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Abstract

Tracking Emotion Lability and Intensity after Hospital Discharge:

A Daily Diary Study of Suicidal Teens

Katherine M. Tezanos

Suicidal thoughts and behaviors are important public health concerns and suicide is the
second leading cause of death among adolescents in the United States (CDC, 2019). The months
following hospital discharge mark an increased period of risk for suicidal thoughts and behaviors
recurrence. During this elevated risk period, the first month following discharge is a particularly
high-risk period for suicide death (Meehan et al., 2006). Despite this known high-risk period, the
processes that place an individual at increased risk during this time are not well understood.
Emotion intensity and lability are known risk factors for suicidal ideation, and are
demographically salient risk factors among adolescents. Historic methodologies for assessing
emotion intensity and lability rely on long-term retrospective self-report questionnaires and
interviews which fail to capture the variability of these risk factors that are known to fluctuate on
a daily to hourly basis. The present study implemented ecological momentary assessment (EMA;
a methodology for repeatedly assessing variables in real time), to study both positive and
negative emotion intensity and lability among adolescents during the first month following
discharge from psychiatric hospitalization. The current study sought to compare the power of
traditional baseline assessments of emotions to that of EMA in the prediction of intensity and
recurrence of suicidal ideation at 1- and 4-months post hospitalization. Forty-five adolescents
(12-18 years; M= 15.85; SD= 1.58) psychiatrically hospitalized due to a suicide risk were

recruited from an inpatient unit in a larger treatment development study. Adolescents completed



interviews and self-reports to assess demographic variables, baseline emotion characteristics, and
history of suicidal thoughts and behaviors at baseline. Following discharge, participants
completed one month of daily EMA surveys, in which adolescents were asked to rate the extent
to which they felt positive and negative emotions in the moment. Adolescents then completed a
follow-up survey at 1-month and 4-months post discharge to assess recurrence and intensity of
suicidal ideation. We found that positive and negative emotions at baseline did not significantly
predict suicidal ideation recurrence or intensity at either of the study follow-ups. High intensity
of negative emotions as assessed via EMA was significantly associated with more intense
suicidal ideation severity at both 1- and 4- months post discharge, even after controlling for
baseline suicidal ideation intensity and depressive symptoms. Assessing emotions on a daily
basis provided stronger prediction models of suicidal ideation intensity in the months following
hospital discharge compared to traditional methods of assessment. Limitations and future

directions are discussed.
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Introduction

Suicidal thoughts and behaviors are major public health concerns for youth in the United
States and globally. In the United States, suicide is the second leading cause of death among
youth ages 10-24 years, with nearly 14,000 deaths annually attributed to suicide in this age range
(Centers for Disease Control and Prevention, 2019). Suicidal ideation, a common precursor to
suicide attempts and death by suicide, tends to emerge during this developmental period with a
rapid increase from early to late adolescence (Brent et al., 1999; Cash & Bridge, 2009; Gould et
al., 1996; Nock et al., 2013; Pelkonen & Marttunen, 2003). The rates of suicide death follow a
similar trajectory. The average crude rate of suicide death from 2007-2017 among female and
male youth ages 7-10 years old was 0.09 per 100,000, the rate for youth ages 11-14 years was
nearly 22 times higher at 1.96 per 100,000, and the rate for youth ages 15-18 was four times
higher at 7.72 per 100,000 (CDC, 2019).

Despite this clearly defined critical developmental trajectory for suicide risk, there
remains a gap in our understanding about the processes that lead to suicidal thoughts and
behaviors as well as in our ability to predict suicide in this age range. A meta-analysis of all
longitudinal papers studying suicidal thoughts and behaviors yielded discouraging statistics on
the state of the literature, with authors reporting most “successful” risk factors performed only
slightly better than chance at identifying suicide risk (Franklin et al., 2017). Additionally, fewer
than 25% of the extant literature included adolescent samples, and greater than 70% of these
studies were from general (i.e., non-clinical) samples that examined diagnostic or
sociodemographic predictors (Franklin et al., 2017). This seminal meta-analysis revealed
important methodological limitations in the study of suicide. To date, most studies of suicide risk

typically involve community-based (i.e., non-clinical) samples and collect data of



sociodemographic and/or clinical characteristics in the form of retrospective self-report
questionnaires or interviews administered months or even years before and/or after the suicidal
thoughts and behaviors have occurred (Glenn & Nock, 2013). Assessing transdiagnostic and age-
specific risk factors as they occur in real time could significantly enhance our understanding of
the complex processes of risk as they happen in the lived lives of adolescents. Principally, the
field is in need of more adolescent-specific, transdiagnostic studies among clinical samples
applying novel data collection methodologies that enhance the temporal sensitivity with which
we assess suicide risk, such as ecological momentary assessment.

In the current study, we sought to better understand risk for suicidal ideation among
adolescents by tracking emotional lability and intensity during a known high-risk period using
both retrospective self-report data and ecological momentary assessment. Specifically, we tested
whether intensity of positive and negative emotions as reported using retrospective self-report at
baseline were predictive of recurrence and intensity of suicidal ideation at 1- and 4-months
following hospital discharge (Aim 1). We also tested whether daily measures of emotion
intensity and lability as assessed using ecological momentary assessment predicted the
recurrence and intensity of suicidal ideation at the study follow-ups (Aim 2). Finally, we
compared traditional retrospective self-report measures of emotion intensity to daily ratings of
emotion intensity in terms of predictive utility of recurrence and intensity of suicidal ideation in
the months following hospital discharge (Aim 3). Findings from this study expand our
understanding of the emotional experiences of suicidal youth during the heightened risk period

following hospital discharge.



Chapter 1: Literature review

Below we review relevant literature on topics central to when, on what, and how we
focused our study aims. Accordingly, these include: (1) The high-risk period following hospital
discharge; (2) The intensity and lability of positive and negative emotions during adolescence;

and (3) Ecological momentary assessment (EMA) as a method to track emotions over time.

1.1 Heightened risk period following discharge from emergency services.

Identifying when a person is at risk for suicide is a complex and challenging endeavor.
Commonly tested risk factors are only slightly better than chance at predicting who will die by
suicide (Franklin et al., 2017). This is in part due to the nature of suicide as a multidetermined
phenomenon with risk and protective factors that change across real time, rendering study of the
risk processes incredibly challenging. Identifying who is at risk is further complicated by the fact
that suicidal thoughts and behaviors occur at relatively low base rates in the general population
(Nock et al., 2008), thus reducing our ability to study these life-threatening thoughts and
behaviors in the large scale capacity needed to identify the most salient and meaningful risk
factors.

To date, most extant research on the etiology and determinants of suicidal thoughts and
behaviors has been conducted with non-psychiatric, community-based samples (70%; Franklin et
al., 2017). While community-based samples increase generalizability of findings to a larger
group of individuals, they are often unable to assess high-risk suicidal thoughts and behaviors
outcomes due to the fact that suicidal thoughts and behaviors typically do not present as severe
or as often in community samples as they do in clinical samples (Osman et al., 2001). By turning

scientific attention to higher risk windows of time during which suicidal thoughts and behaviors



are more likely to occur, researchers may be able to further and more meaningfully elucidate the
processes of risk.

The months following hospital discharge mark an increased period of risk for recurrence
of suicidal ideation, suicide attempt, and death by suicide (King et al., 1995; Meehan et al., 2006;
Prinstein et al., 2008), and thus presents a prime window to study acute suicide risk, as there is a
high likelihood for recurrence of suicidal thoughts and behaviors during this period of time. In
the general population, approximately 6.9% of adolescents made a suicide attempt within the
past year (Cash & Bridge, 2009), while studies estimate that among suicidal adolescents
presenting to hospital based services, approximately 7—18% made a suicide attempt within the
first 6 months after discharge (Goldston et al., 1999; King et al., 1995; Prinstein et al., 2008; Yen
et al., 2013). Nearly 40% of individuals who died by suicide in a ten-year period of time made a
visit to an emergency department during the year prior to their death (Meehan et al., 2006).
During this elevated risk period, the first month following discharge is a particularly high risk
period for suicide death (Meehan et al., 2006).

Thus, focusing research towards understanding the processes that place an individual at
heightened risk immediately following hospitalization may yield important data on when and on
what to intervene. Despite our knowledge that the period following hospital services marks a
heightened risk period for recurrence of suicidal thoughts and behavior, the processes that place
an individual at increased risk during this time are not well understood. While there has been a
well-established collection of demographic and clinical risk factors (e.g., persistent and high
depressed mood, negative cognitive style, hopelessness, anhedonia, past history of attempts,
older age; Cha et al., 2018; Consoli et al., 2015; Gould et al., 2003; King et al., 1995; Links et

al., 2012; Steele et al., 2018), these risk factors have been shown to be minimally predictive of



suicidal thoughts and behaviors outcomes (Franklin et al., 2017), and are not specific to the
unique period following discharge nor the developmental challenges and changes that occur
during adolescence. For instance, emotion lability (which will be discussed further, see Section
2), has been associated with both adolescent development (Larson et al., 2002a) and increased
risk of suicide attempt (Rizk et al., 2019), and may be important to study during the heightened
risk period following hospitalization.
1.2 Emotion Intensity and Lability During Adolescence

Adolescence is a particularly vulnerable time for developing suicidal thoughts and
behaviors due to cognitive and emotional processes that develop and unfold during this time. In
the present proposal we refer to emotional processes as affective experiences that are either
positive (i.e., pleasant) or negative (i.e., unpleasant) in valence (Fredrickson & Losada, 2005).
Studying emotional processes during adolescence may be particularly important for
understanding vulnerability and risk factors for suicidal thoughts and behaviors. This is because
emotion expression and experience changes rapidly from childhood through adolescence (Larson
et al., 2002a; McLaughlin et al., 2015) and this change coincides with the onset of suicidal
thoughts and behaviors which typically begin to emerge around 12 years of age (Nock et al.,
2013). Specifically, during the transition from childhood through adolescence there is a marked
decrease in positive affect (Weinstein et al., 2007) and increase in negative affect (Larson &
Lampman-Petraitis, 1989). Compared with children and adults, adolescents generally experience
more intense emotions in both positive and negative valences (Larson et al., 2002). Experience
of intense emotions has been associated with lower levels of well-being and negative

interpersonal interactions (Flook, 2011; Larson et al., 2002).



