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“A hundred times I was upon the point

of killing myself; but sti
This ridiculous foible is

I I loved life.

perhaps one

of our most fatal characteristics;
for is there anything more absurd than
to wish to carry continually a burden
which one can always throw down?
to detest existence and yet
to cling to one’s existence?”

M. DE VOLTAIRE
Candide, or Optimism (1759)
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Chapter 1

Introduction

In past times, the act of suicide was often seen as a societal or political
statement, unrelated to any internal struggles of the mind. In ancient Rome, Romana
mors, or “Roman death”, gave people the chance to choose between an honorable and
dishonorable death. This path was chosen by army officials facing defeat, aristocrats faced
with the prospect of public humiliation, and political opponents facing death or
imprisonment (Hill, 2004). How suicide was viewed among commoners is unknown. In this
context, suicide was seen as a direct, rational response to external events, and an act that
was rarely executed “while the balance of mind was disturbed”(Hill, 2004, p. 2). As such,
the perception at the time was that the contemplation of suicide was marked by
dispassion rather than mental anguish, and that the path to suicide was characteristically
direct and straightforward, with a distinctive cause behind it. This conceptualization
persisted into the 19th century, with the French philosopher Emile Durkheim in his
writings depicting the causes behind suicide to be societal, rather than individual
(Berkman et al., 2000; Stack, 2000).

Although honor suicides still exist in certain cultures (see e.g., Russell et al., 2017),
in contemporary Western society, suicide is rather understood to arise from a complex
interplay of not only societal, but also biological and psychological influences.
Meanwhile, the continuum from initial suicidal ideation (i.e., thoughts or contemplations
of death and suicide (Harmer et al., 2024)) to the final act of suicide is considered to be
much broader than depicted in many historical accounts. This complexity and continuity
are reflected in many theoretical frameworks of suicidal ideation and behavior, including
Rubinstein’s Diathesis-Stress Model(Rubinstein, 1986) and Mann’s Psychobiological
Model(Mann & Arango, 1992), both of which posit that underlying vulnerability (such as
genetics, childhood trauma, or maladaptive personality traits) may be activated by current
stressors (such as adversity or illness) to produce suicidal ideation. Further psychological
and physiological processes, still, are needed to understand how an individual may
experience the transition from suicidal ideation to behavior, as depicted by the
Interpersonal Psychological Theory of Suicide (IPTS)(Van Orden et al., 2010). These
processes may include, for example, reduced fear of death and increased physical pain
tolerance. The necessity for such capability for suicideis also highlighted by the
Integrated Motivational-Volitional (IMV) Model of Suicidal Behavior(O’Connor & Kirtley,
2018). This model details that access to means and planning of the suicidal act are
necessary prerequisites to suicidal behavior. As such, determinants of suicidal ideation

and behavior may be dependent on the stage of the suicidal process.
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Introduction

As depicted above, stressful life events (Choi et al., 2023; Classen & Dunn, 2012;
Neass et al., 2021) and psychiatric illness (Bostwick & Pankratz, 2000; Isometsd, 2014;
Lynch et al., 2020; Paris, 2019) are predictors of suicidal ideation and behavior. While
these predictors may increase the risk of suicidal ideation in general, more proximal
experiences determine changes in the level of ideation in the present. These experiences
include, for example, maladaptive cognitions such as hopelessness, loneliness and
burdensomeness (Ribeiro & Joiner, 2009; Van Orden et al., 2010). Hopelessness,
specifically, has a characteristically central role in the suicidal mind (Beck, 1990; Ribeiro et
al., 2018). Such maladaptive cognitions also form the crux of the IPTS (Ribeiro & Joiner,
2009; Van Orden et al., 2010), which describes how feelings of disconnection, loneliness
and burdensomeness may stem, for example, from recent negative life events such as the
loss of employment, important relationships, or health. More distal forces (such as
traumatic life events) therefore interact with current cognitive and psychological
processes in the emergence of suicidal thought (Bryan & Rudd, 2016; Rudd, 2006; Rudd et
al., 2006).

More recently, dynamic cognitive-emotional and behavioral processes, such as
emotional dysregulation (Turton et al., 2021), insufficient or maladaptive coping (Ong &
Thompson, 2019), and dysregulated sleep (Allen et al., 2019; Bernert et al., 2007, 2017),
have also been implicated in suicidal crises. These disturbances may again be caused by
external events (Baumeister et al., 2002; Dvir et al., 2014) as well as by existing
psychopathology (Franzen & Buysse, 2008; Sansone & Sansone, 2010; Turton et al., 2021).
Models of the transition from ideation to action also highlight the influence of dynamic
and proximal, rather than static and distal risk factors. Such a division is made in the Fluid
Vulnerability Theory(Rudd, 2008), which states that it is this distinction that
differentiates between chronic and acute suicide risk. That is, as one moves closer to the
act of suicide, more dynamic and proximal processes (such as ongoing disturbances in
cognition, affect, or behavior) become increasingly important, instead of more static and
chronic risk factors, such as history of trauma or long-term psychiatric illness (Berman,
2018; Bryan & Rudd, 2016). Considering the low base rate of suicide among individuals
with these chronic risk factors, increased focus on proximal determinants within these
populations may be necessary to differentiate those most at risk in the near term (Rudd et
al., 2006). Taken all together, suicidal ideation may arise from a combination of
dynamically interactive influences stemming from early vulnerability, recent stressors,
and ongoing cognitive-psycho-behavioral processes. For example, when daily life

stressors overwhelm someone with neurodevelopmental vulnerability and current mental
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health struggles (see Case Study 1), or when a series of recent adverse events chips away at
the resilience of someone with a history of early trauma (see Case Study 2).

Meanwhile, the progression from ideation to action is far from a quick jump
(Anestis et al., 2014) (see Case Study .3), and further includes the transition from more
passive suicidal ideation (“I don’t want to be alive anymore”), to more active suicidal
thoughts (“I want to kill myself”), and intent (“I wi//kill myself”). The final stages of suicidal
ideation further require additional steps including the planning of the exact suicidal act
(Wastler et al., 2023; Witte et al., 2006), and other preparations thereafter (O’Connor &
Kirtley, 2018). Still, most individuals experiencing suicidal ideation will ultimately not
attempt or die by suicide (Nock et al., 2008), even after progressing to the later stages of
ideation. Instead, individuals may continue to experience thoughts of death or suicide
over months, years, or even decades (Borges et al., 2008), severely affecting quality of life.
This makes suicidal ideation, in itself, a distinct and pervasive disturbance, and one

worthy of continued research attention.

Case Study 1: Vivian, 28

Vivian, 28, lives in a large city in the Netherlands. Typically, she lives together
with her husband and two children, but currently she is completing a 6-month in-patient
treatment program following a recent diagnosis of Autism Spectrum Disorder (ASD).
While she has trained as an executive assistant, she is currently on occupational disability.
In addition to her ASD diagnosis two years prior, she was also more recently diagnosed
with Attention Deficit Hyperactivity Disorder (ADHD). In her teens, she was misdiagnosed
with Borderline Personality Disorder (BPD) due to her frequent emotional outbursts
resulting from ASD-related overstimulation, as well as history of chronic suicidal ideation.
A diagnostic clinical interview further indicated that Vivian met criteria for both current
and past Major Depressive Disorder (MDD), and confirmed the absence of BPD. Currently,
Vivian is taking selective norepinephrine reuptake inhibitor (SNRI) medication for her
ADHD, as well as benzodjazepines and quetiapine (an anti-psychotic) for sleep issues.
Vivian reports having struggled with suicidal thoughts “her whole life - I always thought
that ifthings get really bad, I can always kill myself.” She describes engaging in suicidal
ideation as a form of coping and escapism. She also has a history of three prior suicide

attempts that resulted in hospital admissions. Previously, her attempts to seek help for
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her suicidal crises often went unaddressed by mental health professionals who labeled her
behavior as attention seeking due to her previous BPD diagnosis.

As part of the SAFFE studly, Vivian records her suicidal ideation and associated
mood, thoughts, and behaviors for three weeks using a mobile phone application.
Following the assessment period, Vivian attends a meeting during which she receives a
summary report of her data. The report indicates that Vivian predominantly experienced
mild and infrequent suicidal ideation. Correspondingly, Vivian indicates that her suicidal
ideation has substantially improved after starting treatment. Lately, her suicidal ideation
predominantly consists of fleeting thoughts, whereas previously her ideation was
obsessive and pervasive. Most of these momentary instances occurring at the treatment
facility typically happened late at night when Vivian was unable to sleep. These sleepless
moments usually followed a day of being overstimulated due to high external demands
and sensory input, which made Vivian feel overwhelmed. In these moments, Vivian
reported ‘getting stuck --- stuck in my head’; and falling back into old patterns of
thoughts of self-harm and suicide. In these moments, she relied on her medication as well
as coping strategies acquired as part of Dialectical Behavioral Therapy (DBT) to prevent
her ideation from intensifying or escalating.

Vivian, 28
10- . .
overstimulation & chaos at home &
insomnia & self- overstimulation
J harm thoughts

overexertion &
overstimulation

stress about
securing follow-
up care after
in-patient stay

chaos at home &
interpersonal
conflict

chaos at home &
interpersonal
conflict

Suicidal Ideation
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While at home, Vivian’s suicidal ideation was often triggered by chaotic
environments and changing plans, which further lead to conflict with her husband, and
outbursts by her children. When Vivian received her own ASD diagnosis two years prior,
her two children also received the same diagnosis. Now, in instances where her children
struggle with their triggers, Vivian's own related difficulties hinder her ability to optimally
respond to her children. These instances make her feel increasingly overwhelmed,
overstimulated, and further escalate chaos at the family home. After these instances,
Vivian frequently finds herselflying in bed late at night, unable to sleep, stuck in negative
thoughts.

Lately, Vivian has been increasingly worried about the end of her in-patient
treatment program and securing follow-up care, and concerned about her return to the
family home full time. She is especially worried about the family’s financial status, and is
currently waiting on a decision from social services regarding the extension of her

disability leave and benefits - a process that is both slow, and discouraging.

Note: Certain identifiable characteristics have been changed to protect the anonymity of the individuals depicted in

the case studies.

Temporal Dynamics of Suicidal Ideation

Long-Term Course Suicidal ideation can be highly persistent, but also
substantially variable over time. Approximately 30% of individuals with significant suicidal
ideation can be characterized as having persistent suicidal ideation (Kiveld et al., 2019;
Smith et al., 2020; Wilcox et al., 2010), and may continue to experience ideation over a
decade (Borges et al., 2008), or beyond. However, even when persistent, the level of
ideation can vary over time, and be separated by periods marked by the absence of
suicidal desire (Borges et al., 2008). Suicidal ideation has been characterized as varying in
a “waxing and waning manner” (Oquendo & Baca-Garcia, 2014), fluctuating in both
intensity and changing in composition (i.e., the degree of passive vs. active ideation or
intent). Indeed, most people (>75%) with chronic suicidal ideation tend to report ideation
intermittently rather than consistently, when followed over many years (Handley et al.,
2013). Suicidal ideation characteristically tends to re-emerge at times of psychological
pain or hardship (Handley et al., 2013), and may be accompanied by relapses in other
psychiatric conditions, such as depression (Kiveld et al., 2019; Williams et al., 2006).

14
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However, people may also continue to struggle with suicidal thoughts throughout
remission from other mental health conditions (Heuschen et al., 2022), and not all people
reporting suicidal ideation or behavior present with a diagnosable mental disorder (Milner
et al., 2013). For example, remitted depressed patients with a history of suicidal ideation
during a previous depressive episode present with a cognitive profile characterized by
hopelessness and a heightened likelihood of experiencing suicidal thoughts when

experiencing low mood, even during times of recovery (Antypa et al., 2010).

Predicting Risk Due to the diversity in risk factors and the multitude of potential
pathways to eventual suicide, making assessments of an individuals’ risk status remains a
challenge to both mental health professionals as well as researchers. Based on two meta-
analyses of longitudinal cohort studies of suicide risk published in 2017 and 2016,
respectively, the authors of the two studies conclude that little improvement in
prediction accuracy has been achieved over the past five decades of research (Franklin et
al., 2017; Large et al., 2016). Further, they estimate that based on risk assessments
performed in accordance with the currently established risk factors, 95% of individuals
labelled as high-risk will eventually not die by suicide, whereas up to 50% of suicide
mortality emerges from populations thought to be low-risk (Large et al., 2016). The
authors propose that one reason for this poor predictive value of established risk factors
is the lack of knowledge about the short-term dynamics of suicidal ideation, as less than
1% of the reviewed literature had focused on a timeframe of a month or less (Franklin et al.,
2017). Therefore, our understanding of the days and hours leading up to suicidal crises has
largely remained in the dark, at least with regard to the evidence provided by systematic
empirical research, even though clinicians have long recognized the importance of this
time period. A third review at the time concluded that “the current state of affairs [in
suicide research] is the consequence of our failure to explicitly consider the temporal
dynamics that characterize various risk factors”(Bryan & Rudd, 2016) (p. 22). That is, what
exactly leads to the emergence or heightening of suicidal ideation in critical moments?
And to what extent do these warnings signs - that is, factors indicating imminent changes
in someone’s risk status (Rudd, 2008; Rudd et al., 2006) - differ from the well-known,
chronic risk-factors identified through the vast literature of past longitudinal studies? A
better understanding of these more immediate, temporal indicators requires a switch in

perspective from the distal to the proximal.

Short-Term Variability Although much neglected until recent years, initial
reports about the short-term dynamics of suicidal ideation exist from two decades ago.

Witte and colleagues (2006) were among the first to describe such patterns, reporting
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that the short-term course of suicidal ideation was neither stable nor linear, rather
exhibiting a significant amount of variation from one day to the next. Prior to this, suicidal
ideation had been thought to remain rather stable over the short-term period (days,
weeks, and even months). This was based on findings such as that the test-retest reliability
of widely used suicidal ideation measures (incl. the Suicide Probability Scale, SPS) is rather
high (ranging from o = .94 after 10 days to « =.70 after 6 months) (Cull & Gill, 1995).
However, such measures will invariably remove any evidence of short-term variability,
focusing instead on average scores over extended time periods (i.e., typically a week or
more) (Witte et al., 2006). Instead, since then it has been found that “daily variability in
suicidal ideation appears the norm, rather than the exception”(Witte et al., 2006, p. 1038).
Further, it has been demonstrated that variability in suicidal ideation is higher in suicide
attempters than non-attempters - and highestin those with a history of multiple attempts
(Witte et al., 2006). Subsequently, it has been proposed that suicidal ideation variability
may represent a distinctive risk factor for future suicidal behavior (Witte et al., 2006).
Although such declarations still warrant further research, it appears that suicidal ideation
variability is a potentially relevant, and until recently largely unexplored, characteristic of
ideation. As such, it may be relevant to consider variability alongside other suicidal
ideation characteristics, such as its overall severity. Highly variable suicidal ideation, it is
argued, may be perceived as more distressing by individuals than a chronically high level
of ideation (Witte et al., 2005, 2006). Indeed, highly labile emotions tend to be perceived
as more intense, and more frequent, than emotions that are more stable over time (Diener
et al., 1991; Diener & Larsen, 1984). Finally, similar variability has been observed in the two
best-known correlates of suicidal ideation: depressive symptoms and hopelessness (Witte
et al., 2006). These findings represent the first indicators that known longitudinal suicide
risk factors may also be synergistically involved in the short-term occurrence of suicidal

ideation.
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Case Study 2: Mary, 43

Mary, 43, grew up in France, but now lives alone in a Dutch town. She has recently
experienced a number of significant adverse life events: she was let go from her long-term
job and is currently unemployed, and a year prior, her husband suftered a stroke that left
him hospital-bound and with limited communicational capabilities. Following these
stresstul events, Mary sought therapy for her trauma and associated depression. However,
this experience has left her increasingly distressed, as she felt like the therapist that she
saw was frightened by her experiences and emotions. This has left Mary feeling
increasingly helpless. Furthermore, in conversations with her previous therapist, Mary had
disclosed of her suicide plan. She describes this as a backup plan, one to be put into action
in the future if the situation called for it, but one that she had no immediate plans to
enact. However, after sharing these thoughts with her therapist, she now feels like that
plan is no longer available to her, making her feel even more hopeless, trapped, and
without the possibility of escape. Mary reports that her therapist had diagnosed her with
Complex Post-Traumatic Stress Disorder (C-PTSD) and Major Depressive Disorder (MDD).
She had also previously been diagnosed with PTSD in her teens due to childhood trauma,
and has struggled with problematic alcohol use in recent years.

As part of the SAFE study, Mary records her suicidal ideation and associated
mood, thoughts, and behaviors for three weeks using a mobile phone application.
Following the assessment period, Mary attends a meeting during which she receives a
summary report of her data. The report indicates that Mary, on average, experienced
frequent mild-to-moderate suicidal ideation, with a few distinctive peak moments. Her
experiences of suicidal ideation were characterized by increased feelings of loneliness
and hopelessness, and decreased optimism, such as following her recent experience with
her previous therapist. However, Mary also reported feeling numb and disconnected from
her emotions: ‘I know I am sad, [ have an indescribable grief with me every minute of the
day. And I am also well aware of my loneliness. But [ barely feel it.” Following her
husband’s stroke, Mary is also cognizant that she has been secluding herself and struggles
to reach out to friends, after feeling like her friends were initially unsupportive following

the stroke.

[continues on next page]
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worry about feeling numb & cumulative, little
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During the assessment period, Mary also reports a number of stresstul life events,
including a medical setback concerning her husband, as well as reconnecting with her
family. She calls her family dynamics “disturbing”. However, Mary’s peak suicidal ideation
moments appeared to occur following multiple, compounding, but relatively lower-level
stressors during the day, such as small daily setbacks, reminders of painful past
experiences, and discouraging news about her husband'’s situation. In these moments,
Mary was also more likely to reach for alcohol and cigarettes to regulate her mood,
although she had recently stopped using both substances.

Note: Certain identifiable characteristics have been changed to protect the anonymity of the individuals depicted in
the case studies.

Technological Advancements in the Study of Suicidal Ideation

Ecological Momentary Assessment (EMA) Since the initial studies using daily
symptom measures on paper-and-pen diaries (Witte et al., 2005, 2006), the expansion of
consumer-based technology (mobiles phones, tablets, and wearables such as
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smartwatches) has provided new avenues for the naturalistic collection of data related to
suicidal ideation in daily life (Gratch et al., 2021; Myin-Germeys et al., 2009; van Berkel et
al., 2018). What was once referred to as “diary studies” is now called Ecological
Momentary Assessment (EMA), comprising research methods where participants provide
data on their experiences as part of their everyday lives, in real-time, and most frequently
via the help of a mobile phone app (Shiffman et al., 2008). In addition to having increased
convenience to the user (wWho does not need to carry additional paper diaries with them)
such sampling methods also work to reduce retrospective completion of entries, instead
focusing fully on the participant’s immediate, momentary experiences. As such, EMA has
the potential to provide data characterized by both high reliability as well as ecological
validity (Bos, 2021; Myin-Germeys et al., 2009; Shiffman et al., 2008). Through such mobile
phone apps, participants may track their suicidal ideation, and input data on related risk
and protective factors and other daily occurrences as they happen. This mode of data
collection is especially relevant for examining the types of proximal and/or dynamic
predictors that may either be forgotten in the retrospect (if present only momentarily), or
under- or overreported (if highly variable). Such predictors may include, for example,
affect dynamics (Gross, 2002; Trull et al., 2015), cognitive appraisal (Van Orden et al.,
2010), or changes in sleep (Bernert et al., 2017).

While a more comprehensive review of the literature on EMA in suicide research
is provided in Chapter 2, a few pioneering studies are described here. Prior to the broader
application of EMA in suicide research, the feasibility and safety of using EMA in
populations with suicidal ideation were first examined (Husky et al., 2014). This revealed
high compliance and agreement to participate, signaling that EMA is well-accepted and -
tolerated in this population. EMA was also declared safe, after no reactive effects on
either negative affect or suicidal ideation were found in response to the measures. While
the application of EMA is growing rapidly, however, a closer examination of potential
iatrogenic (i.e., negative reactive) effects is warranted. As an extension to these findings,
we examine the acceptability, feasibility and safety of EMA, as well as participants’
subjective experiences as relating to completing such assessments, in Chapter 3.

The short-term dynamics of suicidal ideation and its risk factors hopelessness,
loneliness and burdensomeness were also examined through EMA (Kleiman et al., 2017). In
line with the early findings reporting substantial day-to-day variability in suicidal ideation
(Witte et al., 2006), similar variability was also found within-days (Kleiman et al., 2017).
Further, the finding that known suicidal ideation risk factors exhibit similar variability in
tandem with suicidal ideation was replicated (Kleiman et al., 2017). Subsequent studies

have replicated findings on these temporal patterns both between- (Czyz et al., 2019) and
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within-days (Hallensleben et al., 2018; Rizk et al., 2019), and have examined the role of
additional suicidal ideation risk factors, such as anger (Armey et al., 2020) and aggression
(Ben-Zeev et al., 2017), emotion regulation (Rizk et al., 2019; Victor et al., 2019), and coping
(Czyz et al., 2020; Stanley et al., 2021). Due to the multitude of suicide risk and protective
factors, as well as the need to consider multiple, interacting risk factors in predicting
suicidal ideation, studies examining broader arrays of such factors concomitantly are
needed. In Chapter 4, we contribute to this literature by examining the cognitive-
affective antecedents and consequences of real-time suicidal ideation, and model these
interconnections using network analysis (Borsboom et al., 2021). Further, in Chapter 5, we
extend these predictors to include sleep parameters.

More recently, increased temporal variability in suicidal ideation was found to
increase future suicide risk, similar to the early findings indicating heightened suicidal
ideation variability among those with a history of suicidal behavior (Witte et al., 2006).
Specifically, higher variability in suicidal ideation (as measured with EMA during
hospitalization) was found to associate with an increased risk of suicide attempt in the
month post-discharge (Wang et al., 2021). While promising, these early findings warrant
replication, especially over longer time intervals. In Chapter 6, we examine subtypes (i.e.,
digital phenotypes) of suicidal ideation based on momentary suicidal ideation dynamics
(including intensity, frequency, and variability of ideation), and further examine if these

characteristics can be used to predict the risk of suicide attempt over 12-months.

Actigraphy Together with the growing use of EMA in suicide research, further
strives have been made to employ additional real-time monitoring techniques, especially
those able to obtain objective data on suicide warning signs. Specifically, actigraphy, used
to collect real-time data on sleep, activity patterns, and light exposure (Ancoli-Israel et al.,
2015; Sadeh, 2011), has recently been implemented in suicide research. Sleep specifically
has relevance as a potential warning sign for suicide, as prior studies have demonstrated
that sleep disturbances outperform depressive symptoms in explaining current suicidal
ideation (Bernert et al., 2007), as well as in predicting ideation in the short-term (Bernert
et al., 2017). The identification of overt and objective indices of suicide risk also provides
opportunities for outside intervention if such signs are noticed by mental health
professionals or close others. This is especially relevant as those planning suicide in the
near-term may often explicitly deny having suicidal intent (Berman, 2018), making it
crucial to understand external signs that may signal imminent risk. Current sleep
problems, which may be present in over 75% of cases of recent suicide deaths (Berman,

2018), may represent such a sign. To test this hypothesis, we examine the value of
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actigraphic sleep registration in predicting short-term changes in suicidal ideation in
Chapter 5.

Case Study 3: Rodrigo, 25

Rodrigo, 25, is from Southern Europe and is currently completing an internship in
the Netherlands. Throughout his life, he has struggled with emotional dysregulation, and
in his early twenties, received diagnoses for both Borderline Personality Disorder (BPD)
and Bulimia Nervosa (BN). A diagnostic clinical interview further indicated the presence of
current Post-Traumatic Stress Disorder (PTSD), and past substance dependence issues.
For his symptoms, Rodrigo is currently prescribed with anti-psychotic medication and
antidepressants (a selective serotonin reuptake inhibitor, SSRI). Rodrigo also reports four
prior suicide attempts, with the latest occurring approximately 12 months ago.

As part of the SAFE studly, Rodrigo records his suicidal ideation and associated
mood, thoughts, and behaviors for three weeks using a mobile phone application.
Following the assessment period, Rodrigo attends a meeting during which he receives a
summary report of his data. The report indicates that Rodrigo experienced frequent
suicidal ideation that varied in intensity from mild to severe, often changing drastically
from once assessment point to the next. During this time period, Rodrigo was impacted
by disagreements with his girlfriend and family, and specifically struggled with feelings of
rejection and fears of abandonment when he felt growing disconnection from his
girlfriend. These events also corresponded with Rodrigo’s peak-intensity suicidal ideation
moments, and were associated with feelings of sadness and hopelessness, and to a lesser
degree, anger and shame. Rodrigo also reported struggling with overeating and
overspending.

Following the three-week daily assessment period, Rodrigo continues to log his
experiences trough the app once per week over the following 12 months. Over the course
of the year, Rodrigo reports a number of additional stressors, including the death of a
close family member, experiences of discrimination, dysfunctional dynamics with his
girlfriend, and conflict with family members. During this time, he also experiences a
relapse with his substance use, receives a diagnosis of Major Depressive Disorder (MDD),
and gets prescribed sedative-hypnotic medication for his struggles with insomnia.

Additionally, in his app entries he reports using other prescription and recreational
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substances, such as benzodjazepines, amphetamines, and cannabis. At the time, he writes:
“I bought [dextroamphetamine pills] just for fun to have. I don’t have any intentions of
killing myself with it. 1 just like to feel the control of knowing [ can do whatever [ want if |
want to”. Rodrigo meets regularly with his psychologist and psychiatrist during this time.

Rodrigo, 25

10~ | relapse (substance
use)

death in the family Bl T

interpersonal [ breakup ]
conflict & feelings of
rejection

[suicide attempt ]

8- .

retaliation by
ex-girlfriend

Suicidal Ideation

In the following months, Rodrigo undergoes a breakup with his girlfriend.
Afterwards, he professes fears about his ex-girlfriend breaking into his apartment to
damage his property, and reports that his ex-girlfriend was spreading rumors about him to
his friends and family. This led Rodrigo to feel increasingly isolated from people close to
him. Rodrigo also discloses a past history of his girlfriend being violent, further fueling his
fears of potential retaliation following the breakup. Subsequently, Rodrigo grows
increasingly reliant on substances, and reports turning to food, cigarettes, and sex as
forms of coping with his increasing distress. He also reports feeling increasingly manic and
obsessive. Two weeks later, Rodrigo attempts suicide and spends a period of time in an
intensive care unit, and subsequently in an in-patient treatment facility.

Note: Certain identifiable characteristics have been changed to protect the anonymity of the individuals depicted in
the case studies.
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The SAFE Study - Suicidal ideation Assessment: Fluctuation monitoring with
Ecological momentary assessment

The SAFE study (Suicidal ideation Assessment: Fluctuation monitoring with
Ecological momentary assessment) was designed to 1) examine the short-term (hourly,
daily) course of suicidal ideation and its associated predictors, and to 2) study the long-
term (weekly, monthly) trajectory of ideation, and risk factors precipitating suicide
attempts in the prospective. Figure I presents a graphical overview of the SAFE study.

The target population for the study comprised individuals with a past-year
history of active suicidal ideation (Columbia Suicide Severity Rating Scale (CSSRS) (Posner
et al., 2011) score of >= 3, or >= 2 if symptoms were present in the past two months) and/or
a suicide attempt, therefore capturing individuals with varying levels of severity of
ideation. During initial intake proceedings, participants completed in-depth clinical
interviews and symptom questionnaire measures of current psychopathology and past
history of suicidal ideation and behavior. During the first part of the study, a 21-day
assessment period with EMA and actigraphy, participants completed four daily prompts
on their mobile phone (Figure 2a), capturing reports of suicidal ideation, as well as
associated behavioral (activity, social contact, coping, substance use, sleep), affective
(positive and negative affective states) and cognitive (positive and negative thoughts) risk
factors. Additionally, participants wore an actigraphy watch (Figure 2b) that measured
their sleep and activity levels throughout the day and night. After the daily assessment
period, participants could receive a summary report of their data, detailing observed
patterns with regard to high/low-risk suicidal ideation moments in their daily life, aimed
at increasing the individual’s insights about the dynamics of their ideation (as described in
Case Studies 1-3). Following the daily assessment period, participants continued into a1-
year monitoring period, during which they continued to report on their suicidal ideation
and associated experiences through the mobile phone app, now additionally including
reports of depressive symptoms as well as the occurrence of suicide attempts. An
overview of all measures completed by the participants over the course of the study is
included in the Appendix.

Following the introductory Chapter 1 and a systematic review of the literature in
Chapter 2, Chapters 3-6 in the dissertation present findings from the SAFE study:
Chapters 3, 4 and 5 report findings from the 21-day assessment period, and Chapter 6
also includes data from the 1-year monitoring period. Finally, Chapter 7 provides a
discussion of the works presented, the strengths and limitations of the methodologies

used, as well as directions for future research and clinical practice. Figure 3presents a
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graphical depiction of the contents of the dissertation and themes discussed in each
chapter.

Figure 1. A Graphical Overview of the SAFE Study (Suicidal ideation Assessment: Fluctuation
monitoring with Ecological Momentary Assessment)

Intake Interview

21-Day Ecological Momentary Assessment (EMA) 4x/Day
& 24h/Day Actigraphy <

Feedback Report
&

1-Year EMA 1x/Week j@
)

&
<
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Figure 2. Visualizing the Use of the Ecological Momentary Assessment (EMA) Application (left) and
Actigraphy Device (MotionWatch 8 ©) (right)
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Appendix

Table S1. An Overview of the Measures Included in the SAFE studly (Suicidal ideation Assessment: Fluctuation

monitoring with Ecological Momentary Assessment)

INSTRUMENT

CONSTRUCT

SOURCE

INTAKE INTERVIEW

Sociodemographics

Interview

Past & current psychiatric

diagnoses

Mini-International
Neuropsychiatric Interview
(M.ILN.I. version 5.0) (Sheehan et
al., 1998) & Structured Clinical
Interview for DSM-5 Personality
Disorders subscale for Borderline
Personality Disorder (SCID-5-PD-
BPD) (First, 2015)

Physical illness

Interview

Medications

Interview

Suicidal ideation & attempt

history

Columbia Suicide Severity Rating
Scale (CSSRS) (Posner et al., 2011)

BASELINE QUESTIONNAIRES (TO)

Suicidal ideation

Beck Scale for Suicide Ideation
(BSSI) (Beck et al., 1979)

Depressive symptoms

Beck Depression Inventory (BDI-
I) (Beck, 1961)

Anxiety symptoms

Hamilton Anxiety and Depression
Scale - Anxiety Subscale (HADS-A)
(Hamilton, 1960)

Insomnia symptoms

Insomnia Severity Index (ISI)
(Morin et al., 2011)

Borderline personality traits

Personality Assessment Inventory
- Borderline Scale (PAI-BOR)
(Morey, 1991)

Trait anger

State-Trait Anger Expression
Inventory - Trait subscale (STAXI-
T) (Lievaart et al., 2016)

Cognitive reactivity

Leiden Index of Depression
Sensitivity - Revised (LEIDS-R)
(Solis et al., 2017)

Quality of life

Quality of Life Enjoyment and

Satisfaction Questionnaire -
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Short Form (Q-LES-Q-SF)
(Endicott et al., 1993)

ECOLOGICAL MOMENTARY
ASSESSMENT (EMA) - 21 DAYS

Location, social contact &

current activity

Adapted from Husky et al. (2017)
(see Chapter 3 - Appendix for full
list of EMA items)

Positive & negative

affective states

Adapted from the Positive and
Negative Affect Scales (PANAS)
(Watson et al., 1988)

Cognitions

Adapted from the Interpersonal
Needs Questionnaire (INQ) (van
Orden et al., 2012)

Suicidal ideation &

acquired capability

Adapted from the BSSI, CSSRS
and Acquired Capability for
Suicide Scale (ACSS) (Ribeiro et
al., 2014)

Impactful events

Adapted from Chaudhury et al.,
(2017)

Coping

Adapted from Chaudhury et al.,
(2017)

Substance use

Adapted from Jahng et al. (2011)

Sleep Adapted from the Consensus
Sleep Diary - Morning section
(CSD-M) (Carney et al., 2012)
ACTIGRAPHY Sleep MotionWatch8®© (CamnTech,
Cambridge, UK) (Falck et al., 2019,
2020,2021)
Activity «

Light exposure

POST-TEST QUESTIONNAIRES (T1)

Suicidal ideation

Depressive symptoms

Anxiety symptoms

Insomnia symptoms

Participant feedback on

EMA/actigraphy

Custom questionnaire (see

Chapter 3 - Appendix)

ECOLOGICAL MOMENTARY
ASSESSMENT (EMA) -1 YEAR

Positive & negative

affective states

«

Cognitions
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Suicidal ideation &
acquired capability &

suicide attempts

Depressive symptoms

Adapted from the BDI

Impactful events

Coping

Substance use

Sleep

FOLLOW-UP QUESTIONNAIRES (T2)

Suicidal ideation

Depressive symptoms

Anxiety symptoms

Insomnia symptoms

Borderline personality traits

Trait anger

Cognitive reactivity

Quality of life
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Chapter 2

Abstract

Background: Suicide and suicide-related behaviors are prevalent yet notoriously difficult
to predict. Specifically, short-term predictors and correlates of suicide risk remain largely
unknown. Ecological momentary assessment (EMA) may be used to assess how suicidal
thoughts and behaviors (STBs) unfold in real-world contexts. Methods: We conducted a
systematic literature review of EMA studies in suicide research to assess (1) how EMA has
been utilized in the study of STBs (i.e., methodology, findings), and (2) the feasibility,
validity and safety of EMA in the study of STBs. Results: We identified 45 articles, detailing
23 studies. Studies mainly focused on examining how known longitudinal predictors of
suicidal ideation perform within shorter (hourly, daily) time frames. Recent studies have
explored the prospects of digital phenotyping of individuals with suicidal ideation. The
results indicate that suicidal ideation fluctuates substantially over time (hours, days), and
that individuals with higher mean ideation also have more fluctuations. Higher suicidal
ideation instability may represent a phenotypic indicator for increased suicide risk. Few
studies succeeded in establishing prospective predictors of suicidal ideation beyond prior
ideation itself. Some studies show negative affect, hopelessness and burdensomeness to
predict increased ideation within-day, and sleep characteristics to impact next-day
ideation. The feasibility of EMA is encouraging: agreement to participate in EMA research
was moderate to high (Med= 77%), and compliance rates similar to those in other clinical
samples (Medresponse rate = 70%). More individuals reported suicidal ideation through
EMA than traditional (retrospective) self-report measures. Regarding safety, no evidence
was found of systematic reactivity of mood or suicidal ideation to repeated assessments
of STBs. Conclusions: Suicidal ideation can fluctuate substantially over short periods of
time, and EMA is a suitable method for capturing these fluctuations. Some specific
predictors of subsequent ideation have been identified, but these findings warrant further
replication. While repeated EMA assessments do not appear to result in systematic
reactivity in STBs, participant burden and safety remains a consideration when studying
high-risk populations. Considerations for designing and reporting on EMA studies in

suicide research are discussed.
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Introduction

Ecological momentary assessment (EMA) refers to data collection methods were
momentary information is collected in real life (Shiffman et al., 2008). EMA is also known
as experience sampling method (ESM) (Larson & Csikszentmihalyi, 2014) or ambulatory
assessment (AA) (Trull & Ebner-Priemer, 2014). These three terms emphasize the defining
features of this methodology: catching individuals in their natural environments while
they go about their daily lives, and probing them about their experiences as they unfold in
the moment. Indeed, the most prominent strengths of EMA are its ecological validity and
the ability to perform repeated assessments (Davidson et al., 2017; Shiffman et al., 2008).
Technological advancements have further increased the feasibility of EMA measures: as
opposed to undergoing assessments that are either based on retrospective self-report or
performed in non-representative laboratory settings, participants may now provide time-
and context-specific data through their smartphones (Kaplan & Stone, 2013; Shiffman et
al., 2008; Trull & Ebner-Priemer, 2014).

While paper-and-pen diaries and later handheld computers or personal digital
assistants (PDAs) were first used to collect EMA data, many studies now use mobile phone
applications specifically designed for EMA purposes (Myin-Germeys et al., 2018). These
applications function as electronic diaries that may be used to prompt participants to
record their mood, cognitions, behavior, context (incl. social interactions) and other
experiences, typically either through text entries, event logs or rating scales (Myin-
Germeys et al., 2018). Such electronic EMA assessments typically use either signal/-
contingentor event-contingentsampling, prompting participants to fill out assessments
either when alerted by the device, or when certain events naturally occur in their daily
lives. These methods may also be combined (Janssens et al., 2018; Myin-Germeys et al.,
2018; Shiffman et al., 2008). Signal-contingent sampling schedules can further be divided
into fixed and (pseudo)randomizedschedules. EMA assessments sent out on fixed
schedules prompt participants at the same time(s) each day, while randomized schedules
send out prompts at random times throughout the day; pseudorandomized schedules
divide each 24-hour period into blocks, and random prompts are sent out per block.
Pseudorandomization offers advantages over full randomization, as it ensures that
assessments are sufficiently paced out within the day, but also that participants do not
systematically miss prompts due pre-determined commitments like work or school
schedules, or learn to anticipate prompts (Shiffman, 2009).

