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CHAPTER 1

Jason!

Jason, a 28-year-old man, is currently living at Trajectum, a secure forensic psy-
chiatric treatment facllity. He is undergoing treatment following his conviction and
prison sentence for a violent robbery and extortion. He has been diagnosed with
borderline intellectual functioning, an antisocial personality disorder and cannabis
use disorder. His early life was marked by significant adversity, including financial
instability, parental alcohol addiction, and neglect.

At the age of 12, Jason began using cannabis, initially in a social context with peers
but later as a means of self-medication to reduce negative thoughts and stress.
By the age of 15, he dropped out of secondary school His first police contact
occurred during adolescence, and he subsequently engaged in repeated minor
offenses. By the age of 26, his criminal behaviour had escalated, culminating in
his conviction for the aforementioned violent crimes.

Jason'’s current treatment plan is multifaceted and includes trauma-focused ther-
apy, cognitive behavioural anger management treatment (called ‘Grip op Agressie,
GoA), skills training, and pharmacotherapy. These interventions are embedded in a
therapeutic group climate, which emphasises daily routines and meaningful activ-
ities in a secure environment. He Is talented in woodworking, which he practices
on weekdays in the facility’s workshop. To assess and manage his risk of aggres-
sive behaviour and recidivism, his treatment team conducts regular evaluations
using structured risk-assessment tools such as the Dynamic Risk OQutcome Scales
(DROS) and the HKT-R scale (Historisch, Klinisch, Toekomst — Revisie [Historical
Clinical Future-Revised]). Jason shows commitment in his treatment program and
Is motivated to change his behaviour. His coping skills improved during the GoA
training and aggressive behaviour has decreased. However, incidents of both ver-
bal and physical aggressive behaviour still occur on the ward. It is believed that
these incidents are often caused by increased stress in combination with limited
interoceptive awareness, and inabllity to generalize learned adaptive coping skills.
Caregivers report that some of these incidents are preceded by observable signs
of heightened tension, other incidents, however, arose without apparent warning.

1 Jason is a fictitious case build on several cases involved in this thesis.
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INTRODUCTION

Aggressive behaviour and self-harm are a great concern for many treatment and
assisted living facilities for people with mild intellectual disabilities or borderline
intellectual functioning (MID-BIF), and have detrimental consequences for both
clients and caregivers. Psychophysiological measures with wearable technology
offer innovative opportunities to understand mechanisms and processes preced-
ing and following aggressive behaviour and self-harm from a biopsychosocial
perspective. These measures might also be useful for supporting more personal-
ized interventions and to study the effectiveness of interventions.

This thesis focuses on the relation between physiological arousal (e.g., heart
rate), aggressive behaviour and self-harm. First, we explored the association be-
tween aggressive behaviour, self-harm and shared risk factors in this population
from a psychosocial perspective. Second, a broad overview of literature on the
relation between physiological arousal and self-harm is provided. Third, using
wearables we investigated changes in physiological arousal after aggressive be-
haviour and self-harm in the living group. Finally, we tested an application of
wearables for stress-reduction in daily life.

This introductory chapter starts with a short description of the group of in-
dividuals with whom this research was conducted. Then, the rationale of the
studies is provided, including definitions, frequencies and the impact of aggres-
sive behaviour and self-harm. Different (psychosocial) models and theories for
understanding aggressive behaviour and self-harm are described, followed by a
focus on arousal and wearable technology as this is an innovative and increasing-
ly important area of research in relation to aggressive behaviour and self-harm.
The introduction section concludes with a description of the thesis layout.

People with mild intellectual disabilities or borderline intellectual
functioning

People with mild intellectual disabilities or borderline intellectual functioning en-
counter serious challenges in multiple domains of life. Intellectual developmental
disorder (intellectual disability) is defined in the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5-TR) as a disorder with an onset during the develop-
mental period, and is characterised by intellectual and adaptive functioning defi-
Cits in conceptual, social, and practical domains (American Psychiatric Associa-
tion 2022). Four levels of severity of intellectual disability are distinguished: mild,
moderate, severe and profound. As a shift away from traditional views which
defined severity levels based solely on 1Q (intelligence quotient), the DSM-5-TR
defines the level of severity on the basis of adaptive functioning, and not on IQ
scores alone. Adaptive functioning comprises a conceptual, social and practi-
cal domain (American Psychiatric Association, 2022). In the conceptual domain,
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adults with a mild intellectual disability (MID) have impaired abstract thinking,
executive function, short-term memory, as well as impairments in the functional
use of academic skills (e.g., reading, money management; Schalock, 2011). In the
social domain people with MID can experience problems in social interactions,
with difficulties in perceiving social cues and understanding complex social sit-
uations. Furthermore, they can have difficulties in regulating emotions and be-
haviour, understanding risks in social situations and are at risk of being manip-
ulated (Wagemaker et al, 2020). In the practical domain, people with MID can
function in daily life with some support but may struggle with relatively complex
tasks such as shopping, paying bills, taking care of their children, or taking public
transportation (Tassé et al, 2012). Furthermore, people with MID are less often
employed (Landgren et al, 2024) and are at higher risk of substance use-related
problems (Pahlsson-Notini et al, 2024). The percentage of adults with a MID is es-
timated at 2.1 (however, this estimation is only based on IQ; Woittiez et al, 2019).

Besides intellectual disability, the DSM-5-TR includes the V-code borderline
Intellectual functioning. This is a category that may be used when borderline in-
tellectual functioning is the focus of clinical attention or has an impact on the in-
dividual's treatment or prognosis. The DSM-5-TR does not provide criteria regard-
ing 1Q range but an 1Q range of 70 to 85 is often reported in literature (Hassiotis et
al, 2022). Approximately 30% of adults with an 1Q in this range experiences adap-
tive functioning deficits in conceptual, social, and practical domains, resulting in
an estimation of 4.1% of Dutch adults meeting the description of borderline intel-
lectual functioning (BIF) (Woittiez et al, 2019). Persons with BIF are at increased
risk of experiencing physical problems, poverty and have limited social support.
Several studies show increased risk for the development of psychiatric disorders,
including substance abuse and personality disorders (Gigi et al, 2014; Hassiotis
et al, 2008; Nieuwenhuis et al, 2021; Peltopuro et al, 2014). In the Netherlands,
people with BIF and comorbid psychiatric disorders have access to the same spe-
cialized mental health care facilities as people with MID and are therefore often
studied as one group (i.e., MID-BIF). Trajectum is an example of an organization
in the Netherlands, and part of De Borg, providing (forensic) treatment and care
to people with MID-BIF. It served as the setting for the research presented in this
thesis (for more information, see Box 1).
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Box 1 Trajectum and De Borg

De Borg organizations provide specialized care at the intersection of fo-
rensic care, mental health care, and disability care. De Borg is a coopera-
tion of four facilities in the Netherlands: Trajectum, Ipse de Bruggen, Stevig
Dichterbij and Fivoor. Clients are placed in the facility under criminal law,
civic law or on a voluntary basis. Aggressive behaviour is often one of the
main reasons for referral (Delforterie et al, 2020). Persons without offences
but who are a danger for themselves or show self-destructive behaviour
are also admitted. Besides MID-BIF and complex behavioural or psychiatric
disorders clients often have an (history of) addiction to substances (van Dui-
jvenbode et al, 2015), experience problems in multiple areas of life such as
relationships with family, partners or children and have financial problems.
All four facilities of De Borg provide treatment and care aimed at a diverse
range of behavioural and psychiatric disorders, as well as the prevention
of recidivism. The average treatment duration at Trajectum for example
is 2 years and 2 months (Neimeijer et al, 2021). Treatment is divided into
stages with gradually reducing security levels (with clients typically moving
from high security settings to open units) while offering a combination of
cognitive-behavioural programmes, art, drama-, and psychomotor therapy,
occupational therapy, skills training and pharmacotherapy. Treatment pro-
grammes are embedded in a therapeutic group climate with a daily struc-
ture, activities and care that is adapted to the emotional, adaptive and in-
tellectual abilities of clients (Neimeijer et al, 2021). The study described in
Chapter 2 was conducted at Trajectum and the studies in Chapter 4 and 5
were conducted at all facllities of De Borg.

Aggressive behaviour: definition, prevalence and impact

There are many different definitions for aggressive behaviour (Rippon, 2000;
Warburton & Anderson, 2015). For example, aggressive behaviour has been de-
fined as: "a range of behaviours or actions that can result in harm, hurt or injury
to another person, regardless of whether the violence or aggression is physi-
cally or verbally expressed, physical harm is sustained or the intention is clear”
(p. 6; National Collaborating Centre for Mental Health, 2015). Other studies have
also included auto-aggression (self-harm) as a subtype of aggressive behaviour
(Crocker et al, 2006; De Looff et al, 2019). The World Health Organization uses a
broad definition of a severe form of aggressive behaviour, namely violence: "the
intentional use of physical force or power, threatened or actual, against oneselr,
another person, or against a group or community, that either results in or has a
high likelihood of resulting in injury, death, psychological harm, maldevelopment,
or deprivation” (Krug et al, 2002). There is currently no consensus on the defini-
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tion of aggressive behaviour, with varying definitions applied depending on the
theoretical framework, study design, and setting. This variability is also reflected
In the present thesis and will be elaborated upon in the subsequent chapters.

Aggressive behaviour is relatively common in many treatment and assisted
living facllities. A systematic review found that the prevalence of any form of
aggressive behaviour towards staff members of psychiatric wards (for adults with
or without intellectual disabilities) throughout their careers ranged from 65% to
99%, with 38% to 82% having experienced physical aggressive behaviour (Weltens
et al, 2021). The percentages of clients that were involved in aggressive behav-
lour on psychiatric wards ranged from 75% up to 75.9%, with a weighted mean
of 23% (Weltens et al, 2021). Compared to the general population, people with
intellectual disabilities and people with psychiatric disorders (e.g. affective disor-
ders and personality disorders) are at an increased risk for engaging in aggressive
behaviour (Girasek et al, 2022; Nieuwenhuis et al, 2022). In institutional settings
for people with intellectual disabilities, aggressive behaviour is the most common
reason for admittance and re-admittance (Delforterie et al, 2020; Didden et al,
2019). For example, in Trajectum, one of De Borg facilities (see Box 1), 65% (n =
161) of the clients were involved in a total of 1003 aggressive incidents during a
one-year study period (Neimeijer et al, 2021).

Aggressive behaviour may have severe negative psychological and physical
consequences for clients engaging in this behaviour, other clients as well as car-
egivers. Aggressive behaviour often leads to seclusion (Cowman et al,, 2017; Vru-
wink et al, 2022) and it can disrupt the rehabilitation of the client because of
coercive measures, conviction, and transfer to another facility (Neimeijer et al,
2021). Victims of aggressive behaviour are at risk of negative psychological effects
(e.g. anxiety, sleep disturbance, fear and anger) and physical injury (Knotter, 2019).
For caregivers, clients” aggressive behaviour can lead to an unsafe working envi-
ronment, feelings of anger and fear, posttraumatic stress symptoms and physical
njury (Verstegen et al, 2024). Caregivers exposed to more frequent or severe ag-
gressive behaviour report more sick leave and more burnout symptoms (De Looff
et al, 2018; Hensel et al, 2014; Kind et al, 2018). This can increase staff shortage,
workload, working overtime and impede an organization’s ability to provide con-
tinuous high-quality care (Brown & Kalaitzidis, 2013; Fanneran et al, 2015; Luther
et al, 2017; Robson & Attard, 2019).

Self-harm: definition, prevalence and impact

Self-harm is an umbrella term that includes both self-injurious behaviour with the
intent to end one’s life and self-injurious behaviour without the intent to die (Shafti
et al, 2021). The latter is called non-suicidal self-injury (NSSI). In the DSM-5-TR
(American Psychiatric Association, 2022) NSSI is defined as behaviour involving in-
tentionally inflicting damage to one's body that will likely induce bleeding, bruising

12
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or pain. Self-harm is estimated to affect 14.6 million individuals each year (Global
Burden of Disease Collaborative Network, GBD, 2019). A recent meta-analysis on
self-harm in adolescents in different countries reported an estimated global life-
time prevalence of 19% (Lucena et al, 2022). Compared to the general population
people with intellectual disabilities and people with psychiatric disorders (e.g. af-
fective disorders and personality disorders) are at an increased risk for engaging in
self-harm (Bee et al, 2022; Calver et al, 2021; Flygare Wallén et al, 2023). Similar
to aggressive behaviour, self-harm 1s also assocliated with multiple adverse con-
sequences for the client engaging in self-harm, other clients and caregivers. Self-
harm causes physical harm (Matson & Turygin, 2012), is associated with feelings of
regret, embarrassment and/or shame (Muller et al, 2020) and an increased risk of
suicide (Carroll et al, 2014). Furthermore, witnessing or hearing about this behav-
lour may trigger self-harm in other clients (James et al, 2012). It may also affect
emotional wellbeing of caregivers as it can lead to feelings of anger, inadequacy
and guilt in caregivers (Fish, 2000). They may also feel fearful, overwhelmed and
powerless when witnessing self-harm (James et al, 2012).

Understanding aggressive behaviour and self-harm

Aggressive behaviour has been studied fromm many perspectives (also see, Warbur-
ton & Anderson, 2015). Through the years different theories have been developed
to understand aggressive behaviour such as psychoanalytic and psychodynamic
approaches (Freud, 1915; Teodosio & Ugo, 2019), the frustration-aggression hy-
pothesis (Dollard et al, 1939), learning theories (Eron et al, 1971), cognitive theories
such as social information processing (Dodge, 1980) and script theories (Hues-
mann, 1982), and the cognitive neoassociation theory (Berkowitz, 1989). These
theories mainly included psychosocial components and do not, or only to a lim-
ited extend, include biological aspects. One of the broadest and most often cited
models of aggressive behaviour to date is the general aggression model (GAM;
Anderson & Bushman, 2002, 2018). The GAM integrates several theories into an
Integrative framework describing the role of both personal and situational variables
on aggressive behaviour, ranging from biological to cultural variables. Although the
GAM is often cited and used as a theoretical framework it is not without criticism
(Ferguson & Dyck, 2012). It has been described as being too narrow in scope, and
focusing to a large degree on social learming and the social cognitive paradigm.
To date, the development and expression of aggressive behaviour is generally
seen as a multifactorial process with a complex interplay of (dynamic and static)
individual, situational, environmental and biological factors risk factors explaining
this behaviour (Cohen & Tsiourls, 2020; Weltens et al, 2021). Similarly, the devel-
opment and expression of self-harm is also seen as a multifactorial process with
a complex interplay of (dynamic and static) risk factors (Hulsmans et al, 2024).
Research showed that the same set of risk factors (e.g. heightened impulsivity and
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impaired coping skills) are associated with both behaviours, which is known as
multifinality (O'Donnell et al, 2015).

While aggressive behaviour and self-harm are considered different types of
behaviour, research across various populations has consistently shown that
these behaviours frequently co-occur, which is known as ‘dual-harm’ (Slade et al,
2020). For example, the study by Verstegen et al. (2020) reported that inpatients
of a forensic psychiatric hospital with self-harm had an almost nine times higher
risk of exhibiting physical aggressive behaviour than patients without self-harm.
Shafti et al. (2021) presented the cognitive-emotional model of dual-harm, a the-
oretical framework that accounts for why people may engage in dual-harm. This
model states that a combination of biological factors and adverse environmental
factors result in the development of a certain personality style. The personality
traits predispose the person to dual-harm through its effects on cognition, arousal
and affect. Dual harm can have an interpersonal function or emotion regulating
function. The type of behaviour (ie, aggressive behaviour versus self-harm) is
influenced by the social context and expectancies the person has regarding the
harmful behaviour, which are influenced by earlier effects of the behaviour. Shafti
et al. (2021) concluded that the proposed model should be tested across different
populations to assess its generalisability. Unfortunately, clients with MID-BIF are
often not included in studies on the association between self-harm and aggres-
sive behaviour (dual harm) or only form a small minority of the study’s sample.
Furthermore, Verstegen et al. (2020) stated that more research is needed in fo-
rensic settings, which should further explore if there are shared risk factors for
self-harm and aggressive behaviour.

Arousal, aggressive behaviour and self-harm

Besides affect and cognition, certain arousal characteristics may form a predisposed
risk to both aggressive behaviour and self-harm, as described in the cognitive-emo-
tional model of dual-harm. One useful theoretical model to understand the asso-
clation between stressors and the stress response is a dynamic systems model
(Everly & Lating Jr, 2019). Stressors are mediated by physiological mechanisms, and
may result in increased arousal by activation of target organ systems (e.g. cardio-
vascular system, the gastrointestinal system, the skin, the immune system; Everly &
Lating Jr, 2019). Altered (increased or decreased) arousal has repeatedly been linked
to aggressive behaviour and self-harm (Bellato et al, 2023; Cohen & Tsiouris, 2020;
Hooley & Franklin, 2018; Warburton & Anderson, 2015). A meta-analysis on the as-
sociation between aggressive behaviour and physiological arousal even reported
that some effect sizes of physiological measures of arousal were larger than several
psychosocial risk factors, suggesting that integrating psychosocial and biological
information could be useful in determining treatment strategies for individuals with
aggressive behaviour (De Looff, Cornet, et al, 2022b). Implementing biopsychoso-
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clal information is seen as an important direction for future research into aggressive
and other antisocial behaviour (Jansen, 2022). Increased arousal may play a par-
ticularly significant role in the development of aggressive behaviour and self-harm
in people with MID-BIF because they are at increased risk to experience (high levels
of) stress resulting in increased arousal, compared to the general population (e.g.,
Forte et al, 2011; Griffith et al, 2013; Rouleaux et al, 2024). In addition, living in a
residential setting is associated with multiple stressors (Griffith et al, 2013; Neimei-
jer et al, 2021). When confronted with stressful situations, people with MID-BIF are
more prone to use maladaptive coping strategies in comparison to people without
MID-BIF (Hartley & MaclLean Jr, 2008; Plotner et al, 2020). Deficits in intellectual
functioning can impair the development of adaptive strategies to cope with stress
and with which arousal can be reduced (Didden et al, 2019; Everly & Lating Jr,
2019; Taylor & Novaco, 2005).

Arousal was originally and still is often measured using subjective measures
such as self-reports or observational studies. However, the relation between arous-
al and aggressive behaviour and self-harm has increasingly been studied by ar-
guably more objective physiological measures (see below). Multiple systematic
reviews and meta-analyses provided an overview of the literature on the relation
between physiological arousal and aggressive behaviour (De Looff, Cornet, et al,
2022b; Lorber, 2004; Ortiz & Raine, 2004; Portnoy & Farrington, 2015). Until re-
cently, no overview on the relation between self-harm and physiological arousal
existed. Goreis et al. (2023) conducted a meta-analysis on specifically physiological
stress reactivity and self-harm, while Bellato et al. (2023) conducted a review and
meta-analysis on the autonomic dysregulation and self-harm thoughts and be-
haviours in children and young people. These meta-analyses found evidence for
significantly altered stress reactivity (e.g. lower heart rate variability in rest and re-
covery) in people who self-harm and reduced heart rate variability in children and
young people who self-harm, respectively. However, both meta-analyses excluded
case studies and included mainly laboratory studies. Much less is known about the
relationship between self-harm and physiological parameters when measured in
natural environments, as well as about physiology related to actual or imagined
self-harm incidents. Moreover, persons with (moderate, severe and profound) intel-
lectual disabilities were not represented? in these studies. It is important to include
persons with intellectual disabilities because of the relatively high prevalence of
self-harm in this population. In addition, some differences in self-reported reasons
of self-harm have been found in persons with intellectual disabilities compared to
people without intellectual disabilities (Samways et al, 2024), which might be asso-
ciated with different physiological patterns related to self-harm.

2 The included studies often excluded persons with intellectual disabilities or did not report on intel-
lectual functioning and recruited from the community, students or outpatient and inpatient clinics
not specialized at people with intellectual disabilities. It is therefore unknown if people with BIF
were included.
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Measuring physiological arousal

Arousal can be measured based on physiological parameters reflecting the acti-
vation of the autonomic nervous system (ANS). The ANS can be subdivided into
two branches, the sympathetic and the parasympathetic branch. The sympathet-
ic branch prepares the body for action while the parasympathetic branch of the
ANS regulates restorative functions and relaxation of the body (Everly & Lating Jr,
2019). Many physiological parameters that reflect ANS functioning can be meas-
ured (for an overview see Behnke et al, 2022). Heart rate (HR) and electrodermal
activity (EDA) are most often studied, but also heart rate variability (HRV) is re-
ceiving increasing interest (De Looff, Cornet, et al, 2022b) (See Box 2 for more
information about these physiological parameters). In the present thesis, arousal
Is measured with HR, HRV and EDA. The stress response also has an effect on
other target organs (e.g. pupil dilation), but these effects are, to varying degrees,
more difficult or uncomfortable to measure in daily life.

The golden standard for measuring HR is electrocardiography (ECG) which in-
volves placing multiple electrodes on the skin, connected by wires to a monitor
(Nezamabadi et al, 2022). For instance, The VU-AMS is a valid and reliable lightweight
ECG device for ambulatory assessment (De Geus et al, 1995). Although it provides
opportunities for ambulatory measurements in real-life contexts, application of the
electrodes and setup of the device needs to be done by an expert (Schuurmans et al,
2020), and can be quite tedious. In recent years wearable technology has been de-
veloped, using for example photoplethysmography with a wristband to measure HR,
enabling simpler, continuous and less invasive measurement of physiological pararm-
eters of the ANS. It can be used by both researchers and lay-people (Schuurmans et
al, 2020), outside a laboratory environment and in daily life (Johnson & Picard, 2020).
Wearable devices therefore might be an important solution for measuring physiolo-
gy continuously and noninvasively in daily life, for example in relation to aggressive
behaviour and self-harm. However, physiological measurements from daily life are
more prone to artefacts and typically result in an increased amount of missing data
in comparison to golden standard reference devices (Boucsein, 2012; De Looff et al,
2019; Van der Mee et al, 2021). Wearable devices can be wom by individuals and exist
in different forms such as: wristwatches (see Figure 2 for an example of a wristwatch
which was used for the study described in Chapter 5), glasses, chest straps, rings,
and prosthetic sockets (Sabry et al, 2022). These devices can measure a variety of
health-related factors such as HR® acceleration or sweat, but are increasingly being
used to estimate ‘stress’ levels, sleep, cognitive load, or breathing, see Figure 3. To
measure these human signals, wearables often feature a variety of sensors, such as
temperature sensors, movement sensors (via accelerometers), optical sensors, and
biometric sensors (Sabry et al, 2022). It is however important to note that not all
measurements and estimates are equally useful and reliable (Altini, 2024).

3 Also referred to as Pulse rate when measured on the wrist.
16
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Box 2 Explanation of physiological parameters of the autonomic
nervous system

Heart rate (HR) is the frequency of contractions (beats) of the heart per min-
ute. It is a measure of autonomic arousal, associated with dually innervated
SNS and PNS activity. Increase in HR is an indicator of increased motivational
Intensity, action readiness, and engagement (Behnke et al, 2022).

Heart rate variability (HRV) includes changes in the time intervals between
consecutive heartbeats. High HRV is an indicator of healthy regulatory sys-
tems that can effectively adapt to sudden environmental and psychological
challenges (Pham et al, 2021). Many different parameters of HRV exist, such
as respiratory sinus arrhythmia (RSA). This includes the variation in dura-
tion of consecutive interbeat intervals that follow respiratory cycles. RSA is
associated with PNS activity. High (but not excessive) RSA reflects greater
PNS regulation of HR and is associated with adaptive social and emotional
functioning, positive mental health outcomes, and strong emotion regula-
tion (e.g. Beauchaine, 2015).

Electrodermal activity (EDA) includes changes in the electrical conduc-
tivity of the skin. When the body responds to a stressor, the SNS activates
the sweat glands, causing an increase in EDA (Pattyn et al, 2023). EDA has
a tonic and phasic component (Boucsein, 2012), see Figure 1. The tonic
component varies slowly and is referred to as skin conductance level (SCL).
The phasic component reflects rapid responses following a stimulus and is
known as skin conductance response (SCR).

Figure 1
Example of Decomposed Tonic and Phasic Components from Raw EDA Signal
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nitive Workload and Spatial Knowledge, 2021, by Brishtel et al, International Journal of Geo-Information, p. 12, (https:/
doi.org/10.3390/ijgi10100668). CC-BY 4.0.




CHAPTER 1

Figure 2
An Example of a Wearable Technology in the Form of a Wristwatch: The Embrace-
Plus

Figure 3
Summary of Forms of Wearables and Targeted Measures
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FIGURE 1 | Summary of current technologies for monitoring health/performance and targeted physical measurements.

Note. From ‘A Critical Review of Consumer Wearables, Mobile Applications, and Equipment for Providing Bio-
feedback, Monitoring Stress, and Sleep in Physically Active Populations, 2018, by Peake et al, Frontiers in Physi-
ology, p. 3 (https.//doi.org/ 10.3389/fohys.2018.00743). CC-BY 4.0.
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For a variety of reasons, wearable technology might be especially promising for
obtaining arousal related measurements such as HR and EDA (in relation to ag-
gressive behaviour and/or self-harm) in people with MID-BIF. For instance, it has
been widely observed in clinical practice that people with MID-BIF often have
reduced interoceptive awareness, implying a reduced ability to perceive internal
bodily sensations (e.g. Bellemans et al, 2022). This impairs the ability of using
self-report measures of arousal. Moreover, informant reports based on obser-
vations are less suitable for measuring arousal because arousal is an internal
state, and caregivers are not consistently present in close proximity to clients
which limits their ability to adequately monitor arousal in their clients (Noordzij &
Laroy-Noordzij, 2013). Indeed, caregivers often report that they are surprised by
the clients’ aggressive behaviour or self-harm and did not detect a visible build-
up in arousal preceding the behaviour, as was the case with Jason (Bowers et al,
2011; Simons et al, 2021). Studies using wearable technology could enhance the
validity of measuring arousal (in terms of HR and EDA) in relation to aggressive
behaviour and self-harm in people with MID-BIF.

Despite advantages of wearable technology, most studies to date studied the
relationship between aggressive behaviour, self-harm and physiological param-
eters in laboratory environments (with community samples). These studies for
example nvestigate physiology during experiments simulating mild aggressive
behaviour such as applying noise bursts or mild shocks to participants or com-
pare physiology during cognitive or social stress tasks in groups with and with-
out a history of self-harm (for an overview see; De Looff, Cornet, et al, 2022b;
Gorels et al, 2023). The conclusions of these studies are often heterogeneous
and cannot be generalized to actual aggressive behaviour or self-harm in daily
life situations. Generalization is limited because these studies typically compare
various antisocial, violent, aggressive or self-harm groups with different controls
under very specific conditions in diverse laboratory tasks. These laboratory tasks
(that tap into cognition, emotion or social domains) are not easily translated to
practice. Measures with wearables from daily life instead of laboratory studies
may increase ecological validity in studying the relationship between arousal and
aggressive behaviour and self-harm.

An important innovative study, conducted at forensic psychiatric wards, is the
work by De Looff et al. (2019) which examined physiological measures (HR, SCL)
In relation to actual occurrences of aggressive behaviour in clients with MID-BIF
Results showed a significant increase in HR and SCL 20 minutes on average before
aggressive behaviour occurred, showcasing the potential of the technology for the
prediction of aggressive behaviour. However, very little is known about (changes
in) physiological measurements/arousal after aggressive behaviour and self-harm.
Knowledge about physiological arousal after aggressive behaviour and self-harm
may increase our understanding of mechanisms of increasing and decreasing
arousal. [t might help in preventing recurrent incidents and could possibly guide the
selection of interventions based on arousal patterns surrounding an incident.
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Wearables and arousal reduction

Besides assessment of aggressive behaviour and self-harm wearables might be
an effective addition to interventions aimed at (early) detection and reduction of
arousal, thereby possibly preventing aggressive behaviour and self-harm. Wear-
ables can be used to provide biofeedback, giving clients and/or their caregivers
real-time insight into arousal levels. This may aid clients and caregivers to ef-
fectively detect and manage stress responses (De Looff et al, 2024; De Vries et
al, 2023). To manage stress, different strategies can be used by a person expe-
riencing the stress, such as listening to music. Music listening can be used as an
accessible and low-risk strategy for the reduction of subjective and physiological
stress (De Witte et al, 2020; Kume et al, 2017; Lynar et al, 2017). However, limited
research s available on the effect of listening to music on physiological stress in
people with MID-BIF

Studies investigated the effect of participant selected music and music selected
by the researcher on subjective and physiological stress-reduction. Alternatively,
music could also be selected by innovative music technology. X-system is such
technology and can be used to select songs to reach a desired state of arousal
(ie. activation or relaxation). X-system offers a web-application that predicts the
effect of a song on levels of physiological arousal (Osborne et al, 2017). Nijman et
al. (2023) studied the differential effect of listening to music in a preferred genre
selected and ordered by X-system versus music in random order on stress re-
duction in clients and caregivers of a medium secure forensic psychiatric facility.
This study showed that physiological indices and self-reported stress decreased
after listening to music. An accelerated reduction in SCL for the X-system playlist
compared to the playlist in random order was found with visual inspection of the
data, but the trend was non-significant. However, this study was carried out in
a controlled setting, where participants listened to music on set times in a quiet
room. This might limit the representativeness and ecological validity of the find-
ings regarding daily life effects of listening to music when feeling stressed.

Aims and outline of the thesis

Aggressive behaviour and self-harm are common in people with MID-BIF in res-
idential (treatment) facilities and have a negative impact on both the client, other
clients as well as caregivers. Often, the assessment and treatment focus mainly on
psychological and social aspects. However, the crucial role of the biological com-
ponent of the biopsychosocial model in the development of this behaviour has
been underscored by several studies. The development of wearable technology
created an opportunity to study physiological parameters in the daily life of people
with MID-BIF. The aim of the present thesis is to gain more insight into the role of
physiology in the assessment and (evaluation of) interventions of aggressive be-
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General introduction

haviour and self-harm in people with MID-BIF, and to gain insights in the potential,
pitfalls and future directions of wearables in this field. We conducted several studies
which resulted in the following chapters for the current dissertation.

In Chapter 2 the association between aggressive behaviour and NSSI in 125
adults with MID-BIF was investigated using incident reports and standard clinical
measurements. Furthermore, because knowledge on the co-occurrence does
not provide sufficient information and direction for clinicians to treat and prevent
self-harm and aggressive behaviour, we investigated whether heightened impul-
sivity and limited coping abilities (elements of personality and emotional dysreg-
ulation, which are components of the cognitive-emotional model of dual-harm)
are shared risk factors of aggressive behaviour and NSSI in this sample.

Chapter 3 includes a systematic review of studies on the association between
physiological parameters and self-harm. It provides an overview of the knowledge
on the association between self-harm and physiological parameters by systemat-
ically summarizing a broad spectrum of studies. Research gaps and directions for
future research on the relation between self-harm and physiology are described.

In Chapter 4 changes in HR and EDA in the 30 minutes following aggres-
sive behaviour (and self-harm) were studied with a large multicentre study. In
this chapter, arousal, measured on the ward with wearable technology, after 165
aggressive incidents was analysed. Data were collected at eight organizations
providing care to children, adolescents and adults (with MID-BIF) and comor-
bid psychiatric and behavioural disorders. We investigated whether physiological
arousal decreased significantly within the 30 minutes following aggressive be-
haviour. We exploratively assessed whether we could identify unobserved (latent)
classes which follow similar growth patterns to better capture the variability in
physiological arousal following aggressive incidents. Finally, we explored whether
type of aggressive behaviour could predict the trajectory of physiological chang-
es following incidents.

In Chapter 5 a clinical application of wearable technology was investigated.
With a biofeedback study we explored whether listening to music is associated
with reduced physiological and subjective stress in people with MID-BIF. We col-
lected 103 music listening sessions over a period of 2-4 weeks for 11 participants
throughout their daily routines. They listened to music when they received bi-
ofeedback on their increased stress level (as measured by wearable biosensor
Nowatch) or when they themselves felt stressed. Participants listened either to
self-selected music or to a personalised playlist compiled with X-system. This
study is the first to examine changes in physiological stress during listening to
music based on an innovative music selection system in people with MID-BIF in
a naturalistic setting.

Finally, in Chapter 6 the general discussion of this dissertation summarises and
reflects on the main findings, and discusses the directions and implications both
for research and clinical practice.
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Chapter 2

The association between aggressive
behaviour and non-suicidal self-injury
and shared risk factors in adults with
mild intellectual disability

This chapter was published as:

van Swieten, M., de Looff, P, VanDerNagel, J, & Didden, R. (2024).
The association between aggressive behaviour and non-suicidal
self-injury and shared risk factors in adults with mild intellectu-
al disability. Journal of Applied Research in Intellectual Disabllities,
37(6), €13288. https://doi.org/10.1111/jar.13288
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CHAPTER 2

ABSTRACT

Background: Aggressive behaviour (AB) and non-suicidal self-injury (NSSI) are
common in people with mild intellectual disability or borderline intellectual func-
tioning, leading to adverse consequences for themselves and those around them.
Method: We investigated the relationship between AB (both total and physical in
particular) and NSSI and risk factors in 125 residents in a treatment clinic using
Incident reports and standard clinical measurements.

Results: There was a weak correlation between AB and NSSI, as well as between
impulsivity and total AB, and between coping and AB and NSSI. However, NSS,
impulsivity and coping skills did not predict AB.

Conclusion: Results do not corroborate those of other studies in this area. In
future studies impulsivity, coping, aggression and NSSI may be measured using
other instruments, and differences between people with and without intellectual
disability regarding these variables may be explored.
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INTRODUCTION

Aggressive behaviour (AB) and self-harm are common in people with mild in-
tellectual disability or borderline intellectual functioning (IQ 50 — 85), especially
in forensic care facilities (Dixon-Gordon et al, 2012; Neimeijer et al, 2021). AB
often has a negative impact on both the client who displays AB, other clients and
caregivers. For clients, AB may reduce possibilities for their rehabilitation, lead to
seclusion or may result in transfer to another facility, or even conviction (Griffith
et al, 2013; Lokman et al, 2022). Other clients or victims of aggression are at risk
of negative psychological effects (e.g. anxiety and anger) and physical injury (Pel-
to-Piri et al, 2020). For caregivers, exposure to AB can result in: an unsafe working
environment, more sick leave and an increased risk for burn-out symptoms (De
Looff et al, 2018; Hensel et al, 2014).

Self-harm has many definitions in the literature. The current study differentiates
between self-harm with and without suicidal consequences. Self-harm is an um-
brella term that encompasses both self-injurious behaviour with intent to end one’s
life and self-injurious behaviour without intent to die (Shafti et al, 2021). In the Di-
agnostic and Statistical Manual of Mental Disorders (DSM-5-TR; American Psychi-
atric Association, 2022) non-suicidal self-injury (NSSI) is defined as the behaviour of
Intentionally inflicting damage to one's body that will likely induce bleeding, bruis-
ing or pain. Self-harm is associated with multiple adverse consequences for both
the client with self-harm, other clients and caregivers. For clients, self-harm causes
physical harm (Matson & Turygin, 2012) and NSSI in particular is associated with
feelings of regret, embarrassment and/or shame (Muller et al, 2020). Witnessing or
hearing about self-harm may trigger self-harm in other clients (James et al, 2012).
For caregivers, it may affect their emotional wellbeing and may lead to feelings of
anger, inadequacy, guilt (Fish, 2000), fear and powerlessness (James et al, 2012).