Emotional processes, both positive and negative in valence, have been implicated in a
myriad of mental health disorders. Below we expand on the specific and potentially unique roles
of both negative and positive emotions in suicide risk.

Role of Negative Emotions in Suicide Risk. Negative affect refers to the extent to
which an individual reports feeling “upset or unpleasantly aroused” (Watson & Tellegen, 1986).
Negative affect has been implicated in leading suicide theories as a risk factor for both
developing and maintaining suicidal thoughts and behaviors (e.g., Integrated Motivational-
Volitional Model, O’ Connor & Kirtley, 2018, Interpersonal Theory of Suicide, Van Orden et al.,
2010, Cognitive Model of Suicidal Behavior, Wenzel & Beck, 2008). For instance, the
Integrated Motivational-Volitional Model proposes that negative affect increases sensitivity to
feelings of defeat and entrapment, which increase thoughts of suicide and self-injury. Highly
intense negative affect has been shown to prospectively predict suicide ideation among
adolescents (Esposito et al., 2003; Langhinrichsen-Rohling et al., 2004; Peters et al., 2019).
Negative affect has been documented as a precursor to both suicide attempt (Neacsiu et al.,
2018) and nonsuicidal self-injury (Klonsky, 2007). In both cases, the suicidal and non-suicidal
behaviors are typically conceptualized as a means to reduce negative affect. Indeed, in
retrospective studies, negative affect has been shown to decrease following engagement in these
behaviors (Armey et al., 2011), thus serving to both maintain and reinforce the behaviors over
time. Suicidal thoughts have also been shown to be similarly reinforcing, such that experiencing
suicidal thoughts appears to decrease negative mood and increase positive mood (Kleiman et al.,
2018).

Role of Positive Emotions in Suicide Risk. Positive affect refers to the extent to which

an individual reports feeling content or pleasantly aroused (Watson & Tellegen, 1986). There is



debate as to the extent to which positive and negative affect are independent affective states or
simply two ends on a bipolar spectrum, and thus can only be experienced in direct relationship to
an increase or decrease in the other (Diener et al., 1985; Feldman Barrett & Russell, 1998;
Watson & Clark, 1997). In the present study, we draw on evidence that positive and negative
affect can be experienced independently and simultaneously of one another (Watson & Clark,
1997), thus warranting individual study. Though understudied in the context of suicide risk,
recent research has demonstrated a unique and significant link between low positive affect and
concurrent (Esposito et al., 2003) and prospective (Peters et al., 2019; Yen et al., 2013) suicidal
thoughts and behaviors among adolescents, in a way that is not accounted for by negative affect.
Additionally, low levels of positive affect (versus high levels of negative affect) have been
shown to be related to higher levels of hopelessness and anhedonia (Craske et al., 2019;
Duberstein et al., 2001), which are established risk factors for suicidal thoughts and behaviors.
Positive affect may be an especially important protective factor, as research among suicidal
individuals has indicated that higher levels of positive affect are associated with enhanced
problem solving abilities and reduced suicide risk over time (Joiner et al., 2001).

Lability of Negative and Positive Emotions. Just as emotional states vary by valence,
they also vary by intensity and degree of change. These variations in emotion intensity, referred
to as emotion /lability, are also implicated in myriad mental health concerns and are more
prevalent during adolescence.

Adolescence has been characterized as a period of “storm and stress” due to the emotion
lability and intensity and ensuing conflicts that arise during this time (Casey et al., 2010; Hall,
1904). Research has uncovered a neurobiological basis for this, which has been attributed to the

discrepancy in the maturation of the limbic system and the prefrontal cortex (Casey et al., 2010).



By adolescence, the limbic system, which is associated with emotional experience, reaches
maturation, while the prefrontal cortex, thought to provide regulation over emotional
experiences, remains underdeveloped (Casey et al., 2010). Taken together, this differential
maturation may explain why adolescents experience higher levels of emotion intensity and
variability as well as engage in more risk-taking behaviors as a consequence of deficits in
emotion regulation (Casey et al., 2010).

Through experience-sampling studies, it has been demonstrated that adolescents
transition more rapidly through emotional states compared to children and adults (Larson et al.,
2002; Riediger et al., 2009). These more rapid transitions through emotion states are associated
with depression, more frequent negative interpersonal events, and poorer quality of life (Flook,
2011). Indeed, in one study, teens who reported more intense and labile emotions also reported
more depressive symptoms and problem behaviors (e.g., truancy, stealing, lying; Silk et al.,
2003). Thus, in addition to studying valence, studying the extent to which emotion lability may
confer risk is an especially important topic and is notably understudied in suicidal adolescents.

Specific patterns of both negative and positive emotion lability have been associated with
poor mental health outcomes. Beyond intensity of negative affect, research has shown that high
lability of negative affect is associated with depression, anxiety, and suicidal thoughts (Houben
et al., 2015; Palmier-Claus et al., 2012). Researchers suggest that experiencing large deviations
from a baseline state of emotion intensity may suggest weak or insufficient ability to adaptively
regulate emotions, causing general distress and potentially increasing the likelihood of engaging
in a maladaptive behavior to help regulate negative emotions (e.g., engaging in non-suicidal self-
injury; Brereton & McGlinchey, 2020; Wolff et al., 2019). Indeed, EMA work has found notable

differences between individuals with no mental health condition, Major Depressive Disorder,



and Bipolar Disorder based on the intensity and lability of affect with individuals in the Bipolar
group identifying more intense positive and negative affect (Gruber et al., 2013). As with
negative affect, lability of positive affect has also been linked with poor mental health outcomes
and lower levels of subjective well-being. Specifically, individuals who report low levels of
positive affect on average but experience high variability in their day-to-day experience of
positive affect intensity are at heightened risk for anxiety and depression (Houben et al., 2015).
This risk pattern may also be implicated in the processes of suicide risk. Additionally, there is a
line of research in the field of positive affect and well-being that posits that the ratio of positive
to negative affect is directly related to measures of flourishing and well-being (Fredrickson,
2013; Fredrickson & Losada, 2005). Individuals with higher proportions of positive to negative
affect report higher levels of well-being. Thus, adolescence may be an especially vulnerable time
for mental health concerns due to the overall trend of increased negative emotions and decreased
positive emotions associated with this developmental period.

In sum, adolescents experience a range of negative and positive emotions, and experience
these emotions both more intensely and with more lability than adults or children. Emotions are
known to vary over relatively short periods of time and the lability of these changes may confer
risk for poor mental health outcomes. Thus, it is important to study both the intensity and lability
of emotion experiences among adolescents as they are experienced in their lived lives to better
understand and clarify the day-to-day processes that may lead to suicide risk.

1.3 Novel Methodologies in Suicide Research

Traditionally the field of suicide research has primarily utilized retrospective self-report

questionnaires and interviews administered weeks, months, or even years before and/or after the

suicidal thoughts and behaviors have occurred (Glenn & Nock, 2013). This long-term,



retrospective study design has been employed largely due to ethical considerations involved in
studying suicide risk (e.g., unethical to purposefully induce suicidal thoughts in an experiment)
and the low base rate of suicidal behavior in the community. While this research has led to the
identification of many static and distal risk factors such as demographic and clinical
characteristics associated with heightened risk of suicidal thoughts and behaviors (e.g.,
hopelessness, identification as a sexual minority), relying on long-term, retrospective self-report
questionnaires and interviews to study suicide risk comes with several important limitations.
First, researchers risk obtaining inaccurate and misleading descriptions of past thoughts and
behaviors due to errors in memory (Bradburn et al., 1987; Tourangeau et al., 2000; Voogt et al.,
2013). Recent research in depression has shown that people often underreport past depressive
episodes, perhaps influencing the accurate reporting of prevalence rates (Kruijshaar et al., 2005;
Patten, 2003). Second, and perhaps most importantly, typical retrospective questionnaires ask
participants to self-report at one timepoint the intensity, frequency, and duration of the thoughts
and behaviors under study (Glenn & Nock, 2013). These static snapshots of the past likely fail to
capture the rich and dynamic experience of the risk factors for suicidal thoughts and behaviors as
they are experienced in the lived lives of participants. For instance, recent research has
demonstrated that suicidal thoughts and behaviors and their risk factors vary significantly over
very short periods of time (i.e., minutes to hours; Depp et al., 2017; Kleiman et al., 2017;
Kleiman & Nock, 2018). Additionally, data from daily diary studies of adolescents have revealed
that their emotional experiences are characterized by high variability in average rates of positive
and negative emotions compared to children and young adults (Larson et al., 2002), and further
when compared to daily ratings of emotional experiences, retrospective reports were found to

under or over report daily emotion ratings (Barrett, 1997). Additionally, suicidal thoughts and
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emotional experiences are complex process with components that are likely to reciprocally
interact with each other, “so that antecedents eventually become consequences and vice
versa” (Colombo et al., 2020, pg. 34). These findings serve to highlight the limited capacity of
traditional methods to capture the nuances of suicide risk. From research in the emotion and
affective processes literature, we know that emotions vary considerably over relatively short
periods of time (e.g., seconds to minutes; Houben et al., 2015), and that specific patterns of
variations over time in the intensity and lability of emotions convey risk for psychopathology
(Houben et al., 2015). Thus, through increasing the temporal sensitivity with which we assess
risk factors for suicidal thoughts and behaviors we may be able to better capture the complexities
that are characteristic of the risk processes associated with these life-threatening thoughts and
behaviors.