EMA has been increasingly adopted in the study of psychopathology. This may be

a promising approach since insights into the psychological states and behavior patterns in
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the daily life of the patient can be targeted in therapy (Riese & Wichers, 2021). Recent
reviews have outlined the applicability of EMA in a number of clinical populations,
including patients with depression (Bos et al., 2019; Colombo et al., 2019) and anxiety
disorders (Walz et al., 2014), eating disorders (Smith et al., 2019), borderline personality
disorder (Santangelo et al., 2014), and psychotic disorders (Bell et al., 2017). These reviews
indicate that EMA is an acceptable and feasible data collection method in psychiatric
samples as well, and that it may be used to assess a range of experiences from affect
(Ebner-Priemer & Trull, 2009) to self-harm (Rodriguez-Blanco et al., 2018) and substance
use (Serre et al., 2015). Indeed, EMA can hold many advantages over traditional self-report
measures for these purposes. Psychiatric disorders, such as depression (Dalgleish & Watts,
1990; Williams et al., 2007) and schizophrenia (Forbes et al., 2009), are often characterized
by memory biases. Retrospective accounts of certain behaviors, such as substance use, are
also characteristically unreliable (Shiffman, 2009). Individuals may also be more willing to
disclose sensitive information, such as accounts of drug use or self-harm, when they can
do so remotely without face-to-face contact with the researcher (Gnambs & Kaspar,
2014). Further, EMA is an especially suitable method for assessing symptoms that are
dynamic in nature (such as affective instability) (Myin-Germeys et al., 2018; Trull et al.,
2015), which may be time or context dependent, and for which global retrospective
measures provide only approximations (Shiffman et al., 2008). However, the benefits of
EMA should be considered together with its possible limitations, which may include
increased burden and time commitment from participants, and potential reactivity to
repeated assessments of negative experiences (Bos, 2021).

Meanwhile, EMA remains a relatively underused data collection method in
suicide research, although its features make it suitable for the assessment of suicidal
thoughts and behaviors (STBs) (Davidson et al., 2017; De Beurs et al., 2015; Nock, 2016).
Suicide and suicide-related phenomena (ideation i.e., thoughts or fantasies about one’s
death (Ringel, 1976), attempts) represent a major cause of mortality and disability
worldwide (Borges et al., 2010; Nock et al., 2008). Several risk-factors for suicide are
known, including psychiatric and demographic variables such as depression, gender and
stress (Borges et al., 2010; Nock et al., 2008; Van Orden et al., 2010). However, these
factors have quite limited clinical use: they are poor predictors of short-term behavior, or
are non-modifiable (e.g., gender, past STBs). Their base rate is also much higher than that
of suicide, and basing clinical decisions on these risk factors would result in an abundance
of false positives (Franklin et al., 2017; Large et al., 2011, 2016), and many interventions are
generic and are not very efficacious (Chesin & Stanley, 2013). Meanwhile, acute warning

signs of suicide risk remain less well studied and understood (Rudd et al., 2006). Two
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recent meta-analyses concluded that there has been no improvement in the prediction of
suicide risk in the past fifty years (Franklin et al., 2017; Large et al., 2016). Many have called
for a shift of focus towards prospectively predicting STBs in the short term (within days or
even hours) (Chesin & Stanley, 2013; Davidson et al., 2017; Glenn & Nock, 2014). Both
suicidal ideation and its risk factors can fluctuate substantially over short periods of time
(days and hours) (Witte et al., 2006). Indeed, it has been suggested that (between-day)
variabilityin suicidal ideation may be a better predictor of suicide than its intensity or
duration (Witte et al., 2005, 2006).

In summary, the study of STBs needs a new focus and methodology, for which
EMA holds promise. Its limited use so far in suicide research may reflect concerns about
the potentially adverse effects of repeated probing of suicidal thoughts and urges in at-
risk groups. It has been demonstrated that asking individuals about their suicidal thoughts
and behaviors does not induce suicidal ideation in asymptomatic individuals, nor does it
increase risk in those affected. In fact, it may even serve to lessen ideation and general
distress in high-risk individuals (Gould et al., 2005; Smith et al., 2010). Limited evidence
exists, however, on the question of whether this also holds for as frequently repeated
assessments as with EMA schedules. The validity of EMA measures of STBs is also
uncertain. Self-reports of suicidal behavior can be very unstable over time due to
erroneous recall (Eikelenboom et al., 2014). Further, only a limited number of items can be
used to cover a certain construct in EMA protocols (Myin-Germeys et al., 2018) -
sometimes only a single item is used (see e.g., Husky et al. (2017)).

The aim of this systematic review was to determine: (i) how EMA has been used to
operationalize and measure STBs (incl. methodology, aim, findings), and (ii) the feasibility,
validity and safety of EMA in research on STBs. We exclude studies on non-suicidal self-
injury (NSSI) (recently reviewed by Rodriguez-Blanco et al. (2018)) and studies using
paper-and-pen diaries, as these data are frequently compromised by retrospective

responding (Stone et al., 2003).

Methods

The review was conducted in accordance with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009).

Search Profile
The databases Web of Science (www.webofknowledge.com) and PubMed

(https://www.ncbi.nlm.nih.gov) were searched for articles in December 2021, using the
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search term: “((EMA) OR (“ecological momentary assessment”) OR (ESM) OR (“experience
sampling method”) OR (“ambulatory assessment”) OR (“ambulatory monitoring”) OR
(“real time monitoring”) OR (“electronic diary”)) AND ((“suicide”) OR (“suicidal”))”. As
shown in Figure 1, the search produced 372 results. After excluding duplicate records, 280
remained. Of these, 40 met the inclusion criteria given below. Another 5 articles were
identified through alternate sources (i.e., review papers and other articles), resulting in a

total of 45 articles for the present review.

Inclusion and Exclusion Criteria

We included articles reporting on (1) studies using electronic EMA (PDAs, mobile
phones, smartwatches), and excluded studies using paper-and-pen diaries. We also
included studies using web-based survey software (such as Qualtrics, www.qualtrics.com)
if mobile phones or other devices were used to alert and direct the participants to the
survey. We further only included (2) studies where EMA was used to assess STBs (> 1item
assessing STBs). We excluded studies focusing solely on non-suicidal self-injury (NSSI),
butincluded studies where both NSSI and STBs were assessed. Articles were also excluded
if (1) the article was a meta-analysis, (systematic) review, editorial, or commentary, or (2)

the article was not written in English.

Data Abstraction

For each article we recorded the (1) author(s) and publication year, (2) sample
characteristics, (3) aim of the study, (4) variable(s) measured through EMA, (5) how STBs
were operationalized (i.e., the number and type of EMA items assessing STBs), (6) duration
of the EMA assessment period, (7) sampling method (i.e., schedule and number of prompts
per day), (8) device and software used, (9) methodological characteristics (incl.
acceptance i.e., agreement to participate, attrition, compliance i.e., average response
rates, and reactivity), and (10) main findings (as relating to STBs), including any adverse
events. When reported, we also recorded any procedures used to ensure participant

safety during the EMA assessment period.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Flow Diagram of Included Studies
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Results

In total, 45 articles reporting on 23 studies were included in the review (some
studies were reported in more than one article; overlap between samples is indicated
where applicable). Of these, 33 articles were reports where EMA was used to measure STBs
(Table 1), and nine specifically addressed methodological issues (acceptability, feasibility
and validity) of using EMA to measure STBs (Table 2).
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Characteristics of EMA Studies Measuring STBs

Samples Sample sizes ranged from 13 to 457 (Med= 53, n=23). Most studies
(78%, n=18) were conducted in adult, and less frequently in adolescent samples (22%, n=
5) (Czyz et al., 2018; Glenn et al., 2020; Nock et al., 2009; Vine et al., 2020). Participants
were typically recruited from high-risk populations, such as psychiatric inpatients or
those recently discharged from the hospital. Most frequent primary co-morbid diagnoses
were depressive disorders (Forkmann et al., 2018; Gratch et al., 2021; Torous et al., 2015)
and borderline personality disorder (BPD) (Kaurin et al., 2020; Law et al., 2015; Rizk et al.,
2019); however, inclusion was typically based on (recent) history of self-reported STBs to
ensure sufficient number of observations of STBs during the assessment period.

Schedules The duration of EMA monitoring ranged from 4 to 60 days (Med= 14,
n=23). The number of (scheduled) EMA prompts per day ranged from 1 to 11 (Med=5, n=
21). All studies used some form of signal-contingent sampling: (pseudo)random sampling
schedules were most frequently used (57%, n=13) (Al-Dajani & Uliaszek, 2021; Armey et al.,
2020; Glenn & Nock, 2014; Gratch et al., 2021; Hallard et al., 2021; Husky et al., 2017,
Kleiman et al., 2017; Littlewood et al., 2019; Oquendo et al., 2020; Rizk et al., 2019; Rogers,
2021; Torous et al., 2015; Wang et al., 2021), followed by fixed sampling (26%, n=6) (Czyz
etal., 2018, 2021; Law et al., 2015; Nock et al., 2009; Peters et al., 2020; Vine et al., 2020),
and protocols that combined both fixed and (pseudo)random sampling (13%, = 3)
(Hallensleben et al., 2019; Kleiman et al., 2017; Victor et al., 2019). Fixed schedules were
almost exclusively used in studies with once-daily prompts (as well as three older studies
with PDAs (Husky et al., 2014; Law et al., 2015; Nock et al., 2009)), whereas pseudo-random
schedules were typically used for repeated within-day assessments. Approximately one
fourth (26%; n= 6) of studies supplemented signal-contingent sampling with event-
contingent sampling (i.e., participants were encouraged to self-initiate additional entries
when experiencing STBs (Al-Dajani & Uliaszek, 2021; Armey et al., 2020; Glenn & Nock,
2014; Kleiman et al., 2017; Nock et al., 2009)), but none of the studies used event-
contingent sampling alone. Studies frequently (57%, 7= 13) (Al-Dajani & Uliaszek, 2021,
Armey et al., 2020; Czyz et al., 2018; Glenn et al., 2020; Gratch et al., 2021; Hallard et al.,
2021; Husky et al., 2014; Kleiman et al., 2017; Littlewood et al., 2019; Rizk et al., 2019; Victor
et al., 2019; Wang et al., 2021)) reported that participants could provide input about their
daily schedules (incl. sleep and wake times), allowing EMA prompt windows to be adjusted
for each participant, and a minimum time window (30-60 minutes) between prompts was

established with (pseudo)random schedules to achieve better temporal coverage.
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Measured Variables and Operationalization of STBs While all studies included
EMA items on suicidal ideation, four studies (18%) also assessed the occurrence of suicide
attempts via EMA (Czyz et al., 2018; Law et al., 2015; Nock et al., 2009; Rogers, 2021) (see
Table 1 and Table 2 for full list of measured variables and Sl item descriptions). The
number of EMA items on STBs ranged from 1to 9 (Med= 2, n=22). The items were
typically rated on a 5-point Likert-scale; seven (32%) studies used binary items, or a
combination of an initial binary item on the presence of STBs, followed by ratings on
frequency, intensity and/or duration (18%, n=4). Items were often based on established
self-report questionnaires or structured interviews, such as the Beck Scale for Suicide
Ideation (BSSI) (Beck et al., 1979) or the Columbia Suicide Severity Rating Scale (C-SSRS)
(Posner et al., 2011), and rephrased to reflect the time period of the EMA or otherwise
adapted for the purposed of the study.

Several studies used gate questions to limit the number of questions presented
pertaining to STBs. Such gate questions either first inquired about the presence of (any)
negative thoughts prior to direct questioning of suicidal ideation (see e.g., Husky et al.,
2014), or limited follow-up questions on the intensity, frequency and/or duration of
ideation only to those instances where suicidal ideation was first endorsed (see e.g.,
Armey et al., 2020; Czyz, Horwitz, et al., 2019; Glenn & Nock, 2014; Nock et al., 2009). Two
studies used a turn-over system where a subset of questions was randomly presented at a
certain time point to limit repetition (Porras-Segovia et al., 2020; Torous et al., 2015).
Studies were heterogenous in their operationalization of STBs, and no clear delineation
emerged over time on preferred methodologies or use of specific EMA items.

The most frequently measured predictor variables included contextual factors
(incl. location, activity, social company), affect, and constructs from the Interpersonal
Psychological Theory of Suicide (IPTS: hopelessness, burdensomeness and thwarted
belongingness (Chu et al., 2017)). Protective factors, such as coping and social support,

were less frequently assessed.

Main findings

Prevalence of STBs In adolescent samples, suicidal ideation was reported by 34-
82% of the sample during EMA (Med= T1%, n=3), and overall, 2-39% of observations had
suicidal ideation ratings > 0 (Med= 25%, n=3). These thoughts occurred once a week on
average, and typically lasted 1 to 30 minutes (based on a binary measure of ideation (Nock
et al., 2009)). In adult samples, ideation was reported by 26-100% of the participants (Med
=97%, n=1T), and 1-82% of observations had suicidal ideation ratings > 0 (Med= 22%, n=
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7). While the majority of studies recruited participants with heightened risk profiles (such
as those recently discharged after a suicide attempt), prevalence rates in two community-
based samples with current self-reported ideation were comparable to the pooled
prevalence rates (86-100% participants and 20-22% of all entries indicated suicidal
ideation) (Al-Dajani & Uliaszek, 2021; Rogers, 2021). When examined separately, higher
levels of passive (M= 4.54, SD=2.25, Range 2-10) than active (M= 3.18, SD=1.50, Range 2-
10) suicidal ideation were reported (Hallensleben et al., 2019).

Contextual factors of suicidal thoughts among adolescents included being alone,
experiencing arguments/conflict or recalling negative memories (Nock et al., 20009).
Among adolescents with a history of NSSI, suicidal ideation frequently co-occurred with
NSSI (Czyz et al., 2021). Among adults, being alone, at home or at work, and inactivity
increased the probability of suicidal ideation, while being with family and friends or
engaged in leisure activities decreased the probability of ideation (Husky et al., 2017).
Although negative daily life events were generally not associated with suicidal ideation,
negative interpersonal events increased the probability of ideation (Husky et al., 2017;
Kaurin et al., 2020), whereas perceived social support decreased its probability
(Coppersmith et al., 2019). Affective precipitants (incl. negative affect, feelings of pressure,
anger/irritability) were associated with increased occurrence of ideation (Armey et al.,
2020; Nock et al., 2009).

Variability of STBs Most individuals experienced substantial variability in
suicidal ideation both between- (Czyz, Horwitz, et al., 2019) and within-days (Hallensleben
et al., 2019; Kleiman et al., 2017; Rizk et al., 2019). Within-day, approximately one third of
ratings differed from the previous one by at least one (within-person) standard deviation,
illustrating both sharp increases and decreases in ideation in a time frame of hours (4-8h)
(Kleiman et al., 2017). Those with higher mean ideation (per person, across EMA period)
experienced more variability (Kleiman et al., 2017; Oquendo et al., 2020; Peters et al.,
2020). Risk factors (negative affect, hopelessness, loneliness, burdensomeness,
connectedness, thwarted belongingness) occurred with similar variability, and were
concurrently associated with suicidal ideation (Aadahl et al., 2021; Czyz, Horwitz, et al.,
2019; Hallensleben et al., 2019; Kleiman et al., 2017; Victor et al., 2021). General affective
instability (i.e., tendency to experience frequent, sudden changes in mood) was associated
with suicidal ideation variability among female BPD patients (Rizk et al., 2019), and
inpatient individuals diagnosed with MDD or bipolar disorder (Peters et al., 2020).
Generally, baseline clinical characteristics, such as severity of depressive symptoms

(retrospective self-report of symptoms over the past two weeks (Hallensleben et al., 2018))
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were not differentially associated with suicidal ideation variability. The test-retest
reliability of EMA-assessed within-person suicidal ideation variability (as estimated by the
Root Mean Square of the Successive Differences, RMSSD) was high across 24 months
(Oquendo et al., 2020). Suicidal ideation variability (here operationalized as the
individual’s likelihood of experiencing extreme changes in suicidal ideation from one
assessment point to the next) was also predictive of the occurrence of a suicide attempt at
1-month follow-up post-discharge, based on a pilot study of 83 adults hospitalized for a
suicidal crisis (Wang et al., 2021).

Prediction of STBs Most reports failed to establish independent temporal
predictors of suicidal ideation severity: of twelve articles fitting temporal prediction
models (Coppersmith et al., 2019; Czyz et al., 2018; Glenn et al., 2021; Hallensleben et al.,
2019; Kaurin et al., 2021; Kleiman et al., 2017; Littlewood et al., 2019; Rath et al., 2019;
Schatten et al., 2021; Stanley et al., 2021; Victor et al., 2019), four failed to establish
significant predictors after accounting for ideation at the previous time point
(Coppersmith et al., 2019; Czyz et al., 2018; Kleiman et al., 2017), and five did not control
for prior ideation (Glenn et al., 2021; Kaurin et al., 2021; Littlewood et al., 2019; Schatten et
al., 2021; Victor et al., 2019). Across studies, prior suicidal ideation therefore remained the
strongest (or only) predictor of subsequent ideation (i.e., suicidal ideation at time ¢
significantly predicting ideation at £+ 1). Regarding other predictors, the most consistent
evidence was found for momentary negative affect, hopelessness and burdensomeness.
These variables predicted increased momentary suicidal ideation within-day
(Hallensleben et al., 2019; Kleiman et al., 2017; Rath et al., 2019; Victor et al., 2019). One
study indicated that active coping reduced the intensity of ideation at the subsequent
assessment two hours later (Stanley et al., 2021). Between days, short sleep duration (both
objective and subjective), poor subjective sleep quality and increased sleep latency (i.e.,
time to fall asleep) predicted (mean) next-day suicidal ideation (Kaurin et al., 2021;
Littlewood et al., 2019). Negative interpersonal events were also associated with increased
next-day suicidal ideation (Glenn et al., 2021). The probability of finding influential
predictors was further lower with increasing intervals. Studies examining day-to-day
rather than within-day changes in suicidal ideation were less likely to report positive
findings (Coppersmith et al., 2019; Czyz et al., 2018). This may be due to reduced temporal
granularity of data due to aggregate daily ratings.
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Literature Review

The Methodology of Using EMA to Assess STBs

In order to examine the feasibility of using EMA in suicide research we reviewed
reports of acceptance and compliance across studies, as well as detail previously used
measures to ensure participant safety during EMA periods. Reports of adverse events are

further examined to estimate the safety of repeated assessments of STBs.

Acceptance and Compliance Acceptance rates ranged between 25-93% (Med=
77%, n=10). Comparing three subgroups, acceptance was highest among outpatients with
arecent history of a suicide attempt (88%), as compared to clinical controls (i.e., 68%
outpatients without a history of suicide attempts), and healthy controls (77%) (Husky et al.,
2014). Acceptance was lower in inpatient samples (47-77%, Med= 50%, n=3).

Compliance ranged from 44-90% (Med= 70%, n=19). Compliance in clinical
subgroups (Range 74-82%) was lower than that in a non-clinical control group (86%)
(Husky et al., 2014). A similar pattern emerged when comparing psychiatric patients (65%)
and student controls (75%) (Porras-Segovia et al., 2020). Compliance rates were not
significantly related to suicide history or current depressive symptom or suicidal ideation
severity (Glenn & Nock, 2014; Hallard et al., 2021; Oquendo et al., 2020; Peters et al., 2020;
Rogers, 2021). Compliance rates declined over time (i.e., participants exhibited fatigue
effects) (Czyz et al., 2018; Forkmann et al., 2018; Glenn et al., 2020). In a four-week study,
compliance decreased by twenty percentage points from the first to the fourth week of
EMA (Czyz et al., 2018). However, this effect was not replicated by all: rather than declining
in a linear manner, one study reported that compliance rates did not decrease over time
(Peters et al., 2020), fluctuated before stabilizing after approximately two weeks (Torous
et al., 2015), or that compliance increased over time during a one-week EMA study (Husky
et al., 2014). Compliance rates did not differ between studies employing once-daily (Range
69-74%, Med=72%, n=2), or multiple daily assessments (Range 44-90%, Med=70%, n=
17). Response rates were higher in the afternoons (Torous et al., 2015) and on weekend days
(Forkmann et al., 2018). Practice effects were also observed by participants’ response
times decreasing over time (Husky et al., 2014).

Attrition was low (Range 4-40%, Med= 6%, n=10). In line with findings of lower
compliance rates among psychiatric patients, dropout was higher among clinical cases
than controls (Porras-Segovia et al., 2020). The highest attrition rate (40%) was reported in

an anonymous online study with no personal contact (Rogers, 2021).

Validity EMA measures were associated with traditional self-report and

interview measures. Baseline depression severity (Hamilton Depression Rating Scale,
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HAMD (Hamilton, 1960)) predicted EMA-assessed sad mood and negative thoughts (incl.
suicidal ideation) (Husky et al., 2014). The correlation between depression scores (incl. a
suicidal ideation item) derived from the traditionally administered Patient Health
Questionnaire-9 (PHQ-9; Kroenke et al., 2001) and EMA administered PHQ-9 was r= .84
(Torous et al., 2015). EMA-measured momentary suicidal ideation correlated highly! with
the BSSI (passive ideation: r=.73, active ideation: r=.76 (Forkmann et al., 2018)).
Correlations were higher for items assessing active (“Wish to die” r=.76) rather than
passive ideation (“Wish to live” r=.37) (Gratch et al., 2021). A one-item EMA measure
(“How suicidal are you right now?”) correlated highly with the BSSI (r=.71) and moderately
with the Beck Depression Inventory (BDI; Beck, 1961) (r= .41) (Peters et al., 2020).
Variability in momentary SI correlated moderately with the Suicide Behaviors
Questionnaire - Revised (SBQ-R (Osman et al., 2001)) (r= .41), the BSSI (r= .49), and the
Capability for Suicide Questionnaire (GCSQ (86)) (r=.30) (Hadzic et al., 2020).

More severe depressive symptoms were reported through EMA than with a
traditional retrospective questionnaire, and EMA reports of suicidal ideation were notably
higher than questionnaire scores for 69% of the participants (Torous et al., 2015). In an
adolescent sample, suicidal ideation was reported in EMA by 71% of the participants, and
in 45% of the interviews post-EMA (Czyz et al., 2018). Among adults, 58% of participant
reporting SIin EMA did not do so in an interview post-EMA (Gratch et al., 2021).

Reactivity in Momentary Affect and STBs A feasibility study in adult suicide
attempters (recent or past attempt history), clinical controls (i.e., depressed patients
without suicide attempt history), and healthy controls, found no effects of study duration
on the intensity of negative affect or frequency of suicidal ideation, indicating no
symptom worsening with repeated prompts (Husky et al., 2014). However, there was a
decrease in positive affect among recent and past suicide attempters, anda decrease in
hopelessness among recent suicide attempters with increasing study duration (across
seven days) (Husky et al., 2014). In another study comparing two 14-day EMA protocols
(one with items on suicidal ideation, and a control EMA protocol), there were no
differences in the occurrence of suicidal ideation, self-harm or suicide attempts between
the two conditions for either clinical (patients with BPD) or non-clinical controls based on
weekly retrospective measures (Law et al., 2015). In a sample of adolescents assessed after
1-month of EMA, most participants reported that they generally felt no change in mood
after filling out EMA (69%) or that they felt better (28%); one participant reported that

!'Interpretation of correlation coefficients based on r=.50 indicating large, r =.30 medium, and r= .10 small
correlations (Cohen, 1988).
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they had worse mood after completing EMA (Czyz et al., 2018). The clinicians of another
adolescent sample reported the study, on average, to have had ‘neutral’ to ‘somewhat
positive’ impact on their patients (incl. increased awareness into one’s condition (Czyz et
al., 2021)). Following a 6-day EMA assessment with 10 prompts per day, 16% of a sample of
depressed inpatients reported that they had felt stressed and/or burdened by the
assessments (Forkmann et al., 2018), but no further details were provided. Among 237 high
risk adults from the community, 9% reported they had experienced the EMA as

LRI

“occasionally *distressing’”, ‘emotionally taxing,” and, ‘triggering bad thoughts,

3%

(p.6),in
comparison to 3% who reported a decrease in the frequency of and urge to act on suicidal
thoughts due to study participation (Rogers, 2021). In general, participants reported their
experiences overall as neutral-to-positive but time consuming (or burdensome), and that
they would be open to participating in similar research in the future (Czyz et al., 2018;
Forkmann et al., 2018; Glenn et al., 2020).

Adverse Events Ten studies reported whether any suicide attempts occurred
during the study period: in four studies no such events occurred (Forkmann et al., 2018;
Kleiman et al., 2017; Nock et al., 2009). Three studies followed adolescents who were
recently discharged from inpatient treatment after a suicide attempt or severe ideation. In
28 days, the incidence of suicide attempts was 6% (Czyz et al., 2019), 8% (Czyz et al., 2021),
and 9% (Glenn et al., 2020). In a sample of 50 adult BPD patients, 10% attempted suicide
over 7 days (Stanley et al., 2021), and in a study of 248 adults with and without BPD,
approximately 5% of participants made a suicide attempt during the entirestudy period
(including a six-month follow-up) (Law et al., 2015). In a community sample of 237 adults
with current suicidal ideation, 3% attempted suicide during the 2-week study (Rogers,
2021). In comparison, in similar high-risk populations (with last-year suicidal ideation or
attempt) the estimated 1-year prevalence of suicide attempts is between 13% and 20%
(Han et al., 2015; Parra-Uribe et al., 2017), with the risk being higher for those with recent
attempt history (Parra-Uribe et al., 2017). Risk is further heightened among those with an
earlier age of occurrence of first attempt, as well as those with BPD (features) (Aouidad et

al., 2020). No suicide mortality was reported in any of the reviewed studies.

Safety Measures Eight studies reported implementing some type of safety
measures in their EMA protocols. Four studies implemented automatic messages sent out
by the EMA device. In one study each EMA assessment began with a message reminding
the participant to contact a mental health professional or emergency personnel in case of
a crisis (Law et al.,, 2015), and three others used similar messages that were presented if the

participant’s responses indicated momentary suicidal ideation (Armey et al., 2020; Czyz et
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al., 2018; Husky et al., 2017). Three studies employed ongoing monitoring of the
participants’ responses (Czyz et al., 2018, 2021; Nock et al., 2009). In a study using PDAs,
participants were instructed to upload their data on a server each night for evaluation, and
research personnel phoned participants in case responses indicated imminent risk or if no
data had been uploaded for 72 hours (Nock et al., 2009). Another study reported twice-
daily (manual) checks on the participants entries; 32% of the adolescent participants were
contacted for arisk assessment during the 4-week study (Czyz et al., 2021). In another
study, the EMA software was programmed to send out automatic email alerts to the
study’s on-call clinician if the participant endorsed a suicide attempt or severe ideation
with suicidal intent and/or a plan, in which case the clinician made contact with the
participant; less than 1% of the responses recorded met this threshold and required
contact by the study personnel (Czyz et al., 2018). Two studies required that each
participant had an individualized safety plans in place established by their treating
physician (Armey et al., 2020; Glenn et al., 2020), and another study instructed
participants on how to make one prior to participation (Rogers, 2021). In two studies,
research personnel conducted an unspecified suicide risk assessment halfway through the
2-week EMA period (Al-Dajani & Uliaszek, 2021), and in the other study participants
completed the CSSRS at baseline and at follow-up and test assistants referred acute cases
to the emergency department (Cobo et al., 2021). Of note is that while only 36 % (7= 8) of
studies reported on safety procedures, 80% (7= 4) of studies in adolescent samples had
safety measures in place. None of the studies conducted in inpatient settings employed

additional safety measures.

Discussion

Applicability of EMA in Suicide Research

Among the 23 reviewed studies, substantial variability existed in the
operationalization of STBs. This ranged from single-item binary measures of general self-
harm ideation (Husky et al., 2017) to multi-item batteries assessing the intensity, frequency
and duration of specific suicidal thoughts (see e.g., Czyz et al. (2019); Oquendo et al.
(2020)). General guidelines for EMA research emphasize that items should be formulated
in a way that allows for the assessment of the natural fluctuations in momentary
experience, while limiting potential floor and ceiling effects (Hektner et al., 2007). Binary
items generally lack these characteristics. Single-item measures may also not be sufficient
in capturing the wide spectrum of ideation, such as distinguishing passive from active

ideation and intent. Further, suicidal ideation alone is not the only permissive
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characteristic preceding suicidal acts; a transition from ideation to attempt requires
acquired capability, that is, additional cognitive and behavioral processes, such as
decreased fear of death and increased pain tolerance (Van Orden et al., 2010). These latter
characteristics can also fluctuate substantially from day to day (Spangenberg et al., 2019).

The strength of EMA for suicide research remains in its ability to capture more
variable aspects of suicide risk that may be difficult to grasp by traditional retrospective
questionnaires. From our review we conclude that suicidal ideation exhibits substantial
variability over time, often increasing or decreasing sharply within only a few hours in an
individual (see e.g., Kleiman et al., 2017)). Witte and colleagues (Witte et al., 2005, 2006)
have proposed that such variability in suicidal ideation may provide a more reliable index
of suicide risk than the severity or duration of ideation alone. This notion is tentatively
supported by findings of higher suicidal ideation variability among patients with more
severe suicidal ideation (Kleiman et al., 2017; Oquendo et al., 2020; Peters et al., 2020), as
well as those with a prior suicide attempt history (Peters et al., 2020), and by higher EMA
suicidal ideation variability predicting attempts at 1-month follow-up (Wang et al., 2021).
In line with these findings, a previous review of EMA studies on NSSI also identified
affective variability as a risk factor for engaging in self-harm behavior (Rodriguez-Blanco
et al., 2018). While these preliminary findings warrant further replication, they indicate
that suicidal ideation variability may represent a promising marker for suicide risk.

In addition to suicidal ideation itself, a number of its risk factors (incl. negative
affect, hopelessness, loneliness, burdensomeness, thwarted belongingness) were also
found to exhibit similar variability patterns and associate with momentary ideation.
However, fewer studies so far have succeeded in establishing prospective predictors of
suicidal ideation. A similar pattern is observable in the EMA literature on NSSI, where most
studies have elucidated on the immediate context, rather than precipitants, of self-harm
behavior (Rodriguez-Blanco et al., 2018). Kaurin and colleagues (Kaurin et al., 2020)
outlined the ongoing discourse in EMA literature over the relative value of time-lagged
versus concurrent (or contemporaneous) modeling approaches. While longitudinal
modeling is often regarded as superior in traditional research designs, contemporaneous
associations derived from EMA data reflect associations beyond simple co-occurrences;
rather, they reflect systematic covariances between variables, and can signal the presence
of temporal associations occurring very close in time. Hence, these findings indicate that a
number of known longitudinal predictors of suicidal ideation are also involved in its
imminent emergence over shorter time frames. Considering emerging evidence that
suicidal ideation variability may represent an important marker for acute risk, increased

understanding of the factors underlying these fluctuations is of great importance.
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Table 3. Considerations for Designing and Reporting EMA Studies in Suicide Research

DESIGN

1. Manage burden

2. Sensitivity to change

3. Complexity of suicide risk

4. Consider add-on ambulatory

measures

5. Optimize incentives

6. Ensure safety

Assessments should be quick and easy to complete in
daily life. More frequent prompts over shorter time
periods do not necessarily reduce compliance, while
longer assessment periods may. Feedback from
participants over preferred sampling windows may
reduce the burden of ill-timed prompts and increase
compliance.

EMA items should be able to capture (more fine-
tuned) changes in symptoms over time; binary items
often lack this sensitivity.

Single item measures may fail to capture important
determinants of suicide risk. Assessments should be
comprehensive in capturing different aspects of
ideation (incl. passive, active ideation, intent), and
differentiate suicidal ideation from non-suicidal self-
injurious thoughts.

Supplementing self-report EMA with ambulatory
sensors (such as GPS and actigraphy) can provide
objective data without increasing participant burden.

Monetary rewards are relatively uninfluential in
increasing compliance rates; alternative personalized
incentives (incl. receiving feedback on EMA

responses) may be considered.

Safety plans and clear guidelines on seeking help
should always be implemented. Additional measures
(e.g., ongoing monitoring) may be necessary for

certain populations (incl. adolescents).

REPORTING

7. Reporting of adverse events

8. Established EMA items

Adverse events should be assessed and transparently
reported so that potential reactivity and the efficacy
of different safety procedures can be evaluated.

Databases of established EMA items are lacking. Clear
reporting on item formulation and psychometric
properties is needed. Questions from traditional
questionnaire measures may not directly translate to
the purposes of EMA.
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9. Data quality Factors that may impact data quality and
interpretation (incl. attrition, compliance, patterns of

missing data) need adequate reporting.

Feasibility and Safety of EMA in Suicide Research

Acceptability and Compliance While our review supports the general
acceptability of EMA in suicide research, the burden of EMA measures may be less
tolerable for those currently experiencing very severe symptoms, analog to findings in
individuals with depressive disorders (van Genugten et al., 2020). Meanwhile, compliance
was good and not substantially lower than in other clinical (Johnson et al., 2009) or non-
clinical populations (see e.g., Courvoisier et al., 2012). This is in line with reports that EMA
compliance is not significantly influenced by demographic or clinical characteristics
(Hartley et al., 2014).

Regardless, maintaining compliance with EMA remains a challenge, especially
when assessment periods grow long, as compliance decreases over time with each
subsequent week of EMA (see e.g., Czyz et al., 2018; Glenn et al., 2020)). Meanwhile,
compliance rates did not appear lower in studies using multiple measures per day (vs.
once-daily ratings). It has also previously been reported that more frequent assessments
may not reduce compliance (Jones et al., 2019), or may even increase compliance (Wen et
al., 2017), as long as questionnaires are kept brief (Eisele et al., 2020). Shorter time
intervals between prompts can also increase compliance (Rintala et al., 2020). However,
overly lengthy measures can induce fatigue and reduce compliance, as well as impact data
quality due to increased careless responding or skipping questions (Daniéls et al., 2021;
Eisele et al., 2020). Based on our review, researchers may be advised to prioritize more
frequent, but brief assessments over short time periods to establish higher compliance;
future research should aim to more systematically examine how increasing the number of
daily prompts affects compliance rates, in order to establish optimal sampling schedules
that balance temporal coverage with participant burden. Researchers may also consider
implementing incentives for compliance. Many of the reviewed studies used monetary
rewards for increasing or sustaining compliance (see e.g., Glenn & Nock, 2014; Rogers,
2021). However, monetary incentives are reported as relatively unimpactful in increasing
compliance, based on a review of 481 EMA studies (Ottenstein & Werner, 2021).
Alternative incentives, such as personalized feedback based on EMA data, may be
regarded as more valuable (Folkersma et al., 2021).

In line with the observation that all of the reviewed studies used signal-

contingent sampling (either alone or in conjunction with event-contingent sampling), we
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may also recommend this approach for future research, as signal-contingent sampling
more optimally allows for the examination of the variability in experience of STBs. Finally,
further research is needed to generalize these recommendations to other age groups
(such as the elderly) and non-Western societies. As the reviewed studies exclusively
focused on adolescents and adults (who may already be more accustomed to using
technology to track their lives), it remains to be established whether such electronic
symptom self-monitoring would be perceived as equally acceptable, and helpful, by older

populations.

Validity While EMA measures showed high correlations with traditional self-
report, more individuals reported suicidal ideation through EMA, and more severe
instances of ideation were detected through EMA than retrospective measures. We
further found that EMA reports of active suicidal ideation were more highly correlated
with retrospective measures than those of passive ideation (Gratch et al., 2021). It is
tempting to speculate that EMA has increased sensitivity in detecting momentary,
fleeting, and/or passive instances of ideation. However, the possibility that part of this
increased reporting is due to reactivity to the EMA questions (i.e., symptom increases due
to enhanced focus on them) cannot be disregarded (Barta et al., 2012; Bos, 2021), although

the current evidence does not support such assessment reactivity (see below).

Adverse Events Our review did not uncover systematic (negative) mood
reactivity to EMA, and importantly, there was no evidence of reactivity on STBs
specifically (Husky et al., 2014; Law et al., 2015). These findings are in line with reports of
no symptom reactivity in other patient populations, such as those with chronic pain
(Cruise et al., 1996) and mood disorders (Husky et al., 2014). Some behaviors, like alcohol
use among substance dependent patients, may be more subject to reactive effects than
cognitive or affective symptoms (Johnson et al., 2009). However, these conclusions are
tentative at best due to the low number of studies directly assessing reactivity, and the
general lack of control groups across studies. Further, available studies were seriously
limited in their assessment and reporting of adverse events (suicide attempts, mortality)
occurring during the study period. Future research should more transparently examine

and describe these events if, and when, they occur.

