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Abstract

Suicidal behavior is the result of the complex interaction between many different
components that interact over time. Still, traditional study designs operationalize
suicidal behavior as static behavior, without any room for individual differences.
But it seems times are changing. Novel technology such as data collection via
apps and the collaboration with other disciplines such as ecology have resulted in
an exciting new line of research within the field of psychopathology. These
developments can also have an impact on how we think about, treat, and study
suicidal behavior. By introducing complex system science within the field of
suicide prevention, we hope to open up a whole range of novel concepts and
testable hypotheses that can help us study suicidal behavior from a different
perspective: individual, dynamic(al), and contextual.
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Introduction

Times Are Changing

Suicidal behavior is the result of the complex interaction between many different
components that interact over time, ranging from genetics, individual psychological
factors, to environmental factors [46]. Still, suicide prevention such as crisis hotlines
tends to focus mostly on the management of single risk factors, such as the reduction
of suicidal thinking [19, 37]. Suicidal behavior is also argued to be highly individual;
however, most studies rely on group averages [2]. Finally, suicidal behavior is highly
dynamical, although almost all studies assess patients only a few times during a
period of years [23, 31, 32, 40]. No wonder it remains difficult to predict suicidal
behavior [10, 19].

All these arguments do not only hold for the field of suicide prevention but for
psychopathology in general [20, 28]. Both clinicians and researchers have realized
since long that there is no such thing as an average patient, that a patient changes
over time, and that the context matters [2]. However, research has remained focused
on cross-sectional studies based on mutually excluding DSM diagnoses or on
randomized trials that tried to control for any difference between persons via
randomization [18]. But it seems times are changing.

The last years saw the rise in the appreciation and understanding of the complex-
ity of psychopathology [8, 20, 28, 41, 48, 49]. One of the signs on the wall was the
enthusiasm with which the network perspective of psychopathology was received by
scientists, clinicians, patients, and funding bodies. The network perspective states
that psychopathology is the result of the complex interaction between symptoms
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[4]. This is a radically different theoretical starting point when compared to the
traditional medical model, in which a latent factor is a single cause that causes
symptoms (Fig. 1). Many papers have since been published using network analysis
to better understand the complexity of depression, PTSD, and eating disorders and,
recently, also suicidal behavior [15, 42].

In this chapter, we will introduce the latest insights from this new line of research,
with a focus on suicide prevention. We will point out that network analysis is only
the starting point for a more complex understanding of the development of psycho-
pathology. By introducing complex systems science within the field of suicide
prevention, we hope to open up a whole range of novel concepts and testable
hypotheses that can help us study suicidal behavior from a different perspective:
individual, dynamic(al), and contextual.

Complex Systems Are Everywhere

We encounter complex systems every day [1, 43]. Complex systems exist of many
different variables that are highly interconnected and which interactions change over
time when stress is added or just as the result of time moving on. Well-known
examples of complex systems are the weather, coral reefs, shallow lakes, bird flocks,
and also population growth and the outbreak of pathogens [43].

Nobody would think that predicting tomorrow’s weather would be possible by
just considering one variable, such as the amount of rain on the day before. Rather,
we rely on models that take into account numerous variables including the interac-
tions between these variables and how they change over time. One could think of
temperature, wind, solar input, and pressure that are influenced by forces such as
gravity, gas laws, and radiation laws. Still, human behaviour, which is arguably the
mnost complex system in the world, is mainly studied with relative simple models
only [20]. For example, psychiatry and psychology often rely on experimental
designs, copied from physical science, studying one to two isolated factors that
could be manipulated predominantly in lab settings in which all other variables were

Fig. 1 (a) Psychopathology is the result of a brain�/genetic-related latent construct that causes
symptoms. (b) Psychopathology is the result of the interaction between symptoms
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controlled. In the diagnostic and statistical manual of mental disorders (DSM), the
complexity of mental health is reduced to a set of fictional bounded disorders, based
on a restricted number of symptoms.

