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Matthew, a 31-year-old man, recently became a father for the first time. The new-born 
currently keeps him and his wife awake most nights, resulting in too short and disrupted 
sleep for quite a while now. At his work, a colleague makes a joke during the coffee-break. 
Although normally a cheerful person and in for a joke, Matthew immediately snaps that 
the colleague should quit. His colleague looks at him and asks: ‘Matthew, did you wake up 
at the wrong side of the bed?’

Although this is a fictional example, it is probably rather realistic. Many people have 
the experience that a night of disturbed sleep can have a negative effect on emotional 
reactivity the next day. The saying ‘waking up at the wrong side of the bed’ shows that 
even in normal daily conversation we connect grumpiness and short-temperedness to a 
poor sleep quality in the preceding night(s). The potential effect of aggressive daytime 
interactions on nocturnal sleep may also be recognized by some of us (lying awake at 
night, still feeling tensed after an intense argument). While most people do not burst 
into physical violence, but manage to cope with the consequences of poor sleep in a 
more or less socially acceptable way, disturbed sleep may have detrimental effects in 
more vulnerable individuals. Especially groups with an already low impulse control may 
be at risk, such as psychiatric patients or prisoners. It may be that poor sleep is partially 
responsible for the well-documented higher incidence of angriness and aggressive 
acts in mentally disturbed individuals (Eronen et al., 1998; Foster et al., 2007; Nijman 
et al., 1997; Posternak and Zimmerman, 2002). In such populations sleep problems may 
contribute to loss of aggression control, potentially leading to violent behavior. Working 
in a forensic psychiatric hospital, where patients are treated who committed a (violent) 
crime or are at risk of committing a crime under the influence of mental disorders, one 
gets the impression that this is the case and that poor sleep may contribute to violent 
crimes. For example:

James, a 28-year-old man, lived alone above a bakery. Although he favoured going to sleep 
rather late in the night and sleep long in the morning (evening person), he woke up every 
morning at four o’clock because the baker started working. After this, he tried to fall asleep 
again, but only succeeded after several hours because of the noise. He had only some 
superficial friends and no real support from his family. He tried to continue his job at a 
nearby gas station, but was often on sick leave. One day, sleep deprived as he was, he got 
into a fight in a local bar one day, because he was convinced that an unknown man looked 
at him in a hostile way and felt threatened by him. He attacked and kept on kicking his 
opponent against his head while he was already laying on the ground. The victim needed 
to be hospitalized. (anonymized and changed)
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Violent aggression has immense consequences for individual victims, comes with 
financial costs for society and poses a burden for health services (Krug et al., 2002; Foster 
and Jones, 2005). Therefore, it is relevant to investigate factors, especially dynamic ones 
that may be (positively) influenced, that contribute to loss of aggression control. Despite 
this, the relation between sleep and aggression/violence is not a field that received a lot 
of scientific attention. 

Aim and outline of the thesis
The aim of this thesis was 1) to investigate the clinical relevance of sleep problems in 
a population at risk, namely forensic psychiatric inpatients (chapter 3 and 4) and 2) to 
explore the causal direction of the relation between sleep and violent aggression in 
several animal studies (chapters 5 to 8). 

Chapter 2 presents a review of the scientific literature on the relationship between sleep, 
aggression and violent behavior. Cross-sectional studies in children, adults and aggressive 
populations are summarized, as well as the few studies on the influence of treatment of 
sleep difficulties on problematic daytime behavior. To explore the causal relation, sleep 
deprivation studies in humans and animals are also described. In general, the latter 
studies are rather inconclusive due to several points of methodological concern. This 
chapter concludes with a few hypotheses on mechanisms underlying the link between 
sleep debt and disinhibition of aggression control. The likely importance of individual 
vulnerability to aggression-promoting consequences of sleep problems is highlighted. 
The following two chapters present data collected in a clinical forensic psychiatric 
population.

Chapter 3 presents a study on the prevalence and nature of sleep problems in a group of 
forensic psychiatric inpatients. At the start of this study, no data were available on the 
sleep quality and sleep disorders present in forensic psychiatric patients. By means of 
questionnaires, interviews and file information data on subjective sleep quality, sleep 
disorders, medication use and psychiatric diagnoses were collected. Probable causes for 
poor sleep quality are discussed, as well as the relation between sleep quality and the 
psychiatric disorders in the study group.

In chapter 4 a study is presented in which we investigated the relation between sleep 
problems, impulsivity and aggression in a group of clinical forensic psychiatric patients. 
In more detail, by means of regression analyses we examined the association between 
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sleep quality scores on the Pittsburgh Sleep Quality Index (Buysse et al., 1989) and scores 
on the chronic insomnia scale of the Sleep Diagnosis List (Sweere et al., 1998), with 
scores on self-rated aggression and impulsivity questionnaires (based on the Aggression 
Questionnaire (Buss and Perry, 1992) and Barrat Impulsiveness Scale (Patton et al., 1995)), 
hostility and impulsivity as rated by the treating clinicians, and whether or not a patient 
had caused one or more aggressive incidents within the clinic.

The next chapters are aimed at the causal relationship between sleep quality and 
violence, using the Wild-type Groningen (WTG) rats. These rats seem a suitable animal 
model to investigate aggression and violence: the broad individual variation in aggressive 
behavior and the identification of an escalated aggressive phenotype in a relatively small 
proportion of these feral rats has a considerable degree of face validity to human violence 
and uncontrolled aggression (Miczek et al., 2013). 

In chapter 5 and 6 we aimed to elucidate the causal direction of sleep contributing to 
the development of abnormal aggression and impulsivity. In the studies, male WTG rats 
were subjected to a repeated sleep restriction schedule (Roman et al., 2005; Novati et 
al., 2008), by placing them in slowly rotating drums that were on for 20h per day, for 
approximately a week at a stretch. This schedule has been shown to lead to a significant 
loss of non-rapid-eye-movement (NREM) and rapid-eye-movement (REM) sleep (Barf et 
al., 2012). Rats showed occasional micro sleeps (< 20 seconds) while in the rotating drums, 
adding up to one hour of sleep during a 20h sleep deprivation period (Barf et al., 2012). 
In each experiment, we added a forced activity control group to control for the mild 
physical activity sleep restricted rats performed. The rats in the forced activity control 
group were placed in rotating drums similar to the ones of the sleep restriction group, 
but only for 10h per day, rotating at double speed. Thus, these animals walked the same 
distance as animals in the sleep restriction condition, but had sufficient time to sleep. 
Previous experiments employing such a repeated sleep restriction protocol with a forced 
activity control group showed consequences of repeated sleep restriction on stress and 
neurotransmitter systems (e.g. Roman et al., 2005; Novati et al., 2008). We considered 
effects found after the first day of sleep restriction as acute and effects observed later in 
the sleep restriction week as chronic effects. Since in human society particularly chronic 
poor sleep is generally thought problematic, this sleep restriction protocol offers the 
possibility to examine this in animal models.
In chapter 5 the effect of repeated sleep restriction on the expression of abnormal, 
pathological aggression in male WTG rats was examined. Rats were subjected to a series 
of tests for violent behavior: we evaluated several aspects of their aggressive behavior 
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against a male conspecific on day 1 and day 7 of the protocol and confronted them with 
opponents that normally do not evoke aggressive behavior, such as an unfamiliar female 
and an anesthetized intruder. We expected that sleep restricted rats would display violent 
aggressive behavior, with larger effects after chronic than acute sleep restriction.
In chapter 2 we hypothesize a critical role for the prefrontal cortex (PFC) as a brain area 
susceptible for the consequences of sleep deprivation. We speculate that sleep loss 
negatively affects PFC function, contributing to a diminished impulse and aggression 
control. Therefore, in the study presented in chapter 6 we investigated the effect of chronic 
sleep restriction on a PFC-dependent operant conditioning task in WTG rats. Optimal 
performance on this task requires an intact working memory, timing ability, attention 
control and behavioral inhibition. We were particularly interested whether we would find 
signs of increased impulsivity, as reflected in an increased behavioral disinhibition. 

In chapter 7 we aimed to investigate the other direction of the potential causal relation 
between sleep and aggression, by studying the effect of a social conflict on recovery sleep 
in WTG rats. Unlike earlier studies on this topic (Lancel et al., 2003; Meerlo et al., 1996a; 
Meerlo et al., 1996b; Meerlo et al., 1997; Meerlo et al., 2001), we were not only interested in 
the sleep of the animal that experienced the social defeat, but in that of both the winners 
and losers of the conflict. WTG rats matched on aggression level were confronted with 
each other in a neutral cage, after which a social conflict occurred. Winners and losers of 
the conflict were identified. After that, sleep EEG was recorded and sleep-wake patterns 
were assessed for 18 hours. 

In chapter 3 we found that forensic inpatients with an antisocial personality disorder 
or antisocial traits were particularly dissatisfied with their sleep. Some studies in the 
literature suggest that sleep as measured by polysomnography is different in antisocial 
individuals compared to healthy controls (e.g. Lindberg et al., 2003). To investigate 
whether this is also true in our animal model, we performed a study comparing sleep EEG 
and sleep-wake patterns in violent and non-violent male WTG rats, which is presented in 
chapter 8. We made sure that both groups were equally aggressive, but that the violent 
animals only differed in that they expressed abnormal, pathological forms of aggression. 
Not only did we perform baseline comparisons, but we also subjected both groups to 6h 
of sleep deprivation in order to examine the sleep homeostatic response and studied the 
effect of 1h of restraint stress on recovery sleep.

Finally, in chapter 9 general conclusions are summarized and discussed. Potential future 
directions of research are proposed.
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AbstrAct

Clinical observations suggest that sleep problems may be a causal factor in the 
development of reactive aggression and violence. In this review we give an overview 
of existing literature on the relation between poor sleep and aggression, irritability 
and hostility. Correlational studies are supporting such a relationship. Although 
limited in number, some studies suggest that treatment of sleep disturbances reduces 
aggressiveness and problematic behavior. In line with this, is the finding that sleep 
deprivation actually increases aggressive behavior in animals, and angriness, short-
temperedness and the outward expression of aggressive impulses in humans. In most 
people poor sleep will not evoke actual physical aggression, but certain individuals, 
such as forensic psychiatric patients, may be particularly vulnerable to the emotional 
dysregulating effects of sleep disturbances. The relation between sleep problems and 
aggression may be mediated by the negative effect of sleep loss on prefrontal cortical 
functioning. This most likely contributes to loss of control over emotions, including loss 
of the regulation of aggressive impulses to context-appropriate behavior. Other potential 
contributing mechanisms connecting sleep problems to aggression and violence are most 
likely found within the central serotonergic - and the hypothalamic-pituitary-adrenal-
axis. Individual variation within these neurobiological systems may be responsible for 
amplified aggressive responses induced by sleep loss in certain individuals. It is of great 
importance to identify the individuals at risk, since recognition and adequate treatment 
of their sleep problems may reduce aggressive and violent incidents. 
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IntroductIon

It is well known that sleep loss can have serious detrimental effects on cognitive 
performance. For example, sleep deprivation reduces sustained attention, executive 
functioning and memory (Maquet, 2001; Walker, 2008). Moreover, sleep loss may also 
affect emotional function (Walker and van der Helm, 2009) and chronically disrupted 
sleep may even sensitize individuals to mood disorders (Baglioni et al., 2011; Meerlo et 
al., 2008). However, relatively little attention has been paid to the effects of sleep loss 
on other areas of affective functioning. Yet, many people have the experience that 
disturbed sleep is accompanied by emotional instability, expressed for instance by a 
greater irritability and short-temperedness. In most people this will not result in physical 
outbursts of aggression. However, this may be different in vulnerable individuals, such 
as psychiatric patients, who often experience serious sleep problems. For example, about 
80% of patients suffering from a depressive disorder experience sleep problems (Abad 
and Guilleminault, 2005) and sleep disturbances are found in 30-80% of schizophrenic 
patients (Corhs, 2008). Similar numbers may apply to forensic psychiatric patients, but 
published data are lacking. Forensic psychiatric hospitals treat patients who committed 
(violent) offences, but have diminished responsibility due to a mental disorder. The 
most important treatment goal for this specific group of patients is to reduce the risk 
of (violent) recidivism. Based on clinical observations in forensic psychiatry, we have the 
impression that poor sleep may contribute to the loss of emotional control, including 
the regulation of aggression. If sleep problems are a potential risk factor for hostile and 
(reactive) aggressive behavior, treating sleep disturbances and promoting good sleep 
in mentally disordered offenders may be beneficial in crime-preventing treatment 
programs. Therefore, in this paper we present an overview of existing literature 
concerning the relationship between sleep and aggression / hostility.
 

Methods

A literature search was performed in PubMed and Ovid with the following search terms: 
sleep, sleep disturbances, sleep problems, sleep deprivation, sleep architecture, aggression 
and aggressive behavior. The search terms were used in different combinations. Cross-
references were checked for relevant papers. We included studies that covered sleep and 
its effects on aggression, anger and irritability. 

With regards to the interpretation of relevant studies, it is important to bear in mind 
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that aggression is often defined and measured in different ways, including self-report 
questionnaires, observed behavior by family or experimenters, or endpoints measured 
in an experimental task. These measures are not necessarily analogous. In addition, in 
several studies it is not aggression that is measured, but anger, hostility or irritability by 
means of mood questionnaires. However, hostility, irritability, anger and rage appear to 
play an important role in violent behavior and individuals with a poor regulation of these 
emotions are at greater risk for actual aggression. Furthermore, aggressive acts do not 
occur as frequently as aggressive feelings. Therefore, only studying aggressive behavioral 
actions reduces the ability to detect relationships.

We will first discuss studies investigating correlations between sleep quality and 
aggression and/or angriness, separately for children/adolescents and adults. Secondly, 
we will discuss studies performed in aggressive individuals, including studies employing 
polysomnography. We will then review studies examining the effects of treatment of 
sleep disorders on daytime vulnerability to the emotional effects of poor sleep.

results
correlations between sleep and aggression 
Childhood populations
In addition to the more obvious consequences - such as sleepiness, inattention, and poor 
cognitive performance and anxiety - poor sleep in children and adolescents appears to be 
associated with aggression and conduct problems (O’Brien, 2009; Dahl, 2006). In a large 
group of 2- to 3-year-old children the number of night time awakenings was positively 
correlated with parent-rated aggressive behavior (Reid et al., 2009). Parent-reported 
sleep problems in 3-4 year-old twins correlated positively with conduct problems, 
anxiety and hyperactivity (Gregory et al., 2004). In a sample of older children (mean age 
7) suffering from insomnia, parents were asked to rate daytime problematic behavior 
with the Childhood Behavior Checklist (CBCL). Shorter total sleep-time was associated 
with higher scores on delinquent behavior (Velten-Schurian et al., 2010). A similar 
observation was made in a large group of 2- to 5-year-old children in the US (Lavigne 
et al., 1999). In contrast, in a large Canadian population those children who slept more 
than other children were rated as more aggressive on a parent-rated scale (Coulombe 
et al., 2009). However, the item used to assess sleep time, asked the parents to include 
both night sleep and day sleep. More sleep during the day could of course be a sign of 
inadequate night sleep quality, independent of sleep duration. In fact, children who were 
assessed as being overtired also had higher scores on aggressive behavior. Comparable 
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observations were made in adolescents: both total sleep time and self-rated tiredness 
correlated positively with self-rated aggression, also after accounting for other risk 
factors (Coulombe et al., 2011). In a large 2- to 14-year-old population, those children at 
high risk for sleep-disordered breathing-problems or periodic leg movements during 
sleep (as measured by the Pediatric Sleep Questionnaire) had significantly more parent-
reported aggression and conduct problems (Chervin et al., 2003). In a large group of US 
schoolchildren symptoms of sleep-disordered breathing were significantly correlated 
with parent- and/or teacher-rated conduct problems, bullying behavior and discipline 
referrals (O’Brien et al., 2011).

Interestingly, sleep problems at young age predicted, though modestly, conduct 
behavior, anxiety and hyperactivity several years later (Gregory et al., 2004). In addition, 
parent-rated sleep problems in childhood are correlated with higher scores on an 
aggression behavior scale later in life (Gregory et al., 2008). The authors state that sleep 
problems during childhood may constitute risk indicators of behavioral difficulties later 
in life.

Taken together, multiple studies in healthy and insomniac children show correlations 
between inadequate sleep (in sleep duration as well as in sleep quality) and daytime 
problematic behavior, such as aggression and conduct problems. 

Adult populations
In two groups of healthy young men, with one group habitually sleeping 7-8 hours per 
night and the other 9.5-10.5 hours per night, the group with the shorter sleep duration 
scored significantly higher on anger and hostility on a mood scale (Taub, 1977). Other 
studies failed to show a significant positive correlation between sleep duration and self-
rated aggression, hostility or angriness (Schubert, 1977; Pilcher et al., 1997; Shin et al., 2005). 
Yet, Granö et al. (2008) found an association between shorter sleep duration and higher 
hostility, which was partially related to psychiatric problems. In Israeli medical residents, 
work-induced sleep deprivation and fragmentation, measured with actigraphy, amplified 
the negative emotional consequences of disruptive daytime events, while reducing 
the positive effect of goal-enhancing events (Zohar et al., 2005). In a Polish study, the 
difference between desired sleep duration and actual self-reported sleep time correlated 
positively with mood complaints (including irritability) in adolescents and students, but 
not in young working adults (Oginska et al., 2006). To summarize, the studies in adults 
correlating short sleep duration to daytime aggression are not conclusive. 

One complication in many of the studies that rely on indices of sleep duration is that 
sleep quality is not taken into account. In fact, sleep quality may be even more important 
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than actual sleep time with regard to the relationship between sleep problems and 
negative emotions, such as angriness and hostility. In a large group of Finnish hospital 
employees a hostility scale was used to assess proneness for angriness, irritability, and 
argumentativeness (Granö et al., 2008). Sleep problems during the past four weeks were 
assessed with a four-item scale. The authors found that sleep disturbances, sleep-onset 
and sleep-maintenance insomnia, and unrefreshing sleep correlated independently with 
self-reported hostility. This relationship remained after adjusting for several potential 
confounders, including psychiatric disorders. A large adult Korean population was 
asked whether they were suffering from sleep problems. In addition, trait-anger was 
measured with the Spielberger Trait Anger Scale, which measures the general disposition 
toward angry feelings (referred to by the authors as temperament) and the tendency 
to express anger (referred to as reaction). Difficulties maintaining sleep, excessive 
daytime sleepiness, a bad condition in the morning after awakening and awakening 
late in the morning were all significantly associated with trait-anger (Shin et al., 2005). 
Unfortunately, the authors did not differentiate between the angry temperament and 
angry reaction. 

A small group of US students with insomnia complaints were asked how angry 
they would react to a number of potential provocative situations, using the Novaco 
Provocative Inventory (Waters et al., 1993). As the authors expected, the insomniacs 
scored higher than controls. The subjects also underwent a stress elicitation test with 
the simultaneous recording of electrophysiological measures: sleep problems, such as 
difficulty falling asleep and overall diminished sleep quality, were correlated with higher 
skin conductance and heart rate, both signs indicative of higher arousal. In two studies 
US college students were asked how often they experienced mood changes, during the 
last weeks, using the Profile of Mood States (POMS) (Pilcher et al., 1997; Lund et al., 2010). 
The POMS is a questionnaire which assesses the severity of active fluctuating mood 
states as depression, tension, fatigue, confusion, vigor and anger. Those students with 
poor subjective sleep quality, as measured by the Pittsburgh Sleep Quality Index (PSQI; 
used cut of > 8), experienced significantly more anger during the last weeks.

All together, poor sleep quality in both healthy and insomniac adults indeed correlates 
with increased frequency and intensity of self-reported anger, hostility and aggression. 

Aggressive individuals
Correlations
The correlation between disturbed or short sleep and disturbed control of aggression 
could even be stronger in subjects with a high anger-trait being a part of their character. 
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A condition in which aggression and angriness are core symptoms and can be considered 
part of the character is the antisocial personality disorder (ASPD). Individuals with ASPD 
probably suffer from sleep problems comparable to other psychiatric patients. In fact, 
in a group of Turkish male military subjects diagnosed with ASPD approximately 80% 
scored > 5 on the PSQI, indicating poor sleep quality (Semiz et al., 2008). As expected 
these subjects had significantly higher levels of aggression compared to the control 
group, but also more subjective sleep complaints. Aggression was assessed with the 
Aggression Questionnaire, in which subjects have to judge how applicable statements 
on aggression and angriness are to themselves, measuring trait aggression. Ireland and 
Culpin (2006) studied an adolescent prison population. Since 50-80% of incarcerated 
offenders have diagnosable ASPD (Hare, 1983), it is reasonable to assume that a 
majority of these prisoners met the criteria for ASPD. In the adolescent offenders sleep 
disturbances and short sleep duration were associated with increased hostility. Female 
victims of domestic violence reported significantly more sleep problems in their abusive 
partners as compared to controls (Hoshino et al., 2009). Intriguingly, significantly more 
of the abused women reported increased aggression from their partners after a poor 
night’s sleep (58% vs 7% in controls) and half of them remembered being battered on 
those days. The authors suggest that sleep deprivation could be an important causal 
factor for aggression in domestic violence. To our knowledge, there are no studies on 
aggressive populations, such as ASPD patients or a prison population, using objective 
measures of aggression or employing more provocative inventories to measure reactive 
aggression. Also no correlational studies were found in which objective measures of 
aggression were employed.

Taken together, aggressive populations seem to have serious sleep problems which 
correlate positively with increased self-reported aggression/hostility and partner-
reported aggressive outbursts. 

Measuring sleep in aggressive individuals
Though limited in number, there are some studies suggesting that polysomnographically 
recorded night sleep is different in aggressive individuals. In healthy adults certain sleep 
variables appeared to correlate with specific personality factors: aggressive tension and 
impulsiveness, including a lack of affect control and frustration tolerance and a need to 
dominate and criticise others, correlate positively with the amount of superficial sleep 
during the night (Schubert, 1977). No correlation was found with deep, slow wave sleep 
(SWS). In another study, 19 male psychiatric patients with ASPD, who committed violent 
crimes, exhibited significantly more night time awakenings and consequently lower 
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sleep efficiency than control subjects (Lindberg et al., 2003). These results remained 
after correction for alcoholism, sleep deprivation and head injuries. On the other hand, 
the ASPD patients also had more SWS, which is supposed to be the most refreshing 
part of sleep; yet they had a lower self-reported sleep quality. No differences in rapid 
eye movement (REM) sleep parameters were found. A higher amount of SWS was also 
observed in 3 female psychiatric patients with ASPD charged for violent crimes (Lindberg 
et al., 2006) and in preadolescent boys with conduct disorder (Coble et al., 1984), a 
childhood psychiatric disorder which may develop into ASPD after the age of 18 years. 

Measurements of autonomic physiological functions suggest that hyperarousal 
might mediate the relationship between sleep problems and aggression. In a small study, 
male subjects with so-called type A behavior - characterized by impatience, hostility, 
aggression and ambition - and high scores on a trait-anger-scale were compared with 
males with the exact opposite, type B behavior and low scores on a trait-anger-scale 
(Madigan et al., 1997). Compared to the latter group, the angry type A scorers showed 
cardiovascular hyper-reactivity even when asleep. 

All together, sleep and physiological recordings suggest that sleep patterns are 
different in aggressive individuals compared to controls. The causes and implications of 
these observations remain to be elucidated.

effects of treatment of sleep problems 
An interesting case report describes two boys (6 and 8 year old), both admitted to a 
psychiatric unit for increasingly aggressive and violent behavior towards peers and 
family members (Pakyurek et al., 2002). During admission, they were diagnosed with 
obstructive sleep apnea syndrome (OSAS), which in children is most often due to enlarged 
tonsils. After adenotonsillectomy, both children had, as expected, a significant reduction 
in their apneic episodes. But more importantly, prominent reductions both in the number 
and severity of violent outbursts were observed. After several months this effect was 
still present and improvements had taken place in other areas as well, including school 
performance and social interactions. In unreferred schoolchildren nighttime breathing 
problems correlated positively with aggression and oppositional behavior (Mulvaney et 
al., 2007). In addition, children with OSAS receiving adenotonsillectomy showed long-
term improvement in parent-reported aggression (Mitchell and Kelly, 2005; Mitchell and 
Kelly, 2006). Furthermore, a small sample of sex offenders suffering from OSAS showed 
significantly lower scores on an aggression questionnaire after OSAS treatment with 
continuous positive airway pressure (CPAP) (Booth et al., 2006). 
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Treatment of sleep disturbances other than OSAS may also lead to a reduction of 
aggression. This is suggested by a study in adolescents recently treated for substance 
abuse, who also experienced sleep problems (Haynes et al., 2006). These adolescents 
received weekly sessions of behavioral sleep therapy during 6 weeks. Adolescents with 
greater improvements in total sleep time reported significantly less aggressive ideations 
and fewer aggressive actions, as compared to those with less change in total sleep time. 
A case report on an aggressive and severely mentally retarded adult male describes that 
he showed increased aggression during demand conditions, especially after having slept 
for less than 5 hours (O’Reilly, 1995). After implementation of a support plan, explicitly 
including rest periods, his aggressive behavior diminished. 

Taken together, although limited in number and not always properly controlled, these 
studies suggest that treatment of sleep problems can reduce daytime aggression and 
problematic behavior.

laboratory findings
Animal studies
Various experimental studies in rats suggest that sleep deprivation may increase 
aggression: rats subjected to enforced wakefulness by placing them together on top of a 
rotating drum surrounded by water, died after 3-14 days, not directly from sleep loss per 
se, but from fighting (Licklider and Bunch, 1946). These rats became so hyper-reactive that 
even slight physical contacts precipitated vicious, aggressive behavior. This behavior was 
not always directed against the actual offender, and occasionally several innocent rats 
would become involved in a fight, while the original aggressor stood by and watched. 
Webb (1962) kept 6 rats continuously awake by individually forced locomotion for 27 
days. After 16 days the animals began to exhibit aggressive behavior, when they were 
paired in an observation cage during 5 minutes. Treadmill-induced total and partial sleep 
deprivation in rats increases exploratory behavior in an open field test of anxiety (Tartar et 
al., 2009). According to the authors this can be interpreted as a reduction in anxiety, loss of 
fear, and increase in locomotor activity, but possibly also as irritability. Whether changes 
in aggression in these studies were a direct result of sleep loss or, instead, physical activity 
or other confounding factors involved in the procedures remains a question. 

Several studies report increased aggressive behavior following selective REM-sleep 
deprivation in rats (Sloan, 1972; Hicks et al., 1979; Peder et al., 1986; de Paula and Hoshino, 
2002; Marks and Wayner, 2005) and mice (Benedetti et al., 2008). Although these findings 
suggest that manipulative changes in sleep patterns can produce aggression, the results 
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are hard to interpret, since only REM-sleep is deprived. In addition to this, the flower pot 
method, by which REM-sleep is selectively deprived, is often criticized because it induces 
high levels of stress. 

The animal studies discussed so far differ in the type of aggressive outcome measured 
(proactive versus reactive, fighting with conspecifics versus rats that display mouse 
killing, pain-induced aggression, irritability towards experimenters, etc.). It is important 
to realise that this in itself is another source of variability, thereby further complicating 
comparability and extrapolation to human aggressiveness.

Another view on the direction of the relation between sleep and aggression is offered 
by studies using a model of social stress in which animals are placed in the territory of an 
older, bigger and more aggressive male animal and are attacked and defeated. Immediately 
following defeat, rats (Meerlo et al., 1997; Meerlo et al., 2001) and mice (Lancel et al., 2003; 
Meerlo and Turek, 2001) show increased amounts of NREM sleep or increased NREM sleep 
intensity as reflected in elevated slow wave activity in the electroencephalography. This 
was not seen after a sexual interaction, a non-aversive social interaction (Meerlo and 
Turek, 2001).

So, results of animal studies support a potential causal relationship between sleep 
disturbances and aggressive discharges, but future studies are needed to elucidate the 
exact effect and type of behavior observed after total sleep deprivation.

Human studies
In 1964 a 17-year old male in the US stayed awake for 264 hours, thereby setting the record 
for prolonged wakefulness. Psychiatric and neurological consequences were investigated 
during the entire sleep deprivation period. In addition to becoming intermittently 
delusional and paranoid after several days, he became irritable and uncooperative (Ross, 
1965). This course of symptom development has been observed in more cases of long-
lasting total sleep deprivation in humans (Orzel-Gryglewska, 2010). Understandably, most 
of these experiments used shorter sleep deprivations. In fact, already after one night of 
sleep deprivation healthy young men scored higher on the aggression scale of a mood 
check list (Roth et al., 1976). But, the subjects also showed higher scores on the friendly 
subscale, which makes the results difficult to interpret. 

In a small British sample subjects who were sleep deprived for 30 hours scored higher 
on the Profile of Mood subscales of depression and fatigue, but not on the subscales 
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anger and tension (Scott et al., 2006). Another study investigated the effect of chronic 
insufficient sleep on mood (Haack and Mullington, 2005). Both the experimental and 
control group slept for 16 days in the laboratory. The experimental group was allowed 
4 hours of sleep per night, the control group 8 hours. Four factors of mood and physical 
symptoms, namely optimism-sociability, tiredness-fatigue, anger-aggression and 
bodily discomfort, showed significant effects. Anger-aggression was moderately, but 
significantly elevated in the 4-hour sleep group compared to the 8-hour sleep group. 
Unfortunately, the authors do not discuss this finding. 

In a US healthy adult sample, 56 hours of total sleep deprivation induced significant 
changes in psychopathological symptoms, measured with the Personality Assessment 
Inventory (Kahn-Greene et al., 2007). Scores on the antisocial subscale changed 
significantly in 8.3 % of the sample. Changes on other subscales were seen in more 
subjects, especially paranoia, which represented a subtle elevation of interpersonal 
mistrust and hostility toward others. 

The studies discussed so far use self-report questionnaires to assess the mood state 
of aggression and anger. To our knowledge only two studies tried to measure aggression 
objectively. Kahn-Greene et al. asked their 55 hour sleep deprived subjects to write a 
response for a cartoon character that is confronted with a frustrating situation (Kahn-
Greene et al., 2006), e.g. he gets splashed from a water puddle by a passing car. The 
responses after sleep deprivation showed a significantly greater tendency to assign blame 
to others. Sleep deprivation was also associated with increased outward expression of 
aggressive responses and a reduced willingness to take the blame or offer amends to 
the other party. The authors suggest that sleep deprivation weakens the inhibition of 
aggression. Contrary, Vohs et al. (2011) did not measure higher aggression after sleep 
deprivation. Participants played an aggression-game where level of noise blasted at the 
opponent (the computer) was the measure of aggression. A part of the study group was 
also deprived of emotional regulation abilities, the so-called ego depletion, by watching 
a disgusting video while they were not allowed to show any emotion on their face. Ego-
depleted subjects behaved more aggressively in the game, but there was no additional 
effect of sleep deprivation. Unfortunately, the authors only deprived sleep for 24 hours. 
Possibly, longer total sleep deprivation or a longer period of partial sleep deprivation is 
needed in humans to elicit the effect of a failing inhibition of aggressive urges. 

Failing behavioral inhibition: sleep deprivation and impulsivity
The failing inhibition of aggressive urges possibly reflects enhanced impulsivity. There 
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are different forms of impulsive behavior, such as delay discounting, risk taking and 
sensation seeking, but also lack of behavioral response inhibition. The latter is in our view 
most important in discussing the relationship between sleep problems and aggressive 
behavior. Although the detrimental effects of sleep deprivation on decision-making 
(Harrison and Horne, 2003) and risk-taking (McKenna et al., 2007; Venkatraman et al., 
2007) are quite clear, the effect of sleep deprivation on behavioral response inhibition, 
has not been studied extensively. In healthy 24 hour sleep deprived subjects no effect 
was found on a behavioral response inhibition task, namely the Stop Task (Acheson et 
al., 2007). This task uses neutral signals, such as a tone or a letter on a computer screen, 
to measure a response. Anderson and Platten (2011) sleep deprived healthy subjects for 
36 hours and had them perform a behavioral inhibition task using positive and negative 
emotional stimuli, in addition to neutral stimuli. They also did not find a significant 
difference in ability to suppress the response to neutral stimuli after sleep deprivation. 
But, interestingly and more importantly, sleep deprived subjects were less able to inhibit 
the response to negative emotional stimuli. 

Speculatively, loss of behavioral inhibition to negative emotional circumstances 
mediates the relationship between sleep deprivation and unwanted or context-
inappropriate aggressive responses. 

Potential mechanisms
Prefrontal cortical functioning
One hypothesis on the relationship between poor sleep and aggression is that sleep 
deprivation results in poor prefrontal cortical (PFC) functioning. When PFC functioning 
is reduced, the ability to anticipate, delay and initiate behavioral responses based 
on cognitive and social context declines (Dahl, 1996). That sleep deprivation affects 
the PFC is supported by the finding that sleep deprivation as short as 24 hours leads 
to significant declines in PFC metabolic activity (Thomas et al., 2000). In addition, 
after sleep deprivation, behavior comparable to PFC neuropsychological anomalies is 
observed, which is reversed after recovery sleep (Dahl, 1996). Among these anomalies 
are the weakening or diminution of goal directed behaviors and instability in emotional 
responses (Horne, 1993). The instability in emotional responses is reflected by a study 
showing that healthy volunteers had decreased emotional intelligence after 50 hours 
of sleep deprivation (Killgore et al., 2008). Emotional intelligence includes the ability to 
understand one’s own and others emotions, effectiveness in dealing with interpersonal 
relationships and capacity to cope with environmental needs (Kahn-Greene et al., 2006) 
and can be considered a reflection of the level of PFC functioning. In a group of US 
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healthy subjects, 30 hours of sleep deprivation impaired accurate recognition of human 
facial emotions (van der Helm et al., 2010). Extreme emotional faces were still correctly 
recognized, but the ability to recognize moderately angry and happy faces was reduced 
after sleep deprivation. The blunted recognition could reflect the susceptibility of the 
prefrontal lobe to sleep deprivation. A specific region of the prefrontal lobe, the anterior 
cingulate cortex, is implicated in the emotions anger and happiness (van der Helm et al., 
2010; Blair, 2009).