Safety Considerations A defining strength of smartphone-based EMA for suicide
research is that it enables the real-time monitoring of participants’ responses. However, it
remains to be determined how such risk detection can be done with optimal sensitivity

and specificity. Changes in symptoms over time, especially drastic changes over short
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periods of time (within days, hours), may provide a better indication of risk than absolute
ratings at any single time point (Rudd et al., 2006). Further, participants may not always
provide accurate reports of their experiences for fear of intervention, as many people
planning suicide explicitly deny such intentions (Busch et al., 2003). EMA safety protocols
should consequently also involve contact with participants lost to attrition, and
additional contact should be made not only when participants indicate severe
symptomatology, but also when EMA prompts are systematically missed (as also

previously done by e.g., Nock et al., 2009).

Limitations

Across the reviewed studies, there was considerable heterogeneity in study
characteristics and their reporting thereof. This, together with the diversity in aims and
samples across studies, prevented us from conducting meta-analyses. Little rationale was
provided for the selection of the EMA items used (or if pilots were run to established the
item set for the population under study) with the exception of questions adapted from
established self-report questionnaires. However, these questions may not always
optimally translate to EMA, as they can lack sufficient sensitivity to variability, especially
over shorted time frames. Notably, three (14%) studies did not provide EMA item
descriptions, two (9%) did not report sampling frequency, and three (14%) did not report
sampling technique (i.e., fixed or random). Further, there was insufficient reporting of
other study characteristics: 12 (55%) studies did not report acceptability, three (14%) did
not report any index of compliance (with further inconsistencies in how compliance was
defined), 14 (63%) did not report on attrition, 12 (55%) did not report adverse events, and 11
(50%) did not report whether any safety measures were implemented. Additional
characteristics that may impact data quality and inference, such as amount and patterns of
missing data, and information on average time intervals between prompts, as well as delay
from alert to response, were rarely reported. A recent review of EMA of NSSI noted similar
study heterogeneity and lack of reporting on compliance (Rodriguez-Blanco et al., 2018).
Reviewers evaluating EMA studies for publication should require these to be reported.
Finally, how to adequately measure EMA item reliability and validity remains to be
established (although first initiatives have started, such as the Experience Sampling
Method (ESM) Item Repository (https://osf.io/kg376/)). Correlations with retrospective
measures, or moment-to-moment reliability statistics may not provide adequate
indications of good psychometric fit, as EMA ratings are expectedto vary over time rather

than stay constant.
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Future Directions
Based on the reviewed studies, in Table 3 we provide an overview of
considerations for designing and reporting on EMA studies in suicide research. Directions

for future research are discussed further below.

EMA in Clinical Practice While only one of the reviewed studies employed EMA
to assess the effectiveness of an intervention (Czyz et al., 2019), EMA also has broad
potential in applicability in clinical practice (Bos, 2021). Beyond EMA interventions
(Berrouiguet et al., 2018; McDevitt-Murphy et al., 2018), EMA assessments in themselves
may serve a therapeutic purpose: feedback from participants indicates that EMA made
them more reflective, introspective, and mindful of their experiences (see e.g., Rogers,
2021). Further, for patients experiencing (persistent) suicidal ideation, demonstrating that
ideation is variable, and hence malleable, may provide relief. In accordance with the
finding that suicidal ideation variability may serve as a potential marker for increased
suicide risk, this characteristic of ideation may be an especially valuable target for EMA
monitoring and/or interventions in clinical practice. First applications of using EMA in
clinical practice to monitor and manage symptoms are already underway (Porras-Segovia
et al., 2020). The extensive nature of EMA data also allows for more opportunities for
single-case data analysis that may be used to examine individual symptom profiles or
identify person-specific triggers (Bentley et al., 2019) - an important goal in the treatment
of the very heterogeneous group of patients experiencing STBs (Harmer et al., 2021).
However, despite these considerable inter-individual differences, most studies reviewed
here solely examined group-level associations, while in clinical practice, the focus is on
individual patients (Zuidersma et al., 2020). Hence, the precise utility of this methodology

in clinical practice in relation to STBs remains to be established.

Digital Phenotyping The prospect of digital phenotyping of suicidal ideators
(such as identifying those with high/low variability) based on EMA data has been discussed
by many (see e.g., Ballard et al., 2021; Barrigon et al., 2019), but so far implemented by few
(Cobo et al., 2021; Kleiman et al., 2018; Rath et al., 2019). EMA data has revealed notable
inter-individual differences in suicide symptom profiles (Rath et al., 2019), highlighting the
importance of identifying meaningful subtypes of suicidal ideators that could improve risk
assessments and choice of treatment targeting specific symptom profiles. However, the
network theory is subject to certain pitfalls that still need to be solved before it can be
implemented in clinical practice (Bos, 2021; von Klipstein et al., 2020). Next steps in EMA
research may also involve intensive longitudinal assessments over longer time periods

(i.e., months) in order to more reliably establish such phenotypes. Further, determining
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the value of such phenotyping would require additional follow-up assessments
connecting these symptom profiles to overt outcomes (i.e., suicide attempt, mortality)

over time.

Conclusions

Currently, sociodemographic and clinical risk-factors, such as a current mental
health diagnosis or previous attempt history, are considered the best predictors of future
suicidal behavior - “the best” in this instance indicating the best of the worst, with
currently established longitudinal risk factors being no better than chance at
differentiating between those at high vs. low risk (Large et al., 2016). More recently, real-
time methodologies have identified new potential targets for risk-detection, namely rapid
changes in momentary affect, interpersonal experiences, and sleep (Allen et al., 2019).
However, these observations still warrant replication. The use of EMA in suicide research
has grown rapidly in the past years, and review of the literature suggests that the
fluctuating nature of suicidal ideation makes it an especially suited target for EMA, which
may provide unique insights into the temporal correlates and imminent warning signs of
increased suicide risk. Retrospective reports can be unreliable, especially when
individuals are asked to recall fleeting or highly variable experiences (Armey et al., 2020),
but EMA may have increased sensitivity in detecting these momentary experiences.
Meanwhile, it has been proposed that identifying instability in suicidal ideation offers
promise in improving the detection of those most at risk of suicide (Witte et al., 2005,
2006), and attempts have been made to create new categorizations of suicidal ideators
based on real-time data (Kleiman al., 2018). Such risk profiling may hence represent next
steps not only in EMA research, but in the improved treatment of patients with suicidal

ideation.
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Chapter 3

Abstract
Background: Ecological momentary assessment (EMA) can be used to examine the
dynamics of suicidal ideation in daily life. While the general acceptability and feasibility of
EMA in suicide research has been established, further examination of potential iatrogenic
effects (i.e., negative reactivity) and identifying those more likely to react negatively is
needed. Methods: Participants (V= 82) with current suicidal ideation completed 21 days
of EMA (4x/day) and filled in M= 78% (Med= 84%) of the EMA. Results: No positive or
negative affect reactivity was observed in EMA ratings over the study period.
Retrospectively, most participants rated their experience as positive (69%); 22% indicated
mood worsening, and 18% suicidal ideation reactivity. Those with more borderline
personality traits, PTSD, and higher depressive, anxiety and suicidal ideation symptoms,
were more likely to report iatrogenic effects. Conclusions: In conclusion, while high
compliance rates and lack of affect reactivity during EMA indicate that EMA is well
tolerated in suicide research, a minority of participants may report subjective mood

effects in retrospect.
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Introduction

Ecological momentary assessment (EMA) is an emerging methodology in suicide
research (Davidson et al., 2017). EMA encompasses data collection methods where
participants are repeatedly prompted to report on their experiences, as part of their
normal daily lives and in real-time, using electronic devices (Shiffman et al., 2008). Data
may thus be collected in a way that increases ecological validity, minimizes recall bias, and
enhances the temporal granularity of the information collected. Recent reviews (Gee et
al., 2020; Kiveld et al., 2022; Sedano-Capdevila et al., 2021) have demonstrated that EMA
can be used for the real-time assessment of suicidal ideation and its associated
momentary risk factors. EMA allows for the assessment of more dynamic characteristics of
suicidal ideation, such as hourly and daily fluctuations in the intensity of ideation, as well
as risk-factors that may be time- or context-dependent (Myin-Germeys et al., 2018). While
the use of EMA in suicide research is growing rapidly, few studies so far have directly
examined the feasibility and acceptability of EMA in suicide research, especially in terms
of potential iatrogenic effects (i.e., negative reactivity to EMA). More data are also needed
on the subjective experience of participants in such studies. Specifically, there may be
concern about the burden imposed on already vulnerable populations, as well as the
potentially harmful effects of repeated assessments of suicidal ideation (Bos, 2021).

The possible iatrogenic effects of suicide assessments have been a long-time
concern of both clinicians and researchers. A 2009 survey of medical ethics committee
members revealed that 65% believed that participating in suicide-related research would
be detrimental to patients (Lakeman & FitzGerald, 2009). However, the consensus from
the general literature indicates that inquiring people about their suicidal ideation, even
when done repeatedly or intensively, does not increase suicidal ideation, or trigger
suicidal or self-harm behavior (Bender et al., 2019; Gould et al., 2005; Hom et al., 2018;
Schatten et al., 2022; Smith et al., 2010). Some studies have shown that such assessments
may even serve to lessen ideation and associated distress: for example, in a study involving
interview and questionnaire measures, as well as exposure to suicide-related stimuli as
part of an emotional picture processing task, participants reported reductions in suicidal
ideation at 1-month follow-up (Schatten et al., 2022). A 2018 review and meta-analysis of
13 studies examining iatrogenic effects of suicide assessments also concluded that no
significant negative outcomes resulted from participation (DeCou & Schumann, 2018).
However, these findings may not extend to study designs where measures of suicidal
ideation can be repeated up to a hundred times over the span of days and weeks. Another

concern therefore regards the compliance of patients to EMA designs, whether influenced
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by negative reactivity to the assessments, or the general burden of such intensive research
designs.

Studies to date appear to support the feasibility, acceptability and safety of EMA
in suicide research. In the first study examining the feasibility of EMA-based suicidal
ideation assessments, Husky et al. (2014) found study acceptability (i.e., agreement to
participate) to be higher among recent suicide attempters (88%) than healthy controls
(77%), although compliance among cases (74%) was lower than controls (86%). Subsequent
studies have largely supported these early findings: based on a review of twenty-three
EMA studies examining suicidal ideation, median acceptability was 77%, and compliance
(i.e., average response rate) was 70% (Kiveld et al., 2022). Excellent retention rates were
alsoreported (Med=94%) (Kivela et al., 2022). These numbers mirror those derived from
EMA studies in other clinical populations (Johnson et al., 2009).

However, fewer studies have directly examined iatrogenic effects of EMA. Most
studies have concluded on the acceptability of EMA based on objective indices, such as
high retention and compliance rates. Husky and colleagues (2014) also examined reactive
effects, and found that the intensity and frequency of negative affect and suicidal ideation
did not increase as a function of study duration, indicating no negative reactivity to
repeated assessments. However, this study only lasted seven days, while EMA studies may
frequently use weeks-to-months long assessments (range in prior EMA studies on suicidal
ideation 4 - 60 days; Kiveld et al., 2022). Another study comparing a 14-day EMA protocol
on suicidal ideation to a control protocol (14-days of EMA on negative psychological
experiences with no suicide-related items) found no differences in the occurrence of
suicidal ideation, attempts or self-harm between the two groups; these findings were
replicated both among clinical cases (borderline personality disorder) and controls (Law
et al., 2015). Further, the effects of frequency of EMA on suicidal ideation severity were
examined in a sample of 101 adults with past-week active suicidal ideation; no negative
effects were observed (Coppersmith et al., 2022). However, more nuanced effects may
occur. For example, while Husky and colleagues (2014) found no effects on the key
outcomes of negative affect and suicidal ideation, decreases in both positive affect and
hopelessness were observed. Consequently, both potential negative as well as positive
reactive effects to EMA need to be further evaluated.

Withregard to participants’ subjective experience with EMA studies, most
participants have rated their experiences as “neutral-to-positive” based on two studies,
one in a sample of 34 adolescents who completed once-daily EMA for 21 days (Czyz et al.,
2018), and another in a sample of 237 high-risk adults from the community who completed

EMA six times per day over 14 days (Rogers, 2021). Participants in both studies
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predominantly indicated that they would participate in similar research again (Czyz et al.,
2018; Rogers, 2021). However, subsets of participants reported having experienced the
EMA protocol as stressful and/or burdensome (16%) (Forkmann et al., 2018), occasionally
distressing and/or triggering bad thoughts (9%) (Rogers, 2021), or having made them feel
worse (3%) (Czyz et al., 2018). Notably, to the best of our knowledge, no previous study has
examined the characteristics of participants who are more likely to report negative
reactivity from EMA assessments. Consequently, predictors of iatrogenic effects warrant
further examination.

The aim of the present study was to enrich the current literature on the
acceptability, feasibility and safety of EMA in suicide research by presenting data from the
SAFE study, a longitudinal cohort study in individuals with current suicidal ideation, in
which mobile-phone based EMA (4x/day) was administered over three weeks. Specifically,
we aimed to replicate prior findings indicating that EMA of suicidal ideation does not
result in systematic iatrogenic effects on suicide outcomes (Coppersmith et al., 2022;
Husky et al., 2014; Law et al., 2015). Further, we comprehensively assessed participants’
subjective experiences as relating to study participation (extending on Czyz et al., 2018;
Forkmann et al., 2018; Rogers, 2021). While prior studies have indicated no systematic
reactivity with EMA on suicidal ideation or behavior specifically (Coppersmith et al., 2022;
Husky et al., 2014; Law et al., 2015), reactivity on other outcomes (such as reduced positive
affect; Husky et al., 2014) has been reported and warrants further examination. We
therefore aimed to further replicate the prior findings indicating that EMA of suicidal
ideation does not result in suicidal reactivity, and explore effects on other
(positive/negative) affect outcomes. Furthermore, identifying (groups of) participants
who might be more at risk to react negatively is of both research and clinical value, since
some participants do self-report iatrogenic effects (Czyz et al., 2018; Rogers, 2021),
indicating the need to better characterize this subgroup at risk. In sum, while the
application of EMA in suicide research is ever-growing, only a few studies have reported
onreactive effects, and participant characteristics associated with an increased likelihood
of reporting iatrogenic effects have not previously been examined. This information is
important to ensure that the field progresses in a safe manner. To this extent, we
examined 1) acceptability and feasibility (incl. agreement to participate, attrition,
compliance), 2) predictors of compliance (i.e., how baseline characteristics affect
response rates), and 3) iatrogenic effects (i.e., whether systematic changes could be
observed in participants’ affect and/or suicidal ideation ratings over the study period, and

which participants were most likely to be subject to reactivity). Finally, we explored
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participant feedback given at the end of the 3-week EMA period on their subjective

experience with the assessments.

Methods

Participants

Eligible participants were 18 years or older with a recent (past year) history of a
suicide attempt and/or active suicidal ideation (based on a reduced version of the
Columbia Suicide Severity Rating Scale (CSSRS) (Posner et al., 2011) comprised of the first
five questions, with cutoff scores of >= 3, or >=2 if symptoms were present in the past two
months). Participants had a sufficient proficiency in written and spoken English and/or
Dutch; possessed an Android or iOS compatible smartphone; and were registered with a
local (Dutch) general practitioner (GP). Exclusion criteria included a current diagnosis of
bipolar disorder, a psychotic disorder, or (severe) substance dependence (based on DSM-

5 criteria).

Instruments

Intake Interview Data on participants’ sociodemographic characteristics, and
medical and psychiatric history (incl. medications) were collected through a custom semi-
structured interview. A reduced version of the CSSRS was used to assess the participants’
recent (past year) history of suicidal ideation; additional questions were included on
lifetime history of suicide attempts. The MINI Neuropsychiatric interview (version 5.0)
(Sheehan et al., 1998) and the Structured Clinical Interview for DSM-5 Personality
Disorders subscale for Borderline Personality Disorder (SCID-PD-BPD) (First, 2015) were

used to establish current diagnoses.

Ecological Momentary Assessment (EMA) Each EMA assessment included the
same core set of questions, with additional questions on sleep parameters included as
part of the morning assessment, and questions about napping included as part of the
evening assessment. The full set of EMA questions, item formulation and rating scales can
be found in the Appendix. The core set of questions covered the participants’ current: 1)
location, social company and activity, 2) affect (happiness, calmness, sadness, anxiety,
anger, guilt, shame), 3) cognitions (hopelessness, loneliness, burdensomeness, optimism),
4) suicidal ideation (passive and active ideation, acquired capability), 5) impactful events
(type and stressfulness of positive and negative impactful events), 5) coping (use of coping
strategies), and 6) substance use (medication, alcohol, and recreational drugs). Morning

assessment of the previous night’s sleep included questions about the participants
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subjective sleep quality, timing of sleep, and experience of nighttime awakenings and
nightmares; evening assessments inquired about napping during the day. Participants
filled in 4x/day EMA over the first 20 days, and a final morning assessment on Day 21,
resulting in a total of 81 scheduled entries. Additional data collected by the EMA app
included response time (i.e., time from alert to response) and completion time (i.e., time
to complete EMA once opened). EMA items used in the present analyses included suicidal
ideation (mean of the three EMA items on desire to live, desire to die, and suicidal
thoughts; nb. desire to live was reverse coded prior to calculating the mean score),
positive affect (mean of the EMA items on happiness and calmness) and negative affect
(mean of the EMA items on sadness, anxiety, anger, guilt and shame). Descriptives of the

study variables are presented in Table 1.

Questionnaires Atbaseline, participants filled in additional state and trait
measures. The Beck Scale for Suicide Ideation (BSSI) (Beck et al., 1979) is a 21-item measure
of current (past week) suicidal ideation. Cronbach’s alpha in our sample was .91. The Beck
Depression Inventory (BDI-I) (Beck, 1961) is a 21-item measure of current (past week)
depressive symptoms (Cronbach’s alpha = .85). The Hamilton Anxiety and Depression
Scale - Anxiety Subscale (HADS-A) (Zigmond & Snaith, 1983) is a 7-item measure of current
(past week) anxiety symptoms (Cronbach’s alpha = .65). The Insomnia Severity Index (ISI)
(Bastien, 2001) is a 7-item measure of sleep complaints experienced in the previous two
weeks (Cronbach’s alpha = .79). The Quality of Life Enjoyment and Satisfaction
Questionnaire - Short Form (Q-LES-Q-SF) (Endicott et al., 1993) is a 16-item measure
assessing current (past week) life satisfaction with regard to relationships, work and health
(Cronbach’s alpha = .85). The Leiden Index of Depression Sensitivity - Revised (LEIDS-R)
(Solis et al., 2017) is a 34-item measure on the propensity to cognitive reactivity
(Cronbach’s alpha = .85). The State-Trait Anger Expression Inventory (STAXI) (Zigmond &
Snaith, 1983) is a 44-item measure on state and trait anger (expression); in the present
study we used the 10-item trait subscale (Cronbach’s alpha = .84). Lastly, the Personality
Assessment Inventory - Borderline Scale (PAI-BOR) (Morey, 1991) is a 24-item measure of
borderline personality traits (Cronbach’s alpha =.83). The same questionnaires were
repeated after the 21-day EMA period (apart from the LEIDS-R, STAXI, and PAI-BOR which
are trait measures and were not expected to change within the study period); in addition,
participants also filled in a custom questionnaire on their experience with the EMA

procedure (see Appendix).
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Table 1. Within-Person Descriptive Statistics of Study Variables

Variable M SD Range ICC RMSSD
Suicidal ideation (mean) 3.04 1.97 0-9 0.71 118
Desire to live 4.28 2.25 0-9 0.69 1.50
Desire to die 3.09 2.59 0-10 0.70 1.58
Suicidal thoughts 1.57 1.79 0-8 0.53 1.29
Positive affect (mean) 513 1.29 2-8 0.43 1.54
Happy 493 1.52 0-8 0.46 1.68
Calm 5.33 1.25 2-9 0.30 2.04
Negative affect (mean) 2.92 1.62 0-7 0.61 1.27
Sad 3.54 1.72 0-7 0.41 2.1
Anxious 3.59 1.80 0-8 0.44 2.14
Angry 1.87 1.48 0-6 0.38 1.88
Guilty 2.84 2.30 0-9 0.61 1.79
Ashamed 2.76 2.44 0-10 0.65 1.67

Note: M= Mean, SD= Standard deviation, ICC = Intraclass correlation, RMSSD = Root mean square of

successive differences; based on scheduled entries 4= 5,196

Procedure

Recruitment Participants for the study were recruited through fliers distributed
in the community and on social media, as well as the Leiden University Medical Center
(LUMC) Department of Psychiatry, Leiden University Treatment and Expertise Center
(LUBEC), and other collaborating treatment centers in the area of Leiden and The Hague.
Fliers included a QR code to the study website, where potential participants could access
full study information and complete an online “self-test” to check their eligibility.
Interested participants could then fill in a contact form to be invited for an (online or in-
person) intake interview. Recruitment started in August 2020 and ended in September
2022.

Intake Interview During the intake interview, participants received study
information and signed written informed consent. The main inclusion and exclusion
criteria for the study were then examined with the CSSRS, MINI and SCID-PD-BPD (see
Participants). In case the participant was in need of immediate mental health support, they
were referred for treatment or crisis management. No participants examined required
such immediate intervention.

After meeting eligibility criteria and signing informed consent, and prior to
receiving study instructions, a personalized suicide safety plan was created with each

participant, detailing available resources and coping strategies available in the event of a

114



Application

suicidal crisis. Participants were also informed that the content of their entries in the EMA
app would not be monitored in real time, and in the event of a crisis, the participants
should contact their GP and/or treating specialist, or one of the listed support resources
(including the suicide prevention line 113). In acute danger situations, participants were
instructed to call the emergency number (112). A statement at the end of the safety plan
urged participants to immediately contact the study personnel in case they felt that the
study proceedings were negatively affecting their mood and/or functioning. No
participants reached out to the study personnel to indicate such effects. Participants were
also reminded of their right to drop out of the study at any point and without having to
provide a reason. Further, the GP and/or treating specialist of all participants was

informed of their involvement in the study via a standardized letter.

Figure 1. Participant flow

Sign-up
n =209
Excluded

v n=119

Intake
interview Excluded, n=8
n=90 Declined, n =2
No GP, n=2
Bipolar disorder, n = 2
v Psychotic disorder, n = 1
Started 3-week (Severe) substance
EMA dependence, n =1
n=82
Dropout
v n=1
Continued with
1-year Dropout
monitoring >
n=9

n=72

Note: EMA = Ecological Momentary Assessment, GP =
General practitioner
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Table 2. Sociodemographic and Clinical Characteristics of the Sample

Sample characteristic N=82
Gender (N, %)

Female 63 (77%)

Male 11 (13%)

Non-binary/trans 8 (10%)
Age (M, SD) 27(8.6)
Nationality (N, %)

Dutch 45 (55%)

Other 37 (45%)
Education level (N, %)

Low 11 (13%)

Middle 34 (42%)

High 37 (45%)
Employment (V, %)

Employed 24 (29%)

Not employed 14 (17%)

Student 44 (54%)
Living situation (N, %)

Alone 27 (33%)

With others 53 (65%)

Hospitalized 2 (2%)
Relationship status (N, %)

In a relationship 29 (35%)

Single 53 (65%)
Children (N, %)

Yes 8 (10%)
Current Psychiatric diagnosis* (N, %)

MDD 41(50%)

Other depressive disorders 22 (27%)

Anxiety disorders 47 (57%)

ASD 14 (17%)

ADHD 10 (12%)

Eating disorders 5(7%)

OCD 7(9%)

PTSD 18 (22%)

BPD 12 (15%)

Alcohol/substance abuse 7 (9%)
Psychoactive medication (V, %)

Anxiolytics / sedatives 20 (24%)
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Stimulants 10 (12%)

Antidepressants 33 (40%)
Current suicidal ideation (BSSI) (M, SD)* 15.3 (8.6)
Current depressive symptoms (BDI) (M, SD)* 25.5(9.6)
Suicide attempt history (V, %)

None 47 (57%)

Single attempt 10 (12%)

Multiple attempts 25 (31%)
Medical diagnosis (V, %)

Yes 35(43%)
Non-psychoactive medication (V, %)

Yes 26 (32%)
Smoking (tobacco) (N, %)

Yes 35(43%)

Notes:Education level: Low = Elementary school / Vocational education, Middle =
Secondary school, High = University / Applied College education; MDD =Major
depressive disorder, ASD = Autism spectrum disorder, ADHD = Attention deficit
hyperactivity disorder, OCD = Obsessive compulsive disorder, PTSD = Post-
traumatic stress disorder, BPD = Borderline personality disorder; * all diagnoses are
based on current diagnoses derived from the MINI/ SCID-PD-BPD, except for ASD

which is based on participant self-report; 2 n="71

Participants subsequently received an invitation for a post-test meeting
organized approximately a week after the end of the EMA period. During this meeting
participants returned the research materials and received instructions for the second
phase of the study (as part of the SAFE study participants also underwent 24h actigraphy
over the 3-week EMA period, followed by 1-year of weekly EMA questionnaires; these
measures are not included in the present paper). The researcher also briefly discussed the
EMA experience with the participant. Additionally, participants were informed during the
intake interview that they would receive a personalized feedback report based on their
data during the post-test meeting. None of the participants indicated during the intake
that they did not wish to receive the report. However, one participant who dropped out
during the EMA period, as well as five participants who opted not to continue into the
second phase of the study, indicated that they did not wish to attend the post-test session
or receive the feedback report. Therefore, seventy-six participants (93%) received a
feedback report. For these participants, during the post-test meeting the researcher
presented them with their personalized feedback report, and explained/discussed the

report with the participant. Following the meeting, participants received an email with a
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link to another set of online questionnaires, comprised of the same core set of
questionnaires filled in at baseline, with additional items included on the participants’
experience with the EMA. Participants again were instructed to fill in the questionnaire
within the following 72h, and received a reminder email if they did not do so. Participants
received a monetary compensation (20€) after completing the 3-week EMA and returning
the study materials; compensation was not based on the number of EMA completed.
Travel/and or postage costs for study materials were compensated for all participants if

applicable.

Statistical Analysis

All analyses were performed with SPSS. Descriptive statistics were used to
present sample characteristics, EMA response rates, and to summarize participant
feedback. Linear regression analyses, independent samples t-tests and Chi-squared tests
were used to examine predictors and patterns of response rates. Paired samples t-tests
were used to examine differences between baseline and post-EMA scores on
questionnaire measures. Multilevel linear regression analyses (linear-mixed models) were
used to assess reactivity in momentary positive and negative affect and suicidal ideation
over time. The models included both arandom intercept and a random slope, to account
for heterogeneity in individual symptom trajectories. A first-order autoregressive (AR)
covariance structure was used, which assumes that successive observations are more
highly correlated than temporally more distal observations. In line with Husky and
colleagues (2014), we used assessment number (1-81) and day number (1-21) as continuous
predictors. In the analyses on the effects of assessment number, we specified a three-level
structure whereby observations were nested within individuals and within days. In the
analyses on the effects of day number, we specified a two-level structure whereby
observations were nested within individuals. Finally, we performed post-hoc multilevel
analyses with the three suicidal ideation items (wish to live, wish to die, suicidal thoughts)
as separate outcomes, in accordance with findings that different aspects of suicidal
thinking may present different temporal patters (Oakey-Frost et al., 2023). Significance
was determined at alpha = .05. With 82 participants and 81 responses per participant as
target, and based on the average EMA response rate (78%), we had power (.90) to detect
small effects (d=.20) (Kleiman, 2017).
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Results
Acceptability

A total of 209 participants signed up for the study and were invited for an intake
interview. Of those, 90 attended the intake. Following the interview, eight participants
were excluded because they declined to participate (7= 2), were not registered with a
local GP (n7= 2), or had probable bipolar disorder (7= 2), (primary) psychotic disorder! (7=
1), or (severe) substance dependence (7= 1). Consequently, 82 participants were enrolled
in the study. This resulted in estimates of acceptability ranging from 39% (percentage of
participants who signed up for the study and subsequently started the data collection
period) to 98% (percentage of eligible participants who completed the intake and
subsequently started the data collection period). One participant dropped out of the
study during the 3-week EMA period, resulting in a retention rate of 99% (n.b. prior to
dropping out, this participant achieved a response rate that was within the range of the
completers, and hence this participant was retained in all analyses). Participant flow is
presented in Figure 1, and an overview of the sociodemographic and clinical composition
of the sample is reported in Table 2.

Seventy-one participants (87%) also filled in the baseline questionnaire, and fifty-
nine participants (72%) filled in the post-test questionnaire. Those who did not fill in the
baseline questionnaire were significantly more likely to have a suicide attempt history,
(1)=4.69, p=.030, VV=0.24, and a diagnosis of ADHD #(1)=6.79, p=.009, V’=0.29. Those
who did not fill in the post-test questionnaire were more likely to be male, ?(2)=7.45, p=
.024, V=0.30. Conversely, those with a diagnosis of MDD, y#(1)=4.27, p=.039, V'=0.23,
were morelikely to fill in the post-test questionnaire; no other differences were observed
on sociodemographic or clinical characteristics.

Following the three-week EMA period, 72 participants (89%) continued to the
second phase of the study (i.e., a 1-year monitoring period with weekly EMA,; results not
reported here). There were no significant group differences between those who continued

and those who did not on either sociodemographic or clinical characteristics (all ps >.05).

Feasibility

Participants on average filled in M= 63 (Med= 68) EMA entries out of the 81
scheduled alerts, with a mean response rate of 78% (Med= 84%) and range from 14 to 81
(17-100%). In addition, participants on average filled in M= 3 (Med= 2) additional entries

!Participants with major depressive disorder (MDD) with psychotic features were included. Participants with
primary psychotic disorders (as per DSM-5 definition) such as schizophrenia were excluded.
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(Range 0-13), resulting in a total of M= 66 (Med="70) EMA entries completed per
participant overall (Range 16-88). In total, K= 5,400 unique assessments were completed
by the sample as a whole, of which 4= 5,196 were scheduled entries and k=204 were

additional entries initiated by the participants.

Figure 2. Percentage of Assessments Filled in as a Function of Day Number
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Participants on average filled in the EMA 38 minutes and 21 seconds after the
alert, and took 2 minutes and 46 seconds to complete the assessment. The probability of
filling in the (scheduled) EMA decreased over time, y*(1)=113.37, p<.001, OR = 1.06, Closx
[1.05,1.07], with response rates declining from 91% on Day 1 to 68% on Day 21 (Figure 2).
Morning EMA alerts were significantly more likely to be missed, compared to day and
evening alerts (76% of morning assessments filled in, 79% day and 79% evening, y? (2) =
10.77, p=.005, VV=0.04). No differences were observed between weekdays versus
weekends (78% response rate on weekdays and 78% on weekends, p=.973).

There was no influence of age (p=.340), gender (p=.127), living situation (p=
.597), or education level (p=.240) on response rates; however, students had lower
compliance than non-students (Mswdene= 74%, Momer= 83%), {79) = 212, p=.037, d= 0.47.
There was no influence of borderline personality traits (PAI-BOR; p=.056) or suicide
attempt history (p=.846); however, those with a current diagnosis of an anxiety disorder
had lower compliance (Manview= 75%, Mocer= 84%), {(79) = 2.00, p=.049, d= 0.45 (all other
diagnoses p>.05). Baseline quality of life (Q-LES-Q-SR, p=.833), depressive symptom
(BDI, p=.628), suicidal ideation (BSSI, p=.223), anxiety (HADS-A, p=.302) and insomnia
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symptom severity (ISI, p=.743) also did not impact compliance. However, those scoring
higher on trait anger had lower compliance rates (STAXI, B=-0.65, SE= 0.28, Beta=-0.27,
p=.021).

Figure 3. Mean Ratings of Positive Affect, Negative Affect and Suicidal Ideation as a
Function of Assessment Number
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Reactivity

There was no evidence of systematic affect reactivity i.e., increases or decreases
in participants’ EMA-rated momentary positive affect (8= 0.01, SE'= 0.09, p=.996),
negative affect (B= 0.01, SE= 0.10, p=.959) or suicidal ideation (8= 0.01, SE=0.14, p=
.973) as a function of assessment number (Figure 3) 2. Similar findings emerged when
examining desire to live (B=0.01, SE= 0.16, p=.971), desire to die (B=0.01, SE=0.18, p=
.978) and suicidal thoughts separately (B=-0.01, SE=0.12, p=.971). There were also no
increases or decreases in EMA-rated positive affect (B=-0.01, SE=0.08, p=.970),
negative affect (B=0.02, SE=0.10, p=.833) or suicidal ideation (B= 0.02, SE= 0.14, p=
.901) as a function of assessment day. Similar findings emerged when examining desire to
live (B=0.02, SE=0.16, p=.891), desire to die (B=0.02, SE=0.18, p=.918) and suicidal
thoughts separately (B=-0.01, SE= 0.12, p=.963). Baseline and post-EMA questionnaire
comparisons showed a decrease in overall suicidal ideation severity on the BSSI: Measeiine =
16.40 (SD=917), Mpost-ena=15.05 (5D = 8.64), #(54) = 2.20, p=.032, d= 0.30. No differences
were observed on the BDI, HADS, ISI or Q-LES-Q (all p's >.05).

2 Analyses on response rates and reactivity were based on scheduled alerts only in order to keep the number as well
as timing of the entries consistent across participants.
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Table 3. Summary of Participant Feedback After the 21-Day EMA Period

Question N=58
Overall experience

Positive 40 (69%)

Neutral 13(22%)

Negative 5(9%)
Burdensomeness

Not burdensome 42 (72%)

Neutral 6 (10%)

Burdensome 10 (17%)
Stressfulness

Not stressful 43 (74%)

Neutral 9 (16%)

Stressful 6 (10%)
Duration of EMA period

Just right 48 (83%)

Neutral 2 (3%)

Too long 8 (14%)
Frequency of EMA

Just right 37 (64%)

Neutral 8 (14%)

Too many 13 (22%)
Number of questions per EMA

Just right 37 (64%)

Neutral 14 (24%)

Too many 712%)
Number of answer options

Too few 20 (35%)

Just right 38 (65%)

Too many -

Reason for missing alerts

I did not miss any alerts 2 (3%)
Burden too high 9 (15%)
Technical problems 12 (20%)
Too busy 39 (66%)
Phone not accessible/available 12 (20%)
Other 17 (29%)
Change in daily behavior / schedules
Did not change behavior / schedule 51 (88%)
Neutral 2 (3%)
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Changed behavior / schedule 5(9%)
Improved mood after EMA

No 36 (62%)

Neutral 9 (16%)

Yes 13 (22%)
Worsened mood after EMA

No 34 (59%)

Neutral 11 (19%)

Yes 13 (22%)
Triggered suicidal ideation after EMA

No 35 (61%)

Neutral 12 (21%)

Yes 10 (18%)
Worsened suicidal ideation after EMA

No 43 (74%)

Neutral 9 (16%)

Yes 6 (10%)

Note: EMA = Ecological Momentary Assessment

Participant Feedback After 21-Day EMA

Based on participant feedback (7= 58; Table 3), the most frequently reported
reasons for missing EMA were being otherwise engaged/busy (66%), not having access to
phone (20%), and technical issues with the app (20%). Many also reported having missed
morning and/or evening assessments due to being asleep (17%).

Most participants (69%) reported their experience with the EMA as positive
overall (22% neutral and 9% negative). 17% reported the EMA to have been burdensome
(10% neutral, 72% not burdensome), and 10% stressful (16% neutral, 74% not stressful); of
those who reported the EMA to have been stressful (17= 6), two participants indicated the
source of the stress to have been the burden of filling in the assessments, one the content
of the EMA, and three indicated stress from both the burden and content. Additionally,
out of a number of descriptive items provided to the participants (selecting multiple items
allowed), 48% described the study as “insightful”, 15% “fun/exciting” and 10% “relaxing”.
Meanwhile, 12% described the EMA period as “depressing” and 10% “annoying”. The
experience for many was multifaceted (e.g., “4 /ot of work, but also provided insights and
sometimes it gave comfort.”).

When asked if participants had changed their daily behavior and/or schedules in

some way due to study participation, most (88%) reported no change (3% neutral, 9%
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changed behavior). Those who indicated (at least some) behavioral change, reported
spending more time on their phone (7= 3) and waking up earlier so not to miss the
morning assessments (7= 5), or generally having made positive changes to their sleep (7=
1). Ten participants indicated having been more attentive/in tune with their experiences
and emotions ( “/ took more time out of my day to assess how I was feeling.”), of which
three indicated having engaged in (positive) behavioral change due to this awareness (7 --
- was more aware of how bad things were and therefore tried to get into a healthier
pattern.”, “l became more aware of my daily rhythms and tried to implement more
structure into my days.”).