While AB and self-harm are different types of behaviour, research across vari-
ous populations has consistently shown that these behaviours frequently co-occur,
which is called dual-harm’ (Slade et al, 2020). A systematic review including 123
studies found elevated levels of AB in people with self-harm compared with people
without self-harm (O'Donnell et al, 2015). An observational study by Verstegen et
al. (2020) explored which variables could predict physical violence in 614 inpatients
of a forensic psychiatric hospital. They included gender, legal status, borderline per-
sonality disorder, antisocial personality disorder, schizophrenia spectrum disorder,
psychopathy, self-harm, impulsivity, intellectual disability and length of stay in the
analysis. Results showed a clear association between self-harm and inpatient physi-
cal AB on all outcome measures and in all analyses. Participants with self-harm had
an almost nine times higher risk of exhibiting physical aggression than clients with-
out self-harm. A review study on people with intellectual disability found a positive
associlation of self-harm with total aggression but found contradictory results on the
association between self-harm and physical AB (van den Akker et al, 2021).
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However, evidence of co-occurrence does not provide sufficient information
and direction for clinicians to treat and prevent self-harm and AB. Therefore, it is
important to gain knowledge of the nature or source of the association between
self-harm and AB. Research showed that the same set of risk factors are associat-
ed with both behaviours, which is known as multifinality (O'Donnell et al, 2015).
Shared risk factors reported in literature are emotional dysregulation (Selenius &
Strand, 2017) or problems regarding coping skills and impulsivity (O'Shea et al,
2014; O'Donnell et al, 2015). The review by Roberton et al. (2012) showed that a
broad range of maladaptive styles of emotion regulation increase the risk of AB.
Coping skills refer to one’s cognitive and behavioural efforts to manage stressful
situations and can be used to regulate emotional responses (Lazarus & Folkman,
1984). If coping mechanisms employed by the person are not successful, contin-
ued arousal is a likely consequence (Everly & Lating Jr, 2019). Better coping skills
are associated with lower levels of self-harm (McLafferty et al, 2019). Results of
a study by Weinberg and Klonsky (2012) suggest that more intense self-inflicted
pain facilitates a reduction of subjective feelings of stress. This suggests that self-
harm can function as a maladaptive and negatively reinforced coping strategy.

Besides emotional dysregulation or maladaptive coping skills, impulsivity has
been repeatedly associated with AB and self-harm. Impulsivity was found to be
a predictor of physical AB in psychiatric clients (see e.g., Verstegen et al, 2020).
Recent research (Cassels et al, 2022) found that high impulsivity predicted onset
of NSSI in adolescents and young adults, even when accounting for other risk
factors. Furthermore, a meta-analysis revealed that individuals who engaged in
NSSI self-reported greater impulsivity than individuals who did not. However, little
evidence of an association between lab- based measures of impulsivity and NSSI
was found (Hamza et al, 2015).

Recently, Shafti et al. (2021) presented a theoretical framework that accounts
for why people may engage in dual-harm: The cognitive-emotional model of
dual-harm. This model is based on models and theories including the General
Aggression Model, diathesis-stress models and emotional dysregulation theories
(Anderson & Bushman, 2002; Ferguson et al, 2008; Long et al, 2014). This model
states that biological factors combine with adverse environmental factors (e.g.
childhood trauma; Fliege et al, 2009) to develop a personality style. The person-
ality traits predispose the person to dual-harm through their effects on cognition,
arousal and affect. Dual harm can have an interpersonal function or emotion reg-
ulating function. The type of harm (i.e., aggression versus self-harm) is influenced
by the social context and expectancies, which is influenced by earlier effects of
the behaviour. Shafti et al. (2021) concluded that the proposed model should be
tested across different populations in order to assess its generalisability. Clients
with mild intellectual disability or borderline intellectual functioning are often not
included in studies on self-harm (and aggression) or only form a small minority of
the study’s sample. Furthermore, Verstegen et al. (2020) stated that more research
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is needed in forensic settings, which should further explore if there are shared risk
factors for self-harm and AB.

The first aim of the current study is to explore the association between AB, and
in particular physical AB, and NSSI in a sample of inpatients with mild intellectual
disability or borderline intellectual functioning. It was hypothesized that there
Is a moderate positive association between NSSI and AB in line with the dual
harm hypothesis (O'Donnell et al, 2015). Furthermore, similar to Verstegen et al.
(2020) we explored this association for people for whom a single AB incident was
reported and for people for whom multiple incidents of AB were reported. We
expected a stronger association for repeated aggression.

The second aim of the study was to investigate the role of impulsivity and cop-
ing skills (elements of personality and emotional dysregulation which are com-
ponents of the cognitive-emotional model of dual-harm), in clients with mild
intellectual disability or borderline intellectual functioning who are residents of
a treatment facility. We hypothesised that lower impulsivity and more adaptive
coping skills are associated with both less NSSI and less AB. Knowledge about the
association between AB and NSSI behaviour and shared risk factors in clients with
mild intellectual disability or borderline intellectual functioning could contribute
to risk-assessment of these behaviours in clinical practice and may help to opti-
mise treatments for these clients.

METHOD
Participants and setting

The sample consisted of 125 clients of whom 101 males and 24 females aged
between 18 and 70 years (M = 38.1, SD = 11.6) with mild intellectual disability or
borderline intellectual functioning who were admitted to Trajectum. Trajectum
1s a treatment facility for individuals with mild intellectual disability or borderline
intellectual functioning located in the Netherlands that treats clients with various
behavioural and/or mental disorders, problems in multiple areas of life and often
a history of substance abuse. Clients are placed in the facility under criminal law,
civic law or on a voluntary basis, often for externalizing behaviour problems (i.e.
aggression or a sexual offence) and/or internalizing problems (such as NSSI and
suicide attempt) (Delforterie et al, 2020). Clients are often convicted for repeated
minor crimes (such as shoplifting) or a single or multiple serious crimes (such as
severe physical or sexual assault/abuse). Persons without offences but who are a
danger for themselves or show self-destructive behaviour are also admitted. The
average treatment duration at Trajectum is two years and two months (Neimeijer
et al, 2021). Treatment is divided into stages with gradually reducing security lev-
els (with clients typically moving from high security settings to open units) while
offering a combination of cognitive-behavioural programmes, art-, drama-, and
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psychomotor therapy, occupational therapy, skills training and pharmacothera-
py. Treatment programmes are embedded in a therapeutic group climate with a
daily structure, activities and care that is adapted to the emotional, adaptive and
intellectual abilities of clients (Neimeijer et al, 2021).

All 125 participants had a mild intellectual disability (IQ 50-69) or borderline
Intellectual functioning (IQ 70-84), 60 were diagnosed with substance related dis-
orders, 48 with personality disorder, 46 with schizophrenia or other psychotic dis-
orders, 17 with attention-deficit/nyperactivity disorder, 15 with posttraumatic stress
disorder, 15 with autism spectrum disorder, 14 with paraphilic disorder and 10 with
a bipolar or depressive disorder. Several clients had multiple diagnoses. From five
participants, no information about diagnosis was available. In terms of time of ad-
mission, 90 participants (72%) were administered to Trajectum for the full 2 years
of the study, 16 (13%) were admitted for more than 15 years and 19 (15%) were
admitted for less than 1.5 year of the research period (at least 3 months).

Measures and materials

Descriptive variables such as age and DSM diagnosis were collected from the
clients’ medical record.

Aggressive behaviour and non-suicidal self- injury

Frequency and type of AB and NSSI were retrieved from the facility's digital sys-
tem for incident reporting, monitoring and analysis, called SMILE. Following each
incident caregivers report the incident, describe the incident and answer several
questions regarding the incident, such as: the date, time, name of the involved
client, name of the victim and required care. They also report the severity and
type of AB (ie, verbal, physical or towards objects) or NSSI (small cuts, burns,
welts or bruises; head banging/fist slamming against a wall; skin picking, pulling
out hairs, hitting without injuries or inflicting serious injuries). Furthermore, car-
egivers rate the risk of recurrence and the consequences of the incident. Based
on risk of recurrence and consequences, the reporting system automatically de-
termines a risk score ranging from 1 (small risk) to 4 (extreme risk), which puts
different protocols of incident assessment and prevention into effect. No psycho-
metric information is available about the SMILE.

Impulsivity and coping skills

We used data collected with the Dynamic Risk Outcome Scales (DROS; Driesch-
ner & Hesper, 2008) to measure impulsivity and coping skills. The DROS measures
dynamic risk factors for externalising behaviour and was developed to measure
treatment progress in individuals with mild intellectual disability or borderline in-
tellectual functioning and externalising (including offending) behaviour. It is a 43-
ltem therapist-rated instrument containing 14 subscales. All items have answer
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categories on a 5-point Likert-type scale, with a lower score indicating higher risk.
The subscale impulsivity of the DROS consists of two items, lack of planning” and
‘sensation seeking’. A score of 5 on the item ‘lack of planning’ indicates that the
client has no strong impulses for problematic behaviour or considers the possible
consequences and the context before engaging in behaviour. A score of 1 indi-
cates that the client often acts in response to external triggers without thinking
and does not let foreseeable serious consequences stop them from following
impulses immediately. A score of 5 on the item 'sensation seeking’ indicates that
the client feels comfortable in an environment without a lot of stimuli and avoids
high-risk situations while a score of 1 indicates that the client is, almost daily,
seeking or provoking situations that generate adrenaline or give a kick and in the
absence of stimuli, a state of boredom or discomfort arises. The DROS impulsivity
score is the average of the two items. The DROS subscale impulsivity” scale has
a good test-retest reliability (r = 0.8), a fair inter-rater reliability (ICC = 049), and a
low internal consistency (a. = .53) (Delforterie et al, 2020).

Coping skills were measured with the DROS subscale ‘coping skills" consisting
of three items: ‘coping with conflictual interactions, ‘coping with the urge for risky
behaviour’ and ‘coping with other stressors’. A score of 5 on ‘coping with conflictual
interactions’ indicates that the client is capable to prevent aggravation of the situ-
ation in most conflicts without intervention of others and usually tries to reach an
adequate solution to the conflict, while a score of 1 indicates that already at minor
conflicts, the client has only inadequate alternatives for action which aggravates
the situation, in order to prevent this, intervention by others is regularly necessary.
A score of 5 on ‘coping with the urge for risky behaviour’ indicates that the client
has sufficient coping skills, even in difficult situations, to control and/or decrease
risky urges or the client has no risky urges, while a score of 1 indicates that the cli-
ent has in the most situations insufficient coping skills to control risky urges, clings
to the urge and without intervention from others gives in to this urge. A score of 5
on ‘coping with other stressors’ indicates that the client has sufficient coping skills
to cope with minor stressors independently and to cope with major stressors with
support, usually without problematic consequences while a score of 1 indicates that
the coping skills of the client fall short even with minor stressors and despite support
which has regularly (severe or persistent) problematic consequences. A score for
coping skills was calculated by the average of the three items. The DROS subscale
‘coping skills’ has a good test—retest reliability (r = 0.8), a fair inter-rater reliability (ICC
= 0.58) and a good intermal consistency (o = .82) (Delforterie et al, 2020).

Procedure

This study used measurements (medical records, incident reports and DROS)
which are part of the standard care during clinical treatment within Trajectum.
After admission to Trajectum all clients receive an information letter and are
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asked to sign informed consent if they agree that the data collected during their
treatment is used anonymously for scientific research. This study only included
clients who had given their written informed consent to use the data for research
purposes. The study was carried out in accordance with the Declaration of Hel-
sinki and the Guidelines for Good Clinical Practice established by the Internation-
al Conference on Harmonisation. The DROS was filled in by therapists and the
incident reports (SMILE) were filled in by daily caregivers. Data collected between
November 2018 and November 2020 were analysed.

Statistical analyses

We used SPSS (IBM SPSS Statistics, Version 270) for all statistical analyses. We
first calculated percentages of clients engaging in different types of AB and NSSI,
frequencies of different types of AB and NSSI, number of participants engaging
in 1-5 or more than five incidents and how many participants engaged in multi-
ple types of AB and NSSI. Furthermore, we ran correlation analyses for the main
study variables. The assumption of normality was violated for the variables, there-
fore we calculated Spearman correlations.

Second, to investigate the co-occurrence of physical AB and NSSI we adopted
a similar strategy as Verstegen et al. (2020), as this is a study with a similar popula-
tion (psychiatric inpatients) and setting reporting on the relation between AB and
self-harm using rigorous testing methods. Three Chi-squared analyses were used
to examine if the frequency of NSSI differed between: (1) clients with incidents
of physical AB and clients without physical AB; (2) clients with one or more inci-
dents; and (3) between clients with 1-5 or more than five incidents of physical AB.
If sample sizes were small, we reported Fisher's exact tests. In addition, we studied
the co-occurrence of total frequency of AB and NSSI with the same analyses.

Third, in line with Verstegen et al. (2020) two binary regression analyses were
performed with AB and physical AB as outcome variables to analyse if NSSI could
differentiate between participants with and without AB and physical AB in particu-
lar. Coping skills and impulsivity were added to the regression models as independ-
ent variables to explore whether this improved the prediction of AB. We also added
other subtypes of AB to the model with physical AB as outcome variable, in line
with Verstegen et al. (2020). Holm correction for multiple testing was applied.

RESULTS

Aggressive behaviour

Within the 2 years observational period, a total number of 1456 aggression incidents
were recorded; 735 (504%) of these incidents constituted verbal aggression, 473

(32.5%) of these incidents consisted of aggression towards objects and 248 (170%)
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of these incidents consisted of physical aggression. Of all participants, 76% (95 out of
125) exhibited some type of AB (74 males and 21 females). Of these 95 participants,
12 were involved in one incident, 41 in 1-5 aggressive incidents and 54 participants in
more than five incidents. The mean number of incidents was 11.6 (SD = 18.8), with a
maximum of 98. Females accounted for a relatively large proportion of the incidents:
609 incidents were exhibited by females (41.8%) and 847 by males (58.2%).

Non-suicidal self-injury

Between November 2018 and November 2020, 15.2% of all participants (19 out of
125) exhibited some type of NSSI. A total number of 164 NSSI incidents were re-
corded. In 44 incidents (26.8%) head banging or slamming fists against a wall was
observed. In 17 incidents (10.4%) skin picking, pulling out hairs or hitting was record-
ed. Ninety- one incidents (56.5%) resulted in small cuts, burns, welts or bruises and
12 incidents (73%) inflicted serious injuries. The number of incidents per participant
ranged from O to 37 Of the 19 participants with NSSI, 3 were only once involved,
9 were involved In 1-5 incidents and 10 were involved in more than five incidents.
The proportion males and females showing NSSI was nearly equal (9 females and
10 males). In the total sample, females were a minority, so relatively more females
were involved in NSSI. Females accounted for 65% of the incidents.

Table 1
Descriptive statistics and Spearman’s correlations for (subtypes of) NSSI (subtypes
of) aggressive behaviour, coping skills and impulsivity

Variable M SD i, la 1b 1c id 2 2a 3] 3a 3b
1 NSSI 131 467

1a. NSSI small 073 2.84 0.95**

1b. NSSI HB 035 189 070**  063**

lc. NSSI SP 014 050 075** Q72**  048**

1d. NSSI serious 010 055 0.55**  057** 0.52**  034**

2. Aggression 1165 1876 029** 027** 033** 029** 0l6*

2a. Physical aggression 1,98 428 024** 027** 032** 027** 016*  072**
3. Impulsivity 361 075 -010 -011 -015* 004 -009 -025** -015

3a. Impulsivity: 368 113 -009 -009 -015* 006 -012 -018* -011  079**
Lack of planning

3b. Impullsivity! 354 094 -005 -007 -006 -001 -001 -017* -008 065** 008
Sensation seeking

4. Coping 269 078 -015* -016* -014 005 -019* -034** -023** 047** 035**  030**

Note: NSSI small = small cuts, bums, welts or bruises; NSSI HB = head banging/fist slamming against a wall; NSSI
SP = skin picking, pulling out hairs, hitting without injuries, NSSI serious = inflicts Serious Injuries.
*0 <.05 **p < .01
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Correlation between aggressive behaviour, non-suicidal self-injury
and risk factors

Spearman’s correlation showed that there was a significant but weak positive
correlation between total AB and NSSI, rs = 0.29, p < .001 and between physical
AB and NSSI, rs = 0.24, p = 003 (see Table 1). There was a significant but weak
negative correlation (rs = -0.25) between impulsivity and total aggression, par-
ticipants with higher impulsivity showed more AB. Impulsivity did not correlate
significantly with physical AB and NSSI, but did correlate significantly (rs = -0.15)
but very weak with the NSSI subtype headbanging/fists slamming against a wall.
Because of very low internal consistency (o = 0.092) of the DROS impulsivity
subscale we also explored impulsivity items separately. It was found that Tack of
planning” correlated significantly but very weak with headbanging (rs = -0.15),
while ‘sensation seeking’ had significant but very weak correlations with total AB
(rs = -0.17). There was a significant but very weak negative correlation between
coping skills and NSSI (rs = -0.15) and a significant but weak negative correlation
with total aggression (rs = -0.34) and physical aggression (rs = -0.23). Participants
with poorer coping skills showed more NSSI and aggression.

Co-occurrence of aggressive behaviour and non-suicidal self-injury

From the total sample of 125 clients, 17 clients engaged in NSSI and AB, 78 en-
gaged only in AB and 2 engaged only in NSSL Fisher's exact test comparing par-
ticipants with and without AB with participants with and without NSSI showed
that there was no statistically significant association between total AB and NSSI (p
= 241). There was a significant association between physical AB and NSSI, %?(1) =
393, p = 047" However, the strength of the association between physical AB and
NSSI was very small, ¢ = 0.177 p = .047 When the likelihood ratio was used, which
is advised for small sample sizes (Field, 2013), the association was no longer sig-
nificant: x2(1) = 3.81, p = .051. There was no significant difference in frequency of
NSSI between participants with repeated aggressive incidents and those with a
single aggressive incident (total aggressive incidents: 1 versus more than one: p
= 687 physical aggressive incidents: 1 versus more than one: p = .687, 1-5 versus
more than 5: p = .069).

4 This value needs to be interpreted with caution; with correction for multiple testing this value is not
falling in the significant range anymore.
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Co-occurrence of aggressive behaviour and non-suicidal self-
injury and possible predictor variables

A binomial logistic regression analysis was performed to test the effects of NSSI,
impulsivity and coping skills on the likelihood that participants showed AB. This
model was statistically significant, ¥?(3)= 1068, p = 014 (see Table 2) and ex-
plained 12.3% (Nagelkerke R?) of the variance in total AB. Of the three predictor
variables, none contributed significantly. When we tested the model with dichot-
omous predictor variables (following Verstegen et al, 2020) the model was no
longer significant and none of the predictor variables were significant.

Table 2
Logistic regression model for clients with and without aggression during treatment
95% CI
Effect Estimate SE LL LU P
Constant 410 125 001
NSSI 011 0.10 091 136 308
Impulsivity?  -0.39 033 0.35 1.29 236
Coping® -056 0.32 0.30 108 083

Note: N = 125.
Abbreviations: CI, confidence interval, LL, lower limit; UL, upper imit. ©DROS impulsivity, with lower score
indicating stronger impulsivity. "DROS coping skills, with a lower score indicating poorer coping skills.

Furthermore, a binomial logistic regression analysis was performed in which we
explored the effects of the four subtypes of NSSI instead of the total measure of
NSSI. The outcome was comparable to the model with total NSSI as predictor. In-
ternal consistency of the subscale impulsivity in the present dataset was very low
(. = 0.092), Cronbach'’s alpha of the subscale coping in this dataset was acceptable
(0.711). Because of the very low inconsistency of the subscale impulsivity, the items
were explored separately. However, this did not lead to different results.

The logistic regression model with physical AB as outcome variable was sta-
tistically significant, ¥*(3) = 1240, p = 006 (see Table 3). This model explained
12.9% (Nagelkerke R2) of the variance in physical AB. Impulsivity and coping skills
did not add significantly but NSSI added significantly (p = 034) to the model/
prediction. However, when controlled for other subtypes of AB (verbal AB and AB
towards objects), NSSI was no longer significant. The analysis was also performed
with dichotomous predictor variables as in Verstegen et al. (2020) but this did not
result in a significant change. Finally, a binomial logistic regression was performed
whereby we explored the effects of the four subtypes of NSSI (instead of a total
measure of NSSI) on physical AB and comparable results were found.
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Table 3

Logistic regression model for clients with and without physical aggression during
treamtent

95% CI
Effect Estimate SE LL LU P
Constant 0.89 099
NSSI 0.15 0.07 101 133 034
Impulsivity?  -0.10 0.29 051 159 721
Coping® -045 0.30 0.36 114 128
Note: N = 125.

Abbreviations: Cl, confidence interval; LL, lower limit; UL, upper limit. 4 DROS impulsivity, with
lower score indicating stronger impulsivity. ®, DROS coping skills, with a lower score indicating
poorer coping skills

DISCUSSION

In the present study, we explored relationships between NSSI and AB and phys-
ical AB in particular and potential risk factors (i.e, impulsivity and coping skills).
We studied a sample of clients with mild intellectual disability or borderline intel-
lectual functioning in a treatment facility. The main results can be summarised
as follows. There was a significant but weak positive correlation between AB and
NSSI Impulsivity correlated weakly with total aggression and coping correlated
weakly with total AB, physical AB and NSSI. NSSI, impulsivity and coping skills
did not predict total AB and it did not predict physical AB when controlled for
other subtypes of AB. We did not find evidence for dual-harm and the overlap-
ping emotional regulating function of these behaviours, as stated in the cogni-
tive-emotional model of dual-harm (Shafti et al, 2021), in our sample of individ-
uals with mild intellectual disability or borderline intellectual functioning.
Results regarding the absence of a clear association between NSSI and phys-
ical AB are in contrast with the results of Verstegen et al. (2020) and O'Donnell
et al. (2015) who found a strong association. They are partially in line with van
den Akker et al. (2021) who found mixed results with their review. The differ-
ence in outcomes between our study and the study of Verstegen et al. (2020)
might be attributed to the larger sample size (e, N = 614) in the Verstegen
study. In addition, their sample included only a small percentage (ie, 173%)
of people with intellectual disability. The difference in outcomes between our
study and the study of O'Donnell et al. (2015) might also be attributed to differ-
ences in intellectual functioning of the sample. The authors excluded studies
if the sample included more than 10% of people with intellectual disabilities.
Another possible explanation is that O'Donnell et al. (2015) utilised a different
definition of self-harm. They included many studies on suicide attempts and
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found multiple studies on NSSI without a significant association, similar to the
results of the current study.

Possibly, the association between NSSI and AB differs between people with
and without intellectual disabilities. Intellectual disabilities are characterised
by deficits in intellectual functioning and adaptive skills (American Psychiat-
ric Association, 2022) which makes people more susceptible to heightened
stress levels compared to the general population (e.g. Forte et al, 2011). People
with intellectual disabilities are also at an increased risk of exposure to ad-
verse life events and environmental stressors and are at high risk of developing
post-traumatic stress disorder (Byrne, 2018; Didden & Mevissen, 2022). Deficits
In intellectual functioning can also impair the development of adaptive strat-
egles to cope with stress (Taylor & Novaco, 2005). Consequently, individuals
with intellectual disabilities could have a more diverse range of risk factors
for self-harm or aggression than people without intellectual disability, poten-
tially resulting in a smaller overlap between self- harm and aggression in this
population. Another hypothesis s related to the context, which is often more
controlled and restrictive in people with intellectual disabilities (Neimeijer et al,
2021), and which might result in different pathways to AB and self-harm (and
NSSI in particular). The finding that coping skills and impulsivity did not predict
AB could be related to the DROS, which differed from the instrument used in
the studies of O’'Shea et al. (2014) and Verstegen et al. (2020).

Limitations and directions for future research

The current study has several limitations. The current study was a cross-sec-
tional observational study which limits our ability to draw causal inferences.
Future research using repeated measures in a longitudinal design are needed
to gain more insight in the (temporal) relation (if any) between NSSI and AB
in people with mild intellectual disability or borderline intellectual functioning.
With regard to the sample, the current study was conducted within one psy-
chiatric setting for people with mild intellectual disability or borderline intellec-
tual functioning and results cannot be generalised to other settings. Although
we included a relatively large sample (ie, 125), only 19 exhibited NSSI. Future
studies using a multicentre approach could increase generalizability. Future
studies with a larger sample could also explore whether gender is a modera-
tor in the relationship between AB and NSSI and risk factors. Furthermore, the
participants in the current study differed in the duration of treatment. In future
studies, it would be interesting to take treatment duration into account, and to
study the possible effects of treatment on the relation between NSSI and AB
and its possible risk factors. With regard to the measurement instruments, it is
likely that aggressive and NSSI incidents are underreported by staff, especially
the milder forms of AB and NSSI, which is a problem for all studies on inpatient
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AB (Ametz et al, 2015). Moreover, not all incidents of NSSI are observed be-
cause for example clients may feel ashamed of their behaviour and hide their
wounds. Also, not all participants (i.e., N = 35) were admitted the full period
which probably resulted in a lower prevalence of AB and NSSI. The Covid-19
pandemic partly overlapped with the period of data collection (from February
2020 to November 2020) which might have affected the behaviour of the par-
ticipants due to additional restrictions, isolation and staff shortages (Challinor
et al, 2021; Theis et al, 2021). One additional limitation pertaining to measure-
ment is our inclusion of only count data of NSSI and AB and not including the
severity of incidents in the analysis. However, the categories of NSSI (i.e., from
small cuts to serious injuries) were explored separately and these categories
imply a degree of severity. Finally, impulsivity and coping were measured with
the subscales of the DROS consisting of two and three items, respectively. Fu-
ture research should use more comprehensive measurements of impulsivity
and coping. This is needed to study the different components of impulsivity
and coping in relation to NSSI and AB. For example, Whiteside and Lynam
(2001) stated that impulsivity has a multi-faced nature. This could generate
important information which can be used to adequately target impulse control
problems and coping skills in treatment and improve the prevention of AB or
NSSL

Implications and conclusion

The current study contributes to the knowledge of the prevalence and relation
between NSSI and AB, and physical AB in particular, in an understudied group
of clients. Namely, clients with mild intellectual disability or borderline intellec-
tual functioning in psychiatric treatment facilities. In contrast to earlier research
we did not find a clear association between NSSI and aggression (dual-harm).
Possibly the association between NSSI and AB differs between people with and
without intellectual disabilities. With regard to clinical implications, caution is
needed. Results suggest that professionals from treatment facilities for people
with mild intellectual disabilities or borderline intellectual functioning could
consider additional sources for measuring impulsivity and coping skills next
to the DROS. Another implication might be that other risk factors could be
taken into account, for example physiological stress/arousal, when preventing
and treating AB and NSSI. Physiological indices have been found to be related
to both AB and NSSI in previous studies. For example, De Looff et al. (2019)
found a significant increase in heart rate and skin conductance in clients with
mild intellectual disability or borderline intellectual functioning 20 minutes on
average before AB occurred. Nock and Mendes (2008) studied the reaction of
people with and without NSSI during a distressing task and found that people
with NSSI had a poorer ability to tolerate the stress and higher physiological
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stress. Advancements in technology enable to continuously monitor physio-
logical stress in terms of heart rate and skin-conductance, and combine these
measurements with the more traditional psychosocial information. The cur-
rent study provided relevant insights into the mechanisms of dual-harm in
people with a mild intellectual disability or borderline intellectual functioning.
The study raises several important questions that need to be taken into ac-
count when studying AB and NSSI in this vulnerable population, and replica-
tion and further research is needed.
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Chapter 3

A systematic review of studies on
the association between physiological
parameters and self-harm

This chapter was published as:

van Swieten, M, Nijman, I, de Looff, P, VanDerNagel, J, & Did-
den, R. (2025). A systematic review of studies on the associati-
on between physiological parameters and self-harm. Research in
Developmental Disabilities, 162, 105010. https://doi.org/10.1016/].
r1dd.2025.105010
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ABSTRACT

Background: Self-harm is common in people with intellectual disabilities and is
associated with multiple adverse consequences for the client engaging in self-
harm, other clients and caregivers. Self-harm is related to emotional dysregula-
tion according to both observational and self-report data. Measures of the auto-
nomic nervous system might provide additional insight in this relationship.
Methods: The current systematic review systematically summarised a broad
spectrum of studies on the association between self-harm and physiological pa-
rameters. The search identified 2400 articles, 46 were included.

Results: In most studies, which compared electrodermal activity and heart rate
in people with and without self-harm, no clear indications for a relation between
phystology and self-harm was found. Studies on heart rate variability showed
indications for lower heart rate variability during recovery, which could imply
emotion dysregulation, findings which were supported by results from imagery
studies (heart rate and skin conductance). No consistent findings were found
when self-harm was studied before, during or after actual occurrences of self-
harm, although this was examined by very few studies.

Conclusions: Although wearable technology has improved, the majority of
studies to date are lab-studies. Future research should focus on measuring phys-
1ology n daily life before, during and after self-harm, in people with intellectual
disabilities, study different types and functions of self-harm separately, and test
multimodal prediction models. This knowledge could improve the understand-
Ing, prevention and assessment of this debilitating behaviour.
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INTRODUCTION

Self-harm has a high prevalence and may result in multiple adverse conse-
quences. Self-harm is an umbrella term that encompasses both self-injurious
behaviour with intent to end one’s life and self-injurious behaviour without in-
tent to die (Shafti et al,, 2021). Self-harm is estimated to affect 14.6 million indi-
viduals each year (Global Burden of Disease Collaborative Network, GBD, 2019).
A recent meta-analysis (Lucena et al, 2022) reported a lifetime prevalence of
19% (95% CI = 17-21) in the general adolescent population. People with psy-
chiatric disorders (e.g. affective disorders and personality disorders) and people
with intellectual disabilities are found to be at higher risk of self-harm (Boe
et al, 2022; Calver et al, 2021; Flygare Wallén et al, 2023). Severe and pro-
longed self-harm can result in irreversible mutilation, blindness, or brain injury
(Hoch et al, 2013), and it is associated with heightened suicide risk (Duarte et
al, 2020). A study found that children and adolescents who engaged in self-
harm were 17 times more likely to die by suicide than those not engaging in
self-harm (Morgan et al, 2017). Besides medical complications, prolonged and
repetitive self-harm in adolescence is associated with mental health problems
in young adulthood (Daukantaite et al, 2021).

Emotion dysregulation is one of the most often reported risk factors for self-
harm (Li et al, 2023; Wolff et al, 2019). Greater emotion dysregulation is asso-
ciated with higher risk of self-harm across settings, age groups, sex and sam-
ple types (ie. clinical versus community) (Wolff et al, 2019). From a behavioural
function perspective, which is often used in research and clinical practice in the
field of intellectual and developmental disabilities (IDD), self-harm is proposed to
be maintained via four possible reinforcement processes. These processes differ
according to whether the reinforcement is positive or negative, and whether the
consequent events are intrapersonal or interpersonal (Nock, 2010). Modulation of
arousal is one of the most frequently reported intrapersonal functions of self-harm
(Nock, 2010). Self-harm can manifest as a consequence of either under-arousal
or over-arousal, as stated by the theoretical framework of homeostasis (Furniss &
Biswas, 2012; Hoch et al, 2013). From this perspective, self-harm may be seen as
a maladaptive coping strategy that reduces stress and re-establishes homeostasis
in the short term but serves to erode health in the long term (Everly & Lating Jr,
2019; Nock, 2010).

Extensive research using behavioural observations (especially in the IDD field)
and self-reports has been conducted on the relation between self-harm, emo-
tion regulation and arousal (e.g. Armey et al, 2011; Gordon et al, 2010; Gratz
et al, 2011; Knowles & Townsend, 2012; Turmner et al, 2015; Vansteelandt et al,
2017). However, self-harm is often concealed (Shiner, 2008) and recall biases
are common in self-report assessments of self-harm thoughts and behaviours
(Klimes-Dougan et al, 2022). Measures of the autonomic nervous system (ANS)
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might provide additional insight in arousal and physiology underlying emotion
dysregulation. The ANS can be subdivided into two branches, the sympathetic
and the parasympathetic. The sympathetic branch prepares the body for action
while the parasympathetic branch of the ANS regulates restorative functions and
relaxation of the body (Everly & Lating Jr, 2019). Both heart rate (variability) (HR[V])
and electrodermal activity (EDA) have been used as indices of autonomic nervous
system functioning research over the past decades (e.g. Boucsein, 2012; Jarczok
et al, 2013; Kamath et al, 2016). Also, HRV has been repeatedly reported as a
valid psychophysiological marker for emotion regulation capacity (Beauchaine &
Thayer, 2015). Low resting state HRV and excessive HRV reactivity have been as-
sociated with dysfunctional emotion regulation processes (Beauchaine & Thayer,
2015). Furthermore, increased arousal can be reflected by an increase in heart
rate HR and EDA. Advancements in technology, such as the development of
wearable technology, have enabled continuous and non-invasive measurement
of physiological parameters of the ANS (Johnson & Picard, 2020). Consequently,
over the last two decades, research has increasingly focused on examining these
physiological parameters in relation to self-harm.

Recently, two meta-analyses have been published on the association be-
tween self-harm and physiological parameters. Goreis et al. (2023) conduct-
ed a meta-analysis on physiological stress reactivity and self-harm, in which
they examined case-control lab studies specifically reporting on stress reac-
tivity (Goreis et al, 2023). The main findings indicated that parasympathet-
ic ANS activity, such as HRV (Root Mean Square of Successive Differences;
RMSSD and Respiratory Sinus Arrhythmia; RSA), was lower at rest and recovery
in the self-harm group compared to controls. Bollato et al. (2023) conducted
a review and meta-analysis on the autonomic dysregulation and self-harm
thoughts and behaviours in children and young people, including case-con-
trol and cross-sectional studies. Results showed lower HRV in individuals with
self-harm compared to individuals without self-harm, while overall results for
EDA were not significant. They used a combined measure of baseline, activity
and reactivity, and subgroup analyses found no differences in results between
these different measures.

The above two meta-analyses found evidence for significantly altered stress
reactivity in people who engage in self-harm and reduced parasympathetic reg-
ulation in children and young people who self-harm, respectively. However, both
excluded case studies and included mainly lab studies. Much less is known on the
relation between self-harm and physiological parameters in the natural environ-
ment and physiology related to actual or imaged self-harm incidents. Moreover,
persons with intellectual disabilities were not represented in these studies, while
this is a population at high risk of self-harm. Lastly, it should be noted that Goreis
et al. included studies in which not all participants in the self-harm group had a
history of self-harm.
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The current systematic review aims to update and extend the aforemen-
tioned reviews on the association between self-harm and physiological parame-
ters by systematically summarizing a broad spectrum of studies. Because of the
emergence of studies on physiology in relation to self-harm and the recent de-
velopments in measuring physiology with wearables in daily life, the current sys-
tematic review had no restrictions regarding study design. We aimed to include
non-lab studies and studies that examined physiology related to actual or imaged
self-harm incidents. In addition, we aimed to include persons with intellectual
or developmental disabilities because of their high risk of self-harm. Moreover,
self-harm in individuals with IDD is likely distinct from self-harm occurring in typ-
ically developing individuals presenting with psychopathology (Hagopian & Le-
oni, 2017) and therefore the results of previous review studies on the association
between physiology and self-harm cannot be generalized. Furthermore, studies
on persons with IDD often use different methodologies (ie., direct observation)
compared to studies with typically developing individuals, using mostly self-re-
port. Including both types of studies provides a comprehensive overview. Lastly,
the present review only includes studies in which all participants in the self-harm
group have a history of self-harm.

We wanted to identify research gaps and provide directions for future re-
search on the relation between self-harm and physiology, for example with re-
gard to physiological parameters, measurement type (baseline, activity, reactiv-
ity, recovery), sample characteristics and setting. Knowledge on the association
between self-harm and physiological parameters can help understand risk fac-
tors, causes and functions of self-harm, which increases the possibilities for pre-
vention and treatment. The clinical relevance is further amplified because new
technology enables continuous and non-invasive measurement of physiology in
individuals who self-harm. If more knowledge is available on the association be-
tween self-harm and physiological parameters, the technology might be used for
personalized care and improvement of assessment, prevention and interventions
of this debilitating behaviour.