PFC dysfunctioning is also associated with the loss of inhibition of context-
inappropriate responses, which is also seen after sleep deprivation (Horne, 1993). A 
potential mechanism for this loss of inhibition and changed emotional reactions after 
sleep deprivation is provided by an fMRI study of Yoo et al. (2007). During scanning, 
subjects performed an emotional viewing task: 35 hour of sleep deprivation significantly 
weakened the connectivity between the amygdala and the medial PFC and elevated 
amygdala activation in response to negative pictures. The authors suggest that as the 
medial PFC is proposed to exert top-down control of amygdala activity, resulting in 
context-appropriate emotional responses, sleep deprivation leads to a failure of top-
down, prefrontal control (Yoo et al., 2007).

Although aggression may in some situations be considered appropriate and 
meaningful behavior, most often it is not compatible with the rules in modern society. 
Raine and Yang (2006) hypothesize that rule-breaking behavior is in part due to 
impairments in brain structures belonging to the PFC. In this regard the PFC can be 
considered as the cortical region where context-inappropriate aggression is kept under 
control. Speculating further, when PFC control is lost or diminished as a consequence 
of sleep deprivation, this could potentially lead to uncontrolled, impulsive aggressive 
responses (primitive reactions).  

Serotonin
Evidence from both animal (de Boer et al., 2009) and human (Dolan et al., 2001; 
Stolpmann et al., 2010) studies strongly support an important role for serotonin in 
aggressive behavior. Emphasizing the importance of serotonin is the finding that 
selective serotonin reuptake inhibitors decrease irritability, angriness, impulsivity and 
assault in violent offenders (Butler et al., 2010). An etiological hypothesis states that 
lower brain serotonin (5-HT) neurotransmission in the orbitofrontal cortex contributes 
to reduced cortical top-down control, which is implicated in the development of 
aggression and violence (Siever, 2008). The serotonin deficiency hypothesis of aggression 
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is currently debated (de Boer et al., 2009). Booij et al. (2010) showed that male adult 
individuals with a history of childhood physical aggression had currently low 5-HT brain 
synthesis, measured with positron emission tomography, but despite this, no differences 
in measures of aggression, emotional intelligence and impulsivity compared to control 
subjects. The authors suggest that low 5-HT does not mediate current behavior, but 
should be considered a vulnerability factor for impulsive-aggressive behavior that may 
or may not be expressed depending on other variables. For example, trait aggression 
has been shown to be significantly higher in men with decreased 5-HT availability 
in combination with high testosterone levels, but also in men with increased 5-HT 
availability and low testosterone, reflecting the interaction of 5-HT functioning with 
other variables, in this case testosterone (Kuepper et al., 2010). Thus, although serotonin 
seems to have an important role in aggression, it is almost certainly not the only causal 
factor for the development of aggression.

Sleep and wakefulness are associated with clear changes in serotonergic activity 
(Monti, 2011). Particularly, wakefulness and sleep deprivation are associated with higher 
serotonergic activity than during sleep, as established by numerous microdialysis 
studies (Portas et al., 2000). Total sleep deprivation in rats seems to increase 5-HT 
turnover in the frontal cortex, hippocampus, hypothalamus and brain stem (Asikainen 
et al., 1997). Whether this is also true in humans remains to be elucidated. Moreover, 
experimental studies in rats have shown that chronically restricted and disrupted sleep 
leads to gradual changes in serotonin-receptor sensitivity (Roman et al., 2005; Novati 
et al., 2008). To our knowledge, there are no studies investigating the relation between 
sleep problems, serotonergic dysfunctioning and aggression directly. However, indirect 
evidence supporting such a relationship comes from studies on suicidal behavior. Both 
sleep loss and decreased serotonergic activity are associated with suicide and suicidal 
behavior (Singareddy and Balon, 2001; Kohyama, 2001; Goodwin and Marusic, 2008). 
The association between low cerebrospinal fluid 5-HIAA (the principal metabolite of 
5-HT) and suicide is most prominent in or may even be confined to patients who use 
particularly violent methods in their suicide attempts (Singareddy and Balon, 2001). In 
addition, lifetime externally directed aggression is more frequent in suicide attempters 
and criminal offenders also have increased suicidal behavior. Singareddy and Balon (2001) 
suggest that decreased serotonergic function in suicidal patients and criminal offenders 
may predispose to reduced inhibitive capabilities or to increased impulsive behavior. This 
can be self-directed (suicidal behavior) or externally directed (impulsive and aggressive 
behavior toward property or other persons). 
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In conclusion, both preclinical and clinical evidence supports the view that serotonin 
may be an important causal or modulatory link between sleep problems and aggression.

The Hypothalamic-Pituitary-Adrenal (HPA) axis system
HPA axis dysfunctioning contributes to aggressive behavior in antisocial and conduct-
disordered individuals (van Goozen and Fairchild, 2009). However, the generally accepted 
hypothesis is that this is explained by the hypo-arousal driven aggression model. This is 
not compatible with the hyperarousal seen in insomniacs: Waters et al. (1993) observed 
that insomniac subjects exhibited signs indicative of hyperarousal, namely higher skin 
conductance and heart rate, and also scored higher on an anger scale compared to non-
insomniac controls. Animal studies focusing on the involvement of the HPA system in 
aggressive behavior produce contradicting results (Koolhaas et al., 2010).

Sleep, particularly deep sleep, has an inhibitory influence on the HPA axis, whereas 
HPA axis activation produces arousal and sleeplessness (Meerlo et al., 2008; Steiger, 
2002, Vgontzas and Chrousos, 2002). Insomnia is associated with higher levels of ACTH 
and cortisol, especially during the evening and first part of the night, suggesting central 
nervous system hyperarousal (Vgontzas and Chrousos, 2002). A rat study which showed 
increased exploration in an open field test of anxiety after sleep deprivation - possibly 
reflecting irritability - did not reveal differences in plasma corticosterone levels (Tartar 
et al., 2009). This suggests that sleep deprivation-induced explorative behavior is not 
mediated by HPA activation. 

In conclusion, sleep disturbance may affect the HPA axis but whether this contributes 
to the relation between sleep problems and aggression remains to be elucidated. To our 
knowledge no study exists specifically addressing the role of the HPA-system in this 
relation.

Individual vulnerability
It is possible that certain individuals are more susceptible to the emotional consequences 
of poor sleep. For example, individual differences in emotional intelligence predict the 
influence of sleep deprivation on written responses to cartoons displaying frustrating 
situations (Kahn-Greene et al., 2006). This could indicate that individuals with low 
emotional intelligence are more vulnerable for the negative effects of sleep deprivation 
on mental functioning. Speculatively, individuals with poor prefrontal functioning, such 
as certain psychiatric patients, are potentially more vulnerable to the effects of sleep 
deprivation. This may imply that individuals with an aggressive trait, such as many 
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forensic psychiatric patients, may represent a group with poor prefrontal inhibition of 
aggressive impulses. In fact, researchers have found lower volumes of blood flow in the 
frontal lobes of people with various kinds of impulse-control disorders (Hollander and 
Cohen, 1996). A meta-analysis of brain-imaging studies confirmed prefrontal structural 
and functional impairments in antisocial populations (Yang and Raine, 2009). Possibly, 
poor sleep exacerbates the loss of their already low impulse control leading to verbal or 
even physical acting out of aggressive impulses. This makes the relationship between 
sleep and aggression of special importance in these subgroups. 

In addition to individual differences in prefrontal cortical functioning, interindividual 
differences in serotonergic function may also contribute to the variability in effects 
of sleep loss on aggression. Variability in central serotonin function is associated with 
individual differences in affect, temperament and personality: for example, high-
aggressive male rats respond in a more sensitive way to a 5-HT1A–receptor agonist 
compared to low-aggressive animals (Koolhaas et al., 2010). As discussed earlier, low 
central 5-HT may be a vulnerability factor for impulsive-aggressive behavior (Booij et al., 
2010). Sleep deprivation most certainly has an effect on serotonergic activity in the brain, 
but to what degree this effect differs between individuals is not clear. Thus, although we 
know that individual variation in the serotonergic system is associated with differences 
in aggressiveness, the potential role for sleep in this relation remains to be elucidated. 

Similar speculations can be made for individual variation in the HPA axis. Differences 
in behavioral coping style between high and low aggressive mice have been associated 
to differences in the HPA stress system (Veenema et al., 2004). Overall, the general 
picture of the relationship between aspects of variation in coping style and HPA-axis 
activity is rather complicated and results are not conclusive (Koolhaas et al., 2010); yet, 
the possibility that certain variations in the HPA-axis make individuals vulnerable to the 
effect of sleep problems on behavioral problems can not be excluded. 

conclusIons

Clinical and anecdotal observations in forensic psychiatric patients suggest that sleep 
loss is a potential risk factor for impulsive, reactive aggression. The larger part of the 
reviewed literature concerning the relationship between poor sleep and emotional 
regulation supports this hypothesis. Yet, most studies measured correlations and thus, 
do not provide information on causality: poor sleep may affect aggressiveness and/or 
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aggressiveness may produce sleep problems. Another option is that both sleep problems 
and aggressive tensions/behavior are due to a shared risk factor, such as a psychiatric 
disorder. However, the limited number of studies showing that adequate treatment of 
sleep problems reduces daytime aggression support the hypothesis that sleep problems 
are in fact a risk factor for aggression. Unfortunately, relevant animal research on sleep 
deprivation and aggression is largely confined to the influence of REM-sleep deprivation. 
Moreover, many of these studies have not taken into account various confounding 
factors associated with the sleep deprivation procedures.  Sleep deprivation in humans 
appears to exert profound effects on mood, including increased irritability and altered 
reactions to frustrations. Whether or not these effects actually result in physically acting 
out aggressive urges is still obscure.

Sleep problems may impair prefrontal cortical functioning and thereby weakening 
the top-down inhibition of aggressive impulses. This offers a neurobiological mechanism 
explaining how sleep problems may be a risk factor for aggression and violent behavior. 
Possibly, some individuals may be more vulnerable to the emotional consequences of 
poor sleep. If so, it is highly important to identify these individuals, because promoting 
good sleep in these people may reduce the frequency and/or severity of aggressive 
outbursts. People known to be aggressive such as violent delinquents and some ASPD 
patients, are most likely to belong to this risk group. 

In view of the fact that most existing literature supports an association between 
sleep loss and aggression, it seems worthwhile to investigate in more detail the impact 
of sleep problems and experimental sleep deprivation on aggression and hostility. 
Studies exploring individual vulnerability for the negative consequences of poor sleep 
on the regulation of emotions are also of particular interest. Moreover, there is a need for 
studies elucidating the neurobiological mechanisms that may mediate the influence of 
poor sleep on aggressive feelings and behavior. Speculatively, when evidence in support 
of the relationship between sleep and aggression is substantiated, it is of utmost 
importance to pay attention to sleep complaints, correctly diagnose and adequately 
treat sleep disturbances in individuals at risk. The treatment of sleep problems may be 
a valuable, innovative element in aggression-reducing and crime-preventing treatment 
programmes. 
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AbstrAct

Poor sleep is known to exert detrimental effects on the course of diverse psychiatric 
disorders and is a putative risk factor for hostility and aggression. Thus, sleep may be 
crucial in forensic psychiatric practice. However, little is known about the prevalence of 
sleep disturbances in these complex psychiatric patients. In this study we investigated 
the presence of sleep disorders and subjective sleep quality by means of the Sleep 
Diagnosis List (SDL), the Pittsburgh Sleep Quality Index (PSQI), an interview concerning 
the causes of sleep problems and file information on sleep medication in 110 patients 
admitted to a forensic psychiatric hospital. Almost thirty percent of the participants 
suffered from one or more sleep disorders, especially insomnia. An even larger proportion 
of the participants (49.1%) experienced poor sleep quality. Interestingly, patients with an 
antisocial personality disorder or - traits were particularly dissatisfied with their sleep. 
The most common causes for sleep problems were suboptimal sleep hygiene, stress and/
or ruminating, negative sleep conditioning and side effects of psychotropic medication. 
Of the poor sleepers, 40.7% received a hypnotic drug. Despite intensive clinical treatment, 
sleep problems are experienced by a large part of forensic psychiatric patients. It would be 
worthwhile to examine the effects of pharmacological and non-pharmacological sleep 
interventions on both psychiatric symptomatology and reactive aggressive behavior in 
forensic patients. 
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IntroductIon

Sleep disturbances are very common in people suffering from psychiatric disorders (Abad 
and Guilleminault, 2005). For example, sleep problems are present in approximately 
80% of patients with a Major Depressive Disorder (MDD) (Tsuno et al., 2005), in 30-80% 
of patients with schizophrenia (Cohrs, 2008) and in at least 55% of individuals with 
active substance abuse (Mahfoud et al., 2009; Liao et al., 2011). Although these sleep 
disturbances are often secondary to the psychiatric illness, recent observations strongly 
suggest that sleep disorders should actively be treated parallel to the psychiatric disorder. 
The few studies regarding this matter indicate that separate treatment of comorbid 
sleep disturbances exerts positive effects on the course of the psychiatric disorder and 
may prevent relapses (Smith et al., 2005). For instance, in female sexual assault survivors 
imagery rehearsal therapy with a focus on nightmares was found to alleviate both 
insomnia as well as other symptoms of a post traumatic stress disorder (PTSD) (Krakow et 
al., 2001). In schizophrenic patients music relaxation played at bedtime has been shown 
to reduce subjective and objective insomnia complaints as well as total psychopathology 
score on the Positive and Negative Syndrome Scale (Bloch et al., 2010). Moreover, studies 
in patients with MDD show that pharmacological and cognitive behavioral treatment of 
sleep disturbances may enhance the antidepressant response to psychopharmacological 
drugs (Londborg et al., 2000; Fava et al., 2006; Manber et al., 2008). 

Since a lack of sleep is associated with emotional instability, short-temperedness, 
hostility and aggression (Kamphuis et al., 2012), sleep disturbances may be particularly 
detrimental for aggressive populations, such as forensic psychiatric patients. Anecdotal 
evidence suggests that treatment of sleep disturbances can reduce aggression (Pakyurek 
et al., 2002; Booth et al., 2006; Haynes et al., 2006). Although clinical observations suggest 
that sleep complaints are very common in forensic psychiatric patients, epidemiologic 
studies on this topic are lacking. The aims of this study, therefore, were to examine in a 
clinical forensic psychiatric population i) the prevalence of sleep disorders, ii) sleep quality 
and sleep problems, iii) the association between poor sleep and psychiatric disorders, iv) 
perceived causal and perpetuating factors of sleep difficulties, including sleep hygiene 
behavior and v) the treatment of sleep disturbances.
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Methods
subjects and procedure
Participants were recruited from two forensic psychiatric hospitals in the Netherlands, 
the Forensic Psychiatric Centre Dr. S. Van Mesdag (FPC) in Groningen and the Forensic 
Psychiatric Hospital (FPH) in Assen. Patients who were present on the regular weekly 
group meeting on their unit received written and oral information from the first author. 
It was made clear to them that they had the right to refuse participation and that this 
would not affect future treatment. After two weeks of consideration, participating 
patients gave written informed consent. The participants completed questionnaires 
that assessed the presence of sleep disorders and sleep quality. Each participant also 
underwent a semi-structured interview to obtain additional information on their sleep 
problems, possible causes and sleep hygiene behavior. Participants received a financial 
compensation of € 5,-. The research proposal was approved by the local ethics committee 
(Hospital Ethics Committee of the Isala Clinics in Zwolle, Netherlands).

Of the 205 patients who were approached, 110 agreed to participate and completed all 
required questionnaires (total response rate 53.7%). 

Questionnaires
The Sleep Diagnosis List (SDL) was used to assess the presence of the following sleep 
disorders and sleep related problems: insomnia, hypersomnia, periodic leg movements 
(PLMs) / restless legs syndrome (RLS), sleep-related breathing disorders, and negative sleep 
conditioning. The SDL is derived from the Sleep Diagnostic Questionnaire (Douglass et 
al., 1994; Sweere et al., 1998) and consists of 75 randomly distributed questions regarding 
sleep during the last 6 months. The questions are answered on a 5-point scale ranging 
from 1 (never) to 5 (very often or always). A category score ≥ 3 indicates the presence of 
the sleep disorder (Douglass et al., 1994; Sweere et al., 1998). The SDL has been validated 
in Dutch subjects with sleep disorders (Sweere et al., 1999).

The Pittsburgh Sleep Quality Index (PSQI) was used to assess subjective sleep quality 
and sleep problems over the preceding month. It has been shown to be a reliable and 
valid instrument in psychiatric populations (Buysse et al., 1989). The 19 individual items 
of the PSQI are grouped to 7 component scores: subjective appreciation of sleep quality, 
sleep latency, sleep duration, sleep efficiency, sleep disturbing factors, use of sleep 
medication, and daytime dysfunctioning. Each component obtains a value between 0 
(no difficulty on this particular component) to 3 (severe difficulty). We considered a score 
of 3 as clinically relevant. All component scores are summed to generate a global score 
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between 0 and 21, with higher global scores indicating worse sleep quality. A cut-off 
global score of 5 (PSQI>5) was used to identify participants who were dissatisfied with 
their sleep (poor sleepers) (Buysse et al., 1989).

semi-structured interview
The semi-structured interview took 30-45 minutes. In this interview the participant 
was asked whether he or she currently experienced sleep problems. If a sleep problem 
was present, inquiries were made with respect to its history, the type of sleep problem, 
frequency of occurrence, possible causal factors and earlier interventions. Sleep hygiene 
was assessed in a semi-structured way asking about daytime napping, behavior during 
the hour preceding bedtime, caffeine usage and smoking. 

Medical file information
Information concerning socio-demographic data, mental health (DSM-IV classification) 
and medication were collected from files. With respect to diagnostics, in both hospitals 
psychiatric disorders are diagnosed based on clinical interviews by experienced 
forensic psychiatrists and psychologists and lengthy observations on the wards by 
multidisciplinary teams. In the majority, (part of) the diagnostic process, including DSM-
IV classification, is already performed elsewhere as a part of the criminal trial, and re-
evaluated when admitted to the hospital. Psychological tests are not performed in every 
patient, only on indication to support the clinical diagnostic assessment. With regard to 
medication, we categorized hypnotics (especially prescribed for sleep), sleep promoting 
medications (prescribed for other purposes than sleep) and medications with a sleep 
disrupting effect. Benzodiazepines, the so-called Z-drugs (zolpidem and zopiclone) and 
antipsychotics/antidepressants with sedating properties (such as clozapine, risperidone, 
olanzapine, quetiapine, mirtazapine) were considered as sleep promoting medications 
or hypnotics, depending on the indication (Gursky and Krahn, 2000; Krystal et al., 2008; 
Monti, 2004). Melatonin was included in the group of hypnotics. Serotonin-reuptake 
inhibitors and stimulant drugs (such as methylphenidate and dextroamphetamine) 
were considered to have a sleep disrupting effect (Gursky and Krahn, 2000; Krystal et al., 
2008; Efron et al., 1997; Wilson and Argyropoulos). We also took other well-known side 
effects of psychopharmacological drugs into account when exploring possible causes of 
sleep problems. Many atypical antipsychotics and some antidepressants produce weight 
gain (Allison and Casey, 2001; Serretti and Mandelli, 2010), which increases the risk of 
a sleep-related breathing disorder (Peppard et al., 2000). In addition, these drugs may 
cause or exacerbate RLS (Rottach et al., 2008; Kang, 2009; Bolaños-Vergaray et al., 2011).
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statistical analyses
Descriptive analyses and chi-square tests were performed to describe the study group 
and their scores on the different outcome measures. Logistic regression analyses 
were used to investigate whether or not poor sleep was related to certain psychiatric 
disorders. PSQI>5 was the outcome variable and presence of the different psychiatric 
disorders were used as predictors. Use of sleep promoting (including hypnotics) and sleep 
disrupting medication were also added as predictors, since these constitute potential 
confounders for the association of certain psychiatric diagnostic categories with a good 
or poor sleep quality. When a psychiatric disorder significantly predicted sleep quality, we 
investigated the differences on the PSQI component scores with two-sided, independent 
Student t-tests to analyze in more detail how the sleep differed from that of participants 
without such a diagnosis. As a final step, we explored perceived causal and perpetuating 
factors of sleep difficulties, including sleep hygiene behavior, and the treatment of sleep 
disturbances in patients reporting sleep problems. Alpha levels of p<.05 were used to 
define statistical significance. All analyses were conducted with use of PASW Statistics 18. 

results
Participant characteristics
Characteristics of the participants are shown in Table 1. The majority of the sample was 
male (97.3%). The mean age of the sample was 36.6±10.2 (SD) years, ranging from 21-77 
years. Nearly all participants were sentenced by the criminal court for a violent offence. 
More than 40% did not enter or finish high school. At the time of the investigation the 
average duration of admission in the hospital was 28.9±32.1 months, ranging from a few 
days to over 14 years. With regard to psychiatric diagnoses, the majority of the study 
sample had a primary diagnosis on Axis-I (n=71; 64.5%), i.e., schizophrenia spectrum 
(n=44; 40.0%), autism spectrum disorders (n=25; 22.7%), pedophilia (n=16; 14.5%), 
attention deficit hyperactivity disorder (ADHD) (n=13; 11.8%), MDD (n=5; 4.5%) and PTSD 
(n=4; 3.6%). Most participants had 2 or more psychiatric disorders on Axis-I (n=72; 65.5%), 
with substance use disorder as the most frequent comorbidity (n=78; 70.9%). Concerning 
Axis-II, many participants (n=91; 82.7%) had a (comorbid) personality disorder (PD) or 
traits of a PD, most often within cluster B (n=75; 68.2%). Antisocial traits/PD were most 
prevalent (n=66; 60.0%), but borderline traits/PD (n=30; 27.3%) and narcissistic traits/PD 
(n=31; 28.2%) were also present. Cluster A - and C traits/PD were diagnosed in respectively 
6 (5.5%) and 30 (27.3%) participants. 
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sleep disorders
As assessed by the SDL category scores, one or more sleep disorders were present in 32 
participants (29.1%) of the total study group. Twenty participants (18.2%) suffered from 
chronic insomnia. Eleven participants (10.0%) experienced hypersomnia. PLMs / RLS (n=7; 
6.4%) and sleep-related breathing disorders (n=6; 5.5%) were less prevalent. Negative 
sleep conditioning played a significant role in 13.6% (n=15). 

 Table 1. Sociodemographic characteristics of the study sample (N = 110).

 Number Percentage

Legal status

    Admitted under criminal legal system 102 92.7%

    Admitted under mental health act 6 5.5%

    Voluntarily admitted 2 1.8%

Index offence

    Violent non-sexual offence 75 68.2%

    Violent sexual offence 28 25.5%

    Non-violent offence 5 4.5%

    Not applicable 2 1.8%

Ethnic origin

   Caucasian 88 80.0%

   Other 22 20.0%

Marital status

    Single 95 86.4%

    Married 2 1.8%

    Unknown 13 11.8%

Highest educational degree

    Elementary 48 43.6%

    Highschool 35 31.8%

    Graduate studies 6 5.4%

    Unknown 21 19.1%
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sleep quality   
Mean global score on the PSQI was 7.1±4.6 (min-max: 0-19). Nearly half of the participants 
(n=54; 49.1%) had a global PSQI>5, indicating that these participants were poor sleepers. 
Table 2 shows the number of participants who experienced severe difficulty on the 
different PSQI components. 

In the group of poor sleepers sleep disorders, as assessed by the SDL, were more 
prevalent than in the group of good sleepers, 48.1% vs. 10.7% respectively (χ2 = 18.7, 
p<.0001).

sleep quality of patients with specific psychiatric diagnoses   
No axis-I disorder, including a substance abuse disorder, significantly predicted poor sleep 
quality (PSQI>5). In contrast, having antisocial traits/PD significantly predicted whether or 
not a participant was a poor sleeper. Poor sleep quality was present in 57.6% of antisocial 
individuals as opposed to 36.4% of non-antisocial participants (χ2 = 4.8, p<.05). The use 
of sleep promoting medication was also a significant predictor of poor sleep. Of sleep 
promoting medication-users, 60.0% had a PSQI>5, compared to 36.0% in participants 
without sleep promoting drugs (χ2 = 6.3, p<.05). The interaction term between antisocial 
traits/PD and the use of sleep promoting medication was significant as well (Table 3). To 
investigate this interaction effect, the number of poor sleepers was analyzed for the group 
of participants with and without antisocial traits/PD, after splitting the participants in 
sleep promoting medication users and non-users. In the non-antisocial participants the 
prevalence of poor sleep depends on the use of sleep promoting medication: while poor 

Table 2. Number of participants with a maximum score on Pittsburgh Sleep Quality 
Index components (N = 110).

 Number Percentage
Poor subjective sleep quality appreciation 11 10.0%

Sleep latency (falling asleep > 60 minutes) 28 25.5%

Sleep duration (< 5 hours) 14 12.7%

Habitual sleep efficiency (< 65%) 13 11.8%

Sleep-disturbing factors (more than 3 times a week) 5 4.5

Daytime dysfunctioning 8   7.3%

Note. The component use of sleeping medication is left out here, since more detailed data on 
medication usage were collected from the medical files. 
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sleep is present in merely 10% of the non-users, the percentage is significantly higher 
in the group of users (58.3%, χ2 = 11.0, p<.001). However, poor sleep is very common in 
antisocial participants regardless of sleep promoting medication use (53.3% for the non-
users vs. 61.1% of the users (χ2 = 0.4, p=.52). 

Table 3. Summary of logistic regression with antisocial traits/personality disorder 
predicting poor sleep quality (PSQI > 5) (N = 110).

 
Logistic 

coefficient Odds ratio 95% CI p
Antisocial traits/PD 2.31 10.06 1.97-51.42    0.006**

Sleep-promoting medication 2.37 10.67 1.96-58.02    0.006**

Sleep-disrupting medication 0.59 1.81 0.70-4.71 0.223

Antisocial traits/PD * sleep- 2.13 8.37 1.19-58.90 0.033*

          promoting medication     

Abbreviations: PD, personality disorder
* p < .05
** p < .01 

 

Figure 1. Scores on Pittsburgh Sleep Quality Index components compared between participants with 
and without antisocial traits/personality disorder (PD). Abbreviations: Sub, subjective appreciation 
of sleep quality; Lat, sleep latency; Dur, sleep duration; Eff, sleep efficiency; Dis, sleep-disturbing 
factors; Med, sleep medication; Dys, daytime dysfunctioning. *** p < 0.001.
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Analysis of the different PSQI components revealed that in general, participants with 
antisocial traits/PD had a significantly lower sleep efficiency (t(93.9)=-3.3, p<.001) and 
shorter sleep duration (t(93.1)=-3.2, p<.01) than participants without antisocial traits/PD 
(Figure 1). No other Axis-II disorder was significantly associated with poor sleep quality. 

Perceived causes of sleep problems and sleep hygiene
Of the total study sample 38.2% (n=42) stated that they currently experienced sleep 
problems. Of these participants, 78.6% had a poor sleep quality according to the PSQI. 
The reported causes for these sleep problems were diverse: (psychiatric) medication (n=9; 
21.4%), stress / ruminating (n=9; 21.4%), traumatic childhood with the experience of an 
unsafe sleep environment (n=7; 16.7%), being imprisoned and not being able do as they 
please (n=3; 7.1%), physical pain (n=2; 4.8%), ADHD (n=2; 4.8%) and/or other/unknown 
(n=10; 23.8%). In 6 participants (14.3%) the sleep disturbances started during the first 
imprisonment – either in detention or within the forensic hospital. Eight participants 
(19.0%) claimed that their current sleep problem was already present before the age of 
10 and 19 participants (17.3%) of the total study sample reported poor sleep as a child. 

We will only describe sleep hygiene characteristics of the poor sleepers as defined 
by the PSQI, as bad sleep hygiene may constitute a causal or contributing factor. Of the 
poor sleepers, 46.3% habitually napped during the day. The majority of the poor sleepers 
(72.2%) watched television during the hour preceding bedtime. Twenty poor sleepers 
(37.0%) left the television, radio and/or light on while trying to fall asleep. Forty-five poor 
sleepers (83.3%) drank coffee on a regular basis, on average 4.7±4.2 cups per day with 
some also drinking coffee shortly before going to bed (n=14; 25.9%). 81.5% of the poor 
sleepers smoked, 43.2% of them more than 20 cigarettes per day. The majority of the 
poor-sleeping smokers (75.0%) habitually smoked shortly before bedtime and 52.3% also 
upon awakening during the night. In summary, many poor sleepers reported poor sleep 
hygiene behavior that may have caused or contributed to their sleeping problems. 

treatment of sleep complaints   
Among participants with one or more SDL-sleep disorders, 31.3% (n=10) received one 
or more hypnotic drugs. Of the poor sleepers (PSQI>5), 40.7% (n=22) received one or 
more hypnotic drugs, which was significantly more than in the good sleepers (n=7; 
14.3%; χ2 = 11.3, p<.001). Hypnotics included benzodiazepines (n=8), antipsychotics (n=5), 
antidepressants (n=3), melatonin (n=3) and also the so-called Z-drugs (zopiclone and 
zolpidem; n=3). In addition to the hypnotic drugs, a large proportion of these participants 
did use one or more other drugs with sleep interfering properties (Table 4). 



Sleep disturbances in a clinical forensic psychiatric population

53

3Since this may possibly lead to unpredictable interaction effects on their sleep we further 
explored this finding. As can be seen in Table 4, the majority of the hypersomniacs used 
sleep promoting medication (n=9, 81.8%). This was in most cases clozapine (n=5). All of 
the sleep promoting drugs in the participants with sleep related breathing disorder are 
compounds with weight gain as a side effect, namely clozapine (n=3) and risperidone 
(n=1). Surprisingly, a large part of the participants with insomnia, 70.0% (n=14) used sleep 
promoting medication not specifically prescribed for their sleep, which were in most 
cases atypical antipsychotics (n=11). Despite this, they experienced disturbed sleep. Five 
out of the 6 insomniacs with sleep disrupting medication, also used some kind of sleep 
promoting drug. This overlap makes it difficult to assess the potential causal contribution 
of these drugs to insomnia in these individual cases. 

To summarize, approximately a third of the participants with one or more sleep 
disorders and/or a poor sleep quality used a hypnotic drug especially prescribed 
for their sleep problems. Apparently, prescribing hypnotic drugs to these patients 
did not alleviate their sleep quality and quantity to normal levels, at the time of our 
investigation. Importantly, a large proportion of these participants used (additionally) 
other medications with sleep-interfering properties. 

Table 4. Use of sleep-disturbing medication among participants with sleep disorders 
SDL) and poor sleep quality (PSQI > 5) (N = 110).

Type of medication, n (%)  

 n Hypnotic Sleep promoting Sleep disrupting
1 or more SDL ≥ 3 32 10 (31.3%) 22 (68.8%) 12 (37.5%)

   Insomnia 20 7 (35.0%) 14 (70.0%) 6 (30.8%)

   Hypersomnia 11 3 (27.3%) 9 (81.8%) 6 (54.6%)

   PLMs/RLS 7 2 (28.6%) 3 (42.9%) 4 (57.1%)

   SBD 6 2 (33.3%) 4 (66.7%) 3 (50.0%)

   Negative sleep conditioning 15 4 (26.7%) 11 (73.3%) 8 (53.3%)

PSQI > 5 54 22 (40.7%) 36 (66.7%) 18 (33.3%)

Abbreviations: SDL, Sleep Diagnosis List; PLMs/RLS, periodic leg movements/restless legs 
syndrome; SBD, sleep-related breathing disorder; PSQI, Pittsburgh Sleep Quality Index.
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dIscussIon

The goal of this study was to determine the prevalence of sleep problems in a clinical 
forensic psychiatric population. We found that close to 30% of the forensic psychiatric 
patients had a sleep disorder, insomnia being the most frequent. As the instrument 
used to assess insomnia focuses on relatively severe, chronic insomnia, the finding that 
almost 20% of the forensic psychiatric patients suffer from insomnia is considerable. For 
comparison, a prevalence rate of only 4% was found in a large cohort study in the general 
population in Germany, based on the more lenient DSM-IV criteria (Hajak et al., 2001). 
In the present study the prevalence of PLMs/RLS (6.3%) is not substantially different 
from the rates observed in general population studies, in which PLMs are found in 4-11% 
(Hornyak et al., 2006) and RLS in 4-29% (Innes et al., 2011). The prevalence of sleep related 
breathing disorders is slightly higher in our study group: 5.4% in our group vs. 3% in a 
large community sample (Li et al., 2010).  

Based on the PSQI, a large proportion of forensic psychiatric patients, approximately 
50%, can be characterized as poor sleepers. Interestingly, having antisocial traits/PD was 
significantly associated with a poor sleep quality. While non-antisocial participants not 
using sedative medication had a better sleep quality than non-antisocial participants 
prescribed sedative medication, antisocial individuals were poor sleepers in general, 
independent of medication effects. Our finding that antisocial personality characteristics 
are associated with sleep problems is supported by earlier data. Poor sleep is reported in 
80% of individuals with antisocial PD (Semiz et al., 2008). In addition, polysomnographic 
differences have been reported for forensic patients with antisocial PD (Lindberg et al., 
2003), suggesting that also objectively sleep in these subjects is different. Reasons for 
this are not yet clear. Future studies are needed to elucidate the possible interactions 
between poor sleep and antisocial symptomatology.