Most participants reported neither positive mood effects (62% no improvement
in mood, 16% neutral, 22% improved mood) nor negative mood effects (59% no worsening
of mood, 19% neutral, 22% worsened mood) resulting from the EMA. 18% reported a
triggering effect of the EMA on their suicidal ideation (21% neutral, 61% no triggering
effect), and 10% reported a worsening in their suicidal ideation (16% neutral, 74% no
worsening effect). Those with more borderline personality traits (PAIBOR, B= 0.06, SE=
0.02, Beta= 0.34, p=.013) and those with a PTSD diagnosis (B=1.17, SE= 0.55, Beta=0.28,
p=.037) were more likely to report a triggering effect of the EMA on their suicidal
ideation. Those with higher suicidal ideation (BSSI, B=0.06, SE=0.03, Beta=, p=.030),
depressive (BDI, B=0.05, SE=0.02, Beta= 0.29, p=.033) and anxiety symptoms (HADS, B
=0.16, SE=0.06, Beta= 0.34, p=.013), and those with more borderline personality traits
(PAIBOR, B=0.05, SE=0.02, Beta=0.28, p=.041), were more likely to report suicidal
ideation worsening from the EMA; no other participant characteristics were associated
with increased suicidal ideation or negative affect reactivity.

When examining the EMA ratings of the subgroup of participants who reported
mood worsening (7= 13), no increase in negative affect was observed over the EMA period
(B=0.01, SE=0.26, p=.967). When examining the EMA scores of the subgroup of
participants who reported triggering (7= 10) or worsening of suicidal ideation (z7= 6), no
increase in suicidal ideation was observed over the EMA period (triggering: B=-0.02, SE=
0.35, p=.958; worsening: B=-0.01, SE=0.53, p=.994). Notably, all participant who filled
in the feedback survey (including those who reported iatrogenic effects) continued into

the second phase of the study.

Discussion

In the present study, we examined the acceptability and feasibility of EMA in

patients with suicidal ideation, with a focus on iatrogenic effects and identifying
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subgroups of patients who may be more affected by negative reactivity. Overall, our
findings support the acceptability, feasibility and safety of EMA among patients with
current suicidal ideation. While we failed to uncover systematic iatrogenic effects in EMA-
rated affect and suicidal ideation, a distinctive subgroup of participants (characterized by
higher depression, anxiety and suicidal ideation severity, as well as comorbid PTSD and
BPD traits) self-reported experiencing negative reactivity from the EMA, based on
participant feedback after the 21-day EMA period. These findings are discussed further

below.

Acceptability

With 39% of those signing up for the study ultimately starting the EMA, our
acceptability rate was fairly low. Online-based recruitment is likely to attract a higher
number of people curious about the study rather than serious intent to participate.
Studies approaching potential participants in inpatient or outpatient settings tend to
report higher acceptability rates (see e.g., Husky et al., 2014; Torous et al., 2015).
Meanwhile, 98% of participants who attended the intake interview and were deemed
eligible to participate started the EMA period. Our 99% retention rate was also higher than
that reported in the literature (60-96%) (Czyz et al., 2018; Forkmann et al., 2018; Law et al.,
2015; Porras-Segovia et al., 2020; Rogers, 2021). These numbers are likely influenced by
participant self-selection; those following up with the intake interview were likely to have
already carefully considered the burden of participation, and were more intrinsically

motivated to take part in the study.

Feasibility

We achieved excellent compliance rates, with people on average filling in 78%
(Med=84%) of the scheduled EMAs. As such, our compliance rate was higher than the
average in previous studies (Med= 70%) (Kiveld et al., 2022). Reasons for our high
compliance are again likely to include participant characteristics and self-selection, as
well as the nature of the incentives used in the study; participants were aware that they
would receive a personalized feedback report which was dependent on the (amount and
quality) of their EMA responses. Notably, we did not employ additional feedback or
rewards for increased compliance, such as periodically providing participants with
feedback on their response rate, or offering additional monetary rewards for high
compliance (as done previously by e.g., Glenn et al., 2020; Rogers, 2021). Indeed,

monetary rewards tend to have fairly small effects on compliance (Ottenstein & Werner,
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2021), whereas more personalized rewards (such as feedback reports) may be more
effective in increasing participants’ engagement with the study (Folkersma et al., 2021).
Participants were also informed they would receive a phone call from the study personnel
if they did not fill in any EMA for 72 hours; desire to avoid this phone call may have further
increased participants’ compliance. However, our decision not to monitor the content of
participants’ responses in real-time may also have influenced responses and response
patterns: while response monitoring is generally recommended (especially when studying
adolescents) it is also understood that such monitoring may lead to underreporting of
suicidal ideation, or even additional missing data in case participants stop completing the
surveys at times of severe ideation in order to prevent unwanted intervention by research
staff (Bentley et al., 2021).

While previous studies have concluded that participant characteristics, such as
suicide attempt history or current depression or suicidal ideation severity, do not
influence response rates (Glenn et al., 2020; Hallard et al., 2021; Oquendo et al., 2020;
Peters et al., 2020; Rogers, 2021), we identified several characteristics that were predictive
of lower compliance. Our finding that students had lower compliance than non-students
is contrary to Porras-Segovia and colleagues (2020), who reported higher compliance
among student controls than psychiatric patients. However, most of our student
participants also had current psychiatric diagnoses, therefore hindering direct
comparisons with the previous study. Further, we also found lower compliance among
those with an anxiety disorder, as well as those scoring higher on trait anger. Lower
compliance among patients with anxiety disorders may be explained by anxious
individuals’ propensity to experiential avoidance (i.e., avoidance of distressing emotional
experiences) (Hayes-Skelton & Eustis, 2020), which may have reduced their willingness to
attend to their internal states as prompted by the EMA. Meanwhile, trait anger is
correlated with both low agreeableness and low conscientiousness (Pease & Lewis, 2015),
which canlogically be expected to also extend to lower study compliance.

It is more difficult to infer how our study design may have impacted compliance.
At 21 days, our assessment period was fairly long (average study duration in previous
studies Med= 14), while the number of assessments per day (4) was slightly below average
(Med=75) (Kiveld et al., 2022). However, with up to 40 questions per EMA prompt our
protocol was fairly intensive. Most previous studies achieving comparable compliance
rates (> 70%) employed shorter assessment periods (<= 2 weeks) (Husky et al., 2017;
Littlewood et al., 2019; Nock et al., 2009; Oquendo et al., 2020; Spangenberg et al., 2019)
or only collected EMA once per day (Coppersmith et al., 2019; Czyz et al., 2020). However,

Victor and colleagues (2019) reached similar compliance in an EMA study of young women
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with a history of self-injurious thoughts, which employed seven daily prompts over 21
days. Finally, unlike many other studies Kleiman et al., 2017; Littlewood et al., 2019; Rizk et
al., 2019) that allowed participants to adjust the EMA prompt windows to their daily
schedules (e.g., wake up and bedtimes), we employed the same assessment schedule for all
(7am - 10pm), in order to create comparable timeframes between participants that would
allow us to examine time-of-day effects in future analyses. However, in order to provide
the participants with some additional flexibility in terms of their response times, we
allowed for a time window of three hours in the mornings, and two hours during the
daytime and evenings, for the participants to complete the EMA following the initial alert.
Regardless, this may have led to the lower compliance we observed to morning
assessments (with non-morning types being more likely to miss early alerts), although it
has also previously been reported that adherence to morning surveys tends to be lower
than that to daytime assessments (Jacobucci et al., 2023; Torous et al., 2015). We also
experienced decreasing compliance over time, with compliance rates declining from 91%
to 68% between the first and last day of the assessment period, indicating some fatigue
effects. Decreasing compliance with increasing study duration is a consistent finding in
the literature (Czyz et al., 2018; Forkmann et al., 2018; Glenn et al., 2020), with a distinctive
drop after three weeks (Jacobucci et al., 2023). For example, in a study by Czyz and
colleagues (2018), compliance decreased from 80% on week 1 to 60% on week 4, and in a
study by Glenn and colleagues (2022) from 87% on week 1to 45% on week 4. Notably, both
previous studies used adolescent samples.

Of note is also that we experienced some technical issues with the EMA app
several times over the 26-months of data collection, but unfortunately were unable to
account for the exact amount of missing data that was due to technical issues (rather than
non-compliance). However, 20% of participants reported having been impacted by
technical issues; some also reported that frustration with the technical issues reduced

their engagement with the study and therefore lead to additional missed entries.

Reactivity Importantly, no suicide attempts or deaths occurred during the EMA
period. Examination of changes in participants’ EMA-reported positive and negative
affect and suicidal ideation over the study period indicated no (negative or positive) affect
reactivity. This is in line with prior studies showing no increases in negative affect, suicidal
ideation or other suicide outcomes in response to EMA measures (Coppersmith et al.,
2022; Husky et al., 2014; Law et al., 2015). While these prior studies showed no reactivity in
active suicidal ideation (thoughts about, and desire and intent for suicide) we also

considered more passive aspects of ideation (will to live, desire to die), which neither
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exhibited reactive effects. However, 22% of participants retrospectively indicated having
experienced mood worsening during the study period, with 18% of participants having
experienced the EMA as triggering their suicidal ideation and 10% as worsening their
ideation. These numbers seem to largely align with previous studies: 16% of depressed
inpatients reported having experienced EMA as stressful and/or burdensome (Forkmann
et al., 2018), and 9% of a community-based sample with current suicidal ideation stated
the assessments to have been “occasionally ‘distressing’, ‘emotionally taxing’ and

%

‘triggering bad thoughts’” (Rogers, 2021). When examining the characteristics of those
who were more likely to report iatrogenic effects, we found increased symptom severity
(depression, anxiety and suicidal ideation), as well as comorbid PTSD and BPD traits, to
distinguish those who were more likely to report reactivity. Individuals experiencing more
severe current symptoms may find the study proceedings as more taxing or more
confrontational, due to the higher number of negative emotional experiences they would
be forced to face. Individuals with BPD traits specifically (Sansone & Sansone, 2010; Sauer
et al., 2014), as well as those with PTSD (Badour & Feldner, 2013; Sauer et al., 2014), are also
more likely to experience problems with emotion regulation, including emotional
(hyper)reactivity. Further, this emotional (hyper)reactivity does not only concern
negative, but may even result from neutral environmental stimuli (Sansone & Sansone,
2010). Individuals higher in BPD traits are also less likely to engage in emotional
acceptance (Chapman et al., 2013), and may hence experience their emotions as more
distressing. Meanwhile, an EMA study showed avoidance to be the most frequently used
emotion regulation strategy by patients with PTSD, and that maladaptive emotion
regulation prospectively predicted increases in PTSD symptoms (Short et al., 2018).
Consequently, patients with PTSD may be more distressed by facing their (negative)
emotions.

It should also be noted that the participants’ self-report with regard to these
iatrogenic effects was completed, on average, one to two weeks after the end of the EMA
period and concerned the assessment period as a whole, and we did not include questions
as part of the EMA itself to inquire whether participants felt iatrogenic effects /n the
moment. As such, it is impossible to assess if participants experienced this subjective
reactivity in real time, and these reports may further be influenced by retrospective
memory biases. For example, an EMA study on PTSD symptoms concluded that
retrospective symptom reports post-EMA more closely corresponded to worst-point
EMA scores, rather than average ratings throughout the EMA period (Schuler et al., 2021).
Patients with depression are also known to exhibit negative memory biases, with the

strength of such biases being associated with symptom severity (Duyser et al., 2020).
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Individuals with borderline personality traits also have a tendency to recall negative
experiences in a manner where the reported severity of the experience increases over
time (Maraz et al., 2022). We also did not ask whether participants experienced decreased
suicidal ideation after filling in EMA, so our questionnaire was biased towards participants
reporting more negative rather than positive reactive effects. Further, all participants who
filled in the feedback survey (including those reporting iatrogenic effects) continued into
the second phase of the study. As part of their safety plan, participants were also urged to
immediately contact the study personnel in case they felt that the study proceedings were
negatively affecting their mood and/or functioning; none of the participants made
contact for this reason. Hence, in concordance with our findings of no systematic
reactivity in the participants’ EMA scores, it appears that for those reporting iatrogenic
effects the negative reactivity was unlikely to have been systematic, or substantially
distressing. In line with participant reports that they experienced the EMA as increasing
their awareness of their emotions and daily experiences (e.g., “/ --- was more aware of how
bad things were and therefore tried to get into a healthier pattern.’), it may be that, for
better or worse, this increased attention and awareness may also have led to increased
focus on negative emotions. Hence, the EMA may have forced some participants to
confront emotions they were trying to ignore or suppress, resulting in temporary mood
and/or suicidal ideation worsening after filling in the assessments. Alternatively, these
reports may simply reflect participants’ increased attention to their thoughts and
emotions that were already there (including suicidal ideation), rather than actual increases
in the intensity of said experiences. As EMA has been shown to increase emotional self-
awareness (Kauer et al., 2012), this awareness might be perceived as the triggering or
worsening of suicidal ideation by EMA. Correspondingly, prior research has demonstrated
that neither suicidal ideation (Coppersmith et al., 2019; Husky et al., 2014) nor suicidal
behavior (Law et al., 2015) increase in response to EMA. Other participants also reported
that having to fill in certain responses, such as repeatedly reporting that they were alone
when filling in the EMA, sometimes made them feel sad, illustrating how even innocuous
questions may sometimes be triggering. A further point of consideration that has recently
been brought forward as explaining effects that may appear iatrogenic concerns the
emotion regulation function of suicidal thinking (Coppersmith et al., 2023; Kleiman et al.,
2018). This emotion regulation function may explain why certain participants (i.e., those
using suicidal thinking as a form of maladaptive coping) may experience increases in
suicidal thinking over time. This is based on findings that those who report engaging in
suicidal thinking as a form of emotion regulation are more likely to report more frequent

and severe suicidal thoughts (Coppersmith et al., 2023).
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Finally, we observed a decrease in overall suicidal ideation severity from baseline
to post-EMA (on the BSSI). This finding is contrary to our findings of no systematic change
in the participants EMA-rated suicidal ideation. To the best of our knowledge, no previous
EMA study has reported decreases in suicidal ideation following study participation.
However, studies employing other cross-sectional and longitudinal designs have shown
that participating in suicide research may serve to lessen suicidal ideation (Schatten et al.,
2022; Smith et al., 2010). However, our finding of reduced suicidal ideation on the BSSI is
likely to also be influenced by the lower compliance to the post-test questionnaire (71%),
with those in a better mental state perhaps being more willing to fill in the additional
assessment. An alternative explanation concerns potential intervention effects resulting
from the feedback reports presented to the participants after their EMA period (and prior
to filling in the post-EMA questionnaire, which included feedback about the study). It is
possible that, rather than the EMA procedure itself, the insights resulting from the
feedback report and related discussions with the research personnel may have led to
symptom relief. Unfortunately, we did not formally evaluate the participants’ reactions to
the feedback reports, as the study was designed as an observational rather than an
intervention study, and the feedback reports were merely intended as additional
incentives for participants, and neither the EMA assessments nor the feedback reports
were expected to lead to treatment effects. However, with 22% of participants reporting
improvedmood inresponse to the EMA, it is clear that reactive effects may also appear in
a positive direction.

Strengths of our study include a diverse high-risk sample, as we employed
minimal exclusion criteria related to comorbidities, medication use etc. As such our
findings have greater generalizability to the heterogeneous group of patients
experiencing suicidal ideation. Further, as we achieved higher retention and compliance
rates than expected, we had excellent power for our analyses. Finally, we paid special
attention not only to objective iatrogenic effects, but also participants’ subjective
experiences in undergoing intensive longitudinal assessments on suicidal ideation.

Limitations of the present study include the relatively small sample; although our
sample size is somewhat higher than the average in past studies (Med= 52) (Kiveld et al.,
2022), larger-scale studies are needed to replicate these early findings. Further, although
we achieved excellent compliance with the EMA, compliance with other study
proceedings (such as the baseline and post-test questionnaires) was lower. Hence, the
subsample of participants who reported on their experience with the EMA may not be
representative of the full sample, and most importantly may neglect to take into account

those who experienced more substantive negative effects. Finally, the exclusion of
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participants with current bipolar, psychotic, or severe substance abuse disorders limits
the generalizability of our results when considering patients with the aforementioned
comorbidities.

In conclusion, high feasibility numbers should not blind researchers to the fact
that a distinctive minority may report negative reactivity in response to repeated daily
assessments of suicidal ideation. These retrospective reports did not, however,
correspond with systematic reactive changes in momentary mood and/or suicidal
ideation during the EMA. Regardless, increased attention in future research should be
paid to identifying subgroups of patients who may be more likely to report negative
effects. Based on our findings, this may include those with higher baseline symptom
severity (depression, anxiety, suicidal ideation) as well as comorbidity with either PTSD or
BPD traits. Participants in similar studies should be transparently informed that they may

experience mood effects - whether those be positive or negative.
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Appendix

1.  Daily Ecological Momentary Assessment (EMA) Questions (21-Day Assessment)

SLEEP*
Good morning!

How did you sleep last night? From O (very poorly) to 10 (very well).
What time did yougo tobed?

What time did you try to get to sleep? ____

How long did it take you to fall asleep?

Did you wake up during the night? (if YES, go to A; if NO, go to 6)

A N

a. Howlong were you awake (in minutes)?

Did you have any nightmares?

N e

What time did you wake up for the day?
What time did you get out of bed? Did you take any naps today? (if YES,
go to A;if NO, go to ADDITIONAL SLEEP COMMENTS)**

a. How many minutes in total did you spend napping?

ADDITIONAL SLEEP COMMENTS
9. Doyouwant to add any other comments/notes about your sleep?
*Only assessed at the first EMA beep of the day.
**Only assessed at the last EMA beep of the day.

CONTEXTUAL FACTORS

1. Whereare you right now? (Select: at home; work; other: )
2. What are you doing right now?
3. Currently I am... (Select: alone, with others)

a.If “with others”, Select: friends; family; other:

IMPACTFUL EVENTS

1. Have you experienced any events*** that had an impact on you since the last
questionnaire? (if YES, go to A; if NO, go to MOOD)
a. Pleaseindicate the type of event that had the most impact:
(Select: had a disagreement with someone; been rejected by

someone; been complimented or praised by someone; been
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disappointed by someone; felt neglected by someone;
experienced a loss of some sort; received good news;
received bad news; been reminded of something painful from

the past; been reminded of something pleasant from the past;

other: something negative
positive )

b. How stressful was the (most stressful) event? From O (not

; other: something

stressful at all) to 10 (very stressful).

***These events may be either negative or positive.

MOOD

1.

At the moment, how Aappydo you feel? From O (not at all) to 10 (very much)

(Positive mood)

2. At the moment, how ca/mdo you feel? From O (not at all) to 10 (very much)
(Positive mood)

3. At the moment, how saddo you feel? From O (not at all) to 10 (very much)
(Negative mood)

4. At the moment, how anxiousdo you feel? From O (not at all) to 10 (very much)
(Negative mood)

5. At the moment, how angrydo you feel? From O (not at all) to 10 (very much)
(Negative mood)

6. At the moment, how guilty do you feel? From O (not at all) to 10 (very much)
(Negative mood)

7. At the moment, how ashameddo you feel? From O (not at all) to 10 (very
much) (Negative mood)

COGNITIONS

1. At the moment, how Aopeless do you feel? From O (not at all) to 10 (very
much).

2. At the moment, how optimisticdo you feel? From O (not at all) to 10 (very
much).

3. At the moment, how /onelydo you feel? From O (not at all) to 10 (very much).

4. At the moment, I feel like /’m a burden to others in my life. From O (not at all)

to 10 (very much).
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SUICIDAL IDEATION

1. At the moment, how strong is your desire to live? From O (none) to 10 (very
strong) (Passive ideation).

2. At the moment, how strong is your desire to die, or to go to sleep and not
wake up? From O (none) to 10 (very strong) (Passive ideation).

3. At the moment, do you actually have thoughts of killing yourself? From O (not
at all) to 10 (very much) (Active ideation). (If > 1, go to A; if = 0, go to COPING
STRATEGIES)

a. Atthe moment, how strong is your intention to act on these
thoughts? From O (none) to 10 (very strong) (Active ideation).

b. At the moment, how much can you resist the urge to kill
yourself? From O (not at all) to 10 (very much)? (Acquired
capability).

c. Atthe moment, how afraid are you of dying? From O (not at
all) to 10 (very much) (Acquired capability).

d. Atthe moment, how afraid are you of the painassociated with
dying? From O (not at all) to 10 (very much) (Acquired
capability).

COPING STRATEGIES

1. Ifyou have experienced negative mood/thoughts, did you do something to
try to manage them? (If YES, go to A; if NO, go to SUBSTANCE USE)

a. What did you do? (Select: keeping busy; socializing;
calling/messaging a friend; calling/messaging a family
member; positive thinking; doing something good for self;
calming self/relaxation; finding perspective; sitting with
feelings until they pass; other: )

SUBSTANCE USE

Since the last questionnaire have you used:
1. Medication (other than your daily prescriptions)? (If YES, go to A; if NO, go to
ALCOHOL)
a. Medication: Please specify:
2. Alcohol?(If YES, go to A; if NO, go to CANNARBIS)

a. How many drinks did you have?
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3. Cannabis?
4.  Otherdrugs? (If YES, go to A; if NO, go to FINAL COMMENTS)
a. Other drugs: Please specify:

FINAL COMMENTS

1. Doyouwant to add any other comments/notes?
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2. Experience with Ecological Momentary Assessment (EMA) Questionnaire - 21-

Day Assessment

The following questions are about your experience measuring your mood / thoughts

using the mobile phone (Ethica) app during the past three weeks.

1.

10.

How burdensome did you find the mobile phone assessments overall? From
0 (not at all) to 7 (very much)

The duration of the study (3 weeks) was... From O (just right) to 7 (too long)
The number of assessments per day (4) was... From O (just right) to 7 (too
many)

The number of questions per assessment was... From O (just right) to 7 (too
many)

Were there specific questions you found difficult or annoying to answer?

Were there specific questions that you hope would have been included?
How did you find the answer options / rating scales? [Selection answer
option] 1 (There was always a suitable answer option available), 2 (There
were not enough options / the scale was too limited), 3 (There were too
many options / the scale was too broad)
If you missed assessments during the 3 weeks, did you miss them due to...
[Selection answer option - you may choose multiple] 1 (I didn't miss any
assessments), 2 (The burden of the assessments was too high), 3 (Technical
problems /I didn't receive the alert), 4 (I was too busy /[ didn't have time), 5
(I didn't have my mobile phone with me), 6 (Other: )
To what extent did you change your behavior / normal daily rhythms due to
the assessments? From 1 (not at all) to 7 (very much)
a. Ifyes,how did your behavior / daily rhythms change?
How stressful was filling in the assessments? From 1 (not at all) to 7 (very
much)
a.  What part of the assessment did you find stressful? [Selection
answer option] 1 (The process of filling in the assessments (i.e.,
time burden, missing assessments, difficulty using the app
etc.)), 2 (The content of the questions (i.e., sensitive topics)), 3

(Both the process and content of the assessments.)
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12.

13.

14.

15.

16.

17.

Application

Do you think the assessments sometimes influenced your mood in a positive
way (i.e., improved your mood / felt better after filling in the assessment)?
From1 (not at all) to 7 (very much)

Do you think the assessments sometimes influenced your mood in a
negative way (i.e., worsened your mood / felt worse after filling in the
assessment)? From 1 (not at all) to 7 (very much)

Do you think the assessments sometimes triggered suicidal thoughts (when
you didn't have these thoughts prior to filling in the assessment)? From 1
(not at all) to 7 (very much)

Do you think the assessments sometimes worsened your suicidal thoughts
(when you already had these thoughts prior to the assessment)? From 1 (not
at all) to 7 (very much)

Would you describe your experience with using the app / filling in the
assessments as ...7 [Selection answer option - you may choose multiple] 1
(Fun/exciting), 2 (Relaxing), 3 (Insightful), 4 (Neutral), 5 (Depressing), 6
(Annoying), 7 (Stressful), 8 (Other: ____ )

How would you rate your experience with the mobile phone app
assessments overall? From 1 (very positive) to 7 (very negative)

Would you like to add any other comments?
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Abstract

Background: Suicidal ideation arises from a complex interplay of multiple interacting risk
factors over time. Recently, ecological momentary assessment (EMA) has increased our
understanding of factors associated with real-time suicidal ideation, as well as those
predicting ideation at the level of hours and days. Here we used statistical network
methods to investigate which cognitive-affective risk and protective factors are
associated with the temporal dynamics of suicidal ideation. Methods: The SAFE study is a
longitudinal cohort study of 82 participants with current suicidal ideation who completed
4x/day EMA over 21 days. We modelled contemporaneous () and temporal (£ + 1)
associations of three suicidal ideation components (passive ideation, active ideation,
acquired capability) and their predictors (positive and negative affect, anxiety,
hopelessness, loneliness, burdensomeness, optimism) using multilevel vector auto-
regression models. Results: Contemporaneously, passive suicidal ideation was positively
associated with sadness, hopelessness, loneliness, and burdensomeness, and negatively
with happiness, calmness, and optimism; active suicidal ideation was positively associated
with passive suicidal ideation, sadness, and shame; and acquired capability only with
passive and active suicidal ideation. Acquired capability and hopelessness positively
predicted passive ideation at ¢ +Z which in turn predicted active ideation; acquired
capability was positively predicted at £ + 7by shame, and negatively by burdensomeness.
Conclusions: Our findings show that systematic real-time associations exist between
suicidal ideation and its predictors, and that different factors may uniquely influence
distinct components of ideation. These factors may represent important targets for safety

planning and risk detection.
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Introduction

Suicidal ideation is influenced by multiple interacting risk and protective factors
over time (de Beurs et al., 2021; Franklin et al., 2017; Goldston et al., 2016). Some risk
factors, such as sociodemographic characteristics and childhood adversity, may exert
their influences over one’s lifetime (Nock et al., 2008), but are not useful in assessing
imminent risk. The influence of other risk factors, such as stressful life events, although
more temporally limited (Howarth et al., 2020), have shown poor sensitivity in identifying
those most at risk. Some other factors, such as abrupt changes in sleep or affect (Allen et
al., 2019), may have even more temporally specific effects, and help in identifying those
with heightened imminent risk. Collectively, these latter factors are known as acute
warning signs of suicide (Rudd et al., 2006), i.e., factors that are associated with suicide
risk in the short term. The aim of the present study was to model real-time data on suicidal
ideation and its warning signs in order to uncover patterns that characterize short-term
changes in suicidal ideation.

Although familiar to health care professionals, acute warning signs have been
givenrelatively little research attention (Rudd, 2008), probably because they are
sometimes fleeting and therefore quite difficult to measure. However, the development of
Ecological Momentary Assessment (EMA)(Davidson et al., 2017; Shiffman et al., 2008) and
its increased application in suicide research have facilitated a stronger focus on these
warning signs. EMA, which refers to real-time data collection methods in individuals’
natural environments, allows for a fine-grained examination of the temporal effects of
suicidal ideation, as well as its risk and protective factors (De Beurs et al., 2015; Kiveld et
al., 2022; Nock, 2016). EMA data may be used to examine momentary correlates of high or
low suicidal ideation, or to build prediction models that aim to forecast changes in
suicidal ideation in the subsequent hours and days. Increased attention on this acute time
frame is crucial, as it has previously gone largely neglected (De Beurs et al., 2015; Franklin
et al., 2017; Glenn & Nock, 2014). Now, a more detailed examination of the temporal
dynamics of suicidal ideation is needed, with a shift to identifying staterather than trait
predictors of suicidal ideation.

EMA research on suicidal ideation allows researchers to focus on this clinically
relevant timeframe (hours, days), and has already provided some new insights. We recently
reviewed 23 studies that used EMA to assess suicidal ideation (Kiveli et al., 2022). These
studies have demonstrated that many known long-term suicide risk factors are also
momentary correlates of suicidal ideation. Among these are contextual factors (such as

being alone) (Husky et al., 2017; Nock et al., 2009), interpersonal conflict (Kaurin et al.,
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2020; Nock et al., 2009), maladaptive coping and rumination (Hallard et al., 2021),
increased negative affect (Armey et al., 2020; Husky et al., 2017), as well as hopelessness,
burdensomeness and loneliness/thwarted belongingness (Czyz et al., 2019; Hallensleben
et al., 2019; Kleiman et al., 2017). Fewer studies have examined prospective (short-term)
associations with suicidal ideation. Consequently, few temporal predictors of ideation
have been established. Suicidal ideation itself appears to be strongly autocorrelated
within-day (Kleiman et al., 2017), but evidence for other temporal predictors is scarce,
inconsistent, and requires further work. For example, hopelessness and burdensomeness
(Hallensleben et al., 2019), negative affect (Armey et al., 2020; Victor et al., 2019), active
coping (Stanley et al., 2021), as well as sleep duration (Littlewood et al., 2019) may be
predictive of suicidal ideation in the short-term.

Further, only a limited number of EMA studies have clearly distinguished
between different components of suicidal ideation. These include passive and active
suicidal ideation (Wastler et al., 2023), as well as acquired capability, referring to increased
internal preparedness for suicidal behavior, encompassing decreased fearlessness about
death and increased pain tolerance (Van Orden et al., 2010). The identification of
predictors of active suicidal ideation and acquired capability may be especially important,
as these constructs are more closely related to the transition from ideation to action
(Diaz-Olivan et al., 2021; Van Orden et al., 2010). From the few studies that have aimed to
disentangle these components, differential findings have emerged. Perceived
burdensomeness was found to concurrently associate with passive, but not active,
suicidal ideation, while hopelessness, depressed mood and thwarted belongingness were
related to both active and passive ideation (Hallensleben et al., 2019). Finally, higher daily
levels of active ideation predicted higher acquired capability ratings at the end of the day
(Spangenberg et al., 2019). These findings illustrate the importance of separating different
components of suicidal ideation.

An emerging modeling technique, namely network analysis, allows for the
synthesis of this information in a manner that enables researchers to model the
complexity of systems with multiple outcomes and multiple interacting risk and
protective factors over time (Borsboom et al., 2021; Bringmann et al., 2013; de Beurs, 2017,
Fried & Cramer, 2017). As such, network modeling can address both of the current
challenges in EMA suicide research: account for the complexity in both predictors and
outcomes, and help explore short-term, temporal associations. Network models in time-
series data can estimate potentially bidirectional associations not only between suicidal
ideation and its risk factors, but between different suicidal ideation outcomes as well, in

order to observe the full extent of both direct and indirect influences on suicidal ideation.
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Further, in network models, risk factors such as loneliness or hopelessness reflect pieces
in the greater network of the symptomatology of suicidal ideation, rather than simply
being potential causes of suicidal ideation. In other words, suicidal ideation can both be
influenced by, and further influence, these risk factors, and network modeling may be
used to visualize these complex, bidirectional temporal relationships.

Network analysis is most often applied to complex time-series data, such as those
collected via EMA. So far, only one study has applied network analysis to such data on
suicidal ideation. Among 74 psychiatric inpatients who completed six days of EMA with 10
prompts per day, contemporaneous (i.e., concurrent) associations were found between
suicidal ideation and hopelessness, thwarted belongingness, burdensomeness, positive
and negative affect, and anxiety; however, only burdensomeness emerged as a significant
temporal predictor of within-day suicidal ideation (Rath et al., 2019). As such, current EMA
studies of real-time suicidal ideation (and network models emerging from such data) have
not yet established robust short-term temporal predictors of ideation. Further, the
distinction between different components of suicidal ideation, and how different risk and
protective factors may differentially associate with these outcomes, have not been
considered in such models.

The aim of the present study was to further investigate the temporal dynamics of
different components of suicidal ideation. We applied network analysis to EMA data to
examine how cognitive-affective risk and protective factors (incl. positive and negative
affect, anxiety, hopelessness, loneliness, burdensomeness, optimism) are interconnected,
and how they interact in the prediction of suicidal ideation (passive ideation, active
ideation, and acquired capability) in the short-term. While the potential range of risk and
protective factors impacting suicidal ideation is vast (de Beurs et al., 2021; Franklin et al.,
2017; Goldston et al., 2016), past EMA studies have demonstrated that maladaptive
cognitions (hopelessness, loneliness, burdensomeness) and affect variables specifically
appear to form the most robust associations with real-time suicidal ideation (Kivela et al.,
2022). According to the Interpersonal Psychological Theory of Suicide (IPTS) (Van Orden
et al., 2010), hopelessness, loneliness and burdensomeness are crucial for the
development of suicidal ideation, and are also interconnected with other established risk
factors (Kleiman et al., 2014). For example, a negative cognitive style (e.g., hopelessness-
proneness), may be associated both with specific negative attributions (“I am alone”, “I am
aburden”), as well as other negative affective sequale (feelings of shame, anger, sadness
etc.). Cognition and affect interact; affect can influence cognition and similarly,
cognitions may trigger affective responses (Duncan & Barrett, 2007), resulting in

bidirectional associations with suicidal ideation. Considering that no previous study has
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examined the combined real-time associations between these variables in relation to
different components of suicidal ideation, we adopted an explorative framework and did
not specify a prioripredictions of differential associations with passive and active suicidal

ideation, and acquired capability.

Methods
Design
Data were collected in the SAFE study, a longitudinal cohort study in individuals

with current suicidal ideation, who completed 21 days of EMA 4x/day.

Ethical Approval
The study was approved by the Medical Ethics Committee - Leiden, Den Haag,
Delft (The Netherlands) (METC-LDD) on 24.04.2020 (NL71510.058.19).

Participants

Participants (V= 82) for the study were adults with a history of a suicide attempt
and/or active suicidal ideation in the past year (Columbia Suicide Severity Rating Scale
(CSSRS) (Posner et al., 2011) score of >= 3, or >= 2 if ideation was present in the past two
months). All participants endorsed past 12-month active suicidal ideation on the CSSRS, of
which 26 (32%) reported that this ideation was still present within the past two months. All
participants who endorsed a past 12-month suicide attempt (7= 17, 21%) also reported past
12-month active ideation. Additional inclusion criteria comprised of proficiency in written
and spoken English and/or Dutch, being registered with a Dutch general practitioner (GP),
and possession of an i0S or Android compatible smartphone. Exclusion criteria were a
(current) diagnosis of bipolar disorder, a psychotic disorder, or severe substance
dependence, or any other intellectual or physical impairment that would have prevented
the participant from adequately following the study procedures. More information on

study proceedings may be found in Kiveld et al. (2023).
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Parameter

Item

Scale

Suicidal ideation

Passive ideation

Active ideation

Acquired capability

Happy
Calm

Sad

Anxious
Angry

Guilty
Ashamed
Hopeless
Optimistic
Lonely
Burdensome

At the moment, how strong is your desire to live?
At the moment, how strong is your desire to die,
or go to sleep and not wake up?

At the moment, do you actually have thoughts of
killing yourself?

At the moment, how strong is your intention to
act on these thoughts?

At the moment, how much can you resist the
urge to kill yourself?

At the moment, how afraid are you of dying?

At the moment, how afraid are you of the pain
associated with dying?

At the moment, how happy do you feel?

At the moment, how calm do you feel?

At the moment, how sad do you feel?

At the moment, how anxious do you feel?

At the moment, how angry do you feel?

At the moment, how guilty do you feel?

At the moment, how ashamed do you feel?

At the moment, how hopeless do you feel?

At the moment, how optimistic do you feel?

At the moment, how lonely do you feel?

At the moment, I feel like I’'m a burden to others

in my life.

0 (none) - 10 (very strong)*

0 (none) - 10 (very strong)

O (notatall) -

10 (very much)

0 (none) - 10 (very strong)

O (notatall) -

not at all
not at all
not at all
not at all
not at all

not at all

0( )=
0( )=
0( )=
0( )=
0( )=
0( )=
O (notatall) -
O (notatall) -
O (notatall) -
O (notatall) -
O (notatall) -
O (notatall) -
0( )=

not at all

10 (very much)*

1
1
1
1
1
1

0 (very much)*
0( )
0( )
0( )
0( )
0( )
10 (very much)
0( )
0( )
0( )
0( )
0( )
0( )

very much)*
very much
very much
very much

very much

1
1
1
1
1
1

very much
very much
very much
very much
very much

very much

Note: * positively worded items were reverse coded so that higher scores on all items reflect more severe

suicidal ideation

Measures and Procedure

Participants were recruited through fliers distributed in the community (incl.

social media), as well as collaborating mental health care providers in the area. Fliers

included a QR code directing participants to the study website, where they could access

full study information, and fill in a “self-test” to check their eligibility for the study.

Interested participants could then fill in a contact form to be invited for an intake

interview either onlocation (Leiden) or online. A total of 209 participants signed up for

the study and were invited for the intake interview, of which 90 attended the interview.
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During the intake, participants received information about the study and their
role as a participant, and after signing written informed consent, completed a semi-
structured interview covering information on their sociodemographic characteristics, and
medical and psychiatric history. The MINI Neuropsychiatric Interview (v. 5) (Sheehan et al.,
1998) and the Structured Clinical Interview for DSM-5 Personality Disorders subscale for
Borderline Personality Disorder (SCID-PD-BPD) were used to establish current diagnoses,
and an adapted version of the CSSRS (Posner et al., 2011) was used to assess the
participants’ past-year history of suicidal ideation, as well as their lifetime history of
suicide attempts. Following the interview, eight participants were excluded (7= 2 because
they declined to participate, and 7= 6 on the basis of inclusion/exclusion criteria, see
Kiveld et al., 2023 for more information on participant flow). Following eligibility
assessment, and prior to receiving instructions for the EMA, a personalized suicide safety
plan was drafted for each participant detailing their resources in the case of a suicidal
crisis. Finally, participants were instructed on how to download the EMA app (created by
Ethicadata.com), and the use of the app was illustrated by means of a demo questionnaire
and written instructions provided to the participants.