METHOD
Literature search

The review followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA; Page et al, 2021) guidelines. The protocol was pre-reg-
istered in PROSPERO (CRD42023401662).

The systematic review was conducted using four databases (ie., Medline,
PsycINFO, Web of Science, and Embase). As no systematic review study existed
on the relation between self-harm and physiological parameters at the time of
the search (February, 2023), there were no restrictions placed on publication date
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for inclusion of papers. A combination of search terms derived from the concepts
of physiology and self-harm was used to ensure a comprehensive search of the
relevant literature. The search terms associated with each of the concepts are
provided in Table 1; the comprehensive search terms are available in Appendix
3A. A language filter was applied to include only articles written in English.

Table 1
Summary of Search Terms Used to Identify Studies on the Physiological
Parameters of Self-harm

Search terms

Physiology in general

Psychophysiolog*, physiolog*, autonomic nervous system, sympa-
thetic, parasympathetic, arousal

HR(V)

Physiology  Heart rate*, heartrate, cardiovascular reacti*, cardiac reacti*, car-
diovascular respons*, cardiac respons*, electrocardiograph*, HRV,
pre-ejection period*, respiratory sinus arrhythmia

sC
GSR, electrophysiolog*, galvanic, electrodermal, psychogalvanic,
(skin, dermal-response*), electr*, conduct*, resist*, potential*

self-harm?*, selfharm*, auto-mutilati*, automutilati*, self-mutilati*,
selfmutilati*, auto-aggressi*, autoagressi*, self-injur*, selfinjur*,

Self-harm para-suicid*, parasuicid*, NSSI, self-inflict*, selfinflict*, self-damag*,
selfdamag*, self-destruct*, selfdestruct, (harm*, hurt* or injur* -
oneself)

Note. HR(V) = heart rate (variability), SC = skin conductance; GSR = galvanic skin response; NSSI = non-suicidal
self-injury.

Selection process

The study selection process is outlined in Figure 1. The initial literature search yield-
ed a total of 2724 studies. Following the removal of duplicate articles, the titles and
abstracts of 2400 articles were independently screened and labelled as included
or excluded by two researchers (MvS and IN). Articles were selected using the fol-
lowing inclusion and exclusion criteria: Studies were eligible for inclusion if they
reported on the association between a measure of HR(V) or EDA and a measure
of self-harm in adolescents and/or adults (mean age 12 years or older). Both ex-
perimental and observational studies reporting on measures of physiological rest,
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activity, reactivity, and recovery were included. Exclusion criteria were: only inves-
tigating other (endocrine) physiological measures (e.g, cortisol response), non-hu-
man subjects, no original or no peer-reviewed results (e.g., dissertations, reviews,
study protocols, editorials), studies solely investigating suicide and studies with a
sample with a mean age below 12 years old. To calculate interrater agreement
the total number of articles with agreement were divided by the total number of
screened articles (2400) and multiplied by 100. A total of 66 articles were labelled
‘Maybe' because discussion was needed. The articles which were labelled ‘Maybe’
were treated (conservatively) as no agreement. Percent agreement was excellent
(le, 97%). The full texts of the 85 selected studies were then divided between the
two researchers based on alphabetical order and assessed to identify studies re-
porting on the relation between self-harm and physiology. As a result, 39 studies
were deemed eligible for inclusion in this review.

Following the literature search in February 2023, the meta-analysis by Goreis
et al. (2023) and the review and meta-analysis of Bellato et al. (2023) were pub-
lished. To ensure the inclusion of all relevant studies, we compared the studies in-
cluded in Bellato et al. (2023) and Goreis et al. (2023) with the studies we included
at that moment and the inclusion and exclusion criteria, as a result of which one
study was added (Bohus et al, 2000). Finally, an updated search was conducted
in April 2024, which resulted in the inclusion of 6 additional studies in this review.
The current review therefore included a total of 46 studies.

Data extraction

The following data were extracted from each of the included studies: first author,
country, year of publication, sample description, recruitment, comparison group,
design, age of sample, percentage of (fe)males, sample size, percentage of indi-
viduals with intellectual disability, severity level of intellectual disability, outcome
measure, measurement type (rest, activity, reactivity or recovery), method of as-
sessment of physiological parameter, type of experiment, method of assessment
of self-harm, type and time of self-harm and findings regarding the relation be-
tween physiological parameters and self-harm.

Physiological parameters
A large variety of physiological parameters were extracted. For an overview of
physiological parameters reported, their abbreviations and the branch of the ANS
they reflect, see Table 2. Besides HR, HRV and EDA, ANS activation can be meas-
ured through the effect on other target organs (e.g. eyes; pupil dilation), however,
these are to varying degrees more difficult to measure in daily life and therefore
not included in this systematic review.

Physiological parameters can be obtained at different time points. For the
current review, physiology measured at rest means that the body is in a state
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of minimal activity and that the participant is not engaging in self-harm or any
stressful or demanding tasks. Measuring physiological parameters during activ-
ity involves assessing physiological parameters during self-harm (imagination)
or tasks, for example when the participant experiences pain or another stressor.
Reactivity refers to how the body responds to self-harm (imagination) or other
stressful stimuli by comparing activity measures to baseline measures. Recovery
refers to changes in physiology after being exposed to a stressor or self-harm.

Table 2
Overview of Physiological Parameters and their Abbreviations

Category Sympathetic Parasympathetic Combination

HR Heart rate (HR)

HRV Pre-ejection Period (PEP) Respiratory sinus Heart rate varia-
arrhythmia (RSA) bility (HRV)-trian-
Root-mean-square gular index

of successive
difference between
normal heartbeats
(RMSSD)
EDA Electrodermal activity (EDA)

Skin Conductance Level

(SCL)

Skin Conductance Respons-

es (SCRs)

Quality assessment and data synthesis

To assess the quality of case studies and case series, the 10-item Joanna Briggs
Institute (JBI) critical appraisal tool for assessing case series was used (Munn et
al, 2020), as suggested by Quigley et al. (2019). The JBI does not provide cut-off
values for determining an overall quality score because not all questions have
equal weight (Munn et al, 2020). An overall quality score of low, moderate or high
was assigned to each case study by assessing the answers to each of the items.
[tems that exhibited minimal variability across studies were accorded less weight
in the evaluation process.

To assess the risk of bias and quality of the case-control and longitudinal stud-
les the Newcastle-Ottawa Scale (NOS; Wells et al, 2011) case-control and cohort
versions of the scale were used. Cross-sectional studies were assessed with the
NOS adapted for cross-sectional studies (Herzog et al, 2013). ltems were custom-
ized and operationalized to the research question of this review, and several ad-
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justments were made based on recommendations by Stang (2010). The adjusted
version of the NOS can be found in Appendix 3B. A total of nine stars could be
scored per study. In line with the study of Losilla et al. (2018) a score of 0-3 was
considered low quality, 4-6 moderate quality and 7-9 was considered high qual-
ity. Due to different study designs and different quality assessment tools, quality
scores cannot be compared between the different types of studies.

Two researchers (MvS and IN) scored all studies independently. To calibrate
the scoring process, the scoring of the first five case-control studies was evalu-
ated before proceeding to the scoring of the remaining case-control studies in-
dependently. These first five studies were not used in the calculation of the inter-
rater agreement. Interrater agreement on the quality assessment of case-control
studies was calculated for both the items and for the quality scores.

Studies were categorized into within-group and between-group compari-
son designs, and data were subdivided based on different types of physiological
parameters (HR, HRV and EDA). To weigh the relative importance of studies, be-
tween-subjects studies were organized by the level of certainty of evidence in
which study quality (based on risk of bias and quality assessment) and sample
size were taken into account. Sample size was categorized into very small (0-5),
small (6-29), moderate (30-49) and large (> 50 per group). Allocation to a catego-
ry was based on the smallest group in case of unequal group sizes. We used the
following criteria:

Criterion 1) High quality, moderate or large sample size (n > 30)
Criterion 2.1) High quality, small sample size (n < 30)
Criterion 2.2) Moderate/low quality, moderate or large sample size (n > 30)
Criterion 3) Moderate/low quality, small sample size (n < 30)
Studies that meet Criterion 1 are considered to provide the most reliable results.

Criterion 2.1 and 2.2 are considered promising results, while studies that meet
Criterion 3 need to be interpreted with caution.
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Figure 1

Overview of the Number of Studies in the Various Stages of the Selection Process

Identification of studies via databases and registers
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RESULTS
General study characteristics

While 37 studies investigated the association between physiology and self-harm
in a between-subject design 5(Aldrich et al, 2018; Bohus et al, 2000, Brain et al,
1998; Brain et al, 2002; Crowell et al, 2012; Crowell et al, 2005; Crowell et al,
2017; Fitzpatrick et al, 2020; Fox et al, 2018; Giner-Bartolome et al, 2017; God-
frey et al, 2022; Gratz et al, 2019; James et al, 2024; Kaess et al, 2012; Kaufman
et al, 2020; Kaufman et al, 2018; Koenig et al, 2023; Koenig, Rinnewitz, Parzer,
et al, 2017; Koenig, Rinnewitz, Warth, et al, 2017; Lin et al, 2019; Morley, 2000;
Muerner-Lavanchy et al, 2024; Naoum et al, 2019; Naoum et al, 2016; Nelson
et al, 2023; Nock & Mendes, 2008; Otto et al, 2023; Reitz et al, 2015; Reitz et al,
2012; Sigrist et al, 2024; Tatnell et al, 2018; Tuna & Gencoz, 2021; van der Venne
et al, 2023; Wells et al, 1999; Wielgus et al, 2016; Willis et al, 2018; Willis et al,
2017), 13 studied this association within-subject (Barrera et al, 2007; Bohus et al,
2000; Brain et al, 1998; Brain et al, 2002; Calamari et al, 1990; Ferguson et al,
2019; Freeman et al, 1999; Hall et al, 2013; Hoch et al, 2013; Koenig et al, 2018;
Lydon et al, 2013; Welch et al, 2008; Wells et al, 1999)°. For an extensive overview
of the included studies, including participant characteristics, self-harm character-
istics methods and results, see table 3 (within-subject) and 4 (between-subject)
in appendix 3C and 3D. Various study designs were used: case control study (n
= 33) (Bohus et al, 2000; Brain et al, 1998; Brain et al, 2002; Crowell et al, 2012;
Crowell et al, 2005; Crowell et al, 2017; Fox et al, 2018; Giner-Bartolome et al,
2017; Godfrey et al, 2022; Gratz et al, 2019; James et al, 2024; Kaess et al,, 2012;
Kaufman et al, 2020; Kaufman et al, 2018; Koenig et al, 2023; Koenig, Rinnewitz,
Parzer, et al, 2017; Koenig, Rinnewitz, Warth, et al, 2017; Lin et al, 2019; Morley,
2000; Muemer-Lavanchy et al, 2024; Naoum et al, 2019; Naoum et al, 2016;
Nock & Mendes, 2008; Otto et al, 2023; Reitz et al, 2015; Reitz et al, 2012; Sigrist
et al, 2024; Tatnell et al, 2018; Tuna & Gencoz, 2021; van der Venne et al, 2023;
Wells et al, 1999; Willis et al, 2018; Willis et al, 2017), case study (n = 7) (Barrera
et al, 2007; Calamari et al, 1990; Ferguson et al, 2019; Freeman et al, 1999; Hall
et al, 2013, Hoch et al, 2013; Lydon et al, 2013), cohort or longitudinal study (n

= 4) (Aldrich et al, 2018; Koenig et al, 2018; Nelson et al, 2023; Wielgus et al,
2016), and cross-sectional study (n = 2) (Fitzpatrick et al, 2020; Welch et al, 2008).
The total number of participants ranged from 1 to 209, with six studies having a
very small (0-5) number of participants (Barrera et al,, 2007; Calamari et al,, 1990;
Freeman et al, 1999; Hall et al, 2013; Hoch et al, 2013; Lydon et al, 2013), 21

5 Due to the large number of references and in order to improve readability, the references in this
chapter's results are displayed in grey.
6 Some studies used both a between-subject design and a within-subject design.
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studies having a small (6-29) number of participants (Bohus et al, 2000; Brain
et al, 1998; Brain et al, 2002; Crowell et al, 2012; Crowell et al, 2005; Crowell
et al, 2017; Ferguson et al, 2019; Fitzpatrick et al, 2020; Giner-Bartolome et al,
2017; Gratz et al, 2019; James et al, 2024; Kaess et al, 2012; Koenig et al, 2018;
Naoum et al, 2019; Naoum et al, 2016; Otto et al, 2023; Reitz et al, 2015; Reitz
et al, 2012, Tatnell et al, 2018, Wells et al, 1999), 15 studies having a moderate
(30 49) number of participants (Fox et al, 2018; Godfrey et al, 2022: Kaufman et
1, 2020; Kaufman et al, 2018; Koenig et al, 2023; Koenig, Rinnewitz, Parzer, et al,
2017; Koenig, Rinnewitz, Warth, et al, 2017; Morley, 2000; MUerner-Lavanchy et
al, 2024; Nock & Mendes, 2008; Sigrist et al, 2024; Tuna & Gencoz, 2021; van der
Venne et al, 2023; Welch et al, 2008; Willis et al, 2018), and four studies having
a large (>50) number of participants (Aldrich et al, 2018; Lin et al, 2019; Nelson
et al, 2023, Willis et al, 2017). With regard to characteristics of the participants,
seven studies - all case studies - investigated the relationship between self-harm
and HR in individuals with intellectual disabilities (Barrera et al, 2007, Calamari
et al, 1990; Ferguson et al, 2019; Freeman et al, 1999; Hall et al, 2013; Hoch
et al, 2013; Lydon et al, 2013). Eight studies reported on self-harm in persons
with borderline personality disorder (BPD) (Bohus et al, 2000; Cratz et al, 2019;
Naoum etal, 2019; Naoum et al, 2016; Reitz et al, 2015; Reitz et al, 2012; Willis et
L 2018, Willis et al, 2017) and one study reported on self-harm in persons with
eatmg disorder (Giner-Bartolome et al, 2017). In addition, two studies compared
persons with self-harm to persons with depression but without self-harm and
healthy controls (HC) (Crowell et al, 2012; Crowell et al, 2017). Most studies (n =
28) did not focus on self-harm in participants with a specific psychiatric disorder.

Study quality

Of the studies assessed with the NOS case-control (n = 33), two had low quality
(Brain et al, 2002; Retltz et al, 2015), 17 had moderate quality (Bohus et al, 2000,
Brain et al, 1998; Crowell et al, 2012; Crowell et al, 2005; Crowell et al, 2017,
Giner-Bartolome et al, 2017; Godfrey et al, 2022; Kaess et al, 2012; Morley, 2000;
Muerner-Lavanchy et al, 2024, Naoum et al, 2019, Naoum et al, 2016; Reitz et

al, 2012; Tuna & Gencoz, 2021; van der Venne et al, 2023; Wells et al, 1999; Willis
etal, 2018; Willis et al, 2017) and 13 had high quality (Fox et al, 2018; Cratz et al,
2019; James et al, 2024; Kaufman et al, 2020; Kaufman et al, 2018; Koenig et al,
2023; Koenig, Rinnewitz, Parzer, et al, 2017; Koenig, Rinnewitz, Warth, et al, 2017;
Lin et al, 2019; Nock & Mendes, 2008; Otto et al, 2023; Sigrist et al, 2024; Tatnell
et al, 2018). Percentage of interrater agreement on item-level (88.8%) and on the
quality scores (low, moderate, high) was very good (ie, 897%). Of the studies
assessed with the NOS-cohort (n = 4), three had a moderate quality score (Koe-
nig et al, 2018; Nelson et al, 2023; Wielgus et al, 2016) and one study had high
quality (Aldrich et al, 2018). Of the studies assessed with the NOS cross sectional
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(n = 2) one study had a low quality (Welch et al, 2008) and one had a moderate

quality (Fitzpatrick et al, 2020). Of the studies assessed with JBI critical appraisal

tool for assessing case series (n = 7) two had low quality (Calamari et al, 1990;

Ferguson et al, 2019), three had moderate quality (Barrera et al, 2007, Freeman

et al, 1999; Lydon et al, 2013) and two had high quality (Hall et al, 2013, Hoch et
1, 2013).

Between-subject studies

Five main types of experiments can be distinguished in the included studies. First,
exposure to stress: social evaluative stress (for example the Trier Social Stress
test, TSST), cognitive stress (for example arithmetic challenges) or a combina-
tion of these two (for example the Montreal Imaging Stress Task, MIST) (Aldrich
et al, 2018; Fox et al, 2018; Gratz et al, 2019; Kaess et al, 2012; Kaufman et al,
2018; Koenig et al, 2023; Lin et al,, 2019; Morley, 2000; Naoum et al, 2019; Nock
& Mendes, 2008; Otto et al, 2023; Reitz et al, 2015; Reitz et al, 2012; Tatnell
et al, 2018; Tuna & Gencoz, 2021; Wielgus et al, 2016; Willis et al, 2018; Willis
et al, 2017/). Second, sad emotion induction (watching a clip from the movie
The Champ) (Crowell et al, 2012; Crowell et al, 2005). Third, physical stress/pain
simulation by the Cold Pressure Task (CPT), using a hot plate or a sham and/or
incision with a blade (Bohus et al, 2000; Koenig, Rinnewitz, Warth, et al, 2017,
Naoum et al, 2016; Reitz et al, 2012; Tuna & Gencoz, 2021; van der Venne et al,
2023; Willis et al, 2018; Willis et al, 2017). Fourth, imagery studies, which used
personalized guided imagery scripts depicting an actual episode of self-harm
(Brain et al, 1998; Brain et al, 2002; Wells et al, 1999). And fifth, a discussion
task betvveen the mother and daughter to incite disagreement and emotional
arousal (Crowell et al, 2017; Godfrey et al, 2022; James et al, 2024; Kaufman et
al, 2020). One study used another type of experiment and measured physiology
during the first session of a serious game consisting of a biofeedback intervention
to teach strategies to enhance self-control and regulate negative emotion (Gin-
er-Bartolome et al, 2017). Besides, 5 of the 37 studies did not use an experiment.
Of these studies, four investigated physiology only in rest (Fitzpatrick et al, 2020,
Koemg Rinnewiltz, Parzer, et al, 2017; Muerner-Lavanchy et al, 2024; Nelson et

[, 2023) and one study examined diurnal variation of HRV (Sigrist et al, 2024). For
an overview of the results of the between-subject studies, see Figure 2.

Heart rate

In total, 18 studies reported on the relationship between self-harm and param-
eters of HR (Bohus et al, 2000; Brain et al, 1998; Brain et al, 2002; Kaess et al,
2012; Koenig et al, 2023; Koenig, Rinnewitz, Parzer, et al,, 2017; Koenig, Rinnewitz,
Warth, et al, 2017; Morley, 2000; Naoum et al, 2019; Naoum et al, 2016; Nelson
et al, 2023; Reitz et al, 2015; Reitz et al, 2012; Sigrist et al, 2024; van der Venne
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et al, 2023; Wells et al, 1999; Willis et al,, 2018; Willis et al,, 2017). One study could
not be allocated to rest, activity, reactivity or recovery and therefore will be dis-
cussed below (Sigrist et al, 2024). Overall, 21% of the results showed a significant
relation between self-harm and HR. Sigrist et al. (2024) identified significant differ-
ences in diurnal variation of HR between a self-harm and a HC group. They found
that the self-harm group showed significantly higher rhythm-adjusted mean HR
(a measure of diurnal rhythmicity based on a cosine function) and lower HR am-
plitude during the day compared to HCs.

Rest. 11 studies reported on HR in rest (Bohus et al, 2000; Koenig et al, 2023;
Koenig, Rinnewitz, Parzer, et al, 2017, Koenig, Rinnewitz, Warth, et al, 2017; Mor-
ley, 2000; Naoum et al, 2019; Naoum et al, 2016; Nelson et al, 2023; Reitz et al,
2012; van der Venne et al, 2023, Willis et al, 2018). Of these, all three studies that
met Criterion 1, (Koenig et al, 2023; Koenig, Rinnewitz, Parzer, et al, 2017; Koe-
nig, Rinnewitz, Warth, et al, 2017) did not find a significant association between
resting HR and self-harm. Four studies met Criterion 2.2 (Morley, 2000; Nelson
et al, 2023; van der Venne et al, 2023; Willis et al, 2018), three of which did not
find a significant association between resting HR and self-harm (Morley, 2000;
Nelson et al, 2023, van der Venne et al, 2023), whereas one study reported that
the association depended on the timeframe in which self-harm occurred (Willis
et al, 2018). This study (Willis et al, 2018) noted a higher resting HR in current
(BPD) patients (with self-harm at least once during 6 months prior to study par-
ticipation) compared to HCs. However, this study found no significant difference
in resting HR when comparing remitted BPD patients (with two or less acts of
self-harm in the past year, but all self-harmed before) with HC. Lastly, four studies
met Criterion 3. Among these, three studies did not find a significant association
between resting HR and self-harm, while Bohus et al. (2000) found that the as-
sociation depended on the level of distress experienced by the self-harm group.
Specifically, this study reported significantly lower HR in rest in HCs compared to
a self-harm group in self-reported distress, but no significant difference in HR in
rest between HCs and a self-harm group in self-reported calmness.

Activity. Five studies reported on HR during activity (Bohus et al, 2000; Koenig
et al, 2023; Morley, 2000; Naoum et al, 2019; van der Venne et al, 2023). Among
these, one study met Criterion 1 (Koenig et al, 202%), and results showed that the
self-harm group had a significantly lower HR during the interview and mental
arithmetic tasks of the TSST compared to HCs (Koenig et al, 2023). Two studies
were Criterion 2.2 studies and did not find a significant association between self-
harm and HR during pain stimulation (van der Venne et al, 2023), nor during a
serial subtraction math task, a mirror image star tracing task or a speech task
(Morley, 2000). There were two Criterion 3 studies, which did not find a significant
association between self-harm and HR during the CPT (Bohus et al, 2000) and
the concentration performance test (Naoum et al, 2019)

Reactivity. Of the 12 studies which reported on HR reactivity, two met Cri-
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terion 1 (Koenig et al, 2023; Koenig, Rinnewitz, Warth, et al, 2017). One of these
studies found a significant negative relationship between self-harm and HR reac-
tivity, such that during stress induction using the TSST, HR increased more in the
HC group than in the self-harm group (Koenig et al, 2023). The other Criterion 1
study did not find a significant association between self-harm and HR reactivity
during the CPT (Koenig, Rinnewitz, Warth, et al, 2017). Three studies were Crite-
rion 2.2 studies and did not find a significant association between self-harm and
HR reactivity during the MIST (Willis et al, 2018), during pain stimulation (van der
Venne et al, 2023), nor during a serial subtraction math task, a mirror image star
tracing task or a speech task (Morley, 2000). The remaining seven studies were
Criterion 3 studies (Brain et al, 1998; Brain et al, 2002; Kaess et al, 2012; Naoum
et al, 2016; Reitz et al, 2015; Reitz et al, 2012; Wells et al, 1999), of which five did
not find a significant association between HR reactivity and self-harm during per-
sonahzed guided imagery (Brain et al, 1998; Brain et al, 2002), the TSST (Kaess et

I, 2012), or the MIST (Reitz et al, 2015; Reitz et al, 2012). Two Criterion 3 studies
did find a significant association between HR reactivity and self-harm (Naoum et
al, 2016, Wells et al, 1999). Naoum et al. (2016) found a significant negative asso-
clation between self-harm and HR reactivity, with a greater increase in HR in the
HC group than in the self-harm group, while Wells et al. (1999) found a significant
positive association, with greater HR reactivity across stages of a imagery script
in the self-cutting and severe nail-biting group than in the mild nail-biting group.

Recovery. Of the 10 studies reporting on HR recovery after stress or pain in-
duction, two were Criterion 1 studies. Both did not find significant associations
between self-harm and HR recovery following the TSST (Koenig et al, 2023) and
CPT (Koenig, Rinnewitz, Warth, et al, 2017). There were three Criterion 2.2 studies,
and all three did not find significant assoclations between self-harm and HR re-
covery following the MIST (Willis et al, 2018; Willis et al, 2017) and following pain
stimulation (van der Venne et al, 2023). There were five Criterion 3 studies that
examined the relationship between self-harm and HR recovery, of which four did
not find a significant association (Bohus et al, 2000; Naoum et al, 2019; Reitz et
al, 2015; Reitz et al, 2012) However, Naoum et al. (2016) found that when receiv-
Ing a pain stimulus (non-invasive blade) with artificial blood added after stress
induction using the concentration performance test, HR decreased more in the
HC group than in the self-harm group.

Heart rate variability

In total, 20 studies reported on HRV (Crowell et al, 2005; Crowell et al, 2017,

Fitzpatrick et al, 2020; Fox et al, 2018; Giner-Bartolome et al, 2017, Godfrey et

al 2022; Gratz et al, 2019; James et al, 2024; Kaufman et al, 2020; Kaufman et
. 2018; Koenig et al, 2023; Koenig, Rinnewitz, Parzer, et al, 2017; Koenig, Rin-

newitz, Warth, et al, 2017; Lin et al, 2019; Muerner-Lavanchy et al, 2024; Otto et
. 2023; Reitz et al, 2015; Sigrist et al, 2024; van der Venne et al, 2023; Wielgus

53



CHAPTER 3

et al, 2016). One study could not be allocated to rest, activity, reactivity or re-
covery and therefore will be discussed below (Sigrist et al, 2024). Overall, 40%
of the results showed a significant relation between self-harm and HRV. Sigrist
et al. (2024) found significant differences in diurnal variation of HRV between a
self-harm group and a HC group. Specifically, this study found that the self-harm
group showed significantly lower rhythm-adjusted mean HRV and higher HRV
amplitude during the day compared to HCs.

Rest. Of the 15 studies reporting on HRV inrest (Crowell et al, 2005; Fitzpatrick
et al, 2020; Fox et al, 2018; Godfrey et al, 2022; Cratz et al, 2019; Kaufman et al,
2020; Kaufman et al, 2018; Koenig et al, 2023; Koenig, Rinnewitz, Parzer, et al,
201/ Koenig, Rinnewitz, Warth, et al, 2017; Lin et al, 2019; MUerner-Lavanchy et

. 2024; Otto et al, 2023; van der Venne et al, 2023; Wielgus et al, 2016), seven
were Criterion 1 studies (Fox et al, 2018; Kaufman et al, 2020; Kaufman et al,
2018; Koenig et al, 2023; Koenig, Rinnewitz, Parzer, et al,, 2017; Koenig, Rinnewitz,
Warth, et al, 2017, Lin et al, 2019). Of these studies, five did not find a significant
relationship between HRV in rest and self-harm (Fox et al, 2018; Kaufman et al,
2018; Koenig et al, 2023; Koenig, Rinnewitz, Parzer, et al, 2017, Koenig, Rinne-
witz, Warth, et al, 2017). One of the Criterion 1 studies found that self-harm was
related to lower baseline RSA (Kaufman et al, 2020). The remaining Criterion 1
study found that the relationship between self-harm and HRV depended on the
timeframe in which self-harm occurred. They found that baseline HRV (RSA) was
not related to lifetime self-harm. However, there was a significant positive corre-
lation between baseline HRV (RSA) and antenatal self-harm in pregnant women
(Lin et al, 2019). There was one Criterion 2.1 study (Cratz et al, 2019) and four
Criterion 2.2 studies (Godfrey et al, 2022; Muerner-Lavanchy et al, 2024; van
der Venne et al, 2023, Wielgus et al, 2016). Three of them did not find significant
associations between HRV in rest and self-harm (Muerner-Lavanchy et al, 2024;
van der Venne et al, 2023; Wielgus et al, 2016). However, Godfrey et al. (2022)
found a significant positive correlation between baseline PEP and lifetime self-
harm. Of the studies examining HRV in rest, there were three Criterion 3 studies
(Crowell et al, 2005; Fitzpatrick et al, 2020; Quigley et al, 2019), of which Otto
et al. (2023) did not find a significant difference in HRV in rest between a self-
harm group and HCs. However, Crowell et al. (2005) found that the association
between self-harm and HRV in rest depended on the measure of HRV used. They
found baseline RSA to be negatively associated with self-harm, but no significant
association between self-harm and PEP in rest was found (Crowell et al, 2005). In
contrast, Fitzpatrick et al. (2020) found that higher baseline RSA predicted greater
frequency of self-harm.

Activity. Of the six studies reporting on HRV during activity, one was a Crite-
rion 1 study (Koenig et al, 2023). This study reported no significant difference in
RMSSD during the TSST between a self-harm group and a HC group. Two studies
met Criterion 2.2 and found no significant association between self-harm fre-
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quency and HRV during pain stimulation (van der Venne et al, 2023) and during
a discussion task (Godfrey et al, 2022). The remaining three studies reporting
on HRV during activity were Criterion 3 studies (Crowell et al, 2005; Giner-Bar-
tolome et al, 2017, Otto et al, 2023). Two of these studies did not find a significant
association between self-harm and HRV while playing a serious videogame (Ciri-
er-Bartolome et al, 2017) or during the MIST (Otto et al, 2023). However, Crowell
et al. (2005) found a significant negative association between self-harm and RSA
during negative mood induction but found no significant difference in PEP during
sad emotion induction between the self-harm and HC group.

Reactivity. Of the 12 studies reporting on HRV reactivity, six were Criterion
1 studies (Fox et al, 2018; Kaufman et al, 2020; Kaufman et al, 2018; Koenig et

, 2023; Koenig, Rinnewitz, Warth, et al, 2017; Lin et al, 2019). Of these stud-

les, three studies found a significant positive relationship between self-harm and
HRV reactivity during social-evaluative stress tasks (Fox et al, 2018; Koenig et al,
2023) and social rejection (Kaufman et al, 2018), such that a self-harm group
showed higher RMSSD reactivity (Koenig et al, 2023) and higher RSA reactivity
(Fox et al, 2018; Kaufman et al, 2018) compared to HCs. Two studies did not
find a significant association between self-harm and HRV reactivity (Kaufman et
al, 2020; Lin et al, 2019). The study of Koenig, Rinnewitz, Warth, et al. (2017)
also showed that the self-harm-group and non-self-harm group did not differ
on HRV reactivity from baseline to painful stimulation (CPT). However, this study
found the groups to differ in HRV reactivity 60 seconds before CPT onset with
the self-harm group showing lower RMSSD reactivity, but these differences were
no longer significant 30 seconds before CPT onset. There was one Criterion 2.1
study (Gratz et al, 2019) and three Criterion 2.2 studies (Codfrey et al, 2022,
James et al, 2024, Wielgus et al, 2016) that studied the relationship between self-
harm and HRV reactivity. Three studies found no relationship between self-harm
and HRV reactivity in response to negative emotion induction (Cratz et al, 2019),
a stress paradigm (Wielgus et al, 2016), and a discussion paradigm (James et al,
2024). One study, however, also studied mother-daughter conflict discussion and
found that lifetime self-harm was related to lower HRV (PEP) reactivity during a
conflict discussion task (Godfrey et al, 2022). There were two Criterion 3 studies,
of which Reitz et al. (2015) also found that the self-harm group showed lower
HRV reactivity from baseline to stress induction compared to the non-self-harm
group. However, Crowell et al. (2017) found greater RSA reactivity in self-injuring
adolescents affected by their mother's behaviour during a discussion task but not
in depressed or typical adolescents.

Recovery. Of the seven studies that reported on HRV recovery, three studies
were Criterion 1 (Koenig et al, 2023; Koenig, Rinnewitz, Warth, et al, 2017; Lin et

I, 2019). Two of these studies found that self-harm was not related to HRV re-
covery (Koenig et al, 2023, Lin et al, 2019). Koenig, Rinnewitz, Warth, et al. (2017),
however, found the self-harm and non-self-harm groups to significantly differ on
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HRV recovery 30 seconds after pain stimulus (CPT) onset, with a lower HRV in
the self-harm group, but these differences were no longer significant 60 seconds
after CPT onset. There was one Criterion 2.2 study that found that lifetime self-
harm and self-harm in the past six months prior to study participation was not
correlated with HRV (RSA) recovery (Wielgus et al, 2016). However, they found
that RSA recovery did predict self-harm in the past 6 months prior to study par-
ticipation when controlling for lifetime self-harm, depressive symptoms, baseline
RSA and RSA reactivity, such that lower HRV (RSA) during the recovery period was
associated with increased risk of self-harm. The remaining three studies were
Criterion 3 studies, of which two studies found HRV recovery to be negatively
associated with self-harm (Crowell et al, 2005; Reitz et al, 2015). However, Otto
et al. (2023) found no significant difference in HRV following the MIST between a
self-harm and a HC group.

Electrodermal activity

In total, 14 studies reported on the relationship between self-harm and param-
eters of EDA. Overall, 29% of the results showed a significant relation between
self-harm and EDA.

Rest. Of the eight studies which reported on EDA in rest (Aldrich et al, 2018;
Bohus et al, 2000; Crowell et al, 2012; Crowell et al, 2005; Fitzpatrick et al,
2020; Morley, 2000; Tatnell et al, 2018; Tuna & Gencoz, 2021), one met Criterion
1 (Aldrich et al, 2018), which did not find a significant association between EDR
in rest and lifetime self-harm, nor self-harm in the past six months. One study
met Criterion 2.1 and found no differences in SCL between young adults with
self-harm and HCs (Tatnell et al, 2018). There were two studies that met Criterion
2.2, which did not find significant differences in SCL between young adults that
self-harmed in the past year versus HCs (Tuna & Gencoz, 2021) and between
nail-biting students versus non-nail-biting students (Morley, 2000). There were
four studies that met Criterion 3 (Bohus et al, 2000, Crowell et al, 2012, Crowell
et al, 2005; Fitzpatrick et al, 2020). While Crowell et al. (2005) did not find a sig-
nificant difference in EDR at rest between a group of parasuicidal adolescents and
HCs, Crowell et al. (2012) found that self-harm was associated with lower EDR in
rest when comparing a self-harm group with a depressed and HC group. In con-
trast, Bohus et al. (2000) found HCs to have a significantly lower EDR in rest com-
pared to a self-harm group in self-reported distress. However, this study did not
find a significant difference in EDR in rest between HC and a self-harm group in
self-reported calmness. Furthermore, one cross-sectional study found that higher
baseline SCR predicted greater frequency of self-harm (Fitzpatrick et al, 2020).

Activity. Of the six studies that examined EDA during activity (Aldrich et al,
2018; Bohus et al, 2000; Crowell et al, 2005; Morley, 2000; Tatnell et al, 2018;
Tuna & Gencoz, 2021), one study met Criterion 1 and this study found that EDR
during a stress task (anagram task) was not related to lifetime self-harm or self-
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harm in the past six months (Aldrich et al, 2018). There was one study that met
Criterion 2.1 (Tatnell et al, 2018) and two studies that met Criterion 2.2 (Morley,
2000; Tuna & Gencoz, 2021) and these studies did not find a significant associ-
ation between self-harm and SCL during any phase of TSST (Tatnell et al, 2018),
during the CPT (Tuna & Gencoz, 2021), nor during a serial subtraction math task,
a mirror image star tracing task or a speech task (Morley, 2000). However, in the
study by Morley (2000) there was a significant interaction between nail-biting
status and sex in a stress-inducing math task, indicating that male nail biters had
higher EDA than male non-nail biters and female nail biters and non-nail biters
on EDA during this task.