It is important to identify the predisposing, precipitating and perpetuating factors 
underlying sleep problems, since these determine the treatment targets and may offer 
possibilities for early detection and prevention (Spielman et al., 1987). To what category 
(predisposing, precipitating or perpetuating) a certain factor belongs to, depends largely 
on the sleep history of the individual patient. Predisposing factors extend across the 
entire biopsychosocial spectrum, for example hyperarousal and a tendency to ruminate. 
Some participants in this study attributed their sleep problems to traumatic childhood, 
which may represent a predisposing factor to sleep problems later in life. Precipitating 
factors are acute events that interact with the patient’s predisposition to develop sleep 
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difficulties. Part of our participants linked their poor sleep to stress/ruminating, ADHD 
and negative effects of psychopharmacological drugs, which may constitute precipitating 
factors. Perpetuating factors refer to the variety of maladaptive strategies to cope with 
the sleep problem. Our study revealed that a large proportion of the participants with 
poor sleep quality displayed such maladaptive behavior, namely unhealthy sleep hygiene 
habits, for example daytime napping. A recent Irish study showed that education on 
healthy sleep hygiene practices in psychiatric outpatients significantly improved sleep 
quality (Lyne et al., 2011). Thus, a first step in promoting sleep quality in forensic psychiatric 
patients may be directed at improving sleep hygiene practices within the clinic. The high 
rate of another well-known perpetuating factor of sleep difficulties – negative sleep 
conditioning – indicates that this should be included in the differential diagnosis of sleep 
problems in forensic psychiatric patients as well. 

These latter findings raise concern about the influence of the hospital environment 
on sleep quality. In our experience, many patients complain about noise made by fellow-
patients and staff during the night. In both facilities patients have their own private 
bedroom. But instead of just using this room for sleep, it is also the place where they 
spend quite some time doing other things, such as watching television and playing 
computer games. Furthermore, when a patient is too agitated to be on the ward, a first 
step is to lock their bedroom door in order to isolate the patient. This may increase the 
chance that ruminating and worrying become associated with the sleep environment. 
There is a daily fixed routine on most wards with joint meals and coffee breaks. Ideally, 
most patients would have activities, such as therapy, work or exercise, in between. In 
practice, especially during the first months of admission, their schedules are scarcely 
filled, leaving them with quite a lot of free time on their hands, but without many options 
to spend this in a sensible way. This may diminish the opportunity to build up enough 
sleep debt and therefore may precipitate and/or perpetuate sleep problems.  

Treating poor sleep can reduce psychopathological symptomatology (Londborg et al., 
2000; Fava et al., 2006; Manber et al., 2008) and may diminish aggressive disregularities 
and lack of impulse control (Kamphuis et al., 2012). The latter are extremely relevant 
for forensic psychiatry and stress the significance of the high rate of poor sleep and 
insomnia found in this study for daily clinical practice. With regard to pharmacological 
sleep treatment, we found that 31.3% of participants with one or more sleep disorders 
and 40.7% of the poor sleepers received a hypnotic drug. However, as many forensic 
psychiatric patients are prescribed multiple drugs (5 on average in our study group), the 
effect of a pharmacological treatment of sleep disorders becomes hard to predict. For 
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example, how will a hypnotic affect the sleep of a patient already using an antipsychotic 
drug with sedating properties, a mood stabiliser and an antidepressant with sleep 
promoting side effects? One should also consider the possibility that one of these drugs 
is actually contributing to the sleep problem itself. Careful assessment of the currently 
used medications and well thought-out changes herein, such as replacement of a 
one drug by another with less sleep disrupting or overly sedative effects, is of utmost 
importance in treating sleep disturbances. Furthermore, it becomes increasingly clear 
that in the long-term psychological and behavioral interventions are more effective in 
treating sleep complaints than prescribing hypnotics (Smith et al., 2005; Riemann and 
Perlis, 2009). Especially various forms of insomnia and negative sleep conditioning, 
both highly prevalent in our sample, are well-known to respond positively to a cognitive 
behavioral approach (Smith et al., 2005). Treatment modalities such as stimulus 
control therapy, relaxation training, sleep restriction therapy and cognitive therapy 
comprise such an approach (Perlis et al., 2005). Although cognitive behavioral therapy 
for insomnia was originally not intended for psychiatric patients, there is increasing 
evidence that, with some adjustments, this evidence-based method for insomnia can 
also be successfully applied to patients with psychiatric comorbidity (Smith et al., 2005). 
It would be interesting to study the effects of various sleep treatments on sleep as well 
as on psychopathological symptoms and problematic behavior in psychiatric patients in 
general and forensic populations, specifically.

This study has both limitations and strengths. Strengths are the usage of multiple 
self-report instruments to measure sleep and the inclusion of participants from two 
hospitals, increasing the generalizability of our results. A limitation is the relatively low 
response rate, which may have caused a bias in observed sleep problems. Second, all 
sleep parameters are measured subjectively with questionnaires, which does not always 
correspond with findings from objective sleep recordings. However, psychiatric practice 
is guided mainly by reported and subjective aspects of sleep experience, which makes 
our results directly relevant for psychiatrists working on a daily basis with these patients. 
Still, it would be interesting to extend our results with objective measurements, such 
as actigraphy or polysomnography. Finally, we only investigated hospitalized patients. 
Although not confronted with the mental stress of an involuntary admission, outpatients 
lack the predictable daily structure provided by a forensic hospital and may have a higher 
risk of active substance abuse, which may increase the risk of problems regarding sleep.

In conclusion, the present study shows that sleep disorders and poor sleep quality are 
experienced by a large part of clinical forensic psychiatric patients. This is highly relevant, 
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as poor sleep may exacerbate psychiatric symptomatology and aggressive reactivity, 
which in turn may increase the risk of recidivism. Especially patients with antisocial traits 
or PD seem to be at risk for poor sleep quality. Precipitating and perpetuating factors 
of sleep problems in forensic psychiatric patients are diverse, but clinicians should be 
especially aware of unhealthy sleep hygiene habits, negative sleep conditioning and side 
effects of psychotropic drugs on sleep. As treatment of sleep disturbances may positively 
affect sleep quality as well as psychiatric disorders and emotional and aggression control, 
it may be an important direction for intervention programs and future research. 
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AbstrAct

Psychiatric disorders are often associated with disturbed sleep. Poor sleep can attenuate 
emotional control, including the regulation of aggression, and thus, may increase the risk 
of impulsive, aggressive acts. This cross-sectional study aimed to investigate the potential 
contribution of sleep problems to subjective and objective aggressiveness and impulsivity 
in a forensic psychiatric population. Questionnaires on sleep quality (Pittsburgh Sleep 
Quality Index), chronic severe insomnia (Sleep Diagnosis List), aggressiveness (Aggression 
Questionnaire) and impulsivity (Barrat Impulsiveness Scale-11) were completed by 96 
forensic psychiatric inpatients, admitted to two forensic facilities in the Netherlands. To 
obtain more objective measurements of aggression and impulsivity, observational scores 
on a professional instrument to assess the risk of future aggression (Historical Clinical 
Future-30) and reported aggressive incidents were collected from files. Results showed 
that a worse sleep quality and higher insomnia scores were significantly associated 
with self-reported aggression and impulsivity, clinician-rated hostility and involvement 
in aggressive incidents within the facility. Whether a participant was professionally 
judged as impulsive could not be predicted by sleep quality or the insomnia score. To a 
large extent the results of this study support the hypothesis that poor sleep is related 
to impulsive, aggressive behavior in forensic psychiatric patients. It is worthwhile to 
examine the protective effect of treatment of sleep difficulties on aggressive reactivity 
in (forensic) psychiatric populations. 
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IntroductIon 

The role of sleep in the regulation of emotions is a growing area of research. Sleep 
loss seems to reduce affective stability and increase emotional reactivity (Franzen et 
al., 2009; Anderson and Platten, 2011). Possible symptoms of an elevated tendency to 
respond emotionally may be short-temperedness, irritability and angriness. Indeed, poor 
sleep has been shown to be associated with aggressive behavior, hostility  and angriness 
in multiple studies in children (Chervin et al., 2003; Velten-Schurian et al., 2010; O’Brien et 
al., 2011) and adults (Schubert, 1977; Pilcher et al., 1997; Shin et al., 2005; Granö et al., 2008). 
Sleep deprivation studies found that sleep loss affects prefrontal cortical functioning, 
which could result in a failure of behavioral response inhibition (Horne, 1993; Franzen 
et al., 2009; Kahn-Greene et al., 2006; Yoo et al., 2007; Anderson and Platten, 2011). This 
may lead to augmented impulsivity and reactive aggression, thus increasing the risk of 
verbal and/or physical aggressive responses and violent behavior (Kamphuis et al., 2012). 
Although not systematically investigated, treatment of sleep disorders seems to reduce 
aggressive behavior, as reported by multiple case reports and small observational studies 
(Pakyurek et al., 2002; Booth et al., 2006; Haynes et al., 2006).

Sleep problems are highly prevalent in psychiatric patients. For example, sleep 
disturbances are present in 30-80% of patients with schizophrenia (Cohrs, 2008), more 
than 55% of patients with a substance abuse disorder (Mahfoud et al., 2009; Liao et al., 
2011) and approximately 90% of individuals with a major depressive disorder (Tsuno 
et al., 2006). Considering the potential disturbing effects of poor sleep on emotional 
and aggression control, it may be that the high prevalence rates of sleep problems in 
psychiatric patients are partially responsible for the relatively high incidence of anger 
and aggressive/violent acts in psychiatric populations (Hodgins et al., 1992; Nijman et al., 
1997; Eronen et al., 1998; Posternak and Zimmerman, 2002; Foster et al., 2007). Forensic 
psychiatric patients may be most at risk, as they often have a poor impulse control already. 
This poor impulse control has been linked to anatomical and functional impairments 
in the prefrontal area of such individuals (Raine et al., 2000; Blair, 2010; Gansler et al., 
2011; Keune et al., 2012). Possibly, sleep problems in these individuals may worsen the 
lack of prefrontal behavioral inhibition of impulsive aggression. A recent study in the 
Netherlands indicated that nearly 50% of forensic psychiatric inpatients have problems 
with regard to their sleep quality and approximately 20% suffer from severe, chronic 
insomnia (Kamphuis et al., 2013). These figures are high, especially considering their 
intensive and long-term psychiatric treatment. 
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Because i) sleep complaints are common in (forensic) psychiatric patients, ii) sleep 
loss may have an impact on emotion regulating capacities and hypothetically (further) 
impairs prefrontal inhibition of aggressive impulses, and iii) treatment of sleep disorders 
may have an aggression-reducing effect, understanding the relation between sleep and 
impulsive aggression in forensic psychiatric patients is clinically relevant.  

In the present study we examined the relationship between sleep problems and self-
rated aggression and impulsivity in a sample of forensic psychiatric patients from two 
forensic hospitals in the Netherlands. We also examined the association between sleep 
complaints and the professional judgement of hostility and impulsivity, as well as the 
occurrence of inpatient aggressive incidents. We hypothesized that a worse sleep quality 
and higher insomnia scores are related to higher self-reported and professional scores 
on aggression and impulsivity and to increased aggressive incidents within the hospital. 

MAterIAl And Methods 
Participants
Participants were recruited from two forensic treatment facilities in the Netherlands, the 
Forensic Psychiatric Hospital (FPH) in Assen and the Forensic Psychiatric Centre (FPC) Dr. S. 
Van Mesdag in Groningen. These facilities treat patients who committed a crime or are at 
risk of committing a crime under the influence of mental disorders. 

The research proposal was approved by the local ethics committee (Hospital Ethics 
Committee of the Isala Clinics in Zwolle, Netherlands). After full verbal and written 
information about the study, written informed consent was obtained from participating 
patients. Participants completed both the sleep questionnaires as well as the aggression 
and impulsivity questionnaires. Information concerning socio-demographic data, mental 
health, medication, risk assessment and aggressive incidents in the facility was collected 
from administrative files. Participants received 5 euro’s as a financial compensation.  

Two hundred five patients were approached (200 males; 5 females); 113 were willing 
to participate (total response rate 55.1%). Data for all parameters were complete for 
96 participants. Sociodemographic characteristics and mental health status of the 
participants are shown in Table 1. Most participants were male (96.9%). The sample had a 
mean age of 36.9±10.4 (SD) years, ranging from 21-77 years. The majority was convicted for 
a violent offence (93.8%), such as (attempted) murder or manslaughter or (aggravated) 
assault. In most cases a personality disorder (PD) was diagnosed (71.9%), antisocial traits/
PD were the most prevalent (61.5%). 
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Table 1. Descriptive characteristics of the study group (N = 96).

 n (%)
Sociodemographic characteristics
Male gender 93 (96.9%)

Convicted for a violent offence 90 (93.8%)

Admitted under the criminal legal system 90 (93.8%)

Western European origin 73 (76.0%)

Marital status single 81 (84.4%)

No high school degree 42 (43.8%)

Mental health status
Major mental health disorder as primary diagnosis 63 (65.6%)

   Disorder from the schizophreniaspectrum 41 (42.7%)

   Autism spectrum disorder 22 (22.9%)

   Attention deficit hyperactivity disorder 13 (13.5%)

   Pedophilia 12 (12.5%)

   (Co-morbid) history of substance abuse disorder 67 (69.8%)

Personality disorder (PD; not just traits) 69 (71.9%

   Borderline traits/PD 29 (30.2%)

   Antisocial traits/PD 59 (61.5%)

   Narcissistic traits/PD 29 (30.2%)

   Histrionic traits/PD 4 (4.2%)

Instruments
Sleep parameters
The Pittsburgh Sleep Quality Index (PSQI) was used to assess subjective sleep quality 
over the preceding month. The PSQI consists of 19 items that are grouped to 7 component 
scores. All component scores are summed to generate a global score between 0 and 21, 
with higher global scores indicating worse sleep quality. A PSQI>5 is generally used as a 
cut-off score to identify individuals who are dissatisfied with their sleep, the so-called 
poor sleepers. The PSQI has been shown to be a reliable and valid instrument to assess 
subjective sleep quality in psychiatric populations: Crohnbachs α=.83 and diagnostic 
sensitivity and specificity respectively, 89.6% and 86.5% (Buysse et al., 1989).



Chapter 4

68

The Sleep Diagnosis List (SDL) (Sweere et al., 1998) was used to assess chronic 
insomnia. The SDL has been derived from the Sleep Diagnostic Questionnaire (Douglass 
et al., 1994) and consists of 75 randomly distributed questions about specific sleep 
disorders and sleep related problems during the last 6 months. Fifteen questions are 
related to insomnia. The questions are answered on a 5-point scale ranging from 1 (never) 
to 5 (very often or always). Maximum total SDL insomnia score is 5 and a score ≥ 3 is 
generally used as a cut-off score (Douglass et al., 1994). The SDL has been validated in 
Dutch subjects with sleep disorders (Sweere et al., 1998). The factor insomnia showed a 
Crohnbachs α=.93 (Sweere et al., 1998).

Subjective measurements of aggression and impulsivity 
The Dutch translation of the Aggression Questionnaire (AQ) (Buss and Perry, 1992) was 
used to assess self-rated aggressiveness. The AQ consists of 29 items, scored on a 5-point 
scale ranging from 1 (extremely uncharacteristic for me) to 5 (extremely characteristic for 
me). A higher total AQ indicates higher aggressiveness. Maximum score is 145. Impulsive 
aggressive individuals have been found to score 97±12 on average, whereas controls 
have been found to score approximately 56±12 (Houston and Stanford, 2001). The Dutch 
version of the AQ has been validated in university students and shown to be reliable 
(Crohnbachs α=.84) (Meester et al., 1996). 

The Dutch translation of the validated 11th version of the Barrat Impulsiveness Scale 
(BIS-11) (Patton et al., 1995) was used to assess self-rated impulsivity. The BIS-11 contains 
a total of 30 items, each of which is answered on a 4-point scale ranging from 1 (rarely/
never) to 4 (almost always/always). The BIS-11 measures 3 types of impulsivity defined 
as attentional impulsiveness, motor impulsiveness en nonplanning impulsiveness 
(Patton et al., 1995). Maximum total BIS-11 score is 120. Higher scores indicate higher 
levels of impulsiveness. A previous study showed average scores of 74±9 for an impulsive 
aggressive group and 55±8 for controls (Houston and Stanford, 2001). The BIS-11 has been 
validated in psychiatric patients, substance-abuse patients and prisoners. Crohnbachs α 

(.79-.83) indicated an acceptable internal consistency (Patton et al., 1995).

Objective measurements of aggression and impulsivity
Professional judgement: For the professional judgement of aggression and impulsivity, 
scores on the risk assessment instrument Historical Clinical Future-30 (Dutch abbreviation: 
HKT-30) were collected (Projectgroup Risk Assessment in Forensic Psychiatry, 2003). The 
HKT-30 is used to assess the risk of future violence in adult mentally-disordered offenders 
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and is validated in Dutch forensic psychiatric patients (Canton et al., 2004; Hildebrand et 
al., 2005). The HKT-30 is based on the Historical Clinical Risk-20 (Douglas et al., 1999). The 
HKT-30 comprises 11 static, historical and 19 dynamic, risk factors that are scored from 0 
to 4, with higher scores indicating higher risk. The HKT-30 is filled out yearly, based on 
the observations during the preceding 12 months. In the present study 2 of the dynamic 
risk factors were used from the most recent completed HKT-30: impulsivity and hostility. 
Scores were dichotomized for statistical purposes with scores between 0-2 indicating 
‘no/minor impulsivity or hostility’ and scores between 3-4 ‘major impulsivity or hostility’. 

Aggressive incidents: For each participant the number and nature of inpatient 
aggressive incidents during 6 months preceding and 6 months following the completion 
of the questionnaires were collected from the central administration in the two facilities. 
Incidents were categorized as: verbal aggression (e.g. shouting or making clear threats 
of violence to others), physical aggression against objects (e.g. throwing or breaking 
objects, slamming doors), physical aggression against others (e.g. threatening gestures, 
hitting, kicking or injuring others) or self-harm / suicide attempts (e.g. cutting in own 
body, taking overdoses of medication). 

confounders
To correct for confounders potentially influencing the relation between poor sleep 
and aggressiveness, we included several variables. These confounders were chosen 
based on their theoretically known independent associations with sleep quality and/
or aggression (Gursky and Krahn, 2000; Johnson et al., 2000; Boles and Miottoa, 2003; 
Krystal et al., 2008). The following 4 confounder variables were selected: presence of 
so-called cluster B personality traits/PD (yes/no)  - meaning the presence of borderline, 
antisocial, narcissistic and/or histrionic traits/PD -, history of substance abuse (yes/
no) and current use of psychiatric medication with sleep disrupting (yes/no) or sleep 
promoting (yes/no) side effects (such as effects on sleep initiation and/or maintenance). 
We considered serotonin-reuptake inhibitors and stimulant drugs (e.g. methylphenidate, 
dextroamphetamine) as sleep disruptive (Efron et al., 1997; Gursky and Krahn, 2000; 
Wilson and Argyropoulos, 2005; Krystal et al., 2008) and benzodiazepines, the so-called 
Z-drugs (zolpidem and zopiclone), antipsychotics and antidepressants with sedating 
properties (such as clozapine, risperidone, olanzapine, quetiapine and mirtazapine) as 
sleep promoting medications (Gursky and Krahn, 2000; Monti and Monti, 2004; Krystal et 
al., 2008). All of these variables were extracted from medical files at the time participants 
filled out the questionnaires. For statistical purposes they were dichotomised.  
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A total of 68 participants (70.8%) had cluster B personality traits/PD, 67 participants 
(69.8%) had a history of a substance abuse disorder. The majority of the study group used 
sleep promoting medications (n=54; 56.3%), most often an antipsychotic with sedating 
properties (n=47; 49.0%). Sleep disrupting drugs were used by 27 participants (28.1%).

statistical analyses
First, descriptive analyses were done to describe the study group and their scores on the 
sleep, aggression and impulsivity parameters. Second, multiple regression analyses were 
conducted to investigate the relation between sleep quality (global PSQI score) or chronic 
insomnia (SDL insomnia score) and subjective aggression variables (total AQ and total 
BIS-11). Third, to analyse the relation between sleep quality and the objective aggression 
variables, logistic regression analyses were performed with the following dichotomous 
outcome variables: professional judgment on the presence (yes/no) of major hostility and 
impulsivity (HKT-30), and occurrence (yes/no) of inpatient aggression. For the multiple 
regression and the logistic regression analyses, a manual backward stepwise regression 
procedure was used. All variables, including one of the predictor variables (global PSQI 
score or SDL insomnia score) and the 4 confounder variables, were initially offered into 
the model. Variables with the highest p-values ≥.10 were eliminated one at a time, until 
all included variables had p<.10. Alpha levels of p<.05 were used to define statistical 
significance. All analyses were performed with PASW Statistics 18 for Windows program. 

results
descriptives
Mean scores on both the sleep and aggression questionnaires are shown in Table 2. Of the 
participants, 50.0% had a PSQI>5, indicating that they considered themselves to be poor 
sleepers. Nineteen participants (19.8%) suffered from insomnia (SDL insomnia score ≥3).

Table 2. Scores on questionnaires (N = 96).

 Mean ± SD min-max
PSQI global score 7.3 ± 4.8 0-19

SDL insomnia score 2.2 ± 0.9 1.0-4.6

AQ total score 73.8 ± 22.3 18-132

BIS-11 total score 62.4 ± 1.2 38-97

SD = standard deviation
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With regard to the objectively measured aggression, data from the HKT-30 revealed 
that 22 participants (22.9%) were considered as severely hostile and 22 (22.9%) as severely 
impulsive. Fourteen participants fell into both categories. Inpatient aggressive incidents 
were reported for 17 participants (17.7%). The incident rate ranged from 0 to 42 aggressive 
incidents per participant. Verbal aggression was scored for 11 of these 17 participants, 
physical aggression against objects for 1, physical aggression against others for 4 and 
self-harm/suicidal behavior in 1 participant.  

relation between sleep and subjective aggression and impulsivity
Sleep quality significantly predicted both self-rated aggression and impulsivity  (Table 3), 
with higher scores on the PSQI predicting higher aggression and impulsivity scores. Of the 
pre-selected confounders, a history of substance abuse was the only one remaining in the 
final model as a significant independent predictor of aggression and impulsivity levels. 
The interaction term between history of substance abuse and global PSQI score was not 

Table 3. Final model of multiple regression analysis for sleep quality and insomnia 
predicting self-reported aggression and impulsivity (N = 96).

 Aggression (total AQ) Impulsivity (total BIS-11)

 B SE B β B SE B β

Sleep quality (PSQI) 1.89 0.42    0.41*** 0.92 0.21
   

0.40***
History of 
substance abuse 10.46 4.41 0.22* 6.10 2.21  0.25**

adjusted R2 0.23 0.22

F for ∆R2   13.57***    14.09***

B SE B β B SE B β

Insomnia (SDL) 13.22 2.01    0.55*** 6.26 1.03
   

0.52***
History of 
substance abuse 9.26 4.02  0.19* 5.51 2.05  0.23**

adjusted R2 0.35 0.33

F for ∆R2     26.05***     24.03***  

* p < .05 
** p < .01
 *** p < .001
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significant for both outcome variables. Explained variation (adjusted R2) in the AQ and 
BIS-11 scores was 23% and 22%, respectively. 

Chronic insomnia significantly predicted subjective aggression and impulsivity, 
with higher SDL insomnia scores predicting higher aggression- and impulsivity rates 
(Table 3). Also in this analysis, a history of substance abuse was a significant predictor. 
The interaction term between SDL insomnia score and history of substance abuse was 
not significant for these outcome variables. This  indicates that chronic insomnia is an 
independent predictor of self-rated aggression and impulsivity. The explained variation 
in AQ and BIS-11 scores was higher in comparison to the analysis where global PSQI score 
was the predictor: 35% of the variation in the AQ scores and 33% in the BIS-11 scores was 
accounted for by the model with SDL insomnia as a predictor variable.. 

sleep and objective aggression and impulsivity
Logistic regression analyses showed that sleep quality significantly predicted whether or 
not a participant was judged as severely hostile (HKT-hostility) by their clinician (Table 4). 
Results indicate that for each one point increase in global PSQI score (which can vary 
between 0-21), the odds of being evaluated as seriously hostile significantly increase with 
12%. During the stepwise regression procedure, use of sleep promoting medication and a 
history of substance abuse were removed as variables. The remaining of the confounder 

Table 4. Final model after stepwise logistic regression analysis for the relation between 
sleep quality/insomnia and clinician-rated hostility (N = 96).

 HKT-30 hostility  

 B Odds Ratio (95% CI) 
Sleep quality (PSQI) 0.12    1.12 (1.01-1.25)*

Sleep disrupting medication 1.61    5.00 (1.64-15.29)**

Cluster B traits / PD 1.79    5.98 (1.14-31.23)*

Insomnia (SDL) 0.53    1.69 (0.95-3.00)#

Sleep disrupting medication 1.61    5.01 (1.65-15.19)**

Cluster B traits / PD 1.83    6.23 (1.20-32.42)*

-2 Log likelihood for analysis with PSQI global score as predictor = 82.31
-2 Log likelihood for analysis with SDL insomnia score as predictor = 83.52
* p < .05 
** p < .01 
# p < .1
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variables, namely use of sleep disrupting medication and cluster B traits/PD showed high 
significant odds ratios, especially compared to the odds ratio found for the global PSQI 
score (Table 4). For the interpretation of these odds ratios it is important to remember 
that these are dichotomous variables, as opposed to the global PSQI score, which was 
included as a continuous variable in the model. The interaction terms between global 
PSQI score and use of sleep disrupting medication and cluster B traits/PD were not 
significant. Thus, although they are also significant predictors of HKT-hostility they do 
not influence the effect of sleep quality on the HKT-hostility score. In the analysis with 
SDL insomnia score as a predictor the p-value of the odds ratio was not significant, but 
reached the level of a tendency (<.10). The use of sleep disrupting medication and cluster 
B traits/PD were also here significant predictors. The interaction terms between them 
and SDL insomnia were not significant.

Impulsivity as assessed by the HKT-30 could not be significantly predicted by the sleep 
parameters. Global PSQI score and SDL insomnia score were both removed during the 
manual backward regression procedures, in respectively, the first and second step. The 
remaining variables in the best fit model were the presence of cluster B traits/PD and the 
presence of sleep promoting medication. These variables significantly increased the odds 
of being judged as very impulsive (data not shown).

During stepwise logistic regression analysis with occurrence of inpatient aggression 
as an outcome variable all 4 confounder variables were removed based on their p-values 
≥.10.  PSQI global score and SDL insomnia score were the only variables kept in the final 
models (Table 5). 

Sleep quality and chronic insomnia significantly predicted whether a participant had 
been involved in aggressive incidents, with a one point increase in PSQI global score and 
SDL insomnia score increasing the odds with 12% and 79%, respectively.

Table 5. Final model after stepwise logistic regression analysis for the relation between 
sleep quality/insomnia and inpatient aggression (N = 96).

 B Odds Ratio (95% CI)
Sleep quality (PSQI) 0.11 1.12 (1.01-1.24)*

Insomnia (SDL) 0.58 1.79 (1.03-3.10)*

-2 Log likelihood for analysis with PSQI global score as predictor = 85.35
-2 Log likelihood for analysis with SDL insomnia score as predictor = 85.34
* p < .05 
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dIscussIon 

This is the first study investigating the relation between sleep, aggression and impulsivity 
in a clinical forensic psychiatric population, using both subjective and objective measures 
of aggression.   

This study demonstrates that sleep disturbances in forensic psychiatric patients 
are partially predictive of their self-rated aggression and impulsivity levels. Apparently, 
patients who experience sleep problems consider themselves to be more irritable, less 
tolerant to frustrations and less able to control impulsive, aggressive tendencies. These 
results are in line with the few earlier findings in somewhat comparable populations, 
namely in imprisoned adolescent offenders (Ireland and Culpin, 2006) and male 
militaries with an antisocial PD (Semiz et al., 2008).

Having sleep problems also increased the chance of a patient to be judged as severely 
hostile by his or her clinician. Unlike our hypothesis, this was not true for the professional 
assessment of impulsivity. It seems that the impulsivity experienced by the participants 
themselves represents something else than what their clinicians score in the HKT-30 
risk factor impulsivity. Indeed, there is merely a weak correlation between self-rated 
aggression / impulsivity levels  and clinician ratings / occurrence of actual aggressive 
acts (Buss et al., 1962; Gothelf et al., 1997). Self-report questionnaires measure feelings 
and attitudes considered relevant to aggressiveness and impulsivity. Evaluations from 
clinicians and registration of aggressive incidents deal more with the overt behavior. 
Another aspect which is worth considering, is the timing of the measurements. In 
the present study, the sleep questionnaires and self-rated aggression and impulsivity 
questionnaires were completed in the same time period. Because the HKT-30 is only filled 
out once a year, the timing of the sleep measurements and the professional judgment 
of hostility and impulsivity were on average 5.1±4.6 months apart.  Aggression levels are 
well known to fluctuate considerably over time (Silver and Yudofsky, 1991). It is highly 
probable that a period of good sleep reduces the heightened risk of aggressive outbursts. 
It may therefore be crucial to measure sleep and aggression levels around the same time 
point. In this light, it is remarkable that we did find a significant association between 
sleep disturbances and clinician-rated hostility.

With regard to the occurrence of inpatient aggression, poor sleep quality and chronic 
insomnia were significant predictors. This may indicate that there is a direct relation 
between sleep problems and aggressive outbursts. However, the number of reported 
aggressive incidents may be less reliable for actual aggressive behavior of our participants 



The relation between poor sleep, impulsivity and aggression in forensic psychiatric patients

75

4

than expected. In our study group the number of patients who were reported to act 
aggressively during the period of one year (n=17) is relatively low. For comparison, when 
staff is instructed to score every incident on a special scale for the aim of scientific 
research, Nicholls et al. (2009) found that approximately 60% of forensic inpatients were 
involved in one or more aggressive incidents over the same time interval. In normal daily 
practice underreporting is a well-known problem in incident registration (Lion et al., 1981; 
Owen et al., 1998), especially for minor incidents (Infantino and Musingo, 1985; Owen et 
al., 1998). What has to be taken into account is that in a forensic hospital environment 
the majority of incidents are presumably not that severe. Staff is trained to employ de-
escalating interventions (such as a time out, a supportive talk, medication or isolation) 
in an early phase in order to prevent severe aggressive behavior. That despite these 
limitations we found sleep quality and chronic insomnia to be significant predictors of 
aggressive incidents is noteworthy. 

Previous and current data support the hypothesis that poor sleep is a risk factor for 
aggressive behavior. One of the most important goals of forensic psychiatric treatment 
is to reduce the risk of violence. Therefore, accurate estimation of recidivism risk is 
extremely important in forensic practice. Risk assessment instruments, such as the HKT-
30, are generally used for this. So far, sleep problems are not included in any of these 
instruments. Most sleep problems can be adequately treated. Therefore, treatment of 
(comorbid) sleep disturbances may provide a relatively rapid and effective component 
of forensic psychiatric treatment in general, especially compared to the treatment of 
other risk factors, such as active substance abuse or antisocial traits/PD. Furthermore, 
sleep loss may not only be a potential risk factor for aggressive behavior. The remission 
of sleep disorders and the improvement of sleep quality may also exert positive and 
protective effects. Adequate sleep may not only improve the aggression regulating 
capacities, but also positively affect the course of psychiatric symptoms due to larger 
responses to psychopharmacological drugs (Smith et al., 2005; Fava et al., 2006). Thus, 
mental health workers should be on the alert for sleep disturbances when they assess 
the risk of aggressive behavior in an individual (forensic) psychiatric patient. When a 
patient complains of sleep problems the first step is to perform careful diagnostics, in 
order to identify all factors that are causing or maintaining poor sleep in that particular 
patient. Examples are: presence of sleep disorders such as sleep apnea syndrome, poor 
sleep hygiene habits and side effects of medications. After this, focused interventions to 
treat or improve all these factors should be started. 
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Our hypothesis is that sleep problems contribute to aggression and impulsivity 
due to a detrimental effect of sleep loss on the prefrontal cortex causing behavioral 
disinhibition. However, statements on causal direction can not be made based on the 
cross-sectional data in the current study. In fact, animal studies suggest that aggressive 
interactions itself can also cause immediate changes in sleep architecture, namely 
increased slow wave activity (Meerlo et al., 1997; Meerlo and Turek, 2001) and short-term 
suppression of rapid eye movement (REM)-sleep (Meerlo and Turek, 2001). Furthermore, 
one study found that mentally disturbed violent offenders have increased slow wave 
sleep compared to healthy controls (Lindberg et al., 2003). Another possibility is that 
sleep and aggression are not at all causally related, but simply reflect the severity of 
underlying psychopathology. Future studies should focus on unravelling the direction 
of the relation between poor sleep and aggression. Options are prospective treatment 
studies to investigate whether improvement of sleep reduces the number and/or 
severity of aggressive incidents and psychiatric symptomatology in (forensic) psychiatric 
patients.  Animal studies investigating the direct effect of sleep deprivation on aggressive 
and impulsive behavior should also be pursued. For future studies, is important not to 
solely focus on forensic psychiatric patients, but also consider the effect of insufficient 
sleep on emotion and aggression regulating capacities in other populations ‘at risk’, such 
patients admitted to general psychiatric wards and inmates in prisons. 

