatory response and the within-subject component of the
interpersonal stress predictor. Each proinflammatory response (i.e., IL-6 and TNF-a) was
grand mean centered.
Results
Descriptive Statistics
Average compliance with EMA assessments was 71.84% (SD = 29.60%, range =
4.76-100%). Participants completed a total of 5063 unique assessment prompts. An
average of 120.76 prompts were completed per participant (SD = 49.81, range = 8-169),
with a total of 168 possible prompts per person. Descriptive statistics for all study
variables are presented in Table 8. Additionally, time series plots for observation-level
raw data reports of suicidal ideation intensity, exclusion, and negative peer events are
presented in Figure 4. Clinical characteristics of the sample, including past month and
lifetime suicidal thoughts and behaviors, as well as past month symptoms of depression
and anxiety, are described in Study 1. Notably, only the presence (versus absence) of any
suicidal ideation and ratings of suicidal ideation intensity were included in analyses.
Suicidal ideation intensity was recoded to capture both those who did not endorse any
suicidal ideation as well as those who endorsed ideation but no intensity. Specifically,
suicidal ideation intensity was rescaled to a possible range of 1 to 11 (instead of 0 to 10)
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and missing data due to the absence of suicidal ideation were recoded as 0. Finally, the
ICC for suicidal ideation intensity was computed to determine the percentage of total
variance attributed to between-subjects differences versus within-subjects differences.
Results demonstrated that 9.91% of the total variance in suicidal ideation intensity can be
attributed to between-subjects differences and 90.09% can be attributed to withinsubjects differences.
No suicide attempts were reported by participants during the study period.
Moreover, there was so little variance in suicidal ideation severity that it was not
examined in analyses.
Examination of Random Slopes
The random effect for level 1 negative peer events was examined in both the main
effects and moderation GLMMs. Results demonstrated that there are sizeable betweenperson differences in the within-person association between negative peer events and the
odds of suicidal ideation at the same time point and at the next time point (see Tables 9,
10, and 11). That is, there is variability in the effect of number of negative peer events on
the odds of suicidal ideation at the same time point and the next time point across people.
The random effect for level 1 exclusion severity was also examined in both the main
effects and moderation MLMs. Results demonstrated that between-person differences in
the within-person association between exclusion severity and suicidal ideation intensity at
the same time point are sizeable, and at the next time point are somewhat smaller yet
notable (see Tables 12, 13, and 14). Therefore, there is considerable variability in the
effect of exclusion severity on suicidal ideation intensity at the same time point and the
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next time point across people.
Main Effect Models
Negative Peer Events and Presence vs. Absence of Suicidal Ideation
Results of the GLMMs to examine hypothesis 1A are presented in Table 9.
Number of negative peer events was not associated with the odds of presence vs. absence
of suicidal ideation at the same time point at either the within-subject (b = 0.00, 95% CrI
[-0.54, 0.48]) or between-subject (b = 0.84, 95% CrI [-1.12, 2.93]) level. Likewise,
number of negative peer events was not associated with the odds of presence vs. absence
of suicidal ideation at the next time point at either the within-subject (b = 0.09, 95% CrI
[-0.42, 0.44]) or between-subject (b = 1.26, 95% CrI [-0.63, 3.40]) level.
Exclusion and Suicidal Ideation Intensity
Results of the MLMs to examine hypothesis 1B are presented in Table 12. The
association between within-subject changes in exclusion severity and suicidal ideation
intensity at the same time point was marginally significant (b = .04, p = .059, 95% CI [.001, .07]), with a medium effect (d = .58). That is, when an individual’s exclusion
severity rating was higher than usual, there was a trend for suicidal ideation intensity also
to be higher. The association between within-subject changes in exclusion severity and
suicidal ideation intensity at the next time point was not significant (b = -.003, p = .66,
95% CI [-.02, .01]).
Between-subject changes in exclusion severity was not associated with suicidal
ideation intensity at the same time point (b = .01, p = .78, 95% CI [-.04, .05]) or the next
time point (b = .02, p = .50, 95% CI [-.03, .06]).
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Proinflammatory Response as a Moderator
Negative Peer Events and Presence vs. Absence of Suicidal Ideation
Results of the GLMMs to examine hypothesis 2A are presented in Tables 10 and
11 for the IL-6 response and the TNF-a response, respectively. The IL-6 response was
not associated with the odds of presence vs. absence of suicidal ideation in either models
of the same time point (b = -0.02, 95% CrI [-0.15, 0.11]) or the next time point (b = -0.03,
95% CrI [-0.16, 0.11]). Additionally, the IL-6 response did not moderate the relation
between number of negative peer events and the odds of presence vs. absence of suicidal
ideation at the same time point (b = 0.01, 95% CrI [-0.02, 0.05]) at the within-person
level. However, it did moderate the relation between number of negative peer events and
the odds of presence vs. absence of suicidal ideation at the next time point at the withinperson level (b = -0.06, 95% CrI [-0.14, -0.01]), with a somewhat negligible effect3.
A Johnson-Neyman plot was constructed (interactions R package; Long, 2019) to
further explore the nature of the interaction (see Figure 5). Examination of the plot
indicated that at very low levels of the IL-6 response, within-person increases in number
of negative peer events were associated with increased odds of suicidal ideation at the
next time point. However, number of negative peer events was not associated with odds
of presence vs. absence of suicidal ideation as the IL-6 response increased to average and
higher levels. Importantly, this plot also indicated that the region of significance falls
outside of the observed range of data. Thus, this finding should be interpreted with
3