Reactivity. Eleven studies reported on EDA reactivity. One of these studies
met Criterion 1 (Aldrich et al, 2018), which found that EDR during a stress task
(solving anagrams) was not related to self-harm incidents in the past six months.
There were two studies that met Criterion 2.1 (Cratz et al, 2019; Tatnell et al,
2018). Gratz et al. (2019) found no significant differences in change in SCR in re-
sponse to negative emotion induction between self-harming young adults and
clinical controls without self-harm history. However, Tatnell et al. (2018) did find
a significant relationship between self-harm and EDR, as they found that relative
to EDR before the TSST, after the TSST the self-harm group showed dampened
EDR compared to the HC group. Two studies met Criterion 2.2 (Morley, 2000;
Tuna & Gencoz, 2021), of which one study did not find a significant difference
in SCL reactivity between the self-harm and HC group (Tuna & Gencoz, 2021)
Morley (2000), however, found higher SC reactivity for nail-biters compared to
non-nail-biters for a math task, a mirror image star tracing task and a speech task.
Six studies met Criterion 3 (Brain et al, 1998; Brain et al, 2002; Crowell et al, 2012;
Crowell et al, 2017, Nock & Mendes, 2008; Wells et al, 1999), of which three did
not find significant differences in EDA reactivity between the (frequent) self-harm
and non (frequent) self-harm groups across imagery (Brain et al, 1998, Brain et

[, 2002), and a sad emotion induction task (Crowell et al, 2012). In contrast, the
other three Criterion 3 studies found self-harm to be significantly related to high-
er EDA reactivity (Crowell et al, 2017; Nock & Mendes, 2008; Wells et al, 1999).
Wells et al. (1999) found higher EDA reactivity across stages of imagery scripts
In the self-cutting group and severe nail-biting group than in the mild nail-bit-
ing group. Crowell et al. (2017) studied mother-daughter conflict discussion and
found that mother’s behaviours affected EDR of self-harming adolescents, but
not depressed or typical adolescents. Nock and Mendes (2008) reported that the
self-harm group showed a significantly greater increase in SCL level than the
non-self-harm group.

Recovery. Finally, two studies reported on EDA during recovery and both stud-
ies met Criterion 3 (Bohus et al, 2000; Crowell et al, 2005). The studies reported no
significant difference in EDR between the HCs and the self-harm groups following
the CPT (Bohus et al, 2000) and sad emotion induction (Crowell et al, 2005)
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Within-subject studies

Of the 13 within-subject studies, ten reported on HR (Barrera et al, 2007/, Brain et

., 1998; Brain et al, 2002; Calamari et al, 1990; Freeman et al, 1999; Hall et al,
2013 Hoch et al, 2013; Koenig et al, 2018; Lydon et al, 2013; Wells et al, 1999),
tvvo on HRV (Koenig et al, 2018; Welch et al, 2008), and four on EDA (Brain et

. 1998; Ferguson et al, 2019; Welch et al, 2008; Wells et al, 1999). Two types
of studies characterized the majority of these studies: lab-studies, using imagery
scripts (n = 4) (Brain et al, 1998; Brain et al, 2002; Welch et al, 2008; Wells et al,
1999), and studies focusing on the pattern of physiological parameters pre, during
and/or post actual occurrences of self-harm (n = 6) (Barrera et al, 2007, Calamari
et al, 1990; Ferguson et al, 2019; Freeman et al, 1999; Hall et al, 2013; Hoch et al,
2013, Lydon et al, 2013). Furthermore, one study examined the relation between
physiology and frequency of self-harm in a longitudinal manner (Koenig et al,
2018). Due to a larger variation in study designs than between-subject studies (see
above), the results regarding within-subject studies are presented by type of study.

Imagery studies

Imagery studies used personalized guided imagery scripts depicting an actual
episode of self-harm. Participants had their eyes closed during imagery pres-
entation and were instructed to concentrate on the imagery details. The scripts,
which were presented in a counterbalanced order, consisted of four stages: scene
setting, approach, incident, and consequence. A significant increase in psycho-
physiological arousal between scene setting and approach was demonstrated for
HR (Brain et al, 1998; Brain et al, 2002; Wells et al, 1999)". For SCL and SCR no
significant change (Brain et al, 1998; Welch et al, 2008) or a significant increase
was found (Wells et al, 1999) at this stage. At the incident stage when actual self-
harm was imaged, a decrease was found for HR (Brain et al, 1998, Brain et al,
2002; Wells et al, 1999), SCL (Brain et al, 1998; Wells et al, 1999) and SCR (Welch
et al, 2008). The reduction in physiological parameters was maintained at the
final stage when the immediate consequences of the act of self-mutilation were
imaged in terms of HR (Brain et al, 1998; Brain et al, 2002; Wells et al, 1999), SCL
(Brain et al, 1998; Wells et al, 1999) and SCR (Welch et al, 2008). No significant
changes in HRV (RSA) were found between stages (Welch et al, 2008).

Studies assessing actual occurrences of self-harm

Six studies focused on the pattern of physiological parameters prior, during and/
or post actual occurrences of self-harm, which were all case-studies. One study
found an increase in HR prior to self-harm (Barrera et al, 2007) and one study
found an increase in EDA prior to self-harm (Ferguson et al, 2019). However, three

7 From the study of Wells et al. (1999), the results of the self-cutting group are described. For the
results on the nail-biting groups, see Appendix 3C.
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studies found no significant change in HR prior to self-harm (Freeman et al, 1999;
Hochetal, 2013; Lydon et al, 2013). One study found mean HR to be lower during
self-harm than during non-self-harm (Barrera et al, 2007). The study of Lydon et
al. (2013) reported for one participant no significant differences in HR during occur-
rences of self-harm versus non-occurrences but for the other participant HR during
self-harm was higher than HR during non-occurrences. Also, three studies (Free
man et al, 1999; Hall et al, 2013, Lydon et al, 2013) found that self-harm resulted in
a (slight) increase in HR. However, one study found a decrease in HR after self-harm
(Barrera et al, 2007). Ferguson et al. (2019) found that EDA returmed to baseline after
self-harm in 56% of the cases. Moreover, one study found no significant associa-
tions between self-harm and HR post incident (Hoch et al, 2013).

Changes over time

A longitudinal study showed that changes in frequency of self-harm were not
associated with changes in HR nor to changes in HRV from baseline to one-year
follow-up (Koenig et al, 2018).

DISCUSSION

This systematic review aimed to provide a comprehensive overview of the cur-
rent knowledge on the association between self-harm and physiology. A large
variation in study design, experiments, physiological parameters and measure-
ment instruments was found. The relation between self-harm and three physio-
logical parameters was analysed: HR, HRV and EDA.

Main results

We included 46 studies, of which 37 used a between-subject comparison de-
sign and 13 studied the association using a within-subject comparison design.
Regarding studies using a between-subject design, we found no consistent rela-
tion between EDA, HR and self-harm. However, studies on HRV showed indica-
tions for differences in physiology between people with and without self-harm,
especially for recovery measures. Lower HRV in people with self-harm during
recovery was found across studies that reported significant differences between
people with and without self-harm.

Regarding studies using a within-subject design we found interesting differ-
ences between imagery studies, and studies examining physiology prior, during
and after actual self-harm. While, studies examining physiology prior, during and
after actual occurrences of self-harm found contradictory results. Imagery stud-
les found changes in HR and SC across different stages of self-harm imagery
scripts with an increased HR between scene setting and approach stages, and a
decrease in HR and SC when and after actual self-harm was imaged.
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Interpretation of results

Our finding that HRV showed more often significant results in relation to self-
harm than EDA and HR is in line with the outcomes of the studies by Goreis et
al. (2023) and Bellato et al. (2023). This results might be related to the different
branches of the ANS (sympathetic, parasympathetic) the various physiological
parameters are related to (Behnke et al, 2022) or to sample characteristics (stud-
les on HRV included mainly only females whereas studies on EDA included main-
ly mixed samples).

With regard to HRV recovery, several studies reported poorer recovery/ pre-
served arousal after a painful or stressful experience in people with self-harm.
This physiological response could possibly indicate that these persons have dif-
ficulties to regulate their physiological response and to regulate their emotions,
which can result in turning into maladaptive strategies, such as self-harm. This
supports the emotion regulating function of self-harm reported by observa-
tional and self-report-studies (Nock, 2010). The function of emotion-regulation
is further supported by imagery studies that found a decrease in HR and SCL/
SCR when and after an actual self-harm incident was depicted. This decrease in
arousal can be considered as a (negative intrapersonal) reinforcement for self-
harm behaviour. However, it should be noted that HRV is influenced by many
factors such as medication, circadian rhythms, core body temperature, metabo-
lism, the sleep cycle and hormones and most included studies did not control for
all these factors (Pham et al, 2021; Reyes del Paso et al, 2013; Shaffer et al, 2014).

Although this review found preliminary support for a relation between self-
harm and ANS functioning, most results were non-significant and heteroge-
neous. This might be partially explained by classification bias: multiple studies
included participants in the self-harm group when they only had engaged in
self-harm once in their lifetime. This subgroup may differ in their physiological
profile from those individuals that recently or frequently engage in self-harm,
with persons engaging more frequent in self-harm having larger alterations in
physiology (Willis et al, 2018). However, very few studies examined (frequent)
current or recent (within last 6 months) self-harm, which might explain non-sig-
nificant results.

Another factor which could contribute to the non-significant and heteroge-
neous results might be that various forms of self-harm were included in most
studies. Self-harm has been hypothesized to serve different functions, each
of which may be characterized by different physiology profiles. For instance,
downregulation of high arousal and upregulation of low arousal most likely re-
sult in different physiological patterns. Similarly, self-harm as a means to regulate
arousal or self-harm to regulate interpersonal situations might result in different
physiological profiles (Fox et al, 2018; Nock, 2010). Bellato et al. (2023) found
no association between EDA and self-harm when all types of self-harm were
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considered together, but specifically non-suicidal self-harm showed increased
EDA, while studies that did not distinguish between different types of self-harm
(suicidal ideation, suicidal self-harm, and non-suicidal self-harm) reported re-
duced EDA.

Future research

Several recommendations for future research can be given on the basis of the
results of the current systematic review. First, studies are needed that focus on
understanding the relation between physiological parameters and different types
and functions of self-harm. Future studies could examine physiology separately
for different types of self-harm, with different functions (as assessed with func-
tional assessment) to explore whether distinct physiological patterns can be ob-
served. Furthermore, studying the combination of physiological parameters with
soctal or personal factors in relation to self-harm could enhance the understand-
Ing of risk factors and functions of self-harm, and improve the prediction of self-
harm. For instance, Nelson et al. (2023) found that resting HR was not associated
with self-harm in main effects analyses, but the interaction between peer conflict
and resting HR at baseline significantly predicted the frequency of self-harm at
follow-up, such that adolescents who experienced greater peer conflict and who
exhibited a higher resting HR were at greater risk for self-harm across 1 year of
early adolescence.

Second, future studies could examine the effectiveness of multimodal predic-
tive models with a combination of physiological parameters when studying the
relationship between self-harm and physiology. All studies included in this review
used univariate analysis, studying physiological parameters separately. Ghiasi et
al. (2020) proposed new indices that combine HRV and EDA. They demonstrated
that the understanding of the balance between sympathetic and parasympathet-
IC nervous system activity can be improved by combining certain measures de-
rived from HRV and EDA. They measured HRV and EDA in healthy controls during
pain and exposure to emotional stimull. Results showed significant differences
in the combined value of HRV and EDA between the periods when participants
were subjected to the pain induction and when they were in a resting state be-
forenand. Furthermore, Imbiriba et al. (2023) studied a combination of cardiovas-
cular activity, EDA, and motion with a wearable biosensor in youths with autism
(42.8% intellectual disability). Results showed that, using machine learning with
time-stamped mobile behaviour annotation and a combination of physiologi-
cal signals, could predict self-harm three minutes prior to self-harm behaviour.
Also research into detecting stress using machine learning with a combination of
physiological parameters have achieved high accuracy in classifying stress levels
(Masino et al, 2019; Patlar Akbulut et al,, 2020).

Third, very few studies used daily-life assessment. Advancements in technolo-
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gy have improved the validity and reliability of measurements of ANS activity us-
Ing wearable technology, enabling the possibilities of daily-life assessment. How-
ever, from the current study it was evident that the majority of studies included
lab-based experiments. Lab-based research increases our understanding of dif-
ferences in ANS reactivity to pain or environmental stressors between people
who self-harm versus people without history of self-harm. However, these stud-
les have limited ecological validity and provide no direct information of physiolo-
gy before, during and after self-harm incidents. Therefore, future research should
focus on measuring physiology in daily life, before, during and after self-harm to
better understand the relationship between ANS activity and self-harm.

Fourth, more longitudinal research and larger samples are needed. This review
included only four longitudinal studies. Longitudinal studies would improve our
knowledge into the trajectories of alterations in physiology with regard to self-harm
(Goreis et al, 2023). Moreover, only four of the included studies had a large sample.
Also, larger samples are required to gain more insight in the role of comorbidity in
altered physiology (Goreis et al, 2023), because self-harm has a high psychiatric
comorbidity (Ghinea et al, 2020) but few studies yet controlled for comorbidity.

Fifth, future studies should also include people with intellectual disabilities.
While, self-harm is highly prevalent among individuals with intellectual disabili-
ties, only a few studies to date have studied the relation between self-harm and
physiological parameters in this population. All of the studies included in this
review that studied the relation between self-harm and ANS activity in individuals
with intellectual disabilities were case studies. Even though case studies (using
direct observations) offer valuable insights into the relation between self-harm
and physiology, case studies are prone to bias regarding inclusion. They are often
based on prevalent cases and on a sample of convenience (Porta, 2014). The risk
of bias and quality assessment showed that all case-studies indeed had a degree
of risk of bias regarding inclusion. To make more robust conclusions regarding
the association between self-harm and physiology in this population and inform
clinical practice, larger-scale studies are needed and meta-analyses can be used
to better understand single case design across subjects.

Sixth, future research could compare physiological correlates of self-harm and
physical aggression. Self-harm and aggression often co-occur, this co-occurrence
is called dual-harm. The cognitive-emotional model of dual-harm highlights that
emotion regulation is a function of both self-harm and aggression (Shafti et al,
2021). Noticeable, for aggression, heart rate in rest has repeatedly found to be the
best physiological predictor (Lorber, 2004; Ortiz & Raine, 2004; Portnoy & Farring-
ton, 2015), this was not found for self-harm in the current systematic review. Direct
comparison between physiological correlates of self-harm and physical aggres-
sion has not yet been studied, future studies comparing physiological parameters
in relation to aggression and self-harm could provide important knowledge on
functions and markers which could be used for prevention and treatment.
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Finally, an important factor to consider in future studies is the composition of
gender. The majority of studies included only females, except for studies on EDA,
N which the majority studied mixed samples. Studies often excluded males be-
cause of the moderating role of gender. Because of this little is known about
physiology, especially HR and HRV, in males who self-harm.

Limitations

A limitation of the study is the quality and risk of bias assessment, because of
different study designs we used different standardized quality assessment instru-
ments. The majority of studies were assessed with the NOS. This scale is often
used in systematic reviews. Stang (2010) wrote a critical evaluation of the NOS.
Based on this criticism, we adjusted a number of items to improve the quality
assessment (see Appendix 3B). Furthermore, we independently scored all studies
with two authors, discussed any differences and reached good interrater-agree-
ment. However, some items were still vulnerable to subjective interpretation or
difficult to apply to all different studies and no differential weighting of items was
applied. The quality assessment should therefore be interpreted with caution.

Clinical implications

The results provide support for the importance of emotion regulation therapy
for persons who self-harm. Coping strategies in general and avoidance-based
strategies in particular may be important targets for the treatment of self-harm
(Glordano et al, 2023; Guerdjikova et al, 2014). A mixed-method study by Ataie et
al. (2022) investigated the effectiveness of emotion regulation therapy in adoles-
cents with self-harm behaviour. After intervention participants quit self-harming
behaviours and stated that they had replaced avoidance with new strategies such
as distraction and acceptance to regulate their emotions.

Unfortunately, current knowledge regarding physiology in relation to self-
harm incidents in daily life is still insufficient to use physiological data, for example
by using wearable biosensors, for assessment and prevention of self-injury in
clinical practice.

What this paper adds

This systematic review is the first review that provides a comprehensive overview
of studies on the relation between self-harm and physiology, with no limitations
to study design and including studies with persons with intellectual disabilities.
Imagery studies found changes in HR and SC across different stages of self-harm
imagery scripts. Moreover, between subject studies on HRV showed preliminary
indications for differences in physiology between people with and without self-
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harm, especially for recovery measures, possibly suggesting problems in emo-
tion-regulation in people with self-harm. No consistent findings were found of
studies in which self-harm was studied before, during or after actual occurrences
of self-harm. Though advancements in technology have improved the validi-
ty and reliability of measurements of ANS activity using wearable technology,
thereby enabling the possibilities of daily-life assessment, the majority of stud-
les included lab-based experiments with limited ecological validity. Furthermore,
although persons with intellectual disabilities are at increased risk of self-harm,
they were only included in a minority of studies. Future research should therefore
focus on measuring physiology in daily life before, during and after self-harm
in persons with intellectual disabilities to better understand the relationship be-
tween ANS activity and self-harm. This could result in improved risk assessment,
prevention and treatment of self-harm.
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Appendix 3A
1 (Psychophysiolog* or physiolog* or “autonomic nervous
system” or “sympathetic” or “parasympathetic” or arousal) mp.
2 HR(V) ("heart rate” or heartrate* or “cardiovascular reacti*” or

“cardiac reacti*” or “cardiovascular respons*” or “cardiac
respons*” or electrocardiograph* or HRV or “pre-ejection
period*” or “respiratory sinus arrhythmia”). mp.

3SC (GSR or electrophysiolog* or galvanic or electrodermal
or psychogalvanic or ((skin or dermal) adj4 (response* or
electr* or conduct* or resist* or potential*))). mp.

4 Self-harm (“self-harm™*” or selfharm* or “auto-mutilati*” or automuti-
lati* or “self-mutilati*” or selfmutilati* or “auto-aggressi*”or
autoagressi* or “self-injur*” or selfinjur* or “para-suicid*”
or parasuicid* or NSSI or “self-inflict*” or selfinflict*or “self-
damag*” or selfdamag* or “self-destruct*” or selfdestruct*
or ((harm* or hurt* or injur*) adj2 oneself)). mp.

5 Physiology lor2or3

6 Physiology + self-harm 4 and 5

1 TS=(Psychophysiolog* OR physiolog* OR "autonomic

nervous system” OR “sympathetic” OR “parasympathetic”
OR arousal)

2 HR(V) TS=("heart rate*” OR heartrate* OR “cardiovascular reac-
ti*" OR "cardiac reacti*” OR "cardiovascular respons*” OR
‘cardiac respons*” OR electrocardiograph* OR HRV OR
"pre-ejection period* OR “respiratory sinus arrhythmia”)

3SC TS=(GSR OR electrophysiolog* OR galvanic OR electro-
dermal OR psychogalvanic OR ((skin OR dermal) NEAR/3
(response* OR electr* OR conduct* OR resist* OR
potential*)))

4 Self-harm TS=("self-harm*" OR selfharm* OR "auto-mutilati*” OR
automutilati* OR “self-mutilati*” OR selfmutilati* OR
‘auto-aggressi*” OR autoagressi* OR “self-injur*” OR
selfinjur* OR "para-suicid*” OR parasuicid* OR NSSI OR
“self-inflict*” OR "selfinflict*" OR "self-damag*” OR self-
damag* or "self-destruct*” OR selfdestruct* OR ((harm*
OR hurt* OR injur*) NEAR/1 oneself))
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Appendix 3B

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE CASE
CONTROL STUDIES

Note: A study can be awarded a maximum of one star for each numbered item
within the Selection and Exposure categories. A maximum of two stars can be
given for Comparability.

Selection
1) Is the case definition adequate (SIB or no SIB)?

a) Yes, with independent validation *

Observation with second observer with agreement classified as very good,
such as Cohen's kappa of 0.80 (Cohen, 1960; McHugh, 2012) or higher.

Or a questionnaire with, in psychometric studies established, positive evidence
for reliability and validity.

b) Yes, e.g. record linkage or based on self-reports

Self-developed questionnaire, non-validated questionnaire or interview. Ob-
servation without second observer or interrater reliability below 0.80.

¢) no description

2) Quality of outcome measures: physiology

a) Secure record *

HR/HRV: ECG (with two or more electrodes) or PPG

EDA: measured with electrodes placed on finger, palm of the hand or foot
(Ferreira et al, 2023; Hossain et al, 2022; van Lier et al, 2020).

b) HR/HRV not measured with ECG or PPG

EDA not measured on fingers, palm of the hand or foot.

¢) no description

3) Representativeness of the cases

a) Consecutive or clearly representative series of cases *

The study used a representative sampling method (such as random sampling):
The occurrence of non-response or dropout was minimal, and if it did happen,
it occurred randomly.

b) No representative sampling method (for example convenience sample) was
used.

High percentage of dropout or non-response: which was non-random or not
further examined.

Not enough information to evaluate the representativeness of cases.
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4) Selection of Controls

5)

(Comparable strategies of recruitment were used for both the case and control
group.)

a) The controls consist of nearly the same population as the case population®
b) No comparable population or for example: healthy controls without further
explanation

(No comparable strategies of recruitment of the SIB and control group were
used.)

Definition of Controls

a) No history of disease *
In the controls, there is no current or recent (in the past half year) SIB
b) In the controls, there is current or recent (in the past half year) SIB

Comparability
1) Comparability of cases and controls on the basis of the design or analysis

68

a) Study controls for gender (in a mixed sample) *or the groups are matched
or only males or only females are included.

b) Study controls for any additional factor * such as: borderline personality
disorder severity (if borderline personality disorder population), age, mental
disorder (PTSD, depressive disorder), etc. Or the groups are matched on one
additional factor.
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Exposure

1)_Ascertainment of exposure
a) The effect of the exposure is measured and established (in lab studies: for
example stress task is perceived as stressful, CPT is experienced as painful.) *

b) No ascertainment of exposure/ nothing reported on this matter.

2) Same method of ascertainment for cases and controls
Same method (for example same questionnaire) used to measure SIB in case
and control.

a) Yes *
b) No
Note: SIB= self-injurious behaviour.

Description of adjustments:

Beside operationalization for this systematic review, we made several adjust-
ments based on the literature:

Item 2: Deeks et al. (2003) concluded that the NOS is "suitable for use in a
systematic review" and is “easy to use’, but information on reliability and validity
1s lacking” Therefore, we added an item to evaluate the reliability and validity of
the outcome measure.

Item 4 was changed based on Stang (2010), who stated “epidemiologic methods
teach us that there cannot be a general preference of community controls over
hospital controls because the study base principle drives the decision to sample
controls from hospitals or from communities”.

In the first item of Exposure we removed 'blinding’ because blinding is impos-
sible in many of the included studies, this in line with Stang (2010). In addition,
the effect of a researcher on the outcome measure, physiology, is minimal and
therefore blinding is less relevant.

We removed the last item of exposure (Non-Response rate) based on Stang,
(2010). ‘Identical response proportions of the case and control group Is no safe-
guard against selection bias’ Therefore we added the criteria of random non-re-
sponse/dropout’ in the third item of selection.
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Chapter 4

Changes in heart rate and electrodermal
activity after aggression in residential
treatment facilities: A multicentre study
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CHAPTER 4

ABSTRACT

Background: Aggressive behaviour frequently occurs in residential treatment
settings and can have severe negative psychological and physical consequences
on clients and staff members. Previous studies found that physiological arousal,
measured using parameters that reflect autonomic nervous system functioning
such as heart rate and electrodermal activity, increases during the period leading
up to an aggressive incident. Less is known about the course of physiological
arousal after aggression. Understanding physiological arousal post-aggression 1s
important, as lingering physiological activation may increase the risk of subse-
guent aggression through excitation transfer.

Method: The current multi-centre study examined the trajectory of physiological
arousal after an aggressive incident occurred among children, adolescents and
adults in clinical treatment centres. To this end, data from three studies on phys-
iological arousal and aggression were combined for secondary analyses which
involved 60 clients who showed 165 aggressive incidents. Care staff monitored
the aggressive behaviour of the clients. Using the Empatica E4, heart rate (HR)
and electrodermal activity (skin conductance level [SCL] and skin conductance
response [SCR]) were measured up to 30 minutes after the aggressive incident.
Results: Longitudinal multilevel models showed that, on average, heart rate (b =
-060, p =.008), SCL (b = -0.10, p =.002), and SCR (b = -0.11, p = .002) decreased
over the course of 30 minutes after aggressive incidents. However, despite an
overall decrease in physiological parameters, latent class growth curve analyses
revealed that subgroups of clients exist that follow different trajectories in heart
rate and electrodermal activity after the aggressive incidents, showing decreas-
ing, stable, or increasing patterns of physiological arousal.

Conclusion: The findings suggest heterogeneity in post-aggression physiolog-
ical responses which highlights the need for individualized approaches in man-
aging aggression.
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INTRODUCTION

Aggressive behaviour from clients is common in residential treatment facilities
(Bowring et al, 2017; Frowijn et al, 2024; van Swieten et al, 2024; Verstegen et
al, 2020; Weltens et al, 2021). In the current study, we defined aggression as be-
havioural acts, either verbal or physical, intended to harm another person, oneself
or an object (Bjorkgvist & Niemela, 1992). A systematic review found that 65 to
99% of staff members in residential treatment settings experienced some form
of aggression during their careers, involving physical aggression in 38 to 82% of
cases (Weltens et al, 2021). The percentages of clients who exhibited aggres-
sion ranged from 75 to 75.9%, with a weighted mean of 23%. An increased risk
for aggression was found in clients with mild intellectual disability or borderline
intellectual functioning (MID-BIF; Nieuwenhuis et al, 2022; Weltens et al, 2021).

Aggression can have severe negative psychological and physical conse-
guences for both the client showing the behaviour, group members and support
staff. For the client, it may hinder rehabilitation by affecting the therapeutic alli-
ance (Stevenson & Taylor, 2020) and requiring safety measures, such as seclu-
sion, to protect all involved (Cowman et al, 2017; Vruwink et al, 2022). For group
members, it can negatively impact the perceived safety, thereby influencing the
overall group climate. The group climate, in turn, can affect the likelihood of fur-
ther aggressive incidents (van den Tillaart et al, 2018). For support staff, clients’
aggression can create an unsafe working environment, causing feelings of anger,
fear, and physical injury (Frowijn et al, 2024; Verstegen et al, 2024). Staff exposed
to frequent or severe aggression report increased sick leave and burnout symp-
toms compared to staff members who do not experience aggression (De Looff
et al, 2018; Hensel et al, 2014; Kind et al, 2018). Therefore, aggression not only
contributes to staff shortage and higher workloads, but also leads to overtime
and reduced continuity in care. Ultimately, this may undermine a facility's ability
to consistently deliver safe, high-quality care (Brown & Kalaitzidis, 2013; Fanneran
et al, 2015; Luther et al, 2017; Robson & Attard, 2019).

Aggression results from a complex interplay of biological, psychological and
social factors, the so called biopsychosocial model (Steinert & Whittington, 2013).
Physiology as a component of the biopsychosocial model has gained interest
In relation to aggression (De Looff, Cornet, et al, 2022b; Lorber, 2004; Popma
& Raine, 2006). Physiology was difficult to study in real-life settings until recent
technological advancements (Johnson & Picard, 2020). Studies using these tech-
nologies show that increased physiological arousal is linked to an increased
likelihood of aggression, irrespective of its cause (Warburton & Anderson, 2018).
Physiological arousal can be measured with parameters reflecting autonomic
nervous system (ANS) functioning, such as heart rate (HR), and electrodermal
activity (EDA). EDA includes a tonic component, the skin conductance level (SCL),
which varies gradually, and a phasic component, the skin conductance response
(SCR), which reflects rapid responses to stimuli (Boucsein, 2012). A meta-analysis
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on aggression and physiology even reported that some physiological indicators
had larger effect sizes than several psychosocial risk factors (De Looff, Cornet,
et al, 2022b). This might suggest that combining physiological measures with
psychosocial information may provide deeper insights into the assessment and
treatment of aggression (De Looff et al, 2022). For example, Goodwin et al. (2019)
suggested that aggression toward others could be predicted one minute in ad-
vance using three minutes of prior biosensor data (HRV and EDA). Similarly, De
Looff et al. (2019) found significant increases in HR, SCL and SCR in clients with
MID-BIF 20 minutes on average before aggression occurred.

While few studies have investigated physiological arousal preceding aggression,
even less is known about physiological arousal after aggression. Understanding
post-incident physiological arousal is important due to the phenomenon of excita-
tion transfer (Zillmann, 1971). This phenomenon occurs when increased physiological
arousal from a previous incident has decreased but not fully dissipated. Often, physi-
ological arousal takes longer to dissipate than individuals realize (Groves & Anderson,
2016). For example, Nakajima et al. (2017) found that college students had elevated
HR after exercising vigorously for one minute, despite believing their physiological
arousal had returned to baseline. If provoked before the initial physiological arousal
has fully dissipated, a person may misattribute the lingering physiological arousal to
the new provocation. This heightened state of physiological arousal may predispose
a person to respond with aggression in response to relatively minor provocations.

Most studies that investigated physiological arousal after aggression used self-re-
porting rather than physiological measures. Ferguson et al. (2018), for example, found
reductions in subjective arousal (self-reported stress) after participants engaged in ag-
gression. Also, Daffern and Howells (2009) found that aggression in clients in a secure
setting often had the function of tension reduction. Verona and Sullivan (2008) used
physiological measures and observed reductions in HR after aggressive, but not non-
aggressive responses to interpersonal stressors. However, this study was limited to a
laboratory setting and involved only mild forms of aggression. Based on aforemen-
tioned studies we hypothesize that some form of downregulation into homeostasis
on a physiological level should be apparent after aggression. To our knowledge, no
studies have been conducted that measure physiological parameters after aggression
N naturalistic settings. Knowledge about physiological arousal after aggression as it
occurs in naturalistic settings may inform the development of strategies for under-
standing, preventing, and managing recurrent aggression.

Advancements in wearable technology have enabled continuous, non-inva-
sive measurement of ANS activity in real-life settings (Johnson & Picard, 2020).
These technologies make it possible to study the relationship between aggres-
sion and physiological parameters not only in lab settings but also in real-life
contexts. The present study aimed to investigate the level and course of physio-
logical arousal after aggression in children, adolescents, and adults using repeated
physiological measurements in daily life. It was hypothesized that HR, SCL and
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SCR would decrease in the 30 minutes after aggressive incidents. Additionally,
the study explored whether distinct subgroups with different post-incident phys-
1ological arousal trajectories could be distinguished, and whether these patterns
relate to specific subtypes of aggression (verbal aggression, aggression towards
objects, auto-aggression and physical aggression towards others).

METHOD
Setting

For this study, data from three studies on physiological arousal and aggression
were combined for secondary analyses (De Looff et al, 2019; Hagoort et al,, 2025;
Nijhof et al, 2023). Hagoort et al. (2025) studied the feasibility of using wear-
ables in clinical care, while Njhof et al. (2023) and De Looff et al. (2019) studied
physiological changes preceding aggression in residential youth care and foren-
sic psychiatry, respectively. Hagoort et al. (2025) collected data at the University
Medical Centre Utrecht (UMCU) child psychiatric inpatient treatment facility in the
Netherlands. This centre offers treatment to children aged 6 to 14 years with severe
developmental problems and includes an inpatient ward for weekday stays, includ-
ing evenings and nights, and a daycare unit operating from 8:00 am. to 3:00 p.m.
on weekdays. Most children attend a nearby special education school for part of
the day. Data from the study by Nijhof et al. (2023) were collected from three Dutch
residential facilities (Pluryn, Juzt, and Levvel) specialised in treating youth aged 10
to 18 years with externalizing behavioural problems. Data from the study by De
Looff et al. (2019) were collected from four (forensic) inpatient treatment facilities in
the Netherlands. These facilities provide treatment to adults with MID-BIF (IQ 50 -
85) and comorbid severe psychiatric and/or behavioural disorders.

Participants

All participants (N = 60), and their legal guardians when applicable, provided writ-
ten informed consent before study participation for the use of their anonymous
data in research. Some participants dropped out and were therefore excluded
from this study, because they refused to wear the watch measuring physiological
data, or withdrew consent (De Borg N = 4; Pluryn, Juzt and Levvel N = 6; UMC
N = 0). Furthermore, participants who did not engage in aggressive incidents
during the study period (as scored with the Modified Overt Aggression Scale plus
[MOASH+], see Procedure) were also excluded.

The initial sample in the study by Hagoort et al. (2025) included 30 children,
without applying specific inclusion or exclusion criteria for participation. From
this sample, the current study included® 14 boys and two girls with a mean age

8 Based on the inclusion criteria described above in combination with exclusion based on artefact

correction, described in Statistical analysis. 199
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of 894 years (SD = 181, range: 6-12). The most prevalent primary DSM-5 (Amer-
ican Psychiatric Association, 2013) diagnoses were attention deficit hyperactivity
disorder (ADHD; n = 10), autism spectrum disorder (ASD; n = 7), and oppositional
defiant disorder (ODD; n = 3). Participants had an IQ above 80.

Nijhof et al. (2023) initially selected 25 adolescents aged 12-18 years with fre-
quent rates of reactive aggression (i.e, arising from frustration or emotions) and
an 1Q above 70. All participants had an expected residential stay longer than 3
months, access to a mobile phone, and staff deemed the risk of damaging or
selling the Empatica (see below) as low. Their mean age was 1573 years (SD
= 166). Common primary DSM-5 diagnoses were posttraumatic stress disorder
(PTSD; n = 4), reactive attachment disorder (n = 4), ADHD (n = 3) and ASD (n = 3).
For one participant, no psychiatric evaluation was performed. From this sample,
the current study included® 17 adolescents, including five males and 12 females.

De Looff et al. (2019) initially selected 104 adults with MID-BIF without inclu-
sion or exclusion criteria for participation. Support staff reported one or more ag-
gressive incidents for 36 participants. Of the participants that showed aggression
during the study period, the current study included?® 27 adults including 17 males
and 10 females, with a mean age of 29.00 years (SD = 766; range: 18-46 years).
DSM-5 diagnoses included: substance use disorders (n =17), PTSD (n = 2), schizo-
phrenia spectrum and other psychotic disorders (n = 6), ASD (n = 6), unspecified
personality disorder (n = 4), ADHD (n = 3), disruptive impulse control and conduct
disorders (n = 2), and depressive disorder (n = 1).

The combined sample of the current study included 60 participants: 16 chil-
dren, 17 adolescents and 27 adults.

Measures and materials

Heart rate and electrodermal activity

HR and EDA were measured with the Empatica E4 wristband (Garbarino et al,
2014). The Empatica E4 measures EDA, peripheral skin temperature, blood volume
pulse (BVP) from which HR and inter-beat-interval are derived, and motion with a
3-axis accelerometer. Participants of the studies by Hagoort et al. (2025) and De
Looff et al. (2019) wore the Empatica E4 on their non-dominant hand and partic-
ipants of the study by Nijhof et al. (2023) wore the Empatica E4 on their preferred
hand. HR was expressed in beats per minute (bpm), SCL was measured in Micro
siemens (uS), and SCR was expressed in Peaks Per Minute (PPM). Both SCL and
SCR are parameters of EDA. HR and EDA measurements on the wrists are prone
to artifacts, for example because of movement or pressure on the electrodes and
devices (Boucsein, 2012; De Looff et al, 2022). To address this issue, the current
study used several packages that are available to detect artifacts, pre-process the
signals, and extract relevant features (Kleckner et al, 2017; Martinez et al, 2017,
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Wickham et al, 2019). The physiological signals were automatically checked by
automated recognition software (Kleckner et al, 2017; Taylor et al, 2015) with the
use of the E4 dashboard, the new version of the Wearalize dashboard, and the
wearables package in R which incorporates several algorithms for pre-preproc-
essing and batch analyses (De Looff, Duursma, et al, 2022).

Aggressive incidents

For the data collected for the studies by Nijhof et al. (2023) and De Looff et al.
(2019), staff members observed aggression and assessed the type of aggression
using the MOAS+ (Crocker et al, 2006; Drieschner et al, 2013; Oliver et al, 2007).
The MOAS+ categorizes aggression into verbal aggression, physical aggression,
aggression against objects, sexual aggression, and auto-aggression (self-harm).
The MOAS+ demonstrated good reliability, with Cohen's kappa values ranging
from .65 to .90 (Oliver et al, 2007).