Strengths of this study are the combination of self-rated and more objective 
measures of inpatient aggressiveness and the use of two questionnaires to assess sleep 
disturbances. A limitation is the percentage of non-responders (44.9%). Observations 
during the group meetings where patients received oral information, revealed a broad 
spectrum of arguments, for example “do not feel like it” and “not willing to permit 
researchers to extract data from medical file”. By offering a financial compensation we 
attempted to avoid that only patients experiencing sleep problems would participate. 
Unfortunately, we do not know whether the non-responders represent a group with 
significantly different levels of aggression and/or amount of sleep problems. Although 
we found fairly strong associations, this uncertainty should be taken into account when 
interpreting our results. Another limitation is the absence of an objective measure for 
sleep problems, such as actigraphy or polysomnography. This may give more detailed 
information on which aspect of poor sleep is associated with aggressiveness and 
impulsivity, for example increased night time awakenings or changes in slow wave sleep. 
Finally, a limitation concerns the quality of the objective aggression measures, namely 
the uncertainty whether or not the scores on the HKT-30 are good representatives of the 
professional judgment on current aggression and impulsivity levels and the probable 
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underreporting of aggressive incidents. For a follow-up study, it may be worthwhile 
to include physiological measures of aggressive reactivity, such as heart rate or skin 
conductance. 

conclusIon

Sleep difficulties and chronic insomnia are independent predictors of self-rated 
aggression and impulsivity, clinician-rated hostility and inpatient aggression in clinical 
forensic psychiatric patients. A robust relationship between sleep problems and the 
professional assessment of impulsivity could not be confirmed with these data. Better 
measures of objectively assessed aggression are needed. These results support the 
hypothesis that poor sleep is a risk factor for aggressive behavior.  
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AbstrAct

Human studies imply a strong association between sleep problems and impaired 
control of aggression, especially in populations at risk, such as forensic psychiatric 
patients. Experimental studies in animals investigating the effect of sleep deprivation 
on aggressive behavior so far provided inconsistent results, which may be related to the 
methods of sleep deprivation and variation in the aggression measurements. We aimed 
to examine the effect of sleep restriction on the development of abnormal, violent 
aggressive behavior in Wild-type Groningen (WTG) rats. Eight male rats, selected for 
comparable high aggression levels, were subjected to a sleep restriction protocol of 9 
days by placing them in rotating drums for 20h per day. Compared to home cage and 
forced activity controls, sleep restricted rats did not show more aggression, did not attack 
faster, did not significantly reduce their introductory threatening behavior before the 
attack, did not attack more vulnerable body parts, and did not attack unfamiliar females 
and anesthetized intruders more frequently. The results of this study indicate that 
sleep restriction does neither alter general aggression nor induce pathological forms 
of aggression in WTG rats. Possibly, like in humans, only few animals are vulnerable to 
developing this type of abnormal behavior after sleep loss.
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IntroductIon

Poor sleep can negatively affect emotional function (Banks and Dinges, 2007), potentially 
resulting in greater irritability and diminished anger control (Kamphuis et al., 2012). 
Anecdotal information and correlational evidence from studies in both humans and 
animals suggest that disrupted sleep may contribute to the development of aggressive 
behavior. For example, short sleep and a higher number of nighttime awakenings have 
been correlated to conduct disorders and aggressive behavior in children (Gregory et al., 
2004; Reid et al., 2009). In adults, poor subjective sleep quality has been associated with 
increased hostility and anger (e.g. Pilcher et al., 1997; Shin et al., 2005; Granö et al., 2008). 

Despite a fair number of studies that have been devoted to this topic, available 
data from controlled studies remain inconsistent. Sleep deprivation studies in humans 
investigating the effect of sleep loss on escalation of aggression have been inconclusive. 
Sleep deprived healthy individuals respond with increased verbal aggression to 
frustrating situations (Kahn-Greene et al., 2006) and are less able to inhibit a response 
to negative emotional stimuli (Anderson and Platten, 2011). However, studies using 
behavior in a computer game to assess aggression, defined by the amount of noise 
blasted at the opponent in the game (Vohs et al., 2011) or the amount of money taken 
from an opponent without monetary gain for the experimental subject itself (Cote et al., 
2013), did not find increased aggression levels after sleep deprivation. These inconsistent 
findings in humans may in part be due to the varying and often indirect measures of 
aggression.

There are several animal studies that have assessed effects of sleep deprivation on 
aggressive behavior more directly. Yet, even in these cases the results are sometimes still 
difficult to interpret because of the different methods of sleep deprivation employed, 
some of which may be confounded by factors unrelated to sleep loss. For example, a 
number of studies report increased aggression following selective deprivation of rapid-
eye-movement (REM) sleep using the flower pot method in rats (Sloan, 1972; Hicks et al., 
1979; Peder et al., 1986; de Paula and Hoshino., 2002; Marks and Wayner, 2005) and mice 
(Benedetti et al., 2008). Yet, since in this method animals are placed on small platforms 
surrounded by water, it has often been criticized for inducing high levels of stress, which 
must be taken into consideration when interpreting the findings. Webb (1962) found 
more aggressive behavior when rats were confronted with a conspecific after treadmill-
induced sleep deprivation. In another study, rats displayed increased irritability after 
treadmill-induced sleep deprivation, an effect due to sleep loss as the authors controlled 
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for the physical exercise by adding a forced activity control group (Tartar et al., 2009).  
Rather unexpectedly, in an experiment executed in our own laboratory we found no 
effects on resident intruder offensive aggressive behavior after repeated sleep restriction 
for 8 days by forced locomotion in rats (unpublished). 

When investigating the effect of sleep loss on aggression in animal research and 
producing clinically relevant data it is vital to investigate forms of animal aggression that 
can be considered as escalated and perhaps pathological aggression. Thus, aggression 
that is no longer subject to inhibitory control and has lost its adaptive function in social 
communication. Although reports on violent outbursts in animals under controlled 
laboratory conditions are rare (Miczek et al., 2013), some violent behavioral characteristics 
have been postulated: a disappearance of normal investigatory and threatening behavior, 
orienting bite attacks on more vulnerable parts of the opponent’s body such as the head 
or abdomen, and losing the ability to discriminate context and/or type of opponent, 
leading to the attack of dominant males, females or even anesthetized/dead conspecifics 
(de Boer et al., 2003; de Boer et al., 2009; Miczek et al., 2013). Approximately 8-12% of 
Wilde-type Groningen (WTG) rats displays such pathological aggressive behavior after 
repeatedly allowing them dominate a conspecific (de Boer et al., 2009).

The aim of this study was to investigate the effect of sleep loss on the expression 
of such pathological forms of aggression in WTG rats. To be able to detect acute and 
chronic effects we used a repeated sleep restriction schedule. We hypothesized that 
sleep restricted animals will display escalated and out-of-context aggression, reflected in 
faster attacks, bite wounds on more vulnerable body parts of the opponent and attacking 
anesthetized and female intruders. We expected stronger effects after exposure to 
chronic sleep restriction than after acute sleep deprivation. 

Methods
Animals and housing
The study was performed with 24 medium to high aggressive male adult WTG rats. 
Animals were housed under a 12h light/ 12h dark cycle with lights on from 9.00 to 21.00 
h. Housing rooms had stable temperature (21 ± 1 °C) and humidity (60 ± 2 %). Water and 
food were provided ad libitum throughout the experiment. Experiments were approved 
by the animal ethics committee of the University of Groningen.
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selection and grouping of animals
To obtain 24 medium to high aggressive rats, we exposed four batches of 24 three-
month old WTG rats to four resident intruder (RI) tests. Wistar rats were used as intruder. 
Attack latencies were scored in each test. During the fourth test, the amount and type 
of aggressive behavior was evaluated for ten minutes after the first attack. Aggressive 
behaviors that were scored were: 1) lateral threat, 2) keep down, 3) clinch, 4) chase,  and 5) 
upright posture. All RI tests were executed during the first hour of the dark phase. See for 
RI test procedure video publication by Koolhaas et al., 2013. 

Animals that showed aggressive behavior for more than 45% of the time during the 
fourth RI test were selected and randomly distributed over three groups: sleep restriction, 
forced activity control or home cage control (n=8 in each group). The procedures for sleep 
restriction and the control procedures were applied as described previously (e.g., Roman 
et al. 2005, Novati et al. 2008). The rats in the sleep restriction group were subjected 
to repeated partial sleep deprivation for 9 days by placing them in motorized drums 
slowly rotating at a speed of 0.4 m/min, for 20h per day. Drums were not rotating during 
the first 4 hours of the light phase. The rats in the forced activity control group were 
placed in rotating drums similar to the sleep restriction group but only for 10h per day, 
divided in 5x2h blocks, during the experimental period. Drums were rotating at double 
speed (0.8/min) and therefore these animals walked the same distance as animals in 
the sleep restriction condition. This condition was added to control for the mild physical 
activity sleep restricted animals performed. Finally, the animals of the home cage control 
condition were placed in regular cages, and underwent the same tests for violent 
behavior as animals in the sleep restriction and forced activity condition. The sleep 
restriction protocol as applied above has been shown to significantly reduce non-rapid-
eye-movement (NREM) and REM sleep: Barf et al. (2012) measured EEG while rats were in 
the rotating drums and found that rats showed occasional micro sleeps (< 20 seconds), 
adding up to one hour of sleep during a 20h sleep deprivation period.

experimental procedure
Prior to the start of the experiment, aggression levels of the selected 24 animals 
were measured again by exposing them to the same procedure used in the selection 
phase, namely four RI tests on consecutive days, using Wistar intruders, with video 
scoring the fourth test for ten minutes after the first attack. This was done because 
up to three months passed between selecting animals from the first and fourth batch. 
During this waiting period animals were housed with their paired female. After the re-
characterization, animals were habituated to the drums (for sleep restriction and forced 
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activity condition) or to new regular cages (for the control condition). The habituation 
took place on three days for 2-3h during the second half of the light phase. The next 
day (day 0 of the experiment) drums started rotating. At the start of the light phase, all 
animals were taken out of their drums/regular control cages and placed in their own RI 
test cage to allow them to rest and to spend time with their paired female, which was 
housed in this RI test cage during the entire experiment. On day 1, 7, 8, and 9 tests for 
violent behavior were executed, in the first hour of the light phase. 

tests for violent behavior
To investigate whether sleep restriction lead to forms of aggressive behavior no longer 
subject to inhibitory control and with no adaptive function in social communication, all 
animals were subjected to the following series of tests:

Regular RI tests on day 1 and day 7 with a male Wistar intruder:
All animals were confronted with a male Wistar intruder on day 1 and day 7 of the sleep 
restriction protocol, shortly after they were removed from their drums/regular cages at 
the start of the light phase and placed in their own RI test cage. Their paired female was 
already removed. About 5-10 minutes later, a Wistar rat was introduced. Video recordings 
were made for ten minutes after the first attack. Within the first half hour of the light phase 
all tests were finished and females were returned and placed with the experimental rats. 
The video recordings were analyzed and the following behaviors and outcome measures 
were assessed:
- Attack latencies: the development of abnormal aggressive behavior may be associated 

with a gradual disappearance of normal investigatory and threatening behavior and may 
result in immediate attacks reflected in shorter attack latencies.

- Lateral threat/clinch ratios: normally a bite attack is preceded by introductory threatening 
behavior during which the resident animal moves toward the intruder while performing 
lateral threatening postures. The actual bite attack or clinch, only follows after a period 
of lateral threat. This usually leads to the intruder taking a submissive posture (signaling 
defeat) when approached and/or kept down by the resident. The resident will no longer 
bite the intruder as long as it remains passive. Persistence of bite attacks or clinching and 
diminished lateral threatening result in lower lateral threat/clinch ratios. A ratio below 1 
shows that animals attack without any introductory behavior and forewarning which is 
a reliable indicator of violence (out of control) (Koolhaas et al., 2013).

- Bite wound locations: normally, bite attacks are directed toward the back and neck 
regions of the intruder. Orienting the attack bites towards more vulnerable body parts, 
such as the head or ventral surface, is considered a sign of out of context, escalated 
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aggression (Haller et al., 2001, de Boer et al., 2009). After each test, Wistar intruders were 
anaesthetized by Isoflurane (Pharmachemie BV, Harlem, The Netherlands) and checked 
for bite wound locations. A distinction was made between four target areas: head (the 
area anterior to the ears), dorsal areas (the dorsal part of the neck, back and flanks), 
ventral areas (throat and belly) and extremities (legs, paws and tail) (Haller et al., 2001).

RI test on day 8 with un unconscious male Wistar intruder: 
Territorial aggression in male rats is normally directed towards unfamiliar conspecific 
intruder males (Miczek et al., 2013). An opponent that is completely immobile and non-
responsive displays no threat and will usually not be a strong trigger for aggression and 
presumably will not evoke bite attacks. We therefore performed an RI test on day 8 with 
a Wistar intruder that was anesthetized with an intraperitoneal injection of pentobarbital. 
The anesthetized animal was removed immediately after an attack of the resident or after 
10 minutes when no attack occurred. 

RI test on day 9 with an unfamiliar female:
Territorial aggression in male rats is normally only directed towards male conspecifics and 
not to females. Attacking a female is considered to be a form of deviant aggression, as it 
has no evolutionary advantages.  To test for abnormal aggression, the experimental animals 
were subjected to a RI test with an unfamiliar wild type female as an intruder. Females were 
removed after the first attack, or after 10 minutes when no attack occurred. 

statistical analysis
One-way ANOVA was performed to assess the effects of sleep restriction on the various 
outcome measures of the aggression tests (attack latencies, total amount of aggressive 
behavior, time spent with lateral threat, time spent with clinch/attack, time spent with 
inactivity, the lateral threat/clinch ratio, the time spent with no activity, bite wounds 
number and location). Effects found on day 1 of the experiment were considered acute  and 
on day 7 chronic effects. Fisher’s exact tests were used to analyze the effect of condition 
(sleep restriction, forced activity, control) on whether or not an anesthetized and/or 
female intruder was attacked (yes/no). To get a better understanding of the behavioral 
profile of animals that attacked a female or anesthetized intruder, differences in total 
aggression scores and specific aggressive behaviors, lateral threat/clinch ratios, number 
of bite wounds and locations between attackers and non-attackers were analyzed with 
an independent Student t test. All analyses were performed with the software PASW 
Statistics 18. Statistical significance was set to p<0.05.
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 Table 1. Scores on outcome measures for the control group (n=8), sleep restriction group (n=8) 
and the forced activity group (n=8). Scores for total time spent with aggressive behavior, attack 
latency, time spent with lateral threat and clinch, the lateral threat/ clinch ratio and time spent 
being inactive are shown for the characterization phase prior to the start of the experiment, 
day 1 and day 7. Bite wounds, shown separately for day 1 and day 7, are separated for the 
different bite wound locations, anterior (head), dorsal (back), ventral (neck and abdomen) and 
extremities (paws and tail).  Abbreviations: an = number of animals, wo = number of wounds. 

  Control Sleep 
restriction Forced Activity

% total aggression Characterization 38,05 ± 22,82 36,85 ± 20,34 37,91 ± 12,98

Day 1 27,14 ± 11,36 20,81 ± 13,47 28,69 ± 19,98

Day 7 35,90 ± 15,55 24,13 ± 24,12 25,00 ± 16,10

Attack latency Characterization 96,38 ± 82,64 71,03 ± 67,12 67,69 ± 33,09

Day 1 118,14 ± 63,67 114,00 ± 47,13 90,86 ± 37,19

Day 7 89,00 ± 94,71 97,38 ± 89,96 119,00 ± 56,15

% lateral threat Characterization 25,55 ± 15,89 22,64 ± 13,36 27,23 ± 12,85

Day 1 20,04 ± 7,12 11,50 ± 8,40 19,41 ± 15,74

Day 7 26,73 ± 14,76 18,69 ± 21,06 17,19 ± 13,53

% clinch Characterization 3,96 ± 2,61 4,84 ± 4,17 4,08 ± 2,72

Day 1 3,00 ± 2,32 4,11 ± 4,59 4,84 ± 5,39

Day 7 3,50 ± 2,18 2,36 ± 1,40 4,56 ± 2,01

% lateral threat/ % clinch Characterization 7.61 ± 7.35 15.19 ± 28.75 12.95 ± 15.67

Day 1 8.91 ± 6.47 4.71 ± 3.76 6.79 ± 6.06

Day 7 9.23 ± 6.60 8.00 ± 6.44 5.55 ± 7.24

% inactivity Characterization 8,26 ± 12,54 4,73 ± 5,19 4,81 ± 3,58

Day 1 5,41 ± 4,24 4,83 ± 4,27 9,28 ± 15,11

Day 7 7,36 ± 7,76 7,74 ± 8,76 6,91 ± 7,54

Bite wounds day 1 Anterior 3 an / 8 wo 4 an / 5 wo 1 an / 1 wo

Dorsal 5 an / 35 wo 7 an / 42 wo 7 an / 20 wo

Ventral 4 an / 6 wo 2 an / 3 wo 1 an / 1 wo

Extremities 4 an / 9 wo 0 an / 0 wo 1 an / 1 wo

Bite wounds day 7 Anterior 2 an / 2 wo 1 an / 1 wo 2 an / 2 wo

Dorsal 8 an / 65 wo 7 an / 27 wo 7 an / 53 wo

Ventral 2 an / 5 wo 3 an / 3 wo 3 an / 4 wo

 Extremities 1 an / 8 wo 2 an / 6 wo 3 an / 7 wo

Abbreviations: an, number of animals; wo, number of wounds



Chronic sleep restriction has little effect on the expression of violent behavior in aggressive rats

93

5

results

Most animals showed lower levels of aggression immediately prior to the experiment 
than they had done during the initial selection phase (total aggression time during the 
RI test 37.6 ± 18.3% and 55.6 ± 11.4%, respectively; t(38.4)=4.1, p=0.000). This was the case 
for all groups. Thus, at the start of the experiment average aggression score fell in the 
medium category (between 15%  and 45%).

Aggression scores on day 1 and 7
The results of the standard RI tests on day 1 and 7 of the sleep restriction protocol are 
shown in Table 1. 
Although sleep restricted animals on average displayed less aggressive behavior, a lower 
percentage of lateral threat, and lower lateral threat/clinch ratios than animals in the 
forced activity control and home cage control conditions on day 1 of the experiment, 
these differences did not reach statistical significance (ANOVA p>0.05 in all cases). On 
day 7, sleep restricted animals and animals from the forced activity group had lower total 
aggression scores and lower lateral threat/clinch ratios, than the control group, but this 
was also not statistically significantly different. 

With regard to the lateral threat/clinch ratios, none of the control animals reached a 
ratio <1. In the sleep restriction group one animal had a ratio <1 on day 1 of the experiment, 
another animal on day 7, indicating these animals attacked without proper introductory 
behavior. For the forced activity group, there was one animal on day 1 and two other 
animals on day 7. There were no statistically significant differences between groups.

bite wounds
Animals in all groups attacked their opponent mostly on the dorsal part of the body. The 
total number of bite wounds was highest in the opponents of the control group (Mean ± 
SD: 7.3 ± 7.1 on day 1, and 10.0 ± 7.9 on day 7; sleep restriction: 6.5 ± 5.9 on day 1, and 5.3 ± 4.3 
on day 7: forced activity: 2.9 ± 3.1 on day 1, and 8.3 ± 7.3 on day 7). The differences between 
the groups were not statistically significant (ANOVA: F2,23=1.33, p=0.287 on day 1, and 
F2,22=0.91, p=0.420 on day 7). Sleep restriction did not affect bite wound locations. With 
regard to the severity of the wounds, more Wistar opponents needed surgical suturing 
after the test in the control group than in the sleep restriction group (control: four on day 
1 and three on day 7; sleep restriction: two on day 1 and one on day 7; forced activity: two 
on day 1 and two on day 7).
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Attack of the anesthetized intruder
During the test with an anesthetized intruder on day 8, a majority of animals from all 3 
groups attacked the immobile opponent (control: n=7; sleep restriction: n=6, forced activity: 
n=6). Fisher’s exact test yielded p=0.999, indicating no group differences. Irrespective of 
treatment group, animals attacking an anesthetized intruder made significantly more 
bite wounds on day 7 (t(19.6)=-4.4, p=0.000), especially dorsally located wounds (t(21)=-
2.6, p = 0.017). They did not differ in other outcome measures from non-attackers.

Attack of the unfamiliar female intruder
Only a few animals in each group attacked the unfamiliar female on day 9 (control: n=2; 
sleep restriction: n=3, forced activity: n=1) and the number of animals did not significantly 
differ between the groups (p=0.837). Animals that did attack a female showed a trend 
towards more inactivity during the test on day 1 and 7 (t(22=-2.1, p = 0.051; t(6.3)=-2.3, p 
= 0.056, respectively). They did not differ from non-attackers in total aggression scores, 
attack latencies, bite wound locations, lateral threat or clinching behavior.   

dIscussIon

In the present study, we examined the influence of acute and chronic sleep restriction 
on the expression of pathological forms of aggression in WTG rats. Contrary to our 
expectation, sleep restriction neither increased the amount of aggression in our rats 
nor did it significantly affect the nature of the aggression. Sleep restricted rats did not 
show more signs of aberrant, pathological aggression than control animals. These data 
do therefore not support the hypothesis that sleep loss promotes violent behavior in rats. 

The lack of the effect of sleep restriction may be due to the highly important survival 
function of territorial aggression. Having a territory leads to access to resources and 
mating partners, thus contributes to fitness and survival of the species. Perhaps the drive 
and motivation for territorial aggression is so strong that it is one of the last things that 
will fail under conditions of sleep loss. One may wonder whether the present negative 
results can be considered as scientifically conclusive. Our results contradict findings in 
experimental studies where aggressive behavior changed after sleep restriction. In fact 
sleep deprivation in fruit flies has been found to decrease fighting behavior, in both 
offensive and defensive aggression (Kayser et al., 2015). The authors actually claim that 
sleep deprivation places the fruit flies at a competitive disadvantage towards finding a 
partner, thus negatively affecting their reproductive fitness.
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Another explanation for the lack of effects of sleep restriction on aggression in 
our study as opposed to some other studies may be the method of sleep deprivation 
employed. Most studies finding aggression-promoting effects of sleep loss, used selective 
REM sleep deprivation (Sloan, 1972; Hicks et al., 1979; Peder et al., 1986; de Paula and 
Hoshino., 2002; Marks and Wayner, 2005; Benedetti et al., 2008). It might be that there is 
a specific effect for REM sleep on aggression control, since this sleep stage is involved in 
emotional regulation (Goldstein and Walker, 2014). However one has to take into account 
that the flower pot method used for REM sleep deprivation leads not only to the loss of 
REM sleep, but also largely to loss of slow wave sleep (Machado et al., 2004). A study in 
mice using a 3 cm platform for 24h resulted in a 78% reduction of slow wave sleep and 
a 96% decrease of REM sleep (Silva et al., 2004). It is possible that especially the sleep 
fragmentation caused by this method affected aggression, whereas our sleep restricted 
animals were confronted with a continuous, perhaps more predictable sleep restricting 
situation, allowing better adaptation. Finally, the sleep restriction protocol employed in 
this study has been shown to produce an altered stress response (Meerlo et al., 2002). 
Whether or not this response is different from the effects seen in selective REM sleep 
deprivation is not known.

Perhaps in animals, like in humans, only a small proportion reacts with more abnormal 
and escalated aggression to sleep loss. Although in healthy human populations 
significant correlations have been found between poor sleep, hostility and anger (see for 
review Kamphuis et al., 2012), it is likely that the relation with violent acts and crimes is 
only relevant for certain individuals, such as forensic psychiatric patients (Kamphuis et 
al., 2014). When examining combinations of abnormal aggressive behavior, we detected 
one animal in the sleep restriction group that showed the combination of increased total 
aggression scores on day 1 and 7, attacking more vulnerable body parts leading to suturing 
of the opponent, an increase of clinching and lateral threat/clinch ratio <1. No animal 
in the home cage control and forced activity groups had this behavioral combination. 
Whether or not this behavior was due to restricted sleep, perhaps in combination with un 
underlying vulnerability, or if this animal would have displayed this behavior regardless of 
the group he was in, is not clear. Only bigger studies using more animals per group might 
shed some light on this question. 

Animals that attacked unfamiliar females were few, but did not seem to be the most 
aggressive animals. In fact, two days prior to the test, they spent significantly more time 
than the other animals being inactive. Four out of the six animals attacking a female 
had a total aggression score < 10% in the test on day 7. Thus, attacking a female is not 
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necessarily combined with faster attacks, higher levels of aggression and decreased 
introductory and forewarning behavior. This is not in line with literature on pathological 
aggression in these rats (Miczek et al., 2013). Why these females are attacked remains a 
question. Most of our animals in all groups attacked the anesthetized intruder. Although 
one can presume all of them are thus violent animals, no clear effect on other aggression 
parameters was found in the attackers, except for making more bite wounds than the 
five non-attacking animals. Therefore, we considered attacking an anesthetized intruder 
in this experiment not as a good marker for pathological, abnormal aggression. 

Another puzzling finding was the reduction in aggression levels from the initial 
selection phase to the characterization immediately prior to the experiment. On a group 
level the high aggressive group we started with, were then medium aggressive. Some 
individual rats were even low aggressive (<15%) prior to the start of the experiment. 
This may be caused by older age, since there was up to three months between the 
selection phase and start of the experiment for animals of the first batch. But earlier 
studies did not show an effect of age on displayed aggression (Blanchard et al., 1984). 
Whatever the explanation, it is possible that the diminished aggression affected our 
results, since we know from other studies that only a proportion of the high aggressive 
rats start displaying violent behavior after repeated winner experiences (de Boer et al., 
2009). Nonetheless, we were not able to show increased violent aggression after sleep 
restriction in the group of rats used in this study.

In conclusion, we did not find an effect of sleep restriction on the expression of violent 
behavior in WTG rats. It may be that a higher number of animals per group and the use of 
rats with stable high aggressive traits give an indication whether there are individual rats 
sensitive to developing abnormal aggression after sleep loss. Speculatively, in humans 
the potential causal relation between poor sleep and violent behavior is just true for a 
group of vulnerable people.
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AbstrAct

Sleep deprivation has profound effects on cognitive performance and some of these 
effects may be mediated by impaired prefrontal cortex function. In search of an animal 
model to investigate this relationship we studied the influence of restricted sleep on 
operant conditioning in rats, particularly the performance in a differential reinforcement 
of low rate responding (DRL) task, which is highly dependent on an intact prefrontal 
cortex. Animals were trained to withhold a lever press until an imposed delay of 30 
seconds after the last press had passed in order to achieve a food reward. Once the 
animals had mastered the task, they were sleep restricted for seven days with 20h of sleep 
deprivation per day. At the end of each daily sleep deprivation session, performance on 
the DRL task was assessed. The results show that sleep restricted animals were less able 
to correctly time their responses, started pressing the lever more randomly and showed 
signs of behavioral disinhibition, the latter possibly reflecting enhanced impulsivity. 
Our data support the hypothesis that a sleep debt has disruptive consequences for the 
functioning of the prefrontal cortex. This model offers possibilities for future studies 
investigating the underlying biochemical and molecular mechanisms of this relationship.

chapter 6
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IntroductIon

Sleep loss has profound disruptive effects on cognitive performance (Abel et al., 
2013; Diekelmann and Born, 2010; Killgore, 2010). Many cognitive capacities, such as 
planning, decision-making, behavioral inhibition and working memory, depend highly 
on adequate functioning of the prefrontal lobe. Therefore, the prefrontal cortex (PFC) 
may be one of the brain structures that play a key role in the negative influence of sleep 
loss on cognitive functions. Indeed, there are data suggesting that the PFC is sensitive 
to a lack of sleep (Muzur et al., 2002). Imaging studies show a reduced blood flow and 
cerebral metabolism in the prefrontal area after sleep deprivation (Thomas et al., 2000; 
Drummond and Brown, 2001; Yoo et al., 2007). Also, neuropsychological sleep deprivation 
studies reveal impairments on tasks that are considered to be mediated by the PFC (e.g. 
Harrison and Horne, 1999; Wimmer, 1992). 

While much of this work has been done in humans, it remains difficult to develop 
well-controlled, reproducible prefrontal tasks for human subjects. Some tasks are too 
simple, leading to low motivation of the participants, whereas more complicated and 
highly motivating tasks with financial or other gains may dampen the effect of sleep 
deprivation (Muzur et al., 2002). Animal models provide several potential advantages 
to investigate the relationship between sleep loss and prefrontal cortical functioning 
because it allows for experimental manipulation under controlled conditions as 
well as detailed studies of underlying molecular mechanisms. One commonly used 
behavioral task to test several executive functions in animal research is the ‘differential 
reinforcement of low rate responding’ (DRL) task. In this task an animal is required to 
withhold a response, like lever pressing or nose poking, until an imposed delay after the 
last response has passed in order to achieve a food reward. A premature response resets 
the timing clock and therefore delays the availability of the next reward (i.e., penalizing 
premature lever presses). This DRL task requires an intact PFC as evidenced by lesion 
studies. For example, rats on a DRL-10 schedule (required delay between presses is 10 
seconds) with 50% reinforcement rate showed significantly increased premature lever 
presses (<2 seconds) after surgical removal of their medial PFC (Nalwa and Rao, 1985). This 
suggests a diminished capacity of behavioral inhibition in the lesioned animals. Also, in 
mice on a DRL-10 schedule, a neurotoxic lesion of the PFC leads to a diminished ability to 
properly time the responses, more random pressing and consequently a lower number 
of food rewards (Cho and Jeantet, 2010). Moreover, another study in mice by Rossi et al. 
(2012) showed that lesions of the medial PFC, but not of the nucleus accumbens and 
rostral dorsal hippocampus, disrupted the performance in a modified DRL task. These 
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findings clearly indicate that optimal performance on a DRL task is dependent on an 
intact functioning PFC. Therefore, we selected the DRL task in rodents to study the 
consequences of insufficient sleep on prefrontal function.

The aim of this study was to investigate the effect of acute and chronic sleep 
restriction on DRL schedule performance in rats. We were particularly interested in the 
consequences of chronically restricted sleep because this is a common problem in human 
society and also because this may have cumulative effects that are not seen after acute 
sleep deprivation (Roman et al., 2005a, Novati et al. 2008). Based on the earlier findings 
that sleep loss reduces prefrontal metabolic activity, we expected to find behavioral 
impairments in the same directions as those previously observed in PFC lesion studies.

Methods
Animals
The study was performed with 24 adult male wild-type Groningen (WTG) rats (Rattus 
Norvegicus), originally wild-trapped animals and bred under laboratory conditions for 
over 50 generations in the animal facility of the University of Groningen. Body weight 
of the animals at the start of the experiment was on average 408±5.4 gr. They were 
individually housed under stable humidity (60±2%) and temperature (21±2 °C) conditions 
in a 12h light/12h dark cycle with lights on from 12.00 to 24.00 h. Animals were food 
deprived to 90% of their free-feeding body weight during the operant conditioning 
training and experiment in order to motivate them for lever pressing: animals were 
weighed every day and the amount of chow food (Arie block Diervoeding B.V.,Woerden, 
NL) was adjusted daily to ensure they remained on the required body weight. Water was 
available ad libitum. Experiments were approved by the Groningen University Committee 
of Animal Experiments.

operant conditioning: the drL-30 task
In order to ensure that the DRL task would be a sufficient challenge for PFC functions, 
such as working memory and behavioral inhibition, we used a required delay between 
responses of 30 seconds. The DRL-30 task was conducted in twelve identical operant 
conditioning chambers (45x30x50 cm, lengthxweightxheight; Med Associates Inc., 
St. Albans, VT, USA) controlled by a computer located outside the experimental room 
(MEDPC IV acquisition software, Med Associates Inc). These chambers were the home 
cages for the animals during the training. Animals were first trained to press the lever 
of a food dispenser for a 45 mg pellet of food (Dustless Precision Pellets, Product F0165; 
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Bioserv, Frenchtown, USA) in a daily 60-min session (during the last hour of the dark 
cycle; from 11.00-12.00 h) for 5 consecutive days. Each lever press resulted in the delivery 
of one food pellet in the food tray receptacle located next to the lever. After this initial 
training phase, the rats were subjected to a DRL-30 schedule, that is, the animals had to 
learn that lever presses needed to be separated by at least 30 seconds to result in the 
delivery of a food pellet. Animals were trained until performance on the DRL-30 schedule 
had stabilized at an average efficiency of around 40% (after 12 weeks of daily training), 
which is in accordance with efficiency levels reached in other rodent studies (Cho and 
Jeantet, 2010; Rossi et al., 2012). Subsequently, we tested how this performance level was 
affected by sleep deprivation.

The DRL task generates several outcome measures. We obtained the number of lever 
presses and number of food rewards from each session. Efficiency was calculated as the 
number of obtained rewards divided by the number of presses. The range of interresponse 
times during the 1h sessions can be visualized in an interresponse-time (IRT) distribution, 
showing ascending IRT time bins on the x-axis and the frequency of occurrence of 
these IRT durations on the y-axis. The highest frequency is expected around the IRT bin 
corresponding to the imposed delay. A quantitative method for describing important 
characteristics of this IRT distribution is the peak deviation analysis, as described by 
Richards et al. (1993). Peak deviation analysis compares the IRT distribution of each rat 
with a theoretical distribution, which would have occurred if the rat had emitted the 
same number of presses randomly in time. This expected distribution curve is called the 
corresponding negative exponential (CNE). By comparing this corresponding negative 
exponential to the obtained IRT distribution we calculated the values for the following 
parameters: peak area and burst ratio. The peak area is the area of the obtained IRT 
distribution above the CNE, hence the area that cannot be explained by random lever 
pressing. Therefore, decreases in the peak area indicate loss of schedule control since 
the IRT distribution then becomes more similar to random performance. The burst ratio 
was used to investigate the tendency of the rats to respond in bursts, or in other words, 
press the lever with very short time intervals in between. It is calculated as the number of 
obtained IRT durations in the burst category (IRT<3 seconds) divided by the number of IRT 
durations predicted to occur in the burst category by the CNE. More bursting behavior is 
considered to reflect diminished behavioral inhibition.

sleep restriction
To assess the effects of acute and chronic sleep restriction on DRL performance, rats were 
subjected to a schedule of repeated partial sleep deprivation for 7 days, allowing them 
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to sleep 4h every day at the beginning of the light phase (Novati et al., 2008; Roman et 
al., 2005). Animals were subjected to daily sleep deprivation by placing them in slowly 
rotating drums (40 cm diameter) driven by an engine at constant speed (0.4 m/min). 
During the DRL-30 training phase animals were habituated to the drums as their home 
cage. Throughout the experimental phase, rats were taken from the drums at 11:00 and 
placed in their own operant conditioning chamber in order to perform the DRL-30 task 
for 60 min during the last hour of the dark phase. The daily 20h sleep deprivation thus 
consisted of 19h in the rotating drums and 1h in the DRL task. Immediately after finishing 
this task at the beginning of the light phase, rats were weighed and placed back in their 
drum for their daily 4h rest (the drum was not rotating during this time). The 7d sleep 
restriction period was followed by a recovery week, where the same procedure of testing 
DRL performance was followed but the drums were not moving. 

The experiment was conducted using a cross-over design, performed twice with two 
batches of 12 rats. For each batch, 6 animals were first subjected to sleep restriction 
while the remaining 6 animals served as a control group (non-rotating drums during the 
complete experiment). Between the end of the recovery phase and the start of the next 
sleep restriction phase two weeks were scheduled in order to allow the animals to reach 
stable weight and performance again. See Figure 1 for experimental protocol.