Ecological momentary assessment (EMA) is one tool that can increase the temporal
sensitivity of assessment. EMA allows researchers to repeatedly measure (often multiple times
per day) their constructs of interest in vivo. Because of the more frequent assessment that occurs
in EMA protocols, the time between the assessment and experience of the emotion, thought, or
behavior is much shorter; thus, limiting recall bias. EMA methodologies allow researchers to
collect data as close to the events they are interested in studying as possible. EMA is a grossly
underutilized tool in suicide research, especially among adolescents. While there is a growing
body of research for the study of nonsuicidal self-injury using EMA approaches (e.g., Santangelo
et al., 2017; Shingleton et al., 2013), to date, there has been only one study that examined
suicidal thoughts and behaviors among a community sample of adolescents (Nock et al., 2009),
and one among youth recently discharged from a psychiatric unit (Czyz et al., 2018). Nock,

Prinstein, and Sterba’s (2009) pioneering study revealed the contexts in which suicidal and
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nonsuicidal self-injury thoughts occur in the lived lives of teens such as when, where, and how
teens hurt themselves (e.g., most often when they are alone, and also when they are with friends
and peers, and less likely with family and strangers), while Czyz and colleagues (2018) found
that suicide ideation and its risk factors vary significantly from one day to the next. From these
initial studies we have learned that EMA is feasible and can provide detailed information about
risk processes in the daily lives of suicidal adolescents.

Indeed, in other areas of research, when comparing the predictive utility of EMA
methodologies to retrospective self-report, data suggest that while both forms of measurement
are correlated with one another and their outcomes of interest, data collected from EMA yield
stronger correlations to predicted outcomes and stronger prospective prediction models (e.g.,
episodes of bulimia; Anestis et al., 2010). Specifically, Anestis and colleagues (2010) found that
while both retrospective self-report and daily EMA ratings of affective lability were significantly
associated with scores on a measure of eating disorder pathology, daily ratings of affective
lability collected through EMA were more predictive of specific binge eating episodes than
retrospective self-report of affective lability. Authors concluded that EMA ratings captured real-
time variance of emotion lability which likely enhanced prediction of binge eating behaviors
compared to retrospective reports of affective lability. Similar studies comparing the predictive
utility of retrospective self-report to EMA collected data have yet to be conducted in the field of
suicide research. Given that suicidal thoughts and behaviors vary considerably across time, and
that their risk factors also vary across time, EMA may be a particularly strong tool to create more

finer grained depictions of risk.
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Chapter 2: Present Study

2.1 Aims and Hypotheses

The current study marks the first attempt to map the daily emotional experiences of
suicidal teens during the heightened risk period of their first month following hospital discharge.
The sample included 45 adolescents who were recruited from a psychiatric inpatient unit due to a
suicide related chief complaint and followed via EMA for one month following their discharge to
monitor intensity and lability of positive and negative emotions to determine their relationship
with recurrence and intensity of suicide ideation at one and four months following their
discharge. In the short term, this study contributes to the limited knowledge base of the patterns
of adolescent emotion intensity and lability during the first month following hospital discharge.
In the long term, this line of research has the potential to inform exactly when we can intervene
to help prevent suicidal thoughts and behaviors during the heightened risk period following
hospital discharge.

Aim 1. Assess whether baseline negative and positive emotion intensity predicted
suicidal ideation recurrence and intensity at 1- and 4- months post hospital discharge. /a.

We hypothesized that high intensity of negative emotions at baseline would be associated with

recurrence and intensity of suicidal ideation at follow-up. High intensity of negative affect has

prospectively predicted suicidal ideation among adolescents (Langhinrichsen-Rohling et al.,
2004; Peters et al., 2019; Spirito et al., 2003), and negative affect is commonly implicated in
leading suicide theories (e.g., Wenzel & Beck, 2008). We expected that adolescents’ high
intensity of negative emotions (i.e., anger, fear, sadness) at baseline would be associated with
higher likelihood of recurrence and intensity of suicide ideation at both 1- and 4-months post

discharge.
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1b. We hypothesized that low intensity of positive emotions at baseline would be

associated with recurrence and intensity of suicidal ideation at follow-up. Though suicide

research has predominantly assessed the role of negative affect in models of risk, recent research
has demonstrated a unique and significant link between low positive affect and prospective
suicidal thoughts and behaviors (Hirsch et al., 2007; Rojas et al., 2015; Yen et al., 2013).
Specifically, research has demonstrated that positive affect is a unique and robust predictor of
future suicidal ideation among adolescents, and remains significant when controlling for negative
affect and psychiatric characteristics associated with suicide risk (Yen et al., 2013; Rojas et al.,
2015). In the current study, we expected that low levels of positive emotions (i.e., happy, serene,
grateful) at baseline would be associated with higher likelihood of recurrence and intensity of
suicide ideation at both 1- and 4-months post discharge.

lc. When combining both models, we expected that low intensity of positive emotions

would continue to significantly predict the recurrence and intensity of suicidal ideation at

follow-up. There is budding evidence that low positive affect explains significant variance in
models of suicide risk prediction. Specifically, low positive affect has been shown to add
incremental explanatory power in predicting future suicidal ideation in adolescent samples when
controlling for negative affect and other common risk factors for suicide (Rojas et al., 2015; Yen
et al., 2013). Thus, we expected that low positive affect would remain a strong predictor of
suicide ideation recurrence and intensity at follow-up, even after controlling for negative affect.

1d. We hypothesized that adolescents with lower ratios of positive to negative affect

would be more likely to experience suicide ideation recurrence and report higher levels of

suicide ideation intensity. Research has shown than individuals with higher ratios of positive to

negative affect report higher levels of well-being and flourishing (Fredrickson & Losada, 2005).
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We expected that adolescents with higher ratios of positive to negative emotions (i.e., they
experience stronger positive emotions than negative) would be less likely to report suicidal
ideation recurrence and lower levels of suicidal ideation intensity at the study follow-ups.

Aim 2. Assess whether emotion intensity and lability assessed daily during the post
discharge period prospectively predicted recurrence and intensity of suicidal ideation at 1-
and 4-months following hospital discharge. Recent research demonstrates that both negative
and positive emotions vary significantly in terms of lability and intensity on a daily basis
(Kleiman et al., 2017) and that particular patterns of variations are more significantly related to
negative mental health outcomes and suicidal thoughts and behaviors (e.g., Larson et al., 2002;
Yen et al., 2013). In the current study, we assessed negative (i.e., anger, fear, sadness) and
positive (i.e., happy, serene, grateful) emotions using EMA methodologies during the first month
following psychiatric inpatient hospitalization, in order to identify patterns of emotional
experience that may confer risk for future recurrence of suicidal ideation.

2a. We expected that high intensity and high lability of negative emotions would confer

risk for suicidal ideation recurrence and intensity. Negative affect is a commonly implicated risk

factor for suicidal thoughts and behaviors in leading suicide theories (e.g., Wenzel & Beck,
2008). High intensity and high lability of negative affect are implicated in a number of mental
health outcomes, including depression and anxiety (Houben et al., 2015). High intensity and
lability in negative affect have also prospectively predicted suicidal ideation and suicide attempts
among adolescents (Langhinrichsen-Rohling et al., 2004; Spirito et al., 2003), and thus we
expected in the current sample that high intensity and lability of negative affect would

prospectively predict future suicidal ideation.
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2b. We expected that low intensity and high lability of positive emotions would confer

risk for suicide ideation recurrence and intensity. Low positive affect is predictive of prospective

suicidal thoughts and behaviors in adolescent and adult samples (Hirsch et al., 2007; Rojas et al.,
2015; Yen et al., 2013). Recent research has demonstrated that particular patterns in the
experience of positive affect over time are related to poor mental health outcomes. Specifically,
low levels of average positive affect intensity, coupled with high variability of intensity around
the average have been linked to depression, anxiety, and low psychological well-being (Houben
et al., 2015). Thus, we expected that adolescents with low positive affect on average, yet with
high variability in the intensity of positive affect across time would be at greater risk for
recurrence and higher intensity of suicidal ideation at follow-up.

2¢c. When combining both models, we expected that low intensity and high lability of

positive emotions would continue to significantly predict suicidal ideation recurrence and

intensity at follow-up after controlling for negative affect. Research suggests that positive and

negative affect are independent emotion states that can be experienced simultaneously (versus
two ends on a bipolar spectrum e.g., Diener et al., 1985; Feldman Barrett & Russell, 1998;
Watson & Clark, 1997). Specifically, low positive affect has been shown to add incremental
explanatory power in predicting future suicidal ideation and behaviors in adolescent samples
over time when controlling for negative affect and other common risk factors for suicide (Rojas
etal., 2015; Yen et al., 2013). The current study is the first to assess daily ratings of positive and
negative emotion experiences in the context of suicide risk, and thus allows us to extend the
limited body of research in the area.

2d. We hypothesized that adolescents with lower ratios of positive to negative affect

across time would be more likely to experience suicidal ideation recurrence and report higher
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levels of suicidal ideation intensity. Research has shown than individuals with higher ratios of

positive to negative affect report higher levels of well-being and flourishing (Fredrickson &
Losada, 2005). We expected that adolescents with higher ratios of positive to negative emotions
across the EMA period would be less likely to report recurrence of suicidal ideation and would
report lower levels of suicidal ideation intensity at the 1- and 4- month follow-ups.