During 21 days, participants received four daily (scheduled) EMA prompts on a
signal-contingent, pseudo-random schedule. Prompts were sent out at randomized times
within the windows of 7am-9am, 12pm-2pm, 4pm-6pm and 8pm-10pm. Following the
alert, participants had 180 minutes to fill in the morning assessment, and 120 minutes to
fillin the afternoon and evening assessments. Reminder alerts were sent out 30 minutes
after the initial alert in case the EMA had not yet been completed. Additionally,
participants could self-initiate (additional) entries at any time during the EMA period. The
EMA items are presented in Table 1. Passive suicidal ideation was defined as the mean of
two items, active suicidal ideation as the mean of two items, and acquired capability as the

mean of three items.

Statistical Analysis

All analyses were conducted in R (version 4.0.2) using the m/VARpackage
(Epskamp et al., 2021) for fitting multilevel vector autoregression models. Assumptions for
mlVAR models include equidistant observations, stationarity, and multivariate normality
(Bringmann et al., 2013). In order to establish equidistant observations, we only estimated
associations between successive observations within the same day (i.e., excluding
associations between the last observation of day dand the first observation of the
subsequent day d + 7 which would include a longer time lag than the other observations

which were approximately equally spaced within the day). We examined stationarity, i.e.
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the assumption that the means of all variables for all participants remain stable over time,
using the Kwiatkowski-Phillips-Schmidt-Shin unit root test (KPSS) (Kwiatkowski et al.,
1992); the test indicated that the assumption was met for
most variables, for most participants'. Detrending was applied to transform each variable
time series for each participant in which the assumption was violated, whereby the non-
stationary time series were replaced with the participant’s within-person mean (as
previously done by e.g., Jongeneel et al., 2020). The Kolmogorov-Smirnov test was used to
assess multivariate normality; all variables violated (p< .001) the assumption, as is often
the case in EMA data (see e.g., Veenman et al., 2022). While violations to normality do not
prevent the fitting of VAR models, they may reduce the power to detect small relations.
Prior to fitting the models, we examined potential multicollinearity between
passive suicidal ideation, active suicidal ideation, and acquired capability. All variance
inflation factor (VIF) values were <=3 and tolerance => .30, indicating no multicollinearity.
We used the m/VARpackage to estimate (1) a contemporaneous model which presents
concurrent associations between all variables at time ¢ and (2) a temporal model with a
time lag to estimate associations between two subsequent assessments (£and ¢ +). In the
contemporaneous model, all associations are controlled for the contemporaneous effects
of all other variables in the model, as well as temporal effects and autocorrelations of all
variables. In the temporal model, all associations are controlled for the temporal effects of
the other variables in the model (i.e., unique partial contributions of each variable are
estimated). We used orthogonal estimation, which is better suited for models with a larger
number of variables (Epskamp et al., 2021). The /merestimation method (which uses
sequential univariate multilevel estimation) was used for all models. Results were
visualized using the ggraphpackage (Epskamp et al., 2012); the network graphs present
associations (edges) between variables (nodes) whereby the thickness of the edges
indicates the strength of the association, and the color of the edges the direction of the
association (dashed red:negative association; blue:positive association). Significance for

all analyses was determined at alpha =.05.

"Happy was detrended for 25% of the participants, Calm for 23%, Sad for 20%, Anxious for 22%, Angry for 18%, Guilty
for 32%, Shame for 32%, Hopeless for 24%, Optimistic for 24%, Loneliness for 15%, Burdensomeness for 32%, Passive
suicidal ideation for 30%, Active suicidal ideation for 27%, and Acquired capability for 25% participants. Proportion
of detrended time-series is similar to that in other EMA studies (see e.g., Jongeneel et al., 2020).
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Results

Data Exploration

The full EMA dataset consisted of 5,400 observations, nested within 82
participants, and 21 days. Participants completed 66 surveys on average (Med= 70, Range
=16-88). After excluding participants with less than 20 observations, in line with
guidelines for fitting m/VAR models (Epskamp, 2021), 5,349 observations nested within 79
participants, and 21 days remained. Participants on average filled in 65 of the 81 scheduled
alerts (Range 22-81, total k= 5,145), as well as three additional entries (Range 0-13, total k=
201), resulting in a total of 68 entries per participant on average (Range 24-88, total K=
5,349). For fitting the contemporaneous () network model, we used all 5,349 (V= 79)
individual observations. For the temporal (¢ +1) network model, we included 3,415 (V= 79)
pairs of adjacent within-day observations (i.e., excluding any pairs of observations broken
up by either missing data or transitions between days). Table 2 presents intra-individual
means and standard deviations for all study variables as measured with the EMA. All
participants indicated at least one observation of passive suicidal ideation (mean % of
non-zero ratings = 91, Range 3 - 100). Seventy-two participants (91%) additionally
indicated at least one observation of both active suicidal ideation and acquired capability

during the study period (mean % of non-zero ratings = 41, Range 1 - 100).

Table 2. Intra-Individual Means and Standard Deviations

Intra-individual

M SD
Passive suicidal ideation 3.74 1.36
Active suicidal ideation 1.22 0.94
Acquired capability 2.10 1.46
Happy 4.90 1.58
Calm 5.30 1.81
Sad 3.54 1.98
Anxious 3.60 1.95
Angry 1.83 1.77
Guilty 2.80 1.67
Ashamed 2.1 1.61
Hopeless 3.76 1.87
Optimistic 418 1.59
Lonely 3.67 1.90
Burdensome 3.77 1.50

Note: Range for all variables 0-10
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Figure 1. Contemporaneous (t) (left) and Temporal (t + 1) (right) Associations with Passive and Active Suicidal Ideation and Acquired

Capability

CONTEMPORANEOUS TEMPORAL

Note: Dashed red: negative association, blue: positive association; only associations p < .05 are shown.
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Suicidal ideation variables
PSI: Passive suicidal ideation
ASI: Active suicidal ideation
ACC: Acquired capability

Affective variables
HAP: Happy

CLM: Calm

SAD: Sad

ANX: Anxious
ANG: Angry

GLT: Guilty

SHM: Ashamed

Cogpnitive variables
HPL: Hopeless
OPT: Optimistic
LNY: Lonely

BDS: Burdensome
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Sample Characteristics

The sample (V= 79) was primarily female (80%), with the remaining participants
identifying either as male (11%) or non-binary/trans (9%). The mean age of the sample was
27 (85D= 8.6). The sample was comprised of Dutch (54%) and other nationals (46%). The
most prevalent current (past month) diagnoses were major depressive disorder (51%) and
other depressive disorders (28%), anxiety disorders (56%), post-traumatic stress disorder
(23%), autism spectrum disorder (18%), and borderline personality disorder (15%). Current
psychiatric medication use was reported by 60% of the sample, and 43% had a history of at
least one prior suicide attempt. More detailed information on sample characteristics may
be found in Kiveli et al. (2023).

Contemporaneous Associations with Passive and Active Suicidal Ideation and
Acquired Capability

In the contemporaneous model (Figure 1, left), passive suicidal ideation was
positively associated with sadness (r= .07, p<.001), hopelessness (r=.16, p<.001),
loneliness (r= 11, p<.001), and burdensomeness (r=.09, p<.001), and negatively
associated with happiness (r=-.18, p<.001), calmness (r= -.05, p=.017), and optimism (r=
-.20, p<.001). Active suicidal ideation was positively associated with passive suicidal
ideation (r=.20, p<.001), sadness (r=".05, p=.004) and shame (r= .05, p=.028). Acquired
capability was positively associated with passive suicidal ideation (r= .10, p<.001) and

active suicidal ideation (r=.69, p<.001).

Temporal Associations with Passive and Active Suicidal Ideation and Acquired
Capability

In the temporal model (Figure 1, right), passive suicidal ideation (r=.30, p<.001),
active suicidal ideation (r= .23, p<.001) and acquired capability (r= .13, p=.001) all
exhibited significant positive autocorrelations. Increased hopelessness (r=.06, p=.003)
and acquired capability (r= .13, p=.001) were predictive of higher levels of passive
ideation at the subsequent time point. Passive ideation in turn predicted increased active
ideation (r=.09, p=.002), hopelessness (r=.20, p<.001) and loneliness (r= .10, p=.006),
and decreased happiness (r=-.19, p<.001) and optimism (r=-.16, p< .001) at the
subsequent assessment point. None of the other variables (except for passive ideation, see
above) prospectively predicted active ideation at the subsequent time point. However,
active ideation in turn predicted increased happiness (=11, p=.003) and optimism (r=
.07, p=.033) at the subsequent assessment point. Increased shame (r=.06, p=.004) and

decreased burdensomeness (r=-.06, p=.021) were associated with heightened acquired
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capability at the subsequent time point. Acquired capability in turn predicted decreased
happiness (r=-.07, p=.033) and optimism (r=-.07, p=.017) at the subsequent

assessment point.

Discussion
Passive Suicidal Ideation

Momentary passive suicidal ideation correlated with sadness, hopelessness,
loneliness and burdensomeness, in line with prior literature (Armey et al., 2020; Czyz et
al., 2019; Hallensleben et al., 2019; Husky et al., 2017; Kleiman et al., 2017). It has previously
been shown that perceived burdensomeness associates only with passive and not active
suicidal ideation (Hallensleben et al., 2019). Here, we found all three constructs of the
Interpersonal Theory of Suicide (IPTS; Van Orden et al., 2010) (i.e., hopelessness,
loneliness and burdensomeness) to associate only with passive, but not active, ideation.
Passive suicidal ideation also associated with reduced happiness, calmness and optimism,
in line with prior reports of decreased positive affect (and happiness specifically) relating
to momentary suicidal ideation (Husky et al., 2017; Rath et al., 2019). Our findings add to
this literature by demonstrating concurrent, negative associations with another facet of
positive affect: calmness. Indeed, retrospective reports by clinicians and family members
have long described that individuals often appear agitated in the days preceding suicide
(Sani et al., 2011). In line with our findings on momentary optimism, another study
previously found positive thinking-based coping to decrease suicidal ideation in daily life
(Stanley et al., 2021).

Passive ideation was prospectively predicted by increased hopelessness and
acquired capability. Using EMA data, only one previous study has highlighted
hopelessness as a prospective predictor of ideation: among psychiatric inpatients,
hopelessness predicted both passive and active ideation within-day (Hallensleben et al.,
2019). Meanwhile, others did not establish hopelessness as a prospective (short-term)
predictor of ideation (Czyz et al., 2019; Kleiman et al., 2017). However, of note is that both
studies examined active ideation only. Our findings therefore add to this literature by
demonstrating that hopelessness may be uniquely associated with passive suicidal
ideation. We propose that the different operationalization of suicidal ideation in prior
studies may partly explain the contradictory findings.

Acquired capability also prospectively predicted increased passive ideation,
which in turn predicted active ideation. It may be expected that a passive lack of will to

live or a wish to die will over time develop into more concrete thoughts about death
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and/or suicide (Van Orden et al., 2010). Our findings illustrate that this transition may
occur relatively quickly (in approx. 4 hours), although it is important to note that our
sample was composed of individuals with a long-term (months, years) history of suicidal
ideation. Hence, it is unlikely that someone experiencing first time passive ideation would
progress to active ideation so rapidly, but rather our data reflects moment-to-moment

changes in individuals who are already familiar with suicidal states.

Active Suicidal Ideation

Active ideation was concurrently associated only with sadness and shame
(excluding the triadic associations between passive and active ideation, and acquired
capability). Shame is specifically associated with the lethality of suicide attempts (Van
Orden et al., 2010), which may explain its unique association with active suicide ideation.
Further, shame is closely related to other forms of (non-suicidal) self-harm (Sheehy et al.,
2019). This is proposed to result from the strong overlap between shame, self-hatred and
the need to punish oneself (Sheehy et al., 2019) - or perhaps in the case of suicidal
behavior, to completely eliminate oneself.

Somewhat paradoxically, active ideation also prospectively predicted /ncreased
happiness and optimism. This is in contrast to our findings on passive ideation and
acquired capability, which were followed by negative mood consequences. We speculate
that this pattern simply reflects the passing of a suicidal crisis leading to feelings of relief.
However, others reporting similar findings propose that some people engage in suicidal
thinking as a way of regulating their affect, and hence experience suicidal thoughts as
comforting (Kleiman et al., 2018). While a subset of patients does report comfort from
ideation (Crane et al., 2014), most people describe their suicidal thoughts as distressing, as
also demonstrated by a previous EMA study which found increased negative affect
following instances of suicidal thinking (Al-Dajani & Uliaszek, 2021). However, in case
suicidal thinking does serve this relief function, it appears that it is active, rather than
passive suicidal ideation that produces this effect. This finding also fits within the

framework of suicide representing an escape from psychological pain (Baumeister, 1990).

Acquired Capability

Acquired capability was concurrently associated only with passive and active
suicidal ideation. The finding that acquired capability was more strongly associated with
active rather than passive ideation supports the notion that acquired capability and active
ideation are more closely related, and together may be more influential in predicting

suicidal acts (Van Orden et al., 2010). The lack of other concurrent associations is also in

162



Emotion & Cognition

line with the IPTS, which posits that risk factors such as hopelessness and loneliness are
crucial for the development of suicidal ideation, but are not necessarily directly related to
acquired capability (Van Orden et al., 2010).

We did, however, find that increased shame and decreased burdensomeness
prospectively predicted acquired capability. Shame and burdensomeness have many
related characteristics. While shame is considered the emotion perhaps most related to
self-hatred (Sheehy et al., 2019), the concept of burdensomeness includes beliefs such as
that “the self is so flawed as to be a liability on others” (Van Orden et al., 2010, p.12).
Meanwhile, burdensomeness is more related to the perception of self in relation to
others, while shame is more self-directed. Therefore, through repeated negative
experiences with others, feelings of burdensomeness may over time become internalized
into deeper feelings of shame and self-hatred. This may explain why further down in the
pathway to suicide the role of burdensomeness may be reduced, while shame takes a

more central role (Van Orden et al., 2010).

Limitations

Certain limitations should be considered when interpreting these findings. First,
established power calculations for multilevel VAR models are lacking and it remains to be
determined how many participants and time points are needed to obtain precise
estimates. We acknowledge power as a potential limitation and urge future research to
replicate these findings in larger samples. Second, due to the nature of network models
that are highly parameterized, we did not include additional predictors in our models to
balance comprehensiveness with statistical power. In line with the systems approach to
understanding psychopathology, suicidal ideation is a multifaceted phenomenon, for
which any one risk factor is likely to have only limited explanatory or predictive power
(Fried, 2022; Fried & Robinaugh, 2020). We hope that future research identifies ways to
obtain comprehensive system estimates for suicidal ideation, considering cognitive-
affective (e.g., sadness), contextual (e.g., social contact) and behavioral (e.g., coping)
components. Third, we must work towards a better understanding of the timeline within
which different factors affect suicidal ideation in order to inform study designs: How do
we space EMA prompts to optimally predict suicidal ideation? In our analyses, we
observed relatively more concurrent rather than temporal associations. However, just
because some variables did not emerge as temporal predictors does not necessarily mean
that they are not prospectively associated with suicidal ideation - it only means that they
are not associated with ideation within the very specific time frame (approx. 4 hours) that

we had between observations in our study. Instead it is possible that some factors, such as
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sadness, may exert their influences much more rapidly, in which case these associations
would emerge in the contemporaneous models. Other factors, such as shame, may need
longer to result in suicidal ideation, and accumulate over time before their effects
become apparent. Finally, our sample was predominantly female and skewed younger in
age distribution. The influence of many of the examined risk factors may differ as a
function of sociodemographic characteristics (e.g., factors such as loneliness may
differentially affect different age groups and genders, see e.g., Boehlen et al., 2022).
Gender differences also exists in interpersonal sensitivity, such as the experience of
shame (Nystroém et al., 2018).

Clinical Implications

Our findings on the differential associations between suicide risk factors on one
hand, and passive and active suicidal ideation as well as acquired capability on the other,
have clinical relevance. First, we observed unique associations of hopelessness, loneliness
and burdensomeness with passive suicidal ideation, indicating that negative cognitive
attributional styles may be more central for the foundational development of passive
suicidal ideation. These factors may therefore represent important targets in the long-
term therapeutic management of suicidality (Van Orden et al., 2012). However, our finding
indicating that shame specifically was uniquely associated with active suicidal ideation,
and further predicted short-term increases in acquired capability, indicates that for acute
risk management, targeting other affective processes may be more crucial. Shame
encompasses intense feelings of embarrassment and self-hatred (Lester, 1997), and may
therefore represent an especially aversive internal state that is more likely to lead to
active thoughts and preparedness to ‘escape’ the shame-inducing experience
(Baumeister, 1990). Our findings therefore indicate that shame-reduction techniques

(Goffnett et al., 2020) may also benefit the treatment of patients with suicidal ideation.

Conclusions

In conclusion, we observed differential associations of risk factors with passive
and active suicidal ideation and acquired capability. Hopelessness, loneliness and
burdensomeness were uniquely associated with passive but not active suicidal ideation,
and shame with active suicidal ideation and acquired capability. Overall, our findings
illustrate how ecological momentary assessment and network analysis may be used to
better understand and visualize the cognitive-affective landscape from which suicidal
ideation may emerge in real-time. Future research using real time assessments should aim

to further distinguish the various risk and protective factors that may differentially
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characterize passive, active ideation and acquired capability outcomes. A clinical
implication of our findings is that targeting shame may be especially relevant for suicide
prevention, considering its unique contribution in explaining not only short-term

increases in active suicidal ideation, but also the preparedness for suicidal acts.
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Abstract
Background: Recent research shows that sleep disturbances are linked to increased
suicidal ideation. In the present longitudinal cohort study, we used subjective (ecological
momentary assessment, EMA) and objective (actigraphy) measures to examine the effects
of sleep parameters on next-day suicidal ideation. Further, we examined hopelessness as a
mediator between insufficient sleep and increased suicidal ideation. Methods: Individuals
with current suicidal ideation (V= 82) completed 21 days of EMA and actigraphy to
estimate suicidal ideation, hopelessness and sleep parameters. Multilevel linear-mixed
models were used to examine the effects of sleep parameters on next-day suicidal
ideation, as well as for the mediating effect of hopelessness (in the morning) on the
association between previous night’s sleep and suicidal ideation levels the next day.
Results: Significant concordance existed between subjective and objective sleep
measures, with moderate-to-large correlations (r= .44 - .58). Lower subjective sleep
quality and efficiency, shorter total sleep time and increased time awake after sleep onset
were significantly associated with increased next-day suicidal ideation (controlling for
previous-day suicidal ideation). Actigraphy-measured sleep fragmentation was also a
significant predictor of next-day ideation. Hopelessness mediated the effects of the
subjective sleep parameters on suicidal ideation, but did not account for the association
with sleep fragmentation. Conclusions: Individuals’ psychological complaints
(hopelessness, suicidal ideation) were better predicted by subjective sleep complaints
than by objective sleep indices. Increased hopelessness following from perceived
insufficient sleep appears an important explanatory factor when considering the link

between sleep disturbances and suicidal ideation.
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Introduction

Sleep has broad implications not only for physical, but also psychological health
(Robotham, 2011). Sleep disturbances are implicated in many mental disorders, including
depression (Baglioni et al., 2011) and anxiety disorders (Staner, 2003). Sleep disturbances
also represent a significant risk factor for all aspects of suicidality (incl. suicidal ideation
(SI), behavior and mortality) (Pigeon et al., 2012). Based on a meta-analysis of 42
longitudinal studies, insomnia has been found to confer the most risk for SI, whereas
nightmares are most strongly associated with suicide attempts (Harris et al., 2020).
Further, insomnia predicts the persistence of Sl above and beyond general depressive
symptom severity (Kiveld et al., 2019) and other mental health problems (Batterham et al.,
2021; Geoffroy et al., 2021; Simmons et al., 2020). This highlights the important role of
disturbed sleep for suicidal outcomes.

Sleep disturbances in patients experiencing SI have primarily been assessed with
subjective measures. A meta-analysis of 41 such longitudinal studies (Liu et al., 2020)
reported a small-to-medium effect size of sleep disturbances on SI. For insomnia
specifically, a small-to-medium effect size was reported, while hypersomnia yielded a
non-significant negligible effect size. Nightmares were also associated with subsequent SI,
with a small-to-medium effect size. In comparison, a recent meta-analysis of studies using
objective measures identified only 11 studies - seven of which used actigraphy, six
polysomnography and two electroencephalogram (EEG). It was concluded that short
sleep duration had a small, significant association with current SI, but no associations
were found for other potential markers (such as sleep efficiency or percentage of rapid
eye movement (REM) sleep) (Romier et al., 2023). Subjective sleep disturbance therefore
appears to be more strongly associated with SI than objective sleep indices, although the
literature employing objective measures is still limited and mainly reliant on retrospective
reports of SI.

While more studies are needed on the discrepancies between subjective and
objective sleep measures, one of the current limitations in the field is the lack of studies
examining short-term risk (Liu et al., 2020). A meta-analysis found follow-up length to be
a significant moderator in the association between sleep disturbances and SI, with studies
employing shorter follow-ups (a few weeks or months) yielding larger effect sizes (Liu et
al., 2020). This indicates that sleep disturbances are an imminent and possibly potent risk
factor for SI. However, few studies have examined the /immediate effects of sleep on SI.
Both subjective and objective sleep duration, but only subjective sleep quality predicted
next-day Sl in a 7-day actigraphy and ecological momentary assessment (EMA) study in

adults (Littlewood 2019). In a 28-day actigraphy and EMA study in adolescents recently
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discharged from acute psychiatric care following a suicidal crisis, longer (subjective) sleep
onset latency, nightmares and Aighersleep quality related to greater next-day SI (Glenn et
al., 2021). Meanwhile, only objective wake after sleep onset (WASO) was related to next-
day SI, whereby, surprisingly, /essWASO was related to moreSI (Glenn et al., 2021).

Another target for further investigation are the causal mechanisms tying sleep
disturbances to SI. Here, we examine hopelessness as a potential mediator, in line with our
previous findings that hopelessness reactivity (i.e., the tendency to experience
hopelessness in response to low mood) mediated the effect of insomnia on persistent SI
over 9-years (Kiveld et al., 2019). Similar findings were reported in a cross-sectional study
of 766 community adults, where hopelessness was found to mediate the association
between insomnia and SI (Woosley et al., 2014). In another study, feelings of defeat,
entrapment and hopelessness mediated the association between nightmares and SI
(Littlewood et al., 2016). However, no previous study has examined whether this
relationship also exists on a more immediate, night-to-day basis.

Theoretically, we propose that insufficient sleep may worsen affect (Medic et
al., 2017), consequently leading to increased negative emotionality, including pessimism
and hopelessness (McCall and Black, 2013), as lack of sleep may have a detrimental effect
on one’s ability to contain hopeless thoughts. Insomnia may also be more directly
associated with hopeless cognitions about the effects of poor sleep, such as expectations
of reduced daytime functioning and the persistence of sleep problems over time (McCall
& Black, 2013). Such hopelessness about sleep has been referred to as insomnia
catastrophizing, whereby individuals specifically ruminate on the worst-case
consequences of poor sleep (Jansson-Frojmark et al., 2020; Winsper and Tang, 2014).
Hopelessness, in turn, is a well-established risk factor for both suicidal ideation and
behavior (Kuo et al., 2004; Zhang et al., 2011).

The aim of the present study was to examine how subjective and objective
sleep parameters relate to next-day Sl in a cohort of participants with current suicidal
ideation who were monitored for 21 days with EMA and actigraphy. We also explored
feelings of hopelessness as a mediator in the association between sleep and suicidal

ideation the next day.

Methods
Ethics
All procedures were conducted in accordance with the Helsinki Declaration of

1964 and its later amendments. The study was approved by the Medical Ethics Committee
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- Leiden, Den Haag, Delft (METC-LDD) on 24.4.2020 with dossier number NL71510.058.19.

All participants provided written informed consent.

Sample

The sample (V= 82) was derived from the SAFE study, a longitudinal cohort
study in adults with a past-year history of a suicide attempt and/or active SI (as indicated
by a score of >= 3 on the Columbia Suicide Severity Rating Scale (CSSRS) (Posner et al.,
2011), or a score of >= 2 if symptoms were present in the past two months). Exclusion
criteria included a current diagnosis of bipolar disorder, a psychotic disorder, severe
substance dependence, or any physical or intellectual impairment that would
meaningfully hinder the individual’s participation in the study. More details about the
SAFE study are reported elsewhere (Kiveld et al., 2023).

Procedure

Participants were recruited through social media and community
advertisements, as well as referral from treatment providers in the surrounding areas.
Participants attended an (in-person or online) intake interview where, after receiving
study information and signing informed consent, the participant’s history of SI was
assessed via an adapted version of the CSSRS (composed of the first five questions on
past-year SI, and additional questions on lifetime history of suicide attempts). Current
diagnoses were established via the M.L.N.I. PLUS Neuropsychiatric interview (version 5.0)
(Sheehan et al., 1998). Following diagnostics but prior to receiving study instructions,
personalized safety plans were created for each participant. Participants then received
instructions for the EMA and actigraphy (see /nstrumentsbelow). Following the 21-day
assessment period, another meeting was scheduled where participants returned the study

materials and received a summary report of their data.

Instruments

Baseline Sociodemographics (age, gender), current medical diagnoses and
medication use were collected via a custom semi-structured interview. Current
depressive symptoms were assessed with the Beck Depression Inventory (BDI-I) (Beck,
1961), which includes 21 questions on depressive symptoms as present in the past week.
Current SI was estimated with the Beck Scale for Suicide Ideation (BSSI) (Beck et al., 1979),
which includes 21 items on past-week SI. Insomnia symptoms were established with the

Insomnia Severity Index (ISI) (Morin et al., 2011), which includes seven items on sleep

179



Chapter 5

complaints in the past two weeks. For the ISI, scoring guidelines indicate 0-7 to reflect the
absence of (clinically significant) insomnia, 8-14 subthreshold insomnia, 15-21 moderate,

and 22-28 severe insomnia.

Ecological Momentary Assessment (EMA) EMA was used to assess SI,
hopelessness and subjective sleep parameters over 21 days. Participants downloaded a
mobile phone app produced by Ethica (a.k.a. Avicenna), and received alerts for four
questionnaires per day. The questionnaires were released on a pseudo-random schedule
between the hours of 7am and 10pm. Additionally, participants could self-initiate
additional EMA at any time. Questions on SI were presented at all EMAs per day, and each
assessment included three questions ( “A¢ the moment... how strong is your desire to
live?”, .. how strong is your desire to die, or go to sleep and not wake up?”, “.. do you
actually have thoughts of killing yourself?’) rated on a scale from O (none/not at all) to 10
(very strong/very well). The positively worded item (desire to live) was reverse coded and a
daily mean score of SI was calculated.

Hopelessness was estimated each morning with the question “A¢ the moment...
how hopeless do you feel?”rated on a scale from O (not at all) to 10 (very much).

Questions on subjective sleep were presented each morning (adapted from the
Consensus Sleep Diary - Morning section) (CSD-M; Carney et al., 2012) and included
subjective sleep quality (SSQ) (“How did you sleep last night?”from O (very poorly) to 10
(very well)), timing of sleep ( “What time did you try to get to sleep?”, “What time did you
wake up for the day?”, “What time did you get out of bed?’), time to fall asleep (“How long
did it take you to fall asleep (in minutes)?’), night-time awakenings ( “Did you wake up
during the night?” yes/noAnd if ‘ves* “How long were you awake (in minutes)?’) and
nightmares ( “Did you have any nightmares?” yes/no). Sleep parameters derived from EMA
included SSQ, total sleep time (TST; defined as the time spent asleep between initiating
sleep and awakening in the morning), sleep efficiency (SE; a percentage calculated by
dividing TST with the overall time spent in bed, multiplied by 100), sleep onset latency
(SOL; time between initiating sleep and actually falling asleep), wake after sleep onset
(WASO; time spent awake between falling asleep at night and waking up in the morning)

and nightmares.

Actigraphy Objective sleep data was collected with the MotionWatch 8
(CamnTech, Cambridge, UK). The watch includes a tri-axial accelerometer that samples
activity in 30 second epochs, as well as a light sensor (data not reported). Participants
were instructed to press a button on the watch when attempting to sleep at night, and

when waking up in the morning. The data were uploaded into the MotionWare program
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(CamnTech, Cambridge, UK), which produces estimates on sleep parameters based on
algorithms that transform the activity data collected by the accelerometer. Parameters
used in the present study included the fragmentation index (FI; a percentage reflecting
the proportion of mobile/immobile epochs during the sleep period to estimate
restlessness during the night) (Shrivastava et al., 2014), SE, TST, SOL and WASO. When
event markers were missing, participants’ EMA entries and visual inspection of the data
were used to mark sleep periods; when both were missing, or event markers and self-
reports deviated greatly, visual inspection (based on activity cessation and light data) was
used to determine sleep periods. These pre-processing steps are in line with other studies
using actigraphy (Falck et al., 2020) Bernert et al., 2017). The MotionWatch 8 has been
validated for use with 85% per-epoch agreement of sleep/wake when compared to PSG
(O’Hare et al., 2015), with a minimum of 14 nights of measurement recommended to

establish reliable estimates (Ancoli-Israel et al., 2015).

Statistical Analysis

All analyses were conducted in IBM SPSS Statistics (version 29.0). Multilevel
regression analyses (linear-mixed models) were used to examine the (main) effects of
subjective and objective sleep measures on next-day suicidal ideation. Prior to the
analyses, all continuous variables (predictors and outcome) were person-mean centered
by subtracting a participant’s mean score from each individual observation, in order to
examine within-person effects. We considered all predictors as fixed effects, and
specified a 2-level random intercept model whereby observations were nested within
individuals. For repeated effects, we specified a first-order autoregressive covariance
structure, which takes into account temporal dependencies and assumes higher
correlations between two adjacent time points, with decreasing correlations between
observations with increasing distance. Separate multilevel regression analyses were ran
for all sleep parameters, as the assumption of no multicollinearity was violated.! Finally,
we examined the mediating effect of hopelessness (in the morning) on the associations
between the sleep parameters and next-day suicidal ideation, in accordance with the
steps specified by Baron & Kenny (1986). All models were controlled for previous-day
suicidal ideation. Significance was determined at p<.05/11=.005 for all multilevel
analyses, corrected by the total number of subjective and objective sleep parameters

examined.

'No multicollinearity was observed between hopelessness and the sleep parameters (VIF =1.42).
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Table 1. Sociodemographic and clinical characteristics of the sample

EMA Actigraphy
N=82 n=61

Age (M, SD) 27(8.6) 28(8.6)
Gender - Female (N, %) 63 (77%) 45 (74%)
Depressive symptom severity (BDI) (M, SD) 25.5(9.6) 25.3(10.2)
Suicidal ideation severity (BSSI) (M, SD) 15.3 (8.6) 15.4 (8.7)
Suicidal ideation (EMA) (M, SD) 3.1(2.0) 2.9(2.0)
Current diagnoses (N, %)

Depressive disorder 63 (77%) 48 (79%)

Anxiety disorder 47 (57%) 33 (54%)

PTSD 18 (22%) 10 (16%)

OCD 7(9%) 6 (10%)

ADHD 10 (12%) 6 (10%)
Medication (N, %)

Sedatives 20 (24%) 16 (26%)

Stimulants 10 (12%) 6 (10%)

Antidepressants 33 (40%) 27 (44%)
Concurrent medical diagnosis (V, %) 35(43%) 28 (46%)

Non-psychoactive medication 26 (32%) 19 (31%)
Insomnia severity (ISI) (M, SD) 11.8 (5.0) 11.8 (5.4)

Note:EMA = Ecological Momentary Assessment, BDI = Beck Depression Inventory, BSSI = Beck Scale for
Suicide Ideation, PTSD = Post-traumatic stress disorder, OCD = Obsessive compulsive disorder, ADHD =

Attention deficit hyperactivity disorder, ISI = Insomnia Severity Index

Results

Sample Description

Participants (V= 82) provided self-report EMA data for =16 nights on average,
resulting in &= 1,304 unique observations. For objective sleep parameters, 21 participants
(26%) had no actigraphy data available. Approximately half of the missingness was
attributable to participants not returning their watches, or watches getting lost in the mail
(n=9). Other participants had completely missing data due to either unknown technical
issues or user error resulting in no data being recorded by the watch (n7=12). The
remaining participants (7= 61) provided actigraphy data for A= 18 nights on average,
resulting in &= 1,114 unique observations. No significant differences emerged between

those with and without actigraphy data (see Appendix, Table S1). Sociodemographic and
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clinical characteristics of the sample are presented in Table 1. More detailed descriptions

of the characteristics of the sample may be found in Kiveli et al. (2023).

Table 2. Intra-Individual Means and Standard Deviations of Subjective and Objective Sleep Parameters

EMA Actigraphy Pearson t-test p-value
N=82 n="61 r (df)

Subjective sleep quality (SSQ)
M (SD) 5.6(1.2) - - - -
Range 2.0-8.7 -

Fragmentation index (FI)
M (SD) - 26.2(9.1) - - -
Range - 9.2-54.4

Sleep efficiency (SE)
M (SD) 84% (7.4%) 1% (7.2%) 51 6.58 .001
Range 56-97% 54-90% (59)

Total sleep time (TST)
M (SD) 416 min (55 min) 395 min (52 min) 58 2.87 .006
Range 255-527 min 201-473 min (59)

Sleep onset latency (SOL)
M (SD) 23 min (18 min) 18 min (9 min) 57 2.90 .005
Range 4-92 min 4-43 min (59)

Wake after sleep onset (WASO)
M (SD) 20 min (18 min) 60 min (26 min) 44 -12.00 <.001
Range 0-83 min 23-132 min (60)

Nightmares
Percentage (%) 23% - - -
Range 0-95% -

Note: EMA = Ecological Momentary Assessment; all correlation coefficients were significant with p<.001

Concordance Between Sleep Measures

Means and standard deviations of the subjective and objective sleep
parameters, and correlations between them, are presented in Table 2. Subjective and
objective estimates of SE, TST, SOL and WASO exhibited moderate-to-large correlations.
Actigraphy measures indicated significantly shorter TST and SOL, lower SE and higher
WASO compared to self-reports. Baseline insomnia severity (ISI) significantly predicted
EMA-measured lower subjective SSQ (8= -0.10, SE=0.03, p<.001, #2=0.15), SE (B= -
0.59, SE=0.17, p<.001, #2=0.15) and WASO (B=1.78, SE= 0.36, p< .001, #2= 0.26), but
not TST (p=.091), SOL (p=.487), nightmares (p=.052), or any of the objective sleep
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parameters (all p’s > .05). Baseline insomnia severity significantly predicted higher EMA-
measured SI (B=0.13, SE=0.05, p=.005, #2=0.11).

Subjective and Objective Sleep Parameters and Next-Day Suicidal Ideation

Lower subjective SSQ and SE, shorter TST and longer WASO were significantly
associated with within-person increases in Sl the following day, while SOL and nightmares
were not. Out of the objective sleep parameters, only FI was significantly associated with

next-day SI after correction for multiple testing (Table 3).

Table 3. Multilevel Regression of Subjective and Objective Sleep Parameters on Next-Day Suicidal

Ideation, Controlling for Previous-Day Suicidal Ideation

B SE 95% CI p-value
EMA
Subjective sleep quality (SSQ) -0.090 0.012 [-0.114; -0.066] <.001
Sleep efficiency (SE) -0.008 0.002 [-0.012; -0.003] <.001
Total sleep time (TST) -0.001 0.001 [-0.002; -0.001] <.001
Sleep onset latency (SOL) 0.002 0.001 [-0.001; 0.003] .086
Wake after sleep onset (WASO) 0.003 0.001 [0.001;0.004] <.001
Nightmares 0.145 0.056 [-0.035; 0.256] .010
Actigraphy
Fragmentation index (FI) 0.007 0.003 [0.002; 0.012] .004
Sleep efficiency (SE) -0.003 0.004 [-0.011; 0.004] 344
Total sleep time (TST) -0.001 0.001 [-0.001; 0.001] .829
Sleep onset latency (SOL) 0.002 0.001 [-0.001; 0.005] 122
Wake after sleep onset (WASO) 0.003 0.001 [0.001; 0.005] .009

Note: EMA = Ecological Momentary Assessment; significance was determined at p<.005

Suicidal Ideation and Subjective and Objective Sleep Parameters the Following Night

Examining the opposite direction of causality, SI during the day was not
significantly associated with any of the subjective or objective sleep parameters the
following night (Table S2).