Sleep restriction and control animals were paired based on their weight and food 
intake prior to the start of sleep restriction. In each pair, the daily amount of chow the 
sleep restricted animal received was similar to the amount the control animal received, 
which maintained 90% of the pre-experimental body weight. This was done because 
sleep restriction itself may cause a mild drop in body weight (e.g. Barf et al., 2012). 
Trying to compensate for this by providing more food might reduce motivation for lever 
pressing and performance in the DRL task, independent of an effect of sleep loss on the 
PFC. Thus, when a sleep restricted animal dropped in body weight below 90% of its pre-
experimental weight, it did not receive more food but, instead, it always received the 
same amount of food as its paired control. The daily food was provided at random times 
but at least 3 hours after finishing the DRL-30 session.

Forced activity control
Since the sleep deprivation procedure included mild forced locomotion, we used a forced 
activity control procedure to test whether changes in DRL performance following sleep 
deprivation might be caused by forced activity rather than by sleep loss per se. The cross-
over experiment was repeated with the same animals but now with the drums rotating 
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Figure 1. Experimental protocol.
The sleep restriction experiment and forced activity control experiment were performed twice 
with two batches of 12 animals. Based on weight and DRL-performance animals were paired and 
grouped to cohort 1 and cohort 2 (each N=6). DRL-performance on the three days preceding each 
experimental phase was used as baseline measurement (baseline). Each batch was trained for 12 
weeks after which the sleep restriction experiment was conducted in a cross-over design. Animals 
were exposed to one week of sleep restriction by forced locomotion in a slow rotating drum (SR) or 
one week of control condition in a non-rotating drum (C). The SR and C condition were followed by 
one week of recovery (rec). The recovery week was followed by two weeks in which weight and DRL-
performance stabilized (2 weeks stabilization). After this, the groups were again subjected to either 
the SR or the C condition and a week of recovery. Two weeks after completing the sleep restriction 
experiment exactly the same protocol was used for the forced activity control experiment, in which 
animals were exposed to the forced activity condition (FA). Only the second batch was subjected to 
the weight loss control experiment, after the completion of the forced activity control experiment. 
All 12 animals of this batch were exposed to weight loss (WL) for three days and subjected to DRL-
testing on these days. 
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at double speed (0.8 m/min) for half the duration (see Figure 1). Instead of 19h, the drums 
were rotating for only 9.5h, divided in 5 blocks (1x1.5h block at the end of the light phase 
and 4x2h blocks in the dark phase, with 1h resting in between). Thus, in the forced activity 
control experiment, the animals walked the same distance as in the sleep restriction 
experiment but had sufficient time to sleep.

Weight loss control
While we aimed to maintain body weight at 90% of the pre-experimental body weight 
by restricting food availability, in many animals the sleep restriction procedure resulted 
in a small additional loss of weight. To assess whether this additional loss of weight 
might partly explain the deficits in DRL performance, we performed an additional control 
experiment with the animals of the second batch. The rats were subjected to body weight 
loss up to 85% of pre-experimental body weight by additional food restriction, after which 
their performance on the DRL-30 task was investigated for 3 consecutive days (see Figure 
1).

statistical analysis
All data for the different DRL outcome measures are expressed as a percentage of 
baseline (the average of the last 3 days of training before the start of the experiment). 
The number of lever presses, the amount of rewards and efficiency were analyzed for the 
7d experimental period and the subsequent 7d recovery period using repeated measures 
ANOVA with a between-subjects factor condition (sleep restriction or forced activity versus 
control) and a within-subjects factor time (7 successive days). When the overall repeated 
measures ANOVA revealed a significant effect of treatment or a significant treatment x 
time interaction, post hoc t-tests were applied to determine at which days the differences 
occurred. The percentages of the peak area and burst ratio compared to baseline were 
analyzed using a repeated measures ANOVA, separately for the experimental and recovery 
period, in the same manner as described above. For the weight loss control the average for 
all outcome measures of the 3 days before the decrease in body weight and the average of 
the 3 days after that, were compared using Student t-tests. All analyses were performed 
with the software PASW Statistics 18. Statistical significance was set to p<0.05.

resuLts
sleep restriction
There were no baseline differences in number of presses, rewards, efficiency, peak area, 
burst ratio and body weight between control and experimental groups.
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Results for the number of presses, the number of rewards, and the efficiency are 
depicted in Figure 2A-C. For the amount of lever presses during the 7d treatment period, 
repeated measures ANOVA revealed a strong trend towards an overall effect of treatment 
(F1,46=3.79, p=0.058) and a significant treatment x time interaction (F6,276=5.56, p<0.001), 
suggesting that there was a gradual increase in lever pressing during the week of sleep 
restriction (Figure 2A). Also, during the 7d recovery period, a significant treatment effect 
was found (F1,44=6.76, p<0.05). The increase in lever presses that occurred during the sleep 
restriction phase persisted throughout the entire recovery period (Figure 2A).

During the experimental week animals received significantly less rewards in the sleep 
restriction condition than in the control condition (F1,45=6.97, p<0.05). This effect rapidly 
disappeared and ANOVA did no longer indicate an effect of treatment for the 7d recovery 
period (Figure 2B).

Concerning efficiency during the 7d treatment period, repeated measures ANOVA 
revealed a significant effect of sleep restriction (F1,46=4.88, p<0.05), indicating that animals 
who were sleep restricted had a lower efficiency than animals who were allowed to sleep 
when they pleased (Figure 2C). No significant treatment effect was found for the recovery 
period.

Peak deviation analyses were performed for the three days prior to the start of the 
experiment and for all the days of the experimental and recovery period. Results are shown 
in Figure 3A-C. The IRT distribution averaged for the 7 days of the experiment shows that 
under the influence of sleep restriction the peak shifted to the left and became wider 
and more flat (Figure 3A). Indeed, repeated measures ANOVA revealed a significant overall 
effect of treatment on the peak area during the 7d sleep restriction period (F1,46=30.13, 
p<0.001). The sleep restricted animals displayed an immediate decrease in peak area after 
the first day of sleep restriction, which persisted throughout the 7d experimental period 
(Figure 3B). During the recovery period the peak area quickly normalized and remained 
stable thereafter.

The burst ratio was significantly increased in animals subjected to sleep restriction 
(F1,43=5.94, p<0.05), indicating that these animals were bursting more than their controls 
(Figure 3C). This effect lasted throughout the entire recovery period (F1,40=6.09, p<0.05).
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Figure 2. DRL-30 performance of rats exposed to 7 days of sleep restriction (left panels, A-C) or forced 
activity (right panels, D-F) followed by a 7-day recovery period (N=24 for each condition). All data are 
expressed as a percentage of baseline performance (the average of the last 3 days of training before 
the start of the experiment). Days of the experiment: SR = sleep restriction, FA = forced activity, 
R = recovery. Only when repeated measures ANOVA revealed a significant effect of condition or 
a condition x time interaction effect, were the successive days compared using Student t-tests. 
Significant differences are indicated by an asterisk * (p < .05).
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Figure 3. Results of the peak deviation analyses, showing the inter-response time (IRT) distribution, 
changes in peak area and in burst ratio for the sleep restriction experiment (left panels, A-C) and 
forced activity control (right panels, D-F) (N=24 for each condition). Data for the peak area and 
burst ratio are expressed as a percentage of baseline performance (the average of the last 3 days 
of training before the start of the experiment). Days of the experiment: SR = sleep restriction, FA = 
forced activity, R = recovery. Only when repeated measures ANOVA revealed a significant effect of 
condition or a condition x time interaction effect, were the successive days compared using Student 
t-tests. Significant differences are indicated by an asterisk * (p<0.05).
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Forced activity control
Results for presses, rewards and efficiency under conditions of forced activity are shown in 
Figure 2D-F. Compared to baseline, the number of presses increased with approximately 
10% during forced activity and remained at this level for the complete forced activity 
period. This was a significant difference compared with the control group (F1,46=6.90, 
p<0.05). No condition effect for number of presses was found for the recovery period.

Comparable findings were found for number of rewards, which decreased significantly 
during the forced activity period (F1,46=8.80, p<0.01), and were restored to baseline levels 
at the start of the recovery period.

Forced activity significantly lowered efficiency as indicated by a significant treatment 
effect during the forced activity period (F1,46=10.55, p<0.01). During the recovery period 
efficiency of the animals subjected to forced activity immediately came back to levels 
comparable to the controls: no significant differences were found. There were no 
significant treatment x time effects for number of presses, rewards and efficiency.

The IRT response curve for the forced activity experiment shows that there were no 
striking changes in the shape of the forced activity curve compared to the control curve 
(Figure 3D). Hence, there were also no significant effects on the peak area (Figure 3E). Also 
the burst ratio was not significantly affected by forced activity (Figure 3F).

Weight loss control
Sleep restricted animals displayed a small additional drop in body weight to 88.3±0.2% 
of the pre-experimental body weight after the first experimental day up to 83.4±0.4% 
on the seventh experimental day. For the weight loss control experiment, animals of the 
second batch were food deprived and gradually reached a body weight of 84.7±0.4% 
pre-experimental weight on the 3rd day. Table 1 shows the performance of the animals 
during this 3-day period of extra body weight loss compared to their performance in 
the 3 days prior to the start of the additional food deprivation. Student t-tests showed 
no significant differences between the baseline performance and the additional weight 
loss performance.
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This study investigated the influence of sleep restriction on operant conditioning behavior 
in rats, using a DRL-30 task. Several DRL outcome measures were affected by sleep loss. 
Although some measures were also affected by forced locomotion, the effects on the peak 
area and burst ratio seem to be a direct effect of sleep restriction itself. The decreased 
peak area in sleep restricted animals indicate that they were less able to correctly time 
their lever presses as required by the DRL-30 schedule and pressed more randomly. This 
was an acute effect, directly visible after the first sleep restriction session. Sleep restriction 
also caused a significant increase in burst ratio, thus animals were responding more 
often with very short time intervals (<3 seconds). While the peak area and burst ratio did 
not change significantly in the forced activity control experiment, the number of lever 
presses, the amount of rewards and efficiency did. In fact, the changes in these outcome 
measures were comparable for the sleep restriction and forced activity condition. Thus, 
for these specific measures we cannot distinguish between effects of sleep disruption 
and forced activity. Although the forced activity control procedure allowed sufficient time 
for sleep it still constituted a disruption of the normal sleep-wake rhythm. The changes 
in DRL performance that were similar for the sleep restriction group and forced activity 
control condition might therefore be due to sleep disturbance, forced activity or both.

Table 1. Results of the weight loss control experiment. Body weight of the animals was 
lowered from 90% free-feeding body weight to approximately 85% free-feeding body 
weight, by means of extra food restriction. Baseline scores (the average of the scores of 
the 3 days prior to the start of the additional food restriction) on the different outcome 
measures and the average score of the 3 days after were compared using Student t-tests. 
Values are expressed as mean ± standard error of the mean.

 
Baseline

Body weight 
control p

% of free-feeding body weight 90.5 ± 0.7 86.4 ± 0.9  0.000*

Efficiency 40.2 ± 24.7 37.7 ± 22.6 0.801

Number of presses 167.1 ± 82.2 163.7 ± 87.6 0.925

Number of rewards 52.8 ± 19.2 48.2 ± 18.5 0.578

Peak area 0.52 ± 0.12 0.50 ± 0.11 0.713

Burst ratio 3.00 ± 3.72 3.02 ± 3.66 0.991

* p < .001
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Interestingly, the sleep restriction-specific changes in peak area and bursting 
behavior are very similar to what has been reported in PFC-lesion studies using a DRL 
paradigm (Cho and Jeantet, 2010; Nalwa and Rao, 1985). Therefore, our results support 
the hypothesis that sleep loss affects prefrontal cortical functioning. In the study of Cho 
and Jeantet (2010) it was especially the peak area that was affected by a lesion in the 
prefrontal area and not so much the number of responses, rewards and efficiency. It may 
be that the peak area is a more specific marker for prefrontal cortical functioning than 
the number of presses, rewards, and efficiency, which are possibly sensitive to a broader 
range of factors. In fact, mice with a lesion in their hippocampus made more responses, 
acquired fewer reinforcements and were less efficient than mice with a lesion in their 
prefrontal cortex (Cho and Jeantet, 2010). Since hippocampal functioning is highly 
sensitive to both sleep loss and stress (Kim and Diamond, 2002; Kreutzmann et al., 2015) 
this may offer an explanation why sleep restriction as well as forced activity affected 
these outcome measures.

Why animals show bursting behavior in a DRL task is still a subject of discussion. One 
could think of autoshaped responses (Monterosso and Ainslie, 1999), meaning behavior 
that animals spontaneously engage in without obvious reinforcement, or perseverative 
behavior (Sokolowski and Salamone, 1994), thus being part of a response pattern where 
the animal is unable to break out of. However, it is tempting to consider the increased 
bursting behavior in our sleep restricted animals as a form of enhanced impulsivity. Due 
to the broad and often poorly defined construct of impulsivity (Monterosso and Ainslie, 
1999), the relation between sleep and impulsivity is still under debate. Lack of sleep 
seems to negatively affect especially emotional impulse control. For example, Anderson 
and Platten (2011) showed that one night of sleep deprivation in healthy volunteers led 
to enhanced impulsive responses towards negative emotional stimuli. Furthermore, 
impaired control of emotional responses after sleep deprivation has been linked in an 
imaging study to reduced top-down control of the PFC over the amygdala (Yoo et al., 
2007). The impulsivity-PFC paradigm as an explanation for the increased burst ratio in 
our experiment seems to fit well with our hypothesis. Follow up studies may particularly 
focus on unravelling the nature of increased bursting behavior as a consequence of sleep 
loss.

Our findings of changes in operant conditioning and the presumed underlying 
prefrontal impairment in rats are in agreement with studies showing reduced blood 
flow and cerebral metabolism in the prefrontal area after sleep deprivation  in humans 
(Thomas et al., 2000; Drummond and Brown, 2001; Yoo et al., 2007). Sleep deprivation 
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may directly affect neuronal function in the prefrontal cortex function, e.g., by impairing 
cAMP signaling (Vecsey et al. 2009). In addition,  sleep restriction could perhaps affect 
prefrontal cortex function through indirect pathways and changes elsewhere in the 
brain and body, e.g. effects on other brain areas functionally connected to the PFC or 
changes in neuroendocrine factors that reach the PFC through the blood. One potential 
indirect mechanism that requires further study is a disruption of circadian rhythmicity. 
Although in an earlier study sleep deprivation by forced locomotion did not alter the 
phase or period of the free-running rest-activity rhythm in rats (Strijkstra et al. 1999), 
other studies in rats showed that sleep deprivation can have pronounced effects on 
neuronal firing of the suprachiasmatic nucleus or biological clock in the hypothalamus 
(Deboer et al. 2003). It is not excluded that such altered neuronal activity of the biological 
clock might ultimately affect activity and function of the PFC (Sylvester et al. 2002). Also 
stress hormones might in theory mediate some effects of sleep restriction on operant 
conditioning (Olausson et al., 2013), although in previous studies we have shown that 
levels of the stress hormone corticosterone in our sleep restricted rats are not or only 
mildly elevated (e.g. Roman et al., 2005a; Novati et al., 2008). Stress does not seem to 
be the common denominator since some effects were specific for sleep restriction and 
were not seen in forced activity controls, which have equally high or even higher levels of 
stress hormones (Novati et al., 2008).

Interestingly, there were individual differences in the extent to which rats were 
affected by sleep restriction. Some rats showed just a minor change in peak area, while 
others were only able to reach around 60% of their baseline peak area. Inter-individual 
differences in vulnerability to the effects of sleep loss have been described before in 
humans (e.g. Van Dongen et al., 2004) and animals (Córdova et al., 2006). One hypothesis 
is that the level of prefrontal cortical functioning determines how susceptible an 
individual is to the effects of sleep deprivation (Kamphuis et al., 2012), meaning that 
lower PFC function under baseline conditions may result in a higher vulnerability to 
disruptive effects of sleep loss. Given the involvement of PFC functional impairments in 
several behavioral and psychiatric disorders (Lewis and Lieberman, 2000; Drevets, 2001; 
Raine et al., 2000) and the high prevalence of sleep problems among such individuals 
(Tsuno et al., 2005; Cohrs et al., 2008; Kamphuis et al., 2013) it may be worthwhile to 
further explore this vulnerability hypothesis.

Sleep restriction affected DRL-30 schedule performance in rats, reflected in a 
diminished timing ability and attention control, working memory problems and reduced 
behavioral inhibition. Since behavioral efficiency in the DRL paradigm is highly dependent 
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on proper functioning of the PFC, our data support the hypothesis that sleep loss has 
a negative impact on prefrontal cortical functioning. This model may be employed in 
future studies investigating this relation on a biochemical and molecular level using 
advanced neurobiological techniques.
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AbstrAct

Sleep is considered to be a recovery process of prior wakefulness. Not only duration of 
the waking period affects sleep architecture and sleep EEG, the quality of wakefulness 
is also highly important. Studies in rats have shown that social defeat stress, in which 
experimental animals are attacked and defeated by a dominant conspecific, is followed by 
an acute increase in NREM sleep EEG slow wave activity (SWA). However, it is not known 
whether this effect is specific for the stress of social defeat or a result of the conflict per 
se. In the present experiment, we examined how sleep is affected in both the winners 
and losers of a social conflict. Sleep-wake patterns and sleep EEG were recorded in male 
wild-type Groningen rats that were subjected to one hour of social conflict in the middle 
of the light phase. All animals were confronted with a conspecific of similar aggression 
level and the conflict took place in a neutral arena where both individuals had an equal 
chance to either win or lose the conflict. NREM sleep SWA was significantly increased 
after the social conflict compared to baseline values and a gentle stimulation control 
condition. REM sleep was significantly suppressed in the first hours after the conflict. 
Winners and losers did not differ significantly in NREM sleep time, NREM sleep SWA and 
REM sleep time immediately after the conflict. Losers tended to have slightly more NREM 
sleep later in the recovery period. This study shows that in rats a social conflict with an 
unpredictable outcome has quantitatively and qualitatively largely similar acute effects 
on subsequent sleep in winners and losers. 
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IntroductIon

Sleep is a complex phenomenon that consists of two distinct stages, non-rapid-eye-
movement (NREM) sleep and rapid-eye-movement (REM) sleep. In general, NREM sleep 
is thought of as a process during which the brain recovers from prior wakefulness. 
This notion that is supported by the finding that extended wakefulness is followed 
by a compensatory increase in both NREM sleep time and intensity (Benington and 
Heller, 1995). The NREM sleep intensity is reflected in the amount of slow waves in the 
electro-encephalo-gram (EEG) (Blake and Gerard, 1937; Friedman et al., 1978; Borbély and 
Neuhaus, 1979). EEG slow wave activity (SWA) at the start of NREM sleep, i.e. the spectral 
power in the 1-4 Hz range, is a function of the duration of prior wakefulness: the longer 
the period of wakefulness, the higher SWA is at the beginning of NREM sleep (Tobler and 
Borbély, 1986; Dijk et al., 1987; Franken et al., 1991; Lancel et al., 1992; Huber et al., 2000). 
Moreover, SWA is highest at the beginning of the sleep phase and gradually declines 
during the course of sleep as the NREM sleep debt dissipates (Tobler and Borbély, 1986; 
Dijk et al., 1987; Franken et al., 1991; Lancel et al., 1992; Huber et al., 2000). Yet, several 
studies have shown that EEG SWA during NREM sleep not only depends on the duration, 
but also on the quality of prior wakefulness. A number of studies have suggested that 
the experience of stress during wakefulness may accelerate the build up in sleep debt 
and increase the need for sleep (Meerlo et al., 1997, Meerlo et al., 2001a). 

A social conflict in rodents is a natural stressor causing strong classical neuroendocrine 
and behavioral stress responses (Koolhaas et al., 1997a; Koolhaas et al., 1997b). Moreover, 
the experience of defeat in a social conflict is a rather dramatic event associated with 
behavioral and physiological changes that can last for several days up to weeks after 
the conflict (Meerlo et al., 1996a; Meerlo et al., 1996b; Miczek et al., 1990).  Social defeat 
has also been found to have immediate effects on subsequent sleep: rats (Meerlo et al., 
1997; Meerlo et al. 2001a) and mice (Meerlo and Turek, 2001) showed increased amounts 
of non-rapid-eye-movement (NREM) sleep and/or increased NREM intensity, as reflected 
in elevated EEG SWA. In the social defeat paradigm, experimental animals are placed in 
the territory of an older and larger conspecific. Under these conditions, the experimental 
animals generally exhibit little to no aggression and are subjected to the conflict with 
the cage owner without any control over this situation.  Yet, it is not known whether the 
subsequent increases in NREM sleep time and/or SWA are due to the lack of control and 
the experience of defeat or due to the conflict per se. It may be that a social conflict with 
more opportunities to influence the outcome has different effects on subsequent sleep. 
In a conflict where subjects are matched to each other and are confronted in a neutral 
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area, it is possible for both of them to come out as a winner or a loser. No studies have 
investigated the effect of such social confrontations on subsequent sleep. 

For these reasons, the aim of this study is 1) to examine the effect of a social conflict 
with an unpredictable outcome on subsequent recovery sleep, and 2) to explore 
differential effects between winners and losers of the fight. A gentle stimulation control 
procedure was included to differentiate between effects of social conflict and effects due 
to sleep deprivation.

MAterIAl And Methods

The study was performed with 6-month-old male wild-type Groningen (WTG) rats (Rattus 
Norvegicus), originally wild-trapped animals and bred under laboratory conditions for 
over 50 generations in the animal facility of the University of Groningen. The animals 
were individually housed under a 12h light/ 12h dark cycle with lights on from 10.00 to 
22.00 h. Housing rooms had stable temperature (21 ± 1 °C) and humidity (60 ± 2 %) and 
water and food were provided ad libitum throughout the experiment. Before the start 
of the experiment, the aggression levels of the experimental animals were characterized 
based on their attack latencies and amount of aggressive behavior during a standard 
resident-intruder test (see for procedure video publication by Koolhaas et al., 2013). 
In short, the animals were confronted in their home cage with a younger intruder on 
four consecutive days. On the first three days, these intruders were removed from the 
cage after the first attack by the resident. On the fourth day, aggressive behavior of the 
residents was recorded and analyzed for ten minutes after the first attack. As common in 
this test, all residents attacked and defeated the intruder (Koolhaas et al., 2013). 

social conflict 
During the experiment, the animals that had been selected from the breeding colony 
were subjected to a social conflict by confronting them with each other. Opponents 
were paired on the basis of similar aggression levels recorded in the resident-intruder 
tests prior to the experiments, making it impossible to predict a winner and loser in 
advance. The confrontations took place during the sixth hour of the light phase in a large 
neutral cage (80 x 55 x 50 cm) instead of the home cages in which sleep recordings were 
performed. Animals were habituated to this test cage for three days prior to the start of 
the baseline recordings in their home cage. Habituation was performed to reduce novelty 
stress and to promote aggression in the cage where the experimental conflict would 
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take place. During this habituation period animals were kept apart from each other by a 
non-transparent divider, which separated the test cage in two different compartments. 
After three days animals were placed back into their home cage, habituated again to 
the cables and their home cage for approximately 18 hours, after which the 24 hour 
baseline recordings started. The next day, animals were taken from their home cage 15 
minutes prior to the start of the social conflict and placed on their own side of the test 
cage. On the start of the sixth hour of the light phase, the non-transparent divider was 
taken away and the social interaction between the animals took place. Animals were 
identified as losers when in the course of the conflict they showed fleeing, freezing and 
submissive behavior. Winners were characterized by attacking with biting and clinching 
and inducing submissive behavior in their opponent. Animals from pairs were no clear 
conflict took place or conflicts with an uncertain outcome were excluded from the final 
analysis. Thus, only undoubted winners and losers were used. After a winner and a loser 
of the fight were identified a transparent divider was put in the cage for the remainder 
of the hour. This ensured that the social aspect of the interaction continued by visual 
confrontation, but prevented the animals from seriously harming each other.

Gentle stimulation
A 1h sleep deprivation control procedure was included to differentiate effects from the 
social conflict from normal recovery after sleep loss. A gentle stimulation procedure was 
applied, which consisted of keeping the rats awake with as little disturbance as possible 
by tapping the cage and gently shaking the cage (see for procedure Meerlo and Turek, 
2001, Van der Borght et al., 2006).  

sleep recordings
For sleep recordings, selected animals were implanted with permanent electrodes to 
record cortical EEG and neck electromyogram (EMG). Surgery was performed under 
Isoflurane (Pharmachemie BV, Harlem, The Netherlands) anesthesia. Three steel screws 
(diameter 1 mm) through the skull served as electrodes. One screw was placed above 
the right hemisphere, 1 mm anterior and 2.5 mm lateral from bregma. The second screw 
was placed above the left hemisphere 3 mm posterior and 2.5 mm lateral from bregma. 
The third screw, which functioned as ground electrode, was placed 4 mm posterior and 2 
mm lateral from bregma above the right hemisphere. Two insulated stainless steel wires 
were inserted subcutaneously on the neck muscle to record the EMG. The electrodes 
were attached to a connector, which was cemented to the skull with dental acrylic. 
After at least 2 weeks of recovery, animals were habituated to handling and hooking 
up to the recording cable. The recording cable was attached to a swivel, which allowed 
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free movement throughout the cage. After at least 2 days of habituation, EEG and EMG 
recordings started. Signals were fed to an amplifier (Vitaport 0212-56 tecmec Bu © 2005), 
which was connected to a computer with the recording program (Columbus™ Version 
1.09.05, TEMEC Instruments B.V) where data were collected and saved. This computer 
was located outside of the room where animals were placed, allowing checks and 
manipulations without disturbing the animals. The EEG signal was amplified by 10,000, 
high-pass filtered at 1 Hz and low-pass filtered at 30 Hz. The EMG signal was amplified 
5000 times, high-pass filtered at 1,5 Hz and low-pass filtered at 150 Hz. The signals were 
converted to digital format and stored at 128 Hz resolution. EEG and EMG were measured 
for 2 blocks of 2 consecutive days, consisting of a baseline day and the experimental day, 
starting at lights-on. During the sixth hour of the light phase on the experimental day 
animals were subjected to either gentle stimulation in the first 2-day block and social 
conflict in the second 2-day block. The remaining 18 hours of the experimental day 
(the second half of the light phase and the following dark phase) were considered the 
recovery period. A new baseline recording preceded each experimental procedure. There 
were two weeks in between the gentle stimulation and social conflict condition.

Analysis of vigilance states
By visual inspection of the EEG and EMG signals, 10-s epochs were classified as either 
wakefulness, NREM sleep or REM sleep (Meerlo and Turek, 2001), using a sleep processing 
program (Vitascore v 1.30, Temec Instruments). The EEG signal was subjected to spectral 
analysis by fast Fourier transformation and, for all NREM sleep epochs, the EEG power 
in the delta or slow wave range (1-4 Hz) was calculated. To correct for inter-individual 
differences in strength of the EEG signal, the delta power values were normalized for 
animals by expressing them relative to their own baseline delta power, i.e. the NREM 
sleep delta power values per time interval were expressed as a percentage of the average 
24h baseline NREM sleep delta power value. These normalized delta power values are 
referred to in the text and figures as slow wave activity (SWA). For winners and losers of 
the conflict, the accumulated NREM sleep SWA accumulated over the total 18h recovery 
period was expressed as a percentage of the corresponding 18h baseline NREM SWA and 
is referred to in the text as cumulative slow wave energy (SWE).  For presentation and 
statistical analysis of the data, NREM and REM sleep time and NREM sleep SWA were 
calculated for 2h intervals and for the total 18h recovery period. 

statistics 
Since the two baselines that preceded each of the experimental conditions did not 
differ from each other in sleep-wake pattern and EEG SWA, they were averaged for 
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presentation in the figures and for statistical analysis. To test for acute effects of the 
experimental manipulations on sleep parameters, we analyzed the first 2h interval 
following the experimental treatments and the corresponding 2h baseline interval 
with a one-way ANOVA with factor condition (baseline, gentle stimulation, or social 
conflict). When ANOVA showed a significant condition effect, Tukey post-hoc tests were 
performed. Differences in sleep parameters across the 18h recovery periods were further 
investigated by repeated measures ANOVA with a factor condition (baseline, gentle 
stimulation, or social conflict) and a factor time interval (nine consecutive 2h blocks). 
When the overall repeated measures ANOVA revealed a significant effect of condition 
or a significant condition x time interaction, post hoc t-tests were applied to determine 
at which 2h intervals the differences occurred. Finally, overall differences in the total 
amount of NREM and REM sleep during the 18h recovery period were examined using 
a one way ANOVA with post hoc t-tests. All analyses were performed with the software 
IBM PASW Statistics (version 18 for Windows). Significance level was set to p < 0.05. Data 
shown in text and figures are averages ± standard error of the mean (SEM).

results
Animals
Eighteen rats were selected from the breeding colony. For 6 animals (3 pairs) no clear 
winner or loser could be identified after the conflict and therefore, they were not included 
in the final analysis. Three of the remaining 12 animals were lost due to poor EEG-signals, 
leaving data from 9 animals (4 winners and 5 losers) to be analyzed. During the social 
conflict animals attacked/were attacked after 727 ± 327 sec on average.  

social conflict versus gentle stimulation
NREM sleep
The amount of NREM sleep per 2h interval is depicted in Figure 1. The 1h sleep deprivation 
by gentle stimulation or social conflict did not have an acute effect on the amount of 
NREM sleep in the first 2h interval after the treatment (One-way ANOVA: F2,24 = 0.07, p = 
0.931). In the course of the 18h recovery period following the treatment, i.e., the remainder 
of the light phase and subsequent dark phase, the animals that had experienced a social 
conflict tended to sleep more than in the baseline condition and the gentle stimulation 
condition. Repeated measures ANOVA for the entire 18h recovery period indicated a trend 
towards an effect of the condition (F2,24 = 2.89, p = 0.075). There was no condition x 2h 
interval interaction (F16,192 = 0.87, p = 0.559).   
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The total NREM sleep time during the 18h recovery period after the conflict (8 h 49 min ± 
17 min) was significantly higher than during the same period of the baseline condition (7 
h 59 min ± 10 min; t(16) = 2.57, p < 0.05) but not significantly different from the total NREM 
sleep time after sleep deprivation by gentle stimulation (8 h 14 min ± 18 min; t(16) = 1.44, 
p = 0.169). Total NREM sleep time during the 18h recovery period after gentle stimulation 
did not significantly differ from baseline (t(16) = 0.76, p = 0.458).

NREM sleep SWA
As expected, the NREM sleep that was lost during the experimental treatments induced 
a compensatory increase in subsequent NREM sleep SWA but this increase in SWA was 
higher after the social conflict than after gentle stimulation (Figure 1). There was an 
overall significant effect of condition for the first 2 hour interval after the manipulation 
(One-way ANOVA: F2,23 = 26.35, p < 0.001). Compared to the corresponding baseline levels, 
SWA was significantly elevated after both gentle stimulation (p < 0.01) and social conflict 
(p <0.001). SWA after the conflict in turn was higher than SWA after gentle stimulation 
(p < 0.01)  

Repeated measures ANOVA for the entire 18h recovery period revealed a significant 
condition effect (F2,23 = 8.50, p < 0.01) and a significant condition x 2 hour interval interaction 
(F16,184 = 7.51, p < 0.001). Tukey post hoc analyses showed a trend in the difference from 
social conflict to baseline (p = 0.064). Gentle stimulation did not differ significantly from 
baseline (p = 0.196), but did from social conflict (p < 0.001). The increase in SWA after a 
social conflict persisted during the remainder of the light phase, while SWA following 
gentle stimulation normalized already after the first 2 hour period (Figure 1). Moreover, 
SWA levels dropped significantly below baseline levels in the late dark phase after gentle 
stimulation, but to a lesser extent after social conflict (see Figure 1 for details). 

REM sleep 
The detailed pattern of REM sleep per 2-h intervals is shown in Figure 1.  One-way ANOVA 
revealed a significant acute treatment effect on the amount of REM sleep in the first 
subsequent 2h interval (F2,24 = 25.00, p < 0.001). After both gentle stimulation and social 
conflict, the amount of REM sleep during the first 2h interval was lower than the amount 
during corresponding baseline interval (p < 0.05 and p < 0.001, respectively). This acute 
decrease in REM sleep was stronger after an hour of social conflict than after an hour of 
gentle stimulation (p < 0.001). 
Repeated measures ANOVA for the entire 18h recovery period showed no significant 
overall condition effect (F2,24 = 1.07, p = 0.359) but did reveal a significant condition x 2 hour 
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interval interaction (F10,116 = 5.13, p < 0.001). The acute suppression of REM sleep during 
the first 2h interval following the social conflict was partly compensated for by higher 
amounts of REM sleep in the subsequent dark phase (see Figure 1 for details). 

Figure 1. Two-hourly values of REM sleep, NREM sleep and NREM sleep SWA in male WTG rats 
subjected to 1h of gentle stimulation or 1h of social conflict with a matched conspecific (N = 9 for 
each condition). Experimental manipulations took place in the middle of the light phase. Only when 
repeated measures ANOVA revealed a significant effect of condition effect or a condition x 2 hour 
interaction effect, were successive 2h intervals compared using t-tests. Significant differences: 1. 
between social conflict and gentle stimulation, 2. between social conflict and baseline, 3. between 
gentle stimulation and baseline (two-tailed paired t-test, p < 0.05). 
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Overall, the total REM sleep time in the 18h recovery period after the experimental 
manipulations did not differ significantly from each other and from baseline (One-way 
ANOVA: F2,24 = 1.09, p = 0.353). On average, animals spent 1h 52 min ± 8 min in REM sleep 
during the recovery period after the conflict, which is not different from 1h 40 min ± 4 
min after gentle stimulation and 1h 47 min ± 5 min during the corresponding baseline 
period. 