Within the traditional medical model, symptoms of psychopathology, such as
worrying or suicide ideation, are caused by some specific neurobiological condition
[4]. However, we still have no solid understanding of what a mental disorder is. This
has prompted researchers to look for alternative models or a paradigm shift. Within
the network perspective, there is no latent construct (i.e., a single cause), located in
the brain that causes symptoms such as rumination or insomnia. Rather, it is the
symptoms themselves that interact with each other over time and trigger other
symptoms, resulting in a mental health condition ([4]; Fig. 1).

What holds for general psychopathology also holds for suicidal behavior.
Although never categorized as a DSM diagnosis (although some have been arguing
for that [39]), suicidal behavior has also been studied from a narrow focus, for
example, by focusing on cognition or problems with self-regulation [37]. Epidemi-
ological studies also keep on showing the same risk factors for suicidal behavior
(such as a previous attempt), but a meta-analysis showed that our ability to predict
suicidal behavior has not improved since the first longitudinal epidemiological study
was done in 1965 [19]. To gain a better understanding, it has been proposed to also
study suicidal behavior from a network perspective [12, 17].

Both a Symptom and the Result of the Interaction of Symptoms

Suicidality can be seen as a continuum, ranging from mild suicidal thoughts to actual
(fatal) suicide attempts. From a network perspective, we argue that suicidality can be
both part of a network and the result of a network. For example, (mild) suicide
ideation can be seen as a symptom, such as rumination, that interacts with other
symptoms and subsequently trigger other symptoms to in the end cause psychopa-
thology. Take, for example, a dormant, stable network (Fig. 2, phase one). Due to the
influence of stress, rumination gets activated, which triggers a sad mood and feelings
of guilt. These variables enter a positive feedback loop, thereby increasing one
another. When a certain threshold is reached, the node suicide ideation gets acti-
vated. Suicide ideation then becomes part of the feedback loop, affecting the other
symptoms and being affected by them mutually. We pose that from this dynamical
network of interacting variables, more severe suicidal ideation or even a suicide
attempt might emerge. A suicide attempt or severe suicidal ideation is then concep-
tualized as the result of the interaction between the different variables over time and
their circular feedback loop. Whether this line of reasoning holds true is an empirical
question that needs to be tested in the coming years.
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Vulnerability for Psychopathology as the Result of Network
Structure

One of the proposed hypotheses from the network perspective was that people that are
more vulnerable to psychopathology have more densely connected networks [5]. Con-
sider the two individual networks from Bob and Alice. Within the network of Bob, a
stressor activates the feelings of rumination and worthlessness that activate feelings of
entrapment and suicidal thoughts. Within the network of Alice, one sees that suicide
ideation is never activated because there is no direct link of stress (Fig. 3).

The first study to empirically support this theoretical notion was done by van
Borkulo et al., when they showed that patients who were still depressed at 2-year
follow-up indeed had stronger connected networks compared to patients who did not
have depression at follow-up [47]. However, a replication failed to find similar
effects [44]. Within the field of suicide prevention, the first paper applying the
network perspective tested the hypothesis that, indeed, participants treated for a
recent episode of self-harm with a higher density of risk factors at baseline where at
higher risk for future suicidal behavior at follow-up [14]. Using data collected from
several hospitals in Glasgow, the baseline networks of the items of the Beck Scale for
Suicide Ideation of patients with and without suicidal behavior at follow-up were
estimated and compared. However, no differences between network densities were
found between the groups. It is still an empirical question whether this null finding
was due to a small sample size or whether there indeed is no difference between the
baseline network structure of the two groups.

suic

attempt

suicsuic

esteemesteemesteem

mood
RumRumRum

stress

mood mood

Fig. 2 Suicide attempt emerges from the interaction and feedback loops of risk factors: In phase
one, stress activates rumination, which in return activates mood and sleep. After some time, the
interaction between rumination, mood, and sleep also activates the node suicide ideation. In phase
three, a suicide attempt emerges from the interaction between the four risk factors
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The Role of the Most Central Symptom