Mediation Analyses: The Role of Hopelessness

Hopelessness significantly mediated the relationship with next-day SI for all
subjective sleep parameters (SSQ, SE, TST, WASO), with partial mediation for SSQ and TST,
and full mediation for SE and WASO. Hopelessness was not significantly associated with FI

(actigraphy) and did not mediate its relation with SI (Table S3).
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Discussion

In the present study, we examined the effects of subjective and objective sleep
parameters on next-day SI. Overall, subjective sleep estimates appeared more
consistently associated with SI than actigraphy measures, with subjective SSQ, SE, TST
and WASO all significantly predicting next-day SI, while only actigraphy-measured FI
emerged as a significant predictor.

The association between subjective SSQ and next-day Sl is in line with prior
research (Littlewood et al., 2019). However, while SE (which is often used as an indicator of
sleep quality) did not emerge as a significant predictor in prior research (Littlewood et al.,
2019), we found that subjective SE (but not objective SE) was associated with next-day SI.
Indeed, only one of the objective sleep parameters, FI, remained a significant predictor
after correction for multiple testing. Fl is a measure of restlessness during the night, and
higher values indicate greater sleep disruption (Shrivastava et al., 2014). The FI parameter
has not previously been identified as a marker for increased SI. However, our findings are
in line with a cross-sectional actigraphy study of 3,045 older adult women from the
community, which found depressive symptoms to relate to poor subjective sleep quality
and actigraphy-measured increased sleep fragmentation (as indicated by increased
WASO) (Maglione et al., 2012). We also found objective WASO to be significantly
associated with SI, but only prior to correction. The finding that indicators of sleep
fragmentation (i.e., FI, WASO) specifically were highlighted both in our subjective and
objective analyses, while SOL was significant in neither, seems to indicate that trouble
maintaining sleep (i.e., middle insomnia) is more closely related to increased SI than
trouble initiating sleep (i.e., early insomnia), at least in the very short-term. While both
sleep deprivation (i.e., insufficient TST) and sleep fragmentation are associated with
negative mental and physical health consequences, it has also been demonstrated that the
effects of sleep fragmentation are unique and not simply explained by sleep loss
(Benkirane et al., 2022; Bonnet and Arand, 2003). Explanations for the deleterious effects
of sleep fragmentation include that it may be more detrimental to sleep architecture than
short sleep duration in itself, therefore impairing the restorative function of sleep. For
example, it has been shown that the increased sleep fragmentation associated with aging
is specific to slow wave sleep (SWS) (Varga et al., 2016); this sleep stage is thought to be
crucial for restoration and recovery (Roth, 2009).

Nightmares did not emerge as a significant predictor of next-day SI. This is
contrary to a prior study that found nightmares to relate to increased next-day SI among

adolescents (Glenn et al., 2021). Meanwhile, the general literature indicates that
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nightmares may be more closely tied to suicidal behavior (i.e., attempts) than ideation
(Harris et al., 2020). Findings on the association between nightmares and suicidal ideation
therefore appear inconclusive.

We did not find evidence for the opposite direction of causality (i.e., suicidal
ideation disrupting sleep). Prior studies with daily measures have also indicated
unidirectional effects of sleep on affect (Barber et al., 2023; de Wild-Hartmann et al., 2013;
McCrae et al., 2008). One previous EMA study found significant bidirectional effects, but
concluded that the effects of sleep on mood were substantially larger than vice versa
(Triantafillou et al., 2019).

Hopelessness was a significant mediator when examining all subjective sleep
parameters (SSQ, SE, TST, WASO) and their effects on next-day SI. We also previously
found hopelessness reactivity to mediate the effect of insomnia on the persistence of
suicidal ideation over time, based on an examination of 195 individuals observed over 9
years (Kiveld et al., 2019). Prior cross-sectional studies have also identified hopelessness as
a mediator of both insomnia (Woosley et al., 2014) and nightmares (Littlewood et al.,
2016). Here, we extend on these findings by indicating that disturbed sleep, through
increased hopelessness, may have an immediate worsening effect on suicidal ideation the
very next-day. Future research should further aim to examine the roots of hopelessness
resulting from poor sleep, whether that be more direct worry about the consequences of a
bad night’s sleep (Jansson-Frojmark et al., 2020; McCall and Black, 2013), or more complex
mechanisms impacting affective (Groeger et al., 2022; Medic et al., 2017; Ritchie et al.,
2018) or cognitive functioning (Alhola and Polo-Kantola, 2007; Holding et al., 2021; Medic
et al., 2017). For example, executive dysfunction is observed both among people with
insomnia (Bredemeier and Miller, 2015), as well as those at risk of suicide (Ballesio et al.,
2019). Sleep fragmentation specifically has been identified as especially deleterious to
cognition: in a study utilizing polysomnography, increased sleep fragmentation was
associated with worse executive function performance, irrespective of sleep duration
(Benkirane et al., 2022). Similar findings have emerged with regard to emotion regulation,
whereby maladaptive emotion regulation (i.e., rumination) mediated the association
between actigraphy-measured sleep fragmentation and negative affect (Boon et al., 2023).
Future research may find it relevant to examine whether executive dysfunction and/or
emotion dysregulation may underlie these associations between poor sleep, hopelessness
and SL

Finally, we examined concordance between EMA and actigraphy measures and
found moderate-to-large correlations between subjective and objective SE, TST, SOL and

WASO. Actigraphy provided estimates that were significantly lower for TST, SE and SOL,
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but higher for WASO, as compared to EMA. It is well-established that in comparison to
PSG, actigraphy tends to overestimate sleep duration and underestimate wakefulness due
to its movement-based algorithms that struggle to correctly classify moments of
wakefulness in the absence of movement (e.g., when lying still in bed) (Lehrer et al., 2022;
O’Hare et al., 2015; Sadeh, 2011). However, self-reports instead may overestimatesleep
duration (Benz et al., 2023; Lehrer et al., 2022; Littlewood et al., 2019).

Limitations of the present study include more missing data on the objective
measures. This may have reduced power in our actigraphy analyses, although our sample
is still the largest to date to examine night-to-day associations between actigraphic sleep
and SI. The general pattern observed in the present study is also in line with prior
literature indicating larger effect sizes for suicide outcomes when self-report measures
are used to estimate sleep (Harris et al., 2020). Further, a substantial portion of
participants were using either antidepressant (40%), sedative (24%) or stimulant
medication (12%). While antidepressants have been associated with side effects of both
insomnia and hypersomnia (Wichniak et al., 2017), use of sedatives such as
benzodiazepines may increase sleep duration while simultaneously decreasing sleep
quality (Holbrook et al., 2001; Manconi et al., 2017). Likewise, stimulants may reduce both
sleep quality and quantity through increased alertness (Stein et al., 2012). However, due to
our small sample size and heterogeneity in medication usage we were unable to account
for these potential confounders in our analyses. Finally, our sample was fairly young, and
predominantly female: sleep characteristics may change as a function of age (Li et al.,
2018), and gender-related differences in sleep architecture are also observed (Krishnan
and Collop, 2006). Hence, our findings may have limited generalizability to older, and
male, populations, and replication in corresponding samples is needed.

Our study underscores that sleep disturbances may represent an important
warning sign for increased suicide risk. While estimates of sleep disturbances are well-
known risk factors for suicidal ideation in longitudinal cohort studies (Harris et al., 2020),
much less is known about the immediate effects of disturbed sleep on suicidal ideation in
the short-term. Meanwhile, sleep disturbances also represent a risk factor that is readily
modifiable through intervention. A number of recent studies have indicated reductions in
SI following treatment for sleep disturbances in patients with bipolar disorder (Sylvia et
al., 2021), college students with a lifetime history of SI (Crosby and Witte, 2021) and
veterans with PTSD (Bishop et al., 2016). In a randomized controlled trial (RCT) of online-
based cognitive behavioral therapy for insomnia (CBT-I), the treatment was associated
with reduced SI both post-treatment, as well as 1-year follow up (Kalmbach et al., 2022).

Similarly, RCTs examining pharmacotherapy for sleep disturbances have also indicated
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concomitant reductions in SI (see e.g., McCall et al., 2019). Sleep disturbances, if
untreated, can persist even at times of remission, and may predispose individuals to both
depressive as well as suicidal ideation relapse (Gallo et al., 2020). Further, as our findings
indicate that poor sleep may have immediate effects on psychological well-being,
improving sleep may be relevant as a crisis management intervention prior to employing
more long-term treatments for SI. In addition to sleep interventions (Kalmbach et al.,
2022; McCall et al., 2019), chronotherapeutics (i.e., interventions that work to re-
synchronize the biological clock) have also been shown to have rapid antidepressant
effects, including relief in suicidal symptoms (Sahlem et al., 2014).

In conclusion, we found that subjective sleep estimates (SSQ, SE, TST, WASO)
relate to next-day SI, while sleep fragmentation (FI) emerged as the only significant
predictor of the objective indices. Interpreting these sleep parameters as a whole, we
observe that shorter sleep duration and interrupted sleep during the night pose
individuals at increased risk of higher SI the following day. Increased hopelessness
following from perceived insufficient sleep is an important explanatory factor when

considering the link between sleep disturbances and SI.
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Appendix
Table S1. Sociodemographic and Clinical Characteristics of the Sample
EMA Actigraphy N/A t-test/ p-value
N=82 n=61 n=21 Chi-Square
(an
Age (M, SD) 27(8.6) 28(8.6) 25(7.8) -1.59 (80) 116
Gender - Female (N, %) 63 (T7%) 45 (74%) 18 (86%) 1.87(2) .393
Depressive symptom
severity (BDI) (M, SD) 25.5(9.6) 25.3(10.2) 26.4 (7.6) 0.40 (69) 917
Suicidal ideation severity
(BSSI) (M, SD) 15.3(8.6) 15.4 (8.7) 15.1(8.7) -0.10 (69) .689
Suicidal ideation (EMA) (M,
SD) 3.1(2.0) 2.9(2.0) 3.4(1.8) 0.86 (80) .395
Current diagnoses (N, %)
Depressive disorder 63 (77%) 48 (79%) 11(52%) 1.05(1) 313
Anxiety disorder 47 (57%) 33 (54%) 14 (67%) 0.87(1) 444
PTSD 18 (22%) 10 (16%) 8 (38%) 413 (1) .065
OCD 7(9%) 6 (10%) 1(5%) 0.54 (1) .670
ADHD 10 (12%) 6 (10%) 4 (19%) 1.18 (1) 275
Medication (N, %)
Sedatives 20 (24%) 16 (26%) 4 (19%) 0.44 (1) .509
Stimulants 10 (12%) 6 (10%) 4 (19%) 1.23 (1) 266
Antidepressants 33 (40%) 27 (44%) 6(29%) 1.60 (1) 206
Concurrent medical
diagnosis (V, %) 35 (43%) 28 (46%) 7(33%) 1.00 (1) 315
Non-psychoactive 26 (32%) 19 (31%) 7 (33%) 0.03 (1) .853
medication
Insomnia severity (ISI) 11.8 (5.0) 11.8 (5.4) 11.8 (3.5) -0.04 (69) 972

Note: EMA = Ecological Momentary Assessment, N/A = actigraphy data not available, BDI = Beck Depression
Inventory, BSSI = Beck Scale for Suicide Ideation, PTSD = Post-traumatic stress disorder, OCD = Obsessive
compulsive disorder, ADHD = Attention deficit hyperactivity disorder, ISI = Insomnia Severity Index;

statistics are reported for group comparisons between those with and without actigraphy data
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Table 2. Multilevel Regression of Suicidal Ideation on Subjective and Objective Sleep Parameters the

Following-Night

B SE 95% CI p-value
EMA
Subjective sleep quality (SSQ) -0.005 0.047 [-0.098; 0.088] 923
Sleep efficiency (SE) -0.298 0.268 [-0.824; 0.228] 266
Total sleep time (TST) 1.050 2121 [-3.112; 5.212] .621
Sleep onset latency (SOL) 1.188 0.673 [-0.132; 2.508] .078
Wake after sleep onset (WASO) 0.218 0.823 [-1.397;1.833] 792
Nightmares* 0.028 0.059 [-0.088; 0.144] .634
Actigraphy
Fragmentation index (FI) 0.382 0.284 [-.175; 0.939] 178
Sleep efficiency (SE) -0.025 0.210 [-0.437; 0.387] 905
Total sleep time (TST) 3.362 2.066 [-0.691; 7.415] 104
Sleep onset latency (SOL) 0.248 0.585 [-0.899; 1.395] 671
Wake after sleep onset (WASO) 0.126 0.691 [-1.231;1.482] .856

Note: Sleep characteristics are the outcome; EMA = Ecological Momentary Assessment; significance

was determined at p<.005; *based on a multilevel binary logistic regression analysis
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Table $3. Multilevel Mediation Analyses of Hopelessness in the Relation Between Subjective and

Objective Sleep Parameters and Next-Day Suicidal Ideation, Controlling for Previous-Day Suicidal

Ideation
B SE 95% CI p-value
EMA
Subjective sleep quality (SSQ)
Patha -0.257 0.026 [-0.308;-0.206] <.001
Path b 0.167 0.012 [0.143; 0.192] <.001
Path ¢ -0.090 0.012 [-0.114; -0.066] <.001
Path ¢’ -0.047 0.012 [-0.070; -0.023] <.001
Sleep efficiency (SE)
Patha -0.025 0.005 [-0.035; -0.016] <.001
Path b 0.179 0.013 [0.154; 0.204] <.001
Path c -0.008 0.002 [-0.012; -0.003] <.001
Path ¢’ -0.003 0.002 [-0.008;-0.001] 114
Total sleep time (TST)
Patha -0.003 0.001 [-0.004; -0.001] <.001
Path b 0.178 0.012 [0.153; 0.202] <.001
Path c -0.001 0.001 [-0.002; -0.001] <.001
Path ¢’ -0.001 0.001 [-0.001; -0.001] .004
Wake after sleep onset (WASO)
Patha 0.008 0.002 [0.005; 0.011] <.001
Path b 0.176 0.012 [0.152;0.200] <.001
Path c 0.003 0.001 [0.001; 0.004] <.001
Path ¢’ 0.001 0.001 [-0.001; 0.003] .037
Fragmentation index (FI)
Patha 0.009 0.006 [-0.004; 0.021] 163
Path b 0.176 0.014 [0.001; 0.011] <.001
Path c 0.007 0.003 [0.002; 0.012] .004
Path ¢’ 0.006 0.003 [0.001; 0.11] .013

Note: EMA = Ecological Momentary Assessment; significance was determined at p<.005
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Chapter 6

Abstract
Background: Suicidal ideation variability refers to within-day fluctuations in suicidal
ideation, and has recently been proposed as an indicator of suicide risk. However, not
much is known yet about its correlates and clinical relevance. Methods: We examined
characteristics of real-time suicidal ideation using Ecological Momentary Assessment
(EMA) in 82 individuals with current active suicidal ideation. Data were collected four
times daily over 21 days. Latent profile analysis was used to identify subtypes of suicidal
ideation. We further examined sociodemographic and clinical correlates of the profiles,
and their association with the occurrence of suicide attempts during a one-year follow-
up. Results: We identified three ‘digital’ phenotypes of suicidal ideation that differed on
the frequency, intensity and variability of ideation. The profiles were: high frequency, high
intensity, moderate variability (Phenotype 1), moderate/high frequency, moderate
intensity, high variability (Phenotype 2) and moderate frequency, low intensity, low
variability (Phenotype 3). Phenotypes 1 and 2 were associated with a worse clinical profile
at baseline (higher suicidal ideation and depressive symptom severity), and increased
odds of suicide attempt during follow-up, compared to Phenotype 3. Phenotype 1 was
further characterized by repeated suicidal behavior. Conclusions: Two phenotypes of
real-time suicidal ideation were identified that appear to confer a higher risk of suicidal
behavior in the near future (12 months). These phenotypes were characterized by higher
variability of suicidal ideation - and also higher intensity and frequency of ideation.
Considering the small sample size, the clinical usefulness of the profiles remains to be

demonstrated.
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Introduction

Suicidal ideation can fluctuate greatly in daily life, both between individuals, but
also within individuals over time. Recent studies employing real-time measures (such as
Ecological Momentary Assessment, EMA; Shiffman et al., 2008) have illustrated how these
moment-to-moment changes can be observed in suicidal ideation (see Kiveld et al., 2022
for areview). These studies have illustrated sizeable fluctuations in suicidal ideation over
time. For example, among 54 individuals with a recent suicide attempt who completed
EMA four times per day over 28 days, approximately one third of suicidal ideation ratings
differed from the previous time point by at least one standard deviation, without clear
linear changes over time (Kleiman et al, 2017). Others have presented similar results on the
temporal dynamics of suicidal ideation (Hallensleben et al., 2018). These findings illustrate
how the transition from low- to high-intensity states may happen within just a few hours.

Identifying those with greater suicidal ideation variability is especially relevant,
as indices of variability may provide important information about an individual’s risk
status. It has been proposed that higher suicidal ideation variability may represent a
phenotypic marker for increased suicide risk (Oquendo et al., 2020; Wang et al., 2021).
Witte and colleagues (2005, 2006) previously reported evidence of suicidal ideation
variability being related to a prior history of suicide attempts. This finding has since been
replicated using real-time data, whereby those with multiple past suicide attempts (vs.
single attempt) exhibited higher suicidal ideation variability (Peters et al., 2020). More
recently, temporal variability in suicidal ideation (as measured through EMA during
hospitalization) was found to be a better predictor of post-discharge suicide attempt than
baseline sociodemographic or clinical characteristics, or EMA-measured suicidal ideation
intensity (Wang et al., 2021). Explanations for the association between variability and
heightened risk status include that individuals may find variability more distressing than
stable symptomatology, even when more severe (Witte et al., 2006). Consequently,
understanding which individuals are more likely to experience greater variability may be
relevant to prevent suicide attempts and mortality.

Individuals with higher (EMA-measured) mean suicidal ideation scores also have
higher variability (Kleiman et al., 2017; Oquendo et al., 2020). However, suicidal ideation
variability was found to relate neither to baseline depression nor suicidal ideation severity
(Hallensleben et al., 2018). While suicidal ideation variability (as measured with EMA) was
found to relate to EMA-measured depressed mood variability, it did not associate with
baseline characteristics, such as general affective lability, or depression or suicidal
ideation severity (Peters et al., 2020). Consequently, our understanding of suicidal

ideation variability is still limited.

205



Chapter 6

The increased application of EMA in suicide research has resulted in a potential
new indicator of increased risk: suicidal ideation variability. However, prior research has
also identified other predictors of future suicidal behavior, such as the intensity (Nock et
al., 2008), frequency (Chang & Chang, 2016) and peak-level of ideation (Beck et al., 1999;
Law et al., 2018). For example, while it is understood that the risk of future suicidal
behavior increases as the intensity of ideation increases (Nock et al., 2008), it has also
been found that suicidal ideation at its worst point (i.e., peak level) may be a stronger
predictor of suicide attempt than its average intensity (Beck et al., 1999; Law et al., 2018).
Likewise, those with more frequent thoughts about suicide experience heightened risk for
future suicidal behavior (Chang & Chang, 2016). These dynamics are interconnected, and
should not be considered in isolation. For example, individuals with high or low mean
intensity of ideation may show less variability due to floor and ceiling effects (Bos, 2021).

Profiling based on electronically-collected data on these suicidal ideation
dynamics has been called djgital phenotypingof suicidal ideation (Ballard et al., 2021;
Kiveld et al., 2022; Kleiman et al., 2017). Examining these dynamics, no less than five
phenotypes of suicidal ideation were observed in a sample of 51 individuals with a recent
suicide attempt: these phenotypes were characterized by low intensity, low variability
(Type 1), low intensity, moderate variability (Type 2), moderate intensity, high variability
(Type 3), high intensity, low variability (Type 4), and high intensity, high variability (Type 5)
(Kleiman et al., 2018). While others have also observed heterogeneity in the short-term
dynamics of suicidal ideation (Hallensleben et al., 2018; Rizk et al., 2019), the suicidal
ideation phenotypes have not yet been replicated.

In the present study, we examined suicidal ideation through EMA, four times per
day, over 21 days. Our aim was to examine whether distinct subtypes (i.e., digital
phenotypes) would emerge when considering dynamics of real-time suicidal ideation. Our
methodology was based on the prior study by Kleiman et al. (2018), who created digital
phenotypes based on EMA-measured suicidal ideation intensity (i.e., mean), frequency
(i.e., % of non-zero ratings), peak (i.e., highest score recorded) and variability (as depicted
by the within-person standard deviation, as well as the root mean square of successive
differences (RMMSD)). Our aim was to replicate and further extend on this phenotyping
approach by considering aspects of both passive and active suicidal ideation (as the
previous study was focused on active ideation and intent only), in line with
recommendations that comprehensive suicide risk assessments should include both
constructs (Wastler et al., 2023). Further, we examined which sociodemographic and

clinical characteristics were related to these phenotypes, and whether there were
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differences between the phenotypes in their associated odds of making a suicide attempt

during a one-year follow-up.

Methods

Participants

Participants (V= 82) were adults with a recent (past year) history of a suicide
attempt and/or active suicidal ideation (Columbia Suicide Severity Rating Scale (CSSRS)
(Posner et al., 2011) >= 3, or >= 2 if symptoms present in the past two months). Participants
were recruited through referral from collaborating mental health treatment centers, as
well as community advertisements. Participants were excluded in case of current bipolar
disorder, a psychotic disorder or severe substance dependence; as the present study was
designed to examine short-term (hourly, daily) fluctuations in suicidal ideation, we
excluded patients with disorders that are episodic in nature (such as bipolar and
psychotic disorders), where such fluctuations may be markedly different depending on
episode status. Likewise, extended time periods characterized by substance intoxication
may introduce similar confounding effects (for more details, see Kiveld et al., 2023).
Participants received 20€ compensation after completing the 21-day EMA period, and a
further 30€ after completing the one-year follow-up period, as well as compensation for

travel costs (if applicable).

Measures

Baseline Characteristics A custom semi-structured interview was used to assess
participants’ age and gender, lifetime history of psychiatric disorders, and current use of
psychoactive prescription medication. An adapted version of the CSSRS (Posner et al.,
2011), comprised of the first five questions and with additional items included on
participants’ lifetime history of suicide attempt(s), was used to assess history of suicidal
thoughts and behaviors. The M.LN.I. PLUS International Neuropsychiatric Interview (v. 5)
(Sheehan et al., 1998) and the Structured Clinical Interview for DSM-5 Personality
Disorders - Borderline Personality Disorder subscale (SCID-PD-BPD) (First, 2015) were
used to establish current diagnoses. Self-report questionnaires assessed symptom
severity of psychopathology: the Beck Depression Inventory (BDI-I) (Beck, 1961), the Beck
Scale for Suicide Ideation (BSSI) (Beck et al., 1979), and the Hospital Anxiety and
Depression Scale - Anxiety Subscale (HADS-A) (Zigmond & Snaith, 1983). Participants
further completed the Quality of Life Enjoyment and Satisfaction Questionnaire - Short
Form (Q-LES-Q-SF) (Endicott et al., 1993), the Leiden Index of Depression Sensitivity -
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Revised (LEIDS-R) (Solis et al., 2017) and the State-Trait Anger Expression Inventory - Trait
Anger Scale (STAXI-T) (Zigmond & Snaith, 1983).

Ecological Momentary Assessment (EMA) Data on momentary suicidal ideation
were gathered through 4x/day EMA over 21-days. Two items were used to measure passive
suicidal ideation (“At the moment... How strong is your desire to live? How strong is your
desire to die, or go to sleep and not wake up?”), and two to measure active ideation ( “A¢
the moment.. Do you actually have thoughts of killing yourself? How strong is your
intention to act on these thoughts?”). All items were rated from O (None/Not at all) to 10
(Very strong/Very much) (positively worded items were reverse coded). Mean scores were

created for each outcome (passive/active suicidal ideation).

Suicide Attempts Data on suicide attempts were gathered through a weekly
questionnaire during 12 months. Participants indicated whether they had made a suicide
attempt during the previous week ( “Did you make a suicide attempt? Yes/No”). An
aggregate variable was created to indicate whether a participant had a suicide attempt

during the 12-month follow-up (0 = no, 1 = yes).

Procedure

Intake Interview Participants attended an intake interview during which they
received information about the study, and provided written informed consent and data
on their sociodemographic and clinical characteristics. After establishing eligibility,

personalized safety plans were created for each participant.

Baseline Assessment Following the intake interview (which could be done
online or in-person, depending on the participant’s preference), participants received a
link to an online questionnaire they were instructed to fill in within 72 hours (see

Measures: Baseline characteristics).

21-Day Ecological Momentary Assessment (EMA) The EMA period commenced
the day after the intake interview. Participants received alerts 4x/day through a mobile
phone app (Avicenna (Ethica), avicennaresearch.com) on a pseudorandom schedule
between 7am and 10pm. Participants had 180 minutes to fill in the first (i.e., morning)
assessment, and 120 minutes to fill in the remaining assessments during the day; a
reminder alert was sent out after 30 minutes in case the participant had not yet filled in
the EMA. Participants could also initiate additional entries at any time (e.g., after missing
an entry, or when experiencing high/low suicidal ideation). Eighty-one participants (99%)

completed the 21-day EMA period (nb. prior to withdrawing, the participant who dropped
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out of the study during the EMA period provided EMA comparable in number to the range
observed among the completers (4= 16, range among completers k= 16-88), and was

hence retained in the present analyses).

Weekly Questionnaire After the 21-day EMA, participants who agreed to
continue into the second phase of the study (7= 72, 88%) commenced a 12-month
monitoring period during which they filled in a digital questionnaire 1x/week. Each
questionnaire was released on a Sunday (using the Avicenna (Ethica)app), and participants

had 48 hours tofill it in; reminder alerts were sent out after 12, 24 and 36 hours.

Statistical Analysis

We calculated intraclass correlation coefficients (ICC) to quantify within- versus
between-person variability, and RMMSD to examine moment-to-moment variability in
suicidal ideation. The ICC estimates correlation within repeated measures (Liljequist et al.,
2019). Higher ICC scores indicate that a greater amount of the total variation is
attributable to between-personal variation (with 1-ICC indicating the proportion of
within-person variability). The RMMSD estimates variability over time based on the
difference between successive observations within an individual (von Neumann et al.,
1941) and has previously been applied to quantify short-term variability in affect (Bos et al.,
2019) and suicidal ideation (Rizk et al., 2019), as in the previous study by Kleiman et al.
(2018). For calculating the RMMSD, we did not remove rows with missing data, ensuring
that successive differences were only calculated between two adjacent time points (as
also previously done by e.g., Bos et al., 2019).

In IBM SPSS Statistics (v.29), we fitted intercept-only linear-mixed models with
suicidal ideation as outcome to estimate ICCs. The psychpackage (Revelle, 2023) for R (R
Core Team, 2016) was used to calculate RMMSD values, and ggp/ot2(Wickham, 2016) to
create time-series plots to visualize variability. The mclust package (Scrucca et al., 2016)
was used to perform latent profile analysis (LPA) in order to identify phenotypes of
suicidal ideation. We used ten within-person characteristics of real-time suicidal ideation
to distinguish the phenotypes: mean of passive (1) and active ideation (2); standard
deviation of passive (3) and active ideation (4); peak (i.e., highest score recorded) of
passive (5) and active ideation (6); frequency (i.e., percentage of non-zero ratings) of
passive (7) and active suicidal (8); and RMSSD of passive (9) and active ideation (10). These
characteristics were based on Kleiman et al., 2018, but further extended to include
estimates of both passive and active suicidal ideation, in line with findings indicating

different temporal patterns for different components of ideation (Oakey-Frost et al.,
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2023). The within-person standard deviation and the RMSSD were both used as measures
of variability (and collectively referred to as such within the present paper). To further
specify, the within-person standard deviation depicts average within-person variability
over time (i.e., dispersion), while the RMMSD captures the temporal dynamics of short-
term change (i.e., instability) (Bos et al., 2019; Dejonckheere et al., 2019). The optimal
number of latent profiles was determined based on model fit (the Bayesian Information
Criterion (BIC) and the Bootstrapped Likelihood Ratio Test (BLRT) with 1,000 resamples)
and entropy (i.e., a measure of separation between profiles which estimates the accuracy
of classification) (Sinha et al., 2021). Analyses of variance (ANOVAs) and Chi-square tests
were used to examine differences between phenotypes in suicidal ideation and baseline
characteristics. Fisher’s exact test was used to examine differences in the occurrence of

suicide attempts during follow-up. Significance was determined at p<.05.

Table 1 Fit Statistics from Latent Profile Analysis (LPA)

BIC Entropy k - 1 BLRT
1 Profile -2880.00 0.00 -
2 Profile -2526.03 0.95 751.00, p<.001
3 Profile -2481.03 1.55 359.10, p<.001
4 Profile -2693.27 1.85 602.47, p<.001
5 Profile -2707.86 213 37742, p<.001
6 Profile -2793.31 2.42 1001.26, p<.001

Note:BLRT = Bootstrapped likelihood ratio test between two successive models (# profiles - 1)

Table 2. Profile Membership from Latent Profile Analysis (LPA)

1 2 3 4 5 6
1 Profile 82 (100%)
2 Profile 52 (63%) 30 (37%)
3 Profile 20 (24%) 27 (33%) 35 (43%)
4 Profile 26 (32%) 24 (29%) 26 (32%) 6 (7%)
5 Profile 25 (30%) 24 (29%) 19 (23%) 5 (6%) 9 (11%)
6 Profile 17 (21%) 24 (29%) 18 (22%) 6 (7%) 8 (10%) 9 (11%)

Note:Individual class probabilities for the 3 profile solution are included in the Appendix
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Results

Descriptives

The sample (V= 82) was predominantly female (77%), with a mean age of 27 (D=
8.6). Participants on average filled in M= 63 (78%) of the scheduled EMA entries' and M= 3
additional entries, resulting in A= 66 entries completed on average per person. During
the one-year follow-up, participants (7= 72) on average filled in M= 34 (65%) of the weekly
questionnaires. Thirty-six participants had sufficient data to be included in the
prospective analyses on suicide attempts i.e., either reported a suicide attempt (7= 7),
and/or completed the study assessments up until the end of the one-year follow-up (7=
29); participants lost to follow-up (and who did not report a suicide attempt prior) were
excluded in order to ascertain that we would not incorrectly classify any non-responders
as non-suicide attempters. Those excluded did not significantly differ from those
included on age, gender, baseline depressive symptoms, past suicide attempt history, or
phenotype classification (all p's >.05), but had lower baseline suicidal ideation (Minicuded=
18.0 vs. Mexcluded= 13.0, p=.014).

Table 3. Characteristics and Subtypes of Real-Time Suicidal Ideation

OVERALL TYPE1 TYPE 2 TYPE 3 ANOVA p-value
(N=82) (n=20) (n=27) (n=235)

M, Passive 2.93 5.25. 3.37 1.26¢ 69.29 <.001
M, Active 1.20 3.49. 0.8% 0.11c 66.52 <.001
SD, Passive 1.21 1.21a 177y 0.77¢ 75.79 <.001
SD, Active 0.97 1.33, 1.46a 0.37, 43.43 <.001
Peak, Passive 6.46 8.02a 8.01, 4.38 51.61 <.001
Peak, Active 4.51 6.584 6.00a, 2.17y 39.33 <.001
% non-zero, 90.8 99.9. 96.2a 81.3p 7.85 <.001
Passive
% non-zero, 374 95.2a 33.6p 7.2¢ 308.49 <.001
Active
RMSSD, Passive 1.36 1.234 1.87 1.04a 23.97 <.001
RMSSD, Active 1.00 1.33, 1.49. 0.42p 26.75 <.001

Note: M= Mean, SD= Standard deviation, RMMSD = Root mean square of successive differences;
subscript letters denote groups that significantly differ from each other based on p< .05

!Participants filled in four daily assessments per day for the first 20 days, as well as a final morning assessment on
day 21, resulting in a total of 81 scheduled prompts.
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Figure 1. A Graphical Overview of the Defining Features of the Phenotypes
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(d) Example of Phenotype 3

Suicide Attempt

RMSSD = 1.44 ID=73

Passive suicidal ideation
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Assessment number

Active suicidal ideation

RMSSD = 0.37

ID=73

30 40 50 60 70 80
Assessment number

Note: Time-series plots indicate the person-mean (solid red line) and standard deviation around the mean
(dashed red lines); the RMSSD (root mean square of successive differences) indicates within-person
variability; frequency is inferred by scores > zero; Phenotype 1 is represented in red, Phenotype 2 in blue,
and Phenotype 3 in green; ID numbers do not correspond to participant numbers assigned during data

collection

Descriptive statistics for suicidal ideation are presented in Table 3 (correlations

and reliability statistics can be found in the Appendix). Passive suicidal ideation had a

higher mean and greater within-person variability (RMSSD) than active ideation. ICCs

indicated that 70% of the variation in passive, and 67% of the variation in active suicidal

ideation, was attributable to between-person variability.

Latent Profile Analysis of Suicidal Ideation

We estimated model fit for solutions with 1, 2, 3, 4, 5 and 6 profiles, respectively

(Table 1). The BLRT and entropy values indicated improved fit with each successive model.

However, the BIC indicated best fit for the model with three profiles. As entropy values

may be inflated in overfitted models, we decided to rely on the BIC and chose the three

profile solution. This solution also provided group sizes that were approximately equal,

whereas the additional profiles only accounted for <=10% of the sample each (Table 2).

Differences in suicidal ideation characteristics between the phenotypes are

presented in Table 3. Figure 1 presents a graphical overview of the defining features of the

phenotypes (a), as well as time-series plots for example participants from Phenotype 1(b),

Phenotype 2 (c) and Phenotype 3 (d) (see Appendix for all time-series plots).
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Table 4. Sociodemographic and Clinical Correlates of Suicidal Ideation Subtypes

OVERALL TYPE1 TYPE 2 TYPE 3 ANOVA/ p-value
(N=82) (n=20) (n=217) (n=135) Chi-square
Age 27.2 27.54 25.5, 28.3a 0.88 420
Gender, Female 63 (77%) 16 (80%)a 18 (67%)a 29 (83%)a 2.39 .302
Diagnosis
MDD 41 (50%) 14 (70%)a 19 (70%)a 8 (23%)b 17.20 <.001
Anxiety disorders 47 (57%) 13 (65%)a 18 (67%)a 16 (46%)a 291 234
PTSD 18 (22%) 8 (40%)a 7(26%)ab 3 (9%)b 740 .025
BPD 12 (15%) 2 (10%)a 6(22%)a 4 (11%)a 1.79 408
OCD 7(9%) 0 (0%)a 3 (11%)a 4 (11%)a 2.52 284
ADHD 10 (12%) 2 (10%)a 5(19%)a 3(9%)a 1.44 486
ASD 14 (17%) 6 (30%)a 4 (15%)a 4 (11%)a 3.26 197
Comorbidity 57 (70%) 17 (85%)a 23 (85%)a 17 (49%)b 11.66 .003
Symptom severity
BSSI 15.3 22.5a 15.8p 10.5¢ 15.32 <.001
BDI 25.5 32.3a 27.3a 19.9 13.38 <.001
HADS-A 1.5 13.3a 11.5ap 10.6p 3.49 .036
Q-LES-Q-SR 43.0 37.6a 42 .3 47.0p 6.75 .002
LEIDS-R 65.5 66.9a 65.8, 63.2a 0.32 730
STAXI-T 194 18.6a 19.5, 19.7, 0.23 7198
Medication
Antidepressants 33 (40%) 9 (45%)a 10 (37%)a 14 (40%)a 0.30 .859
Anxiolytics/ 20 (24%) 6 (30%)a 5(19%)a 9 (25%)a 0.88 .644
Sedatives
Stimulants 10 (12%) 1(5%) 5 (19%)a 4 (11%)a 1.99 .369
Suicide attempt
history
Yes 35 (42%) 10 (50%)a 11 (41%)a 14 (40%)a 0.58 147
Yes, multiple 24 (29%) 8 (40%)a 9 (33%)a 7(20%)a 498 .083
Recent (past 12 17 (21%) 5(25%)a 6(22%)a 6 (17%)a 0.35 .840
month)

Note: MDD = Major depressive disorder, PTSD = Post-traumatic stress disorder, BPD = Borderline personality
disorder, OCD = Obsessive compulsive disorder, ADHD = Attention deficit hyperactivity disorder, ASD =
Autism spectrum disorder; Comorbidity i.e., more than one current diagnosis; BSSI= Beck Scale for Suicide
Ideation, BDI = Beck Depression Inventory, HADS-A = Hamilton Anxiety and Depression Scale - Anxiety
Subscale, Q-LES-Q-SR = Quality of Life Enjoyment and Satisfaction Questionnaire - Short Form, LEIDS-R =
Leiden Index of Depression Sensitivity - Revised, STAXI-T = State-Trait Anger Expression Inventory - Trait

Anger Scale
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Sociodemographic and Clinical Correlates of Suicidal Ideation Phenotypes

Differences between the phenotypes on baseline characteristics are presented in
Table 4. Phenotype 1 had higher suicidal ideation (BSSI) at baseline compared to
Phenotype 2, which in turn had a higher BSSI score than Phenotype 3. Phenotypes 1 and 2
also had higher depressive symptoms, more cases with current MDD, and more
comorbidity, than Phenotype 3. Further, Phenotype 1 had higher anxiety symptoms and
lower quality of life, and more cases with current PTSD, than Phenotype 3. Phenotype 1
had the highest percentage of both people with a past suicide attempt and those with
multiple past attempts; however, none of the comparisons on prior suicide attempt
history reached statistical significance.