Winners versus losers
NREM sleep
The time course of NREM sleep in animals that won the conflict and animals that lost 
the conflict is shown in Figure 2. There was no difference between winners and losers 
in the acute effect of the conflict on the amount of NREM sleep (t-test for the first 2h 
interval: (t(7) = 0.96, p = 0.370).  

Interestingly, for the entire 18h recovery period after the conflict, repeated measures 
ANOVA showed a nearly significant condition effect (F1,7 = 5.11, p = 0.058) but no condition 
x 2 hour interval interaction (F8,56 = 0.57, p = 0.798). Overall, there was a clear trend for 
more NREM sleep in the animals that lost the conflict as compared to the winners. 

The total amount of NREM sleep for the entire 18h recovery period following the 
interaction seemed to be higher in animals who had lost the fight (9 h 17 min ± 13 min) 
compared to the winners (8 h 14 min ± 27 min; t(7) = 2.30, p = 0.055). 

NREM sleep SWA and SWE
The acute increase in NREM sleep SWA seen in the first 2h interval after the conflict was 
similar in the winners and losers of the fight (Figure 2). Also the SWA pattern across the 
entire recovery period did not significantly differ between winners and losers (repeated 
measures ANOVA: condition effect F1,6 = 0.02, p = 0.887 and condition x 2 hour interval 
interaction F8,48 = 0.32, p = 0.956).  The accumulated SWE after the recovery period was 
higher in losers (121% ± 8%) than in winners (111% ± 6%), but the level of statistical 
significance was not reached (t(7) = 2.07, p = 0.077).

REM sleep
The acute suppression of REM-sleep immediately after the conflict was comparable for 
winners and losers (t(7) = 0.09, p = 0.929; see Figure 2). The compensation for this acute 
drop in REM sleep developed in the same manner for those animals that had lost and 
won the fight. Repeated measures ANOVA for the entire 18h recovery period revealed no 
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condition effect (F1,7 = 0.16, p = 0.703) and no condition x 2 hour interval interaction (F8,56 = 
0.89, p = 0.528). In line with this, the total amount of REM sleep in the 18h recovery period 
did not differ between winners and losers  (1h 56 min ± 12 min and 1h 57 min ± 11 min, 
respectively; t(7) = 0.40, p = 0.701).

Figure 2. Two-hourly values of REM sleep, NREM sleep and NREM sleep SWA in male WTG rats 
subjected to 1h of social conflict, split into animals who won (winners, N = 4) or lost (losers, N = 
5) the fight. The social conflict took place in the middle of the light phase. Repeated measures 
ANOVA revealed a no significant condition effect or a condition x 2  hour interaction effects.  Losers 
tended to have more NREM sleep during the recovery period after the conflict compared to winners 
(repeated measures ANOVA showed a trend for the condition effect (F1,7 = 5.11, p = 0.058)).
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dIscussIon

We confirmed that in rats the experience of a social conflict strongly increases EEG slow-
wave activity during subsequent sleep. This increase was not explained by sleep loss per 
se, as the increase in SWA was significantly higher than in animals sleep deprived for 
the same duration by gentle stimulation. Since SWA is a generally accepted measure 
of sleep debt and sleep intensity (Tobler and Borbély, 1986; Dijk et al., 1987; Franken et 
al., 1991; Lancel et al., 1992; Huber et al., 2000), our study once again confirms that the 
build-up of sleep debt not only depends on the duration of prior wakefulness but also on 
the nature of that wakefulness (Meerlo et al., 1997; Meerlo et al., 2001a). A social conflict 
may represent an intense form of wakefulness that requires more intense recovery sleep.

Importantly, the present study showed that the initial increase in NREM sleep 
SWA was not different between animals that had won and animals that had lost the 
conflict, which indicates that the increase was caused by the conflict per se and not 
the outcome. Also, SWA normalized gradually after the conflict, without showing any 
pattern differences between winners and losers. Given that sleep is generally considered 
to be important for recovery and plasticity of the brain, the acute increase in NREM sleep 
SWA may be an adaptive response to the increased overall or local brain activity during 
the conflict, shared by both winners and losers. 

While the losers and winners of a conflict showed similar acute increases in NREM 
sleep SWA, losers showed a tendency for a mild increase in NREM sleep compared to 
winners, although it did not reach statistical significance because of the limited sample 
size (p = 0.055). This tendency for a delayed increase in NREM sleep in our losers may 
reflect a slightly increased need for recovery sleep. The potential mechanism underlying 
such an increase in NREM sleep time remains unknown but somewhat parallels 
physiological and endocrine responses seen in losers. While losers and winners of a 
conflict were reported to have fairly similar peak response in blood pressure, heart 
rate and corticosterone, the elevations of these measures persisted longer in the losers 
(summarized in Koolhaas et al., 2011, Figure 3 & 4). It may be that similar acute increases 
in NREM sleep SWA in winners and losers are related to the similar peak values of the 
physiological responses whereas the tendency for an increase in NREM sleep time 
in the losers is related to the slower recovery of the physiological responses in these 
animals. On the other hand, most published data on different physiological responses 
between winners and losers are based on the classical resident-intruder paradigm, with 
the resident being the territorial cage owner, aggressor and almost certain winner of 
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the conflict whereas the socially inexperienced and non-aggressive intruders are the 
almost certain losers of the conflict (Koolhaas et al., 2013). This is slightly different from 
the paradigm used in the current experiment, where two animals that were matched 
in age and aggression were confronted with each other in a test cage equally familiar 
to both of them, which made the outcome of the conflict unpredictable. Therefore, the 
detailed time course of the physiological and endocrine responses may be different in 
the present experimental setup, compared to winners and losers in the classical resident-
intruder paradigm. Speculatively, our winners and losers may have shown less outspoken 
differences in physiological responses as both animals to some degree experienced 
uncontrollable social stress.

In contrast to NREM sleep, REM sleep was strongly suppressed in the first couple of 
hours after the conflict in both winners and losers. The initial suppression of REM sleep 
may have been partly a consequence of the strong drive for NREM sleep as reflected in 
the high NREM sleep SWA. The animals compensated for the loss of REM sleep during 
and after the conflict, by having more REM sleep later on in the recovery phase. The 
acute suppression in REM sleep and compensation in the recovery phase is in agreement 
with what is found in other studies investigating the effects of social conflict (Meerlo et 
al., 1997; Meerlo and Turek, 2001; Meerlo et al., 2001a; Lancel et al., 2003). Interestingly, 
animals exposed to uncontrollable and inescapable foot shock stress were found to show 
significant reductions in REM sleep that were not recovered (Sanford et al., 2010) whereas 
controllable shocks were followed by an overall increase in REM sleep. Also restraint or 
immobilization stress was found to cause an overall increase in REM sleep beyond baseline 
levels (Rampin et al., 1991; Meerlo et al., 2001b). It has been suggested that such increases 
in REM sleep reflect an adaptive coping response that may serve the purpose of recovery 
(Sanford et al., 2010). However, it remains unclear why some stressors such as restraint 
are followed by an increase in REM sleep whereas others such as a social conflict promote 
NREM sleep. This complex variation in the effects of different stressors on sleep may 
depend on the nature, predictability and controllability of stressors, and their specific 
effects on physiology and brain function. 

Importantly, while in humans stress is generally considered to be a major cause of 
disrupted sleep, our study confirms that in most animal models of acute stress, the 
arousing and sleep-inhibiting effects of stressors are rapidly overcome and are sometimes 
followed by increased sleep during the recovery phase (for review see Sanford et al. 2015).  
A possible explanation for this apparent difference is that in laboratory rodents the 
physiological activation and arousal rapidly disappear upon termination of the stressor 
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and return to the home cage whereas human beings may carry their problems with 
them. Particularly in humans, stress is not necessarily always associated with an acute 
challenge but may be a cognitive and emotional phenomenon based on memories of 
past events as well as worries and expectations about the future.  Humans may thus 
be capable of, more so than other animals, turning a single stressor or life event that 
occurred in the past, or even one pending in the future, into a persistent and chronic 
stress state (Sanford et al. 2015).

conclusIons

This study shows that the experience of a social conflict significantly increased NREM 
sleep SWA in rats, independent of the outcome of the conflict. This increase was caused by 
the conflict itself, and not the duration of wakefulness as confirmed by the significantly 
smaller increase in the gentle stimulation condition. Winners and losers did not differ in 
NREM sleep time, NREM sleep SWA and REM sleep time immediately after the conflict. 
Losers tended to sleep slightly more in the NREM sleep state in the prolonged recovery 
period. Whether or not this reflects a marginally greater recovery need remains uncertain.
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AbstrAct

Human studies show that violent traits are correlated to differences in sleep. Since many 
patients with antisocial traits suffer from sleep problems, and treatment of sleep disorders 
may resolve daytime aggressive behavior, it is important to have a better understanding 
of differences in sleep regulation between violent and non-violent individuals. Therefore, 
we investigated in an animal model whether violent and non-violent male wild-type 
rats differ in electro-encephalo-gram (EEG) measurements under baseline conditions 
and after exposure to 6h sleep deprivation and 1h restraint. No baseline differences 
were found, but violent animals appeared to have a delayed increase in REM sleep after 
sleep deprivation, whereas non-violent animals showed immediate increased REM. 
After restraint, violent animals tended to have more NREM sleep in the subsequent dark 
phase, an effect of restraint that was not seen in non-violent animals. These changes 
may reflect differences in sleep regulation and sensitivity to sleep disturbing events. Not 
only the type of stressor appears to be critical for the subsequent sleep period, individual 
or ‘personality’ characteristics must be considered as well. These findings may contribute 
to further understanding of the relation between sleep and violence.
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IntroductIon

Disturbed sleep regulation is increasingly recognized as a critical factor for adequate 
emotion regulation and poor sleep seems to be a risk factor for insufficient control over 
aggressive impulses (Kamphuis et al., 2012). Interestingly, violent individuals often have 
sleep complaints. For example, 60-80% of patients with antisocial personality traits 
or disorder suffer from poor sleep (Semiz et al., 2008; Kamphuis et al., 2013). Nineteen 
male psychiatric patients with antisocial personality disorder, convicted for violent 
crimes, exhibited more night time awakenings and lower sleep efficiency than controls 
(Lindberg et al., 2003). They showed more slow wave sleep (SWS), during a night time 
electro-encephalogram (EEG). No differences in rapid-eye-movement (REM) sleep were 
found. Three female antisocial psychiatric patients charged for violent crimes (Lindberg 
et al., 2006) as well as preadolescent boys with conduct disorder (Coble et al., 1984) 
also exhibited more SWS in their EEG. One interpretation of this increased SWS is that 
violent individuals have difficulties in maintaining normal daytime arousal. This is 
supported by a study showing overall reduction of alpha power in the waking EEG of 
sixteen homicidal forensic psychiatric male patients (Lindberg et al., 2005). The authors 
speculate that perhaps the problem to maintain normal arousal levels exhausts these 
individuals, leading to more deep sleep during the night. Another possibility is that 
their daytime interactions, which may be different in nature or perceived in a different 
way by antisocial individuals, affect their night time EEG. Animal studies suggest that 
an aggressive interaction in itself can cause immediate changes in sleep architecture; 
increased slow wave activity and short-term suppression of REM sleep (Meerlo et al. 
1997; Meerlo and Turek, 2001; Lancel et al., 2003; Kamphuis et al., 2015). Taken together, 
violent and antisocial individuals differ from non-violent populations in their waking 
and nighttime EEG. How this is causally related to their sleep quality and daytime 
problematic behavior is not yet clear. 

Some case reports and clinical studies suggest that treatment of sleep problems and 
improving sleep quality contribute to a reduction of aggressive responses and violent 
behavior (Pakyurek et al., 2002; Haynes et al., 2006). This may be highly relevant in crime-
preventing treatment programs for problematic aggressive behavior. 

It is important to have a better physiological understanding of how violent individuals 
sleep and how this is different from non-violent individuals. We aimed to investigate this 
in an animal model, since this offers more possibilities for experimental manipulations 
than human studies. We used wild-derived rats, because these rats show much more 
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spontaneous and normal adaptive resident-intruder offensive aggression than the placid 
and docile laboratory bred strains (De Boer et al., 2003). In order to investigate violence, 
the aggression displayed needs to exceed normal species-typical levels. Thus this violent 
aggressive behavior is not subject to inhibitory control and has lost its adaptive function 
in social communication (De Boer et al., 2009). Earlier studies revealed that some of 
these wild-type rats may gradually develop violent tendencies when they are repeatedly 
involved in fights (De Boer et al., 2009). These animals rapidly attack an intruder without 
the normal investigatory and threatening behavior (immediate bites); often, they do 
not respond to submission signals of the opponent that normally inhibit aggressive 
behavior; and they may even attack opponents that normally do no trigger aggression 
such as females and anesthetized non-moving conspecifics. This sub-population of rats 
develop a form of violent behavior that is out of control and out of context, which allows 
us to study the relationship with sleep.

Therefore, in the present study we compared sleep architecture by EEG measurements 
in violent and normal-aggressive male wild-type rats under baseline conditions and in 
two challenging conditions: 1) they were subjected to 6h sleep deprivation in order to 
investigate their sleep homeostatic response, 2) they were exposed to 1h restraint stress, 
to test their sensitivity to stress-induced changes in sleep.  

MAterIAl And Methods
Animals and housing
The study was performed in adult Groningen wild-type rats. Animals were individually 
housed under a 12h light/ 12h dark cycle with lights on from 10.00 to 22.00 h. Housing 
rooms had stable temperature (21 ± 1 °C) and humidity (60 ± 2 %) and water and food 
were provided ad libitum throughout the experiment. Experiments were approved by 
the animal ethics committee of the University of Groningen.

experimental procedure
For this study we selected high aggressive rats, which displayed comparable amounts 
of aggressive behavior. For assessment of sleep-wake patterns and sleep EEG, animals 
underwent surgery for implantation of EEG and EMG electrodes. In addition to 24h 
baseline sleep-wake patterns, we assessed sleep homeostatic responses to sleep 
deprivation (6h sleep deprivation by gentle stimulation) and sensitivity to stress-induced 
sleep disturbance (1h restraint stress).

To assess whether violent and non-violent rats differed in the homeostatic regulation 
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of sleep, all animals were subjected to 6h of sleep deprivation during the first 6 hours 
of the light phase, i.e., the main circadian rest phase. Sleep deprivation was achieved by 
gentle stimulation, which consisted of keeping the rats awake with as little disturbance 
as possible by tapping the cage and gently shaking the cage (see for procedure Meerlo 
and Turek, 2001, Van der Borght et al., 2006).  

To test whether violent and non-violent rats differed in their sensitivity to sleep 
disturbance, they were subjected to 1h of restraint stress during the sixth hour of the 
light phase. Animals were enclosed in wire netting sealed with tape, with openings and 
both ends for tail and nose.

selection of violent and non-violent animals
To obtain animals with a tendency towards escalated aggression, defined as out 
of context and out of inhibitory control (violent animals) and animals without this 
tendency (non-violent animals), we exposed three batches of 24 three-month old wild-
type Groningen rats to ten resident intruder (RI) tests, in order to repeatedly permit them 
to dominate intruder conspecifics (Wistar rats). The RI test procedure is described in the 
video publication by Koolhaas et al., 2013. Attack latencies were scored in each test. The 
amount of aggressive behavior after the first attack was analyzed for ten minutes during 
the fourth and tenth test. This allowed us to characterize animals as low (< 15 % duration 
of aggressive behavior), medium (between 15% and 55%) or high aggressive (>55 %). 
After this, animals were exposed to another series of tests investigating out of context 
aggressive, violent behavior (test 11-13):
- Instead of a male Wistar intruder, an unfamiliar wild-type female was used as an 

intruder. Normally animals start sniffing and investigating this female or even try to 
mate. Attacking the female can be considered as a deviant form of aggression; the 
animal is not able to consider the context and type of opponent he is confronted with.

- The Wistar intruder was anesthetized. A non-responsive opponent will usually not 
trigger aggression, since they display no threat and do not need to be dominated. 
Attacking an anesthetized intruder is also a sign of loss of the ability to discriminate 
context.

- Animals were confronted with a Wistar rat in a novel cage. In a cage which is new 
to both animals neither of them owns the territory which will normally reduce 
the amount of aggressive behavior displayed. Although often the Wistar rat is still 
attacked by the wild-type rat, the duration of aggressive behavior is normally shorter 
than in their own cage. 

Based on earlier findings in our laboratory we expected 8-12% of our animals to show 
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multiple violent characteristics (De Boer et al., 2009).
Our violent animals were required to meet at least three out of the following criteria:
- Average attack latency of the 7th, 8th, 9th and 10th RI test is lower than 15 seconds.
- Attacked a female.
- Attacked an anesthetized intruder.
- Time spent on aggressive behavior in the novel cage is higher than 65% of the time 

spent on aggressive behavior during the regular 10th RI test. 
Non-violent animals were required to have no more than one of the above criteria, but 
have comparable aggression levels in the resident intruder test.

sleep recordings
Selected animals were implanted with permanent electrodes to record cortical EEG 
and neck electromyogram (EMG) for assessment of sleep-wake patterns. Surgery was 
performed under Isoflurane (Pharmachemie BV, Harlem, The Netherlands) anesthesia. 
Three stainless steel screws (diameter 1 mm) through the skull served as electrodes. One 
screw was placed above the right hemisphere, 1 mm anterior and 2.5 mm lateral from 
bregma. The second screw was placed above the left hemisphere 3 mm posterior and 
2.5 mm lateral from bregma. The third screw, which functioned as ground electrode, 
was placed 4 mm posterior and 2 mm lateral from bregma above the right hemisphere. 
Two insulated stainless steel wires were inserted subcutaneously on the neck muscle to 
record the EMG. The electrodes were attached to a connector, which was cemented to 
the skull with dental acrylic. After at least 2 weeks of recovery, animals were habituated 
to handling and hooking up to the recording cable. This cable was attached to a swivel, 
which allowed free movement throughout the cage.  After at least 2 days of habituation, 
EEG and EMG recordings started. Signals were fed to an amplifier (Vitaport 0212-56 
tecmec Bu © 2005), which was connected to a computer with the recording program 
(Columbus™ Version 1.09.05, TEMEC Instruments B.V) where data were collected and 
saved. This computer was located outside of the room where animals were placed, 
allowing checks without disturbing the animals. The EEG signal was amplified by 10,000, 
high-pass filtered at 1 Hz and low-pass filtered at 30 Hz. The EMG signal was amplified 
5000 times, high-pass filtered at 1,5 Hz and low-pass filtered at 150 Hz. The signals were 
digitalized and stored at 128 Hz resolution. EEG and EMG were measured for 2 blocks of 
2 consecutive days, consisting of a baseline day and the experimental day, starting at 
lights-on. The remaining 18 hours of the experimental day (the second half of the light 
phase and the following dark phase) were considered the recovery period. A new baseline 
recording preceded each experimental procedure. Two weeks were in between the sleep 
deprivation and restraint condition, all animals were first exposed to sleep deprivation. 
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Analysis of vigilance states
By visual inspection of the EEG and EMG signals, 10-s epochs were classified as either 
wakefulness, NREM sleep or REM sleep (Meerlo and Turek, 2001), using a sleep processing 
program (Vitascore v 1.30, Temec Instruments). The EEG signal was subjected to spectral 
analysis by fast Fourier transform and, for all NREM sleep epochs, the EEG power density 
in the delta or slow wave range (1-4 Hz) was calculated. To correct for inter-individual 
differences in the amplitude of the EEG signal, delta power densities were normalized for 
each animal by expressing them relative to their own baseline delta power density, i.e. 
the NREM sleep delta power values per time interval were expressed as a percentage of 
the average 24h baseline NREM sleep delta power value. These normalized delta power 
values are referred to in the text and figures as slow wave activity (SWA). For presentation 
and statistical analysis of the data, NREM and REM sleep time and NREM sleep SWA were 
calculated for 2h intervals.

statistics 
First, differences in NREM and REM sleep time, and NREM sleep SWA between violent 
and non-violent rats in the two baseline measurements (preceding sleep deprivation and 
restraint) were tested with a repeated measures ANOVA, with a between-subjects factor 
‘group’ (violent vs non-violent) and a within-subjects factor ‘time’ (successive 2h intervals 
of the 24h baseline recordings). After this, the effects of sleep deprivation and restraint 
were assessed for, 1) the remaining 6h of the light phase following the experimental 
manipulations to investigate acute effects (3 x 2h intervals); and 2) the subsequent 12h 
dark phase to test for prolonged effects (6 x 2h intervals). For this we also used repeated 
measures ANOVA with a between-subjects factor ‘group’ (violent vs non-violent) and a 
within-subjects factor ‘time’ (successive 2h intervals of the part of the recovery period). 
Finally, differences between condition (sleep deprivation and restraint) and preceding 
baseline measurement were investigated separately for violent and non-violent animals, 
for the remainder of the light phase and the subsequent dark phase. Between-subjects 
factor in the repeated measures ANOVA was ‘condition’ (sleep deprivation vs baseline, 
and restraint vs baseline) and the within-subjects factor ‘time’ (successive 2h intervals 
of the recovery period) as used earlier. When the overall repeated measures ANOVA 
revealed a significant effect of condition or group or a significant condition / group x 
time interaction, post hoc t-tests were applied to determine at which 2h intervals the 
differences occurred. Significance level was set to p < 0.05. Data shown in text and figures 
are averages ± standard error of the mean (SEM).
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results

After the selection procedure, eight violent and eight non-violent rats were included. The 
animals in both groups were equally aggressive and only differed in the occurrence of 
violent behavior (see Table 1 for animal characteristics). 

In between the sleep deprivation condition and restraint condition one violent 
animal was lost due to detachment of the connector from its skull. After restraint, EEG 
measurement was not scorable for one non-violent animal. Thus, results for the restraint 
condition are based on seven violent and seven non-violent animals. 

baseline
Violent and non-violent animals did not differ in baseline values for REM sleep time, 
NREM sleep time and NREM sleep SWA (Table 2). The baseline measurement preceding 
sleep deprivation and the baseline preceding restraint did not differ either.

Table 1. Animal characteristics. Violent group N = 8, and non-violent group N = 8.

 Violent Non-violent p
Aggression in RI tests
% aggressive behavior in 4th RI test 52.8 ± 24.6 42.8 ± 22.2 0.41

% aggressive behavior in 10th RI test 54.4 ± 18.0 57.0 ± 21.1 0.79

Criteria for violence
N attack latency < 15 seconds 8 0 0.000

Average attack latency over last 4 RI tests 7.6 ± 4.6 56.9 ± 56.9 0.044

N attacks to female intruder 3 0 0.055

N attacks to anaesthetised intruder 8 3 0.007

N > 65% aggressive behavior in novel cage* 8 0 0.000

% aggressive behavior in  novel cage * 83.1 ± 28.7 26.4 ± 16.4 0.000

* compared to aggression level in home cage
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sleep deprivation condition
Sleep deprivation-induced changes in NREM sleep SWA did not differ between violent 
and non-violent animals (light phase: F1,13 = 0.04, p = 0.837; dark phase: F1,13 = 0.00, p = 
0.966; see Figure 1A). Both groups exhibited an acute enhancement of NREM sleep SWA, 
as indicated by significant condition effects when comparing the recovery light phase 
period to the corresponding baseline period of each group (violent group: F1,13 = 9.13, p = 
0.01; non-violent group: F1,13 = 6.26, p = 0.03). In the subsequent dark phase NREM sleep 
SWA was no longer different from baseline (violent group: F1,13 = 1.98, p = 0.18; non-violent 
group: F1,13 = 1.94, p = 0.19). 

Violent and non-violent animals did not differ in NREM sleep time during the 
remainder of the light phase (F1,14 = 1.59, p = 0.228) and the subsequent dark phase (F1,14 

= 0.07, p = 0.790) (see Figure 1B). NREM sleep time was not statistically different from 
baseline for violent (light phase: F1,14 = 1.08, p = 0.316; dark phase: F1,14 = 0.19, p = 0.670) and 
non-violent animals (light phase: F1,14 = 0.08, p = 0.778; dark phase: F1,14 = 1.92, p = 0.188). No 
interaction effects were observed.

Table 2. Durations in percentages spent in NREM, REM and Wake during the 24h 
baseline preceding the sleep deprivation condition and the restraint condition.

 Sleep deprivation  Restraint  
 Violent Non-violent Violent Non-violent
24h baseline
   NREM (% time) 43.6 ± 3.9 43.3 ± 4.4 43.7 ± 4.7 43.4 ± 1.3

   REM (% time) 10.7 ± 1.8 9.7 ± 1.4 11.0 ± 1.1 9.9 ± 0.9
   Wake (% time) 45.8 ± 4.9 46.6 ± 4.0 45.3 ± 5.1 46.7 ± 1.2

Light phase
   NREM (% time) 51.4 ±6.3 50.6 ± 5.8 51.5 ± 2.9 51.5 ± 3.1

   REM (% time) 14.4 ± 3.4 13.7 ± 3.4 15.6 ± 1.2 14.2 ± 2.3
   Wake (% time) 34.1 ± 8.3 35.6 ± 7.8 33.0 ± 3.5 34.3 ± 4.8

Dark phase
   NREM (% time) 35.7 ± 7.3 36.1 ± 3.9 35.9 ± 8.2 35.3 ± 2.9
   REM (% time) 6.9 ± 3.5 5.6 ± 1.7 6.4 ± 1.8 5.5 ± 0.9
   Wake (% time) 57.4 ± 9.9 57.6 ± 3.4 57.7 ± 9.0 59.2 ± 3.4
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Figure 1. Two-hourly values of REM sleep, NREM sleep and NREM sleep SWA in male WTG rats 
subjected to 6h of sleep deprivation by gentle stimulation or 1h of restraint (N = 8 for the violent 
and non-violent group in the sleep deprivation condition and N = 7 for the violent and non-violent 
group in the restraint condition). 
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Even though no differences were observed in the amount of REM sleep during the 
recovery period when comparing violent and non-violent animals directly (light phase: 
F1,14 = 0.69, p = 0.421; dark phase: F1,14 = 2.76, p = 0.119), some subtle differences emerged 
when testing the groups against their own baseline (see Figure 1C). In the non-violent 
animals, a near significant effect was found for the remainder of the light phase (F1,14 = 
4.53, p = 0.052) and no effect was observed for the dark phase (F1,14 = 2.34, p = 0.148). This 
acute REM increase in non-violent animals  was not observed in violent animals.  Rather 
than exhibiting an acute effect, it seems that violent animals compensated their REM 
sleep loss later in the recovery period, as suggested by a borderline significant condition 
x 2h interval for the dark phase (F2,28 = 2.30, p = 0.054). No significant overall condition 
effects were found when comparing REM sleep after sleep deprivation for violent 
animals against their own baseline (light phase: F1,14 = 1.21, p = 0.290; dark phase: F1,14 = 
1.40, p = 0.257).

restraint stress condition
Violent and non-violent animals did not differ in their NREM sleep SWA after restraint 
(light phase: F1,11 = 0.00, p = 0.997; dark phase: F1,9 = 0.10, p = 0.758; see Figure 1D). While 
violent animals exhibited a significant immediate significant elevation of SWA as 
suggested by a significant condition effect for the remainder of the light phase (F1,12 = 
10.41, p = 0.007), this effect reached only a trend level in non-violent animals (F1,10 = 3.88, 
p = 0.077). 

There was no effect of condition (violent vs non-violent) for NREM sleep time in the 
remainder of the light phase following restraint (F1,12 = 0.58, p = 0.462), but there was a 
trend for an effect of condition on the amount of NREM sleep during the subsequent dark 
phase (F1,11 = 3.73, p = 0.080) suggesting that violent animals had a prolonged increase in 
NREM sleep as compared to non-violent animals (see Figure 1E). On the other hand, the 
amount of NREM sleep time in the dark phase after restraint did not differ significantly 
from their own baseline values during this period (F1,11 = 2.61, p = 0.134), nor was there a 
significant condition x 2h interval interaction effect (F5,55 = 0.95, p = 0.458). Also for the 
non-violent animals no differences from baseline were observed for the dark period (F1,12 

= 0.01, p = 0.916), nor for the light period (F1,12 = 0.00, p = 0.970). 

Violent and non-violent animals did not differ significantly in their REM-sleep pattern 
after restraint (light phase: F1,12 = 1.07, p = 0.322; dark phase: F1,11 = 1.40, p = 0.262; see Figure 
1F). Both violent and non-violent animals had an immediate suppression of REM sleep 
after restraint, as suggested by significant condition effects for the light phase when 
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comparing to their own baseline (violent group: F1,12 = 5.31, p = 0.040; non-violent group: 
F1,12 = 18.01, p = 0.001). The loss of REM sleep seemed to be compensated in the dark phase 
as suggested by significant increases in REM sleep for this period in both groups (violent 
group: F1,11 = 15.56, p = 0.002; non-violent group: F1,12 = 14.75, p = 0.002)

dIscussIon

In the present study violent and non-violent rats had largely similar sleep-wake patterns 
under baseline conditions, but seemed to differ slightly in their responses to 6h sleep 
deprivation and 1h restraint stress. Most of these differences did not reach the level of 
statistical significance. The experiments need to be repeated with a higher statistical 
power for conclusive results. Nevertheless, the results seem to indicate that after sleep 
deprivation the violent animals showed a delayed increase in REM sleep, whereas non-
violent animals showed an immediate increase in REM. Also, after exposure to 1h restraint 
stress the violent animals displayed more NREM sleep during the subsequent dark phase 
compared to non-violent rats. This is an indication that the original hypothesis of an 
association between violence and disturbed sleep regulation may be true.

When extrapolating the results for our violent rats to studies in humans that have been 
characterized as violent, some remarks can be made. Human studies in violent offenders 
showed more SWS in their nighttime sleep compared to controls without pathological 
aggressive traits, and no differences in REM sleep (Lindberg et al., 2003). Importantly, the 
subtle differences found between our violent and non-violent animals only appeared 
after challenging conditions and not in baseline measurements. Even though in the 
human studies the differences were found without exposing tthe subjects to specific 
conditions, one must consider that for humans a ‘baseline’ situation may already be 
considered a challenge (i.e. coming to the laboratory, interactions with investigators, 
etc). It is tempting to interpret our finding of slightly more NREM sleep after restraint in 
violent animals as being in line with the increased SWS found in violent offenders. 

With regard to the observation of more NREM sleep in the subsequent dark phase after 
restraint stress in violent animals, it is possible that the forced immobilization during 
this condition was a more stressful experience for violent animals than for non-violent 
animals. It is known that not only sleep loss, but also stressful events lead to increased 
NREM sleep and NREM sleep SWA (Meerlo et al., 1997; Meerlo et al., 2001; Meerlo and 
Turek, 2001; Lancel et al., 2003; Kamphuis et al., 2015), but how animal characteristics 
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influence the amount of increase is not quite clear. That violent and non-violent rats may 
differ in their way of coping with forced immobilization is suggested by the observation 
that animals with high levels of offensive aggression seem to have pro-active coping 
styles in reaction to several kinds of  stressors (Koolhaas et al., 2010). For example, in 
the defensive burying paradigm, where animals are confronted with an electrified probe 
in their home cage, high-aggressive animals start actively bury the probe with cage 
bedding while low-aggressive animals more passively avoid the probe (Koolhaas et al., 
2010). In the situation of restraint stress, having a pro-active coping style may be less 
successful and more stressful than a reactive coping style: a pro-active animal may try 
to fight its way out of the restrainer, while an animal with a reactive coping style might 
undergo the forced immobilization more passively. Whether such coping styles relate to 
the amount of experienced stress is not entirely clear, but speculatively, it is possible that 
our violent animals represent animals with a very inflexible, rigid, pro-active coping style 
(boldly stated, they attack whoever comes in their cage, without taking into account the 
context and type of opponent) for whom it is extra stressful not to be able to actively 
and successfully cope with a stressful situation. This may be one explanation for the 
NREM increase observed after restraint stress in violent rats, reasoned from a stress-
compensation point of view. However, since there was no difference between violent 
and non-violent animals in NREM sleep after sleep deprivation and also no difference 
in NREM sleep SWA after restraint, it is also possible that restraint stress triggers sleep-
promoting mechanisms in violent animals, not necessarily reflecting a homeostatic need 
for sleep.

REM sleep is suggested to have an important role in emotional memory processing, 
hypothetically being critical for the decoupling of strong emotions and memory of 
corresponding experiences (Goldstein and Walker, 2014). Furthermore, REM sleep may 
have a role in restoring optimal emotional reactivity for the next waking period, by 
reducing noradrenaline levels to baseline and in doing so restore the adrenergic locus 
coeruleus-medial prefrontal cortex-amygdala functional network (Goldstein and Walker, 
2014). Sleep deprivation has been found to cause high background level of tonic locus 
coeruleus firing and, consequently increase noradrenaline concentrations, leading to 
a similar tonic firing profile of the amygdala, which results in a diminished ability to 
detect which stimuli from the surrounding are emotionally important and which are 
not (Mallick and Singh, 2011). REM sleep might be important to restore this balance. With 
this function of REM sleep in mind, it may provide an explanation for the delayed and 
more pronounced REM sleep after the sleep deprivation condition in violent animals. 
It is likely that our violent rats differ from non-violent rats in their monoamine brain 
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circuits. A study using Long-Evans rats selected for high aggressive and violent behavior 
showed that these rats have higher levels of norepinephrine and epinephrine in the 
prefrontal cortex and amygdala than non-aggressive Long-Evan controls (Patki et 
al., 2015). Although we do not have data for noradrenaline levels in wild-type rats, de 
Boer et al. (2009) showed that violent wild-type rats have a lower frontal cortical 5-HT 
turnover than non-violent rats. This observation supports the hypothesis that important 
monoamine brain systems differ between violent and non-violent rats. Speculatively, 
these differences may explain a greater need for restoration by REM sleep after sleep 
loss in violent rats. 

