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ABSTRACT 

Problems of aggressive behavior affect as many as one in every six children 
and are associated with negative outcomes for not only the individual 
themselves, but also their family, friends, and community. Aggressive 
behavior includes a variety of different behaviors (e.g., yelling, hitting, 
bullying) and has been notoriously difficult to treat. In assessing aggression, 
researchers and clinicians have repeatedly been recommended to utilize 
reports from multiple informants (e.g., parents, teachers, the child 
him/herself) in order to obtain the most complete picture of the problem. In 
studying aggressive behavior, early research was initially focused on males 
only and severe outcomes, but now investigates gender similarities and 
differences and a broad range of behaviors related to aggression. While much 
has been learned from research thus far, new biological mechanisms and 
detailed phenotypic information are still important to continue clarifying the 
heterogenous nature of aggression and to improve ideas for personalized 
treatment. Thus, this thesis aimed to contribute to those efforts. 
 
Study I and II comprised cohorts of thousands of children from Finland, the 
Netherlands, and the UK (Study I also included Swedish cohorts) with ratings 
of aggressive behavior, other externalizing behaviors (e.g., hyperactivity), 
internalizing problems (e.g., depression) and prosocial behavior from parents, 
teachers, and the children themselves. Results showed that aggressive 
behavior (as rated by all raters) often co-occurred with other externalizing 
behaviors and low prosocial behavior, and also co-occurred with internalizing 
problems but not as often. Patterns were similar across cohorts and genders, 
however, parents indicated more co-occurrence with internalizing problems 
and less co-occurrence with other externalizing behaviors than teachers did.  
 
Study III utilized a subset of the FinnTwin12 cohort (N=1347) with 
longitudinal data on aggressive behavior in adolescence from parents, 
teachers, children themselves, and from their co-twin to investigate prediction 
of antisocial personality disorder (ASPD) in young adulthood. Notably, 
teacher and self ratings were able to predict ASPD, both in separate models 
and when both ratings were in the same model. Additionally, the direct 
aggression subtype (e.g., hitting, yelling) was able to predict ASPD well, for 
both genders. Furthermore, when the co-occurring influence of hyperactivity 
was removed from the aggression ratings (using a residual aggression 
variable with hyperactivity co-occurrence removed), aggressive behavior was 
still able to predict ASPD. 
 
Study IV utilized a subset of the FinnTwin12 cohort (N=725) with plasma 
samples in young adulthood and aggressive behavior measures in 
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adolescence from parents, teachers, children themselves, and from their co-
twin to search for new biomarkers of aggression. Using a panel of 11 
metabolites processed using nuclear magnetic resonance, the ketone body 3-
hydroxybutyrate was found to be negatively associated with aggressive 
behavior in initial analyses. In more detailed modeling, nearly all raters of 
aggression showed the same trend with 3-hydroxybutyrate, including in fully 
adjusted models. In a model including both teacher and self ratings, 3-
hydroxybutyrate was significantly associated with both aggressive behavior 
ratings. A replication dataset of young adult Dutch twins (N=960) showed 
support for the association found in FinnTwin12, however, the issue of 
whether there are gender differences of the association of 3-hydroxybutyrate 
with aggressive behavior remains to be clarified by future research.  
 
These findings help to clarify the co-occurrence of aggressive behavior with 
other behaviors across raters and countries, to show how common the co-
occurrence is and that it should be taken into consideration when studying 
aggressive behavior, including from (epi)genetic or biological perspectives. 
Additionally, aggressive behavior, in particular direct aggression, can inform 
future ASPD risk, and obtaining behavior data from teachers and the child are 
of high importance. Furthermore, the new association of 3-hydroxybutyrate 
with aggressive behavior suggests new biological pathways to investigate to 
improve our understanding of aggressive behavior, including potential 
treatments. This thesis provides refinements to the aggressive behavior 
phenotype, new avenues for aggression biology investigations, and ideas for 
where to improve or personalize treatment options. 
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INTRODUCTION 