Aim 3. Compare the predictive utility of daily ratings of positive and negative
emotion lability and intensity to baseline assessments of emotion intensity on suicide

ideation recurrence and intensity. We expected that emotion ratings from daily assessments

would outperform baseline assessments of the same emotions in predicting suicidal ideation

recurrence and intensity at follow-up. Research has shown that individuals retrospectively

overestimate both positive and negative affect when comparing momentary reports with
retrospective ratings (Barrett, 1997; Mill et al., 2016), thus overinflating or underinflating
retrospective experiences. In other words, participants’ retrospective ratings of emotion are
influenced by their perceptions of their emotional life and when compared to daily ratings yield
inaccurate representations of actual daily lived emotion states. In addition to a more accurate
depiction of emotion states, tracking emotion lability on a daily basis may yield a richer and
more predictive model of risk, given the body of literature that proposes both variability and
intensity of emotion experiences contribute to risk. Indeed, in other areas of research, when
comparing the predictive utility of EMA methodologies to retrospective self-report, data suggest
that while both forms of measurement are correlated with one another and their outcomes of
interest, data collected from EMA yield stronger correlations to predicted outcomes and stronger
prospective prediction models (e.g., episodes of bulimia, Anestis et al., 2010). Thus, we expected

that assessments that are both closer to the experience of an emotion and reflect the natural
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lability of emotions over time would yield more accurate information and thus have higher utility

in predicting future suicidal thoughts.
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Chapter 3: Method

3.1 Study Design

The present study sought to address the aforementioned aims utilizing existing data that
were collected in the open trial and randomized control trial phases of a treatment development
study (more information on the treatment below). In Phase 1, which was an open trial (n=20), all
participants were assigned to the treatment condition. In Phase 2, which was a randomized
control trial (RCT; n=50), participants were randomly assigned to either the aforementioned
treatment condition (n=25) or to treatment as usual (TAU; n=25). Data from the present study
were drawn from all Phase 1 participants (hereafter referred to as subsample 1) and only those
assigned to the treatment condition in Phase 2 (hereafter referred to as subsample 2; rationale for
excluding the TAU group is provided below). Thus, a total of 45 adolescents (hereafter referred
to as combined sample) were included in the present study. Methodological approaches were
identical in both subsamples and there were no significant differences between the subsamples
across clinical or demographic characteristics or key study variables (see Table 1). Therefore,
methods and results are presented together.

Participants were recruited from an inpatient psychiatric unit located in the northeastern
United States. Adolescents were recruited based on chief presenting complaint related to a
suicide related event (i.e., suicide attempt or suicidal ideation). History of suicidal thoughts and
behaviors, current intensity and presence of positive and negative emotions, as well as
demographic and clinical characteristics were assessed at baseline in private rooms on the
inpatient unit. Following discharge, adolescents were asked to complete once daily ratings (via

EMA) of positive and negative emotion intensity for the first month following their discharge.
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Adolescents were also asked to complete follow-up assessments at 1- and 4-months following
discharge to examine recurrence of suicidal ideation and intensity of suicidal ideation.

Data were collected as part of a larger randomized control trial whose aim was to develop
and test the feasibility and acceptability of a novel adjunctive treatment for adolescents
psychiatrically hospitalized for suicide risk in the northeast region of the United States (National
Institute of Mental Health grant: R34 MH101272 awarded to Shirley Yen, PhD). In Wave 1, all
adolescents were assigned to the “Skills to Enhance Positivity” (STEP) treatment (n=20). In
Wave 2 adolescents were recruited and randomized to the treatment (STEP; n=25) or to
treatment as usual (TAU; n=25) while in the hospital. For the present study, all participants in
Wave 1 and only those assigned to STEP in Wave 2 were included, as those assigned to TAU in
Wave 2 did not complete the daily emotion monitoring component of the study. Among those in
Wave 2, there was no significant difference in terms of positive and negative emotion ratings
between the STEP and TAU groups and no significant change between baseline and follow-up
ratings of positive and negative emotion intensity. Taken together, in the present study there is
not sufficient evidence of a treatment effect on positive and negative emotions, and thus we

analyzed the data accordingly.

3.2 Sample

Participants included 45 adolescents (12-18 years; M= 15.85; SD= 1.58) psychiatrically
hospitalized due to a suicide related event (i.e., suicide attempt or suicide ideation). The sample
was predominantly female (71%), white (78%; Black or African American 7%; Asian 4%; other

11%), and non-Hispanic (86%). In subsample 2!, over half of participants identified as non-

! Sexual orientation status was collected only in subsample 2, and thus there is no data for
representing the combined sample.
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heterosexual (bisexual 31%; other sexual orientation status 23%) compared to heterosexual
(46%). In terms of past self-injurious behaviors, over half of the sample had a lifetime history of
suicide attempt (62%) and most participants had engaged in nonsuicidal self-injury (89%) at
some point in their lives prior to hospitalization.

To be deemed eligible for study inclusion, participants had to be between 12-18 years of
age, living at home with a parent/guardian who could provide consent for participation, provide
assent for themselves to participate, be English speaking, and have access to a device capable of
receiving daily text messages. Exclusion criteria included diagnoses of a psychotic disorder,
cognitive or intellectual disabilities that would impair comprehension of informed consent or
participation in the study, and those without a parent/guardian to provide consent.

3.3 Procedure

Recruitment. Participants were recruited from an adolescent inpatient unit located in the
northeast region of the United States. Potential participants were identified by a research
assistant RA through chart review as presenting to the hospital due to a suicide related chief
complaint (i.e., suicide attempt or suicide ideation). Following chart review, the research
assistant approached potential participants to inquire about interest in participating in the
research study. If the adolescent was eligible and interested, parents were contacted to inform
them of the study procedures, risks and benefits and obtain their consent. Following adolescent
informed assent and parental consent, study procedures began. All procedures were reviewed and
approved by the hospital’s Institutional Review Board.

Participants received monetary compensation for their participation in the study. For

completing the baseline assessment, participants were compensated $40 dollars. For completing

21



the 1-month follow-up assessment, participants were compensated $60 and for completing the 4-
month follow-up assessment participants were compensated $50.

Baseline. At baseline, participants completed self-report questionnaires and interviews
while on the inpatient unit to assess current presence and intensity of positive and negative
emotions, recent depressive symptoms, anhedonia, lifetime history of suicidal thoughts and
behaviors, along with clinical and demographic characteristics.

Remote EMA phase. During the remote phase, participants were automatically sent
daily surveys during their first month following discharge. Surveys were administered through
the Reify Health platform once daily, at a time selected by the participant to avoid scheduling
conflicts. These surveys assessed current positive and negative emotion intensity. Following the
emotion ratings, participants were given the option to choose a positive emotion enhancing skill
to practice for the day. Participants were also asked whether they had practiced a skill the day
before (yes/no).

Follow-up assessments. Participants completed the 1- and 4- month follow-ups either in
person or over the phone. Current levels of intensity and presence of positive and negative
emotions were assessed through self-report and recurrence and intensity of suicidal ideation was
assessed via self-report and an interview.

STEP intervention. Though the STEP intervention itself is not the focus of the present
study, details are provided here to inform the reader of the context within which participants
were recruited and asked to complete study measures. “Skills to Enhance Positivity” (STEP;
(Yen et al., 2019, 2020), was an intervention aimed at increasing positive affect in suicidal teens.
The STEP intervention included 2 phases: an in-person phase while on the inpatient unit and a

remote phase following hospital discharge. While on the inpatient unit teens received up to four
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individual sessions and one family session. The focus of these sessions was on psychoeducation
about the function of positive affect in mental health and well-being, and on teaching and
practicing skills to enhance positivity. The goal of the family session was to provide
psychoeducation on positive affect and engage parents in helping adolescents practice the skills
to enhance positivity following discharge. The remote phase lasted for one month following
discharge and included: 1) weekly phone sessions to assess suicide risk and reinforce skill
practice; and 2) daily surveys to assess both positive and negative emotions as well as a reminder
to practice one of the skills to enhance positive emotions. Adolescents were randomly assigned
on the unit to the STEP program or treatment as usual (TAU). Again, only those participants who
received the STEP treatment were included in the present study, as those in TAU did not receive
the daily emotions surveys following discharge. While a thorough review of the treatment is
outside the scope of the present study, the reader is directed to publications further explicating
the treatment and its feasibility and acceptability in Yen and colleagues’ 2019 and 2020 papers.
3.4 Measures

Below, we have organized the measures used in the present study according to the
construct they measure. We note where relevant how measures were adapted for the EMA phase
of the study and the measures can be found in Appendix B of the manuscript.

Positive and negative emotions. The Modified Differential Emotions Scale (mDES;
Fredrickson, 2013) was used to assess the experience of positive and negative emotions. The
mDES is a 19-item self-report questionnaire that assesses short-term state positive and negative
emotions using a 5-point Likert scale (1= not at all, 5= extremely). The scale is divided into two
subscales: Positive emotions (containing 10 items) and Negative emotions (containing 9 items).

The mDES has strong psychometric properties (as =.69-79) e.g., Fredrickson et al., 2003).
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Participants were asked to rate each emotion according to how they were feeling “right now.”
The full mDES was administered at baseline and at the 1- and 4- month follow-ups. During the
remote delivery phase, six items from the mDES were administered daily through EMA,
consisting of three positive (i.e., “happy”, “serene”, and “grateful”) and three negative (i.e.,
anger, fear, sadness) items. In the present study, when making comparisons between baseline and
EMA collected emotion ratings, we drew comparisons based on the same six emotions listed
above (versus the full scale of the mDES).

Depressive symptoms. The Beck Depression Inventory (BDI-II; Beck et al., 1996); was
used to assess current (past two weeks) depressive symptomatology. The BDI-II is a 21-item
self-report measure with strong reliability and validity (e.g., Dozois et al., 1998). The BDI-II was
administered at baseline.