Figure 2. Number of Suicide Attempters and Attempts as a Function of Phenotype

N

0 0

Phenotype 1 Phenotype 2 Phenotype 3

O Number of suicide attempters @ Number of suicide attempts

Risk of Future Suicide Attempt

Follow-up data (r7= 36) was available for 55% of individuals for Phenotype 1, 41%
for Phenotype 2, and 40% for Phenotype 3; phenotype categorization was not a significant
determinant of exclusion from the follow-up analyses (p=.515). During the subsequent
one-year, seven participants reported a total of sixteen suicide attempts (Med= 2, Range
1-5 attempts/person). Participants with Phenotypes 1 and 2 were significantly more likely
to make a suicide attempt during follow-up than those with Phenotype 3 (with no

215



Chapter 6

difference between Phenotypes 1and 2), based on Fisher’s exact test(p=.040, Cramer’s V
= .40). Further, Phenotype 1 was specifically characterized by repeat suicidal behavior,
with four participants in Phenotype 1 (7= 11) accounting for twelve suicide attempts, and
three participants in Phenotype 2 (1= 11) accounting for four attempts (with no suicide
attempts in Phenotype 3, n=14) (Figure 2). In comparison, those with a past suicide
attempt history (which is generally considered to be the best predictor of future suicidal
behavior) were also significantly more likely to make a suicide attempt during follow-up (p
=.002, Cramer’s V= .52).

An exploratory analysis of the 17 participants with a past suicide attempt history
revealed that the distribution across phenotypes was 7 (Phenotype 1), 7 (Phenotype 2) and
3 (Phenotype 3). The number of participants with a suicide attempt during follow-up was 4
(Phenotype 1), 3 (Phenotype 2) and O (Phenotype 3). Hence, 50% of those with a past
suicide attempt history within Phenotypes 1and 2 had a repeat attempt, compared to 0%
of those within Phenotype 3.

Discussion

In the present study, we used EMA data to identify digital phenotypes of suicidal
ideation. A three-profile solution provided the best fit. We also found that these
phenotypes were associated with distinct clinical profiles at baseline and different odds of
making a suicide attempt during a one-year follow-up, although the latter finding
warrants replication in larger samples.

The first attempt to apply digital phenotyping to electronically-collected data
on suicidal ideation was based on a sample of 51 individuals with a recent suicide attempt
(Kleiman et al., 2018). Five phenotypes were identified, predominantly distinguished by
differences in the intensity and variability of ideation. Our analyses indicated the presence
of three phenotypes that partly overlap with the previously identified profiles. Our
Phenotype 2 roughly corresponds to the previously identified Type 3 (moderate mean,
high variability), and our Phenotype 3 to the previously identified Type 1 (low mean, low
variability). The remaining two phenotypes with low numbers of participants (17< 10) in the
Kleiman et al. (2018) study instead appear to merge with the three identified phenotypes
in our sample (see Appendix for a graphical overview). It should also be noted that in
contrast to Kleiman et al. (2018), we considered aspects of passive and active suicidal
ideation separately, whereas they predominantly focused on active ideation (incl. active
ideation, intent, and acquired capability). Differences between the categorizations may

therefore be explained by the inclusion of items specifically estimating passive ideation.
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However, it is also possible that simply with the higher number of predictors included, our
model converged better with fewer clusters. Indeed, the entropy values of the LPA
solutions were fairly large, which can indicate overfitting. However, individual class
probabilities of the final three profile solution were high (0.88 -1.00), indicating that the
estimated probability that a given individual belongs to the group they were assigned to
was between 88-100% (see Appendix).

The idea of establishing suicidal ideation phenotypes has existed long before the
advent of real-time monitoring studies. For example, two subtypes of suicidal ideation
have been proposed, characterized by variable vs. stable ideation (Bernanke, Stanley and
Oquendo, 2017). Integrating more comprehensive data on the temporal dynamics of
suicidal ideation, our findings as well as those of Kleiman et al. (2018), illustrate that even
more distinct subtypes of suicidal ideation may emerge. Further, these subtypes are
differentiated not only by variability, but also other dynamic characteristics of suicidal
ideation, such as frequency and intensity.

Examination of baseline characteristics indicated worse clinical profiles for
Phenotypes 1and 2, most prominently higher suicidal ideation and depressive symptom
severity, and more comorbidity, compared to Phenotype 3. Furthermore, Phenotype 1 had
the highest number of both suicide attempters and those with multiple past attempts,
increased anxiety levels and more patients with a PTSD diagnosis; however, these
comparisons were not significantly different from estimates in Phenotype 2. Hence, it
appears that both Phenotype 1and 2 may capture those patients with more chronic, and
comorbid symptomatology (as indicated by higher symptom severity on longitudinal
symptom measures, as well as a higher incidence of psychiatric disorders and
comorbidity); this observation needs further verification in future research.

When examining the prospective occurrence of suicide attempts over one year,
we found Phenotypes 1 and 2 to be at a significantly higher risk of future suicidal behavior
compared to Phenotype 3 (effect size VV=40). In comparison, past suicide attempt history
had an effect size of V=52, indicating that both are strong predictors (Kim, 2017) of future
suicidal behavior. Further, Phenotype 1 was specifically associated with repeat suicidal
behavior (i.e., multiple attempts). It should be noted that a history of suicide attempt
more strongly predicted future suicidal behavior than the digital phenotypes. Future
studies may investigate whether the combination of past history and phenotype
indicators further improves prediction. In our sample, all participants who made a suicide
attempt during follow-up had a past suicide attempt history. Suicide attempt history
alone may have limited specificity in identifying those individuals with a past suicide

attempt history that are at Jowerrisk, especially in the near term (identified as Phenotype
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3in our sample). Predicting re-attempt among those with a past suicide attempt history is
difficult, as other established predictors (such as sociodemographic characteristics and
psychiatric comorbidity (Irigoyen et al., 2019; Parra-Uribe et al., 2017)) are rather general
predictors of not only re-attempt, but also index attempt, and initial suicidal ideation
(Nock et al., 2008). Hence, risk management among past suicide attempters remains a
distinctive challenge. Further, identifying those individuals at risk of repeat suicidal
behavior is crucial, as the number of past suicide attempts significantly increases the risk
of completed suicide (Azcarate-Jiménez et al., 2019). Our findings indicate that real-time
suicidal ideation characteristics may aid in identifying not only those at risk of future
suicidal behavior (Phenotypes 1 & 2), but specifically those at risk of repeat attempts
(Phenotypes 1). This is especially relevant, as Phenotypes 1 and 2 (which were both
characterized by a worse clinical profile at baseline) may not readily be differentiated by
patient characteristics alone.

Our findings suggest that indices of real-time suicidal ideation may provide
important information about an individual’s risk status. Specifically, suicidal ideation
variability may represent a marker for increased suicide risk (Witte et al., 2005, 2006). Our
Phenotypes 1and 2 were associated with higher variability and increased risk of suicide
attempt. However, we observed no further differences between Phenotypes 1 and 2,
although we expected that Phenotype 2 (with the highest variability) would confer the
highest risk. Further, Phenotypes 1 and 2 were also associated with higher intensity and
frequency of ideation, indicating that variability should not be considered in isolation.
Hence it seems that both high intensity ideation together with moderate variability, as
well as moderate intensity ideation with high variability, may confer increased risk. Our
results also partly align with the finding that suicidal ideation variability was a risk factor
for making a suicide attempt in the month following discharge from inpatient care (Wang
et al., 2021). Here, we demonstrate that digital phenotypes (including variability) may
predict risk during the next 12 months. An exploratory analysis suggests that the
prediction may be improved by considering both past behavior and current phenotype.

Future research should further examine outcomes related to suicidal ideation
phenotypes. For example, it has been suggested that those with more variable suicidal
ideation are more impacted by stressful life events, and may represent more ‘impulsive’
suicide attempters (Bostwick et al., 2016). Therefore, future research should consider how
these phenotypes interact with other risk factors (such as patient characteristics and
environmental stressors) in their associations with suicidal behavior. It has been proposed
that phenotyping of suicidal ideators may pave the way for more personalized treatment

(Barrigon et al., 2019), but such interventions require further knowledge on these

218



Suicide Attempt

interactions. Methodological considerations for future research include establishing
more standardized, and reliable, protocols to quantify variability in suicidal ideation.
While the RMSSD (or the mean square of successive differences, MSSD) is the most
frequently used measure to indicate variability in EMA-measured suicidal ideation (see
e.g., Hallensleben et al., 2018; Kleiman et al., 2017, 2018; Oquendo et al., 2020; Peters et al.,
2020; Rizk et al., 2019; Wang et al., 2021; Witte et al., 2005, 2006), and is also frequently
used in similar EMA designs to quantify variability in affect (see e.g., Bos et al., 2019), there
are some limitations to how it is currently used in the EMA-suicide literature. For
example, the RMSSD assumes equally spaced observations - an assumption that is
violated both by the present study (due to the inclusion of night-to-morning time jumps)
as well as each of the prior studies mentioned, none of which (reported that they)
accounted for transitions between days. We therefore opted to follow the same
methodology in order to establish comparability with our results and that of prior studies
focusing on suicidal ideation assessments using EMA. However, future research should
account for different time lags in their RMSSD calculations, as previously done in other
EMA research (see e.g., Ebner-Priemer et al., 2009; Jahng et al., 2008; Sperry & Kwapil,
2020).

A number of limitations should be considered. Our approach was exploratory,
and we did not correct for multiple testing. The number and characteristics of the digital
phenotypes may be dependent on population and sample size. Replication of these
findings in larger and more representative samples is needed, in order to account for the
diversity of individuals experiencing suicidal ideation. This way, the phenotypes that
exhibit the most consistency across samples may be identified, prior to drawing further
conclusions about their clinical relevance. Further, within our one-year monitoring, we
included an item only on suicide attempts, and did not inquire about related, preparatory
behaviors (such as planning, or obtaining means). However, such behaviors may represent
important indicators of risk. Future studies employing similar longer-term repeated
assessments may consider incorporating such dimensions. This would also allow to test
for the hypothesis that those with more variable suicidal ideation transition more
impulsively to attempt (as proposed by Bostwick et al., 2016).

In conclusion, digital phenotypes of real-time suicidal ideation appear to be
associated with different clinical profiles and risk of future suicidal behavior. Profiles
associated with an increased occurrence of suicide attempts were characterized by higher
variability in suicidal ideation - but also by higher intensity and frequency.
Comprehensive suicide risk assessments may benefit from considering multiple

characteristics of ideation; our findings show that intensity levels remain a crucial factor
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to assess, and that variability and frequency can further add important information to
clinical assessments. It remains to be examined whether phenotypes significantly add
predictive value when considered in tandem with other established risk factors, in order

to further elucidate on the utility of such phenotyping.
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Appendix

Figure S1. Variability in Passive Suicidal Ideation
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Note: Time-series plots are presented in order of low to high RMSSD (root mean square of successive
differences); Phenotype 1 is represented in red, Phenotype 2 in blue, and Phenotype 3 in green; ID
numbers do not correspond to participant numbers assigned during data collection
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Figure S2. Variability in Active Suicidal Ideation
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Note: Time-series plots are presented in order of low to high RMSSD (root mean square of successive
differences); Phenotype 1 is represented in red, Phenotype 2 in blue, and Phenotype 3 in green; ID
numbers do not correspond to participant numbers assigned during data collection
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Table S1. Pearson Correlations and Reliability Statistics for the Subscales of Passive and Active Suicidal

Ideation
1. 2. 3. 4. ICC Cronbach’s alpha

Passive suicidal ideation .70 0.85

1. Desire to live - a5 .64 54

2. Desire to die - - .83 73

Active suicidal ideation .67 0.97

3. Suicidal thoughts 64 .83 - -

4. Suicidal intent 54 73 94 -

Note: ICC = Intra-class correlation coefficient; correlation coefficients significant with p<.05are
indicated in bold

Table S2. Pearson Correlations between Passive and Active Suicidal Ideation Characteristics

1. 2. 3. 4. S. 6. 7. 8. 9.
1. M, Passive - - - - - - - - -
2. M, Active 86 - - - - - - - -
3. 8D, Passive 33 13 - - - - - - -
4. 5D, Active 62 51 .78 - - - - - -
5. Peak, Passive 73 .56 75 17 - - - - -
6. Peak, Active 70 .68 .65 .88 .84 - - - -
7.% non-zero, Passive 51 27 .23 .26 .28 .23 - - -
8. % non-zero, Active .82 .84 .29 .60 .60 .65 .36 - -
9. RMSSD, Passive 10 -.05 .82 49 .55 43 22 .06 -
10. RMSSD, Active .55 43 .70 .90 74 .83 .26 .50 57

Note: M= Mean, SD= Standard deviation, RMMSD = Root mean square of successive differences;

correlation coefficients significant with p< .05 are indicated in bold.
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Table S3. Individual Class Probabilities for the Final Three Profile Solution

Suicide Attempt

Type1 Type 2 Type 3 Type1 Type 2 Type 3
ID1 1.00e+00 2.27e-26 3.36e-157 ID 42 1.03e-38 6.76e-06  1.00e+00
ID2 3.39e-20 1.00e+00  4.08e-06 ID43  194e-279 422e-06  1.00e+00
ID3 2.17e-61 1.55e-03 9.98e-01 ID 44 1.87e-35 6.67e-04 9.99e-01
ID 4 0.00e+00 6.64e-11 1.00e+00 ID45  0.00e+00 3.38e-35 1.00e+00
ID5 1.10e-17 1.00e+00 1.22e-11 ID 46 1.44e-52 3.07e-02 9.69e-01
ID6 2.17e-28 9.99e-01 8.02e-04 ID 47 5.46e-40 2.72e-06  1.00e+00
ID7 124e-06  1.00e+00 4.61e-28 ID 48 5.35e-14 9.98e-01 1.54e-03
ID8 6.01e-29 1.61e-04 1.00e+00 ID49  1.00e+00 1.56e-12 1.01e-54
ID9 1.00e+00 8.64e-13 4.22e-25 ID50  4.64e-50 8.09e-13 1.00e+00
IDI0O  1.00e+00  4.25¢-105  0.00e+00 ID 51 3.71e-02 9.63e-01 9.16e-35
ID11 3.50e-33 1.55e-08 1.00e+00 ID52  1.00e+00 1.69e-13 5.74e-91
ID12 1.69e-37 1.46e-02 9.85e-01 ID 53 7.19¢e-19 1.00e+00 6.82e-07
ID13 9.38e-117 9.97e-01 2.93e-03 ID54  4.66e-40  1.00e+00 1.04e-10
ID14  1.00e+00  136e-137  0.00e+00 ID 55 0.0e+00 8.6e-09 1.0e+00
ID15 1.70e-34 5.60e-04 9.99e-01 ID56 1.00e+00  1.02e-277  0.00e+00
ID16 4.73e-28 1.02e-03 9.99e-01 ID 57 1.77e-186 8.81e-08 1.00e+00
ID17  2.09e-305  7.33e-09  1.00e+00 ID 58 3.66e-34 1.88e-02 9.81e-01
ID18 3.91e-15 1.00e+00 4.62e-13 ID59  1.00e+00 7.54e-08 5.09e-39
ID19 1.00e+00 1.13e-28 1.30e-202 ID60  0.00e+00 4.34e-12 1.00e+00
ID20 1.00e+00 9.11le-12 1.10e-28 ID 61 8.79¢-35 1.24e-04 1.00e+00
ID 21 2.38e-35 1.26e-05 1.00e+00 ID 62 2.77e-11 1.00e+00 7.91e-08
ID 22 3.98e-32  1.00e+00  2.42e-04 ID63  0.00e+00 1.16e-32 1.00e+00
ID 23 1.00e-41 495e-04  1.00e+00 ID 64 2.97e-40 3.03e-06  1.00e+00
ID24 1.00e+00 2.44e-10 7.65e-27 ID 65 2.66e-25 1.00e+00 6.47e-25
ID 25 6.59e-23 1.00e+00  2.68e-06 ID66 1.00e+00  2.26e-09 4.80e-26
ID 26 2.52e-28  1.00e+00  9.68e-08 ID67  1.00e+00 2.07e-85  0.00e+00
ID27  1.00e+00 1.11e-05 9.42e-15 ID 68 8.34e-10 6.10e-03 9.94e-01
ID 28 2.30e-26  1.00e+00 8.51e-08 ID69  1.00e+00 1.0te-11 6.91e-21
ID 29 4.81e-34 88e-01 16e-02 ID70 3.35e-59 9.29e-01 7.10e-02
ID30  0.00000 0.99859 0.00141 ID71 2.23e-33 9.99e-01 1.18e-03
ID31  0.00e+00 2.11e-06 1.00e+00 ID72  0.00e+00 1.36e-14 1.00e+00
ID 32 2.44e-40 1.56e-07 1.00e+00 ID73  2.28e-262  9.48e-05  1.00e+00
ID 33 1.05e-02 9.89%e-01 9.8%-11 ID 74 1.33e-17 1.00e+00  2.07e-07
ID 34 3.98e-32 1.40e-02 9.86e-01 ID75 0.0e+00 1.0e+00 9.6e-60
ID35 0.00e+00 1.86e-14 1.00e+00 ID76 1.90e-06  1.00e+00  2.33e-08
ID36 1.00e+00 4.74e-07 1.19e-27 ID77  1.00e+00 5.83e-29 1.80e-193
ID 37 0.0e+00 1.3e-12 1.0e+00 ID78 1.06e-39 6.90e-07  1.00e+00
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ID 38 1.62e-10 1.00e+00 1.07e-05 ID 79 2.75e-111 7.16e-09 1.00e+00
ID39  1.00e+00 6.25e-87 0.00e+00 ID 80 4.48e-34 1.00e+00 2.45e-05
ID40  1.00e+00 4.74e-09 3.10e-37 ID 81 0.00e+00 2.47e-32 1.00e+00
ID 41 1.00e+00 6.89¢e-33 4.16e-215 ID 82 6.16e-26 9.75e-01 2.49e-02

Note:The class that the participant was ultimately assigned to is indicated in bold

Figure S3. Graphical Depiction of Similarities with the Phenotypes by Kleiman et al. (2018)
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Chapter 7

Discussion

In the previous chapters, we have explored the short-term temporal dynamics of
suicidal ideation and the value of real-time assessment methods in the study of both
suicidal ideation and its related risk and protective factors in daily life. Finally, in the
previous chapter, we explored how this real-time data may be used to make predictions of
individuals’ suicide risk in the future. Here, we discuss how these findings fit within our
greater understanding of suicidal ideation, consider the strengths and weaknesses of the
methodologies used, and discuss directions for future research. Finally, we explore the

promise of real-time monitoring approaches for clinical practice.

Ecological Momentary Assessment (EMA) in Suicide Research

The use of ecological momentary assessment (EMA) in mental health research in
general, and suicide research specifically, has grown exponentially in recent years. A 2016
review of 669 e-mental health research articles (including EMA) concluded that 57% of the
identified literature had been published in the previous five years (Firth et al., 2016). A
more recent review of 35 articles on EMA in suicide research concluded that 74% of the
studies had been published within the prior three years (Sedano-Capdevila et al., 2021). It
therefore appears that pleas to increasingly focus on short-term timeframes when
examining suicidal thoughts and behaviors (Bryan and Rudd, 2016; Franklin et al., 2017)
have been heard and put into action - aided by the omnipresence of mobile phones and
other commercial wearables in our modern society.

Considering the marked expansion of EMA in psychological research, concerns
may arise that the feasibility and safety of such measures in at-risk populations has not
been comprehensively assessed prior to such broad application. It should be noted,
though, that a number of reviews have previously concluded that EMA is feasible and safe;
EMA has been tested in a number of clinical populations, including those with anxiety
(Walz et al., 2014) and depressive disorders (Colombo et al.,2019). Since then, these
findings have been extended to patients with suicidal thoughts and behaviors (see
Chapter 2, as well as Gee et al., 2020; Sedano-Capdevila et al., 2021 for reviews). Our
examination of the acceptability, feasibility and safety of EMA in Chapter 3 also largely
supports these early conclusions, although two major points are discussed here that

should be taken into consideration when designing EMA studies in suicide research.

Feasible - with Certain Limitations In Chapter 2, we reviewed EMA studies in
suicide research and concluded that EMA appears feasible, even in this potentially

challenging patient group. This is reassuring, considering that patients with more severe
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mental health symptomatology may generally be less inclined to participate in scientific
research (Sheridan et al., 2020), and be more likely drop out of longitudinal cohort studies
(Lamers et al., 2012). Instead, we found evidence of high compliance to study assessments
(i.e., EMAresponse rates), both in the prior literature (Med=70%; Chapter 2) as well as in
the present cohort (Med= 84%; Chapter 3). Likewise, attrition was low (Med= 6% in prior
studies; Chapter 2, and 1% in our cohort during the EMA period; Chapter 3), giving further
support for the feasibility of EMA among patients with suicidal symptoms.

It is evident, however, that recruitment remains a challenge for mental health
research in general (Tranberg et al., 2023), and EMA studies in particular (Nuij et al., 2022).
While patients with more severe symptomatology may feel less able to further exert
themselves by taking part in scientific research (Sheridan et al., 2020), it is also known that
the increased burden of EMA designs specifically may discourage potential participants
(Bos, 2021). While our sample size (V= 82) was larger than the average of previous studies
(Med=50; Chapter 2), larger cohorts have also been assessed (e.g., 7= 237 in Rogers,
2021). Once part of the study, however, it appears that the burden of repeated
assessments does not impact data quality and quantity, at least within typical EMA
designs (with an average duration of Med= 14 days; Chapter 2). However, missingness may
become more apparent when researchers aim to extend electronic symptom monitoring
to span many months, or even a year, as in the present study (Chapter 6). The reduction in
response rates from our daily EMA (Med= 84%) to our weekly questionnaires (Med= 74%)
was substantial, but response was still sufficient for analysis. Indeed, prior feasibility
studies on digital assessments of suicidal ideation have only focused on short-term EMA,
rather than symptom monitoring over longer timeframes. We are the first to employ such
repeated (weekly) electronic assessments of suicidal ideation over an extended (12-
month) period. Consequently, current conclusions from the field rightfully, and carefully,
state that “it is feasible to apply short-duration[electronic symptom monitoring]” (van
Genugten et al., 2020, p. 1). The feasibility of extended symptom assessments, therefore,
warrants further examination. Preliminary findings from our study are encouraging and
indicate that such symptom monitoring does not, at the very least, appear unfeasible.
Such extended monitoring may be needed when events of interest concern suicidal
behavior (due to the low base rate of suicide attempts and mortality) (Glenn & Nock,
2014). For such studies, it seems clear that researchers should aim for larger initial sample
sizes in order to account for the more substantial attrition that follows from intensive

longitudinal assessments over longer timeframes.
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Considering Participant Safety When Examining Risk Studies have consistently
shown that EMA of suicidal ideation does not lead to systematic negative symptom
reactivity (see Chapter 2 for areview of the literature, and Chapter 3 for our examination
of EMA iatrogenic effects in our sample). However, our findings indicate that a minority of
participants may experience such effects. Namely, 18% of our participants reported
retrospectively that the EMA had sometimes triggered their suicidal ideation (when not
experiencing ideation prior to the EMA prompt), and 10% that the EMA had sometimes
worsened their ideation (when already experiencing ideation).! It should be noted that
these reports were not accompanied by observable increases in the participants’ EMA-
ratings. These inconsistencies indicate that this topic requires continued attention. It also
remains to be examined to what extentthese negative consequences are experienced by
participants, and certain limitations should be considered when interpreting these
findings. Most importantly, we did not specify in our questionnaire whether any triggering
or worsening effects were experienced only occasionally, or systematicallyin response to
every prompt, and how distressing these perceived increases were for the participants.
Many testing procedures within medical and psychological research (such as blood tests,
Lavery & Ingram, 2005) or paradigms including distressing imagery (Jorm et al., 2007))
may cause a certain level of discomfort to participants, but these effects are typically
short-lived. Indeed, the literature indicates that participating in mental health research
(Jormet al., 2007), including research on suicide-related phenomena (Schatten et al.,
2022; Smith et al., 2010), is more likely to result in positive rather than negative outcomes.
This was also apparent in our sample, with 22% of participants reporting /improvedmood
in response to the EMA measures, and the group as a whole exhibiting a reduction in
overall suicidal ideation severity from pre- to post-EMA (although the latter finding may
simply reflect regression to the mean).

Another question regarding participant safety that readers may have while
considering the data reported in Chapter 6, as well as the description of Case Study 3, is:
could something have been done to intervene and prevent an attempt?The
implementation of safety procedures and how such procedures may look like is a focal
point in the discourse regarding suicide research, and especially that of the ever-growing
field of EMA. Even though we can relatively confidently conclude that, based on the
existing evidence, repeat suicidal ideation assessments do not lead to systematic,

substantial or sustained increases in symptoms (Chapter 2 & Chapter 3), the fact remains

!5 participants reported both a triggering and a worsening effect, 5 reported a triggering effect only, and 1
participant reported a worsening effect only.
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that such assessments do provide unique opportunities for intervention. However, such
safeguards are rarely implemented in EMA designs, unless studying underage populations
(Chapter 2). In the present study, we employed a number of safety measures. First, we
performed a comprehensive assessment of the participants’ risk status at baseline in order
to determine whether the participant was stable enough to participate, or in need of
immediate referral for emergency services or specialized mental health care. Second, we
required all participants with severe symptomatology to be currently under the care of a
specialist (psychologist and/or psychiatrist), and we notified the general practitioner,
and/or treating specialist of each participant of their involvement in the study. Third, we
created personalized suicide safety plans for each participant, detailing their preferred
coping strategies and resources to be consulted in case of suicidal crises. These safety
plans also included a reminder to the participants that if they felt like their participation in
the study was affecting their mental health in a negative way, they could discontinue at
any time. Finally, we explicitly informed the participants that their responses within the
app would not be viewed by study personnel prior to the completion of the data
collection period(s) (first after the end of the 21-day EMA, and then after the 1-year
monitoring period) and in case they experienced issues with the study proceedings (incl.
iatrogenic effects) they should directly contact the study personnel, or if they
experienced a suicidal crisis, they should consult their suicide safety plan (which also
included resources such as the 113 suicide prevention line, and the emergency line (112)).
Yet, we did not employ built-in algorithms within the app that would have triggered an
alert to the study personnel in response to the participants’ reports of high levels of
suicidal ideation. However, a question also remains about how effective such safeguards
might be. For example, an EMA study of 434 adolescent and adult psychiatric patients
with a recent history of suicidal ideation and/or behavior employed real-time
interventions in response to participant’s EMA suicidal ideation ratings (based on scores
>= 8 out of 10) (Bentley et al., 2024). This included presenting participants with their
safety plan, as well as a message being sent out to the study’s risk monitoring team that
subsequently contacted the participant within 24 hours. For patients whose responses
triggered this intervention, there was evidence of discontinuity in ratings such as that
participants were more likely to rate their ideation below the threshold in future entries.
Further, 22% of suicidal ideation ratings that triggered the response were changed to a
lower rating (most commonly, a 7 i.e., just below the threshold) before submitting the
survey after participants received a pop-up notification about the intervention steps.
Hence, it appears that the possibility of intervention may not necessarily lead to a better

identification of crises, but rather the omission of the reporting of such crises when they
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occur, and can cause strategic responding that may impact data quality due to artificial
ceiling effects. Developing real-time intervention protocols that do not lead to such
effects remains a goal, but also a challenge, for future research. Despite these limitations,
when used in primary mental health care, monitoring of scores in real-time can be

beneficial.

Correlates and Predictors of Real-Time Suicidal Ideation

In Chapter 2, we discuss how EMA has utility not only for the real-time
assessment of suicidal ideation, but also for the examination of the correlates and
predictors of suicidal thoughts. Based on our review of the literature, we found that a
range of such potential risk and protective factors have already been examined in EMA
designs, with the most commonly assessed predictors including contextual factors,
affective states, as well as constructs from the Interpersonal Psychological Theory of
Suicide (IPTS)(Van Orden et al., 2010) (i.e., hopelessness, thwarted belongingness (or
loneliness), and burdensomeness). However, studies so far have predominantly
considered only a small number of variables within a certain model, and been
unsuccessful in establishing robust short-term temporal predictors of suicidal ideation
that may function as warning signs (i.e., factors that signal imminent changes in ideation
levels). Such lack of significant temporal findings may reflect a true lack of relations
between the observed variables, but may also result from insufficient modeling

techniques.

Symptom Networks of Suicidal Ideation In Chapter 4, we examined
associations between a range of cognitive-affective predictors in relation to real-time
suicidal ideation using network modeling. The network perspective is increasingly applied
to better understand co-occurring symptoms (Borsboom, 2017, Fried et al., 2017), such as
those that may lead to the emergence and maintenance of suicidal ideation (de Beurs,
2017). Within this perspective, network modeling allows us to consider these factors not
only as correlates or predictors, but also consequences, of suicidal ideation (Borsboom et
al., 2021; de Beurs, 2017). Complex and bi-directional associations may then be examined,
to see how symptoms influence each other over time.

We found that suicidal ideation was concurrently associated with hopelessness,
loneliness and burdensomeness, as well as increased sadness and shame, and reduced
happiness, calmness and optimism. These experiences also feature in the case studies
presented in Chapter 1, such as when Vivian (Case Study 1) and Mary (Case Study 2)

struggle to stay calm and optimistic as their daily struggles accumulate, and they feel
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increasingly hopelessness about future outcomes. Rodrigo (Case Study 3) also feels
hopeless and alone following the end of an abusive relationship. Likewise, Mary describes
how she is “well aware ofTher] loneliness”as she struggles to reach out to friends and is
consumed by sadness and grief about the prospect of losing her husband.

We further found that shame, specifically, was concurrent associations with
active ideation, and prospectively predicted increases in acquired capability at the
subsequent time point. Shame is acknowledged to play a significant role in suicidal
outcomes, especially among patients with post-traumatic stress disorder (PTSD) (Goffnett
et al., 2020). Shame may elicit more negative arousal than other negative cognitive-
affective states, such as sadness or hopelessness (Piretti et al., 2023). Therefore, shame
may represent a more undesirable state that individuals feel greater need to escape from,
explaining its role in active ideation and capability for suicide specifically. However,
shame is rarely treated as an important trans-diagnostic risk factor in clinical practice. Our
findings indicate that not only is shame a significant correlate of suicidal ideation, but that
it may specifically signal increases in preparedness for suicide, and therefore, increase the
risk of future suicidal behavior. Although a number of interventions exist that target
shame (Goffnett et al., 2020; Norder et al., 2023), they are not frequently employed in
suicide prevention. However, shame-reduction components may easily be incorporated
into many interventions that are already commonly used in mental health care, such as
cognitive behavioral therapy (CBT) or mindfulness-based interventions (Goffnett et al.,
2020).

Further, we found that although the experience of passive suicidal ideation was
predictive of increased hopelessness over time, experiences of active ideation were
instead followed by improvementsin mood. Such findings indicate that suicidal ideation
may sometimes have a relief function and that it may be used by individuals as a form of
maladaptive coping (Coppersmith, et al., 2018). Suicidal plans may also increase an
individual’s sense of control over their lives, especially in the face of uncontrollable
stressors and lack of other avenues for escape. Such motives were also apparent in the
case studies presented in Chapter 1, where Vivian (Case Study 1) describes her suicidal
ideation as a form of coping and escapism, and when Mary (Case Study 2) grows more
hopeless after letting go of her suicide plan. These observations are also in line with the
Integrated Motivational-Volitional Model (IMV)of suicidal behavior (O’Connor & Kirtley,
2018), which highlights the perception of entrapment as a driving force in the emergence

of suicidal ideation.

265



Chapter 7

Sleeplessness and Hopelessness Another factor that we found to prospectively
predict suicidal ideation is sleep. Sleep disturbances as risk factors for suicidal thoughts
and behaviors have long received limited attention in comparison to many other
longitudinal risk factors (such as depressive symptoms or sociodemographic
characteristics (Borges et al., 2008)). However, this is starting to change, with two recent
meta-analyses examining sleep as a longitudinal predictor of suicidal outcomes (Harris et
al., 2020; Liu et al., 2020). In Chapter 5, we subsequently examined sleep characteristics
as short-term (next-day) predictors of suicidal ideation, and found evidence indicating
that interrupted sleep during the night (i.e., middle insomnia), as assessed with both
subjective and objective measures, specifically appeared to lead to worse mental-health
outcomes (i.e., hopelessness and suicidal ideation) the subsequent day. Namely,
subjective reports of poor sleep quality, short sleep duration and increased nighttime
awakenings were all associated with increased symptoms the next day. Therefore, our
findings indicate that rather than accumulating over time, the detrimental consequences
of poor sleep may be immediately observable in participants’ psychological functioning
the following day. Sleep disturbances are also explicitly mentioned by Vivian in Case
Study 1, where her ideation intensifies in late evening hours when she is unable to sleep
and her mind becomes “stuck” on negative thoughts.

On the other hand, our findings also indicate that sleep may represent a fruitful
target for suicide interventions. However, like shame-reduction techniques, such
interventions are not commonly used in the treatment of patients with suicidal ideation.
Sleep interventions are more frequently offered to other patient groups, such as those
with PTSD (Miller et al., 2020) or depressive disorders (Gee et al., 2019), due to their high
co-occurrence with clinically significant sleep complaints. Existing evidence also
indicates that such interventions may not only improve sleep, but also general mental
health functioning (Scott et al., 2021). We also recently performed a systematic review and
meta-analysis of the effectiveness of sleep interventions in reducing suicidal thoughts and
behaviors (McLellan et al., in preparation). Our findings indicated that sleep interventions,
overall, had a small but significant effect size in reducing suicidal outcomes. Circadian
rhythm treatments, specifically, had a moderate effect size, and CBT for insomnia a small
effect size, while pharmacotherapy (i.e., hypnotic-sedative medication) was not
associated with reductions in suicidal symptoms. The effectiveness of sleep interventions
for reducing suicidal thoughts and behaviors has not previously been systematically
evaluated, and our findings support the application of sleep therapies for individuals at-
risk for suicide. While sleep complaints may often get overlooked in clinical practice (both

general medicine as well as mental health care) (Ogeil et al., 2020), such disregard may
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contribute to their chronicity and associated negative consequences, including
depression, hopelessness and suicidal ideation (Roth, 2007). However, many effective
sleep therapies exist, and these interventions may also be provided in a group setting (or
more recently, online), widening their potential reach for at-risk groups (van der Zweerde
et al., 2016). Further, circadian rhythm therapies, which had a larger effect size in our
meta-analysis than CBT and pharmacotherapy, are even less often employed in health care
than sleep therapies (Kramer et al., 2022). However, it is well established that circadian
disruptions are implicated in many psychiatric disorders including depression, although

longitudinal studies on suicide outcomes are lacking (Kiveld et al., 2018).

Variability of Suicidal Ideation

The focal point of many early EMA studies on suicidal ideation has been the
variability of ideation within days (see e.g., Hallensleben et al., 2018; Kleiman et al., 2017).
As presented in Chapter 6, we also examined different dimensions of real-time suicidal
ideation dynamics, including its frequency, intensity and variability over time. Our
subsequent findings were in line with prior studies, including the early observation that

“variability in suicidal ideation appears the norm, rather than the exception”(Witte et al.,
2006, p. 1038). However, while much of the discourse on real-time suicidal ideation
dynamics has focused on its variability, we also observed substantial between-person
differences in the average intensity, as well as frequency, of ideation. Therefore, early
findings on the instability of suicidal ideation in the short-term may have led to an
excessive emphasis on variability statistics. Our findings indicate that important
determinants of suicidal ideation also include other characteristics (such as its intensity
and frequency). Indeed, it should now be apparent that variability should not (and
probably camot) be considered in isolation of these factors.