Aggressive behavior is one of our most primal behaviors, to some extent we 
need it to survive. However, high levels of aggressive behavior are 
maladaptive in modern human society. Developmentally, most humans 
exhibit aggressive behavior as young children, developing the ability to better 
control their behavior around school age, when aggressive behavior has 
largely declined for the majority of individuals [1]. Children who enter school 
still showing high levels of aggression are at risk for developing aggressive 
behavior disorders. The lifetime prevalence for aggressive behavior disorders 
(e.g., conduct disorder, oppositional defiant disorder) ranges 7.9–13.9% for 
adolescent boys and 5.8–11.3% for adolescent girls, with a median age of onset 
of 11 years old [2]. Children as young as 7–9 years old with high levels of 
aggressive behavior have been shown to be at much greater risk of criminal 
behavior, substance (ab)use, mental health problems, risky sexual behavior, 
and intimate partner violence 25 years later [3]. However, aggressive behavior 
has been notoriously difficult to treat; we need a better understanding of the 
behavior in order to improve treatments.  
 
Our understanding of aggressive behavior is complicated by the fact that it is 
heterogenous in nature. There are many subtypes of aggression (e.g., direct, 
indirect, proactive, reactive) and the behavior can be exhibited across all 
environments an individual interacts in, or only some. The more generalized 
the aggressive behavior (i.e., the behavior occurs in a broad range of 
environments instead of a specific one), the more serious the aggressive 
behavior problem, generally [4]. In order to capture the most complete scope 
of the aggressive behavior problem as possible, researchers and clinicians 
collect information from a number of informants: parents, the child 
him/herself (if they are old enough), teachers. Unfortunately, these multiple 
informants are not known to show high inter-rater agreement [5]. Taking these 
multiple informants into consideration for their overlapping and unique 
contributions to the breadth and depth of the aggressive behavior problems is 
important for our understanding. 
 
In early research, aggressive behavior studies were focused on males only, 
and often on criminal or severe outcomes. However, over the years, female 
aggressive behavior has become better characterized and the study of 
aggressive behavior has broadened. Findings of gender differences in 
aggressive behavior indicate that while they do exist, the nuances are 
important and the differences are perhaps not as stark as was once imagined 
[6, 7]. Broadening our investigations of aggressive behavior has also shown 
that it is important to not only focus research efforts on specific manifestations 
of aggression (e.g., bullying or intimate partner violence), but it is also useful 
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to look at broader categories of behaviors of which aggression is a part (e.g., 
disruptive behaviors, externalizing behaviors). The examination of similarities 
and differences regarding gender, aggression subtypes, and fine-scale and 
broad-scale aggressive behavior categories has helped to explain more of the 
heterogeneousness of aggressive behavior, but there is still more yet to learn. 
 
In recent decades, research has included (epi)genetics, neuroscience, and 
biomarkers in the search for new and better insights into aggressive behavior. 
It is hoped that these areas of research can improve the ability to create 
effective treatments, however, for them to provide the most useful results they 
need to utilize well-defined phenotypes of aggression. Thus, as more 
advanced approaches are being applied in aggression research, we still need 
to make sure the characterization of aggressive behavior that is used is as 
complete and detailed as possible. To these ends, the main objective of this 
thesis is to improve our understanding and characterization of the aggression 
phenotype. Two studies look across multiple European cohorts using multiple 
informants to characterize what behaviors and emotional problems co-occur 
with aggressive behavior. Another study examines whether adolescent 
aggressive behavior (alone or including the influence of co-occuring 
behaviors) can predict a young adult personality disorder; this investigation 
also looks at subtypes of aggression regarding the prediction. The final study 
uses a hypothesis-free approach to search for associations of aggressive 
behavior with a small panel of metabolites in order to generate new ideas for 
future research and improved treatment.  
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REVIEW OF THE LITERATURE 

As the king said in Lewis Carroll’s Alice’s Adventures in Wonderland, “Begin at 
the beginning”, but regarding the study of human aggression, it can be 
difficult to determine where exactly that beginning should be. Do we begin in 
the individual body and mind, describing where aggressive behavior comes 
from biologically? Or do we go broader and begin by discussing theories of 
why humans aggress or where aggression ‘starts’ and develops over a 
human’s lifetime? Or do we start still further afield and begin at aggression’s 
primeval roots in the animal kingdom, why and where the behavior came 
about and why it persisted evolutionarily? A simple though incomplete 
response is that it depends on the scope of the discussion. Since my research 
involves only human aggressive behavior and uses epidemiological 
approaches, this will serve to limit the scope to only some of the 
abovementioned areas of aggression research. Regardless, because the 
aggression phenotype has piqued scientific interest for many decades and 
from many different fields and perspectives, it would be wise to begin with 
defining the term, and its associated concepts.  