Hagoort et al. (2025) collected behavioural data in two complementary ways.
First, staff members recorded child observations for diagnostic purposes in the
electronic client file, according to the facility's standard procedures. Second, all
agitated and potentially aggressive behaviours were recorded by independent
observers (research interns) and/or staff members or teachers. These recordings
included the timeframe and a description of the behaviour. For the current study,
two researchers (MvS and IN) independently coded these incident reports using
the MOAS+ to classify the behaviour as aggressive or non-aggressive. Incidents
that did not fall into any of the MOAS+ categories or lacked sufficient observa-
tions were excluded. Additionally, the type of aggression was independently cod-
ed by both researchers. If multiple types of aggression occurred during a single
incident, the most severe form was selected for statistical analyses (see Statistical
analysis). According to MOAS+ scoring, the severity order of aggression types
was: physical aggression, auto-aggression, aggression against property and ver-
bal aggression. Cohen’s kappa indicated substantial inter-rater agreement® (i =
72). Discrepancies were resolved through discussion between the two research-
ers who coded the incident reports to reach consensus.

Procedure

All three studies that provided the data for the current study were conducted
in accordance with the Declaration of Helsinki's ethical principles for research
Involving human participants.

The ethics approval of the study by Hagoort et al. (2025) from which the UMCU
data was obtained was reviewed by the Medical Research Ethics Committee at
UMCU, the Netherlands (18-886). The study was evaluated as no research related

9 Based on the most severe subtype of aggression if multiple types of aggression were observed
during one incident.
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medical ethical approval needed’ because it imposed minimal additional burden
on the client without interrupting or changing their regular clinical program. Par-
ticipants received an information letter available in three versions: one for par-
ticipants under the age of 12, one for participants aged 12 and older, and one
for parents. Parents were contacted by phone to provide information about the
study. Following this, detailed study information was sent to them. Subsequent-
ly, parents and participants were given time to consider participation. Children
recelved additional explanations to ensure clarity and address any questions. If
participation was agreed upon, the parents and/or the child signed the informed
consent form. For participants aged 12 and older, both the child and the parents
signed the consent form. Data were collected at UMCU between April 2019 and
January 2021. Participants wore the Empatica E4 five days during one week. Chil-
dren admitted for clinical treatment wore the Empatica E4 from 8 am. to 8 pm.,,
while children in day treatment wore the Empatica E4 from 8 pm. to 3 p.m.

The study protocol by Nijhof et al. (2023), from which the data of Pluryn, Juzt,
and Levvel was obtained was reviewed by the Medical Ethical Committee of Am-
hem-Nimegen and was evaluated as compliant with the Dutch Law on Medical
Research in Humans, requiring no further ethical approval (refno. NL63138.091.17).
Clinicians identified potential participants. These adolescents and their legal guard-
lans were informed through an information letter. Nijhof et al. (2023) collected data
between April 2018 and October 2018. Participants wore the Empatica E4 for a total
of three weeks during the daytime. To register the timing of incidents, staff members
could use a watch to timestamp the exact moment they observed aggression.

Ethical approval for the study of De Looff et al. (2019), from which the data
of De Borg was obtained, was granted by the Ethics Committee of the Faculty
of Social Sciences of Radboud University Nijmegen (ECSW2015-1901-282). The
participants were invited and informed about the study through email, flyers and
posters. De Looff and colleagues (2019) collected data between May 2015 and
August 2017 Data were collected throughout five consecutive days during the
daytime. To register the timing of incidents, staff could use a watch to timestamp
the exact moment they observed aggression.

Statistical analysis

For this study, physiological data from the 30 minutes after an aggression inci-
dent were extracted and divided into six 5-minute epochs. For each epoch, the
average HR, SCL, SCR, movement and temperature were calculated. Similarly to
the study by De Looff et al. (2019), only epochs with less than 25% artefacts in the
EDA signal were included. Incidents occurring within 30 minutes of another ag-
gressive incident by the same client were considered overlapping and not treated
as independent. In such cases, the last recorded registration of aggression within
the timeframe was used for analysis.
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To determine whether physiological arousal significantly decreased within
the 30 minutes after aggression, separate multilevel analyses were conducted
for each physiological parameter (HR and EDA-parameters SCL and SCR). The
data structure included three levels: six 5-minute epochs (Level 1) nested within
incidents (Level 2), nested within individuals (Level 3). De Looff et al. (2019) and
Nijhof et al. (2023), who analysed the 30 minutes preceding aggression, found
that modelling the third level did not substantially improve explained variance
or model fit. To assess this for the current study, null-models were first fitted for
both the two-level model (with incidents as the highest level) and the three-level
model (with epochs nested in incidents nested within individuals). Deviance tests
determined whether adding the third individual level improved model fit. The
three-level model significantly outperformed the two-level model for all physio-
logical parameters, as indicated by lower AIC values (HR: AAIC = 7543, SCL: AAIC
= 1285, SCR: AAIC = 12.12) and significantly lower model deviance (HR: ¥2(1) =
7777 p < .001, SCL: ¥2(1) = 14.85, p < .001, SCR: »*(1) = 1412, p < 001). Therefore,
the three-level structure was used in subsequent analyses.

For each outcome measure, the same model building strategy was used.
First, the fixed part of the model was constructed, followed by the random part.
The first model included only a linear effect of time. The starting time of the
aggressive incident that had been registered was coded as 0. Second, a quad-
ratic effect of time was added. Third, time varying covariates for movement and
temperature were then added. These variables were grand mean-centred to
ensure interpretability by centering around the overall sample mean while pre-
serving both within- and between- group variation. Fourth, time-invariant co-
variates facility (reference category: De Borg) and type of aggression (reference
category: physical aggression) were added. Aggressive incidents were grouped
into two categories: verbal and physical aggression (the latter category consist-
ed of aggression towards objects, auto-aggression and physical aggression to-
wards others). This categorization was chosen due to the relatively small number
of incidents involving auto-aggression and physical aggression towards others,
which could reduce statistical power when analysing all four types of aggression
separately in the multilevel analyses. Finally, a random effect of time was added.
An autoregressive covariance structure (AR1) was tested, as it was expected that
time points closer together would be more correlated. Model improvement was
assessed using the Akaike Information Criteria (AIC) and deviance tests. When the
inclusion of additional variables resulted in lower AIC and significantly reduced
deviance, the more complex model was preferred (Heck & Thomas, 2020). In the
case of improved model fit, individual regression coefficients were examined. Sig-
nificant predictors were retained, and non-significant predictors were excluded
N subsequent models. The final model is presented in the results section, while
detailed information of each model step is provided in Appendix 4A.

133



CHAPTER 4

Following the multilevel modelling, we exploratively assessed whether un-
observed (latent) classes could be identified which follow similar growth patterns
to better capture variability in physiological arousal patterns after aggressive in-
cidents. To examine whether there are distinct growth curves of the outcome
measures over time, latent class growth curve analyses (LCGA) were performed
for HR, SCL and SCR across six 5-minute epochs after the aggressive incidents.
To identify the optimal number of classes, models with one to eight classes were
estimated to capture the variability among incidents. The best-fitting class solu-
tion was determined by the lowest values of the Bayesian Information Criterion
(BIC), AIC and AIC3 (Frankfurt et al, 2016). When BIC, AIC, and AIC3 suggested
different number of classes, a bootstrapped likelihood ratio test (BLRT) was per-
formed between the indicated models to determine the best fitting class solution,
as BLRT is considered more reliable for identifying the correct number of classes
(Nylund et al, 2007). The final class solution is reported in the results section, with
detailed model fit statistics for all tested models (one to eight classes) provided in
Appendix 4A. Labels were assigned to the classes based on variation in intercepts
and slopes. Intercepts were categorized using tertiles of the variation of HR, SCL,
and SCR at the moment of the incident (TO), categorized as low, moderate and
high. Slope labels reflected whether trajectories showed a significant increase,
decrease, or non-significant change over time. After identifying the best-fitting
class solution, we examined whether the type of aggression and incident setting
predicted latent class membership using the bias-adjusted three-step approach
(Vermunt, 2010). Results regarding type of aggression as a predictor of latent class
membership are reported in the results section. Information on the organisation
as a predictor of latent classes is provided in Appendix 4A.

RESULTS
Descriptives

Initially, 222 aggressive incidents were included, consisting of 1250 5-minute ep-
ochs. Due to an artefact percentage exceeding 25 percent, 454 epochs were
excluded. Also, four incidents were excluded due to missing data on the type
of aggression. This resulted in a total of 783 five-minute epochs from 165 inci-
dents recorded across 60 individuals included in the data analysis. Among these
individuals, 27 (45.0%) were included from De Borg, 17 (28.3%) from Pluryn, Juzt,
Levvel and 16 (26.7%) from UMCU. The number of recorded incidents per per-
son ranged from 1 to 9, with a median of 2 (interquartile range [IQR] = 3.00). Of
the incidents, 61.2% was an incident of verbal aggression, and 38.8% of physical
aggression (31.2% physical aggression towards others, 54.1% physical aggression
towards objects, 15.6% physical aggression towards oneself/auto-aggression).
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Physiological parameters after aggression

Heart rate (HR)

Table 1 shows the results of the best-fitting multilevel model for HR. The findings
showed that time has a significant negative effect on HR (b = -0.60, p = .008),
indicating that HR decreased, on average, over the 30 minutes after an aggressive
incident. Movement had a significant positive effect on HR (b = 7146, p < .001).
Figure 1 shows the regression line from the best fitting model (Model 7) and the
observed means across six 5S-minute epochs after the aggressive incidents.

Table 1
Summary of best-fitting multilevel models for HR, SCL and SCR

Fixed effects

Intercept 91.82** (1.14) 1.73** (0.27) 3.86** (0.30)
Time -0.61%* (0.23) -0.10** (0.03) -0.11* (0.05)
Movement 71.17** (11.35) 10.98** (2.00)

Random effects

Unstructured
Level 1 - 0% 86.30** a a
Level 2 —o% 2043 561** 4.43%*
Level 2 — oo 036 -0.71%* -0484**
Level 2 - 0% 048 0.13** 0.19**
Level 3 — 0% 31.25%* 1.74** 2.23*

Notes. Standard errors are in parentheses. *p < .05. **p < .01 @ Variance differs across timepoints
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Figure 1
Observed mean HR and regression line of best fitting model (Model 7) across six
5-minute epochs following aggressive incidents
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Skin conductance level (SCL)

Table 1 shows the results of the best-fitting multilevel model for SCL. The final
model showed that time had a significant negative effect on SCL (b = -0.10, p =
.002), indicating that SCL decreased over the 30 minutes after an aggressive inci-
dent. Figure 2 shows the regression line from the best-fitting model (Model 6) and
the observed means across six 5-minute epochs after the aggressive incidents.

Figure 2
Observed mean SCL and regression line of best fitting model (Model 6) across six
5-minute epochs following aggressive incidents
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Skin conductance response (SCR)

Table 1 shows the results of the best-fitting multilevel model for SCR. The final
model showed a significant negative effect of time on SCR (b = -0.11, p = .002),
suggesting that SCR decreases, on average, during the 30 minutes after an ag-
gressive incident. The covariate movement was a significant positive predictor of
SCR (b = 1098, p < .001). Figure 3 shows the regression line from the best fitting
model (Model 7) and the observed means across six 5-minute epochs after the
aggressive incidents.

Figure 3

The observed mean SCR and regression line of best fitting model (Model 7) across
six 5-minute epochs following aggressive incidents
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Distinct trajectories in physiological parameters over time

Heart rate (HR)

The LCGA results identifying distinct HR trajectories over time after aggressive
incidents showed that a six-class model fitted the data the best. The estimated
mean HR trajectories of the six-class model are shown in Figure 4. Each class
was labelled based on variations in HR intercepts and slopes. The largest class,
consisted of 31.22% of incidents, was characterized by a high HR at the time of
the incident (M = 100.39, tertile 3) and a significant decrease over time (b = -170,
95% CI [-3.03; -0.38]), labelled as 'High start value with decreasing HR' The second
class included 29.09% of incidents, characterized by a moderate HR at the time
of the incident (M = 90.84, tertile 2) and no significant change over time (b = 0.07,
95% CI [-0.77; 0.92]), labelled as ‘Moderate start value with stable HR' The third
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class consisted of 20.67% of incidents and was characterized by a moderate HR
at the time of the incident (M = 8730, tertile 2) and a significant decrease in HR
over time (b = -1.23, 95% CI [-2.19; -0.27]), labelled as 'Moderate start value with
decreasing HR' The fourth class consisted of 10.21% of incidents, characterized by
a low HR at the time of the incident (M = 7797 tertile 1) and significant decrease
in HR over time (b = -078, 95% CI [-1.60; -0.04]), labelled as 'Low start value
with decreasing HR' The fifth class comprised 6.78% of incidents, characterized
by a high HR at the time of the incident (M = 101.60, tertile 3) and a significant
increase over time (b = 2.86, 95% CI [0.11; 5.61]), labelled as 'High start value with
increasing HR. The sixth and smallest class consisted of 2.02% of incidents, was
characterized by a low HR at the time of the incident (M = 80.89, tertile 1) and no
significant change over time (b = 0.29, 95% CI [-0.26; 0.85]), labelled as 'Low start
value with stable HR. The type of aggression significantly predicted the latent
class an incident belonged to (Wald = 586.91, p < .001). Verbal aggression was
associated with the ‘Low start value with stable HR' trajectory, while aggression
against objects was associated with 'High start value with increasing HR" and Low
start value with decreasing HR' trajectories. Auto-aggression was more commaon
In 'High start value with decreasing HR, ‘Moderate start value with stable HR and
‘Low start value with stable HR' trajectories. Physical aggression was associated
to 'Moderate start value with decreasing HR;, Low start value with decreasing HR,
and ‘Moderate start value with stable HR' trajectories.

Figure 4
Estimated mean trajectories of HR following an aggressive incident for each class
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Skin conductance level (SCL)

Four distinct SCL trajectory classes were identified. The estimated mean trajec-
tories of SCL for each class are shown in Figure 5. The largest class consisted of
3748% of incidents, and was characterized by a low SCL at the time of the inci-
dent (M = 0.21, tertile 1) and no significant change over time (b = -0.01, 95% CI
[-0.01; 0.00]). This class was labelled ‘Low start value with stable SCL. The second
class included 29.12% of incidents and was characterized by a high SCL at the
time of the incident (M = 197 tertile 3) and no significant change over time (b
=-0.06, 95% CI [-0.14; 0.03]). This class was labelled ‘High start value with stable
SCL. The third class, consisting of 22.89% of incidents, was characterized by a
moderate SCL at the time of the incident (M = 0.58, tertile 2) and no significant
change over time (b = -0.01, 95% CI [-0.04; 0.02]), and was labelled as ‘Moderate
start value with stable SCL. The fourth and smallest class, comprising 10.51% of
incidents, was characterized by a high SCL at the time of the incident (M = 763,
tertile 3) and a significant decrease in SCL over time (b = -0.52, 95% CI [-0.94;
-0.09]) and was labelled as 'High start value with decreasing SCL.

Type of aggression was found to significantly predict latent class membership
(Wald = 222.42, p < .001). Verbal aggression, aggression against objects, and phys-
ical aggression were associated with a higher likelihood of following the High
start value with decreasing SCL' trajectory. Auto-aggression was more likely to
align with the 'High start value with stable SCL' and ‘Moderate start value with
stable SCU trajectories.

Figure 5
Estimated mean trajectories of SCL following an aggressive incident for each class
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Skin conductance response (SCR)

Six classes of incidents with distinct trajectories of SCR over time were identified.
The estimated mean trajectories of SCR after the incidents for each class are
shown in Figure 6. The largest class, representing 24.16% of incidents, was charac-
terized by a low SCR at the time of the incident (M = 173, tertile 1) and no signifi-
cant change over time (b = -0.07 95% CI [-0.16; 0.01]). This class was labelled 'Low
start value with stable SCR’ The second class consisted of 24.03% of incidents and
was characterized by a high SCR at the time of the incident (M = 5.09, tertile 3)
and a significant decrease over time (b = -046, 95% CI [-0.70; -0.23]), and was la-
belled as 'High start value with decreasing SCR’ The third class, comprising 22.21%
of incidents, was characterized by a moderate SCR at the time of the incident
(M = 3.83, tertile 2) and no significant change over time (b = 0.10, 95% CI [-0.02;
0.22]), and was labelled as ‘Moderate start value with stable SCR. The fourth class
consisted of 13.66% of the incidents and was characterized by a high SCR at the
time of the incident (M = 8.32, tertile 3) and no significant change in SCR over
time (b = -0.23, 95% CI [-0.47; 0.02]). This class was labelled 'High start value with
stable SCR' The fifth class included 11.02% of incidents and was characterized by
alow SCR at the time of the incident (M = 0.53, tertile 1) and a significant decrease
over time (b = -0.05, 95% CI [-0.11; -0.01]). This class was labelled 'Low start value
with decreasing SCR' The sixth and smallest class, comprising 4.93% of incidents,
was characterized by a moderate SCR at the time of the incident (M = 3.82, tertile
2) and a significant increase in SCR over time (b = 1.05, 95% CI [0.67; 1.42]), and
was labelled as ‘Moderate start value with increasing SCR.

The type of aggression significantly predicted latent class membership (Wald
= 24831, p < .001). Verbal aggression, aggression against objects, and physical
aggression were linked to the 'Low start value with decreasing SCR’ trajectory,
whereas auto-aggression was associated with the ‘Low start value with stable
SCR’ 'Moderate start value with stable SCR" and ‘Moderate start value with increas-
ing SCR’ trajectories.
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Figure 6
Estimated mean trajectories of SCR following an aggressive incident for each class
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DISCUSSION

Building on prior laboratory studies examining physiological responses after
aggression, this study investigated changes in HR, SCL and SCR during the 30
minutes after aggressive incidents in a naturalistic setting. On average, all three
parameters declined over time. However, distinct patterns of change emerged.
LCGA revealed subgroups with different trajectories: some showed the expect-
ed decreases, while others had stable or increasing patterns. This highlights the
heterogeneity of post-aggression physiological responses. Although the type of
aggression did not predict the overall decrease across parameters, it was signifi-
cantly associated with the trajectory subgroup the incident belonged to, suggest-
Ing behaviour type influences the course of physiological recovery.

Main Results

The observed decrease in physiological arousal after aggressive incidents aligns
with earlier findings, such as those by Verona and Sullivan (2008) and Hokan-
son and Burgess (1962), who reported HR reductions after aggression in labo-
ratory settings. Our study expands on this by including additional physiologi-
cal parameters — SCL and SCR — which also showed decreases after aggression.
Importantly, by examining aggression in a naturalistic rather than a controlled
environment, our findings provide greater ecological validity. It has been sug-
gested that the overall decrease in physiological arousal may reflect a regulatory
function of aggression in response to heightened emotional states (Roberton et
al, 2012). This interpretation fits with the frustration-aggression hypothesis, which
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proposes that negative emotions following aversive events, such as frustration,
lead to physiological over-arousal that motivates aggression (Berkowitz, 1993).
In this framework, overall, aggression may serve as a mechanism through which
individuals reduce arousal.

Heterogeneity in physiological patterns

Despite the overall decrease in HR, SCL and SCR over time, considerable hetero-
geneity was observed in the trajectories of participants’ physiological responses
after the aggressive incidents. The majority (62%) of incidents fell into a sub-
group where participants’ HR decreased within 30 minutes after the incident.
In contrast, only about one-third (35%) of incidents showed a decrease in SCR,
and a mere 11% showed decreasing SCL trajectories. These differences between
physiological indices may be partly explained by the different ANS mechanisms
underlying each measure (Behnke et al, 2022). HR is influenced by both the sym-
pathetic and parasympathetic branches of the ANS (Jarczok et al, 2013), while
SCL and SCR are primarily regulated by the sympathetic nervous system (SNS)
(Boucsein, 2012). SNS activation drives the body's “fight or flight” response, while
parasympathetic nervous system (PNS) activity promotes a ‘rest and digest” state
(Berntson et al, 2008; Porges, 2007). After a stressor ends, PNS dominance typ-
ically resumes to restore homeostasis (Kahle et al, 2016). Because SCR and SCL
are not affected by parasympathetic activation, their return to baseline may be
slower than HR. Furthermore, while both SCL and SCR reflect SNS activity, they
capture different aspects of arousal (Zhang et al, 2014). SCL is thought to repre-
sent a more general level of activation, whereas SCR is more closely associated
with immediate emotional reactions to specific stimuli or events (Boucsein, 2012;
Christopoulos et al, 2019).

In addition to decreasing trajectories, stable (31% HR, 60% SCR, 89% SCL) and
even increasing trajectories (7% HR, 11% SCR) were observed. This suggests that
not all aggressive incidents result in decreased physiological arousal and suggest
that various moderating factors may influence these outcomes. Measures of ANS
activity exhibit circadian rhythms, with fluctuations throughout the day (Jarczok
et al, 2019), which may partly explain the variability in physiological patterns.
Individual differences in stress reactivity and recovery also likely contribute to
the variability in trajectories. According to Wilder's Law of Initial Values, the phys-
1ological response is partly dependent on the baseline level prior to the event
(Everly & Lating Jr, 2019; Wilder, 1950). Additionally, cognitive expectancies of the
aggressor may modulate the physiological response. Bushman (2002) found that
aggression functioned as a form of emotion regulation only for individuals who
believed that aggression would reduce their negative emotions. This suggests
that biological processes are influenced by cognitive factors, such as expectan-
cies, which is consistent with the Cognitive Activation Theory of Stress (CATS;
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Ursin & Erikson, 2010). CATS states that individuals develop expectancies based
on prior experiences with stress, which can either attenuate or amplify the physi-
ological stress response. This aligns with the findings that individuals with positive
expectancies about coping showed lower cortisol responses to stress compared
to individuals with negative expectancies (Pulopulos et al, 2020).

Additionally, characteristics of the incident could play a role in the physio-
logical response after aggression. Aggression against someone unrelated to the
cause of negative emotions may not produce the same physiological effects.
Verona and Sullivan (2008) found that a decrease in physiological arousal after
aggression did not occur when a target of aggression differed from the source of
frustration. This suggests that venting through actions not directed at the source
of frustration may be ineffective in reducing physiological arousal. However, a
meta-analysis suggests that anger from provocation can be reduced through
non-targeted activities, such as mindfulness and meditation (Kjeervik & Bushman,
2024). Similarly, Bushman (2002) found that venting through aggressive activities,
like striking a punching bag, actually increased anger and aggression by keeping
aggressive thoughts active in memory. This aligns with findings that rumination
on angry thoughts prolongs and intensifies anger (Wilkowski & Robinson, 2010).
Supporting this, studies found that engaging in activities that induce emotions
incompatible with anger, such as watching something funny, reduces the like-
lihood of aggression, both in naturalistic and laboratory settings (Baron, 1983;
Lutz & Krahé, 2018). These findings indicate that displaced aggression may not
reduce arousal effectively and could reinforce aggressive cognitions. Conversely,
changing anger into non-aggressive and emotionally incompatible activities may
reduce arousal in a healthier, non-destructive manner.

Type of aggression

Our finding that verbal and physical aggression did not differ in the average de-
crease of physiological parameters is consistent with the findings of Hokanson
and Burgess (1962), who found a decrease in HR following both verbal and physi-
cal laboratory aggression, with no significant difference between the two types of
aggression. This may suggest a more general recovery process after aggression,
independent of whether the aggression is verbal or physical. Both verbal and
physical aggression are typically preceded by heightened physiological arousal
(De Looff et al, 2019), which could be followed by a compensatory decrease as
the body attempts to restore homeostasis.

Although the type of aggression did not predict the overall change in physio-
logical parameters over time, it was associated with the specific post-aggression
trajectories. Each of the four types of aggression was associated with multiple
physiological response patterns. Verbal aggression was associated with stable (HR)
and decreasing trajectories (SCL and SCR). Aggression against objects showed

143



CHAPTER 4

both increasing (HR) and decreasing (HR, SCL, and SCR) trajectories. Auto-ag-
gression was linked to decreasing (HR), stable (HR, SCL, and SCR) and increasing
(SCR) trajectories. Physical aggression was associated with decreasing (HR, SCL,
and SCR) and stable (HR) trajectories. The fact that each type of aggression was
associated with multiple trajectories may reflect the diverse functions and mo-
tivations behind similar behaviours. For instance, auto-aggression may serve as
a form of emotion regulation (Hooley & Franklin, 2018), but also as a way to ex-
press distress or seek help (Klonsky et al, 2013). The physiological response may
vary based on the specific behavioural function underlying the aggressive act. For
example, Lydon et al. (2013) suggested that socially motivated auto-aggression
(e.g. to gain attention or avoid a social task demand), may not elicit physiological
arousal, whereas behaviour aimed at escaping aversive states might be accom-
panied by physiological change. Furthermore, because auto-aggression also in-
volves physical pain, and pain is known to elevate physiological arousal (van der
Venne et al, 2023), this could explain its association with increasing trajectories.

Strengths and limitations

To our knowledge, this is the first study to investigate physiological responses (in
terms of HR, SCL and SCR) after aggression in a naturalistic setting. In addition
to its high ecological validity, another strength is the multicentre approach, with
data collected from eight different facilities. However, several limitations must
be acknowledged. First, despite training and clear instructions, and the use of
independent observers or watches to timestamp the moment of incidents, there
were indications that incidents were not always registered accurately. For exam-
ple, the number of incidents logged at rounded times was higher than would be
expected by chance. It is likely that during aggressive incidents, staff members
were focused on de-escalating and ensuring safety, and only recorded the time
afterwards, based on estimation, once the immediate threat had passed and they
had the capacity to reflect on the timing of the event. The timing of incidents
may have been recorded somewhat earlier or later than they actually occurred.
This could have had an effect on the temporal alignment between the recorded
incident and the physiological data, limiting our ability to precisely capture phys-
1ological changes after the incidents.

Second, this study lacked information on how other clients or staff members
responded to the aggression. Such incidents disrupt the ward environment, po-
tentially increasing stress among clients and triggering countertransference reac-
tions in staff members, which may escalate the situation further. Staff interven-
tions may have influenced physiological arousal after the incident. De-escalation
attempts could have been successful, or may have led to more stress as a result of
coercive measures or seclusion, as these actions are often experienced as stress-
ful (Chieze et al, 2019; Hallett et al). We had no information on what occurred
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after the aggression, leaving crucial contextual factors unexplored. Moreover, we
did not have information on what specifically provoked the aggression. Aggres-
sion often occurs in an interpersonal context (Richter & Whittington, 2006), and
Interactions with staff or other clients may contribute to or provoke the escalation
of such behaviour (Haugvaldstad & Husum, 2016; Papadopoulos et al, 2012). This
complicates our ability to disentangle the association between the function of
the behaviour and the corresponding physiological response.

Furthermore, issues with signal quality may have influenced the results. We
experienced data loss, with 34% of epochs excluded due to exceeding the 25%
artefact criterium. Despite technological advances in wearable technology, physi-
ological measurement in daily life remains vulnerable to artefacts (Hu et al, 2015).
For example, low and stable EDA values may be attributed to insufficient elec-
trode coupling of the wearable device. One latent class had a mean SCL under
0.5 micro Siemens, which may suggest that the recorded signal largely consisted
of noise, a problem also reported in previous studies (Milstein & Gordon, 2020).
This shows the trade-off between the feasibility of collecting ecologically valid
data and ensuring signal quality. Advancing wearable technology is therefore im-
portant to improve the validity and reliability of assessment of peripheral physio-
logical biomarker assessment in daily life .

Future directions

Although the current study identified distinct trajectories of physiological arousal
after aggressive incidents, future research should investigate whether specific tra-
jectories are associated with a lower or higher risk of subsequent aggression. Ac-
cording to the theory of excitation transfer (Zillmann et al, 1972) residual arousal
after an aggressive incident may increase the likelihood of subsequent aggres-
sion, especially if provocation occurs before arousal has returned to baseline. This
suggests that individuals who do not show a decrease in physiological arousal
may be at heightened risk of subsequent aggression. Conversely, operant learning
theory posits that a reduction in arousal after aggression may function as nega-
tive reinforcement, thereby increasing the chance of future aggression (Franz et
al, 2019). If aggression leads to relief, individuals may associate it with emotional
regulation. Supporting this, Verona and Sullivan (2008) found that individuals who
experienced the greatest reductions in arousal after aggression were at increased
risk for subsequent aggression. However, these findings do not necessarily imply
that arousal reduction causes future aggression. Rather, it may reflect that individ-
uals with heightened physiological reactivity are also those who tend to engage
In the most aggressive behaviour. In other words, the reduction in arousal may be
a consequence, not a cause. Future research could also explore whether individ-
uals consistently show similar physiological recovery patterns across incidents,
suggesting person-dependence, or whether patterns vary based on situational
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factors, suggesting situation-dependence. The current study found differences
In physiological parameters during aggressive incidents. However, since baseline
levels were not accounted for, it remains unclear whether individuals returned
to their personal baseline within the 30 minutes after aggression. Although De
Looff et al. (2019) found an average increase in physiological parameters in the
30 minutes preceding aggression, individual trajectories may vary. The extent of
decrease required for homeostatic regulation likely depends on the prior arousal
increase. Future research should incorporate baseline measurements, consid-
er diurnal variation, and examine pre-incident trajectories to better understand
post-aggression recovery.

Clinical implications

Identifying clinical implications from the results of this study is not straightforward.
The 1dentification of distinct trajectories of physiological arousal after aggression
suggests a potential need for individualized approaches to managing aggres-
sive incidents. For instance, individuals who continue to experience heightened
arousal after aggression may benefit from targeted interventions, such as relaxa-
tion exercises or biofeedback. Biofeedback has been shown to enhance individ-
uals’ awareness of their stress responses and support more effective regulation
of physiological arousal (Yu et al, 2018). On the other hand, if an individual's
arousal has already decreased and they have returmed to a calmer state, intro-
ducing additional interventions may be unnecessary or even counterproductive.
However, intervention decisions should not rely solely on physiological data but
must complement the clinical judgment of support staff members. By combin-
Ing physiological measurements with clinical observations and structured risk
assessments, professionals can make more informed decisions about the need
of additional interventions and support. Furthermore, insights into physiological
arousal patterns, both prior to and following aggression, may help to clarify the
function of aggression in clients. This understanding could be used to inform
personalized treatment strategies aimed at addressing the underlying causes of
aggression, and preventing the use of restrictive measures.
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Appendix 4A
Results multilevel models HR

The results of the multilevel analyses for HR are shown in Table 2. First, the
null-model with HR as outcome was fitted. To check whether adding a third
level resulted in a better model fit, we compared the deviance and AIC of the
two-level model (epochs nested in incidents) to the model fit of the three-lev-
el model (epochs nested in incidents nested within individuals). The three-level
model resulted in a lower AIC compared to the two-level model (AAIC = 7543)
and a significantly lower model deviance, y2(1) = 7777 p <.001, indicating that
the three-level model provided a significantly better model fit compared to the
two-level model. Therefore, the individual level is added as a third level in sub-
sequent models. The results of the null model (Model 0) indicate that there is
significant variability at all three levels of the model, within incidents (p <.001),
between incidents (p <.001), and between individuals (p = .006). To quantify the
proportion of variance that can be attributed to each level, the ICC was calculat-
ed for both the individual and incident level. The ICC shows that 22.90% of the
variance in HR is attributable to variation between incidents within individuals
(Level 2; ICC = 0.23) and that 22.32% of the variance in HR is attributable to dif-
ferences between individuals (Level 3; ICC = 0.22). 54.78% of the variance in HR
represents residual variability within incidents. Both levels contribute a substan-
tial proportion of the variance, suggesting it was appropriate to use a multilevel
structure including both levels in the model. In Model 1 time was added as a
linear effect. This resulted in significantly reduced model deviance, x2(1) = 848,
p =.004. Time was negatively associated with HR (b = -0.63, p = .002), indicating
that HR decreased over time following the aggressive incident. In Model 2, time
was added as a quadratic term, which resulted in a higher -2LL compared to the
previous model (A Deviance = -7772), indicating that the addition of a quadratic
term for time did not result in a significant improvement of the model. Therefore,
the quadratic effect of time was removed in subsequent models. In Model 3, the
time-varying covariates of movement and temperature were added to the mod-
el. Compared to Model 1, model deviance significantly decreased, y2(2) = 41.88,p
< .001. There was still a significant negative association between time and HR (b
= -062, p =.001) when controlling for movement and temperature. Movement
significantly predicted HR (b = 6768, p <.001), indicating that more movement
is associated with higher HR. Temperature did not significantly predict HR (b =
-0.03, p = 406). Therefore, in Model 4, temperature was removed from the model,
while movement was retained, which improved the -2LL and the AIC while also
including less parameters (A Deviance = -3.77). This significantly improved model
fit compared to Model 1, 2(1) = 4565, p < 001 In Model 5, the time-invarying
predictors of organisation and type of aggression were added. The addition of
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organisation and type of aggression resulted in a significantly better model fit,
12(3) = 9.88, p < .020. However, there were no significant effects of organisation
or type of aggression on HR. In Model 6 the interaction terms between time and
organisation and time and type of aggression were added. This did not result in
significantly improved model fit, x2(3) = 2.36, p = .501. As there were no significant
main effects or interaction effects of organisation or type of aggression, these
were removed from the final model. In the final model (M7) a random effect of
time was added and an autoregressive covariance structure was used. This re-
sulted in a significantly better model fit compared to Model 4, y2(3) = 2248, p <
001 The fixed effects showed that time has a significant negative effect on HR (b
=-060, p =.008), indicating that on average, the HR decreases in the 30 minutes
following an aggressive incident. Of the covariates, movement had a significant
positive effect on HR (b = 71.46, p < .001). Figure 1 shows the regression line of the
best fitting model (Model 7) and the observed means across six 5-minute epochs
following the aggressive incidents.
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Results multilevel models SCL

The results of the multilevel analyses for SCL are shown in Table 3. The three-lev-
el model provides a significantly better fit compared to the two-level model, AAIC
=12.85; x2(1) = 14.85, p <.001. Therefore, the individual level was added as a third
level in subsequent models. The ICCs indicated that 51.85% of the variance in
SCL is attributable to variation between incidents within individuals (Level 2; ICC
= 0.52) and that 34.13% of the variance in SCL is attributable to differences be-
tween individuals (Level 3; ICC = 0.34). 14.02% of the variance in SCL represents
residual variability within incidents. In Model 1, time was added as a linear effect,
resulting in significantly reduced model deviance, x2(1) = 5.07, p = .024. Time was
negatively associated with SCL (b = -0.06, p <.001), indicating that SCL decreased
over time following the aggressive incident. In Model 2, time was added as a
quadratic term, which resulted in a higher -2LL compared to the previous model
(A Deviance = -3860). Therefore, the quadratic effect of time was removed in
subsequent models. In Model 3, the time varying covariates of movement and
temperature were added to the model. Compared to Model 1, model deviance
did not significantly decrease, y2(2) = 523, p = .073, indicating that the addi-
tion of movement and temperature did not improve model fit. Therefore, move-
ment and temperature were removed from subsequent models. In Model 4 the
time-invariant predictors of organisation and type of aggression were added to
the model. Compared to Model 1, the addition of organisation and type of ag-
gression did not result in a significant decrease of model deviance, x2(3) = 0.94,
p = 816. In Model 5 the interaction terms between time and organisation and
time and type of aggression were added, which resulted in a higher -2LL com-
pared to the previous model (A Deviance = -131). Therefore, organisation and
type of aggression, and the interaction terms with time were not included in the
final model. In the final model (M6) a random effect of time was added. Using
an autoregressive covarlance structure resulted in non-convergence. Therefore,
a diagonal covariance structure was used. This resulted in a significantly better
model fit compared to Model 1, x2(7) = 34153, p < .001. Based on the final model,
the fixed effect showed that time has a significant negative effect on SCL (b =
-0.10, p = .002), which means that SCL decreases during the 30 minutes after an
aggressive incident has occurred.
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Results multilevel models SCR

The results of the multilevel analyses for SCR are shown in Table 4. A three-lev-
el model resulted in a lower AIC (AAIC = 12.12) and significantly lower model
deviance, x2(1) = 14.12,p = <001, compared to the two-level model. Therefore,
a three-level multilevel model was used. Of the variance in SCR, 41.01% was at-
tributable to variation between incidents within individuals (Level 2; ICC = 041),
2642% of the variance in SCR was attributable to differences between individuals
(Level 3; ICC = 0.26), and 32.57% of the variance in SCR represents residual varia-
bility within incidents. After adding time to the model (M1) a significantly reduced
model deviance, (1) = 411,p = 043 was found. Time was significantly negative-
ly associated with SCR (b = -0.10,p = .003), indicating that SCR decreased over
time following the aggressive incident. Adding time as a quadratic term resulted
in a higher -2LL compared to the previous model (A Deviance = -5.53) and for
this reason the quadratic effect of time was not included in subsequent mod-
els. The time-varying covariates of movement and temperature (M3) significantly
improved the model fit, ¥*(2) = 33.13,p < .001 compared to M1. In model 3 there
was still a significant negative association between time and SCR (b = -0.11, p =
.002) when controlling for movement and temperature. Movement significantly
predicted SCR (b = 12.04,p <.001), indicating that higher movement is associated
with higher SCR. Temperature did not significantly predict SCR (b = 0.00,p = 781).
Therefore, in Model 4, temperature was removed from the model, while move-
ment was retained, which improved the -2LL and the AIC while also including less
parameters (A Deviance = -707). This significantly improved model fit compared to
Model 1 without the inclusion of movement, y?(1) = 40.20, p <.001. In Model 5 the
time-invariant predictors of organisation and type of aggression were added to
the model. Compared to Model 4, the addition of organisation and type of aggres-
sion did not result in a significant decrease of model deviance, ¥2(3) = 466,0 = .199.
In Model 6 the interaction terms between time and organisation and time and
type of aggression were added, which resulted in a higher -2LL compared to the
previous model (A Deviance = -4.48). Therefore, organisation and type of aggres-
sion, and the interaction terms with time were not included in the final model. In
the final model (M7) a random effect of time was added. Using an autoregressive
covariance structure resulted in non-convergence. Therefore, a diagonal covari-
ance structure was used. This resulted in a significantly better model fit compared
to Model 4, ¥2(7) = 7290p < 001 The final model showed significant negative
effect of time on SCR (b = -0.11,p = .002), which means that over the course of the
30 minutes after an aggressive incident the SCR decreases. The covariate move-
ment had a significant positive effect on SCR (b = 10.98, p < .001).
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CHAPTER 4

Selecting classes in Latent Class Growth Curve Analysis

HR

We performed a LCGA to identify distinct trajectories over time in HR following
the aggressive incidents. The fit indices of the LCGA models with one to eight
classes used to determine the best fitting class solution are shown in Table 5. The
3-class solution showed the lowest BIC value, while the 7-class model has the
lowest AIC, and the 7-class model was the preferred model based on the AIC3.
We therefore performed two BLRTs to determine the best fitting class solution.
Based on the results of the BLRT, the 6-class model had a significantly better
model fit compared to the 3-class model (p < .001). However, the 7-class model
did not provide an additional improved model fit over the 6-class model (p = .198).
Therefore, the 6-class model was retained as the best fitting solution.