The finding of different effects of two challenging conditions on subsequent sleep 
confirms that specific stressful events can have very different or even opposite effects 
on sleep depending on several situational factors (Sanford et al., 2015). Characteristics 
of the stressful stimulus, such as controllability and predictability, have received a lot of 
attention in literature. For example, animals receiving controllable stress in the form of 
an escapable shock show significant increases of REM sleep, whereas the uncontrollable 
stress of inescapable shock leads to significant REM sleep reductions (Sanford et al., 
2010). In our study, 1h restraint stress induced a pronounced enhancement of NREM sleep 
EEG SWA and increase in REM sleep in both violent and non-violent rats that cannot be 
explained only by sleep loss, since the observed alterations were smaller or absent after 
sleep deprivation. This is in line with other studies investigating the effect of stressful 
events on sleep (Meerlo et al., 1997; Meerlo et al., 2001; Meerlo and Turek, 2001). 

The differences, although subtle, found between violent and non-violent rats 
indicate that not only the stressor type is relevant to the subsequent recovery sleep. 
Characteristics of the individual undergoing the stressful event, seem to be important as 
well. Only few studies have investigated this. One example, the more vulnerable mouse 
strain BALB/cJ does not show an increase in REM sleep after restraint stress, whereas 
the more resilient C57BL/6J mice do (Meerlo et al., 2001). The present study reveals even 
minor differences in post-stress sleep within the same strain of rats, merely based on 
behavioral differences between animals. 

In conclusion, this study suggests that there are differences in sleep regulation and 
sensitivity to sleep disturbances between wild-type rats behaviorally characterized as 
violent and non-violent. It is important to replicate our study with a higher number 
of animals per group, since the observed group differences did not reach the level 
of statistical significance. This might further emphasize the relevance of stressor 
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characteristics and “personality” characteristics of the individual receiving the stressor, 
for the subsequent sleep period. 
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The general hypothesis underlying this thesis was that sleep problems are a potential 
risk factor for aggressive, violent behavior. The aim of this thesis was twofold: 1) to 
investigate the clinical relevance of sleep problems in an aggressive population, namely 
forensic psychiatric patients and 2) explore the causal direction of the relation between 
sleep and violent aggression in several animal studies. The findings in this thesis will be 
discussed with these aims in mind. 

Relevance of sleep pRoblems in foRensic psychiatRy

In chapter 3 we concluded that poor sleep is highly prevalent among forensic psychiatric 
inpatients. For 30% of our participants the scores on the Sleep Diagnosis List indicated 
the presence of one or more sleep disorders, most often chronic insomnia. An even 
larger proportion (almost 50%) was dissatisfied with their sleep quality. Causes for these 
problems varied, especially suboptimal sleep hygiene, stress or ruminating, negative 
sleep conditioning and side effects of psychotropic medications appeared to play a role. 
Almost half of the poor sleepers habitually napped during the day. Over 40% of the poor 
sleepers received a hypnotic drug, but were still not satisfied with their sleep quality. In 
chapter 4 a significant association was shown between sleep problems, impulsivity and 
aggression. Forensic psychiatric inpatients with a poor sleep quality and higher scores 
on an insomnia scale, rated themselves as being more impulsive and aggressive, had a 
higher chance of being involved in aggressive incidents within the clinic, and were more 
likely to be evaluated as hostile by their treating clinicians. Since most cross-sectional 
studies looking at the relationship between sleep and aggression in populations with 
a history of violence only investigated self-rated aggression (Ireland and Culpin, 2006; 
Semiz et al., 2008), this was one of the first studies to show a significant relation between 
sleep problems and actual overt aggressive behavior in a group of forensic patients. 

Even though this correlation does not give any direction to causality, some case reports 
and small clinical studies suggest that treatment of sleep problems and disorders improves 
not only quality of sleep but also diminishes daytime aggressive behavior (Mitchell and 
Kelly, 2005; Mitchell and Kelly, 2006; Mulvaney et al., 2006; Pakyurek et al., 2002; Booth 
et al., 2006; Haynes et al., 2006). That treatment of sleep problems has a positive effect 
on daytime symptoms is increasingly being recognized in general psychiatric practice. It 
receives more and more attention that is important to target treatment on co-morbid 
sleep problems, in parallel to treatment of the psychiatric disorder. Combining treatment 
for sleep disorders with psychiatric treatment often has a larger effect on psychiatric 
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recovery than psychiatric treatment alone. This has been shown in many patient 
groups in well-controlled studies, such as major depressive disorder (Fava et al., 2006; 
Manber et al., 2008; Manber et al., 2016), post-traumatic stress disorder (Krakow et al., 
2001; Bishop et al., 2016) and anxiety disorders (Londborg et al., 2000; Ye et al., 2015). 
Especially cognitive behavioral therapy for insomnia is highly efficacious and has long 
term positive effects, also for psychiatric patients suffering from insomnia (Riemann and 
Perlis, 2009; Smith et al., 2005; Wu et al., 2015). Importantly, cognitive behavioral therapy 
for insomnia is devoid of the many disadvantages of pharmacological treatment, such 
as the development of tolerance and dependence (Riemann and Perlis, 2009). Whether 
treatment of sleep disorders in forensic psychiatric patients may positively affect their 
psychiatric outcome, especially the problematic impulsive and aggressive behavior, has 
not been studied yet. The strong association between poor sleep and aggression in this 
group, combined with the few case reports suggesting that adequate treatment of sleep 
disorders decreases problematic aggressive behavior, and the well-controlled studies 
in other fields of psychiatry showing additional reduction of the severity of psychiatric 
symptoms when sleep treatment is included, are promising. Paying attention to sleep 
complaints, treatment of sleep disturbances, and promoting a proper sleep quality may 
have aggression-reducing effects in forensic psychiatric populations. This is an important 
direction for future research.

RemaRks on causality

With the forensic psychiatric patients in mind and the hypothesis that sleep loss 
negatively affects prefrontal cortex (PFC) functioning, further impeding their often 
already poor impulse control, one can assume causality in the direction of sleep problems 
causing violence (see Figure 1 for a schematic overview of the hypothesis). 
On the other hand, aggressive behavior or even the stress of angry feelings may affect 
nocturnal sleep quality and quantity, thus assuming the causal direction the other way 
around. There is scientific support for both directions, indicating the complexity of the 
inter-relations between sleep and aggression. How the findings of this thesis adds to this 
field of research is discussed below.
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figure 1. Hypothesized causal mechanism between sleep loss and increased aggressiveness:  
loss of prefrontal cortical inhibition of emotional responses.

A   In a state of proper sleep the prefrontal cortex has a strong connectivity to the amygdala, thereby 
inhibiting its activity, resulting in context-appropriate, socially acceptable behavior.

B   In a state of sleep loss, the connectivity between the prefrontal cortex and amygdala weakens, 
resulting in disinhibition and therefore greater activity of the amygdala in response to frustrating 
or emotional arousing situations. This may contribute to a stronger response of the autonomic 
brain stimuli and thereby increase the risk of impulsive, emotional and aggressive responses.
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is sleep loss a potential risk factor for aggressive and violent behavior?
If this is the case one would expect to find increased aggression after sleep deprivation. 
However, sleep deprivation studies assessing aggression in humans (Kahn-Greene et al., 
2006; Vohs et al., 2011; Cote et al., 2013) and animals (Webb, 1962; Sloan, 1972; Hicks et al., 
1979; Peder et al., 1986; de Paula and Hoshino, 2002; Marks and Wayner, 2005; Benedetti 
et al., 2008; Tartar et al., 2009; Kayser et al., 2015) are inconclusive. The results on the 
study presented in chapter 5 add a new negative finding to this discussion. We were not 
able to show the development of abnormal and escalated aggression after acute and 
chronic sleep restriction in male Wild-type Groningen rats. This may indicate that there 
is no causal relationship at all, but this contradicts the sleep deprivation studies that did 
find an effect. 

In humans, the sleep deprivation study which did reveal an effect, examined the 
written responses to cartoons displaying frustrating situations (Kahn-Green et al., 2006; 
see Figure 2 for examples). Authors found that 55h sleep deprived subjects were more 
aggressive in their responses, less willing to take the blame and had a higher tendency 
to assign blame to others. Although this indicates a lower frustration tolerance, it does 
not necessarily mean that an actual aggressive physical outburst will occur. It may 
increase the risk for violent behavior, but probably other factors mediate this as well, 
such as prior experiences of the individual. Examples from forensic psychiatric practice 
of such experiences are frequently witnessing violence between the primary caretakers 
or repeatedly being molested as a child and discovering that physical aggression is an 
effective defence strategy. The results of studies on the influence of sleep deprivation 
on aggressive behavior seem to depend highly on the operationalization of aggression. 
Cote et al. (2013) used the well-validated Point Subtraction Aggression Paradigm (PSAP), 
in which aggression is defined as stealing points from a fictitious opponent. PSAP 
aggression in violent parolees exceeds that of non-violent parolees (e.g., Cherek et al., 
1996), and it is also higher in clinical groups, who are known to exhibit more aggressive 
behavior than non-clinical populations (e.g., Zhou et al., 2006, Kivisto et al., 2009; New 
et al., 2009), and is thus considered a well-validated test. Sleep deprivation in healthy 
males appeared to decrease aggression in this paradigm. Thus, sleep deprivation lowers 
frustration tolerance in healthy adults, but did not produce an increase of aggressive 
behavior in the respective computer game. It may be interesting to repeat these 
experiments in forensic psychiatric patients or other antisocial populations, considering 
the option that they represent a subgroup highly vulnerable to these consequences. 
However, it is unlikely that an ethical commission would approve such a study. 
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figure 2.  Examples from cartoons used in the Rosenzweig Picture Frustration Study (Rosenzweig, 
1945; Rosenzweig; 1946).
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Most animal studies that found aggression-promoting effects of sleep deprivation 
used selective rapid-eye-movement (REM) sleep deprivation (Sloan, 1972; Hicks et al., 
1979; Peder et al., 1986; de Paula and Hoshino, 2002; Marks and Wayner, 2005; Benedetti 
et al., 2008). Although the platform method, usually applied for selective REM sleep 
deprivation, not only reduces REM sleep, but also non-rapid-eye-movement (NREM) sleep 
(Machado et al., 2004; Silva et al., 2004), it is likely that some other, perhaps not sleep-
related factors contributed to the development of increased aggression. This may be 
the stress this method is known to induce, when animals continuously fall in the water, 
or the high frequency of sleep disruptions. It may also be that the observed aggression 
does not display increased aggression per se, but hyperactivity in general, comparable to 
the euphoric, irritable state some people experience after one night without sleep. The 
selective REM sleep deprivation studies did not focus specifically on pathological forms 
of aggression, as we have done in the study presented in chapter 5. In fact, some animal 
studies using the platform technique for sleep deprivation suggest hypersexuality, 
hyperactivity and stereotypy after sleep deprivation (Fratta et al., 1987; Gessa et al., 1995). 
It may thus be interesting to investigate the effect of selective REM sleep deprivation on 
pathological forms of aggression such as studied in chapter 5.

In chapter 6 we did show a negative effect of acute and chronic sleep restriction on 
PFC-functioning, reflected in diminished timing ability, attention control and decreased 
behavioral inhibition. The latter may reflect impulsivity. Although this adds to the large 
amount of human data demonstrating decreased activity of the PFC after sleep loss, 
leading to elevated amygdala activity, it does not directly answer our question whether 
sleep loss contributes to actual overt violent behavior.

There is probably no simple answer to this question. Data presented in this thesis 
do not support a one-on-one relationship between sleep and violent behavior. The 
relation showed in forensic psychiatric inpatients, presented in chapter 4, suggests that 
in certain vulnerable individuals sleep difficulties may contribute to aggressive acts, 
but causality was not investigated. Although we tried to select high-aggressive rats in 
our study presented in chapter 5, expecting them to be potentially vulnerable subjects 
for developing abnormal aggression after sleep deprivation, we did not succeed in this. 
Perhaps, similar to humans, only a very small proportion of animals is susceptible for 
developing violent behavior as a consequence of too short sleep. For the general public 
it seems that sleep loss may contribute to increased emotional reactivity, decreased 
frustration tolerance, but not to out-of-context, rule breaking behavior.
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Does aggressive behavior cause poor sleep?
The idea that aggression may cause sleep difficulties is not so hard to comprehend. An 
intense argument with your partner right before going to bed may make it harder to fall 
asleep. A fight induces a stress response in most people. Stress in the pre-sleep period is 
thought to act on sleep quality through increased cognitive and somatic arousal (Krystal 
and Edinger, 2008). Whether angry feelings and aggressive acts can directly disrupt 
sleep quality via this mechanism, has scarcely been examined. In this thesis we showed 
in chapter 7 that a social conflict has a large impact on the post-conflict sleep period 
in rats. It causes a significant increase in NREM sleep slow wave activity (SWA), much 
more than keeping them awake for an hour during the same period of the light/dark 
phase. Importantly, we found that not only losers of the social conflict exhibited elevated 
NREM sleep SWA, winners displayed a comparable elevation. This finding suggests 
that regardless of the outcome of a conflict, participating in a conflict influences the 
following sleep period. The increase in NREM sleep SWA after the conflict may reflect 
recovery processes in the brain. Approximately 6 hours after the conflict NREM sleep SWA 
returned to baseline levels. Thus, we found that a conflict clearly influences sleep-EEG, 
but the question is whether this represents poor sleep or, more likely, a well-functioning 
recovery processes. 

The few human studies suggesting that aggressive daytime interactions may 
negatively influence sleep were based on questionnaires and interviews. Brissette and 
Cohen (2002) asked 47 healthy adults in the US to report the level of disagreement or 
conflict during their daily social interactions and positive as well as negative affect for 
a period of 7 days. During this time the subjects also reported on their sleep quality. 
Higher levels of conflict significantly correlated with reporting more problems with sleep 
continuity, such as lying awake after waking up in the night, on the following night. 
However, on the days participants reported more conflicts, they also experienced more 
sleep problems on the previous night. This effect was partially mediated by negative 
affect during the day. A conflict may be considered as an (often verbal) aggressive 
interaction. These findings may support a bidirectional relationship between sleep and 
aggression.

As aggressive interactions may influence sleep quality, it is interesting to investigate 
the sleep of violent subjects. In chapter 8 data on the sleep-wake pattern and NREM 
sleep SWA, measured by EEG, in violent and non-violent rats were presented. There were 
no differences in baseline measurements. Violent animals seemed to slightly differ in 
how exposure to challenging situations, like sleep deprivation and restraint stress, were 
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processed during the following sleep period compared to the non-violent group. Violent 
rats tended to show a delay in the NREM sleep increase after restraint and in the REM 
sleep increase after sleep deprivation. Human studies in violent offenders also found 
differences in sleep quality and sleep EEG. Lindberg et al. (2003) investigated the night 
time sleep of 19 male violent offenders with an antisocial personality disorder. They found 
more night time awakenings and lower sleep efficiency compared to healthy controls. 
These offenders also had a lower self-reported sleep quality. Results were not explained 
by alcoholism, sleep deprivation, or head injuries. With regard to sleep stages, they had 
more slow wave sleep (SWS) compared to controls. No differences in REM sleep were 
found. Together with our finding that especially patients with an antisocial personality 
disorder or antisocial traits are dissatisfied with their sleep quality compared to non-
antisocial forensic psychiatric patients presented in chapter 3 and to some extent the 
results presented in chapter 8, these observations may suggest that antisocial patients 
differ in their vulnerability to developing sleep problems and disorders.

Taken together, involvement in conflicts affects the subsequent sleep period. In both 
animals and humans there are probably inter-individual differences in the conflict-
evoked sleep changes. Hostile and antisocial individuals may represent a subgroup in 
which daytime social interactions are differently processed during the night than in 
healthy subjects. 

compaRing human anD animal Data

This thesis combines data from human studies with findings from animal studies. 
The experiences in clinical practice and findings in the human studies presented in 
chapter 3 and 4 have contributed to or were even leading in the planning of the animal 
experiments. Working with a feral rat strain, with a large heterogeneity in levels of 
aggression and where some animals even develop abnormal and escalated aggressive 
behavior, strengthened the validity and therefore the selection of this animal model. 

Although findings on EEG differences between violent and non-violent rats, were 
not statistically significantly relevant, - perhaps due to a too low number of animals 
per group -, it is interesting that grouping animals of the same strain merely based on 
behavioral differences revealed small differences in REM and NREM sleep patterns. This 
corresponds somewhat to psychiatric practice, where disorders are classified based on a 
set of behavioral and psychological criteria. That in a feral animal strain the approach of 
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including animals based on behavioral criteria leads to potentially interesting findings 
is exciting, and contributes to the possibility to extrapolate animal results to humans. 

In chapter 6 we demonstrated a negative effect of chronic sleep restriction on the 
function of the PFC, in line with fMRI findings in humans (e.g. Yoo et al., 2007). 

The findings of the study presented in chapter 5 indicate that the relation between 
sleep and violent behavior is more complex than simply a one-on-one causal sequence. 
Although it is possible that our selected animals were basically not aggressive enough 
(not the extreme end of the spectrum we studied in humans) to find a clear relation, an 
alternative explanation is that some factors are a prerequisite, that must be present for 
poor sleep to contribute to violent outbursts. Our main underlying hypothesis, was based 
on increased impulsivity due to impaired PFC function as a consequence of sleep loss. But, 
although we found increased behavioral disinhibition on an operant conditioning task 
in sleep restricted rats, indicative of increased impulsivity (chapter 6), we were still not 
able to demonstrate in an experimental design more violent behavior after chronic sleep 
restriction (chapter 5). Thus, maybe only increased impulsivity is not enough to evoke 
violent outbursts. It is interesting to consider the consequences of poor sleep on the level 
of ‘emotional perception of the world’, and that this may be a critical step towards the 
relationship with violent aggression, rather than behavioral disinhibition per se.

Several studies suggest that the effect of disturbed sleep on the PFC-amygdala 
network contributes to increased reactivity towards emotional stimuli (Yoo et al., 2007; 
Gujar et al., 2011), and blunted recognition of subtle facial emotional expressions (van der 
Helm et al., 2010). Baseline emotional functioning seems to influence the way people 
are affected by sleep loss: individual differences in emotional intelligence predicted the 
influence of sleep deprivation on written responses to cartoons displaying frustrating 
situations (Kahn-Greene et al., 2006). When people, due to their life time experiences, 
already view the world as hostile and unsafe, this may worsen when poor sleep is 
present. In some people sleep problems may lead to feelings of being unwanted and 
unloved, without any value, feelings of guilt, contributing to depressive symptomatology; 
many studies show a causal link between insomnia and major depressive disorder (e.g. 
Baglioni and Riemann, 2012). In people with already a low impulse control and hostile 
view of the world, this increased negative emotional state and less adequate processing 
of surrounding stimuli as a consequence of poor sleep, may further increase violent 
tendencies and the risk of uncontrolled aggression. With regard to aggression control, 
childhood experiences, specifically childhood maltreatment (Chen et al., 2012a) and a 
hostile attributional bias (Chen et al., 2012b) are significantly linked to adult aggression, 
and it may be necessary to take such factors into account when examining the relation 
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between sleep and violent behavior. The impact of chronic sleep problems not only on 
impulse control but also on a hostile perception of the surrounding (for example caused 
by early life maltreatment), may be essential for the assumed relation between sleep 
and violence. Perhaps, only individuals with an unfortunate combination of this may be 
at risk of developing escalated aggression in a state of sleep loss. Forensic psychiatric 
patients, but also prisoners, are potential groups at-risk. 

Designing animal studies investigating this individual vulnerability hypothesis is 
challenging and may ask for a fundamentally different approach, but is highly relevant. 
Individual variation has been shown to be stable over time and across situations and has 
been investigated in a wide variety of animals, such as primates, rodents, insects, fish and 
birds (Koolhaas, 2008). Humans and rodents may differ in the complexity of experienced 
emotions, but as they have comparable emotional brain circuitry (Koolhaas et al., 2016), 
experiments in animals offer great possibilities of more directly investigating these 
systems on molecular levels. The effect of early-life stress is currently being explored in 
animal models for depression (Schmidt, 2011). These models may also be employed in 
fundamental research exploring the effects of early-life experience on the susceptibility 
for sleep deprivation and behavioral output this will gain. Another factor to consider in 
designing future animal studies may be to take into account or even select for certain 
coping styles. We have selected animals based on their aggression levels in a standard 
resident intruder paradigm. Recently Koolhaas et al. (2016) proposed that this trait-
aggressiveness is merely a part of the qualitative coping style of the animal. This coping 
style can be disentangled in multiple quantitative behavioral domains, like flexibility/
impulse control, emotional reactivity and harm avoidance/reward processing, each 
encoded into selective neural circuitries. With this model in mind, it becomes possible to 
determine the position of each  individual on these domains. How this may interact with 
early-life experience is highly interesting. In humans, we have the impression that such 
factors are essential for a causal link between sleep and violence. For example, forensic 
psychiatric patients may represent individuals on the extreme ends of the proposed 
behavioral domains, with low impulse control, high emotional reactivity and high reward 
seeking. In future animal studies, it may be relevant to detect and select animals with 
such a profile when investigating violence and factors causing this. 

limitations

Some limitations of the studies presented in this thesis have already been mentioned. 
In short, we only collected cross-sectional data in our forensic psychiatric participants, 
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which does not allow us to draw any conclusions on causality between sleep and 
aggression. Data on objective sleep quality is still lacking. In chapter 5 and 6 a repeated 
sleep restriction protocol was used. Although this sleep restriction protocol has been 
shown to lead to a significant loss of NREM and REM sleep (Barf et al., 2012) and is 
designed to model the chronic sleep loss often seen in human society, one may question 
how well it corresponds to sleep disorders, such as chronic insomnia. In chronic insomnia 
not just extrinsic factors (such as noise or an uncomfortable bed) are present, but 
especially intrinsic psychological factors, such as ruminating, determine this syndrome. 
Such psychological factors are hard to investigate in an animal model. Finally, a higher 
number of animals per group in the experiment presented in chapter 8 may produce 
more clear and statistically significant results.

conclusions

In conclusion, the inter-relations between sleep and violence are complex. Only in certain 
vulnerable individuals sleep loss may contribute to an increased risk of violent outbursts. 
Forensic psychiatric patients likely represent such a group. Many forensic psychiatric 
patients  suffer from sleep problems and chronic sleep disorders. Poor sleep quality 
and higher insomnia rates are significantly linked to higher self-rated aggression and 
impulsivity, increased involvement in aggressive incidents within the clinic and a higher 
chance of being evaluated as hostile by the treating clinicians. It is of great importance to 
investigate the effect of treatment of sleep problems in these patients on their impulse 
control, hostility and aggression. Experimental studies investigating the effect of sleep 
deprivation on aggression in humans and animals remain inconclusive. We found 
no direct effect of sleep restriction on expression of violent aggression in rats. We did 
confirm in an animal model that sleep loss negatively impacts PFC function, diminishing 
behavioral inhibitory capacities in addition to negative effects on attentional control and 
timing ability. Aggressive interactions affect the following sleep period. Whether a fight 
is lost or won is not that relevant for the effect on subsequent sleep. How this finding 
may relate to the development of poor sleep quality, that is suggested by observations 
and some studies in humans, is not clear. Finally, individuals with violent traits seem to 
slightly differ in sleep regulation and sensitivity towards stressful events compared to 
non-violent subjects. The clinical relevance of this is not yet clear, but since antisocial 
individuals are particularly dissatisfied with their sleep it is an interesting direction to 
pursue.
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NederlaNdse sameNvattiNg

Veel mensen hebben de ervaring dat ze na een te korte nachtrust sneller geïrriteerd 
zijn en reageren met een korter lontje. Voor de meeste mensen is dit nog wel in sociaal 
acceptabele banen te leiden - ze houden zich in en reageren slechts wat kortaf. Echter 
voor individuen die hoe dan ook al problemen hebben zichzelf onder controle te houden 
kan het wel eens een factor zijn die maakt dat ze deze controle geheel verliezen en 
tot gewelddadig gedrag komen. Slechte slaap komt in het algemeen veel voor, maar 
bij psychiatrische patiënten zien we nog veel hogere percentages dan in de algemene 
bevolking. Ook is dit een groep waar relatief veel agressie voorkomt, met name bij 
forensische psychiatrische patiënten is dit een evident en soms zelfs het primaire 
probleem. Forensische psychiatrische patiënten zijn individuen die een delict hebben 
gepleegd of strafbare feiten zouden kunnen gaan plegen. Zij volgen daarvoor, al dan 
niet opgelegd door de rechtbank, een behandeling, omdat ze door hun psychiatrische 
stoornis verminderd of volledig ontoerekeningsvatbaar worden geacht. Het is een groep 
die zich veelal kenmerkt door agressieregulatie problemen. Als mensen met een dergelijk 
profiel slecht gaan slapen zou dit wel eens de spreekwoordelijke druppel kunnen zijn 
die de emmer doet overlopen. In de forensische psychiatrische praktijk kunnen de 
meeste behandelaren één of meerdere voorbeelden noemen van patiënten waarbij dit 
inderdaad het geval was. Slechte slaap is dan een risicofactor voor gewelddadig gedrag. 
Tegelijkertijd is voorstelbaar dat agressie overdag bijdraagt aan een slechte nachtelijke 
slaapkwaliteit, bijvoorbeeld door wakker liggen en piekeren. Het verband tussen slechte 
slaap en gewelddadig gedrag is het centrale onderwerp van dit proefschrift.
Er zijn twee vragen onderzocht:

1)  In hoeverre spelen slaapproblemen een rol bij de agressieproblematiek in kwetsbare 
groepen, namelijk forensische psychiatrische patiënten?

2)  Wat is de richting van het verband tussen slaap en gewelddadige agressie? Is het 
vooral slechte slaap wat een risico vormt voor agressief gedrag overdag? Of zorgen 
agressieve en gewelddadige interacties voor slaapproblemen?

Als eerste stap in het beantwoorden van bovenstaande vragen hebben we de tot dan 
toe bekende wetenschappelijke literatuur over het verband tussen slaap en agressie in 
kaart gebracht. De bevindingen daarvan zijn gepresenteerd in hoofdstuk 2. We troffen 
diverse studies aan die een significante correlatie aantoonden tussen een slaapgebrek/
slechte slaapkwaliteit en boosheid, vijandigheid en een geringere frustratietolerantie in 



Nederlandse samenvatting 

177

gezonde personen. In gezonde volwassenen is bijvoorbeeld gevonden dat mensen die 
een slaaptekort zeggen te hebben zichzelf ook als meer vijandig evalueren. Ouders die 
bij hun kinderen frequent nachtelijk ontwaken observeren, zien ook meer problematisch 
gedrag overdag, dan ouders die deze slaapklachten niet waarnemen bij hun kinderen. 
Ook in agressieve populaties zijn een paar studies uitgevoerd, waarbij bijvoorbeeld 
gevonden werd dat mannen met een antisociale persoonlijkheidsstoornis die op een 
vragenlijst hoog scoren op slechte slaapkwaliteit ook hoog scoren op zelfgerapporteerde 
agressie. Uit deze studies komen duidelijke aanwijzingen naar voren voor een verband 
tussen slaap en agressie, echter dit zegt nog niets over de oorzakelijke richting van dat 
verband. Om te onderzoeken of slechte slaap bijdraagt aan verlies van agressiecontrole 
moet in een experimentele opzet het effect van slaaponthouding onderzocht worden. 
Bij mensen is dit maar zeer beperkt gedaan; op het moment van het verzamelen van 
de literatuur waren er maar twee studies te vinden waarbij mensen wakker gehouden 
zijn en er een uitkomstmaat van agressieve uitingen was. In de ene studie werd 
slaapgedepriveerde mensen gevraagd een antwoord te formuleren voor een persoon 
die zich in een frustrerende situatie bevond (bijvoorbeeld: de persoon loopt op de stoep 
en een auto rijdt langs door een plas waardoor de persoon helemaal nat wordt). Het 
bleek dat mensen die twee nachten niet hadden geslapen meer geneigd waren anderen 
de schuld te geven en sterkere agressieve antwoorden gaven. In de tweede studie 
werden mensen een nacht wakker gehouden en moesten ze een computerspel spelen 
waarbij de maat voor agressie de hoeveelheid lawaai was waar ze hun tegenstander aan 
blootstelden. Op deze uitkomstmaat werd geen effect van slaapdeprivatie gevonden. In 
de loop van de jaren is er nog een andere studie bijgekomen waarbij wakker gehouden 
mensen zich ook niet agressiever gedroegen in een computerspel, zelfs eerder minder 
agressief. Deze tegenstrijdige resultaten laten onder andere zien hoe belangrijk het is 
hoe agressie gemeten wordt en dat dit een resultaat kan bepalen. Hetzelfde probleem 
zien we in dierexperimentele studies, waarbij agressie geformuleerd is als bijvoorbeeld 
het aanvallen van een indringer in het eigen territorium of het aanvallen van een 
andere diersoort. Uit de studies die gedaan zijn blijkt dat slaapdeprivatie inderdaad 
een bevorderend effect heeft op dit soort gedragsmaten. De vraag is echter of het in 
deze dierenstudies echt gaat om gewelddadig gedrag, dus gedrag wat niet meer 
verloopt volgens de sociale spelregels en niet meer geremd wordt. Vanuit een biologisch 
perspectief moet agressie worden beschouwd als een “functionele vorm van sociale 
communicatie”. Een ander probleem bij dit type slaapdeprivatie onderzoeken bij dieren 
is de manier van wakker houden. De meeste studies richten zich op het elimineren van 
een bepaald deel van de slaap, namelijk de rapid-eye-movement (REM) slaap. Tijdens 
REM-slaap is er geen spiertonus, waardoor een individu tijdens die fase helemaal slap 
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is. Hier wordt gebruik van gemaakt door ratten of muizen op een platform te plaatsen 
omringd met water. Zodra ze in de REM-slaapfase komen, verliezen ze hun spiertonus en 
vallen ze in het water, wat tot ontwaken leidt. Kritiek op deze manier van wakker houden 
is dat het veel stress geeft en dus onduidelijk is of er een effect veroorzaakt wordt 
door REM-slaapdeprivatie of stress. Daarnaast wordt niet alleen REM-slaap door deze 
methode verminderd, maar ook de andere slaapfase non-rapid-eye-movement (NREM) 
slaap, zij het in mindere mate. Al met al leveren deze slaapdeprivatie studies dus nog 
veel vragen op. Desondanks zijn er meerdere interessante aanwijzingen dat behandeling 
van slaapproblemen problematisch, agressief gedrag overdag kan verminderen. Een 
aansprekend voorbeeld is een gevalsbeschrijving waarbij twee jongens (6 en 8 jaar) 
opgenomen werden in een psychiatrische kliniek vanwege agressief gedrag. Bij beide 
jongens werd tijdens opname een obstructief slaap apneu syndroom geconstateerd. 
Hierbij raakt tijdens de slaap de luchtpijp geobstrueerd, wat leidt tot kort ontwaken 
en een sterk gefragmenteerde en niet-verfrissende slaap. Bij kinderen wordt dit vaak 
veroorzaakt door te grote amandelen. Het operatief verwijderen van die amandelen 
lost dit probleem op. Bij deze twee jongens leidde die operatie niet alleen tot een sterk 
verbeterde nachtslaap, maar ook tot een blijvende afname van het agressieve gedrag. 
Het belang van het behandelen van slaapproblemen is iets wat in de gehele psychiatrie 
steeds meer aandacht krijgt, omdat het een positief herstel bevorderend effect lijkt te 
hebben op psychiatrische symptomen. Die gegevens, samen met de studies die een 
positief effect van slaapverbetering op agressiecontrole suggereren, stemmen hoopvol 
dat het behandelen van slaapklachten in personen met een sterke neiging tot agressie, 
zoals het merendeel van de forensische psychiatrische patiënten, kan bijdragen aan 
betere agressiebeheersing en daardoor tot een reductie van het delictrecidive risico.

de relevantie van slechte slaap voor forensische psychiatrische patiënten
Om de bijdrage van slaapproblemen aan de agressieproblematiek van forensische 
psychiatrische patiënten te onderzoeken hebben we gegevens verzameld in een groep 
patiënten, opgenomen in twee verschillende forensische psychiatrische klinieken. 
Participanten vulden vragenlijsten in met betrekking tot hun slaapkwaliteit en de 
eventuele aanwezigheid van slaapstoornissen. Daarnaast namen we een interview 
af om meer te weten te komen over hun eigen visie op hun slaap, oorzaken voor de 
ontstane problemen en verschillende aspecten van slaaphygiëne. Ook verkregen 
we via hun dossier informatie over hun psychiatrische diagnose, aard van het delict 
waarvoor ze veroordeeld waren, risicotaxatie-evaluaties uitgevoerd door behandelaren 
en de voorgeschreven medicatie. In hoofdstuk 3 hebben we beschreven hoe vaak 
slaapproblemen in deze groep van ongeveer 100 forensische patiënten voorkwamen en 
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om wat voor soort slaapstoornissen het ging, evenals de oorzaken/bijdragende factoren. 
We vonden dat de helft van deze patiënten zichzelf een slechte slaper vond. Bij ongeveer 
een derde van de patiënten lijkt sprake van één of meerdere slaapstoornissen. Chronische 
insomnie was de meest prevalente slaapstoornis. In de subgroep slechte slapers bleek er 
al redelijk veel te verbeteren te zijn in de slaaphygiëne: van de groep slechte slapers deed 
bijna 50% met regelmaat overdag een dut; bijna 40% van hen liet bij inslapen de radio of 
televisie aan; 75% rookte in het uur voorafgaand aan het naar bed gaan en 50% stak een 
sigaret op bij nachtelijk ontwaken. We vonden dat ongeveer 40% van de slechte slapers 
een slaapmiddel gebruikte, klaarblijkelijk zonder voldoende gewenst effect. Stress, 
piekeren, traumatische levensgebeurtenissen en bijwerkingen van medicatie waren 
veelgehoorde oorzaken voor de verminderde slaapkwaliteit. We onderzochten eveneens 
of bepaalde psychiatrische stoornissen in meer of mindere mate gepaard gingen met 
slechte slaapkwaliteit. Interessant genoeg vonden we alleen een significant verband voor 
de groep patiënten met antisociale trekken of een antisociale persoonlijkheidsstoornis 
en met geen enkele andere as-I of as-II stoornis. Met andere woorden, deze antisociale 
patiënten waren extra ontevreden over hun slaap, vergeleken met niet-antisociale 
patiënten. Men kan veronderstellen dat deze patiënten simpelweg meer klagen over 
hun slaap, immers onze data over de slaap waren gebaseerd op vragenlijsten die door de 
patiënt zelf waren ingevuld. Er zijn echter een aantal studies gedaan waarbij gedurende 
de nacht het elektro-encephalogram (EEG) is gemeten in patiënten met een antisociale 
persoonlijkheidsstoornis om zo de slaaparchitectuur en slaapfases in kaart te brengen. 
Hierbij is gevonden dat deze patiënten in hun nachtelijk EEG verschillen van gezonde 
proefpersonen; ze brengen met name meer tijd door in diepe slaap terwijl ze desondanks 
hun slaap veelal niet als verfrissend en voldoende beschouwen. Mogelijk is er dus echt 
iets aan de hand met de slaap in antisociale personen.