2.1 Introduction to Aggressive Behavior 

This initial section introduces the definitions of aggressive behavior, its 
subtypes, and psychosocial theories of its origin. I also briefly highlight some 
of the biology of aggression, before describing typical human development of 
aggressive behavior and its stability over a human lifetime, and discuss the 
predictors and outcomes of problem levels of aggressive behavior. 
Throughout, I clarify any differences or similarities in aggressive behavior 
patterns by sex/gender. In this thesis, ‘sex’ refers to biological distinctions 
between males and females, while ‘gender’ refers to the social constructs and 
roles that typically distinguish men/boys from women/girls. Sometimes it is 
unclear if we are measuring one or the other or both, but an attempt to adhere 
to these distinctions is made.   
 

2.1.1. Definition(s) 

As Richard Tremblay, a well-known developmental psychologist focusing on 
childhood aggression, pointed out in his review of 20th century research on the 
development of aggressive behavior during childhood [1], one could argue 
that a major problem with studying this topic is the lack of agreement on a 
definition of aggression. There seem to be at least two main aspects involved 
in the murky definitions: the intent to harm, and the social (un)desirableness 
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of the action. According to Berkowitz [8] and others, aggression is any 
behavior with the intent to inflict physical or mental harm or injury on another, 
whereas Loeber and Stouthamer-Loeber [9] remove the word ‘intent’ and 
define it simply as ‘those acts that inflict bodily or mental harm on others’ (p. 
242). Alternatively, Bandura [10] and others rather define aggression as any 
harmful behavior which is in violation of social norms. One complication of 
definitions incorporating social norms is that observers of the potential 
aggression have to make a judgment call, and this often involves their opinion 
of whether the aggressor intended to hurt the victim. Thus, perhaps we can 
argue that much of the definition debate revolves around this ‘intent to harm’ 
concept, which, as we will see in later discussion of the subtypes of aggression 
(section 2.1.2), gets perhaps murkier still regarding, for example, reactive 
aggression. Therefore, perhaps the more broad definition offered by Loeber 
and Stouthamer-Loeber [9], which is silent on intent, is the more inclusive 
choice in this broad literature review context.     

 
Further semantics would assist here to clarify other aspects of aggression 
terminology. In a meta-analytic review of personality and aggressive behavior 
[11], the term aggression is identified broadly and with the intent aspect 
mentioned above. However, they then go on to distinguish aggressive behavior 
(acts of aggression) from trait aggressiveness. Trait aggressiveness refers, in 
personality psychology literature, to ‘people who are prone to hostile 
cognitions and angry affect as well as a readiness to engage in physical and 
verbal aggression’ (p. 752) [11] [see also 12]. Some of the literature also 
distinguishes between trait and state aggression, with trait variables capturing 
more typical or stable aggressive aspects, whereas state variables capture 
more temporary aggressive aspects. Although one’s personality (our typical 
patterns of behavior, thought, and feelings) is an important aspect in how or 
why we behave the way we do, personality and trait aggressiveness are their 
own distinct field of research, and one that is not the focus of the research done 
here, thus I will maintain focus on aggressive behavior only.   

 
The remaining aspect to define regarding aggressive behavior research is how 
or if we will limit the broadness of the manifestations of the aggressive 
behaviors we study. Some researchers zoom in to focus on specific 
manifestations such as bullying, homicide, or domestic violence. Those bodies 
of research of course help us to better understand those specific (often severe) 
behaviors, but it does not necessarily help us make broader connections and 
understand overarching similarities across all aggressive behaviors. In 
contrast, we can incorporate aggressive behavior with many other seemingly 
similar behavioral problems into an ever-broadening array of categories, 
possibly all the way up to simply ‘socially unacceptable’. Tremblay [1], 
however, acknowledges that these perhaps too-broad categorizations of 
aggressive behavior complicate our study of it. Researchers have used, for 
example, such broader categories as ‘antisocial behavior’, ‘externalizing 
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behaviors’, ‘disruptive behaviors’, ‘problem behaviors’ and ‘conduct 
problems’ to incorporate not only aggressive behavior but also other related 
behaviors and problems. For the purposes of this thesis, we aim to focus only 
on aggressive behaviors when we use said term, and to limit our inclusion of 
the broader categories whenever possible (although for some studies we 
specifically include other externalizing behaviors, their distinctions from 
aggressive behavior are made clear; further discussion on other externalizing 
behaviors occurs in section 2.2.1).  