Network analysis has a longer tradition in sociology where they estimate networks, for
example, of the relationship between peers. An important metric within these social
networks is called centrality [38]. Centrality relates to the connection a node has with
other nodes in the network. A node that is highly connected (i.e., has strong direct links
with other nodes) is argued to be most important. This node has the best potential to
influence other nodes. For example, in the earlier mentioned study, de Beurs et al.
estimated the network structure of the 19 separate items of the Beck Scale for Suicide
Ideation. We found the item “I have a desire to kill myself” was most central in the
network [14]. One could argue that targeting this node results in the most effect, as it
will impact all surrounding nodes. Others suggest that the most central nodes are
actually most difficult to target, because other nodes will trigger the central nodes
quickly. And, importantly, in psychiatry we scarcely have interventions that focus
solely on one symptom only. Finally, the whole concept of centrality within psycho-
pathology is up for debate [9]. The metric comes from social sciences, where associ-
ations represent actual relations, such as the number of friends one has. Within
psychopathology, the relation between, for example, worrying and rumination cannot
be directly counted and must be indirectly estimated using statistics. Therefore,
centrality means something different within the social sciences than in psychiatry,
and nobody is yet sure what centrality entails within the field of psychopathology.

Using Networks to Test Theory

Network analysis can also be used to test theoretical models. For example, using a
cross-sectional data from the Glasgow well-being study, de Beurs et al. used network
analysis to examine the relation between the core components of the interpersonal
theory of suicidal behavior (thwarted belongingness and perceived

Fig. 3 (a) The symptom network of Bob, in which all symptoms are connected. (b) Symptom
network of Alice, in which no symptom is connected directly to suicide ideation. Str, stress; Def,
feelings of defeat; ent, feelings of entrapment; si, suicide ideation
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burdensomeness), the core components of the integrated motivational volitional
model (internal and external entrapment and defeat), and suicide ideation (Fig. 4:
[16]). As the IPT states that thwarted belongingness and perceived burdensomeness
cause suicide ideation, one would expect only these variables to be directly related to
suicide ideation. When adding the core components of the IMV, network analysis
showed that both internal entrapment and perceived burdensomeness were directly
related to suicide ideation and the other variables only indirectly.

As argued by several authors, a next step would be to more accurately quantify
the relation between any two nodes over time ([24, 41]. Do they affect each other in a
linear way? Is a sigmoidal function more appropriate? These kinds of modeling
require the input from not only psychiatrists or psychologists but also from mathe-
maticians or computer systems scientists.

Ecological Momentary Data

It is interesting that the network theory focuses on individual differences, while most
network studies to this day rely on cross-sectional group networks [42]. While cross-
sectional analysis can definitely learn us about the co-occurrence of symptoms on a
group level and help to develop a novel testable hypothesis, the unique added value
of the network analysis lies in the dynamical interaction of symptoms over time
[8]. Only then do networks really offer more than a pretty picture, as often vocalized
by its critics. Theoretically, networks of symptoms are not some stable entity but
rather ever-changing systems with a highly individualized dynamic [1]. There are
several reasons why despite the logic to study individual differences, this has not
taken off yet within the field of psychopathology [2]. For one, there just are not so

Fig. 4 (a) A network of the core components of the IPT model. (b) A network of the core
components of both the IPT and the IMV model
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much good-quality individual person data sets available. This field, called ecological
momentary assessment, has been gaining momentum as mobile phones have been
more readily available and the software more stable [45]. Still, available apps are still
under development, with no real stable app that everybody seems to use. It remains
difficult to let patients fill in momentary data, especially for a longer period.
Methodologically, there is no consensus as to how to best analyze ecological
momentary data. An original study offered the same individual patient data set to
different international research groups [3]. The results showed a disturbing lack of
similarity in chosen methods, and more worrisome, a disturbing lack of similarity
across reported results.