SCL

The fit indices of the LCGA models with one to eight classes used to determine
the best fitting class solution for SCL are shown in Table 5. The BIC, AIC and
AIC3 tended to decrease with the addition of additional classes. Therefore, strictly
adhering to these fit indices, we would conclude that there are eight or more
classes in the data. In Figure 7 we plotted the values of the model fit statistics
from the models with one to eight classes. The rate with which each additional
class decreases the model fit statistics tends to be smaller after the addition of
more classes. And there is an elbow at the 4-class solution. The addition of more
classes beyond the 4-class model improves the model only slightly. Therefore,
we focus on the more parsimonious 4-class model.

SCR

The fit indices of the LCGA models with 1 to 8 classes used to determine the best
fitting class solution for SCR are shown in Table 5. The 6-class solution showed
the lowest BIC value, while the 8-class model has the lowest AIC, and the 7-class
model was the preferred model based on the AIC3. We therefore performed two
bootstrapped likelihood ratio tests (BLRT) to determine the best fitting class solu-
tion. Based on the results of the BLRT, the 7-class model did not have a signifi-
cantly better model fit compared to the 6-class model (p = .158). Similarly, the
8-class model did not provide significantly better model fit over the 6-class mod-
el (p =.082). Therefore, the 6-class model was retained as the best fitting solution.
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CHAPTER 4

Figure 7
Model fit statistics of latent class growth curve models of SCL with increasing
number of classes
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HR

Using a bias-adjusted three-step approach, we assessed whether the type of ag-
gression and the organisation in which the incident occurred predicted the latent
class membership of incidents. The type of aggression was found to significantly
predict latent class membership (Wald = 58691, p < .001). Incidents of verbal ag-
gression were found to be more likely to belong to class 6 (low intercept, stable
slope) and less likely to belong to class 1 (high intercept, decreasing slope) and
class 2 (moderate intercept, stable slope). Aggression against objects was asso-
ciated with a higher likelihood of belonging to class 4 (low intercept, decreasing
slope) and class 5 (high intercept, increasing slope), and a lower likelihood of
belonging to class 1 (high intercept, decreasing slope), class 2 (moderate inter-
cept, stable slope) and class 6 (low intercept, stable slope). Incidents of auto-ag-
gression were more likely to belong to class 1 (high intercept, decreasing slope),
class 2 (moderate intercept, stable slope) and class 6 (low intercept, stable slope),
while being less likely to belong to class 3 (moderate intercept, decreasing slope),
class 4 (low intercept, decreasing slope), and class 5 (high intercept, increasing
slope). Physical aggression was more likely to belong to class 2 (moderate inter-
cept, stable slope), class 3 (moderate intercept, decreasing slope), and class 4 (low
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Intercept, decreasing slope) and less likely to belong to class 1 (high intercept,
decreasing slope), class 5 (high intercept, increasing slope), and class 6 (low inter-
cept, stable slope). The organisation in which the incidents occurred significantly
predicted latent class membership (Wald = 6442, p <.001). Incidents collected at
de Borg were more likely to belong to class 4 (low intercept, decreasing slope)
and less likely to belong to class 1 (high intercept, decreasing slope) and class
2 (moderate intercept, stable slope). Incidents from Pluryn were more likely to
belong to class 3 (moderate intercept, decreasing slope) and less likely to belong
to class 4 (low intercept, decreasing slope). Incidents from UMCU were more
likely to belong to class 1 (high intercept, decreasing slope) and class 2 (moderate
intercept, stable slope) and less likely to belong to class 3 (moderate intercept,
decreasing slope).

Figure 8
Type of aggression as predictor of latent classes of HR
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Figure 9
Organisation as predictor of latent classes of HR
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Using a bias-adjusted three-step approach, we assessed whether the type of ag-
gression and the organisation in which the incident occurred predicted the latent
class membership of incidents. The type of aggression was found to significantly
predict latent class membership (Wald = 22242, p < .001). Incidents of verbal
aggression were found to be more likely to belong to class 4 (high intercept,
decreasing slope) and less likely to belong to class 2 (high intercept, stable slope)
and class 3 (moderate intercept, stable slope). Aggression against objects was as-
sociated with a higher likelihood of belonging to class 4 (high intercept, decreas-
ing slope), and a lower likelinood of belonging to class 2 (high intercept, stable
slope), and class 3 (moderate intercept, stable slope). Incidents of auto-aggression
were more likely to belong to class 2 (high intercept, stable slope) and class 3
(moderate intercept, stable slope), while being less likely to belong to class 4 (high
intercept, decreasing slope). Physical aggression was more likely to belong to
class 4 (high intercept, decreasing slope) and less likely to belong to class 2 (high
intercept, stable slope), class 3 (moderate intercept, stable slope). The organisation
in which the incidents occurred significantly predicted latent class membership
(Wald = 4773, p < .001). Incidents collected at de Borg were more likely to belong
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to class 1 (low intercept, stable slope) and less likely to belong to class 3 (moderate
intercept, stable slope). Incidents from Pluryn were more likely to belong to class
2 (high intercept, stable slope) and class 3 (moderate intercept, stable slope) and
less likely to belong to class 1 (low intercept, stable slope). Incidents from UMCU
were more likely to belong to class 1 (low intercept, stable slope) and less likely to
belong to class 2 (high intercept, stable slope).

Figure 10
Type of aggression as predictor of latent classes of SCL
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Figure 11
Organisation as predictor of latent classes of SCL
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The type of aggression was found to significantly predict latent class membership
(Wald = 248 31, p <.001). Incidents of verbal aggression were found to be more likely
to belong to class 5 (low intercept, decreasing slope) and less likely to belong to
class 2 (high intercept, decreasing slope), class 3 (moderate intercept, stable slope),
and class 6 (moderate intercept, increasing slope). Aggression against objects was
associated with a higher likelihood of belonging to class 5 (low intercept, decreasing
slope), and a lower likelihood of belonging to class 4 (high intercept, stable slope).
Incidents of auto-aggression were more likely to belong to class 1 (low intercept,
stable slope), class 3 (moderate intercept, stable slope) and class 6 (moderate inter-
cept, increasing slope), while being less likely to belong to class 5 (low intercept,
decreasing slope). Physical aggression was more likely to belong to class 5 (low
intercept, decreasing slope) and less likely to belong to class 1 (low intercept, stable
slope). The organisation in which the incidents occurred significantly predicted la-
tent class membership (Wald = 5348, p <.001). Incidents collected at de Borg were
more likely to belong to class 5 (low intercept, decreasing slope). Incidents from
Pluryn were more likely to belong to class 6 (moderate intercept, increasing slope)
and less likely to belong to class 2 (high intercept, decreasing slope), class 3 (mod-
erate intercept, stable slope) and class 5 (low intercept, decreasing slope). Incidents

from UMCU were more likely to belong to class 3 (moderate intercept, stable slope).
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Figure 12
Type of aggression as predictor of latent classes of SCR
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Figure 13

Organisation as predictor of latent classes of SCR
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Chapter 5

Listening to music is associated with
reduced physiological and subjective
stress in people with mild intellectual

disabilities: A biofeedback study

This chapter was published as:

van Swieten, M, de Looff, P, VanDerNagel, J., Bouwmeester, S, & Did-
den, R. (2025). Listening to music is associated with reduced physio-
logical and subjective stress in people with mild intellectual disabili-
ties: A biofeedback study. Research in Developmental Disabilities, 161,
104976. https://doi.org/10.1016/j.ridd.2025.104976
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CHAPTER 5

ABSTRACT

Background: Many people with mild intellectual disabilities are at increased risk
to experience stress. Reducing stress is important because experiencing pro-
longed and elevated stress can have detrimental effects on mental and physical
health and it is associated with aggressive behaviour and self-harm.

Aims: This preliminary study investigated whether an intervention combining
biofeedback with listening to music is effective and whether a personalized music
playlist is more effective than self-selected music in reducing physiological and
subjective stress in participants with mild intellectual disabilities.

Methods: We collected 103 music listening sessions over a period of 2-4 weeks
for 11 participants throughout their daily routines. They listened to music when
they received biofeedback on thelr increased stress level (as measured by wear-
able biosensor Nowatch) or when they themselves felt stressed. Participants lis-
tened either to self-selected music or to a personalised playlist compiled with
X-system, music technology that predicts the effect of a song on levels of auto-
nomic arousal. Pulse rate (PR) and skin conductance level (SCL) were measured
with the EmbracePlus and subjective feelings of stress and mood were measured
with two scale questions. After the intervention phase, participants and their car-
egivers completed a short questionnaire to evaluate their experiences with using
the X-system playlist.

Results: Mixed regression analyses showed reductions in PR and SCL during lis-
tening to music, and indications were found for reductions in subjective stress
and improvement of mood after intervention. Listening to music compiled with
X-system was not more effective than listening to self-selected music. However,
lower combined arousal values (a feature of X-system) from self-selected and
X-system music predicted lower PR and SCL, indicating that these indices can be
used to select songs that have a relaxing or energizing effect.

Conclusions and implications: The present study suggests that music listening
Is assoclated with both subjective and physiological stress reduction. Listening to
music might be an accessible, inexpensive and empowering strategy for stress
reduction and improving emotion regulation, which could also benefit mental
and physical health. Several challenges were encountered while implementing
the intervention and suggestions for future research are given.
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INTRODUCTION

Regulating stress levels is of great importance as experiencing prolonged and ele-
vated stress can have detrimental effects on mental and physical health. Stress can
be defined as (an actual or anticipated) state of disrupted homeostasis (Ulrich-Lai
& Herman, 2009), by a wide range of intrinsic or extrinsic, real or perceived chal-
lenges or stimull, defined as stressors (Ball & Jaggi, 2015). Inadequate regulation
of acute stress is associated with chronic stress, which can lead to mental health
problems such as anxiety and depression (Everly & Lating Jr, 2019; Konstantopou-
lou et al, 2020; Turmer et al, 2020) and physical health problems, including cardio-
vascular disease, metabolic diseases and a weakened immune system (Agorastos
& Chrousos, 2022; Everly & Lating Jr, 2019; Kivimaki et al, 2023). In addition, inade-
quate coping and increased stress levels are associated with problems in emotion
regulation and impulse control, which are risk factors of destructive behaviours
such as aggressive behaviour and self-harm (Hooley & Franklin, 2018). People with
mild intellectual disabilities or borderline intellectual functioning (MID-BIF; IQ 50-
85) are at increased risk to experience (high levels of) stress compared to the
general population (e.g. Forte et al, 2011; Griffith et al, 2013) because of deficits
in intellectual functioning and adaptive skills (American Psychiatric Association,
2022), combined with an increased risk of exposure to adverse life events or even
post-traumatic stress disorder (Mevissen et al, 2016; Wigham & Emerson, 2015).
Moreover, living in a residential setting is associated with multiple stressors such
as experiencing a lack of control over the environment and choice of activities,
aggressive behaviour from other clients, and stressful auditory stimulation (e.q.
noisy environment) (Griffith et al, 2013; Neimeijer et al, 2021).

Supporting clients with MID-BIF in stress regulation can be challenging for car-
egivers, as they may not be aware of the various stressors affecting their clients
or their current level of stress (Lunsky & Bramston, 2006). In addition, individuals
who experience significant amounts of stress can find it difficult to communi-
cate thelr stress as their interoceptive awareness of stressful bodily states might
be impaired (Bellemans et al, 2022; Schulz & Vogele, 2015). Furthermore, car-
egivers often report that self-harm or aggressive behaviour was not preceded
by any ‘warning signs’ or a visible build-up in tension. Wearable biosensors that
measure physiological arousal related to stress, such as increased heart rate and
electrodermal activity (EDA) (Boucsein, 2012; Everly & Lating Jr, 2019) and pro-
vide real-time insight in arousal (i.e. biofeedback) may aid clients and caregivers
to effectively detect and manage stress (De Vries et al, 2023). For instance, Ter
Harmsel et al. (2021) concluded that ambulatory biofeedback interventions seem
to aid emotion and stress regulation, both on a psychological and physiologi-
cal level, though these physiological measures were used less frequently. Similar
results were reported by the systematic review by (De Witte et al, 2019) who
found preliminary evidence that the use of biofeedback can improve both physi-
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ological and psychological indicators of stress. They concluded that biofeedback
could provide an accessible and low-cost addition to stress interventions, but
further research into the effectiveness of different components of biofeedback
Interventions is needed.

Following stress detection, adequate coping strategies and interventions are
needed to reduce stress to an optimal level (Everly & Lating Jr, 2019, Figure 1.3).
Deficits in intellectual functioning can impair the development of such adaptive
strategies to cope with stress (Taylor & Novaco, 2005). Indeed, people with MID-
BIF more often use maladaptive coping strategies than people without MID-BIF
(Hartley & Maclean Jr, 2008).

Listening to music can be an adequate coping strategy; it has repeatedly
shown to reduce subjective stress and affect the physiological response to stress,
for example in terms of decreased heart rate (De Witte et al, 2020; Lynar et al,
2017). Furthermore, research showed that SCL and mood can be directed toward
an energized or calm state by listening to music and that SCL remains in these
states for at least 30 min after listening to music (Van der Zwaag et al, 2012). Lis-
tening to music could be an accessible intervention for reducing stress in people
with MID-BIF because it hardly appeals to their cognitive skills, is low-cost, low-
risk, popular as a daily activity and is widely applicable because it can be accessed
at many locations and moments. However, limited research is available on the
effect of listening to music on physiological stress in people with MID-BIF.

Caregivers have expressed concerns about whether clients are selecting appro-
priate music for relaxation, as they have regularly observed instances where clients,
for example, choose to listen to hard rock when feeling stressed. Alternatively, music
could also be selected and ordered by innovative music technology. X-system is
such technology and can be used to select songs to reach a desired state of arousal
(ie. activation or relaxation). X-System is designed to predict the innate neurophys-
1ological response to songs and offers a web- application that predicts the effect of
a song on levels of autonomic arousal (Osborne et al, 2017). Nijman et al. (2023)
studied the differential effect of listening to music in a preferred genre selected and
ordered by X-system versus music in random order on stress reduction in clients
and caregivers of a medium secure forensic psychiatric facility. This study showed
that physiological indices and self-reported stress decreased significantly after lis-
tening to music. An accelerated reduction in SCL for the X-system playlist compared
to the playlist in random order was found with visual inspection of the data, but the
trend was non-significant. A limitation of this study was its controlled setting: par-
ticipants listened to music on appointment times in a quiet room, which might limit
the representativeness of daily life effects. Furthermore, this study selected playlists
from each participant's preferred music genre, but these playlists might not have
contained the specific song that participants regularly listen to or particularly like.
Listening to specific preferred songs might improve the effectiveness of music lis-
tening on stress-reduction (Jiang et al, 2013).
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The aim of the current preliminary study was to investigate whether an inter-
vention combining biofeedback with listening to music (selected with X-system or
self-selected) is associated with a reduction of (increased) physiological and subjec-
tive stress in people with MID-BIF. The current naturalistic study contributes to the
literature by studying this in the ward at moments of real’ stress instead of appoint-
ed pre-defined times and with specific preferred songs instead of a preferred genre.
First, it was examined whether listening to music was associated with a reduction in
pulse rate (PR, the number of heart beats per minute, measured on the wrist), SCL
and subjective stress. Second, it was examined whether PR and SCL over time dif-
fered between the X-system condition and self-selected music condition. Further-
more, the relationship between combined arousal values of all songs, from both the
X-system and self-selected music condition, and PR and SCL was explored. It was
expected that while listening to music in general predicts a decrease in PR, SCL and
subjective stress, we hypothesized that X-system predicts a greater decrease in PR,
SCL and subjective stress than self-selected music. Finally, lower combined arousal
values of listened songs were hypothesized to be associated with lower PR and
SCL. Besides preliminary results on the association between music listening (with
X-system) and stress reduction, this paper provides suggestions for future research.

METHOD
Participants

This study was conducted at 8 locations of 4 treatment facilities for adults with
MID-BIF, severe behavioural and/or mental disorders, problems in multiple areas
of life and often a history of substance abuse. Clients are admitted to the facil-
itiles under criminal law, civic law or on a voluntary basis, often for externaliz-
ing behaviour problems (i.e. aggression or a sexual offence) and/or internalizing
problems (such as self-harm and suicide attempts) (Delforterie et al, 2020). The
participants were recruited by caregivers, trainers and therapists. The following
inclusion criteria were used: (1) the client had MID or BIF, (2) the client was al-
lowed to use a phone for participating in the study; (3) the client had a basic un-
derstanding of using mobile applications; (4) informed consent was given by the
client and their legal representative; (5) the client had no severe hearing loss; and
(6) the client's therapist evaluated the participant as eligible, considering the risks
and benefits of participating for the client. This resulted in an initial sample of 19
participants, of whom two participants dropped out on the first day of the music
intervention phase. Reportedly, this was due to stress increase related to partici-
pation in the study and loss of motivation due to unknown reasons, respectively.
In addition, five participants were excluded from the analyses because they did
not listen to music longer than 10 consecutive minutes and one participant was
excluded from the analyses because of missing data on music listening.
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The final sample consisted of 11 participants of whom six were females and five
were males. The age ranged from 22 to 57 years old (M = 31.6; SD = 11.1). Six
participants had a mild intellectual disability, four had borderline intellectual func-
tioning, and one participant did not want to share whether s/he had MID or BIF
The following psychiatric disorders were reported in the participants’ medical
record: substance use disorder (n = 6), posttraumatic stress disorder (PTSD; n =
5), personality disorder (n = 5), attention deficit hyperactivity disorder (ADHD; n
= 2), autism spectrum disorder (n = 2), depressive disorder (n = 1) and social anx-
lety disorder (n = 1). Six participants were prescribed psychotropic drugs at the
time of participation including antipsychotics (n = 4), selective serotonin reuptake
inhibitors (SSRIs; n = 3), benzodiazepine agonists (n = 2), amphetamines (n = 2),
anti-epileptics (n = 2) and non-SSRI mood stabilizers (n = 2).

Instruments

Nowatch

The Nowatch is a wearable biosensor in the form of a wristband that was used
to provide biofeedback to the participants. It continuously measures skin con-
ductance and provides a ‘stress level score’ based on ‘Biosensing EDA software
and algorithms’ (Philips, n.d.). Stress level scores range from 0 to 1000, where O
indicates no current stress and 1000 indicates a high level of current stress (Van
der Mee et al, 2021). Furthermore, it measures PR (photoplethysmography, PPG),
heart rate variability (HRV) at rest, breathing rate, sleep, steps and movement (ac-
celerometer). The Nowatch wristband operates with a phone application which
was installed on an iPhone SE provided to participants during the intervention
period. The application included two scale questions measuring mood and stress,
based on the Affective Slider (Betella et al, 2016). By moving a slider on a scale
with an emoticon at each end of the scale, participants reported the level of
experienced stress and pleasure. This resulted in a score ranging from O to 100,
where O indicates very high stress and very bad mood and 100 indicates no stress
and very good mood.

EmbracePlus

The EmbracePlus is a wearable biosensor in the form of a wristband that was used
to continuously measure PR and EDA. We used the two pre-processed metrics PR
and EDA, calculated by Empatica’s algorithms from the EmbracePlus sensor raw
data. The PR algorithm uses data obtained from the EmbracePlus PPG sensor and
the signals collected by the 3-axis accelerometer sensor embedded in the device.
PR values are expressed in beats per minute (bpm). The EDA algorithm provides
a measure of SCL every 1 min in uSiemens (uS).
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X-system

X-system 1s a music technology that uses algorithms to predict the effect of a
song on a person’s level of autonomic arousal (Osborne et al, 2017). We used the
combined arousal feature (for more information see Appendix 5A) of X-system to
select and order songs with the aim to gradually lead the listener to a state of re-
laxation. The combined arousal feature has a range of 0.00 -1.00 where lower val-
ues predict relaxation effects on the user while higher values predict excitement.
X-system playlists were compiled with songs that were preferred by the listener.
On average, the playlists started with a combined arousal value of 0.76 and ended
with a value of 0.24, had a mean difference of 0.08 in combined arousal between
consecutive songs, had an average duration of 25 min in total and consisted of
an average of 7 songs (with a range between 6 and 9).

Spotify

Spotify premium was used with a phone application as a streaming platform for
both the X-system playlist and music selected by participants at that moment.
The listening history of the Spotify data was retrieved and analysed. These data
included the end times of listening sessions, the total time of each listening ses-
sion in milliseconds, and the specific artists and songs listened to.

Questionnaire to evaluate the use of X-system playlists

A short questionnaire was created for the current study to evaluate the expe-
riences of participants and their caregivers with using the X-system playlist. It
consisted of four items for participants (It was fun using the playlist’; Tfound it dif-
ficult to use’; 'Listening to the playlist helped me to relax’; T would like to use this
for relaxation in the future’) and one item for caregivers ('Listening to the playlist
helped the client to relax’), with a 5-point Likert scale (1 = strongly disagree; 2 =
disagree; 3 = neither agree nor disagree; 4 = agree; 5 = strongly agree).

Music intervention

Participants were instructed to wear the Nowatch on the dominant hand and the
EmbracePlus on the non-dominant hand during the day. When participants had
a 'high stress level score, as measured by the Nowatch, they received a vibration
through the wristband and a notification of this high stress level on their research
phone. The stress value at which the participant received a notification was per-
sonalized per individual to prevent too many or too few notifications (i.e. less than
1 per day or more than 3 per day). For the majority of participants, the value at
which they received a notification was initially set at 500 but the value was low-
ered to 350 because participants received too few notifications and instructions
to listen to music. The low number of vibrations could be due to technical factors,
such as intermittent connection between the Nowatch and the phone (for exam-
ple because a participant accidentally turned Bluetooth off), or the Nowatch not
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always detecting stress in every instance among individuals with MID-BIF during
dally activities (false negatives). To prevent too many consecutive vibrations, an
additional minimum of 30 min between notifications was applied. After a ‘stress
notification, participants answered two scale questions about their mood and
subjective stress level at that moment. They were then instructed to listen to mu-
sic for approximately 25 min. They alternately received an instruction in the No-
watch application to listen to their X-system playlist or to select music themselves
at that moment. After 30 minutes, participants received a follow-up notification
to complete the scale questions on mood and subjective stress again. To account
for subjective feelings of stress, and to overcome the problem of false negatives,
participants were instructed to also listen to music if they felt stressed but did not
receive a stress notification from the wearable.

Procedure

This study was approved by the Ethics Committee of the Faculty of Social Sciences
of the Radboud University (ECSW-2022-018). Participants were informed about the
aims of the study by an information video and information letter. The participants,
and if applicable their legal representative, signed informed consent, after which they
were instructed to participate in the intervention for two weeks. In the event of any
technical problems or infrequent wearing of the devices, the research period was ex-
tended to a maximum of 4 weeks. After the intervention period the participants and
their caregivers completed a questionnaire to evaluate their experiences with using
the X-system playlist. The data were collected from July 2023 to March 2024. The
participants received a voucher worth 10 euros for participating in the study.

Data analysis

The music listening history was analysed and all occasions with 10 or more con-
secutive minutes of music listening were included as separate sessions. For every
listening session, 60 min of physiological data, PR and SCL were extracted, that is 30
min before the start of music listening and 30 min from the start of music listening.
Every minute of this timeframe was coded as no music, self-selected music, X-sys-
tem music or X-system in random order (in case the participant shuffled songs).
Sessions in which the participant listened to music in the baseline (30 minutes be-
fore music listening) were excluded. The time music was listened to was rounded
to minutes because physiological data were provided in minutes.

To filter out artefacts mean PR < 30 or > 200 bpm were discarded in line
with Koenig et al. (2023) and SCL values under 0.15 uS were discarded because
low-intensity SCL measurements often indicate that the electrodes may have not
fully coupled with the skin tissue, or the device is not worn correctly (Empatica,
personal communication, May 15, 2024).

First, the following descriptives were calculated: mean PR and SCL during the
30 min before music listening, during X-system music and self-selected music
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listening for each participant, separately. Furthermore, mean combined arousal
values of all X-system music and all self-selected music were calculated and an
independent samples t-test was used to test whether the combined arousal val-
ues of X-system music differed significantly from those of self-selected music.

To examine whether listening to music in general (combining X-system and
self-selected music) was associated with a reduction in PR and SCL, two 3-level
mixed regression analyses were used (Le. one for SCL and one for PR), as the data
were hierarchical in nature. Repeated measures, SCL/PR (Level 1) were nested
within sessions (Level 2), and nested within the participant (Level 3). A model was
fitted with a random intercept for sessions and participants and fixed effects for
time (standardized), music condition (music or no music listened), and the inter-
action time x music condition. Note that the combination of a limited number
of repeated measurements within sessions, a limited number of sessions within
participants and a limited number of participants was not sufficient to estimate
random slope effects. Partial eta squared (np 2) was calculated with 0.01 indicat-
ing a small effect size, 0.06 indicating a medium effect size, and 0.14 indicating a
large effect size (Yagin et al, 2024).

To examine whether PR and SCL over time differed between the X-system con-
dition and self-selected music condition, two mixed regression model analyses
(SCL and PR) with the same hierarchical structure as aforementioned were used,
while adding a nominal dummy variable for self-selected music versus X-system
(excluding sessions where X-system playlists were listened in random order).

Furthermore, the relationship between combined arousal values of all songs,
from both the X-system and self-selected music condition, and PR and SCL was
explored using mixed regression model analysis. All mixed regression analyses
were performed using R (R Core Team, 2024) version 44.1 [packages: Ime4, Im-
erTest] (Bates et al, 2015; Kuznetsova et al, 2017). Visualizations were created
with the ggplot2 package (Wickham, 2016).

To examine changes in subjective stress and mood after listening to music,
average scores of pre-test measures and post-test measures from the scale ques-
tions were calculated for mo-music’ ‘self-selected music, 'X-system music” and
‘combination of X-system and self-selected music. The scores on stress were
mirrored, with O indicating no stress and 100 indicating very high stress. These
results were plotted in a line graph. No statistical tests were used because of in-
sufficient (post-test) responses of participants on the scale questions.

RESULTS

The total number of music listening sessions was 103 (19 following biofeedback
instruction and 84 without instruction but when participant felt stressed them-
selves). Participants listened to their X-system playlist (partially) in 15 of these
sessions (in correct order), 67 of the sessions included music self-selected at that
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moment, 16 sessions consisted of a combination of X-system and self-selected
music and in 5 sessions participants listened to the X-system playlist in random
order. The combined arousal value from listened songs ranged from 0.09 to 0.94,
and the mean combined arousal of self-selected songs (M = 0.59, SD = 0.18) was
significantly higher than the mean combined arousal value of X-system music (M
=052, SD = 0.16), as calculated by the algorithms from X-system (t(1172,86) = 9.79,
p < .001). The mean SCL and PR during no music (30 minutes preceding music
listening), listening to X-system music and to self-selected music per participant
are displayed in Table 1.

Table 1
Mean SCL and PR per Participant

M(SD) SCL  M(SD) PR M(SD) M(SD) PR M(SD) M(SD) PR
SCL SCL

1 0.64(0.78) 88.69(16.96) - 77.28(746) 0.86(0.94)  75.05(9.31)
2 2.59(2.70) 90.50(16.35) 240(268) 8564(13.05) 4.87(199)  8251(1378)
3 1.06(0.66) 99.26(22.16) 135(094)  96.51(12.57) 1.80(2.07)  103.43(15.20)
4 1.27(0.08) 85.27(8.90) -° =P 148(0.01)  74.55(6.25)
5 186(243) 10568(1735)  308(2.82) 106.36(12.56) 2.31(2.06)  110.62(24.96)
6 0.15(0.01) 89.16(24.97) b -0 0.18(0.01)  89.00(11.67)
7 e 81.68(21.82) -a 78.75(15.15) -2 76.38(15.71)
8 0.18(0.04) 90.39(16.20) - 78.58(11.46) -? 86.80(14.79)
9 -2 78.43(12.24) - 78.45(3.05) - -2
10 -2 8722(9.37) -° -0 0.54(008) 8530(6.51)
11 2.24(2.38) 89.39(13.64) 1.02(060)  80.52(793) 1.82(2.30)  80.16(8.65)

Note. M = mean, SD = standard deviation

@ No mean SCL and correlation could be calculated because of missing values and/or because
of exclusively low SCL values (<0.15), which were excluded from analyses due to possible
artefacts.

b Did not listen to X-system or only listened to X-system in random order.
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Changes in physiology during listening to music

Mixed regression analysis showed that SCL significantly increased over time with-
in a session (b = 0.02), but there was no main effect for music versus no music
on SCL. The interaction effect (b = -0.04) shows that listening to music (X-system,
self-selected or a combination) resulted in a significant decrease in SCL over time
compared to not listening to music (see Table 2). PR significantly increased over
time within a session. PR was lower during music listening compared to the half
hour before music listening (b = -1.62), but there was no significant main effect
for music on PR. The significant interaction effect (b = -0.37) shows that listening
to music (X-system, self-selected or a combination) resulted in a decrease in PR
over time in comparison to the preceding half hour without listening to music.
The ICC shows that the correlation between sessions within participants is low
(SCL = 0.19; PR = 0.20), indicating that the effect over time of SCL and PR and the
effect of music versus no music within a participant can differ greatly from each
other. See Figure 1 and 2 for the mean SCL and PR before and during music lis-
tening for each individual participant.

Table 2
Results from the Mixed Regression Analysis Predicting the SCL and PR
Estimates SE df t P np?
SCL
Intercept 133 041 1447 327 005** 386
Time standardized 0.02 0.01 172311 3.34 001** 007
Music 023 017 1715.52 135 176 066
Time standardized* Music ~ -0.04 001 1723.60 -361 <001 011
PR
Intercept 9047 315 1709 2875 < 001*%** 319
Time standardized 0.10 0.04 4485.07 2.56 011* 000
Music -1.62 092 448408 -175 080 006
Time standardized* Music ~ -0.37 0.06 449046 -6.18 <.001*** 001

Note. *=p < .05, ** = p < 0L ** = p < .001
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Figure 1
Mean SCL Before and During Music Listening for Each Individual Participant with
Loess Line

SCL over time for each individual participant
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Figure 2
Mean PR Before and During Music Listening for Each Individual Participant with
Loess Line
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Changes in physiology during listening to X-system compared to
self-selected music

When X-system sessions and self-selected music sessions were analysed separately,
results of SCL showed that there was no significant main effect: neither for time, for
no music compared to self-selected music nor for X-system compared to self-select-
ed music (see Table 3). In line with the hypothesis, SCL increases significantly more
over time (b = 0.04) during no music compared to self-selected music. Contrary to
the hypothesis, no significant interaction effect was found with X-system, indicating
no difference in SCL over time when X-system was compared to self-selected music.

Results showed that PR decreased significantly over time (see Table 3). PR was
higher during no music compared to self-selected music and lower during X-sys-
tem compared to self-selected music, but these main effects were not significant.
In line with the hypothesis, a significant interaction effect with no music (b = 0.27)
was found which showed that PR increased more over time during no music
compared to self-selected music. Contrary to the hypothesis, no significant inter-
action effect was found with X-system, indicating no difference in PR over time
when X-system was compared to self-selected music. The ICC shows that the
correlation between sessions within participants is low (SCL = 0.19; PR = 0.22),
indicating that the effect over time of X-system versus self-selected music on SCL
and PR within a participant can differ greatly from each other.

Table 3
Results from the Mixed Regression Analysis Predicting the SCL and PR Comparing
X-system and Self-selected Music

Estimates SE Df t P np?
SCL
Intercept 161 041 15.23 390 001** 456
Time standardized -002 0.01 168156 -1.74 083 005
No music -0.26 0.19 167647 -142 155 075
X-system 0.00 031 169245 -0.01 988 001
Time standardized*
no music 0.04 001 168147 332 001*+* 011
Time standardized* X-system  0.00 0.02 1684.48 -0.18 860 001
PR
Intercept 8759 3.29 1717 26.62 <.001*** 309
Time standardized -0.18 0.06 4363.95 -3.07 002** 001
No music 191 102 4355.80 1.87 061 007
X-system -2.96 167 4371.09 -177 077 010
Time standardized* no music ~ 0.27 0.07 4361.25 3.99 <001*** 001
Time standardized* X-system  -0.05 011 4371.67 -047 640 000
Note. Self-selected music is reference category.
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Relation combined arousal values and physiology

When the relationship between all combined arousal values (from X-system mu-
sic and self-selected music) and physiology over time was assessed, significant
main effects of time and combined arousal and a significant interaction effect
was found for SCL. For PR a trend (b = -0.28, p = .052) toward a significant main
effect of time and a significant main effect of combined arousal was found. In line
with the hypothesis, it was found that listening to songs with a lower combined
arousal value was related to lower SCL and PR (see Table 4). This suggests that
X-system can be used to select songs that have a relaxing or energizing effect in
terms of physiology. The ICC shows a strong correlation for PR (0.96), indicating
that the relationship between combined arousal and PR is very similar for the
different sessions within the participants. The ICC for SCL was moderate (0.31).