To determine effect size, the odds ratio of this effect was converted to Cohen’s d using the transformation
proposed Hasselblad and Hedges (1995), as outlined by Sánchez-Meca and colleagues (2003), resulting in
an effect size of d = -.03. This was done to determine a standardized effect size scaled comparably to other
effect sizes presented.
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considerable caution. Figure 6 demonstrates the relation between number of negative peer
events and odds of presence vs. absence of suicidal ideation at low, average, and high
levels of the IL-6 response.
In contrast to the within-subject level, the IL-6 response did not moderate the
relation between number of negative peer events and the odds of presence vs. absence of
suicidal ideation at the same time point (b = 0.28, 95% CrI [-0.13, 0.78]) or the next time
point (b = 0.36, 95% CrI [-0.08, 0.91]) at the between-subject level.
The TNF-a response was not associated with the odds of presence vs. absence of
suicidal ideation in either models of the same time point (b = 0.06, 95% CrI [-0.19, 0.34])
or the next time point (b = -0.01, 95% CrI [-0.28, 0.27]). The TNF-a response also did
not moderate the relation between number of negative peer events and the odds of
presence vs. absence of suicidal ideation at the same time point (b = 0.00, 95% CrI [0.07, 0.08]) or next time point (b = -0.03, 95% CrI [-0.11, 0.03]) at the within-subject
level. Likewise, the TNF-a response did not moderate the relation between number of
negative peer events and the odds of presence vs. absence of suicidal ideation at the same
time point (b = 0.12, 95% CrI [-0.38, 0.65]) or next time (b = 0.26, 95% CrI [-0.25, 0.81])
at the between-subject level.
Exclusion and Suicidal Ideation Intensity
Results of the MLMs to examine hypothesis 2B are presented in Tables 13 and 14
for the IL-6 response and the TNF-a response, respectively. The IL-6 response was not
associated with suicidal ideation intensity in either models of the same time point (b = .002, p = .60, 95% CI [-.01, .01]) or the next time point (b = -.002, p = .60, 95% CI [-.01,
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.01]). Additionally, the IL-6 response did not moderate the relation between exclusion
severity and suicidal ideation intensity at the same time point (b = -.001, p = .74, 95% CI
[-.01, .004]) or the next time point (b = .001, p = .32, 95% CI [-.001, .003]) at the withinsubject level. Likewise, the IL-6 response did not moderate the relation between
exclusion severity and suicidal ideation intensity at the same time point (b = .003, p =
.63, 95% CI [-.01, .01]) or the next time point (b = .002, p = .67, 95% CI [-.01, .01]) at
the between-subject level. Of note, the model of exclusion severity, IL-6 response, and
next time point suicidal ideation intensity resulted in a singular fit, which indicates nearzero estimates on some dimensions of the variance-covariance matrix. The lme4 package
is capable of handling singular fits (Bates et al., 2015), and as such, this model can still
be interpreted.
Similarly, the TNF-a response was not associated with suicidal ideation intensity
in either models of the same time point (b = -.003, p = .75, 95% CI [-.02, .01]) or the next
time point (b = -.38, p = .65, 95% CI [-.02, .01]). The TNF-a response did not moderate
the relation between exclusion severity and suicidal ideation intensity at the same time
point at the within-subject level (b = -.002, p = .57, 95% CI [-.01, .01]). The TNF-a
response also did not moderate the relation between exclusion severity and suicidal
ideation intensity at the same time point at the between-subject level (b = .004, p = .58,
95% CI [-.01, 01]).
The model examining the TNF-a response as a moderator for the relation
between exclusion severity and suicidal ideation intensity at the next time point did not
converge. Lack of convergence indicates that the maximum of the log-likelihood function
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cannot be reliably determined, and can occur when MLMs are too complex (Brauer &
Curtin, 2018). As such, while results of this model are presented in Table 14, parameter
estimates cannot be interpreted further.
Discussion
Suicidality, as well as associated risk factors and correlates, can vary considerably
within and across days (e.g., Armey et al., 2020; Ben-Zeev et al., 2012; Glenn et al.,
2020; Kleiman et al., 2017), which poses a challenge to short-term prediction of suicide
risk. Interpersonal stress is one well-known risk factor for suicidal thoughts and
behaviors that may aid in predicting short-term changes in suicide risk (Beautris et al.,
1997; Turecki & Brent, 2016). Moreover, study of factors that may enhance suicide risk
in the face interpersonal stress, such as biological stress markers (Glenn & Nock, 2014),
is also important. The present study examined the relation between interpersonal stress
(i.e., negative peer events and exclusion severity) and the presence and intensity of
suicidal ideation in real time, as well as the impact of the proinflammatory response (IL-6
and TNF-a cytokines) to acute social stress on this relation, in a sample of emerging
adults with a history of suicidal thoughts and behaviors.
Hypotheses regarding the association between exclusion severity and suicidal
ideation intensity were partially supported. Though not statistically significant, increases
in a participant’s own rating of exclusion had a moderate effect on concurrent increases
in suicidal ideation intensity but not at a subsequent (or next) time point. There was no
association between participants’ average perceived experience of exclusion and suicidal
ideation intensity. These findings suggest that the relation between an individual’s
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perception of social exclusion and suicidal ideation varies across time, and are similar to
prior research in this area. Specifically, a concurrent, but not a temporal, real time
association has been found at the individual level between related interpersonal
constructs such as perceived loneliness, burdensomeness (Kleiman et al., 2017), and low
social support (Coppersmith et al., 2019), and suicidal ideation in adult samples. As
social exclusion represents experiences of rejection and social loss, rather than simply an
absence of social connection (Slavich et al., 2009), this preliminary finding adds to
existing research. More generally, it also adds to a growing body of literature which
suggests that subjective interpersonal factors may influence present-moment suicidal
ideation intensity but may not aid in short-term prediction of increased suicidal ideation.
However, it is also possible that the transition from feeling isolated and excluded to an
increase in suicidal thoughts occurs more quickly than can be captured with current realtime monitoring techniques.
Counter to hypotheses, a relation was not found between number of negative peer
events and the presence of suicidal ideation, either concurrently or temporally in real
time. Broadly, neither individual changes in negative peer events, or differences between
participants’ average experience of negative peer events, were associated with likelihood
of suicidal ideation. These results are inconsistent with the established body of literature
that documents a relation between occurrence of negative interpersonal events, such as
loss, conflict, and bullying, and suicidal thoughts and behaviors, using more traditional
cross-sectional and longitudinal research designs (e.g., Adams et al., 1994; Beautris et al.,
1997; Hindjuga & Patchin, 2010). Findings are also inconsistent with research that found
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an acute relation between interpersonal negative life events and increased odds of a
suicide attempt (Bagge et al., 2013) as well as being alone and increased odds of suicidal
ideation (Husky et al., 2017) in real time. Cumulatively, study results may suggest that
the perception of exclusion and rejection is more potent than the mere occurrence of a
negative interpersonal event. That is, while the presence of one or more negative
interpersonal events may not be impactful enough to result in suicidal ideation, the
subjective experience of being rejected, excluded, or left out appears to play a role in
intensity of suicidal ideation.
In analyses of the proinflammatory response, neither cytokine examined in the
present study (IL-6 or TNF-a) was directly associated with increased odds of suicidal
ideation or suicidal ideation intensity. While emerging research suggests that
proinflammatory cytokines may serve as a biomarker for suicidal behaviors and death by
suicide (Chang et al., 2016; Courtet et al., 2016; Serafini et al., 2013), these findings may
suggest that the association between proinflammatory cytokines and suicidal ideation is
not as strong.
Interestingly, and in partial support of study hypotheses, the IL-6 response
moderated the relation between number of negative peer events and subsequent, but not
concurrent, presence of suicidal ideation. The direction of this effect, however, was