Suicidal thoughts and behaviors. The Columbia Suicide Severity Rating Scale (C-SSRS;
Posner et al., 2007), is a semi-structured interview that assesses for the frequency and intensity of
suicidal thoughts and behaviors, including suicidal ideation and suicide attempts. At baseline, the
C-SSRS assessed the presence and intensity of suicidal thoughts during the week prior to
hospitalization on a 0—5-point scale with 0 indicating no suicidal thoughts, and 5 indicating
suicidal thoughts with a plan to end one’s life and intent to act on the plan. At the 1-month and 4-
month follow up, the recurrence of suicidal thoughts during the specified follow-up interval was
assessed using the C-SSRS. A score of 0 indicated no recurrence of suicidal thoughts and scores
of 1 or higher indicated suicidal ideation recurrence. The C-SSRS is psychometrically strong
with high internal consistency, and high convergent validity with other suicide ideation scales,

and has been validated for use among clinical adolescent samples (Posner et al., 2011).
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The Suicide Ideation Questionnaire (S1Q; Reynolds et al., 1988) was administered and used to
assess intensity of suicide ideation at the 1- and 4- month follow-ups. The SIQ is a 30- item self-
report form that assesses intensity of suicidal thoughts. The SIQ is noted to have high internal
consistency, test-retest reliability, and construct validity ((Reynolds, 1987).

Clinical and demographic characteristics. At baseline, demographic characteristics such
as age, sex, race, ethnicity, and sexual orientation status were assessed using the Kiddie Schedule
for Affective Disorders and Schizophrenia — Screen Interview (KSADS; Kaufman et al., 1997),
which was administered as a semi-structured interview to participants. As mentioned above,
information regarding sexual orientation status was only collected in subsample 2 (and not in

subsample 1). As such, there are no analyses that include sexual orientation status.
3.5 Data Analysis Plan

Preliminary analyses included independent samples t-tests, correlations, and chi-square
analyses to examine if there were significant differences between subsample 1 and subsample 2
in terms of demographic or clinical characteristics or key study variables. No significant
differences were found (effect sizes were small) and thus the samples were combined (Table 1).
Next, we tested the association between demographic and clinical characteristics with severity of
suicidal ideation at baseline. No significant associations were found. However, depressive
symptomatology (as measured by the BDI-II) was added to multivariate models in pursuit of
Aims 1-3 due to the association in the literature between depressive symptomatology and reports
of high negative affect and low positive affect (e.g., Dejonckheere et al., 2018).

Aim 1. To test whether baseline positive and negative affect prospectively predicted
suicidal ideation recurrence and intensity over follow-up, we conducted bivariate and

multivariate logistic and linear regressions (respectively). To test prediction of the recurrence of
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ideation at the two follow-up time points, we conducted bivariate logistic regression analyses
testing both the negative and positive emotion subscales of the mDES in predicting recurrence of
suicidal ideation (i.e., C-SSRS response) at both the 1- and 4-month follow up assessments. If
any finding was significant at the bivariate level, we then tested those same variables in
multivariate logistic regression analyses controlling for baseline depressive symptomatology.

To test the association between both the negative and positive emotion subscales of the mDES in
predicting the severity of suicidal ideation (i.e., SIQ total score) at the 1- and 4- month follow up
assessments we conducted bivariate linear regression analyses. If any finding was significant at
the bivariate level, we then tested those same models in multivariate linear regression analyses
controlling for depressive symptomatology.

To compare the predictive utility of baseline positive versus negative emotion intensity in
predicting suicidal ideation recurrence and intensity at follow-up we ran logistic regression and
linear regression models (respectively) including both positive and negative emotion intensity
variables.

To test whether ratios of positive to negative affect were predictive of follow-up suicidal
ideation recurrence and intensity, we first created ratio scores by dividing the mean scores of
positive affect by the mean scores of negative affect to yield a positivity ratio, where higher
numbers indicated more positive than negative affect (as done in Fredrickson & Losada, 2005).
We then used those ratios as independent variables in logistic and linear regression analyses to
predict recurrence and intensity of suicidal ideation (respectively) at study follow-ups in
bivariate and, when significant, multivariate analyses (controlling for baseline depressive

symptomatology).
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Aim 2. To assess lability of positive and negative emotions during the EMA period, we
calculated root mean square of successive differences (RMSSD) scores, which expresses the
average variability in a measured outcome over time. To test the association between emotion
lability and follow-up suicidal ideation recurrence and intensity at the 1- and 4- month follow-
ups we conducted bivariate and multivariate (controlling for baseline depressive
symptomatology) logistic and linear regression analyses (respectively) with the RMSSD as the
predictor variable and suicide ideation intensity as the outcome in linear regression analyses and
suicidal ideation recurrence as the predictor in logistic regression analyses.

To test the predictive utility of average intensity of positive and negative affect on
suicidal ideation recurrence and intensity at the 1- and 4- month follow-ups, we ran logistic and
linear regression models using the average emotion intensity for positive and negative affect
across the EMA period as predictor variables. When significant associations were found, we also
ran multivariate models including depressive symptomatology.

To test whether ratios of daily positive to negative affect were predictive of follow-up
suicide ideation recurrence and intensity, we calculated ratios by dividing the scores of positive
affect by the scores of negative affect to yield a positivity ratio with higher numbers indicating
more positive affect than negative affect (as done in Fredrickson & Losada, 2005). We then used
those ratios as independent variables in logistic and linear regression analyses to predict
recurrence and intensity of suicidal ideation (respectively) at study follow-ups. When significant
associations were found, we also ran multivariate models including depressive symptomatology.

Aim 3. To test whether there was a significant difference in the predictive utility of
baseline assessments of positive and negative affect compared to daily assessments of affect, we

conducted a dependent correlations test. Dependent correlations tests are used to test whether the
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correlations between two predictor variables and the same outcome variable are significantly
different and provide directionality of the difference. These methods have been used in similarly
designed EMA studies (e.g., Anestis et al., 2010). Therefore, using the dependent correlations we
were able to test whether there was a significant difference in which method of assessing affect
was more strongly correlated with suicidal ideation intensity at follow-up.

We also used a dependent correlations test to test baseline ratios of positive to negative
affect with the ratios derived over time from the EMA data collection of positive and negative
affect to determine which was more predictive of follow-up suicidal ideation recurrence and

intensity.
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Chapter 4: Results

We first examined whether demographic or clinical characteristics or key study variables
differentiated participants in each of the subgroups (Table 1). We found that there were no
significant differences between the groups in terms of age (d = 0.06), gender (@ = 0.08), race (@
=0.15), depression symptomatology (d = -0.36), suicidal ideation intensity (d = 0.00) during the
week prior to hospitalization, and along key emotion intensity ratings. As such, we proceeded to
combine both subgroups to form a combined sample (n=45) and conducted all subsequent
analyses using the combined group. Next, we ran correlational analyses to determine the
associations among baseline suicidal ideation intensity and key study variables and to identify
covariates for multivariate analyses (Table 2). In terms of retention, 36 adolescents completed
the 1- month follow-up assessment (80% of the baseline sample) and 34 completed the 4- month
follow-up assessment (76% of the baseline sample). At the 1-month follow-up 23 adolescents
reported recurrence of suicidal ideation (64%) and 21 (62%) at the 4-month follow-up.

4.1 Aim 1. Baseline emotion ratings predicting follow-up suicidal ideation outcomes.

Contrary to our hypotheses, baseline ratings of positive and negative emotions did not
significantly predict suicidal ideation intensity at 1- or 4- month follow-up in bivariate linear
regression analyses (Table 3). Despite the null findings, effects were in the expected directions
with higher intensity of positive emotions related to lower suicidal ideation intensity scores at the
I-month (#=-0.11, p=.55) and 4-month (/= -0.31, p=.08) follow-ups and higher intensity of
negative emotions related to higher suicidal ideation intensity scores at the 1-month (£=0.16,
p=.38) and 4-month (£=0.25, p=.17) follow-ups. Given these null findings, multivariate analyses

were not conducted.
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Contrary to our hypotheses, baseline ratings of positive and negative emotions did not
predict suicidal ideation recurrence at 1- or 4- month follow-up in bivariate logistic regression
analyses (Table 4). The directionality of the effects was consistent with our hypotheses such that
higher levels of positive emotions at baseline were associated with a decrease in the odds of
suicidal ideation recurrence at the 1-month follow up (OR=0.55, CI=0.27-1.12, p=.11), but not
for suicidal ideation recurrence at the 4-month follow-up (OR=1.07, CI= 0.52-2.18, p=.86).
Effects were in the expected direction for baseline negative emotions, with higher levels of
negative emotions at baseline related to a higher odds of suicidal ideation recurrence at the 1-
month (OR=1.61, CI=0.78-2.35, p=0.20) and 4-month (OR=1.82; CI=0.79-4.21, p=.16) follow-
ups. Given these null findings, multivariate analyses were not conducted.

Contrary to our final hypothesis for aim 1, the ratio of positive to negative emotions did
not significantly predict suicidal ideation intensity or suicidal ideation recurrence at follow-up.
However, directionality of the effects were in the expected direction with higher ratios of
positive to negative affect related to lower suicidal ideation intensity scores at the 1-month (/=-
0.16, p=.39) and 4-month (/=-0.29, p=.13) follow-ups. Similarly, for suicidal ideation
recurrence, directionality of the effects were in the expected direction with higher ratios of
positive to negative affect related to lower odds of suicidal ideation recurrence at the 1-month
(OR=0.55, CI=0.29-1.02, p=.06) and 4-month (OR=0.82, CI=0.53-1.29, p=.40) follow-ups.