Table 4
Results from the Mixed Regression Analysis Exploring the Relationship Between
Combined Arousal Value and SCL and PR

SCL Estimates SE df t o) np?
SCL

Time standardized 0.05 0.02 19709 211 036* 012

Combined arousal 218 061 9560 359 001** 555

Time standardized*Combined arousal -0.11 0.04 26537 -2.68 008** (028
PR

Time standardized -0.28 0.15 197286 -194 052 000

Combined arousal 9.78 3.85 197161 254 011* 001

Time standardized*Combined arousal 0.09 0.24 197263 038 706 000

Note. *=p < .05 **=p <.0L
Changes in subjective stress and mood after listening to music

Four of the 11 participants completed the pre-test and post-test measure of the affec-
tive slider on stress and mood one or more times (min = 1, max = 6 times) (see Figure
3). The number of measures for each condition are as follows: X-system = 5, self-se-
lected music = 3, combination of X-system and self-selected music = 4 and no music
= 14. Based on visual inspection, for all music listening conditions, self-reported stress
was lower at post-test and mood improved at post-test compared to pre-test. Stress
decreased slightly stronger after listening to self-selected music compared to X-sys-
tem. When no music was listened to, stress and mood levels were already better at
pre-test (stress: M = 4200, SD = 35.28: mood: M = 6443, SD = 31.48) and remained rel-
atively stable at post-test (stress: M = 39.21, SD = 34.15; mood: M = 62.92, SD = 34.25).
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Figure 3
Affective Slider Scores Concerning Stress and Mood, Pre- and Post-Listening to
Music and No Music (n = 4)
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Evaluation

Ten participants and caregivers filled in the questionnaire after the intervention
period to evaluate the use of X-system playlists (see Table 5 in Appendix 5A). The
results indicate that the majority of the participants found it relatively easy to use
the X-system playlist, enjoyed using the X-system playlist, thought it helped them
to reduce stress and would like to use the playlist in the future. Most caregivers
reported that listening to the X-system playlist helped their client to reduce stress.

DISCUSSION
Main findings

This study explored changes in physiological stress during and subjective stress
and mood following listening to music in adults with MID-BIF in a naturalistic
setting. The main results showed reductions in PR and SCL during listening
to music, and indications were found for reductions in subjective stress after
listening to music. Listening to music compiled with X-system was not more
effective than listening to self-selected music. However, the combined arousal
values of songs, a feature of X-system, were positively associated with physio-
logical changes. That is, listening to songs with lower combined arousal values
predicted lower PR and SCL, indicating that X-system can be used to select
songs that have a relaxing or energizing effect.

The results are in line with the results of the study by Nijman et al. (2023).
We also found a significant reduction in physiological and subjective stress dur-
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Ing listening to music but no accelerated reduction during the X-system play-
list. Several explanations could explain the latter result. First, the equal effect of
X-system and self-selected music despite a positive correlation between com-
bined arousal values and physiology could indicate that participants themselves
were able to adequately select music for stress reduction (although there was a
great intra- and inter-personal variability). However, the mean combined arous-
al of self-selected songs was higher than the mean combined arousal of songs
in X-system playlists. Second, the absence of larger stress reducing effects of
X-system playlists compared to self-selected music might be explained by par-
ticipants being insufficiently compliant to the X-system condition. Participants
often did not listen to the complete X-system playlist and the largest decrease
was expected in the second part of the playlist, because playlists consisted of
songs with combined arousal values ranging from high to low. Third, although
the X-system playlists were created together with the participants based on
their preferred songs, it limited participants’ choice of music at the moment.
Possibly, the songs in the playlist did not always meet the participants mood
and preference at that specific moment, which could have negatively affected
stress reduction. Participants indeed seemed to prefer self-selected music over
the X-system playlists: they listened more often to self-select music than to
X-system music, although they were instructed to alternate self-selected music
and the X-system playlist. This could also be related to the possibility that par-
ticipants were less familiar with all songs in their X-system playlist because the
X-system songs needed to comply a specific range of combined arousal value.

The effect of music within participants differed greatly between sessions.
Possibly, the participants played different types of music in these sessions,
which could explain the variability between sessions within participants. Anoth-
er possible explanation is related to the level of stress at the start of the music
listening session. Participants did not always listen to music directly after the
notification of possible elevated stress level and their stress level might already
have decreased at the time of music listening resulting in less stress reduction
during music listening.

Although stress reduction was observed after listening to music, it should be
noted that two participants dropped out on the first day due to lack of moti-
vation and increase in stress related to participating. The latter was mainly ex-
plained by the use of wearables and not the music listening itself. However, five
participants never listened to music longer than 10 min. This could indicate that
music listening was not effective for all participants, it was not always possible
to listen longer than 10 min to music or perhaps more support from caregivers
through monitoring and direct instruction is needed to apply this strategy for
stress reduction.
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Strengths and limitations

This study s the first study that tested X-system in daily life in people with MID-BIF.
However, due to the small sample and the experienced challenges with the imple-
mentation of the intervention (related to the naturalistic setting), the findings are
preliminary and should be interpreted with caution. Moreover, the effect sizes, re-
flecting the proportion of variance explained for music over time, when controlling
for the other predictors (main effects of time and music), were small. Changes in
physiology could also be influenced by changes in movement intensity (partici-
pants may have sat more during music listening) or participants might have with-
drawn from the context to listen to music, which could have reduced contextual
stressors or demands. Moreover, several participants used psychotropic medication
(regular or ‘as required’) that can influence the autonomic nervous system. It was
unknown when medication was taken and if and how this may have influenced
physiology during listening to music during the study period. Despite these limi-
tations, this study included multi-modal assessment (physiology, ecological mo-
mentary assessment, and post-measurement through self-report and care-giver
report) which all showed stress reduction when listening to music.

Conducting the study in the daily life of participants without continuous mon-
itoring and direct instruction also led to challenges in compliance with the study
protocol, resulting in reduced music listening sessions, missing physiological data
and missing subjective ratings. When participants listened to music, they often
did not alternate X-system and self-selected music across sessions correctly, reg-
ularly did not listened the complete X-system playlist and sometimes turned on
shuffle which led to incorrect order of X-system songs. Moreover, participants
regularly listened consecutive periods of both X-system and self-selected music
within one session, which could have led to crossover effects. The results of the
comparison of X-system music and self-selected music should therefore be in-
terpreted with caution. Furthermore, because of the small sample size caution is
needed when generalizing the results.

Finally, physiology measures, particularly SCL, were prone to artefacts and
missing data. SCL often had values below 0.15 that were filtered out because they
could indicate that the electrodes had not fully coupled with the skin tissue, or
the device was not worn correctly. This problem has been observed in previous
studies (Milstein & Gordon, 2020).

Future research

Based on the experiences and results of this research, the following suggestions
for future research questions and methodological approaches are proposed. First,
further research is required to evaluate music technology and artificial intelligence
for selecting music, such as X-system. Software or a streaming application that
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automatically selects music for the participant with the correct order and num-
ber of songs could improve future assessments of the effectiveness of X-system.
Moreover, future research could consider conducting a pilot study in another
population, for example caregivers or people without intellectual disabilities and
use this knowledge for developing a larger scale study in people with MID-BIF.
Future research should control for movement and additional factors which could
influence stress and physiology. To study these factors, observational informa-
tion or information from structured interviews with participants or caregivers on
factors which changed (for example the amount of stressful stimuli or demands)
during music listening could be included. To investigate if changes in physiology
during music listening can be attributed to listening to music future research
could add a third condition where participants do not listen to music but receive
care as usual which would function as a sort of control condition. Furthermore,
the development of wearables for validly measuring SCL in naturalistic settings
Is needed.

Second, future research can explore how the effect of music listening on stress
reduction can be optimized. For instance, studies can explore the possibilities
of implementing technology for selecting music while retaining the experience
of control by participants and variation in music, for example testing a dynamic
system with the ability to change the X-system music every occasion. This could
possibly improve the experience of participants, adherence to the study protocol
and therewith stress reduction.

Third, future research can investigate for whom listening to music is effective
and what causes drop-out. Qualitative methods (e.g. interviews, focus groups)
are therefore needed to gain a better understanding in the experiences of partici-
pants with music listening with the aim of stress-reduction. Finally, future research
can investigate potential explanations for the significant variation in effectiveness
across different listening sessions. It can be explored whether type of music or
stress-level at the start of a music listening session partly explain this variation.

Implications

The findings suggest that listening to music can be used by adults with MID-BIF
as a strategy for the reduction of physiological and subjective stress. It is low-Tisk,
low-cost (Kim & Stegemann, 2016) and clients could use it at various moments
and places. It could be for example included in the individual treatment and in-
tervention plan to reduce stress in specific situations, or at specific levels of stress.
Self-selected music and X-system playlists were both associated with stress re-
duction and could both be used in clinical practice. However, combined arousal
values were positively associated with physiological indices and therefore X-sys-
tem could be used to make more informed choices about the selection of music
together with the client. This can be especially relevant when client has difficulty
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selecting music for stress reduction, caregivers sometimes report concerns re-
garding the type of music participants select (e.g. hard rock). However, the find-
Ngs suggest that it is important to consider sufficient control for the client, variety
N music, and familiarity of the client with the music when using X-system.

What this paper adds

To our knowledge, this study is the first to examine changes in physiological
stress during listening to music based on an innovative music selection system
in people with MID-BIF in a naturalistic setting. Because of the naturalistic setting,
not all factors which could have influenced physiology could be controlled for,
therefore no casual attributions can be made about the relation between listening
to music and physiology, and results should be considered preliminary. Sugges-
tions for follow up research for improving the understanding of this relationship
are given. Notwithstanding the reported limitations and exploratory nature of the
study, its results suggests that music listening is associated with subjective and
physiological stress-reduction in people with MID-BIF X-system playlists were
not more effective than self-selected music. However, PR and SCL decreased
more after listening to songs with lower combined arousal values, indicating that
X-system can be used to select songs that have a relaxing or energizing effect.
Music listening could be an accessible, inexpensive and an empowering strategy
which, through stress-reduction could positively influence emotion regulation,
mental and physical health.
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Appendix 5A
Explanation Combined arousal index

The X-System metric of ‘Combined Arousal Index’ uses a mathematically aver-
aged combination of linear regression algorithms and a more recent neural net-
work model. The linear regression algorithms are based on observations taken
from large numbers of measured volunteer subjects and curators. The neural
network model, which adjusts the algorithms in a non-linear fashion, is based on
measured responses and edited by comparison with the linear method.

Table 5
Evaluation of the X-system Playlist by Participants and Caregivers (n = 10).

Items participants

It was fun using the playlist 0 1 0 5
[ found it complicated touse 6 3 1 0 0
Listening to the playlist 1 0 1

helped me relax
[ would like to use this for 2 0 1 5 2
relaxation in the future
Item caregivers
Listening to the playlist 0 1 0 7 2
helped the client to relax

Note. Number of scores for each answer category per item.
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CHAPTER 6

SUMMARY OF MAIN FINDINGS

Aggressive behaviour and self-harm are common in people with mild intellectual
disability or borderline intellectual functioning (MID-BIF) in residential (treatment)
facilities and have a negative impact on both the client, other clients as well as
caregivers. Previous research showed that aggressive behaviour and self-harm
often co-occur, a phenomenon known as dual-harm. However, at the start of
the current thesis little was known on the co-occurrence and overlapping risk
factors in adults with MID-BIF In Chapter 2, we therefore first studied the asso-
ciation and shared risk factors between aggressive behaviour and non-suicidal
self-injury (NSSI) in 125 adults with MID-BIF using incident reports and standard
clinical measurements. Results showed a weak correlation between aggressive
behaviour and NSSI, between impulsivity and total aggressive behaviour, as well
as between poorer coping skills and aggressive behaviour and NSSI NSSI, im-
pulsivity and coping skills did, however, not predict aggressive behaviour. The
latter is not in line with previous studies in this area, which could be explained by
differences between people with and without intellectual disability, or the use of
different measurement instruments compared to previous studies. These results
also suggest it is important to assess other overlapping risk factors of aggressive
behaviour and self-harm, besides coping and impulsivity.

One such overlapping risk factor is arousal. Altered (increased or decreased)
arousal has repeatedly been linked to aggressive behaviour and self-harm (e.g.
De Looff, Cormnet, et al, 2022b; Nock, 2010; Weinberg & Klonsky, 2012). Over the
past decades, an increasing number of studies were published on physiologi-
cal arousal (e.g. hear rate; HR) in relation to aggressive behaviour and self-harm.
Multiple systematic reviews have examined the literature on the relationship be-
tween aggressive behaviour and arousal. Remarkably, no comprehensive over-
view of studies on the relation between self-harm and arousal existed yet. In
Chapter 3, we therefore conducted a systematic review of studies on the as-
sociation between physiological parameters and self-harm, including 46 studies
with diverse research designs, participants and measurements. Results showed
that most studies which compared EDA and HR parameters in people with and
without self-harm, found no clear indications for a relation between physiology
and self-harm. Interestingly, one finding was that studies on HRV showed indi-
cations for lower HRV during recovery in people with self-harm. These studies
indicated preserved arousal and suggested that this could reflect a poor ability to
regulate physiologically following a painful or stressful experience in people who
self-harm. Previous research found that lower HRV is associated to difficulties in
emotion regulation (e.g, see the Integrated model of autonomic functioning of
Beauchaine, 2001; Beauchaine, 2015). Imagery studies reported changes in HR
and EDA across different stages of self-harm imagery scripts with an increased
HR between scene setting and approach stages, and a decrease in HR and EDA
during and after actual self-harm was imagined. The authors suggested that a
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decrease in physiological arousal can be considered as a (negative intrapersonal)
reinforcer for self-harm behaviour. However, it should be noted that physiolog-
ical arousal is influenced by many factors as described by Everly and Lating Jr
(2019). No consistent findings were found when physiology was studied before,
during or after actual occurrences of self-harm, but this was examined in very
few studies. Although wearable technology has improved substantially in recent
years, results showed that the majority of studies to date are lab-studies. Future
research on the relation between self-harm and physiology need to be done with
wearables in real-life (Jonnson & Picard, 2020).

The overwhelming majority of physiological lab studies compared to real-life
studies 1s also evident in aggressive behaviour. To our knowledge, no research
existed on physiological trajectories measured in daily life following aggressive
incidents in (forensic) inpatient treatment facilities. Understanding the mecha-
nisms of increasing and decreasing arousal and gaining insight in the course of
physiological arousal after aggressive behaviour could provide important knowl-
edge for the prevention of recurrent aggressive behaviour, because a decreased
ability to attenuate arousal might result in a higher probability for recurrent ag-
gressive behaviour. In Chapter 4, we therefore studied changes in physiological
arousal in the 30 minutes following aggressive behaviour, which was studied in
a naturalistic settings with a large multicentre study. We analysed 165 incidents
in which HR, SCL and SCR were measured with wearable technology. Primary
analyses showed that, on average, all three parameters decreased over time, as
hypothesized. However, the decreases were relatively small and showed high in-
terpersonal and intrapersonal variability. Secondary latent growth curve analysis
identified distinct subgroups of incidents with varying patterns of change in phys-
lological parameters over time. In addition to decreasing trajectories, subgroups
with stable and even increasing trajectories were identified, highlighting the het-
erogeneity of physiological reactions following aggressive behaviour. Interesting-
ly, the type of aggressive behaviour did not predict the overall average decrease in
the physiological parameters, but was significantly assoclated with the differential
latent classes that an incident belonged to.

The identification of distinct trajectories of physiological arousal after aggres-
sion emphasizes the need for individualized approaches to managing aggres-
sive incidents. For instance, if an individual's arousal has already decreased and
they have returmed to a calmer state, introducing additional interventions may
be unnecessary or even counterproductive. On the other hand, individuals who
continue to experience heightened arousal after aggression may benefit from
targeted interventions, such as relaxation exercises or biofeedback. However, in-
tervention decisions should not rely solely on physiological data but must com-
plement the clinical judgment of support staff members.

In Chapter 5, we studied subjective and physiological arousal during a bio-
feedback and music listening intervention for stress reduction. X-system predicts
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the effect of music on autonomic arousal and can be used to select and order
songs to construct a playlist based on preferred songs of the user, that is opti-
mized for relaxation (or activation, depending on the needs of the listener). We
studied whether using X-system for selecting music was associated with larg-
er reductions in subjective and physiological arousal compared to self-selected
music. To investigate this during stressful moments of participants, the study was
conducted in real-life and biofeedback was used as participants often have diffi-
culties in recognizing stress in themselves (Le, interoceptive awareness). Partic-
Ipants were instructed to listen to music as soon as they received biofeedback
on their increased stress level (as measured by a wearable biosensor called No-
watch) or when they themselves felt stressed. We collected 103 music listening
sessions over a period of 2-4 weeks for 11 participants throughout their daily
routines. Participants listened either to self-selected music or to a personalised
playlist compiled with X-system. Results showed reductions in HR and SCL during
listening to music, and indications were found for reductions in subjective stress
and improvement of mood after music listening. However, the reductions were
small, and physiology varied substantially both between and within participants
during music listening. Listening to music compiled with X-system was not more
effective than listening to self-selected music but lower combined arousal values
based on a feature of X-system, predicted lower HR and SCL. This indicates that
this feature can be used to select songs that have a relaxing effect. These pre-
liminary results indicated that music listening is associated with both subjective
and physiological stress reduction. Listening to music might be an accessible, in-
expensive and empowering strategy for stress reduction and improving emotion
regulation, which could also benefit mental and physical health.

REFLECTIONS AND DIRECTIONS FOR FUTURE RESEARCH
In the following paragraphs I will discuss two overarching key findings of this thesis.

Key finding 1: Physiological differences between self-harm and
aggressive behaviour

Across the studies in this thesis and in the literature, we found indications for
specificity in physiological characteristics of self-harm and aggressive behaviour.
For self-harm the main, albeit preliminary, finding was that there were differenc-
es in HRV (lower at rest and during recovery) in persons with a history of self-
harm compared to controls. In contrast, previous studies on aggressive behaviour
identified lower resting HR as the most consistent physiological predictor of ag-
gressive behaviour (De Looff, Cornet, et al, 2022b). Furthermore, our multicentre
study conducted in clinical practice found decreases in EDA following aggres-
sive behaviour, but stable or increases in EDA following self-harm. These findings
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could indicate that physiological trajectories towards and following self-harm
and aggressive behaviour may be distinct.

In the following paragraphs, [ provide several definitions of aggressive be-
haviour, physiological associations of self-harm and aggressive behaviour, and
highlight overlap and distinctions in physiology between the two constructs. To
further grasp the nuanced findings, [ describe the heterogeneity of studies on the
association between physiology, self-harm and aggressive behaviour. [ argue that
the distinct patterns may not hold when examined in the context of study-specif-
ic features. Finally, I conclude with directions for future research.

Definitions of aggressive behaviour

As mentioned in the general introduction of this thesis, several definitions of ag-
gressive behaviour are available of which some include self-harm while others
do not. The National Collaborating Centre for Mental Health (2015) defines ag-
gressive behaviour as “a range of behaviours or actions that can result in harm,
hurt or injury to another person, regardless of whether the violence or aggression
1s physically or verbally expressed, physical harm is sustained or the intention
is clear” (p.6). Based on this definition, self-harm and aggressive behaviour are
two distinct types of behaviour. On the other hand, for example, Bjorkgvist and
Niemela (1992) defined aggressive behaviour as “an act done with the intention
to harm another person, oneself, or an object” (p4). Violence, a subtype of ag-
gressive behaviour, is defined by the World Health Organization as follows: “the
intentional use of physical force or power, threatened or actual, against oneself,
another person, or against a group or community, that either results in or has a
high likelihood of resulting in injury, dead, psychological harm, maldevelopment,
or deprivation” (p. 1084; Krug et al, 2002). Similar to the latter definitions, the
Modified Overt Aggression Scale+ (MOAS+) includes self-harm as a subtype of
aggressive behaviour (Drieschner et al, 2013; Kay et al, 1988). The MOAS+ was
used in Chapter 4 as an instrument to measure the frequency and severity of ag-
gressive behaviour and includes auto-aggression (self-harm) as a subscale.

The provided definitions and distinction between self-harm and aggressive
behaviour raises the question if there might be additional evidence that the con-
structs overlap or are distinct, and if yes, to what extent. The supposed overlap
between aggressive behaviour towards others and aggressive behaviour towards
oneself is for example further demonstrated by the frequently reported co-oc-
currence of these behaviours, which is known as dual-harm (Slade et al, 2020).
The cognitive-emotional model of dual-harm states that the same pathways can
result in aggressive behaviour and self-harm. The type of behaviour (i.e., aggres-
sive behaviour versus self-harm) is influenced by the person’s social context and
his or her expectancies regarding the consequences of the behaviour. In Chapter
2, we investigated the co-occurrence between self-harm (NSSI) and aggressive
behaviour in persons with MID-BIF. We found a significant but weak correlation,
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and self-harm (NSSI) did not predict physical aggressive behaviour. This contrasts
with earlier studies on the assoclation as they reported a positive association
between self-harm and physical aggressive behaviour (mainly in persons without
intellectual disabilities). The preceding paragraphs, and the outcomes of the study
reported in Chapter 2 illustrate that heterogeneous definitions exist and findings
from earlier studies are not equivocal. It is therefore useful to compare physiolo-
gy related to aggressive behaviour and self-harm, which will be discussed in the
following paragraphs. This knowledge could also contribute to assessment and
treatment of these harmful behaviours.

Physiological associations with self-harm and aggressive behaviour

In Chapter 3, we systematically reviewed the literature on the association between
self-harm and physiology. Results showed that the majority of studies in which
participants with a history of self-harm were compared with participants without
a history of self-harm, found no differences in physiology. However, when com-
paring the different physiological parameters (HR, HRV, and EDA), results showed
more pronounced differences in HRV than in HR and EDA within the self-harm
group compared to controls. This is consistent with findings from meta-analyses
by Bellato et al. (2023) and Gorels et al. (2023). Several studies included in our
systematic review and the meta-analysis by Goreis et al. (2023) reported lower
HRV at recovery. This indicates a slower recovery to baseline levels after a painful
or stressful experience in people who self-harm. Previous research found that
lower HRV is associated with difficulties in emotions regulation (e.g., Beauchaine,
2015). These relatively longer recovery periods of neurophysiological responses
may contribute to maladaptive strategies for stress reduction (Everly & Lating Jr,
2019), such as self-harm. It is interesting that we also found evidence for stable
and increasing physiological (EDA) trajectories, and thus lower recovery following
self-harm in the multicentre study. This seems to support these earlier lab find-
ings, but should be further studied because only few self-harm incidents were
observed in this study. Besides lower recovery HRV, Goreis et al. (2023) reported
lower HRV in rest. These results suggest that compared to controls, HRV indices
are different in people who self-harm in the sense that they showed lower HRV
at rest and longer HRV recovery times following a stressor. However, there was
considerable heterogeneity in the results. Not all studies included in our system-
atic review could replicate the finding by Goreis et al. (2023) of different HRV in
people who self-harm compared to controls. Moreover, studies that did report
differences in HRV in rest reported both lower and higher HRV in rest in the self-
harm group compared to controls.

Regarding aggressive behaviour, a meta-analysis that included 11 studies re-
porting on HRV in rest found that aggressive behaviour was assoclated with
decreased, but non-significant, HRV in rest (De Looff, Comnet, et al, 2022b). Re-
sults regarding HR are, however, more consistent. HR in rest has repeatedly been
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found to be the best physiological predictor of aggressive behaviour (De Looff,
Cornet, et al, 2022b; Lorber, 2004; Ortiz & Raine, 2004; Portnoy & Farrington,
2015), although it should be noted that effect sizes are typically small. The largest
effect sizes for low resting HR were found among the more serious antisocial
groups, such as serious offenders and subjects with psychopathic traits (De Looff,
Cornet, et al, 2022b). This might be interpreted as support for the low-arousal
theory, which states that antisocial behaviour is related to a low ANS activity,
which might increase the risk for sensation-seeking behaviour and fearlessness
(Jansen, 2022). However, not all studies found lower resting HR to be associated
with aggressive behaviour (Oldenhof et al, 2019; Zijlmans et al, 2021). One pos-
sible explanation lies in the heterogeneity in types of aggressive behaviour. For
instance, individuals with high callous-unemotional (CU) traits have low arousal
levels, as evident from a low HR and EDA (e.g. in response to emotionally evoc-
ative films, when anticipating aversive stimuli, viewing others in pain or, peer
provocation; Frick et al, 2014). CU traits are characterized by lack of empathy, guilt
or remorse, and a shallow or deficient affect, while individuals with higher levels
of anxiety and reactive aggressive behaviour have been reported to show higher
arousal levels (Jansen, 2022).

To summarise, previous meta-analyses on self-harm found lower HRV (rest
and recovery). Our systematic review also found indications for lower HRV at
recovery in participants with self-harm compared to controls, whereas studies
on aggressive behaviour have predominantly shown lower HR levels at rest. HR
is associated with dually innervated SNS and PNS activity and HRV (in terms of
the reported RSA and RMSSD) is primarily associated with PNS activation. These
differences in physiological parameters could indicate that self-harm and ag-
gressive behaviour have different associations with ANS functioning, highlighting
their distinctive characters. This knowledge might also be useful for assessment
of these behaviours.

Heterogeneity of studies and directions for future research

The differences in physiological parameters typically linked to self-harm and
aggressive behaviour (ie, HRV and HR, respectively) may also stem from study
characteristics, such as study design (e.g., comparison and laboratory versus nat-
uralistic), operationalization of the target behaviour, and the number of studies
conducted.

First, if we dive deeper into the two recent meta-analyses on self-harm (Bellato
et al, 2023; Goreis et al, 2023), our systematic review on self-harm (see Chap-
ter 3) and the meta-analyses on aggressive behaviour, it became evident that
the findings differ across the specific comparisons that were made. Studies on
self-harm using a between-subject comparison (mostly comparing a group with
self-harm to a group without self-harm) found indications of decreased HRV in
the self-harm group. In contrast, multiple imagery studies using a within-subject
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comparison design show other parameters, ie. EDA and HR, changing across
stages of personalised imagery scripts in self-harm groups. Within-subject com-
parison studies into physiology before, during and after actual occurrences of
self-harm found contradictory results (decreases, increases in HR, EDA as well as
no changes were reported before, during and after self-harm), but the number of
this type of studies is small. Thus, although between-subject comparison studies
show a general lower HRV related to self-harm and lower HR related to aggres-
sive behaviour, within-subject comparison studies paint a heterogeneous pic-
ture. Actual (and imaged) self-harm and actual aggressive behaviour may not be
(solely) related to lower HRV and HR, respectively, but also to differences in other
physiological parameters. There seems to be a clear need for real-life studies that
Investigate physiology before, during and after actual occurrences of aggressive
behaviour and self-harm.

Second, differences in physiological parameters related to self-harm versus
aggressive behaviour might be related to operationalization of the target behav-
lour or subtypes of the behaviour. In Chapter 4 we explored the variability in
physiological arousal following aggressive incidents by assessing whether (latent)
classes could be identified which follow similar patterns of physiological arousal.
Results showed distinct classes that varied in physiological parameters (HR, SCL
and SCR) at the time of the incident (intercept), as well as the trajectories (slope)
of physiological parameters over time following the incident. Type of aggres-
sive behaviour (e.g. aggressive behaviour towards others and towards oneself)
predicted the class that an incident belonged to. Verbal, physical and aggressive
behaviour towards objects had a higher probability to belong to classes with a
decreasing EDA slope, whereas self-harm more often belonged to classes with a
stable EDA slope. With regard to HR, classes showed a different distribution across
types of aggressive behaviour (see Chapter 4). However, these results need to be
Interpreted with caution, as only few self-harm incidents were observed, which
could be due to the fact that self-harm is often underreported (Hulsmans et al,
2024; Preyde et al, 2012). Regardless of the limitation we were, however, able to
conduct a real-life multicentre study into physiological changes in both aggres-
sive behaviour and self-harm.

Third, the number of studies conducted on the different physiological param-
eters in relation to self-harm versus aggressive behaviour should be considered.
HRV is less often studied than HR in relation to aggressive behaviour. From the
four meta-analyses on physiology related to aggressive behaviour (Lorber, 2004;
Ortiz & Raine, 2004; Portnoy & Farrington, 2015), only the meta-analysis by De
Looff, Cornet, et al. (2022b) included HRV. Moreover, these HRV indices repre-
sented only a small proportion of studies compared to the number of studies on
HR. The observed difference in physiology in aggressive behaviour compared to
self-harm (HR, HRV) may thus partly be explained by the number of studies, study
design, and other study characteristics. More research into HRV and more studies
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with idiographic methods are necessary to unravel these complex interactions.
Last but not least, a meta-analysis in which physiology of aggressive behaviour
and self-harm are compared directly could improve our insight in (differential)
physiological characteristics (see Nijman et al, in preparation).

Key finding 2: Small effects and high variability: call for in-depth
idiographic research with multi-source integration

A second overarching finding of studies in this thesis is that groupwise research
designs on (only) physiological data yield contradictory results, and relatively lim-
ited implications for assessment and treatment of aggressive behaviour and self-
harm in clinical practice. First, I will explain why solely groupwise comparisons
are insufficient. Second, [ will explain why additional idiographic approaches are
needed. Third, I will explain the importance of multi-source integration and de-
scribe what type of information needs to be included in future research to im-
prove clinical usefulness of physiological arousal measures.

Groupwise comparisons resulted in several contradictory results with limited
clinical implications. First, in our systematic review on physiological parameters
associated with self-harm (see Chapter 3), we found that most studies failed to
find a significant association between physiological arousal and self-harm. Sec-
ond, studies that did find alterations in physiology in the self-harm group found
both increased and decreased physiological arousal. Third, in Chapter 5 we found
a large variation between and within participants’ physiological arousal during
music listening, though results indicated that there was a significant but small
decrease in physiological arousal. Fourth, in Chapter 4, we investigated changes
in physiological arousal following aggressive incidents. The main analysis showed
again significant but small decreases in physiological arousal with a large var-
lation. The need for idiographic approaches was evident from the secondary
analysis. We found that physiological arousal followed distinct trajectories after
aggressive incidents and different latent classes could be distinguished (four to
six, depending on the physiological parameter). These latent classes varied in the
mean value of physiological arousal at the time of an aggressive incident as well
as in the trajectories of physiological arousal over time following an incident. This
subgroup analysis provided valuable insight in the different trajectories follow-
INg aggressive behaviour. Besides a decrease in physiological arousal during the
30 minutes following an aggressive incident, also clusters of incidents (classes)
with stable trajectories and even trajectories with increasing physiological arous-
al were found. These different trajectories could explain the small average (ie,
groupwise) decrease in physiological arousal. Furthermore, results showed that
the type of aggressive behaviour predicted the trajectory of physiological arousal
following the aggressive incident. Thus, the main groupwise analyses of these
studies showed contradictory outcomes or small effect sizes with large variability.
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Notably, the subgroup analysis (Chapter 4) improved our understanding of the
variety in physiological arousal following aggressive behaviour.

However, randomized controlled trials (RCT's), a groupwise study design, are
considered the golden standard method for studying effectiveness because of
the high internal validity (Tomlinson et al, 2015). RCT's alone might not be suf-
ficlent because of several reasons. First, studies such as RCT's that seek causal
factors groupwise may not generate findings that apply to the individual client
(Fedor et al, 2023). Second, data analytics that are based on identifying patterns
across people will have to account for many parameters and thus require very
large samples with long time series and high-quality data. Third, if these require-
ments are met, groupwise comparison designs are still potentially problematic as
they may average out or ignore meaningful individual differences, as was seen in
the main analysis of the study presented in Chapter 4. Fourth, knowledge from
large (RCT) studies takes a long time to be disseminated and implemented in
clinics. The arguments presented above give rise to a call for within subject and
preferably idiographic approaches.

Idiographic approaches

Aggressive behaviour, self-harm and physiological arousal are complex phenom-
ena, since they are dynamic and multi-causal, and the mechanisms manifest
idiosyncratically (Hulsmans et al, 2024). Several authors argue that individualizing
prevention and treatment require in-depth idiographic approaches to disentan-
gle complexity and generating new insights relevant for clinical practice (Fedor
et al, 2023; Hekler et al, 2019; Hulsmans et al, 2024). Single case experimental
designs (SCED’s), latent class analyses (such as in Chapter 4), complex systems
analyses (e.g. Hasselman, 2023), multilevel modelling (Chapter 4), and ecological
momentary assessment (such as in Chapter 5) seem to be useful. This might
also improve the implementation of biological information in the assessment and
treatment of aggressive behaviour and self-harm in persons with (and without)
MID-BIF Several participants (professionals working in forensic mental healthcare
and experts on technology in forensic mental healthcare) in the study by Kip et
al. (2020) indicated that for example SCED's might be more suitable than RCT's to
study eHealth in forensic mental health care from a practical and methodological
point of view. The authors state that more such studies are needed.

Another advantage of idiographic approaches is that knowledge from idio-
graphic approaches can rapidly be used to improve the care for an individual
in the moment, or shortly thereafter, whereas RCT's don't have this advantage
(Hekler et al, 2019; Staddon, 2001). This was illustrated by Fedor et al. (2023) who
described a single case in which a patient with a depressive disorder uses several
sources of iInformation from a wearable to track the progression of the therapy
and discuss valuable insights with the therapist. Because idiographic approaches
improve the possibilities of giving the client (and the caregiver or therapist) valu-
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able personalised feedback, they may also improve motivation and compliance
for participating in scientific studies.

New data, such as collected with wearables, advance individualisation of pre-
vention and treatment (Hekler et al, 2019). Wearables can be valuable meas-
urement instruments for studies with idiographic approaches as they enable
high-frequency, longitudinal monitoring of individual clients. These data can be
for example used to evaluate treatment effectiveness through N=1 designs (Fedor
et al, 2023).

Knowledge retrieved from N=1 studies can not only help that specific individual
but, through the identification of clusters across people and change mechanisms,
generalizable insights can be generated as well (Hekler et al, 2019). Moreover,
groupwise and idiographic approaches can be used complementary. The studies
n this thesis followed predominantly a groupwise approach, although the studies
in Chapter 4 and 5 followed to some extent more idiographic approaches. As
described by Hekler et al. (2019) these studies are excellent for providing insights
for ‘a warm start’ in this study field/topic and providing important directions for
future research. In contrast, idiographic approaches are useful for moving forward
towards an increasingly more individualised understanding, of in this case, physi-
ological patterns related to aggressive behaviour and self-harm. Also, Heirbaut et
al. (2024) underscore the importance of idiographic approaches (SCED’s) at this
stage and state that a large RCT is more appropriate once the use of wearables is
widespread across multiple facilities.

Multi-source integration: gaining insight in variability in physiology by
including non-physiological data

Future research using idiographic approaches can further improve our under-
standing of physiological arousal in relation to self-harm and aggressive behaviour
by also including non-physiological data. Arousal and physiological parameters
are influenced by many factors and thus interpretation is not always straightfor-
ward. Including information on the type, function, and severity of the target be-
haviour, as well as contextual factors and subjective experiences, could enhance
the clinical usefulness of physiological arousal measures. Below, [ elaborate on
this topic and explain why including this information is important to understand
(variation in) physiology in relation to self-harm and aggressive behaviour.