contrary to expectations. Specifically, individual increases in negative peer events were
associated with increased odds of the presence of suicidal ideation at the next time point
among those with very low levels of the IL-6 response to interpersonal stress.
Nonetheless, it is still possible that this finding demonstrates that a heightened stress
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response affects this association. Typically, the biological stress response first involves
release of cortisol, which suppresses proinflammatory cytokines (Miller & Prinstein,
2019; Slavich & Irwin, 2014). When the cortisol response begins to decline, the
proinflammatory response occurs. According to the Social Signal Transduction Theory of
Depression (Slavich & Irwin, 2014), chronic interpersonal stress can result in the
development of glucocorticoid resistance and upregulation of proinflammatory cytokines,
or an earlier and heightened proinflammatory response. Therefore, it is possible that in
the present study, participants on the whole have not experienced historical interpersonal
stress to the extent that such an upregulated proinflammatory response has developed.
Under these circumstances, a suppressed proinflammatory response would represent
suppression due to a heightened cortisol response. However, we are not able to examine
this possibility because we do not have measurements for cortisol.
It is also important to note that this interaction effect should be interpreted with
extreme caution, as the effect was only significant at IL-6 response values that were
below the range of observed data. That is, while the statistical pattern suggests that the
interaction effect exists at very low levels of the IL-6 response, the interaction cannot be
directly observed using this dataset. Some argue that conclusions should not be drawn
under these conditions (Finsaas & Goldstein, 2021), and thus results require replication
before any conclusions can be drawn.
No other moderation hypotheses were supported in the present study. Specifically,
the IL-6 response did not moderate the relation between exclusion severity and either
concurrent or subsequent suicidal ideation intensity. The TNF-a response did not
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moderate any relation between number of peer events and suicidal ideation. Moreover,
the model of TNF-a as a moderator between exclusion and subsequent suicidal ideation
intensity did not converge and therefore could not be interpreted. These results may
reflect that the present study was underpowered to detect significant interactions. Models
examining moderation hypotheses may have been too complex relative to the sample size
to detect effects, resulting in non-significant results and, in one case, nonconvergence of
parameter estimates (Brauer & Curtin, 2018). Alternatively, it is also possible that
hypotheses were not supported because no true interaction effect exists. Future research
with larger samples is needed to examine this question.
Implications
Findings from the present study hold potential clinical implications. Specifically,
preliminary study results suggest that individual changes in feelings of exclusion, rather
than instances of negative peer interactions, may be associated with suicidal ideation. As
such, it may be important to assess for heightened feelings of exclusion, and teach coping
skills to address such feelings, when working with emerging adults who experience
suicidal ideation in the context of therapy. For example, identifying an individual’s
negative thought patterns that fuel feelings of exclusion, and subsequently assisting them
in the development of an effective counter thoughts (Beck, 2005, 2011), may help
decrease suicidal ideation. Similarly, Dialectical Behavioral Therapy skills that aid in
recovery from experiences of invalidation (Linehan, 2015) may help address feelings of
exclusion and intensity of suicidal ideation.
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Limitations and Future Directions
This is one of the first studies to examine the proinflammatory response to acute
social stress as a moderator of the relation between real-time interpersonal stress and
suicidal ideation, and to document an effect between exclusion severity and suicidal
ideation intensity. Moreover, the overall response rate to EMA surveys was relatively
high. Despite the novelty of the present study and relative strengths, it also includes
several limitations that deserve mention. First, the overall rate of suicidal ideation in the
present sample was low, which may have limited our ability to detect significant effects.
Future research should consider replication of the present study in a sample of
participants with a greater frequency and severity of suicidal ideation.
Second, data were collected between October 2020 and June 2021, during the
COVID-19 pandemic. While the checklist of negative peer events included peer
interactions conducted via text messaging and online platforms, local restrictions and
safety guidelines likely reduced opportunities for engagement in and endorsement of inperson interactions. Thus, it is possible that level of interpersonal stress was artificially
suppressed by COVID-19-related restrictions and/or the nature of interpersonal stress was
atypical. Moreover, it is possible that COVID-19 impacted the laboratory social stressor
paradigm and resulting proinflammatory response. Specifically, use of face masks may
have impacted participants’ ability to hear and interpret verbal and nonverbal cues of
rejection, and social distancing may have decreased the social intimacy of the interaction.
Thus, it will be important to replicate the present study post-pandemic when in-person
peer interactions occur at a more typical rate.
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Third, while the sample size was large enough for the study to be adequately
powered for detection of the effects of negative peer events and exclusion, the present
study was underpowered for detection of interaction effects between the proinflammatory
response and observations of negative peer events and exclusion. Notably, this limitation
is common in clinical research (Aguinis et al., 2013). Additionally, we were limited in
our ability to fully interpret the significant cross-level interaction between number of
negative peer events and the IL-6 response given that the region of significance fell
below the observed range of IL-6 data. We were also unable to interpret the interaction
between exclusion severity, TNF-a response, and subsequent suicidal ideation intensity
because the model did not converge.
Finally, several methodological limitations exist related to the proinflammatory
response. We were not able to include a third proinflammatory cytokine (IL-1b) that has
demonstrated an association with interpersonal stress. We also were not able to account
for coordination of multiple stress response systems, such as the HPA-axis and the degree
of glucocorticoid resistance in individual stress responses. Relatedly, we could not
account for the extent to which interpersonal stress was experienced across development,
which is related to the biological stress response and coordination of stress response
systems. Future research with more complex biopsychosocial models of stress
responsivity is needed to more thoroughly examine the transactional nature of the link
between interpersonal stress and stress responsivity, and the subsequent impact on
suicidal thoughts and behaviors.
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Conclusion
The present study extends prior research on the relation between interpersonal
stress, the proinflammatory response, and suicidal ideation among emerging adults with a
recent history of suicidal thoughts and behaviors. Individual increases in exclusion
severity had a moderate, although not statistically significant, effect on concurrent
increases in suicidal ideation intensity. Individual increases in negative peer events were
associated with increased odds of the presence of subsequent suicidal ideation at very low
levels of the IL-6 response. No other hypotheses were supported. Clinically, assisting
individuals in identifying cognitive distortions that increase feelings of exclusion and
recovering from invalidation may help protect against increases in suicidal ideation
intensity in the face of interpersonal stress. More research is needed to clarify the
potential role of the biological stress response in the relation between interpersonal stress
and suicidal ideation before any conclusions can be drawn.
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Figure 4A. Observation-Level Time Series Plots: Exclusion
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Figure 4B. Observation-Level Time Series Plots: Negative Peer Events
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Figure 4C. Observation-Level Time Series Plots: Suicidal Ideation Intensity
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Effect of Number of Negative Peer Events
on Odds of Suicidal Ideation