Given these null findings, multivariate analyses were not conducted.
4.2 Aim 2. EMA emotion intensity and lability predicting follow-up suicidal ideation
outcomes.

In Figure 1 we show how emotion intensity varied over the EMA period of the study for

all participants. Briefly, the figure demonstrates lability across time and indicates there was
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observable differences in emotion intensity day to day. Contrary to our hypotheses, positive
emotion intensity was not a significant predictor of suicidal ideation intensity at follow-up (Table
3). As hypothesized, negative emotion intensity across the EMA period predicted 1- and 4-
month follow-up suicidal ideation intensity, such that higher average negative emotion intensity
during the EMA period was significantly associated with higher suicidal ideation intensity scores
at the 1-month (/=0.53, p<.01) and 4-month (£=0.47, p<.01) follow-ups. In multivariate analyses
controlling for baseline depression symptomatology, negative emotion intensity during the EMA
period continued to be a significant predictor of suicidal ideation intensity at both the 1-month
(/~0.47, p<.01) and 4-month (£=0.40; p=.02) follow-ups.

Contrary to study hypotheses for aim 2, neither positive nor negative affect intensity
during the EMA period significantly predicted suicidal ideation recurrence at follow-up (Table
4). However, the effects were in the expected directions, with higher average levels of positive
emotions during the EMA period associated with a decrease in the odds of suicidal ideation
recurrence at the 1-month (OR=0.69, C/=0.24-1.98, p=.49) and 4-month (OR=0.51, CI=0.16-
1.65, p=.26) follow-ups, and higher average levels of negative emotions associated with a higher
odds of suicidal ideation recurrence at the 1-month (OR=1.72, CI=0.48-6.14, p=.40) and 4-month
(OR=4.30, CI=0.94-19.65, p=.06) follow-ups. Given these null findings, multivariate analyses
were not conducted.

Consistent with our hypothesis, we found that lower ratios of positive to negative
emotions during the EMA period were significantly related to 1-month suicidal ideation intensity
(/=-0.35, p=.03). This effect did not hold once we controlled for baseline depressive
symptomatology (/= -0.27, p=.10). Ratios of positive to negative emotions during the EMA

period were not significantly related to suicidal ideation intensity at the 4-month follow-up
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(/~0.31, p=.07), though the effects were in the expected direction, with higher ratios of positive
to negative emotions corresponding to lower suicide ideation intensity scores.

Contrary to our hypotheses, we found that the ratio of positive to negative emotions across the
EMA period did not significantly predict suicidal ideation recurrence at the 1-month (OR=0.97,
CI=0.83-1.15, p=.74) and 4-month (OR=0.96, CI=0.81-1.15, p=.68) follow-ups, though the
effects were in the expected direction, with higher ratios of positive to negative emotions
corresponding to lower odds of suicide ideation recurrence.

EMA emotion lability. We found that lability of positive emotions did not significantly
predict follow-up suicidal ideation intensity at the 1-month (= -0.05, p=.76) and 4-month (/=
0.06, p=.72) follow-ups. Similarly, lability of negative emotions was not significantly related
with follow-up suicidal ideation intensity at the 1- (£=0.25, p=.12) and 4-(/=0.19, p=.28) month
follow-ups.

We also tested whether markers of emotion lability were associated with follow-up
suicidal ideation recurrence. We found that lability of positive emotions was not significantly
associated with suicidal ideation intensity at the 1-month (OR=1.91, CI=0.34-10.71, p=.46) and
4-month (OR=1.23, CI=0.20-7.58, p=.82) follow-ups. Similarly, lability of negative emotions
was not significantly related with suicidal ideation intensity at the 1-month (OR=2.11, CI=0.41-

10.77, p=.37) and 4-month (OR=5.21, CI=0.68-39.70, p=.11) follow-up time points.
4.3 Aim 3. Comparing the predictive utility of baseline assessments to daily
assessments of affect.

Despite nonsignificant associations between all baseline positive and negative affect
assessments and mixed significance of EMA affect assessments predicting follow-up suicidal

ideation intensity and recurrence, we proceeded to compare the correlations to test whether there
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was a significant difference between the correlations. We did this to both adhere to the original
aims of the study and to determine if there was a significant difference in the correlations
between the two assessment methods and our outcome, even if there was not a direct significant
association with the assessment method and the outcome.

There was no significant difference between the correlations of baseline (r=-.11) and
EMA (r=-.29) ratings of positive affect and suicidal ideation intensity at the 1- month follow-up
(z=0.73, p=.23). Similarly, there was no significant difference between the correlations of
baseline (r=-.31) and EMA (r=-.32) ratings of positive affect and suicidal ideation intensity at
the 4- month follow-up (z=0.04, p=.96).

There was a significant difference between the correlations of baseline (=.16) and EMA
(=0.53) ratings of negative affect and suicidal ideation intensity at the 1- month follow-up (z=-
1.98, p=.04). However, there was no significant difference between the correlations of baseline
(=.25) and EMA (=.47) ratings of negative affect and suicidal ideation intensity at the 4- month
follow-up (z=-1.14, p=.25).

There was no significant difference between the correlations of baseline (r=-.16) and
EMA (r=-.35) ratios of positive to negative affect and suicidal ideation intensity at the 1- month
follow-up (z=0.86, p=.39). And there was no significant difference between the correlations of
baseline (=-.29) and EMA (r=-.31) ratios of positive to negative affect and suicidal ideation

intensity at the 4- month follow-up (z=0.09, p=.93).
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Chapter 5: Discussion

In the present study, we sought to examine the association between different components
of negative and positive emotions, including intensity, lability, and ratio of positive to negative
emotions, and subsequent suicidal ideation recurrence and intensity among a sample of suicidal
adolescents during the heightened risk period following hospitalization. This is one of the first
studies to assess daily emotion intensity during the heightened risk period following hospital
discharge, and the first study to directly compare EMA and baseline ratings of emotions in the
prediction of subsequent suicidal ideation recurrence and intensity. Our study yields six principal
findings. First, adolescents’ baseline ratings of positive and negative emotions were not
significantly related to suicidal ideation recurrence or intensity. Second, adolescents who
reported more intense daily negative emotions during the first month following hospitalization
(via EMA) reported more intense suicidal ideation at 1-and 4-months after discharge. Third,
adolescents’ daily ratings of positive emotion intensity (via EMA) were not significantly
associated with their report of recurrence or intensity of suicidal ideation. Fourth, the extent to
which adolescents’ daily emotions varied across time (i.e., emotion lability; via EMA) did not
significantly predict suicidal ideation recurrence or intensity. Fifth, adolescents with lower ratios
of positive to negative emotions (in the EMA portion of the study) had significantly higher
suicidal ideation intensity at the 1- month (not the 4-month) follow-up. And finally, none of our
measures of emotion intensity or lability either at baseline or during the EMA period were
associated with suicidal ideation recurrence at either of the study follow-ups. We elaborate on
each of these key findings in the text that follows.

While we expected emotion ratings collected from the EMA portion of the study to be

more strongly related to follow-up suicidal ideation outcomes compared to baseline emotion
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ratings, we still expected to find a significant association between baseline emotions and suicidal
ideation recurrence and intensity; however, this was not what we found. We found that neither
positive nor negative emotions at baseline were significantly associated with recurrence and/or
intensity of suicidal ideation at the study follow-ups. There may be several explanations for this.
For one, baseline assessment occurred while the adolescent was hospitalized for a recent suicide
related event. Hospitalization marks an acute and highly distressing period of time and ratings of
emotions are likely different than what might be typical for the person living their life in the
community. Indeed, at baseline adolescents reported higher intensity for negative emotions and
lower intensity of positive emotion while hospitalized compared to the average during the EMA
period. Another possible reason is related to how we assessed positive and negative emotions,
which was to have the adolescent rate the extent to which they felt that emotion “right now.”
Having one time point from which to predict future suicidal outcomes is likely not sufficient and
we argue that the repeated assessment in the EMA portion of the study allowed for a more
accurate or stable picture of the extent to which the adolescents experienced both positive and
negative emotion intensity. As can be seen in Figure 1, emotion intensity varied sharply day to
day during the EMA portion of the study, which suggests that an emotion rating at any one time-
point would not provide much information about the person’s general emotional experience.

Consistent with our hypotheses, we found that adolescents who reported higher average
levels of negative emotion intensity during the EMA period of the study reported higher levels of
suicidal ideation intensity at 1- and 4-months following hospital discharge. This is aligned with
leading theories of suicide that have established a link between negative emotions and suicide
risk (e.g., interpersonal psychological theory [Van Orden et al., 2010]; Hopelessness Theory

[Abramson et al., 2002]. Research has demonstrated that certain negative thoughts and emotion
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states may have a reinforcing element, such that there may be factors that increase the likelihood
of experiencing the emotion or thought again (e.g., Kleiman et al., 2018; Nolen-Hoeksema et al.,
2008). Here we call special attention to our finding that prediction of suicidal ideation was
stronger at 1-month follow-up relative to the 4-month follow-up. This suggests an important
temporal component to the association between past month negative emotion intensity and
suicidal ideation at the 1-month follow-up. Indeed, research has demonstrated that suicidal
ideation and its risk factors can vary considerably from one time-point to the next, and thus we
would expect variables assessed as close to the outcome or target we are seeking to observe to
yield stronger prediction models (e.g., Kleiman et al., 2017). Thus, it may not be surprising that
baseline emotion ratings were not predictive of suicidal ideation intensity and recurrence at
follow-ups and instead EMA ratings, which provided a composite in real time of the emotional
state of the adolescent over the high-risk period, were more strongly related to suicidal ideation
intensity at follow-ups with stronger association with the more temporally close assessment. This
is important to keep in mind when designing studies that aim to measure constructs and
outcomes that vary across time.