Type, function and severity of behaviour

Future research into the association between self-harm and physiological arousal
should specify information on the type, function and severity of self-harm. The
null results (especially for HR and EDA) and contrasting results of the study pre-
sented in Chapter 3 may not be caused by an absence of an association between
physiological arousal and self-harm. Alternatively, it could possibly be attributed
to the levels of severity and the various types of self-harm, which likely served dif-
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ferent behavioural functions, that were included in most studies. Different func-
tions of self-harm may be characterised by different (contrasting) physiological
arousal profiles. For instance, downregulation of high arousal and upregulation
of low arousal presumably result in different physiological patterns. Similarly, self-
harm as a means to regulate arousal or self-harm to regulate interpersonal sit-
uations might result in different physiological profiles (Nock, 2010). For instance,
Nock and Mendes (2008) found that persons who reported engaging in self-
harm to escape hyperarousal experienced the strongest physiological arousal
during a distressing task. Indications that it is advisable to distinguish between
types of self-harm also comes from Bellato et al. (2023) who found no association
between EDA and self-harm when all types of self-harm were considered togeth-
er. However, specifically non-suicidal self-harm showed increased EDA, while
studies that did not distinguish between different types of self-harm (ie. suicidal
ideation, suicidal self-harm, and non-suicidal self-harm) reported reduced EDA.

Different types of aggressive behaviour are also associated to differences in
physiological parameters, as reported by the meta-analysis of De Looff, Cornet,
et al (2022b). In Chapter 4, we included information on the type of aggressive
incident, categorised by topography (e.g. verbal or physical aggressive behav-
lour). However, no information was available on type of aggressive behaviour,
categorised by function, for example proactive (i.e., goal-directed, instrumental,
unemotional) versus reactive (i.e, emotional, impulsive) aggressive behaviour. In-
formation on the behavioural function, measured with validated questionnaires,
of aggressive behaviour might help understand the different physiological trajec-
tories (e.g. decreasing, stable and increasing) we found following aggressive inci-
dents (Blankenstein et al, 2022; Hubbard et al, 2002; Jansen, 2022; Murray-Close
et al, 2017; Schoorl et al, 2016).

Furthermore, including severity scores of self-harm or aggression incidents
might help understanding the variability of trajectories of physiological arous-
al within a type of behaviour (e.g. self-harm) which was reported in Chapter 4.
For example, Wells et al. (1999) found different trajectories in HR between stages
of self-cutting and skin-picking imagery scripts. Moreover, De Looff et al's me-
ta-analysis on the association between physiological parameters and aggressive
behaviour found the largest effect sizes for low resting HR among the most vio-
lent offenders. It is therefore essential to include information on these factors in
the analyses, preferably in addition to person specific contextual information.

Contextual information

To enhance our understanding of different trajectories in physiological arousal
following (preceding and during) aggressive behaviour future research could also
include contextual information (De Looff, Duursma, et al, 2022; Dunn et al, 2025;
Fedor et al, 2023). In Chapter 4 we studied changes in physiological arousal after
aggressive incidents however, it was not clear what caused these changes. Future
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research could collect data on the response of caregivers following the incidents,
and study the effect of different responses on the physiological trajectory follow-
INg incidents. For instance, coercive or restrictive measures are often perceived as
stressful by the client (Chieze et al, 2019), and may impact physiological respons-
es after incidents. Research including this type of contextual information can also
explore the effectiveness of different management strategies for the reduction of
physiological arousal. This knowledge might guide professionals in selecting per-
sonalised interventions given the context in which the behaviour occurs.

Adding contextual information could also improve our understanding of vari-
ation in physiological stress reduction within and between subjects during music
listening. Changes in physiology during music listening could be influenced by
contextual changes. For example, if a participant withdrew from the context to
listen to music (e.g. by going to a comfort room or retreating in his room), this
could have reduced contextual stressors or demands and therewith physiological
arousal.

Psychosocial, psychological and subjective experiences

Including psychosocial information together with physiological data could also
improve the prediction of self-harm. This is illustrated by the study of Nelson et
al. (2023), who found that resting HR was not associated with self-harm in main
effects analyses, but the interaction between peer conflict and resting HR at base-
line significantly predicted the frequency of self-harm at follow-up. Beside s
psychosocial information, psychological and subjective experiences are impor-
tant to consider when studying physiology. The following study illustrates the im-
portance of psychological context in the interpretation of physiological arousal.
Contrary to their expectations, Tutunji et al. (2023) found decreased physiological
arousal during an examination week in medical students. However, it was found
that this relationship was mediated by the students’ affect. Using machine learm-
ing, Tutunji et al. (2023) tested whether wearables and/or ecological momentary
assessment (EMA) could best classify whether data stemmed from examination
or control weeks. The combination of both types of measures resulted in the best
classification, illustrating the importance of combining physiological data with
psychological data from for example self-report.

In our biofeedback study on (physiological) stress reduction during music
listening (see Chapter 5) we also combined physiological data with self-report
(EMA) data. We measured subjective experiences with a slider before and after
music listening, a form of EMA, and a short questionnaire after the intervention
period. Results of the subjective measures helped to interpret the physiologi-
cal outcomes and supported the conclusion of stress reduction. However, there
were many missing data from the EMA sliders. By contrast, Hulsmans et al. (2023)
studied the feasibility of daily monitoring in adolescents and young adults with
MID-BIF and concluded that EMA is feasible in outpatient and residential care.
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A possible reason why these authors on average reached good compliance 1s
that the diary entries were used for feedback in treatment. Possibly, in our study
participants did not fill in the sliders because of insufficient (direct) feedback on
their answers and insufficient imbedding of these measures in their treatment
program. Lack of compliance might also be related to involuntary care. Hulsmans
et al. (2023) reported low compliance (19%) in juvenile detention setting, data of
the study described in Chapter 4 was partially collected in forensic residential
care facllities. In addition to or as an alternative to using a slider to measure sub-
jective experiences, future research could include more in-depth interviews to
explore participants’ experiences. This might improve our understanding of the
large variation we found in physiological stress reduction within and between
subjects during music listening. More information on the subjective experiences
of the participants could also provide knowledge for whom and when biofeed-
back and music listening could be effectively used for stress reduction and how it
can be improved. This is important because, besides variation in stress-reduction,
we observed large differences between participants in adherence to the research
protocol and the need for support with participating in the intervention (using
the biosensors and listening to music). The need for more research to better
understand why and for whom wearable technology works was also reported by
Heirbaut et al. (2024) and Kip et al. (2020).

Notwithstanding the importance of combining physiological and self-report
data, this can also introduce new complexities. For instance, interpreting con-
trasting physiological and self-report data is challenging. For example, in Chapter
5 participants frequently reported discrepancies between self-experienced stress
and the notifications on increased stress levels (both false positives and false neg-
atives) which they received. It is important to note that available stress algorithms
are mainly tested in laboratory settings, with non-clinical populations (e.g. West-
erink et al, 2020). Also, no golden standard, as with HR (i.e. electrocardiography),
exists to validate stress-algorithms. To evaluate physiological stress algorithms,
we therefore depend on for example self-report data on stress. However, using
self-report data to assess validity of stress algorithms is challenging in the popu-
lation which could benefit most from biofeedback on stress, that is persons with
limited interoceptive awareness (see also, Bellemans et al, 2019, Heirbaut et al,
2024).

Combining physiological parameters

Lastly, besides mixed methods combining quantitative physiological arousal and
(qualitative) psychological (self-report and/or interview) data a combination of
physiological parameters (e.g. EDA and HR) could improve insight into aggres-
sive behaviour, self-harm and stress levels. Results of the study by Goodwin et
al. (2019) with persons with an autism spectrum disorder and of whom most
had a comorbid intellectual disability suggest that aggressive behaviour to oth-
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ers can be predicted 1 minute before it occurs using 3 minutes of data collected
with wearables including a combination of cardiovascular activity (blood volume
pulse and interbeat interval), EDA, and motion. Imbiriba et al. (2023) conducted
a comparable study in persons with an autism spectrum disorder (of whom al-
most half were diagnosed with intellectual disability) on self-harm and reported
similar results. Also, research into detecting stress using machine learning with a
combination of physiological parameters has achieved high accuracy in classi-
fying stress levels (in patients with metabolic syndrom and children with autism
spectrum disorders; Akbulut et al, 2020; Masino et al, 2019).

To summarise, results of the studies presented in this thesis showed contra-
dictory outcomes or small effect sizes with large variability. More in-dept studies
using idiographic approaches and multi-source integration are needed to move
the field of physiological arousal forward and to improve the implementation of
biological information in the assessment and treatment (of aggressive behaviour
and self-harm) in mental health and disability care.

Potential, pitfalls and future directions of wearables in clinical
practice

Potential

The implementation of wearables in the (forensic) care and treatment of indi-
viduals with intellectual disabilities with behavioural and mental health problems
has many potential benefits. Besides the aforementioned benefits such as the
possibilities for individualized approaches to managing aggressive incidents, the
following benefits are interesting to mention. First, wearables can give the client
and his caregiver or therapist insight in his arousal levels (besides movement
and sleep), in addition to self-reported data. Wearables can bring important in-
formation from daily life into 'the treatment room'’ (Fedor et al, 2023; Heirbaut
et al, 2024). For clients it can be difficult to report on their arousal levels and
self-report is prone to various biases. It is known that it can be difficult to recall
one’s (physiological) state of previous days (e.g. Fedor et al, 2023). Physiologi-
cal data collected with wearables can function as a prompt for a conversation
between clients and their caregiver or therapist (Fedor et al, 2023; Heirbaut et
al, 2024). Fedor et al. (2023) reported an example of a client with major depres-
sive disorder who reported to her therapist that she had been sleeping great the
past two weeks. However, the wearable measured a very irregular sleep pattern.
When the therapist discussed this, the client recognised this and together they
could further evaluate and explore the presence and severity of sleep problems.
It should however be mentioned that the reliability and validity of wearables is
still topic of research (van der Mee et al, 2021), and it is important for the clinician
to understand what is measured and what is aggregated (see the section 'Pitfalls’
for more details; Altini, 2024; Doherty et al, 2025). Besides bias in recall, reduced
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interoceptive abilities or social desirable answers, which are frequently observed
in people with MID-BIF can cause bias and reduced accuracy of self-report data
(Havercamp et al, 2022). The addition of wearables requires less cognitive reflec-
tion and language proficiency (Heirbaut et al, 2024 Kip et al, 2020), which can
be especially beneficial for persons with cognitive impairments. Second, besides
bringing information from daily life into the treatment room, wearables can sup-
port in the transfer of the treatment from the treatment room to daily life, and
therewith enhancing the empowerment of the client (Heirbaut et al, 2024).

Third, wearables can capture the attention of caregivers through (real-time)
biofeedback. Caregivers may easily overlook non-verbal signs of rising arousal
levels in real-time situations, due to high workload. Wearables can support them
In monitoring tasks, making sure their caring expertise is focused on the client
at relevant times (Noordzij & Laroy-Noordzij, 2015). Fourth, using wearables is a
‘passive’ way of measuring, which enables frequent and longitudinal measure-
ments (Fedor et al, 2023), and which can be a valuable addition to more ‘active’
measuring methods. Active measuring methods can be prone to missing or bi-
ased data, as illustrated by the missing responses to the scale questions in Chap-
ter 5. Finally, the apps used with wearables are potentially destigmatizing because
apps are commonplace and socially accepted (Bucci et al, 2019).

Pitfalls

Besides the various potential benefits of using wearables in clinical practice, mul-
tiple pitfalls should be considered. First, there is the issue of validity of the data
and their interpretation. Using wearable devices produces large amount of raw
data which first need to be processed, cleaned  and screened for artefacts be-
fore they can be interpreted (De Looff, Duursma, et al, 2022; Fedor et al, 2023).
Measuring physiological arousal with wearables is prone to artefacts. For exam-
ple, regarding measuring EDA, invalid low values caused by insufficient coupling
of the electrodes has been reported several times in the literature (e.g. Milstein &
Gordon, 2020). In Chapter 4, one of the latent classes had a very low mean SCL
which might suggest that the recorded data of this class were mostly noise. Some
physiological parameters however can be measured more valid than others. Al-
tint (2024) states that it is important to know which physiological parameters are
measured and which are estimated. For example, HR(V) at rest can be measured
validly with wearables (Schuurmans et al, 2020). However, stress is estimated
with an estimation algorithm, and difficult to capture as no golden standard to
measure physiological stress exists. In our studies, we experienced difficulties in
measuring stress in a valid way using wearables: participants frequently report-
ed discrepancies between self-experienced stress and the notifications they re-
ceived on increased stress levels (both false positives and false negatives, Chapter
5). This has also been reported with different wearables (Heirbaut et al, 2024;
Ter Harmsel, Noordzij, et al, 2023). Furthermore, some wearables do not (accu-
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rately) measure stress levels during physical activity or movement (e.g. walking
or cycling), or activities which naturally elevate heart rate (like doing household
chores). Thus, physiological measures during these activities can falsely appear as
stress (Chapter 5; Heirbaut et al, 2024). Wearables should therefore be considered
a tool to increase awareness of bodily changes, not as a normative measurement
tool indicating stress. However, interpreting these biofeedback signals and adding
nuance to this interpretation can be complicated for clients (Heirbaut et al, 2024).
A factor that complicates using valid wearable technology is that technological
developments go fast but scientific research is relatively slow. By the time that
the validity of devices is properly tested, the devices are already outdated (Kip et
al, 2020).

A second pitfall is the usability of wearable devices. De Looff et al. (2021) inves-
tigated the usability and acceptance of four wearable devices in forensic clients
with MID-BIF. Results from qualitative guestionnaires, in general, indicated that
the devices were easy to use and gave clear information. However, a more recent
study by De Looff et al. (2024) on the usability of four different wearable devices
In forensic clients with quantitative measures reported that the devices did
not have usability scores that would typically lead people to recommend that
technology. Another study on the perspectives of forensic psychiatric clients and
therapists on one of these wearable devices, using the same questionnaire as De
Looff et al. (2024), found acceptable usability scores (Ter Harmsel, Smulders, et
al, 2023), though also below the threshold typically needed for recommenda-
tion. Currently, there is no wearable device that fully meets all the requirements
of forensic clinical practice (Heirbaut et al, 2024). However, sufficient support by
caregivers can lead to successful implementation of wearables. For example, car-
egivers can address usability issues by configuring the wearable together with the
client, answering questions about its use during sessions, and assisting the client
in understanding the notifications (Heirbaut et al, 2024).

A third pitfall applies to the acceptance of technology by caregivers. Some
caregivers report reluctance to move away from more traditional, face-to-face
methods of care or report a lack of confidence in using technology (Bucct et al,
2019; Heirbaut et al, 2024). However, the majority of professionals working in
forensic mental healthcare, current or former forensic psychiatric patients, and
experts on technology in forensic mental healthcare, consider the use of weara-
bles promising (Heirbaut et al, 2024; Kip et al, 2020).

A fourth pitfall is the lack of guidelines on how and when to use wearables
in clinical and mental health care for persons with psychiatric disorders and/or
intellectual disabilities (Kip et al, 2020). Besides guidelines, personalisation is very
important to fit the different needs and characteristics of this diverse population
(Heirbaut et al, 2024; Kip et al, 2020).

A final pitfall are the costs of wearables. The wearables used in the studies of
this thesis cost for example between 600 and 2000 euro's. Currently, the use of
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wearables iIn mental health and intellectual disability care is not standard reim-
bursed and clients are often not able to afford to buy the technology (Bucci et al,
2019). Wearables might be reimbursed in the future, effectivity research showing
positive effects of wearables in mental health and intellectual disability care can
contribute to this.

Future directions of wearables in clinical practice

To improve clinical interpretability of large data outputs of wearables, tools mak-
ing the data easily accessible are needed (Bucci et al, 2019). Visualization tools
showing the longitudinal pattern of clinically relevant information should be de-
veloped (Dunn et al, 2025; Fedor et al, 2023). De Looff, Duursma, et al. (2022)
developed a "“Wearables” R package and a Shiny "E4 dashboard” application for
the wearable Empatica E4. The package and Shiny application can be used to
visualise the relationship between physiological signals and real-life stressors or
stimuli, but can also be used to pre-process physiological data, detect artefacts,
and extract relevant features for further analysis. The dashboard is currently being
further developed and expanded for two other wearables (the EmbracePlus and
the Nowatch). These visualisation tools can be used by the clinician to discuss
the data with the client, which can improve the client's engagement in treatment
(Fedor et al, 2023).

When using wearable devices in (forensic) mental health or disability care it is
important to integrate it into treatment protocols or existing situations (Heirbaut
et al, 2024; Kip et al, 2020; Ter Harmsel, Smulders, et al, 2023). For example,
wearables can be added to an existing cognitive behavioural treatment program
for reduction of aggressive behaviour, which has been studied by Helrbaut et al.
(2024) and is currently studied by Nijman et al. (in preparation). For further rec-
ommendations of implementing wearable devices in the care for various popula-
tions (e.g. forensic adult clients or children with severe developmental problems)
see Adam et al. (2024); Hagoort et al. (2025); Heirbaut et al. (2024); Kip et al.
(2020); Ter Harmsel, Smulders, et al. (2023).

To improve the usability of wearable devices De Looff et al. (2024) suggest im-
provements in gamification and motivational aspects of wearable technology. Fur-
thermore technical developments can improve the usability, such as improvement
of connectivity and notifications, increase in possibilities of personalization of set-
tings and improved battery life (Heirbaut et al, 2024; Ter Harmsel, Noordzij, et al,
2023). The development of wearables requires continuous development, custom-
ization and co-design with professionals and clients (Adam et al, 2024; Kip et al,
2020; Schouten et al, 2022; Woodward et al, 2023). Co-designing wearables with
clients ensures a better alignment of the wearables with their needs and preferenc-
es and therewith improves the compliance when using the wearables.

With regard to validly measuring stress with wearables, in the past years and
currently multiple studies are conducted (e.g., Immanuel et al, 2023), leading
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to the expectation that the quality of the algorithms utilised by these devices
will significantly improve in the coming years. ‘Stress in action’ is a current large
longitudinal multicentre project that aims to develop low-burden, ecologically
valid ambulatory assessment toolkit to quantify stress in daily life (Schoenmak-
ers et al, 2025).

Finally, the ethical, privacy and data security aspects of the use of wearables
In disability and mental health care need to be considered (Adam et al, 2024;
Almubairik & Khan, 2024; Fedor et al, 2023; Kip et al, 2020). This is important
because wearables measure many health-related signals that are considered to
be sensitive (Almubairik & Khan, 2024). In Chapter 5, we selected for example the
Nowatch because of its good data policy, i.e. leaving the client the owner of the
data and not saving their data unless requested otherwise. Giving clients control
over their data may increase their rust (Ginsburg et al, 2024). However, several
commercial wearables do save their users data or do not give their users access
to the raw data. Clarity and guidelines on topics such as privacy, data security and
ownership of data are needed (Ginsburg et al,, 2024; Kip et al, 2020).

CONCLUSION

In the current thesis, the co-occurrence of non-suicidal self-injury (NSSI) and
aggressive behaviour and overlapping risk factors in persons with MID-BIF was
studied. It also provided a broad overview of the current literature on the asso-
clation between self-harm and physiological parameters. Furthermore, in daily
life situations, physiology following aggressive behaviour was investigated with
a large multicentre study. The final chapter examined changes in subjective and
physiological stress during music listening in daily life situations among individu-
als with MID-BIF, comparing the effects of self-selected music and music selected
and ordered by an innovative music system.

Advancements in technology enable the continuous monitoring of physio-
logical arousal. The use of wearables has many potential benefits for scientific
research. More research measuring physiology with wearables before, during and
after actual aggressive behaviour and self-harm in daily life situations is need-
ed. Furthermore, more in-dept studies using idiographic approaches and mul-
ti-source integration are needed to move the field of physiological arousal for-
ward and to improve the implementation of biological information in assessment
and treatment (of aggressive behaviour and self-harm) in mental health, forensic
and disability care.

Monitoring with wearables also has promising potential in clinical practice for
unravelling complex issues, particularly in diagnosis and treatment. For example,
physiological data collected with wearables can function as a prompt for a con-
versation between clients and clinicians. Or wearables can capture the attention
of caregivers in residential settings, supporting them in monitoring tasks. Fur-
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thermore, insights into physiological arousal patterns, both prior to and following
aggressive behaviour, may help to clarify the function of aggressive behaviour in
clients. This understanding could be used to inform personalised treatment strat-
egles aimed at addressing the underlying causes of aggressive behaviour. How-
ever, assessments and intervention decisions should not rely solely on physiolog-
lcal data but must complement the clinical judgment of caregivers and therapists.
Currently we stand at the start of many new developments in this area, that are
expected to progress rapidly. Guidelines on how and when to use wearables in
(forensic) care for persons with psychiatric disorders and/or intellectual disabilities
need to be developed. To improve clinical interpretability of large data outputs of
wearables, tools making valid data easily accessible are needed. Moreover, with
the use of wearables it is important that ethical, privacy and data security aspects
are considered carefully.

Follow-up Jason

Jason participated in the biofeedback study into physiological and subjective
stress reduction during music listening. He successfully completed the two
weeks research period. Afterwards, his experiences with using wearable devices
and music listening (with X-system) was evaluated with him and his therapist.
Jason explained that before he found it challenging to recognise increased levels
of arousal on his own. The wearable however offered him significant support
In recognizing levels of arousal. He described moments when the device alert-
ed him to increases Iin his arousal, even when he was unaware of experiencing
stress. At other times, he did recognise feelings of stress and noted that the device
supported his ability to better identify these moments. He mentioned an example
where he walked away from a stressful social experience to his room and listened
to music and returned after his stress had dissipated. The biofeedback thus led
to a deeper awareness of his stress levels, something he had not focused on
much in the past. Even after discontinuing using the wearable, he reported being
better able to recognise and reflect on his stress patterns, something which was
recognised by his therapist. No aggressive incidents occurred during the period
he used the wearables. His therapist used the study results to further discuss and
understand stressful situations and to plan strategies for future stress detection
and reduction together with Jason.
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Dutch summary
(Nederlandse samenvatting)

Onderzoeksresultaten

Agressief gedrag en zelfbeschadiging komen vaak voor bij mensen met een licht
verstandelijke beperking of zwakbegaafdheid (LVB) in (forensische behandel-) in-
stellingen. Beide hebben een negatieve impact op zowel de cliént, andere client-
en als zorgverleners. Agressief gedrag en zelfbeschadiging komen vaak samen
voor. Er was echter minder bekend over het samen voorkomen en overlappende
risicofactoren bij volwassenen met LVB. In hoofdstuk 2 onderzochten we daar-
om eerst de associatie tussen agressief gedrag en niet-suicidale zelfbeschadiging
(NSSI) en overlappende risicofactoren, bij 125 volwassenen met LVB. Dit werd
onderzocht aan de hand van incidentrapportages en metingen die onderdeel zijn
van het reguliere behandelproces. De resultaten toonden een zwakke correlatie
tussen agressief gedrag en NSSI, tussen impulsiviteit en agressief gedrag, evenals
tussen coping vaardigheden en agressief gedrag en NSSI. NSSI, impulsiviteit en
coping vaardigheden voorspelden agressief gedrag echter niet. Dit laatste is niet
in ljn met eerdere studies. Dit zou verklaard kunnen worden door verschillen
tussen mensen met en zonder LVB, of het gebruik van andere meetinstrumenten
dan die in eerdere studies. Deze resultaten kunnen wijzen op het belang om,
naast coping vaardigheden en impulsiviteit, ook andere overlappende risicofac-
toren van agressief gedrag en zelfbeschadiging in kaart te brengen, zoals arousal.

Verhoogde en verlaagde arousal zijn herhaaldelijk in verband gebracht met
agressief gedrag en zelfbeschadiging. Er wordt steeds meer onderzoek gedaan
naar fysiologische arousal (bijvoorbeeld hartslag) in relatie tot agressief gedrag
en zelfbeschadiging. Meerdere systematische reviews onderzochten de relatie
tussen agressief gedrag en arousal. Er bestond echter nog geen uitgebreid over-
zicht van studies naar de relatie tussen zelfbeschadiging en arousal. In hoofd-
stuk 3 hebben we daarom een systematische review uitgevoerd van studies naar
de associatie tussen fysiologische parameters en zelfbeschadiging. Er werden
46 studies met uiteenlopende onderzoeksopzetten, participanten en metingen
opgenomen. De resultaten lieten zien dat de meeste studies, die huidgeleiding en
hartslag vergeleken bij mensen met en zonder zelfbeschadiging, geen duidelijke
aanwijzingen vonden voor een relatie tussen fysiologische parameters (arous-
al) en zelfbeschadiging. Studies naar hartslagvariatie toonden aanwijzingen voor
een lagere hartslagvariatie bij mensen met zelfbeschadiging tijdens herstel na
bijvoorbeeld stressverhogende taken in vergelijking tot mensen zonder zelfbes-
chadiging. Dit kan duiden op problemen in de emotieregulatie, wat werd onder-
steund door resultaten van imaginatiestudies waarbij hartslag en huidgeleiding
werden gemeten. Studies die fysiologische parameters onderzochten op mo-
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menten van daadwerkelijke zelfbeschadiging vonden tegenstrijdige resultaten,
maar dit is in zeer weinig studies onderzocht. Hoewel de draagbare technologie
(wearables) om fysiologie te meten is verbeterd, bleek dat de meerderheid van de
studies tot nu toe laboratoriumstudies zijn.

Ook voor agressief gedrag zijn de meeste onderzoeken naar de relatie met fy-
siologische arousal tot nu toe voornamelijk laboratoriumstudies. Voor zover bek-
end was er nog geen onderzoek in de klinische praktijk gedaan naar fysiologische
parameters bij volwassen met LVB-BIF na agressie incidenten. Inzicht in het ver-
loop van fysiologische arousal na agressief gedrag zou belangrijke kennis kunnen
opleveren voor de preventie van terugkerend agressief gedrag. In hoofdstuk 4
onderzochten we daarom met een grote multicenter studie veranderingen in
hartslag en huidgeleiding in de 30 minuten na agressief gedrag, gemeten op de
afdeling. Arousal, gemeten met draagbare technologie, werd na 165 agressie in-
cidenten geanalyseerd. De resultaten toonden zoals voorspeld een significante
afmame in hartslag en huidgeleiding na agressie incidenten. De afname in arousal
was echter klein en er was een grote varlatie tussen en binnen personen. Verdere
exploratieve analyse (latente groeicurve-analyse) van het verloop van arousal na
agressie toonde aan dat er verschillende patronen konden worden onderschei-
den. Naast een afname in arousal waren er ook groepen incidenten met stabiele
niveaus of zelfs een toename in arousal. Het type agressief gedrag hing samen
met de verschillende latente klassen waartoe incidenten behoorden. De verschil-
lende fysiologische patronen benadrukken het belang van gepersonaliseerde
benaderingen bij het omgaan met agressie incidenten. Als bijvoorbeeld bij een
cliént de arousal al is afgenomen en de cliént is teruggekeerd naar een kalmere
staat, kan het inzetten van aanvullende interventies onnodig of zelfs contrapro-
ductief zijn. Aan de andere kant kunnen cliénten, waarbij na agressie de arousal
langdurig verhoogd is, baat hebben bij gerichte interventies, zoals stressreducer-
ende interventies of biofeedback.

Tot slot, omdat arousal gerelateerd is aan agressief gedrag en zelfbeschadig-
ing, is het van belang om verhoogde arousal (tijdig) te verlagen. Met de studie
in hoofdstuk 5 van dit proefschrift onderzochten we subjectieve en fysiologis-
che arousal tijdens een interventie voor stressreductie, namelijk muziek luister-
en. Verder werd onderzocht of het gebruik van software voor het selecteren en
rangschikken van muziek (gebaseerd op het voorspellen van het effect van een
nummer op het autonome zenuwstelsel, X-systeem genaamd) geassocieerd was
met grotere afnames in subjectieve en fysiologische arousal in vergelijking met
zelfgeselecteerde muziek. Biofeedback werd gebruikt om dit te onderzoeken op
stressvolle momenten in het dagelijks leven van cliénten, en omdat cliénten vaak
moeite hebben om stress bij zichzelf te herkennen. Participanten werden gein-
strueerd om naar muziek te luisteren wanneer ze biofeedback kregen over hun
verhoogde stressniveau (zoals gemeten door de draagbare biosensor Nowatch)
of wanneer ze zich gestrest voelden. We verzamelden in totaal 103 luistersess-
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les tijdens de dagelijkse routines van 11 participanten, over een periode van 2-4
weken. Participanten luisterden naar zelfgekozen muziek of naar een gepersonal-
iseerde afspeellijst die was samengesteld met X-system. De resultaten lieten een
afmame zien in hartslag en huidgeleiding tijdens het luisteren naar muziek. Daar-
naast werden er aanwijzingen gevonden voor afname in zelf-gerapporteerde
stress en verbetering van de stemming na muziek luisteren. De afname van hart-
slag en huidgeleiding tijdens het luisteren naar muziek was klein en er was veel
variatie tussen en binnen participanten. Het luisteren naar muziek samengesteld
met X-system was niet effectiever dan luisteren naar zelfgeselecteerde muziek.
Echter, lagere ‘gecombineerde arousal’ waarden van nummers (een index van
X-system) voorspelden lagere hartslag en huidgeleiding. Dit suggereert dat deze
index gebruikt kan worden om nummers te selecteren die een ontspannend of
activerend effect hebben. Luisteren naar muziek kan een laagdrempelige, goed-
kope en empowering strategie zijn voor stressvermindering, wat tevens een
positieve invloed kan hebben op emotieregulatie en de mentale en lichamelijke
gezondheid.

Vervolgonderzoek

Technologische ontwikkelingen in de vorm van wearables maken continue
monitoring van fysiologische arousal in het dagelijks leven mogelijk. Het gebruik
van wearables biedt veel mogelijjkheden voor wetenschappelijk onderzoek. Er
Is onder andere meer onderzoek nodig waarbij fysiologie wordt gemeten met
wearables in het dagelijks leven voor, tijdens en na agressief gedrag en zelfbes-
chadiging. Daarnaast zijn meer studies met idiografische benaderingen nodig die
meerdere databronnen integreren (o.a. verschillende fysiologie parameters, con-
textuele factoren, psychologische factoren en subjectieve ervaringen). Dit zal bi-
jdragen aan de verdere ontwikkeling van het vakgebied van fysiologische arousal
en de integratie van biologische gegevens in de diagnostiek en behandeling (van
agressief gedrag en zelfbeschadiging) in de geestelijke gezondheidszorg, foren-
sische psychiatrie en verstandelijk gehandicaptenzorg.

Klinische implicaties

Het gebruik van wearables biedt ook veelbelovende mogelijkheden in de klinis-
che praktijk bij het ontrafelen van complexe vraagstukken in diagnostiek en be-
handeling. Zo kunnen fysiologische gegevens verzameld worden die een aanzet
vormen tot een gesprek tussen cliént en behandelaar. Daarnaast kunnen weara-
bles in klinische settingen de aandacht van begeleiders trekken, bijvoorbeeld op
momenten van verhoogde spanning bij cliénten, en hen daarmee ondersteunen
blj het monitoren van hun clienten. Verder kunnen inzichten in patronen van
fysiologische arousal, zowel voorafgaand aan als na agressie, helpen om inzicht
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te krijgen in het ontstaan en de functie van agressie. Deze kennis kan gebruikt
worden om gepersonaliseerde behandelstrategieén te ontwikkelen die gericht
zijn op het aanpakken van de onderliggende oorzaken van agressie. Diagnostiek
en indicatiestelling van interventies kunnen echter niet uitsluitend op fysiologis-
che data worden gebaseerd, maar kunnen een aanvulling vormen op het klinisch
oordeel van begeleiders en behandelaren.

Momenteel staan we aan het begin van veel nieuwe ontwikkelingen op dit ge-
bied, die naar verwachting snel zullen doorgroeien. Er moeten richtlijnen worden
ontwikkeld over hoe, wanneer en voor wie wearables ingezet kunnen worden in
de (forensische) zorg voor mensen met psychiatrische problematiek en/of een
verstandelijke beperking. Om de klinische interpretatie van de grote hoeveelheid
data van wearables te verbeteren zijn tools nodig die valide data toegankelijk en
visueel maken. Niet in de laatste plaats is het bij het gebruik van wearables belan-
grijk om ethische aspecten, privacy en gegevensbescherming zorgvuldig in acht
te nemen.
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Research data management and privacy statement
Ethical statement and privacy statement

The studies described in this thesis were conducted in compliance with the
General Data Protection Regulation (GDPR) and all applicable laws and ethical
guidelines. The studies in Chapter 2 and 3 did not require ethical assessment be-
cause we used publicly available data (systematic review, Chapter 3) or re-used
existing (unpublished) data (Chapter 2). In Chapter 2 we used data from meas-
urements which are part of the standard care during clinical treatment within
Trajectum, from clients who signed informed consent for using the data for sci-
entific research. For the study in Chapter 4, data from three studies reporting on
physiology and aggressive behaviour were combined for secondary analyses
(De Looff, et al, 2019; Hagoort et al, 2025; Nyhof et al, 2023). Ethical approval for
the study by De Looff et al. was granted by the Ethics Committee of the Faculty
of Social Sciences of the Radboud University at Nijmegen (ECSW2015-1901-282).
The Medical Research Ethics Committee at UMCU, at Utrecht reviewed the study
by Hagoort et al. (18-886). The study was evaluated as no research related med-
ical ethical approval needed’ because it imposed a minimal additional burden
for the patient with no further interruption or change of their regular clinical
program. The Medical Ethical Committee of Armhem-Nijmegen reviewed the
study by Nijhof et al. (2023) and evaluated the study was as complying with
the Dutch Law on Medical Research in Humans, and no further ethical approval
was needed (refno. NL63138.091.17). The study described in Chapter 5 received
a positive advice from the Ethics Committee of the Faculty of Social Sciences
(ECSS) after which the Dean of the Faculty formally approved this study (ECSW-
2022-018).

The privacy of participants had been warranted using anonymous individual
participant IDs. Data used for Chapter 2 and 4 were received from the treatment
facilities without any identifiable personal information (e.g. name, BSN, tele-
phone number or date of birth). For the study described in Chapter 5 no such
identifiable personal information was collected. The consent forms collected for
this study are stored in safes at the facilities and/or stored digitally in encrypted
files at a secure network drive. All anonymous data are stored on a secure net-
work drive.

Funding

This thesis was financially supported by the Behavioural Science Institute, Rad-
boud University, Nijmegen. Peter de Looff is supported by a ZonMw Netherlands
Fellowship grant (number 06360322210023). The studies described in Chapter 2
and 3 did not receive any additional funding. The studies of which data was rea-
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nalysed in Chapter 4 were funded by a grant from De Borg, DForZo (Directie Fo-
rensische Zorg) and ZonMw (number 729410003). The work described in Chapter
5 was also financially supported by De Borg. Furthermore, Noordelijk Platform
Gehandicaptenzorg (NPGZ) provided financial support for this study.

Data management and availability

Radboud University and Behavioural Science Institute (BSI) have set strict con-
ditions for the management of research data. Research Data Management was
conducted according to the FAIR principles. All research data resulting from this
dissertation were handled in accordance with the university’s research data man-
agement policy (https://www.runl/rdm/) and the BSI's research data management
protocol (https://www.radboudnet.nl/bsi/rdm). The data that support the findings
of Chapter 2 and 5 are available on reasonable request from the corresponding
author. The data are not publicly available due to privacy of research participants.
The data that support the findings of Chapter 4 are stored under restricted access
and cannot be shared due to privacy of research participants. The data we ex-
tracted for the systematic review, Chapter 3, are available in Appendix 3 C and D.
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