IL-6 Response
Figure 5. Johnson-Neyman Plot of the Relation Between the IL-6 Response and the Effect of Number of
Negative Peer Events on Odds of Suicidal Ideation at Next Time Point
Note. Y-axis displays the relation between number of negative peer events at time T and odds of presence
vs. absence of suicidal ideation at time T+1. Region of significance represents the IL-6 response values at
which there is an association between number of negative peer events and the odds of presence vs. absence
of suicidal ideation. Nonsignificant region indicates the IL-6 response values at which there is no
association between number of negative peer events and the odds of presence vs. absence of suicidal
ideation.
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Odds of Suicidal Ideation at Time T+1

IL-6 Response

Number of Negative Peer Events at Time T
Figure 6. Relation Between Number of Negative Peer Events and Odds of Presence vs. Absence of
Suicidal Ideation at Next Time Point
Note. Shaded region represents confidence interval for low (-1 SD), average (mean), and high (+1 SD)
levels of the IL-6 response.
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Table 8. Descriptive Statistics of Model Variables

Observation Level Variables
Negative peer events
Exclusion
Suicidal ideation intensity
Any suicidal ideation
No
Yes
Suicidal ideation intensityc
Person Level Variables
Average negative peer eventsd
Average exclusiond
IL-6 proinflammatory response
TNF-a proinflammatory
response

M

SD

Range

Skew

Kurtosis

0.96
0.87
0.09

1.22
1.91
0.66

0-7
0-10
0-10

1.25
2.72
8.48

1.01
7.61
80.18

4947a
116a
3.97

97.71%b
2.29%b
1.92

--1-10

--0.83

--0.18

0.91
0.96
8.93

0.53
1.56
8.93

0.12-1.93
0-8.99
1.00-49.37

0.50
3.57
2.66

-0.92
14.61
9.78

6.61

4.39

0.21-18.66

0.71

-0.02

a

Corresponds to n out of total responses.
Corresponds to percentage out of total responses.
c
Based on suicidal ideation intensity and intent ratings for only those observations in which suicidal
ideation was present (scale = 1-11).
d
Corresponds to each participant's average across observations.
Note. Proinflammatory values are in pg/mL.
b
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Table 9. Main Effects Models of the Relation Between Number of Negative Peer Events and Presence vs. Absence of Suicidal
Ideation at the Same Time Point and Next Time Point
Dependent variable
Fixed effects
Intercept
Time (observation)
Between neg. peer events
Within neg. peer events
Between neg. peer events
by within neg. peer events
Random effects
Intercept
Within neg. peer events

Presence vs. absence suicidal ideation at T
b

SE

95% CrI (b)

b

SE

95% CrI (b)

-5.22
-0.01
0.84
0.00

0.63
0.00
1.01
0.25

[-6.64, -4.14]
[-0.02, -0.01]a
[-1.12, 2.93]
[-0.54, 0.48]

-5.62
-0.001
1.26
0.09

0.68
0.00
1.02
0.21

[-7.09, -4.44]a
[-0.01, 0.00]
[-0.63, 3.40]
[-0.42, 0.44]