Within the field of suicide prevention, some extra challenges arise [13, 36]. For
one, patients need to have a certain kind of risk for suicidal behavior, making
inclusion of patients more challenging. Also, we do not know the effect on a patients
mood of frequently answering items on suicidality, although some initial studies
found no negative effect of continuously assessing suicidality [11, 30]. A challenge
from a methodological perspective is that to learn about transition phases between
somebody who is stable, and somebody who either suddenly or gradually becomes
suicidal, enough suicidal episodes during the assessment periods need to have taken
place.

The few ecological momentary studies among suicidal patients that have been
conducted show that suicide ideation fluctuates heavily over a short period of time
[23, 31]. Up until now, only one paper has applied network analysis to study the
network structure of risk factors for suicidal behavior over time [40]. As the data per
person consisted of 60 beeps, we were only able to estimate a group dynamical model.
So, the results present the average network structure over time of 74 patients. A total
of 74 patients answered 10 assessments a day for a period of 6 days. The average time
between beeps was 1.5 h. Within the average timeframe of 1.5 h, the best predictor of
suicide ideation was suicide ideation itself. Classical risk factors such as hopelessness
or depression did not predict suicide ideation at the next time point. When studying the
nontemporal, cross-sectional relation, these risk factors wére related over time. This
might indicate that all risk factors interact at a much faster pace than 1.5 h. It would be
interesting to test the even longer-term dynamics within individuals as compared to
several control groups, including healthy control groups. Hopelessness might predict
suicide ideation a day or a week later. Currently, we are in the process of analyzing
ecological momentary data over a much longer period of time, hoping to learn about
the longer-term dynamics of suicidal behavior [36].

Suddenly or Gradually? The Move from Networks to Complexity

Networks are interesting on their own, but only one of the building blocks of which
complex systems are built [1]. As psychological scientists became more interested in
the dynamics of networks over time, they landed on the field of complex system
theory, dynamical systems theory, or catastrophe theory. One academic field that has
studied complex systems for a much longer time is the field of ecology, a branch of
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biology that studies the interaction between organisms and their environment
[43]. One of the leading experts in complexity within the field of ecology, Marten
Scheffer, noted that the principles that applied to different ecological systems such as
shallow lakes might, on a high abstraction level at least, also be applicable to a range
of other fields such as economics, sociology, and recently mental health [43, 48].

As an expert on shallow lakes, Sheffer studies the transition from clear to turbid
lakes. Lakes do not gradually become turbid but, suddenly, as the result of a positive
feedback loop of the interaction between various variables that made the system
unstable. In 2013, Professor Borsboom, who introduced the network perspective
within the field of psychopathology, teamed up with Marten Scheffer to apply these
principles of complexity as found within ecology to better understand the etiology of
psychological disorders. Analogous to the results in shallow lakes, they argued that
persons with strongly connected networks of symptoms might be more vulnerable to
reach an alternative stable state after an eternal stressor such as new measurements
impact the network.

Consider again Bob and Alice who are in the same stable state A, i.e., they are
both relaxed, and not depressed. When both listened to the same press conference on
new corona restrictions, Alice starts to ruminate a bit, causing a small increase in
experienced stress and a lowering of mood. However, after some hours, when she
discussed the impact of the restrictions with her family, her stress level gets back to
normal. Bob, on the other hand, cannot stop ruminating after the press conference; he
starts losing sleep and starts feeling fatigued, which makes him ruminate even more.
After a week or so, although the initial stressor moved to the background, the
symptoms keep reinforcing themselves, resulting in even more worrying and less
sleep. After some time, the system of Chris reaches a tipping point. His mood does
not get back to his normal healthy state but instead gets pushed into an alternative
stable state in which Bob cannot stop thinking about killing himself. So, even though
the baseline state was similar, as was the stressor, for Bob the stressor activated a
positive feedback loop among symptoms, which causes the transition to an alterna-
tive state.