The variability of suicidal ideation, however, has important implications for
clinical practice. Crucially, even though patients may appear stabilized after intervention
(e.g., when preparing patients for discharge), such stability may not be maintained once
the patient exits a highly controlled clinical setting. Further, the highly variable nature of
suicidal ideation indicates that even though patients may indicate the absence of suicidal
desire at discharge, they may return to high-intensity ideation moments only a few hours
or days later. Indeed, it is often reported that those planning suicidal acts frequently deny
such plans only shortly before taking their lives (Berman, 2018). These findings are
sometimes interpreted to reflect dishonesty on the part of the individual. Our findings

indicate that these patients may be honest - at least in the moment - but that reports of
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low-risk status may have limited temporal continuity. Mental health professionals who
assess suicide risk are well aware that repeat assessments of suicidal ideation over a
number of hours and/or days are warranted. This is especially relevant when evaluating
those leaving in-patient treatment, as the week immediately following hospitalization
represents an especially high-risk timeframe for a repeat suicide attempt (Chung et al.,
2019). Risk of suicide attempt is also elevated following discharge for those psychiatric
patients whose reason for hospitalization was nota suicidal crisis (Chung et al., 2017;
Haglund et al., 2019). Indeed, this timeframe may be associated with a number of triggers,
such as return to stressful environments, or feelings of helplessness when lacking follow-
up care. Such worries, and their impact on suicidal ideation, is also apparent in Case Study
1 towards the end of the assessment period, we can see Vivian growing increasingly
worried about her return home after attending an extended residential treatment
program. These concerns subsequently appear to reduce her resilience, with Vivian’s
suicidal ideation levels exhibiting substantially higher peaks in response to the same

stressors that in the previous weeks had led to only minor increases.

Prediction of Suicide Attempts

In Chapter 6, we examined the prospect of digital phenotyping of suicidal
ideation, that is, identifying subtypes of suicidal ideation based on electronically
collected data on suicidal ideation dynamics (Ballard et al., 2021). Curiously, while this
approach was also implemented in one of the first EMA studies in the field (Kleiman et al.,
2018) it has not been employed since - until the present study. Our findings also showed
partial support for the phenotype classification presented by Kleiman et al. (2018),
indicating that meaningful subtypes may be identified among patients with suicidal
ideation based on the temporal dynamics of their ideation (incl. frequency, intensity,
variability). More specifically, our findings indicate that profiles characterized by higher
variability - but also higher frequency and intensity of ideation - may be associated with
worse clinical profiles at baseline, and pose a higher risk for suicidal behavior in the future.
However, the exact number and clinical relevance of such subtypes warrants further
research and replication in larger and more representative samples, before these findings
can be generalized to the highly heterogeneous population of individuals with suicidal
ideation.

It has frequently been proposed that EMA data on acute suicide risk factors (i.e.,
warning signs) have increased utility in predicting suicide risk, especially in the short-

term. However, only two studies (Wang et al., 2021 and Chapter 6) so far have actually put
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this hypothesis to test, and used EMA-data to prospectively predict suicidal behavior.
Both studies found that EMA-derived data on suicidal ideation dynamics significantly
predicted the risk of suicide attempt in the future (1-month later: Wang et al., 2021, to 12-
months later: Chapter 6). However, neither study considered other EMA-derived
predictors than suicidal ideation itself. Hence it remains to be determined whether other
short-term predictors (such as hopelessness, loneliness, coping, or substance use) may be
used to predict acute risk.

Further, the utility of phenotyping approaches in predicting suicidal behavior
warrants further research. Importantly, our phenotype categorization was not a stronger
predictor of future suicide attempt than prior attempt history. However, no predictors
exist that are considered to be as robust in predicting future suicidal behavior than past
suicide attempt history (Bostwick et al., 2016; Cornaggia et al., 2013), while we found both
past suicide attempt history as well as our phenotype categorization to exhibit
comparable (large) effect sizes. Our findings also indicate that, in tandem with past suicide
attempt history, phenotyping may be especially useful in identifying those individuals
with a past attempt history that may no longer be at high risk. As all individuals who made
arepeat attempt during our follow-up period had a past suicide attempt history, attempt
history alone had poor specificity in differentiating those participants at /owrisk. Based
on our results, those past suicide attempters with current moderate frequency, but low
intensity and low variability ideation, may not presently represent a risk group. Therefore,
phenotyping might be combined with information about past suicide attempt history to
produce even stronger prediction models, although this remains to be tested in future
studies. Figure 1 presents a graphical depiction of the significant study findings relating to
prospective predictors of suicidal ideation and behavior.

Future examinations of prospective suicidal behavior will necessitate
assessments over lengthy follow-up periods (e.g., 12-months as in the present study), and
subsequently considerations of how to maintain compliance over extended study
periods. Our experience (Chapter 3) indicates that both direct contact with participants
(either in-person or online), as well as the promise of personalized feedback on the data
provided, may be effective in maintaining compliance both short- and long-term. Indeed,
in the final feedback survey that the participants filled in following the 1-year monitoring
period (data not reported here) many indicated that they would have wished for a
feedback report also following this period. Participants often choose to specifically
participate in research that they perceive to be personally relevant to them (Sheridan et
al., 2020); as such, incentives offered to participants should ideally also have personal

meaning.
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Figure 1. A Graphical Overview of Significant Study Findings Relating to Prospective Predictors of

Suicidal Ideation and Behavior
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Note: The direct association between acquired capability and suicide attempt in the figure reflects the
observed association between past suicide attempt history and prospective re-attempt

Limitations

Many of the limitations relevant for the present findings and study design have
already been discussed within this chapter, but four overarching points are summarized
here. First, although our sample size was within the (upper) range of similar past (EMA)
studies (Med= 50; Chapter 2), it is still meager in comparison to the broader literature on
longitudinal cohort studies on suicidal ideation (Large et al., 2016). Our sample size
further diminished in size considerably with the extension of our measurements over a full
year. Hence, it bears repeating that our findings need replication, especially in larger
samples. Future studies should also aim to better understand participants lost to follow-
up, such as how many may have become non-responders due to suicide. Examining
differences in suicidal ideation dynamics between those with a prospective suicide
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attempt, and those with suicide mortality, may provide further insights into the clinical
relevance of such indices. Risk factors for suicide and suicide attempts are known to
overlap, but also differ, and predictors of suicide remain less well-established (Cornaggia
etal., 2013).

Alimitation not yet addressed in detail is the representativeness of our sample.
Overall, our sample was predominantly female, young, and highly educated (Chapter 3). It
is known that women are more likely to experience suicidal ideation and to attempt
suicide than men (Canetto & Sakinofsky, 1998) - but also to participate in scientific
research (Glass et al., 2015; Saphner et al., 2021). Meanwhile, men are more likely to die by
suicide (Canetto & Sakinofsky, 1998), but remain more underrepresented in mental health
research (Watkins, 2012), perhaps because they are also less likely to seek professional
help (Chatmon, 2020). In intervention studies specifically, women outnumber men 3:1
(Knox et al., 2023). Further, those with a lower education level are also more likely to die
by suicide (Nock et al., 2008), but less likely to participate in empirical research (Saphner
et al., 2021). These factors together may limit the generalizability of our findings,
especially with regard to better understanding and predicting suicidal behavior within
these populations.

When considering the clinical applicability of our findings, it should be
acknowledged that group-level findings may not always be relevant to the individual case.
For example, there has recently been discourse about the extent to which associations
identified in group-level network models are applicable to the individual (Bos & Wanders,
2016; Bos, 2021). While such limitations are partially addressed by examining within-
personrather than between-person effects within the networks (i.e., examining
intraindividual change rather than between-person differences, as also done in the
present study, Chapter 4), the fact remains that such models are based on data pooled
across individuals. As such, only some connections identified in group-level models, but
not others, may be observable in a specific individual. However, due to the repeated
nature of EMA measures, in clinical practice where the focus is on an individual patient,
data collected from such a patient may also be used to create and examine individual (i.e.,
idiographic) networks. Such networks may provide unique insights into the patient’s case,
although caution should be used when applying and interpreting these models, as
standardized methodologies are lacking, and interpretation of the meaning of such
models is limited by subjective interpretation (von Klipstein et al., 2020). For example, in
one recent study, 12 research teams analyzed a dataset from the same individual using
network modeling, and produced vastly different models and clinical recommendations

thereafter (Bastiaansen et al., 2020). Overall, it should be recognized that statistical
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models reflect limited simplifications of real-world experience, whether that be on the
group- or individual-level.

Finally, as discussed in Chapter 1, suicidal ideation and behavior are highly
heterogeneous phenomena that are influenced by socio-cultural, developmental, and
psycho-behavioral factors. More research is needed on how more distal risk factors, such
as the experience of childhood trauma, may affect current suicidal ideation dynamics. For
example, experiences of childhood abuse and neglect are known to associate with later
difficulties in emotion regulation (Dvir et al., 2014), and that those with early trauma have
more labile mood, as recently also demonstrated in an EMA study (Kuzminskaite et al.,
2024). 1t is therefore conceivable that such risk factors may also affect current suicidal
ideation dynamics, such as its variability. For example, in Chapter 6 we found cases with
PTSD to more frequently present with a phenotype characterized by increased variability.
Regrettably, however, we did not assess history of childhood trauma within the present
study, or inquire about the type and/or timing of other traumatic events. Future research
should work to further examine the synergistic associations between distal and proximal
risk factors, in order to observe how such acute risk factors may differently impact those

with distinct vulnerability factors.

Future Directions

Research Perspectives Our suggestions for future research follow directly from
our limitations. Larger sample sizes are needed for prediction models that are able to
grasp the full range of the correlates and predictors involved in the emergence of suicidal
ideation (Nock et al., 2008). We urge future research to also consider newer statistical
techniques, such as machine learning and neural networks (Durstewitz et al., 2019), that
may be used to both build and test suicide prediction models. Such models are also better
able to account for the dependencies and temporal relations between a number of
predictors simultaneously, while not being limited by assumptions of linearity. As
frequently reported, short-term trajectories of suicidal ideation often lack clear linear
patterns (Kleiman et al., 2017), and may not be suitable for linear statistics in the first
place. Further, as discussed elsewhere (Bos & Wanders, 2016; Bos, 2021; von Klipstein et
al., 2020), testing of idiographic prediction models are necessary in order to observe to
what extend group-level findings can, or cannot, be applied to individual cases -
especially as the prospect of employing EMA in clinical practice becomes more concrete.

Although the use of EMA in suicide research has grown exponentially in the past
five years, the field of real-time data collection of suicidal outcomes is still in its infancy.

Consequently, although there is a lot of discussion about the short-term dynamics of
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suicidal ideation and these patterns are becoming better understood, we largely lack
knowledge about the dynamics of suicide risk and protective factors themselves.
Therefore, as discussed previously, a lack of a significant association between a predictor
and an outcome in EMA designs does not necessarily indicate that the association does
not exist at all and should not be further studied; it may merely indicate that a certain
association does not exist within the hyper-specific timeframe within which the data were
sampled. For example, if momentary anger does not predict suicidal ideation four hours
later (as was the timeframe in the present study), does that mean that it is not associated
with ideation more imminently 5,10 or 30 minutes later? As such, the field may
necessitate a step back, where more information first needs to be gathered about the
temporal dynamics of these predictors themselves, before they can optimally be studied
in relation to real-time suicidal ideation. For this purpose, neural networks may also be
used to model different temporal dependencies between suicidal ideation and its
predictors, such as examining whether the predictors as examined 1, 2 or 3 etc. time
points prior best predict current levels of suicidal ideation. Inconsistencies in study
designs (incl. sampling windows) may also explain differences in findings or lack of
replication between studies. More standardization within EMA protocols is needed,
especially if researchers aim to extend EMA methods to clinical practice (see Clinical
Application below). Qualitative data from participants, such as text entries provided
within EMA, may also help clarify on these processes, and guide EMA study designs. For
example, a recent interview study also used qualitative methods to elucidate on the
timeframe of the stages of suicidal ideation, planning and final decision preceding a

suicide attempt (Heesen et al., 2024).

Clinical Application Since its early emergence, it has been suggested that EMA
represents not only a relevant research methodology, but also a potential clinical tool
(Davidson et al., 2017). For example, it has been proposed that EMA’s ability to provide
more detailed data on symptom dynamics could be helpful for treatment, as it may
provide direct targets for intervention (Bos, 2021). For example, clinicians may work with
patients to eliminate exposure to person- and context-specific suicidal ideation triggers
identified through EMA. One of the goals of CBT, for example, is to help clients identify
and avoid high-risk conditions associated with problematic behaviors, and encourage
them to spend more time in low-risk environments (Fenn & Byrne, 2013). Further, EMA
may help identify cognitive and affective states most closely associated with the client’s
ideation (such as hopelessness or shame) that may benefit from being targeting more in-

depthin treatment
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Although EMA has not yet been utilized in clinical practice in a wide-spread
manner, such application appears to receive fairly broad support. A 2022 survey of 89
mental health practitioners and 62 researchers indicated that both groups considered
EMA to be applicable and useful in clinical practice (Piot et al., 2022). More specifically,
most responders considered EMA-based symptom monitoring to be useful for gaining
insights about the context in which symptoms are more likely to emerge (55%). However,
fewer responders considered EMA to be useful as a direct intervention tool (e.g., to alert
patients about symptom increases, which was endorsed by only 11% of the responders).
Practitioners, specifically, also indicated that EMA was easier to use, and its results easier
to interpret, than assessment methods per treatment-as-usual (incl. semi-structured
interviews, screening questionnaires, and paper-and-pen diaries). They further reported
that EMA could conceivably be applied in all stages of treatment, from diagnostics to
relapse prevention (Piot et al., 2022).

While the development of ecological momentary interventions (EMI) is also
ongoing and has produced some positive early findings (see McDevitt-Murphy et al., 2018
for areview), it should also not be discounted that EMA-based symptom-monitoring /in
itself may produce therapeutic effects. That is, EMA may benefit patients even without the
incorporation of additional intervention steps (such as alerts signaling symptom increases
or prompts to employ certain coping strategies). Much of the research into reactivity to
suicide assessments has focused on negative (i.e., iatrogenic) effects, but has not
considered the potential that suicide assessments may also lead to symptom relief.
However, such effects may also occur: as discussed in Chapter 3, we found 22% of our
participants to report /mprovedmood in response to the EMA measures. Without explicit
intervention, evidence of behavioral change was also apparent in our sample, as described
by one participant: 7 - was more aware of how bad things were and therefore tried to get
into a healthier pattern”(Chapter 3). Symptom self-monitoring may also be useful for
patients with suicidal ideation, as it can demonstrate the ebb and flow of ideation, and the
factors influencing it. Therefore, if well-tolerated by the client, the addition of electronic
symptom self-monitoring in adjunct to treatment-as-usual may benefit existing treatment
approaches, and potentially be therapeutic on its own right. However, for certain patients
such excessive focus on symptoms may not be desirable (Bos, 2021), and the choice to
employ EMA should be made on an individual basis. Within CBT, it is thought that self-
monitoring may increase a sense of collaboration between a therapist and a client, and
increase the client’s sense of agency regarding their treatment (Cohen et al., 2013).In a
recent qualitative interview study of 27 adults who had recently attempted suicide, most

reported that they felt like their suicidal symptoms “were not taken seriously enough”by
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health care workers, and wished they had had “a safe space for discussing their feelings
and thoughts related to their desire to die”(Heesen et al., 2024,p. 8). The application of
EMA-type digital recordings may signal to the patient that their complaints are properly
acknowledged, and subsequently facilitate conversations between the patient and the

clinician.

Final Conclusions

As discussed in Chapter 1, in ancient society, suicides were primarily seen as
means-to-an-end to maintain societal status or to avoid humiliation and defeat (Hill,
2004). Therefore, suicides were considered to be a direct consequence of external events,
and were not thought to necessitate further mental disturbance or distress on the part of
the recently deceased. Indeed, suicide, as an act, was considered to be a rather
unemotional event.

There exists, however, also a term in the Latin language that refers to the more
psychological elements of suicidal ideation: /ibido moriendi, which describes the “lust for
death” (Hill, 2004). Within this terminology is contained the idea that suicidal thoughts
themselves can contain depth and despair beyond the Roman idea of suicide as an end
result of a rational decision-making process. Indeed, in addition to shame and the desire
to avoid humiliation, a wide array of thoughts and emotions can accompany suicidal
thinking; these may include experiences of sadness, hopelessness and burdensomeness -
but also feelings of calmness and relief. As described in Chapter 4, these emotions may
further differ based on the stage of ideation one is at, be that the initial feelings of a
dwindling desire to live, or later on, the emergence of more concrete thoughts about
suicidal self-harm. However, rather fittingly within the Roman idea of suicide, we also
found shame, specifically, to be a correlate for an active wish to die. As such, old and new
theories of suicide may have commonalities.

The heterogeneity of suicidal ideation, both between and within individuals, is a
theme that has transversed through each chapter of the dissertation, and is also apparent
in the case studies presented in Chapter 1 that illustrate how triggers and trajectories of
suicidal ideation may differ based on the individual. In Chapter 6, we further aimed to
quantify these differences in suicidal ideation by examining distinctive between-person
subgroups of suicidal ideators, based on the within-person dynamics of their suicidal
ideation. As such, heterogeneity need not be a challenge for research, but may also be
used to establish order.

In the Comprehensive Textbook of Suicidology, Maris, Berman and Silverman

(2000) address this heterogeneity by asking: “Is suicide one thing or many things?”and
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subsequently answer: “Given this choice, it seems clear that the answer is ‘many’”(p. 50).
They further conclude that “The complexity, variability, [and] multidimensionality of
suicide has|...] pragmatic consequences”(Maris et al., 2000, p. 50). The defining strength
of real-time monitoring in suicide research may hence be considered to be its ability to
simultaneously capture the many dimensions of suicidal symptoms - their context,
correlates, antecedents and consequences, as well as their frequency, intensity, duration,
and variability. Through repeated data-collection methods, we may not only observe
individual data points, but see how these dots form together, to produce a clearer picture
of the target under observation (Figure 2). Such symptom monitoring may also function as
a mirror to patients, allowing them to better understand their symptoms and their unique
underlying causes. The evaluation of such therapeutic approaches represents the next
steps in the clinical application of methodologies capturing real-time suicidal ideation.

Figure 2. A Graphical lllustration of the Differences in Data Granularity between Cross-

Sectional, Longitudinal, and Real-Time Data Collection Methods

(a) Cross-Sectional (b) Longitudinal (c) Real-Time Monitoring
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Title: Dynamics of Despair - Examining Suicidal Ideation Using Real-Time Methodologies

This dissertation examines the temporal dynamics of suicidal ideation in daily life
using real-time assessment methods, including actigraphy and ecological momentary
assessment (EMA). Suicidal ideation can be highly variable, and increased insight into
these fluctuations can aid us in understanding how an individual may transition into
moments of heightened suicidal ideation in real-time. Further, it has been proposed that
variability in itself may serve as a phenotypic marker for increased suicide risk. Hence,
obtaining a better understanding of the correlates and predictors of this variability is
important for improved risk detection.

Suicidal ideation is both a prevalent and a potentially persistent disturbance: up
to 20% of the general population will experience suicidal thoughts at some point over
their lifespan, and for approximately 30% of these individuals, suicidal ideation becomes a
persistent experience for years and even decades. However, the severity of ideation can
exhibit substantial variability over time; individuals can experience lengthy periods
characterized by the absence of symptoms, but may also exhibit substantial increases and
decreases in ideation levels merely within the span of hours and days.

Prediction of suicide risk is hindered not only by the variable nature of suicidal
ideation, but also the heterogeneity of risk factors. Multiple interacting risk and
protective factors are involved in the emergence and maintenance of suicidal ideation
over time, with each individual risk factors explaining only a very small portion of suicide
risk. Further, most of our current understanding of these risk factors is centered around
chronic, long-term determinants (such as sociodemographic characteristics). Instead, we
largely lack understanding of warning signs of suicide, referring to factors that indicate
increase suicide risk in the short-term.

Newly developed real-time assessment methods may help increase our
understanding of the phenomenology of suicidal ideation. Such methods include
Ecological Momentary Assessment (EMA), referring to short, repeated self-report
assessments completed within individuals daily lives, utilizing mobile technologies, such
as smartphones. EMA therefore enables researches to study individuals’ symptoms in the
natural environment, examining their contributing factors in real- time. Additional
ambulatory assessments, such as those examining sleep and activity patterns using
actigraphy, can help supplement these self-reports with objective data.

This dissertation reports on the longitudinal SAFE study (Suicidal ideation
Assessment: Fluctuation monitoring with Ecological momentary assessment), which

employed EMA and actigraphy to examine suicidal ideation in daily life. The study
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included 82 individuals currently experiencing suicidal ideation. The study aimed to 1)
describe how suicidal ideation fluctuates in real-time (within and between days), and
which risk and protective factors are associated with these fluctuations, and 2) how these
dynamics relate to suicide risk in the long-term (up to 1-year).

In Chapter 1 of this dissertation, we give an introduction to the topic of suicidal
ideation, review prominent theoretical models around it, and discuss our current
understanding of the temporal dynamics of suicidal ideation; this includes both the long-
term course of, as well as the short-term variability in, suicidal ideation. Further, we
describe the relevant data collection methods (EMA and actigraphy) as well as introduce
the SAFE study.

In Chapter 2, we present a systematic review of prior literature using the EMA
method in suicide research to study the dynamics and predictors of real-time-suicidal
ideation. The use of EMA for this purpose has seen an enormous increase in the past
decade, and has already provided robust support for the notion that suicidal ideation may
fluctuate greatly both between and within days, increasing and decreasing sharply merely
within the span of hours. This finding highlights the need to better understand which risk
factors may contribute to these fluctuations. However, while prior research has already
identified a number of correlates of said fluctuations (that is, factors that increase and
decrease in tandem with suicidal ideation, such as hopelessness and negative affect),
research so far has been more limited in identifying corresponding short-term predictors.
More research is therefore needed on this front. Further, research indicates that
variability in suicidal ideation may be trait-like, and be associated with heightened suicide
risk. However, prior research on this topic has been predominantly reliant on
retrospective self-report, and prospective confirmatory studies are needed. Finally, while
prior research supports the feasibility of using EMA among individuals with suicidal
ideation, reporting on safety procedures and adverse events is inconsistent. Due to the
focus on high-risk populations, these considerations also warrant further attention.

In Chapter 3, we report on the feasibility, acceptability and safety of EMA based
on data from the SAFE study. Interpreting response and completion rates, we conclude
that EMA appears highly feasible and well-tolerated among participants, including those
experiencing high levels of suicidal ideation and/or other symptomatology (depression,
anxiety). Our findings also generally supported the safety of EMA, as we did not observe
systematic increases in real-time suicidal ideation over the study period. However, a
minority of participants retrospectively reported (at the end of the study) that the EMA
had sometimes triggered or worsened their ideation. As these reports are in opposition to

the (lack of) pattern observed in the data, these effects do not appear to have impacted
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the participants to a substantial degree. Regardless, we urge researchers to transparently
inform participants in similar studies about the potential to such effects.

In Chapter 4, we employ statistical network modeling to examine the
interconnectedness of suicidal ideation (passive ideation and active ideation, and
acquired capabilityi.e., preparedness for suicidal acts) and its cognitive-affective
predictors (positive and negative affect, anxiety, hopelessness, loneliness,
burdensomeness, optimism) in real-time. We identified differential associations with
different facets of suicidal ideation, with constructs central to the Interpersonal
Psychological Theory of Suicide (IPTS), including hopelessness, loneliness, and
burdensomeness, being uniquely associated with passive suicidal ideation. Further, we
found shame to be uniquely associated with active suicidal ideation and acquired
capability. These findings indicate that shame may represent an especially important
target for suicide prevention, as it appears to specifically associate with the active desire
to die, and preparedness for such suicidal acts.

In Chapter 5, we use both EMA and actigraphy to examine sleep characteristics,
hopelessness, and their associations with next-day suicidal ideation. We found support
for the notion that sleep disturbances, and specifically interrupted sleep during the night
(including increased night-time awakenings), can have immediate, night-to-day effects on
suicidal ideation. That is, ideation was heightened following nights with disturbed sleep.
Importantly, we replicated these findings using both subjective and objective measures of
sleep. We further observed that such interrupted sleep increased feelings of hopelessness
the following morning, and that these hopeless thoughts were a significant explanatory
factor in the association between sleep and suicidal ideation. While hopelessness is a well-
established risk factor for suicidal ideation, within this specific context, it remains to be
established whether such hopelessness is specific to despair about the effects of lack of
sleep, or due to broader cognitive-affective disturbances resulting from sleep loss.

In Chapter 6, we used latent profile modeling to identify subtypes of suicidal
ideation based on EMA data, and their associations with the prospective risk of suicide
attempts over 1-year. We identified four subtypes of suicidal ideation, namely 1) high
frequency, high intensity, moderate variability ideation (Phenotype 1), moderate/high
frequency, moderate intensity, high variability ideation (Phenotype 2), and moderate
frequency, low intensity, low variability ideation (Phenotype 3). Further, we found
Phenotypes 1and 2 to have increased odds of making a suicide attempt over the 1-year
follow-up, with Phenotype 1 specifically being characterized by repeat suicidal behavior
(i.e., multiple suicide attempts). Therefore, our findings did not produce straightforward

support for the notion that suicidal ideation variability per seis associated with
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heightened risk, but that such variability needs to be considered in the context of other
suicidal ideation characteristics, such as frequency and (average) intensity. However,
these preliminary findings need replication, due to a low sample size in our follow-up
cohort.

In Chapter 7, we summarize and conclude on our findings from the previous
chapters, and discuss the strengths and limitations of the SAFE study. We further integrate
the study findings into the greater theoretical framework of suicidal ideation, and outline
our suggestions for future research. Importantly, we support the value of EMA and other
real-time data collection methods in suicide research, but urge researchers to consider
newer statistical modeling techniques in analyzing their data, as the structure of EMA data
sets additional demands on analysis methods. Further, we discuss the importance of
improving our understanding of the temporal dynamics of not only suicidal ideation itself,
but also its predictors, as such knowledge has important implications for study designs.
Finally, we discuss the prospects of using real-time symptom measures in clinical
practice; considering this implementation needs nuance, also in line with our findings
that some individuals may perceive such increased attention to their symptoms as

potentially triggering.
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Titel: Dynamiek van Wanhoop - Onderzoek naar Suicidale Gedachten met Real-Time

Methodologieén

Dit proefschrift onderzoekt de tijdsgebonden veranderingen in suicidale
gedachten in het dagelijks leven, waarbij gebruik wordt gemaakt van real-time
beoordelingsmethoden zoals actigrafie en Ecologische Momentane Beoordeling (EMA).
Suicidale gedachten kunnen sterk fluctueren, en beter inzicht in deze schommelingen kan
ons helpen te begrijpen hoe iemand in realtime in een toestand van verhoogde suicidale
gedachten terechtkomt. Er wordt ook gesuggereerd dat deze variabiliteit op zichzelf een
fenotypische marker kan zijn voor een verhoogd suiciderisico. Daarom is het essentieel
om meer te weten te komen over de correlaten en voorspellers van deze variabiliteit, om
het risico beter te kunnen inschatten.

Suicidale gedachten zijn zowel veelvoorkomend als mogelijk aanhoudend: tot
wel 20% van de bevolking zal op enig moment in hun leven met suicidale gedachten te
maken krijgen, en bij ongeveer 30% van hen blijven deze gedachten jarenlang, zelfs
decennialang, aanwezig. De ernst van deze gedachten kan echter in de loop der tijd sterk
variéren; individuen kunnen langere periodes doormaken zonder symptomen, maar
kunnen ook een sterke toename of afname in de intensiteit van de gedachten ervaren
binnen slechts enkele uren of dagen.

Het voorspellen van suiciderisico is lastig, niet alleen door de variabele aard van
suicidale gedachten, maar ook door de diversiteit aan risicofactoren. Het ontstaan en
voortbestaan van suicidale gedachten worden beinvloed door meerdere, vaak onderling
samenhangende risicofactoren en beschermende factoren, waarbij elke afzonderlijke
factor slechts een klein deel van het totale risico verklaart. Bovendien richt het huidige
onderzoek zich vooral op chronische, langetermijndeterminanten zoals
sociaaldemografische kenmerken. Er is echter een gebrek aan inzicht in de
waarschuwingssignalen van suicide, oftewel factoren die op korte termijn een verhoogd
suiciderisico kunnen aangeven.

Nieuw ontwikkelde real-time beoordelingsmethoden kunnen ons begrip van de
aard van suicidale gedachten vergroten. Een van deze methoden is Ecologische
Momentane Beoordeling (EMA), wat verwijst naar korte, herhaalde zelfbeoordelingen die
individuen in hun dagelijkse leven uitvoeren met behulp van mobiele technologieén, zoals
smartphones. EMA maakt het mogelijk om de symptomen van mensen in hun natuurlijke
omgeving te bestuderen en de bijdragende factoren in realtime te onderzoeken.
Aanvullende ambulante metingen, zoals het monitoren van slaap- en activiteitsniveaus via

actigrafie, kunnen deze zelfrapportages aanvullen met objectieve gegevens.
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Dit proefschrift beschrijft de longitudinale SAFE-studie (Suicidal ideation
Assessment: Fluctuation monitoring with Ecological momentary assessment), waarbij
EMA en actigrafie werden ingezet om suicidale gedachten in het dagelijks leven te
bestuderen. In deze studie werden 82 individuen betrokken die op dat moment suicidale
gedachten ervoeren. Het doel van de studie was 1) te beschrijven hoe suicidale gedachten
in realtime fluctueren (zowel binnen als tussen dagen), en welke risico- en beschermende
factoren hiermee samenhangen, en 2) hoe deze dynamiek zich verhoudt tot het
suiciderisico op de lange termijn (tot 1 jaar).

In Hoofdstuk 1 geven we een introductie tot het onderwerp van suicidale
gedachten, bespreken we de belangrijkste theoretische modellen en behandelen we ons
huidige begrip van de temporele dynamiek van suicidale gedachten. Dit omvat zowel het
langetermijnverloop als de kortetermijnvariabiliteit. Daarnaast beschrijven we de
relevante dataverzamelingsmethoden (EMA en actigrafie) en introduceren we de SAFE-
studie.

Hoofdstuk 2 bevat een systematisch overzicht van eerdere literatuur die de
EMA-methode in suicideonderzoek gebruikt om de dynamiek en voorspellers van
suicidale gedachten in realtime te bestuderen. Het gebruik van EMA voor dit doel is de
afgelopen tien jaar aanzienlijk toegenomen en heeft al sterke ondersteuning geboden
voor het idee dat suicidale gedachten zowel tussen als binnen dagen sterk kunnen
fluctueren, soms zelfs binnen enkele uren. Deze bevinding benadrukt de noodzaak om
beter te begrijpen welke risicofactoren aan deze schommelingen bijdragen. Hoewel
eerder onderzoek al enkele correlatenvan deze fluctuaties heeft geidentificeerd (dat wil
zeggen, factoren die samen met suicidale gedachten toenemen en afnemen, zoals
hopeloosheid en negatief affect), is het tot nu toe beperkter geweest in het vinden van
bijbehorende kortetermijnvoorspellers. Daarom is meer onderzoek op dit gebied nodig.
Daarnaast suggereert onderzoek dat variabiliteit in suicidale gedachten een blijvend
kenmerk kan zijn dat verband houdt met een verhoogd suiciderisico. Eerdere studies
waren echter grotendeels gebaseerd op retrospectieve zelfrapportages, waardoor
prospectieve bevestigende studies noodzakelijk zijn. Ten slotte, hoewel eerder onderzoek
de haalbaarheid van het gebruik van EMA bij individuen met suicidale gedachten heeft
aangetoond, is de rapportage over veiligheidsprocedures en bijwerkingen inconsistent.
Gezien de focus op hoogrisicogroepen verdienen deze aspecten verdere aandacht.

In Hoofdstuk 3 bespreken we de haalbaarheid, acceptatie en veiligheid van EMA,
gebaseerd op gegevens uit de SAFE-studie. Door de respons- en voltooiingspercentages
te analyseren, concluderen we dat EMA zeer haalbaar en goed verdraagbaar lijkt onder de

deelnemers, inclusief degenen met hoge niveaus van suicidale gedachten en/of andere
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symptomen (zoals depressie en angst). Onze bevindingen ondersteunen ook grotendeels
de veiligheid van EMA, aangezien we gedurende de onderzoeksperiode geen
systematische toename van suicidale gedachten in realtime hebben waargenomen. Een
klein aantal deelnemers gaf echter achteraf aan (aan het einde van de studie) dat de EMA-
methode hun gedachten soms had getriggerd of verergerd. Aangezien deze rapporten in
tegenspraak zijn met de waargenomen data, lijkt het er niet op dat deze effecten een
substantiéle impact hebben gehad op de deelnemers. Toch raden we onderzoekers aan
om deelnemers in vergelijkbare studies openlijk te informeren over de mogelijkheid van
dergelijke effecten.

In Hoofdstuk 4 gebruiken we statistische netwerkanalyse om de onderlinge
verbondenheid van suicidale gedachten (zowel passieve als actieve gedachten, en
verworven capaciteit, dat wil zeggen de bereidheid tot suicidale handelingen) en hun
cognitief-affectieve voorspellers (positieve en negatieve affectiviteit, angst,
hopeloosheid, eenzaamheid, belastbaarheid, optimisme) in realtime te onderzoeken. We
ontdekten verschillende associaties met verschillende facetten van suicidale gedachten,
waarbij constructen die centraal staan in de Interpersoonlijke Psychologische Theorie van
Suicide (IPTS) - waaronder hopeloosheid, eenzaamheid en belastbaarheid - specifiek
geassocieerd waren met passieve suicidale gedachten. Verder bleek schaamte uniek
geassocieerd te zijn met actieve suicidale gedachten en verworven capaciteit. Deze
bevindingen suggereren dat schaamte een belangrijk doelwit voor suicidepreventie kan
zijn, aangezien het specifiek lijkt samen te hangen met zowel het actieve verlangen om te
sterven als de bereidheid tot suicidale handelingen.

Hoofdstuk 5 maakt gebruik van zowel EMA als actigrafie om slaapkenmerken,
hopeloosheid en hun verband met suicidale gedachten de volgende dag te onderzoeken.
We vonden aanwijzingen dat slaapstoornissen, en met name onderbroken slaap
gedurende de nacht (inclusief vaker wakker worden), onmiddellijke, nacht-tot-dag
effecten kunnen hebben op suicidale gedachten. Dit betekent dat gedachten werden
verergerd na nachten met verstoorde slaap. Belangrijk is dat we deze bevindingen hebben
gerepliceerd met zowel subjectieve als objectieve metingen van slaap. Daarnaast zagen we
dat dergelijke onderbroken slaap de gevoelens van hopeloosheid de volgende ochtend
deed toenemen, en dat deze hopeloze gedachten een belangrijke verklarende factor
waren in de relatie tussen slaap en suicidale gedachten. Hoewel hopeloosheid een
bekende risicofactor is voor suicidale gedachten, is het in deze specifieke context nog
onduidelijk of deze hopeloosheid specifiek is voor wanhoop over de gevolgen van
slaaptekort, of het resultaat is van bredere cognitief-affectieve stoornissen als gevolg van

slaapverlies.
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In Hoofdstuk 6 pasten we latente profielmodellering toe om subtypen van
suicidale gedachten te identificeren op basis van EMA-gegevens en hun verband met het
toekomstige risico op suicidepogingen over een periode van een jaar. We identificeerden
vier subtypen van suicidale gedachten: 1) hoge frequentie, hoge intensiteit, gematigde
variabiliteit (Fenotype 1), matige/hoge frequentie, matige intensiteit, hoge variabiliteit
(Fenotype 2), en matige frequentie, lage intensiteit, lage variabiliteit (Fenotype 3). Verder
vonden we dat Fenotypes 1 en 2 een verhoogde kans hadden op een suicidepoging
gedurende de 1-jarige follow-up, waarbij Fenotype 1 specifiek werd gekenmerkt door
herhaald suicidaal gedrag (meerdere suicidepogingen). Onze bevindingen geven dus geen
eenduidige ondersteuning voor de stelling dat variabiliteit in suicidale gedachten op
zichzelf geassocieerd is met verhoogd risico; deze variabiliteit moet in de context van
andere kenmerken van suicidale gedachten worden bekeken, zoals frequentie en
gemiddelde intensiteit. Deze voorlopige bevindingen vereisen echter replicatie vanwege
de kleine steekproefomvang in onze follow-up cohort.

In Hoofdstuk 7 vatten we de bevindingen van de voorgaande hoofdstukken
samen, bespreken we de sterke en zwakke punten van de SAFE-studie en integreren we de
onderzoeksresultaten in het bredere theoretische kader van suicidale gedachten. We
doen ook aanbevelingen voor toekomstig onderzoek. We benadrukken de waarde van
EMA en andere real-time dataverzamelingsmethoden in suicideonderzoek, maar wijzen
onderzoekers erop om nieuwere statistische analysetechnieken te overwegen, aangezien
de structuur van EMA-data specifieke eisen stelt aan analysemethoden. Daarnaast
bespreken we het belang van een beter begrip van de temporele dynamiek van zowel
suicidale gedachten zelf als hun voorspellers, omdat dit belangrijke implicaties heeft voor
onderzoeksontwerpen. Tot slot bespreken we de mogelijkheden van het gebruik van real-
time symptoommetingen in de klinische praktijk; hierbij moet de implementatie
zorgvuldig gebeuren, ook in lijn met onze bevindingen dat sommige individuen deze

verhoogde aandacht voor hun symptomen als mogelijk triggerend kunnen ervaren.
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