-0.05

0.30

[-0.60, 0.61]

0.05

0.23

[-0.37, 0.56]

b

SE

95% CrI (b)

b

SE

95% CrI (b)

2.58
0.18

0.59
0.15

[1.65, 3.93]a
[0.01, 0.57]a

2.66
0.35

0.59
0.21

a

Presence vs. absence suicidal ideation at T+1

a

[1.77, 4.03]
[0.02, 0.83]a

Note. T = same time point. T+1 = next time point. “Between neg. peer events” = between-person component of number of negative peer events. “Within
neg. peer events” = within-person component of number of negative peer events. CrI = Credible Interval.
Effect estimates and CrIs are presented as log-odds.
a
Credible Intervals that do not cross zero are considered significant effects.
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Table 10. Models of the IL-6 Response as a Moderator of the Relation Between Number of Negative Peer Events and Presence
vs. Absence of Suicidal Ideation at the Same Time Point and Next Time Point
Dependent variable
Fixed effects
Intercept
Time (observation)
Between neg. peer events
IL-6 response
Within neg. peer events
Between neg. peer events by IL-6
Between neg. peer events by
within neg. peer events
Within neg. peer events by IL-6
Within neg. peer events by
between neg. peer events by IL-6
Random effects
Intercept
Within neg. peer events

Presence vs. absence suicidal ideation
at T
b
SE
95% CrI (b)

Presence vs. absence suicidal ideation
at T+1
b
SE
95% CrI (b)

-5.34
-0.01
1.30
-0.02
-0.09
0.28

0.68
0.00
1.13
0.06
0.29
0.23

[-6.82, -4.18]a
[-0.02, -0.01]a
[-0.77, 3.69]
[-0.15, 0.11]
[-0.76, 0.44]
[-0.13, 0.78]

-5.87
-0.001
1.74
-0.03
-0.05
0.36

0.75
0.00
1.21
0.07
0.25
0.25

[-7.53, -4.61]a
[-0.01, 0.00]
[-0.51, 4.32]
[-0.16, 0.11]
[-0.62, 0.38]
[-0.08, 0.91]

0.02

0.37

[-0.64, 0.83]

0.20

0.30

[-0.34, 0.85]

0.01

0.02

[-0.02, 0.05]

-0.06

0.03

[-0.14, -0.01]a

0.02

0.08

[-0.14, 0.19]

-0.02

0.09

[-0.18, 0.16]

b

SE

95% CrI (b)

b

SE

95% CrI (b)

2.71
0.19

0.68
0.16

[1.70, 4.35]a
[0.01, 0.62]a

2.76
0.41

0.63
0.25

a

[1.80, 4.26]
[0.03, 0.97]a

Note. T = same time point. T+1 = next time point. “Between neg. peer events” = between-person component of number of negative peer events. “Within
neg. peer events” = within-person component of number of negative peer events. IL-6 = IL-6 proinflammatory response. CrI = Credible Interval.
Effect estimates and CrIs are presented as log-odds.
a
Credible Intervals that do not cross zero are considered significant effects.
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Table 11. Models of the TNF-a Response as a Moderator of the Relation Between Number of Negative Peer Events and
Presence vs. Absence of Suicidal Ideation at the Same Time Point and Next Time Point
Dependent variable
Fixed effects
Intercept
Time (observation)
Between neg. peer events
TNF-a response
Within neg. peer events
Between neg. peer events by TNF-a
Between neg. peer events by within
neg. peer events
Within neg. peer events by TNF-a
Within neg. peer events by between
neg. peer events by TNF-a
Random effects
Intercept
Within neg. peer events

Presence vs. absence suicidal ideation
at T
b
SE
95% CrI (b)

Presence vs. absence suicidal ideation
at T+1
b
SE
95% CrI (b)

-5.50
-0.01
0.87
0.06
-0.04
0.12

0.72
0.00
1.12
0.13
0.30
0.26

[-7.05, -4.27]a
[-0.02, -0.01]a
[-1.21, 3.32]
[-0.19, 0.34]
[-0.69, 0.50]
[-0.38, 0.65]

-5.89
-0.001
1.34
-0.01
0.05
0.26

0.77
0.00
1.18
0.14
0.25
0.27

[-7.58, -4.63]a
[-0.01, 0.00]
[-0.81, 3.79]
[-0.28, 0.27]
[-0.55, 0.45]
[-0.25, 0.81]

-0.001

0.34

[-0.64, 0.74]

0.13

0.27

[-0.37, 0.74]

0.00

0.04

[-0.07, 0.08]

-0.03

0.04

[-0.11, 0.03]

-0.04

0.10

[-0.24, 0.15]

0.00

0.08

[-0.15, 0.16]

b

SE

95% CrI (b)

b

SE

95% CrI (b)

2.94
0.45

0.67
0.25

[1.90, 4.54]a
[0.04, 1.01]a

2.76
0.22

0.66
0.20

[1.73, 4.29]a
[0.01, 0.71]a

Note. T = same time point. T+1 = next time point. “Between neg. peer events” = between-person component of number of negative peer events. “Within
neg. peer events” = within-person component of number of negative peer events. TNF-a = TNF-a proinflammatory response. CrI = Credible Interval.
Effect estimates and CrIs are presented as log-odds.
a
Credible Intervals that do not cross zero are considered significant effects.
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Table 12. Main Effects Models of the Relation Between Exclusion Severity and Suicidal Ideation Intensity at the Same Time
Point and Next Time Point
Dependent variable
Fixed effects

Suicidal ideation intensity at T
b
.137
-.0005
.006
.037

SE

.0004
.007**
.777
.059†

b
.127
-.0004
.016
-.003

95% CI (b)
.039
[.052, .203]
.0002 [-.001, .00003]
.023
[-.029, .061]
.008
[-.019, .013]