In hoofdstuk 4 gaan we specifiek in op de relatie tussen slaap en impulsiviteit en 
agressie in dezelfde patiëntengroep als onderzocht in hoofdstuk 3. Naast het invullen 
van de vragenlijsten over slaap hadden we patiënten gevraagd een zelfrapportagelijst 
in te vullen over hun eigen agressie en mate van impulsiviteit. Ook beschikten we over 
risicotaxaties, waarin behandelaren onder meer de mate van impulsiviteit en vijandigheid 
van hun patiënten beoordelen, en hadden we gegevens over het aantal en de aard van 
incidenten per participant verzameld. We vonden dat de slaapkwaliteit significant in 
verband stond met de mate van agressie en impulsiviteit. Met andere woorden, hoe 
slechter de slaapkwaliteit, des te hoger de zelfgerapporteerde impulsiviteit en agressie. 
Hetzelfde verband vonden we voor chronische insomnie, dus een hogere insomniescore 
ging ook in significante mate gepaard met hogere agressie- en impulsiviteitsscores. 
We vonden geen verband met de mate van impulsiviteit zoals gescoord door de 
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behandelaren. Wel zagen we dat de kans dat een behandelaar een patiënt als vijandig 
had beoordeeld steeds groter werd, naarmate de slaapkwaliteit slechter was of een 
patiënt meer aan slapeloosheid leed. Het meest indrukwekkende resultaat was dat de 
kans dat een patiënt een agressief incident had veroorzaakt toenam bij een slechtere 
slaapkwaliteit, dan wel meer insomnieklachten. De twee eerdere studies naar het verband 
tussen slaap en agressie in agressieve populaties (te weten in een groep gedetineerden 
en een groep mannen met een antisociale persoonlijkheidsstoornis) gebruikten alleen 
zelfrapportagelijsten. Hoewel wij in onze studie helaas geen objectieve maat hebben 
gebruikt voor de slaapklachten, was dit wel de eerste studie die in een dergelijke 
groep een significant verband aantoonde tussen slaapklachten en meer objectieve 
agressiematen, zoals een oordeel van de behandelaar en daadwerkelijke agressieve 
incidenten in de kliniek.

De resultaten gepresenteerd in hoofdstuk 3 en 4 tonen aan dat slaapproblemen en 
slaapstoornissen veel voorkomen bij forensische psychiatrische patiënten en dat die 
significant in verband staan met zelfervaren en geobserveerde agressie en impulsiviteit 
in deze groep. Het is van groot belang het effect van behandeling van slaapstoornissen 
en verbetering van slaapkwaliteit op de impulscontrole en agressiebeheersing in 
forensische psychiatrische populaties te gaan onderzoeken. 

de richting van het verband tussen slaap en gewelddadige agressie
In hoofdstuk 5 tot en met 8 stond de tweede vraag van dit proefschrift centraal, te 
weten wat is de richting van het verband tussen slaap en gewelddadige agressie. We 
hebben daartoe meerdere dierexperimentele studies uitgevoerd. In deze studies hebben 
we ratten gebruikt, en wel Wild-type Groningen (WTG) ratten. Dit zijn bruine ratten 
die oorspronkelijk uit het wild komen en zodanig gefokt worden dat er een hele brede 
genenpool beschikbaar blijft. Dit maakt dat er in deze rattensoort allerlei verschillende 
agressieniveau’s zijn. Er zijn dus ratten die heel sterk neigen tot agressief gedrag als 
ze geconfronteerd worden met een tegenstander, maar ook ratten die dan maar heel 
weinig agressie laten zien. Dit is een belangrijk verschil met veel laboratorium gefokte 
ratsoorten, waar hoge agressieniveau’s in de loop der tijd door selectie verdwenen zijn en 
er uiteindelijk hele tamme dieren overblijven. De WTG ratten zijn door hun diversiteit in 
agressie binnen het ras erg geschikt voor het onderzoeken van agressief en gewelddadig 
gedrag. In hoofdstuk 5 zijn de resultaten van een experiment gepresenteerd waarbij we 
mannelijke WTG ratten wakker gehouden hebben en vervolgens gekeken hebben of ze 
meer gewelddadig gedrag lieten zien. Het is belangrijk het gewelddadige gedrag goed te 
definiëren, aangezien het tonen van agressie tussen ratten heel normaal is, zo lang het 
maar volgens de sociale regels binnen de soort verloopt. Een indringer in een territorium 
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wordt door de eigenaar van het territorium gewoonlijk eerst een tijd opgejaagd in de kooi 
en vervolgens tegen de wand gedrukt of omgeduwd alvorens de indringer echt gebeten 
wordt. Een normale bijtplek is dan de rug van de tegenstander en gewoonlijk niet de 
kwetsbaardere delen, zoals de buik en keel. Indien een rat een indringer heel snel bijt, 
zonder het normale voorafgaande dreiggedrag, of gaat bijten in kwetsbare delen van het 
lichaam, kan dit gezien worden als een pathologische vorm van agressie. Het gaat dan om 
agressie die niet meer geremd wordt. Interessant genoeg gaat een klein deel van de WTG 
ratten dergelijk abnormaal agressief gedrag vertonen als ze vaak (>10 keer) een indringer 
hebben mogen verslaan, dus na meerdere zogenaamde winnaarservaringen. Deze ratten 
kunnen dan ook niet-bedreigende indringers gaan aanvallen, zoals indringers onder 
narcose of onbekende vrouwtjes. Wij waren geïnteresseerd of we met slaapdeprivatie 
dergelijk afwijkend agressief gedrag, ofwel gewelddadig gedrag, konden induceren 
bij mannelijke WTG ratten. Ratten werden wakker gehouden door ze te plaatsen in 
langzaam roterende loopwielen. In deze wielen hebben ratten gewoon toegang tot eten 
en water. Het is in die zin dus een vervanging voor hun normale kooi. Doordat de wielen 
langzaam draaien kunnen de ratten niet in slaap vallen. Eerder onderzoek liet zien dat als 
je ratten 20 uur in een dergelijke draaiende kooi plaatst, ze hooguit 1 uur slaap krijgen, 
doordat ze af en toe enkele seconden in slaap vallen, maar vervolgens weer wakker 
worden. Omdat bij mensen slaapklachten vaak een chronisch karakter hebben en we 
geïnteresseerd waren in zowel acute effecten (direct na de eerste keer slaapdeprivatie) 
als langzamere effecten (na een week slaaprestrictie) gebruikten we een protocol voor 
herhaalde opeenvolgende slaaprestrictie. Dit hield in dat ratten gedurende 9 dagen 20 
uur per dag wakker gehouden werden in de roterende wielen. Ze mochten 4 uur per dag 
rusten en bevonden zich dan in hun eigen testkooi (niet het wiel, maar de kooi waarin 
we de tests voor gewelddadig gedrag deden) met hun eigen vrouwtje. Naast een groep 
van 8 dieren die blootgesteld werd aan deze slaaprestrictie conditie, hadden we twee 
controlecondities: 1) gewone controle conditie, te weten 8 dieren die dezelfde tests voor 
gewelddadig gedrag ondergingen, maar in normale, niet-draaiende kooien verbleven, 
en 2) geforceerde lichaamsbeweging controle conditie, te weten 8 dieren die in een 
roterende kooi blootgesteld werden aan een vergelijkbare mate van lichaamsbeweging 
als de slaaprestrictie-dieren, maar toch genoeg tijd hadden om te slapen. Hoewel de 
slaaprestrictie conditie slechts leidt tot hele matige lichaamsbeweging, kan dit wel 
een factor zijn die de resultaten beïnvloedt. Daarom is het belangrijk een geforceerde 
lichaamsbeweging controle conditie toe te voegen. In deze groep draaien de wielen op 
dubbele snelheid, maar voor de helft van de tijd, verdeeld in intervallen: dus de wielen 
draaiden in deze groep per dag maar 10 uur, verdeeld in 5 blokken van 2 uur. Dit geeft 
ratten voldoende tijd om in stilstaande wielen een adequate slaaphoeveelheid te kunnen 
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nemen. Op dag 1, dag 7, dag 8 en dag 9 voerden we tests voor gewelddadig gedrag uit. Op 
dag 1 en dag 7 werden de ratten blootgesteld aan een mannelijke indringer in de testkooi. 
We verzamelden verschillende gegevens: de aanvalslatentietijd werd gemeten, de duur 
van het agressieve gedrag wat de experimentele dieren vertoonden en in welke mate dit 
bestond uit het normale dreiggedrag en daadwerkelijk bijten van de indringer. Vervolgens 
werden de bijtwondlocaties bij de indringer in kaart gebracht. Op dag 8 werden ratten 
geconfronteerd met een indringer die onder narcose was gebracht en dus in principe 
geen bedreiging vormde. Op dag 9 zetten we een voor de rat onbekend vrouwtje in hun 
territorium, een indringer waarvan het eigenlijk evolutionair gezien geen meerwaarde 
heeft om die aan te vallen. In deze studie vonden we geen enkel effect van slaaponthouding 
op onze gewelddadige uitkomstmaten. We zagen niet dat slaapgedepriveerde ratten 
op dag 1 en dag 7 sneller gingen aanvallen, minder tijd spendeerden aan het normale 
dreiggedrag of gingen bijten op kwetsbaardere lichaamsdelen van de tegenstander. Ook 
zagen we niet dat ze in vergelijking met de controlegroepen vaker een indringer onder 
narcose of een onbekend vrouwtje aanvielen. Deze resultaten zijn te interpreteren als de 
afwezigheid van een effect van slaaptekort op het ontstaan van agressief gewelddadig 
gedrag, met andere woorden, slaaptekort veroorzaakt geen gewelddadig gedrag. Echter, 
eerdere dierexperimentele studies vonden wel effecten op agressief gedrag. Zoals 
eerder genoemd zijn de meeste effecten met specifieke REM-slaapdeprivatie gevonden. 
Aangezien REM-slaap essentieel is voor een gezonde emotieregulatie, zou dit wellicht 
een bepalende factor kunnen zijn waarom in deze studies wel effecten gevonden zijn. In 
die studies blijft het wel de vraag of het ging om afwijkend agressief gedrag. Het is ook 
zeer wel mogelijk dat een causaal verband tussen slaaptekort en gewelddadige agressie 
alleen voor bepaalde individuen geldt, individuen aan de extreme kant van het spectrum. 
Forensische psychiatrische patiënten bevinden zich in verschillende opzichten vaak al 
in een extreem deel van de normaalverdeling van de algemene populatie: ze hebben 
bijvoorbeeld vaak een moeilijk leven achter de rug (met bijvoorbeeld fysieke of psychische 
verwaarlozing of mishandeling in hun kindertijd, verkeerden periodes in hun leven in de 
drugsscene) en hebben een slechte impulscontrole. Mogelijk bevonden onze ratten zich 
toch te veel tegen het gemiddelde van de normaalverdeling en is de beheersing in een 
dergelijke groep toch nog voldoende bestand tegen agressie bevorderende effecten van 
slaaponthouding. 

In hoofdstuk 6 wordt een studie beschreven waarin we een hypothese over het effect 
van slaaponthouding op impulscontrole en daarmee mogelijk op agressiebeheersing 
wilden toetsen. In hoofdstuk 2 stelden we dat een bepaald deel van het brein, namelijk 
de prefrontale cortex (PFC), ofwel voorhersenen, en het effect van slaaponthouding 
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daarop het onderliggende mechanisme zou kunnen vormen waardoor slechte slaap bij 
kan dragen aan impulsief agressief gedrag. De PFC is het breingebied waar zogenaamde 
executieve of hogere cognitieve functies gereguleerd worden. Het gaat bijvoorbeeld om 
aandacht vasthouden, probleemoplossend vermogen, planning en timing, maar ook 
gedragsbeheersing. De PFC zou in die zin gezien kunnen worden als de rem van het brein. 
De amygdala, het emotiecentrum van de hersenen, staat in nauw contact met de PFC, en 
wordt normaliter geremd door de PFC. Met een fMRI studie is aangetoond dat de PFC van 
gezonde mensen na een nacht zonder slaap de reactiviteit van de amygdala minder sterk 
remt dan na een normale nachtslaap, terwijl de verbinding van de amygdala met de lager 
gelegen motorische kernen daarentegen versterkt is. Dat zou goed kunnen verklaren 
waardoor mensen onder invloed van slaapgebrek sneller naar hun emoties gaan handelen. 
Van forensische psychiatrische patiënten weten we dat hun PFC deze remfunctie vaak 
minder goed uitvoert. Afwijkingen in de PFC in dit soort patiëntengroepen, maar ook in 
gedetineerden, zijn zowel in neuropsychologisch testonderzoek als in beeldonderzoek 
veelvuldig in kaart gebracht. Het is voorstelbaar dat bij een slecht functionerende PFC 
de al haperende gedragsinhibitie nog verder verslechtert door slechte slaap. Daarom 
veronderstellen we dat forensische psychiatrische patiënten een extra kwetsbare groep 
vormen voor agressie bevorderende effecten van slaapproblemen. We wilden het effect 
van slaaponthouding op de prefrontale cortex onderzoeken in een diermodel. Niet 
alleen om dit effect ook in dieren goed in kaart te brengen, maar ook om vervolgens 
een diermodel te hebben waarin de relatie tussen slechte slaap en functioneren van de 
PFC meer op een receptor- en moleculair niveau kan worden uitgezocht. In studies bij 
mensen is dit een stuk lastiger. Daarom selecteerden we een gedragstaak voor ratten 
waarvan we uit de literatuur weten dat een intacte PFC nodig is om deze taak goed uit 
te voeren. We gebruikten de ‘differential reinforcement of low rate responding’ (DRL) 
taak. Ratten werden getraind om op een pedaal te drukken om een voedselbolletje als 
beloning te krijgen. Als ze eenmaal door hadden dat een druk op het pedaal gevolgd werd 
door een beloning werden ze blootgesteld aan het volgende schema: na elke pedaaldruk 
moesten ratten minstens 30 seconden wachten tot ze het pedaal weer indrukten. Alleen 
als ze 30 seconden of langer hadden gewacht werden ze bij de volgende pedaaldruk 
beloond met een voedselbolletje. Drukten ze binnen 30 seconden weer op het pedaal 
dan kwam er niets en ging de timer opnieuw lopen. Het meest efficiënt is dus om kort 
na 30 seconden te drukken, want dan verzamelden de ratten de meeste voedselbolletjes 
in het dagelijkse uur dat ze deze taak deden. Deze taak doet een beroep op verschillende 
cognitieve functies: ratten moeten hun pedaaldrukken goed timen, ze moeten hun 
aandacht er bij houden en ze moeten zichzelf beheersen niet te snel weer te drukken. 
Om ze te motiveren voor het verkrijgen van voedselbolletjes kregen ze dagelijks afgepast 
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voedsel, zodanig dat ze op 90% van hun oorspronkelijke lichaamsgewicht bleven. Toen 
de ratten de taak goed beheersten werden ze blootgesteld aan hetzelfde slaaprestrictie 
protocol als hierboven beschreven, dus plaatsing in roterende wielen, leidend tot 
totaal 20 uur slaapdeprivatie per dag, gedurende een week. Dagelijks deden de ratten 
de DRL test gedurende 60 minuten in het laatste uur van hun donkerfase. Ze konden 
vervolgens de eerste 4 uur van de direct daaropvolgende lichtfase rusten. We hadden ook 
in dit experiment een normale controle conditie en een geforceerde lichaamsbeweging 
controle conditie. Al onze 24 ratten werden kruislings en opeenvolgend blootgesteld 
aan elke conditie. De resultaten lieten een duidelijk effect van slaaponthouding zien. 
Slaapgedepriveerde dieren konden hun responsen veel minder goed timen (niet meer 
kort na 30 seconden); de piek die je normaal ziet kort na 30 seconden vlakte af. Ook gingen 
ze relatief vaker binnen 3 seconden na een pedaaldruk alweer op het pedaal drukken. 
Dit verschijnsel wordt ‘bursting’ genoemd en wordt geïnterpreteerd als een teken van 
afgenomen gedragsinhibitie. Dus slaapgebrek leidde niet alleen tot het moeilijker vast 
kunnen houden van de aandacht en een afgenomen vermogen responsen goed te timen, 
maar ook tot een slechtere impulscontrole. Dit laatste is in lijn met onze veronderstelling 
over de invloed van slechte slaap bij forensische psychiatrische patiënten; namelijk 
dat de impulscontrole - die bij deze populatie in beginsel vaak al niet heel goed is - 
nog verder afneemt. De resultaten van deze studie bevestigen een negatief effect van 
slaaponthouding op de PFC. Dit model kan nu gebruikt worden in toekomstige studies 
om het verband tussen slaaponthouding en executieve functies zoals gedragsinhibitie 
op een dieper biochemisch en moleculair niveau te onderzoeken.

In hoofdstuk 7 hebben we ingezoomd op de andere mogelijke causale richting van 
de relatie tussen slaap en agressie, namelijk de vraag wat de invloed van agressieve 
interacties op de volgende slaapperiode is. In meerdere studies is al getoond dat als een 
dier door een tegenstander wordt verslagen in een gevecht (social defeat), dit dier daarna 
tijdelijk dieper slaapt. Dit wordt veelal geïnterpreteerd als een herstelmechanisme. 
De vraag is echter wat er gebeurt met de slaap van het dier dat het gevecht wint. Om 
deze vraag te beantwoorden hebben we mannelijke WTG ratten die ongeveer gelijk 
waren in agressieniveau tegen elkaar laten vechten op een voor beiden neutraal terrein. 
Vervolgens hebben we bij zowel de winnaars als verliezers van dit gevecht het EEG 
geregistreerd gedurende 18 uur, om de duur van de verschillende slaapfases te meten 
en met spectraalanalyse van het EEG de diepte van de NREM-slaap in kaart te brengen. 
Hoewel het aantal dieren in beide groepen relatief klein was, vonden we geen grote 
verschillen tussen winnaars en verliezers in hun slaap direct volgend op de agressieve 
interactie. Zowel winnaars als verliezers hadden direct een diepere NREM-slaap, 
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hetgeen geleidelijk normaliseerde. Mogelijk is het dus zo dat winnaars vergelijkbare 
hoeveelheid stress ondervinden van een gevecht als verliezers. Belangrijk is dat in onze 
studie het gevecht plaatsvond in een voor beide dieren neutrale kooi, terwijl in eerdere 
onderzoeken naar het effect van social defeat op slaap, het verslagen dier zich in het 
territorium van een ander dier bevond. Dit maakt op voorhand al dat de indringer beter 
kan verwachten verslagen te zullen worden, terwijl in onze opzet voor beide dieren aan 
het begin onvoorspelbaar was wie zou eindigen als winnaar en wie als verliezer. Hoewel 
we een groot effect vonden op de diepte van de NREM-slaap is het de vraag of dit goed 
te vertalen is naar de situatie bij mensen, waarbij ruzies kunnen bijdragen aan piekeren, 
wakker liggen en uiteindelijk wellicht een chronisch slaapprobleem. In deze dierstudie 
is waarschijnlijker dat we toch vooral een goed werkend herstelmechanisme zien en 
is de belangrijkste bevinding dat winnaars en verliezers van een agressieve interactie 
dit in gelijke mate dit nodig hebben. Dit is het eerste onderzoek dat dit laat zien en de 
bevinding moet in vervolgonderzoek verder bevestigd worden. 

Zoals eerder genoemd vonden we in onze studiegroep van klinische forensische 
psychiatrische patiënten, dat patiënten met antisociale persoonlijkheidsproblematiek 
vaker een slechte slaapkwaliteit hadden dan de andere groep patiënten. Enkele EEG-
studies suggereren ook dat de nachtslaap bij deze patiëntencategorie anders is dan 
bij gezonde proefpersonen. Antisociale personen leiden onder andere meestal aan 
agressiebeheersingsproblemen en impulscontrolestoornissen. Wat dit profiel betreft 
lijken de gewelddadige WTG ratten, dus de ratten die abnormaal en pathologisch 
agressief gedrag laten zien, in zekere zin op dergelijke patiënten. In aanvulling op de 
onderzoeken die al gedaan zijn, wilden we daarom de slaap van deze gewelddadige 
ratten onderzoeken, zowel onder normale als onder meer stressvolle omstandigheden. 
Dit experiment is gepresenteerd in hoofdstuk 8. We stelden daarom groepen WTG ratten 
bloot aan meerdere winnaarservaringen (door hen herhaaldelijk een indringer in hun 
territorium te laten domineren) en selecteerden de ratten die daardoor pathologische 
agressie gingen vertonen (dus heel snel aanvallen, een vrouwtje of een genarcotiseerde 
tegenstander aanvallen, en ook agressie laten zien als ze met een tegenstander in 
een neutrale kooi worden geplaatst). Naast deze zogenaamde gewelddadige ratten, 
selecteerden we ratten die in hun eigen kooi even lang agressief gedrag lieten zien als er 
een indringer in hun territorium kwam, maar die zich niet afwijkend agressief gedroegen. 
Bij beide groepen werd het EEG geregistreerd, onder 1) normale omstandigheden, 2) 
na 6 uur slaaponthouding in de eerste helft van de 12-uur durende lichtfase en na 3) 
gedwongen immobilisatie, door ze voor een uur in een buis van kippengaas te plaatsen 
op de helft van de lichtfase. Slaaponthouding werd gebruikt om de slaap-homeostatische 
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respons te meten en gedwongen immobilisatie, ofwel ‘restraint’, is een veelgebruikte 
stressor in dieronderzoek, waarvan in eerder onderzoek effecten gevonden zijn op de 
daaropvolgende slaapperiode. Hoewel niet significant, mogelijk door een te klein aantal 
dieren per groep, vonden we aanwijzingen dat zowel na slaapdeprivatie als restraint-
stress gewelddadige dieren en niet-gewelddadige ratten verschillen vertoonden in het 
slaappatroon. Na slaaponthouding lieten gewelddadige ratten een vertraagde toename 
in REM-slaap zien, terwijl dit effect bij niet-gewelddadige ratten direct optrad na afronding 
van de slaapdeprivatie. Na restraint-stress vertoonden alleen de gewelddadige dieren 
een toename in NREM-slaap gedurende de daaropvolgende donkerperiode. We vonden 
geen verschillen tussen de groepen op de diepte van de slaap (gemeten als slow wave 
activity tijdens NREM slaap) na slaaponthouding en restraint-stress. In de basismeting 
onder normale niet-stressvolle omstandigheden zagen we geen enkel verschil tussen 
de groepen. Deze studie geeft dus enige aanwijzingen dat een neiging tot gewelddadig 
gedrag gepaard gaat met een andere slaapregulatie onder stressvolle omstandigheden. 
Deze studie zou echter herhaald moeten worden met een groter aantal dieren per groep 
om robuustere en betrouwbaardere resultaten te verkrijgen.

Met betrekking tot de vraag of er een causaal verband is tussen slaap en gewelddadige 
agressie laten de studies in dit proefschrift zien deze vraag niet zo eenvoudig te 
beantwoorden is. Het is niet waarschijnlijk dat er een simpel neurobiologisch pad 
is waardoor een slaaptekort bij een ieder leidt tot een afgenomen agressiecontrole. 
Met betrekking tot de vraag of agressie overdag leidt tot slechte slaap, konden we in 
dieronderzoek, in aanvulling op andere studies, laten zien dat agressieve interacties 
een sterk effect hebben op de slaap direct volgend op deze interactie, maar het is de 
vraag wat dit betekent voor een eventueel risico op de ontwikkeling van slaapklachten, 
zoals bij mensen wordt vermoed. Mensen met een kwetsbaar profiel, zoals een 
gebrekkige impulscontrole en een sterke neiging omgevingssignalen als vijandig te 
interpreteren, zijn vermoedelijk mensen bij wie slaaptekort kan bijdragen aan verlies 
van agressiecontrole met mogelijk gewelddadige acties tot gevolg. Een voorbeeld 
hiervan zijn forensische psychiatrische patiënten. Mogelijk zal bij personen met andere 
kwetsbaarheidprofielen een slaapgebrek eerder bijdragen aan de ontwikkeling van 
depressieve symptomatologie, bijvoorbeeld bij piekeraars of binnenvetters. Het is een 
wetenschappelijke uitdaging dergelijke individuele kwetsbaarheid in dierstudies te 
onderzoeken. Dit is wel relevant omdat dieronderzoek ten slotte meer mogelijkheden 
biedt om onderliggende neurobiologische mechanismen in detail te bestuderen. Dieren 
zouden voor dit soort onderzoek gericht op de relatie tussen slaap en agressie geselecteerd 
kunnen worden op een bepaald profiel, zoals slechte gedragsinhibitie en sterke neiging 
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tot agressie, om vervolgens te kijken of specifiek bij deze dieren slaaptekort bijdraagt 
aan de ontwikkeling van pathologische agressie. Daarnaast is het interessant hierin de 
invloeden van ervaringen in de kindertijd mee te nemen, dus bijvoorbeeld dieren die al 
jong door hun moeder experimenteel ‘verwaarloosd’ zijn, en de invloeden daarvan op 
de effecten van slaapgebrek op gedrag. In de forensische psychiatrie zien we namelijk 
mensen die veelal nare ervaringen hebben als kind, dan wel door mentale of fysieke 
mishandeling of pedagogische verwaarlozing. Dit beïnvloedt in grote mate hun visie op 
de wereld en anderen, dat wil zeggen dat men vaak leert dat de wereld een onveilige 
plek is en anderen niet te vertrouwen zijn. Dit soort factoren, zoals ervaringen in de 
kindertijd en selectie op basis van gedrag en coping, meenemen in dieronderzoek vergt 
een aanpassing van het ontwerpen van dierstudies. Zo zal bijvoorbeeld het adagium van 
nastreven van vermindering van het aantallen proefdieren ter discussie gesteld moeten 
worden, om beter profielen van individuele kwetsbaarheid te kunnen onderzoeken. 
Hier mee zouden dierstudies in het algemeen beter kunnen aansluiten bij de klinische 
praktijk. Naast een onderzoek naar het effect van behandeling van slaapproblemen in 
kwetsbare groepen op hun agressiecontrole, is het interessant de slaap van agressieve 
individuen in navolging van de studies in dit proefschrift verder te onderzoeken en wat 
eventuele verschillen kan verklaren.
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Toen ik in 2009 mijn geneeskunde opleiding afrondde, wist ik vastbesloten dat ik 
psychiater wilde worden en dat ik dat traject wilde combineren met wetenschappelijk 
onderzoek. Ik ging op zoek naar een plek die mij dat kon bieden. In gesprekken met 
Marike Lancel, hoofdonderzoeker van de Forensische Psychiatrische Kliniek (FPK) Assen 
en met de toenmalige directeur van de FPK Bert de Jager, bleek al gauw een wederzijdse 
belangstelling. Marike, ik weet nog goed dat jij mij opbelde en mijn voicemail hebt 
ingesproken. Je noemde dat je zeker wist dat we er met de organisatie uit zouden kunnen 
komen en dat je van harte hoopte dat ik me nog niet ergens anders had vastgelegd. 
Dat had ik nog niet. Bert de Jager, dank voor de durf en de erkenning van het belang 
van wetenschappelijk onderzoek in de psychiatrie om mij als promovendus aan te 
nemen. Het traject had ook geen vorm kunnen krijgen als mijn psychiatrie opleider, Leo 
Timmerman, dit niet ten volle had ondersteund en gefaciliteerd. Dank voor je bereidheid 
mijn wetenschappelijke ambities zo vrij met de psychiateropleiding te integreren.

Dan aan het werk. Marike, jij had een duidelijk onderwerp voor ogen, slaap en agressie, 
ontstaan vanuit je observaties van forensische patiënten in de FPK Assen. Met die lijn 
ging ik aan de slag. Ik wil je bedanken voor je sturing, openheid, nimmer aflatende 
enthousiasme, het delen van je kennis en eeuwige bereidheid mee te denken, te lezen en 
te helpen bij de uitvoering van alle facetten van mijn promotietraject.

Op zoek naar een promotor die mij zou willen begeleiden kwamen we voor een eerste 
gesprek met Jaap Koolhaas terecht in Haren. Jaap, ik ben enorm blij dat jij dit zag 
zitten. Je hebt in mijn beleving een grote portie geduld, enorme wetenschappelijke 
nieuwsgierigheid en een groot vermogen resultaten met een open mind tegemoet te 
treden. Dat waardeer ik enorm en ik voel me bevoorrecht bij jou als promovendus te 
promoveren. 

Derk-Jan, jij zegde ook direct je begeleiding toe toen we je troffen op een symposium. 
Fijn om zo’n expert als jou er bij te hebben. Dank voor je scherpte, kritische blik op 
manuscripten en aanmoedigingen per mail en face-to-face op de momenten dat we 
elkaar troffen.

Ik had de mogelijkheid om tweemaal een half jaar fulltime aan de slag te gaan bij de 
onderzoeksgroep Gedragsfysiologie in Groningen. Peter, toen begon onze intensieve 
samenwerking. Jij hebt mij dagelijks begeleid bij het dierexperimentele werk wat ik in 
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het kader van dit proefschrift heb gedaan. Ik ben je zorgvuldigheid en kritische houding 
bij het verkrijgen en interpreteren van data erg gaan waarderen. Ik zie het als een 
verrijking dat ik een uitstap heb mogen maken in het dierexperimentele onderzoek. 
Peter, dankjewel voor je prettige begeleiding!

Ik wil op deze plek de leden van de beoordelingscommissie bedanken, Roelof Hut, Peter 
de Jong en Robbert-Jan Verkes, voor hun bereidheid dit proefschrift met kritische blik te 
lezen. 

Tijdens mijn onderzoek heb ik van veel mensen hulp gekregen. Van de onderzoeksgroep 
in Assen dank ik Gerjonne Akkerman en Loes Hagenauw voor hun praktische hulp bij 
het verzamelen van de humane data. Julie Karsten, dank voor je geduldige hulp bij het 
statistisch analyseren van diezelfde data en meelezen met teksten. Marinus Spreen en 
Al de Weerd hebben ook geholpen bij de voorbereiding van een tweetal manuscripten in 
dit proefschrift. Dank daarvoor.

Een aantal masterstudenten hebben mij geholpen tijdens mijn periode bij de 
Gedragsfysiologie. Swetlana Baichel, je bent van zeer grote waarde geweest voor het 
ontwerp en de uitvoering van een aantal dierexperimenten uit dit proefschrift en hebt 
met enorm veel inzet je masterstage uitgevoerd. Ik heb onze samenwerking erg prettig 
gevonden. Met Maarten Hekman heb ik twee experimenten herhaald. Dank voor je inzet!

Sietse de Boer en Bauke Buwalda, fijn dat ik op jullie kon terugvallen met praktische vragen 
en in het desgevraagd meedenken van ontwerp van experimenten en interpretatie van 
bevindingen. Ik vond de wekelijkse labmeetings interessante bijeenkomsten die altijd in 
goede sfeer plaatsvonden. 

Dank aan de andere promovendi op de kamer waar ik zat in Groningen, voor de 
gezelligheid en steun. Hetzelfde geldt voor de dierverzorgers!

Renilde van den Bossche, dank voor je hulp bij het scoren van de EEG’s in het laatste deel 
van het onderzoek!

Mijn supervisoren op de stageplekken die ik had tijdens de psychiateropleiding hebben 
mij de ruimte gegeven mijn wekelijkse onderzoeksdag goed in te vullen. Onno de Klerk, 
Bert de Jager, Arjon Glazenborg, Claar Mooij, Johan Arends en Jasper van Marle, bedankt!
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Na de psychiateropleiding ben ik met veel plezier als psychiater begonnen bij de FPK 
Assen, waar we het geluk hebben, tenminste zo zie ik het, een op elkaar betrokken 
psychiatergroep te hebben. Dat is van grote waarde in dit werkveld. Ik wil jullie bedanken 
voor de momenten van waarneming die het voor mij mogelijk hebben gemaakt dit 
proefschrift af te ronden en dank aan het management om dit te faciliteren.

Ik ben blij dat er bij Marike een nieuwe promovendus gestart is: Maaike van Veen, wat 
leuk dat je jouw wetenschappelijke ambities aanwendt voor een voortzetting van de 
onderzoekslijn gepresenteerd in dit proefschrift. Ik hoop dat dit interessante bevindingen 
gaat opleveren voor de behandeling van forensische psychiatrische patiënten.

Lieve mam, pap, Folkert, Jeannette, Marleen en Bert, dank voor jullie interesse en 
aanmoediging gedurende het hele traject. Marianne, fijn om je bij de promotie-
plechtigheid als paranimf naast me te hebben. Jolien, ik heb het erg prettig gevonden 
lief en leed ten aanzien van onderzoek regelmatig via de skype over en weer te delen. En 
aan al mijn andere vriendinnen, dank voor jullie betrokkenheid en vriendschap!

Tenslotte, lieve Christoph, jij hebt alle stappen van mijn onderzoek intensief meegemaakt. 
Inmiddels kan je zelf waarschijnlijk een presentatie erover geven, aangezien je regelmatig 
als oefenpubliek hebt gefungeerd als ik een presentatie moest houden. Zelfs heb je 
actief geholpen bij het wegen, voeren en wakker houden van de ratjes! Ik prijs me enorm 
gelukkig met jou aan mijn zijde en ons leven met onze prachtige zoon Lukas en een 
dochter op komst.
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