Critical Transitions

If this is indeed how suicidal behavior develops over time, at least for some patients,
this offers unique possibilities for prevention. As is shown in the field ecology but
also in the field of depression in at least one study, transitions to alternative stable
states are preceded by so-called early warning signals [49]. Critical slowing down
means that when a system (or in our case, a suicidal person) nears a tipping point for
a transition, the system shows slower recovery after a perturbation. The proof for
critical transitions and critically slowing down in psychopathology has been limited
to one case study, in which a mental healthcare user monitored himself for 239 days
during gradual discontinuation of antidepressant medication. Future studies should
examine whether any critical slowing down occurs before a new suicidal crisis [35].

Suicidal Behavior from a Complex System Perspective: Individual,. . . 9



Context

We discussed the individual and dynamic(al) perspective, but not yet the contextual.
This is a growing field in suicidology, as contextual factors on the group level
traditionally were hard to incorporate in models. Of course, background factors
such as life events and childhood trauma are often shown to be of importance,
even so much that a recent paper argues it overrides genetic effects [33]. However, to
fully understand the day-to-day dynamics of an individual over time, one needs to
take the specific dynamical interaction between context and for example psycholog-
ical risk factors into account. Psychological factors, genetics, social economic status,
family factors, the economic situation, and friendships, all these factors influence
each other over time and limit the generalizability of our current laboratory-based,
static research strategies that focus on group averages.

There is of course a very good reason not to focus on the many factors including
contextual factors including the interactions and dynamics over time. It makes the
data collection and analysis very complicated. Advances in unobtrusive methods to
collect data with mobile phones might offer new opportunities. Modern phones can
collect physical activity, location, and even social activity via Bluetooth. Within the
field of social geography, interesting studies investigate the impact of geographical
locations, mobility, and suicidality [25]. Advances in complex systems science
enable us to integrate the factors, their interaction, and the dynamics over time.

The literature suggests various environmental characteristics possibly being
associated with suicide mortality. These can be broadly grouped into two domains:
the social and the physical environment. The former includes, but is not limited to,
deprivation and social fragmentation [22], while the latter includes green space [34],
air pollution, etc. [7]. However, empirical results on how the social and physical
environment is associated to suicide mortality turned out to be inconclusive. Taking
green space as an example, an ecological cross-sectional study in the Netherlands
found a protective association of exposure to green space against suicide [26]. This
finding was supported by stress reduction theory and attention restoration theory
arguing that people’s psychological and physiological functioning is positively
stimulated by greenery (Hartig et al. 2014) and therefore makes people less vulner-
able to suicidal thoughts. As suicide and greenery data was considered only on a
municipality level, the possibility of confounding from using ecological inference
was substantial due to disregarding person-level factors. Reassessing the suicide-
green space associations based on individualized neighborhoods in a case-control
setting did not confirm earlier findings [27].

Bringing It All Together

If we expand the current psychological networks with genetic, biological, social and
environmental variables, they become to large and uninterpretable [29]. One sug-
gestion is to work with multilayered networks [21].
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However, no such longitudinal data set with detailed information at the individual
level is yet available, and one wonders if it will ever be possible to fully study human
behavior in all its complexity. Developments are going fast, and funders seem
interested to support studies that push the field of psychiatry more towards com-
plexity. One suggestion would be to add one extra layer at a time. Several studies
showed that it is feasible to collect information on psychological factors of suicidal
patients for a longer period of time. A next step would be to add, for example,
location data or information on social contact via Bluetooth [25]. Then hopefully,
step by step, we will learn how to understand suicidal behavior from an integrated
individual, dynamical, and contextual perspective, in order to find new target points
to preventive suicide.
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