.484

-.004

.005

95% CI (Variance)

Variance

SD

95% CI (Variance)

[.027, .067]
[.006, .018]
[.340, .368]

.044
.0003
.379

.209
.016
.616

[.025, .071]
[.00004, .001]
[.363, .396]

.037
.0002
.022
.019

95% CI (b)
[.067, .208]
[-.001, -.0001]
[-.037, .050]
[-.001, .073]

.008

.012

[-.014, .031]

Random effects

Variance

SD

Intercept
Within exclusion
Residual

.044
.011
.354

.210
.110
.590

Intercept
Time (observation)
Between exclusion
Within exclusion
Between exclusion by
within exclusion

Suicidal ideation intensity at T+1
p
***

SE

[-.014, .006]

p
.002**
.068†
.499
.660
.456

Note. T = same time point. T+1 = next time point. “Between exclusion” = between-person component of exclusion severity. “Within exclusion” =
within-person component of exclusion severity. CI = Confidence Interval.
†
p < .10
* p < .05
** p < .01
*** p < .001
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Table 13. Models of the IL-6 Response as a Moderator of the Relation Between Exclusion Severity and Suicidal Ideation
Intensity at the Same Time Point and Next Time Point
Dependent variable

Suicidal ideation intensity at T+1a

Suicidal ideation intensity at T
.0006
.007**
.621
.596
.058†
.628

b
.131
-.0003
.029
-.002
-.003
.002

[-.030, .057]

.562

.002

[-.005, .004]

.001

.003

[-.005, .007]

Random effects

Variance

SD

Intercept
Within exclusion
Residual

.046
.012
.354

.214
.108
.595

Fixed effects
Intercept
Time (observation)
Between exclusion
IL-6 response
Within exclusion
Between exclusion by IL-6
Within exclusion by
between exclusion
Within exclusion by IL-6
Within exclusion by
between exclusion by IL-6

b
.142
-.0005
.020
-.002
.039
.003

SE
.038
.0002
.040
.004
.020
.005

95% CI (b)
[.069, .216]
[-.001, -.0001]
[-.057, .097]
[-.011, .006]
[.001, .076]
[-.008, .013]

.013

.023

-.0008

p

SE

p

.041
.0002
.042
.004
.008
.006

95% CI (b)
[.054, .208]
[-.001, .00005]
[-.050, .108]
[-.011, .006]
[-.019, .014]
[-.008, .013]

.002**
.086†
.489
.622
.735
.668

-.014

.010

[-.034, .006]

.178

.736

.001

.001

[-.001, .003]

.316

.750

-.166

.001

[-.004, .001]

.231

95% CI (Variance)

Variance

SD

95% CI (Variance)

[.026, .067]
[.006, .017]
[.340, .368]

.046
.0002
.379

.214
.016
.616

[.025, .069]
[.00002, .001]
[.363, .396]

***

Note. T = same time point. T+1 = next time point. “Between exclusion” = between-person component of exclusion severity. “Within exclusion” =
within-person component of exclusion severity. IL-6 = IL-6 proinflammatory response. CI = Confidence Interval.
a
Model resulted in a singular fit.
†
p < .10
* p < .05
** p < .01
*** p < .001
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Table 14. Models of the TNF-a Response as a Moderator of the Relation Between Exclusion Severity and Suicidal Ideation
Intensity at the Same Time Point and Next Time Point
Dependent variable

Suicidal ideation intensity at T+1a

Suicidal ideation intensity at T
.0005***
.006**
.559
.748
.057†
.581

b
.131
-.0003
.051
-.375
-.0005
.009

[-.011, .066]

.179

.004

[-.011, .006]

.005

.004

[-.003, .013]

Random effects

Variance

SD

Intercept
Within exclusion
Residual

.046
.011
.354

.215
.106
.595

Fixed effects
Intercept
Time (observation)
Between exclusion
TNF-a response
Within exclusion
Between exclusion by TNF-a
Within exclusion by between
exclusion
Within exclusion by TNF-a
Within exclusion by between
exclusion by TNF-a

b
.140
-.0005
.021
-.003
.038
.004

SE
.038
.0002
.036
.008
.019
.008

95% CI (b)
[.069, .212]
[-.001, -.0001]
[-.048, .091]
[-.018, .013]
[.0004, .074]
[-.010, .019]

.028

.020

-.002

p

SE

p

.039
.0002
.038
.008
.008
.008

95% CI (b)
[.056, .205]
[-.001, .00005]
[-.022, .124]
[-.019, .012]
[-.017, .016]
[-.006, .025]

.002**
.086†
.191
.653
.954
.251

-.021

.010

[-.040, -.001]

.066†

.574

.002

.002

[-.002, .006]

.319

.238

-.004

.002

[-.008, .00001]

.075†

95% CI (Variance)

Variance

SD

95% CI (Variance)

[.027, .068]
[.006, .017]
[.340, .368]

.045
.0003
.379

.212
.016
.616

[.024, .067]
[.00003, .001]
[.363, .395]

Note. T = same time point. T+1 = next time point. “Between exclusion” = between-person component of exclusion severity. “Within exclusion” =
within-person component of exclusion severity. TNF-a = TNF-a proinflammatory response. CI = Confidence Interval.
a
Model did not converge and thus, estimates cannot be interpreted.
†
p < .10
* p < .05
** p < .01
*** p < .001
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APPENDICES