Contrary to our hypothesis, we found no significant association between adolescents’
ratings of positive emotion intensity during the EMA period and suicidal ideation intensity at
either follow-up. Despite being statistically non-significant, the directionality of our findings
were in the expected direction such that lower levels of positive emotion intensity over the
follow-up were associated with higher levels of suicidal ideation intensity. There are several
possible explanations for this. First, given the small sample size, it is possible that with a larger
sample and more robust assessment of positive emotions, we would see a significant association

between low positive emotion intensity and suicidal ideation intensity and recurrence. There is
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also the possibility of a moderation effect between low positive emotion intensity and high
negative emotion intensity that we were unable to examine in the present study due to limitations
related to power. Next, we consider the items used to assess positive emotions. As a reminder,
adolescents were asked to rate how “happy”, “content”, and “grateful” they felt in the present
moment. Gratitude, for one, is a “cognitively complex emotion,” (Froh et al., 2011, pg. 313) and
its developmental trajectory across adolescence is not well understood. For instance, while
gratitude has been considered a marker of well-being and psychological health, it remains
unclear if gratitude is best described as an innate feeling that undergoes transformation across
time based on developmental stages, or if it is a quality that is learned and developed over time.
Within the present study, this is especially relevant as participants included adolescents 12-18
years old spanning a wide and potentially critical developmental window for gratitude. Research
does show a transition from concrete gratitude in early childhood, for instance saying “thank
you” automatically when given a toy, to connective gratitude in late childhood which relates
more to feeling grateful for the person who provides comfort or a wanted object, to finalistic
gratitude in adolescence, which relates to providing a corresponding or reflective
acknowledgment of gratitude and is more action oriented, for instance brining cookies to the first
day of practice to show gratitude for making the team (Froh et al., 2007). Therefore, gratitude is
a complex construct that requires further elaboration in adolescence to understand how
specifically it interacts with positive emotions and mental health more broadly.

Next, we found that neither positive nor negative emotion lability were predictive of
follow-up suicidal ideation recurrence or intensity. In the present study, we assessed emotion
intensity at one, fairly stable time-point per day, thus limiting our ability to capture more short-

term changes in emotion intensity. EMA research on emotions suggests that emotions vary
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considerably over short intervals of time and occur in patterns that are more stable in the long
term (e.g., Houben et al., 2015; Kirchner et al., 2017; Larson et al., 2002). In the present study,
we were unable to assess short-term lability which we would expect to be related to increase risk
for suicide in the short term. Here we call our reader’s attention to the sizeable effect sizes and
odds ratios from our lability findings. While the association between emotion lability and
suicidal ideation outcomes were statistically non-significant, we were able to observe variability
across the EMA period for both positive and negative emotions; our null findings may suggest
that the time scale of lability was off in the present study, and examining shorter term (e.g.,
within the same day) periods of lability may offer more insight into the relationship between
lability and risk for recurrence and intensity of suicidal ideation.

Contrary to our hypothesis, we found that the ratio of positive to negative emotions was
not a particularly robust predictor of suicidal ideation recurrence or intensity. We did find that
adolescents who reported lower ratios of positive to negative emotions, that is adolescents who
report fewer positive relative to negative emotions, during the EMA period reported more intense
suicidal ideation at the 1-month but not the 4- month follow-up. Here, again, we direct our
reader’s attention to the timing of this finding, specifically that the ratio of positive to negative
emotions was a stronger and significant predictor of suicidal ideation at the 1-month follow-up,
which was assessed proximally closer to observations of the ratios.

Finally, and perhaps most perplexing at first glance, none of our measures of emotion
intensity or lability were associated with suicidal ideation recurrence at either of the study
follow-ups. We considered several possible explanations for this, including the time scale of the
assessment and the small sample size of the study, which again may have limited our ability to

detect small effect sizes. As we will discuss further in the next section, we believe that the time
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scale of assessment has important implications for the interpretation of findings and associations
between risk factors and outcomes. In the present study, suicidal ideation recurrence was defined
as having had a suicidal thought at any point during the follow-up period, while emotion
intensity was averaged daily across the EMA period. Thus, it could be the case that an individual
had one recurrence of suicidal ideation late in the EMA period and may have experienced more
positive emotions throughout the early part of the EMA period and thus their average positive
emotion intensity would appear higher and potentially contribute to “noise” in the data. While
this certainly may have occurred for some adolescents, it is unlikely to explain this finding as we
found that over half of adolescents who experienced suicidal ideation over the follow-up
endorsed experiencing suicidal ideation within the week prior to follow-up assessment.
Assessing suicidal ideation as it occurred during the EMA period would have allowed us to
pinpoint such occurrences and more thoroughly examine the association between aspects of
emotional experience and suicidal ideation recurrence. In terms of our sample size, it may be the
case that there were small effects that did not reach significance due to the power constraints of
this sample. We did compare findings from the present study to others in the field and found that
results from the present study are consistent with the literature. In fact, several recent meta
analyses have demonstrated low prediction rates for suicidal ideation, even when examining
some of the most common risk factors for suicidal ideation including depression and
hopelessness as risk factors (weighted mean OR: 1.96; CI: 1.81-2.13; Ribeiro et al., 2018) and
self-injurious thoughts and behaviors (weighted mean OR: 2.07; CI:1.76-2.43; Ribeiro et al.,
2016). Below we explore limitations of the present study and offer suggestions for future

directions to help address these concerns.
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5.1 Limitations and Future Directions.

The results presented should be interpreted in light of the study’s limitations. First, our
sample was underpowered to detect small effect sizes. There may be smaller, nuanced
associations between aspects of emotion intensity and lability and suicidal ideation that we were
unable to explore. Here we bring to the reader’s attention our limited sample size both in terms
of the number of participants as well as the data points available from the EMA component of
the study. In terms of the sample size of participants, our sample of 45 suicidal teens is on the
lower end of the median sample size of other suicidal thoughts and behaviors studies (median=
57; Ribeiro et al., 2016). In terms of sample size of observations from the EMA portion of the
study, indeed most EMA research involving suicidal and nonsuicidal thoughts and behaviors
have an average of 5.61 observations per day (range= 1-12) for an average of 13 days of
observations (range= 4-77; Gee et al., 2020). In the present study, we had one observation of
each emotion state per day for 30 days. While the daily number of observations was smaller, we
were able to track emotions across a longer period of time. Certainly, we were unable to assess
shorter-term variability (for instance emotion variability across the day), but we were able to
study longer-term trends of emotional experience. Future research is encouraged to collect more
frequent daily observations in order to assess the shorter-term patterns of emotional experience.
This is supported by two separate lines of research, one that highlights the steep variability in
emotion experience across time (e.g., Larson et al., 2002), as well as more recent research on
variability of suicidal ideation in real time (e.g., Kleiman et al., 2017).

A second limitation of the present study is how we administered the EMA emotion
assessments. We used interval contingent (i.e., participants receive an assessment during a fixed

window of time each day) versus event contingent (i.e., participants are instructed to self-initiate
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an assessment when the target thought, emotion, or behavior occurs) sampling in the present
study. There are advantages and disadvantages to both data collection methodologies. For
instance, using event contingent sampling researchers are able to study more specifically the
contexts that surround their targets of interest. However, this method relies on an individual
remembering to complete an entry when the target behavior is present and recent research has
demonstrated fairly low response rates when using event-contingent sampling (e.g. Simon et al.,
2002). Other research on emotion intensity and variability has demonstrated that interval
contingent sampling typically reveals more variability in emotion intensity than event contingent
sampling methods (Dawood et al., 2020). Thus, for the present sample, we argue that the
implementation of an interval contingent sampling methodology allowed us to study emotion
trends over time in a way that may have more accurately depicted overall emotion experiences
during the heightened risk period. Future studies are encouraged to combine both sampling
methods to study more generic characteristics and patterns of emotional experience (i.e., interval
contingent) as well as emotion states surrounding suicidal thoughts and behaviors (i.e., event
contingent).

Third, we did not assess suicidal ideation outcomes such as presence or intensity during
the EMA period of the study, and as such were unable to test risk models that examined how
emotion intensity and variability might impact suicidal ideation in the short term. Indeed other
researchers have found that short term changes in emotions and other risk factors are more
strongly associated with proximal suicidal ideation outcomes than future outcomes (Kleiman et
al., 2017). Additionally, and perhaps most urgent, research demonstrates that there is a relatively
short window of time (minutes to hours; Simon et al., 2002) in which a person moves from

ideating about suicide to acting on those ideations. Suicidal ideation itself also varies sharply

41



from one time point to the next (Kleiman et al., 2017), and so assessing suicidal ideation on a
daily basis would provide more accurate depictions of risk as it is truly experienced in the lived
lives of individuals. Indeed, with the great advancements in longitudinal research over the last
decade, there is a movement now towards ensuring we are measuring constructs in theoretically
sound ways (versus limiting research to simply what is possible methodologically based on
feasibility alone [e.g.,Hopwood et al., 2021]). With constructs such as suicidal ideation and
emotion intensity, constructs we assume and have demonstrated vary considerably across brief
periods of time, increasing the temporal accuracy of assessment is crucial for the delineation of
actual phenomena as they occur in lived experience. Future research is encouraged to utilize
EMA and other real-time methodologies to collect data on suicidal thoughts and behaviors and
their risk and protective factors in order to generate short-term risk. Research that can capture
these smaller time scales will help inform when and how to intervene, thereby saving lives.
Finally, and related to the prior limitation, we remind the readers that the purpose of the
parent study for which these data were originally collected was a treatment development study.
As such, the purpose of the EMA portion of the study was intended to collect information on
emotion intensity so that study interventionists could monitor emotions and make
recommendations in weekly sessions. In other words, this study was not designed to intensely
assess within day emotional processes, and rather was intended to depict a broad overview of
emotional experience. With that said, we believe the data is rich and provides a unique glimpse
into the emotional processes that occur following discharge. Given the nonsignificant different
between those assigned to treatment as usual and those assigned to the treatment condition at

both study follow-ups, we do not expect that there were treatment effects on the emotion ratings.
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The overarching goal of suicide research is to understand the phenomena of these life-
threatening thoughts and behaviors so that we can effectively intervene and save lives. There is a
relatively small window of time (minutes to hours; Simon et al., 2002) in which a person moves
from ideating about suicide to acting on those ideations, and it is in that window of time when
risk is at its highest and intervention may be most crucial for saving lives. Investigations, like the
present study, that aim to assess risk in real-time, are needed to explicate the processes in order
to better inform intervention. Ecological momentary interventions (EMIs) are novel interventions
that take data in real time (for instance through an EMA protocol) and can administer an
intervention, for instance providing a relevant skill or phone number for a suicide hotline, that
would best address the individual’s current distress or risk in real time. While these interventions
are currently being developed, and showing mixed efficacy (Schueller et al., 2017), they may
have the potential to save lives in the moment risk is detected. These methods continue to rely on
user-initiated sessions for the collection of primarily self-report data, and so future research is
encouraged to harness passive data (e.g., heart rate) and environmental contextual factors (e.g.,
weather) to yield more efficient interventions.