Appendix A: Recruitment Diagram
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Appendix B: Safety Protocol
Eligibility Screening Phase Safety Protocol
Responses to the eligibility screening were reviewed every 24 hours, paying
particular attention to the suicidal ideation item (“In the past month, I wished I was dead
or wished I could go to sleep and not wake up”). Participants who were eligible for the
full study were those who responded positively to this statement (i.e., rarely, sometimes,
often, or always). These participants were contacted immediately to schedule their
laboratory visit, where more thorough assessment for suicidality occurred. Eligible
screening participants who responded often or always to the suicidal ideation item were
referred to the George Mason University (GMU) Student Support and Advocacy Center
(SSAC) for assistance with connecting to support services immediately after their
screening survey was received; those who responded rarely or sometimes were referred to
GMU SSAC if they did not respond to lab visit scheduling emails within two weeks of
their screening survey completion. Screening participants who either were eligible but
chose to not continue with the full study or who met other exclusion criteria (but
responded positively to the suicidal ideation item) were also referred to GMU SSAC. All
screening participants were made aware that they could be referred to GMU SSAC at the
time of consent. All screening participants referred to GMU SSAC were also provided
with a list of therapeutic support services and crisis resources via email.
Laboratory Visit Safety Protocol
The laboratory visit safety protocol was designed in consultation with the
Columbia Protocol triage and risk identification guidelines for emergency departments

94

(The Columbia Lighthouse Project, 2016; https://cssrs.columbia.edu/). This protocol and
procedure were designed by suicide experts at Columbia University and is considered the
gold standard in suicide risk assessment, used widely in research and clinical practice
across the United States. The Columbia Suicide Risk Severity Scale (C-SSRS) was used
to assess suicidal ideation over the past month (as well as lifetime) and suicidal behaviors
over the past three months (as well as lifetime) during the laboratory visit. A severity of
ideation score is derived based on five items corresponding to thoughts about death
(score = 1), suicidal ideation (score = 2), thoughts about a suicide plan (score = 3),
suicidal intent (to follow through on suicidal thoughts; score = 4), and suicide plan (score
= 5). Suicidal behavior corresponds to a report of preparatory acts toward a plan or a
suicide attempt.
Participants who endorse any severity of ideation item on the C-SSRS (score = 15), which is an inclusion criterion for the laboratory and EMA portions of the study, or
any suicidal behavior on the C-SSRS were referred to GMU SSAC, as well as provided
with resources for support services. Of note, any participants who were referred to GMU
SSAC during the screening phase (prior to attending their lab visit) were not referred a
second time; however, for these participants, GMU SSAC was provided with
confirmation of their lab visit attendance and any notable additional information from the
C-SSRS (e.g., history of suicidal behavior). Further, consistent with the C-SSRS triage
guidelines, participants whose highest severity of ideation score was a 3, 4, or 5 on the CSSRS (corresponding to suicidal ideation with some thoughts about a suicide plan and/or
intent) and/or (as outlined prior to data collection) who reported suicidal behavior
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(corresponding to an actual, interrupted, or aborted attempt, or preparatory acts or
behavior) in the past three months received a “warm handoff call” to GMU Counseling
and Psychological Services (CAPS; i.e., study staff called CAPS with a referral for the
participant) with the participant present (of note, no participants endorsed suicidal
behavior in the past three months). During this call, the CAPS clinician conducted a brief
assessment to determine if more immediate assessment is needed (e.g., by Mobile Crisis).
The protocol as outlined prior to data collection was also such that in the event of suicidal
behavior in the past 24 hours, regardless of what was endorsed on the C-SSRS, a call to
emergency services (Mobile Crisis, 911) would be made; however, no participants
endorsed past 24-hour suicidal behavior. All laboratory visits were scheduled while
CAPS was open.
EMA Survey Period Safety Protocol
Suicidal thoughts and behaviors were assessed with a different set of items during
the EMA period. Participants provided a yes/no response to three items, corresponding to
presence vs. absence of thoughts of death/killing self, making a plan, and making a
suicide attempt. Participants also provided two separate 0 (not at all) - 10 (very high/very
much) ratings corresponding to suicidal ideation intensity and suicidal intent. Participants
who provided a yes or non-zero response to any suicide item on the EMA survey received
the below software-generated pop-up message with information regarding campus
resources, crisis hotlines, and other local services. This pop-up message was built into the
MetricWire app software and only ever received by the participant. This procedure was
selected for its successful use in another study funded by NIMH.
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Study personnel reviewed the research data every 24 hours to assess for increased
risk to participant safety. Participants were informed that study personnel would contact
them to further evaluate their safety under two conditions: (1) the participant reports a
suicide attempt (endorses presence of an attempt on the suicidal behavior item); or (2) the
participant reports a suicidal intent rating score at or above a 5 (50% or greater) on the 010 scale. The protocol as outlined prior to data collection was such that under these
conditions, the PI would send the participant a text message to let the participant know
that the PI would be calling in the next five minutes. The PI would then call the
participant to facilitate a warm handoff via three-way call to GMU CAPS. During this
call, CAPS would determine the necessity of a call to Mobile Crisis or emergency
services. If the participant did not respond to the call, a second text message would be
sent within one hour. If the participant could be reached within 24 hours, the PI would
contact the GMU police for a welfare check.
Of note, no participants reported a suicide attempt or a suicidal intent rating score
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at or above a 5. As highlighted in the safety protocol prior to data collection, it is possible
that taking action when a participant reports increased risk to safety could bias
participants’ responding to questions about suicidal thoughts and behaviors. However, in
these instances, introducing the chance for bias reduces the risk of negative outcomes that
might be associated with not taking further action when participants are at increased risk
for suicidal behaviors.
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Appendix C: EMA Surveys
Peer-Related Events
“Peer” means a friend, classmate, or significant other.
Since your last survey, have you...
*1. ... argued with a peer?
*2. ... been harassed or picked on by a peer (in person or online)?
*3. ... been left out of a conversation that your peers were having?
*4. ... been left out of an activity that your peers were doing?
*5. ... overheard or was told that a peer was talking badly about you?
*6. ... been ignored by a peer?
7. ... spent time hanging out with a peer?
8. ... done a fun activity with a peer?
9. ... been invited to a party by a peer?
10. ... had a peer stick up for you?
11. ... been complimented by a peer?
12. ... received positive attention (likes/comments) from peers on a social
media post?
*13. ... had any other interaction with peers that didn’t feel so good?
14. ... had any other interaction with peers that felt good?