Despite the aforementioned limitations and mixed findings, the present study highlights
the importance of using more time sensitive tools to study risk factors for suicide. We did find
that negative emotion intensity collected on a daily basis during the heightened risk period
following hospital discharge is a predictor of the intensity of suicidal ideation at 1- and 4-
months post discharge. Future researchers are encouraged to build upon and address the above
outlined limitations of the present study to increase our understanding of the heightened risk
period following discharge. We recommend utilizing larger samples, which offer greater power,

including multiple observations of emotions per day, testing interactions between emotion
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intensity and lability and other known risk factors, as well as assessing suicidal thoughts and

behaviors on a daily basis to create shorter-term models of risk.
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Appendix A.

Figure 1. Compiled Emotion Intensity Scores for All Participants Across the EMA Period.
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Table 1. Clinical and Demographic Characteristics for subsample 1, subsample 2, and the combined samples.

Sample Characteristics Combined Samples Subsample 1 Subsample 2 Test Effect
(n=45) (n=20) (n=25) Size

Age, M + SD, Range 15.84 +£1.58, 13-18 15.90 +£1.52, 14-18 15.80 £ 1.66, 13-18 #(43)=10.21 d=0.06

Sex, % (n Female) 71.10 (32) 75.00 (15) 68.00 (17) Y(1)=0.27 ®=0.08

Race, % (n)

White 77.80 (35) 80.00 (16) 76.00 (19)
Black 6.70 (3) 5.00 (1) 8.00 (2)
v’(4)=1.05 ®=0.15
Asian 4.40 (2) 5.00 (1) 4.00 (1)
Other 11.10 (5) 10.00 (2) 12.00 (3)
Ethnicity, % (n)
Hispanic 13.33 (6) 0.00 (0) 24.00 (6)
Non-Hispanic 86.67 (39) 100.00 (20) 76.00 (19) B
Sexual Orientation?
Heterosexual -- -- 48.00 (12)
Non-Heterosexual -- -- 36.00 (9) i
SI Intensity, M = SD, Range 4.20 +1.29, 1.00-5.00 4.20 + 1.96, 2.00-5.00 4.20 + 1.38, 1.00-5.00 #(43)=0.00 d=0.00
BDI 31.00 £ 12.90, 5.00-50.00 28.23 + 14.84, 5.00-49.00 32.88 +£11.34, 14.00-50.00 1(40)=-1.15 d=-0.36

2 Two participants in Group 2 selected “Don’t know/Unsure” and two participants selected “Rather not say.” These participants were not added to either the
Heterosexual or the Non-Heterosexual categories. Data on sexual orientation identity was not collected in Group 1.
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Baseline
Positive Emotions
Negative Emotions
Ratio Positive to Negative

EMA

Positive Emotions
Negative Emotions
Ratio Positive to Negative
RMSSD Positive

RMSSD Negative

1.25+1.04, 0.00-4.00
1.78 £0.99, 0.00-4.00

0.94+1.12,0.00-4.00

1.94 +0.67, 0.00-4.00
0.97 £ 0.55, 0.00-4.00
3.56+3.83,0.57-18.07
1.30 £0.38, 0.56-2.27

1.16 £0.43, 0.22-2.10

1.49 +1.14, 0.00-4.00
1.73 £ 1.06, 0.00-4.00

1.23 +£1.60, 0.00-4.00

2.00 +0.68, 0.00-4.00
1.02 +0.83, 0.00-4.00
3.82+4.76,0.69 -18.07
1.37 £0.38, 0.75-2.27

1.18 +0.46, 0.22-2.03

1.11+0.97, 0.00-3.00
1.80 +0.98, 0.00-4.00

0.88 £0.99, 0.00-3.00

1.90 = 0.66, 1.00-4.00
0.92 £ 0.57, 0.00-4.00
3.42+3.33,0.57-13.00
1.24 +£0.38, 0.56-1.73

1.14 +£0.41, 0.42-2.10

#(38)=1.13
#(38) = -0.20

#(35) = 0.40

#(43)=0.51
1(43)=0.59
1(43) = 0.46
#(43)=1.14

#(43)=0.29

d=0.37

d=-0.07

d=0.14

d=0.15

d=0.18

d=0.14

d=0.34

d=0.08

Note. SI Intensity = CSSRS intensity score for week prior to hospitalization. BDI = Beck Depression Inventory. Baseline Positive Emotions = average mDES
scores for positive affect at baseline. Baseline Negative Emotions= average mDES scores for negative affect at baseline. Baseline Ratio Positive to Negative =
ratio of average positive emotions to average negative emotions at baseline. EMA Positive Emotions = average mDES scores for positive affect across the EMA
period. EMA Negative Emotions = average mDES scores for negative affect across the EMA period. RMSSD Positive Emotions = the root mean square of
successive differences for positive affect across the EMA period. RMSSD Negative Emotions = the root mean square of successive differences for negative

affect across the EMA period.
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Table 2. Correlations between study variables.

Variables 1 2 3 4 5 6 7 8 9
1. Baseline SI Intensity

2. Baseline BDI .05

3. Baseline Positive Emotions -.09 -53"

4. Baseline Negative Emotions 12 57 -38°

5. Baseline Ratio Positive to Negative  -.19 -.63" 847 -63™

6. EMA Positive Emotions =27 -.10 -.004 -13 A1

7. EMA Negative Emotions .04 36" -.08 33" -.30 -.29"

8. EMA Ratio Positive to Negative -.13 -.28 -.09 -.16 .10 527 66"

9. RMSSD Positive Emotions 12 .05 -21 .06 -.34% -.04 .01 -.17

10. RMSSD Negative Emotions 12 A1 .08 24 -.24 -.04 R - A

Note: *p<.05; **p<.01; ***p<.001. SI Intensity = CSSRS intensity score for week prior to hospitalization. BDI = Beck Depression Inventory. Baseline Positive
Emotions = average mDES scores for positive affect at baseline. Baseline Negative Emotions= average mDES scores for negative affect at baseline. Baseline
Ratio Positive to Negative = ratio of average positive emotions to average negative emotions at baseline. EMA Positive Emotions = average mDES scores for
positive affect across the EMA period. EMA Negative Emotions = average mDES scores for negative affect across the EMA period. RMSSD Positive Emotions
= the root mean square of successive differences for positive affect across the EMA period. RMSSD Negative Emotions = the root mean square of successive
differences for negative affect across the EMA period.
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Table 3. Bivariate models of positive and negative emotions predicting SI intensity at 1- and 4- month follow-ups.

Baseline Positive Emotions
Baseline Negative Emotions
Baseline Ratio Positive to Negative
EMA Positive Emotions

EMA Negative Emotions

EMA Ratio Positive to Negative
RMSSD Positive Emotions

RMSSD Negative Emotions

1-Month SI Intensity

4-Month SI Intensity

B SE B B B SE B B
-5.60 9.19 -0.11 -14.17 12.07 -0.31
7.97 9.01 0.16 12.92 9.24 0.25
-8.86 10.10 -0.16 -14.08 8.97 -0.29
-22.73 13.08 -0.29 -23.88 12.37 -0.32
49.52 13.48 0.53" 40.60 13.40 0.47"
-4.36 2.03 -0.35" -3.83 2.06 -0.31
-6.86 22.46 -0.05 7.68 21.58 0.06
30.17 20.39 0.25 21.13 19.24 0.19

Note: *p<.05; **p<.01; ***p<.001.
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Table 4. Bivariate models of positive and negative emotions predicting SI recurrence at 1- and 4- month follow-ups.

Baseline Positive Emotions
Baseline Negative Emotions
Baseline Ratio Positive to Negative
EMA Positive Emotions

EMA Negative Emotions

EMA Ratio Positive to Negative
RMSSD Positive Emotions

RMSSD Negative Emotions

1-Month SI Recurrence

4-Month SI Recurrence

OR 95% CI OR 95% CI
0.55 0.27-1.12 1.07 0.52-2.18
1.61 0.78-3.35 1.82 0.79-4.21
0.55 0.29-1.02 0.82 0.53-1.29
0.69 0.24-1.98 0.51 0.16-1.65
1.72 0.48-6.14 4.30 0.94-19.65
0.97 0.83-1.15 0.96 0.81-1.15
1.91 0.34-10.71 1.23 0.20-7.58
2.11 0.41-10.77 5.21 0.68-39.70
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