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No
No
No
No
No

Yes
Yes

No
No

* denotes negative peer events item included in the total negative peer events score

Suicidal Thoughts and Behaviors
Since your last survey, have you...
1. ... had thoughts about death or killing yourself?
Yes
No
If Yes, go to 1A-1C
If No, go on to item 2

1A. When did the thought first occur? _______ minutes/hours ago
1B. How intense was the thought?
(not at all)
0 1
2
3
4

5

6

7

1C. How much did you really intend to be dead or kill yourself?
(not at all)
0 1
2
3
4
5
6
7

8

(very much)
9
10

8

9

1D. Did the thought occur while you were trying to fall asleep last night?
[Only appears on first survey of the day]

Yes, at the start of the night
Yes, while awake in the middle of the night
No
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(very much)
10

2. ... considered a plan for killing yourself?
Yes
No
3. ... tried to kill yourself?
Yes
No
4. ... tried any coping strategies? (select any/all you have tried)
a. Watched TV/movie/videos
b. Went on computer/tablet/phone
c. Talked to someone
d. Went to sleep
e. Changed thoughts
f. Distracted self
g. Listened to music
h. Went out
i. Work/homework
j. Other ________________________________

Affect Ratings
Since your last survey, how strongly have you felt...
(not at all)
1. ... happy?
0 1
2. ... sad?
0 1
3. ... angry?
0 1
4. ... nervous?
0 1
5. ... included?
0 1
6. ... excluded?
0 1
7. ... distressed?
0 1
8. ... lonely?
0 1
9. ... hopeless?
0 1

(very strongly)
2

3

4

5

6

7

8

9

10

2

3

4

5

6

7

8

9

10

2

3

4

5

6

7

8

9

10

2

3

4

5

6

7

8

9

10

2

3

4

5

6

7

8

9

10

2

3

4

5

6

7

8

9

10

2

3

4

5

6

7

8

9

10

2

3

4

5

6

7

8

9

10

2

3

4

5

6

7

8

9

10
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Appendix D: Study 2 Additional Analyses
An additional aim of the original dissertation study 2 was to examine the impact
of exclusion severity on suicidal intent. Specifically, we hypothesized: (1) the severity of
exclusion during peer-related stressors would be positively associated with severity of
suicidal intent at the same time point and next time point; and (2) the relation between
exclusion severity and suicidal intent would be particularly strong for those with a greater
proinflammatory response. However, in addition to the low rate of suicidal ideation
endorsement, the suicidal intent variable was restricted in range.
The suicidal intent variable was recoded in the same manner as suicidal ideation
severity (i.e., rescaled from 0-10 to 1-11, then recoded such that observations in which
participants reported an absence of suicidal ideation were coded as 0). The random effect
for level 1 exclusion severity was examined in both the main effects and moderation
multi-level models (MLMs). In all models, results demonstrated that there was betweensubject variability in the effect of within-subject changes in exclusion severity on suicidal
intent at the same time point (Variance = .002, 95% CI [.001, .003]) and the next time
point (Variance = .0004, 95% CI [.00003, .001]).
Results of the MLMs to examine hypothesis 1 demonstrated that exclusion
severity was not associated with suicidal intent at either the same time point (b = .01, p =
.12, 95% CI [-.003, .03]) or the next time point (b = .001, p = .91, 95% CI [-.01, .01]) at
the within-subject level. Likewise, exclusion severity was not associated with suicidal
intent at either the same time point (b = .002, p = .91, 95% CI [-.02, .02]) or the next time
point (b = .003, p = .76, 95% CI [-.02, .03]) at the between-subjects level.
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Results of the MLMs to examine hypothesis 2B are presented by proinflammatory
cytokine (i.e., IL-6 response and TNF-a response). The IL-6 response was not associated
with suicidal intent in either models of the same time point (b = -.001, p = .72, 95% CI [.01, .003]) or the next time point (b = -.001, p = .68, 95% CI [-.01, .003]). Additionally,
the IL-6 response did not moderate the relation between exclusion severity and suicidal
intent at the same time point at the within-subject level (b = .0001, p = .93, 95% CI [.002, .002]). Similarly, the IL-6 response did not moderate the relation between exclusion
severity and suicidal intent at the same time point at the between-subject level (b = .001,
p = .59, 95% CI [-.003, .01]).
The model examining the IL-6 response as a moderator for the relation between
exclusion severity and suicidal intent at the next time point did not converge. Lack of
convergence indicates that the maximum of the log-likelihood function cannot be reliably
determined, and can occur when MLMs are too complex (Brauer & Curtin, 2018). As
such, parameter estimates cannot be interpreted further.
The TNF-a response also was not associated with suicidal intent in either models
of the same time point (b = -.001, p = .82, 95% CI [-.01, .01]) or the next time point (b =
-.002, p = .65, 95% CI [-.01, .01]). The TNF-a response did not moderate the relation
between exclusion severity and suicidal intent at either the same time point (b = -.0001, p
= .93, 95% CI [-.004, .003]) or the next time point (b = -.0001, p = .97, 95% CI [-.002,
.002]) at the within-subject level. Likewise, the TNF-a response did not moderate the
relation between exclusion severity and suicidal intent at the same time point (b = .001, p
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= .70, 95% CI [-.01, 01]) or the next time point (b = .002, p = .60, 95% CI [-.01, .01]) at
the between-subjects level. In sum, the proinflammatory response was not associated
with suicidal intent, and it did not moderate the relation between exclusion severity and
suicidal intent.
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