 
To summarize, the definition distinctions described above and further 
discussion about aggression subtypes (section 2.1.2) can become quite 
confusing in this literature. Therefore, an attempt by me to try to conceptually 
distinguish and relate some of these elements of the aggressive behavior 
literature was made in the form of Figure 1. This diagram clarifies my 
understanding of how all these elements relate to each other, based on my 
review of the literature. For example, the broader aggression-related 
categories mentioned above are indicated in the circle on the left in Figure 1. 
Furthermore, we see the term ‘antisocial behavior’ has been broken into 
‘aggressive behavior’ and ‘delinquency’ categories (‘delinquency’ has also 
been called ‘rule-breaking behavior’ or ‘non-aggressive antisocial behavior’ in 
the literature). This separation appears well supported by research on the 
etiology of antisocial behavior and externalizing problems [see for example 
13, 14]. This thesis mainly deals with the bolded ‘Aggressive Behavior’ and 
‘Direct’ and ‘Indirect’ concepts of Figure 1, but all other aspects will be 
described in the following section 2.1.2.  
 
Figure 1. Diagram of the terminology and concepts surrounding aggressive behavior  
 

 
References used to compile this diagram: [1, 7, 13–21, 24] 
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2.1.2. Subtypes of Aggressive Behavior 

Now that the general definitions of aggressive behavior and related terms 
have been clarified, it is important to define and understand the different ways 
researchers have subcategorized and subtyped aggressive behavior, and how 
these subtypes help us better understand aggressive behavior.  
 
The initial important distinction regarding aggressive behavior subtypes is to 
introduce the fairly well agreed upon dimensions of aggressive behavior, 
what Little et al. [15] call the ‘why’ and the ‘what’ (see Figure 1). The ‘why’ 
refers to the motivation behind the aggressive action: ‘Why did they do it? 
What caused them to behave that way?’, while the ‘what’ refers to the type of 
aggressive action the person performed: ‘What did they do? In what way did 
they aggress against the victim?’ Each of these ‘why’ and ‘what’ categories can 
be further divided into contrasting aspects. First, however, Turgay [16] 
reminds us that any medical ‘why’ that can cause the aggressive behavior 
must be ruled out, since we know epilepsy, dementia, brain tumors, diabetes, 
and other conditions can cause aggressive behavior in patients.  
 
The ‘why’ dimension can be decomposed into proactive and reactive 
aggression subtypes (see Figure 1)[17-19]. Proactive aggression is a goal-
oriented, planned form of the behavior, and is sometimes also called 
‘instrumental’, ‘offensive’, ‘predatory’ (in animal studies), or ‘covert’. In 
contrast, reactive aggression is an impulsive, reactionary form of the behavior 
often arising from anger or frustration, and is sometimes called ‘impulsive’, 
‘defensive’, ‘hostile’, or ‘affective’. Additionally, based on the National 
Institute for Mental Health’s Research Domain Criteria Initiative, this ‘why’ 
dimension might also be considered to have a ‘frustrative non-reward’ 
subtype [20]. This occurs after repeated, failed attempts to obtain something 
desired; however, since it also seems to share some elements of reactive 
aggression and is not well-studied, I will hereafter focus on the two main 
elements in the ‘why’ dimension: proactive and reactive.   
 
Proactive and reactive aggression are highly correlated (r ranging: 0.68–0.87 
based on questionnaire data), however, they are considered to be distinct 
entities [17-19]. They are said to have different origins; proactive is proposed 
to arise from a history of positive reinforcement for aggression in one’s social 
environment [10], while reactive is proposed to arise from one’s 
temperament/personality and/or possibly traumas in the childhood 
environment [21]. Furthermore, reactive aggression appears to be more 
strongly associated with attention and impulsivity problems [22], compared 
to proactive aggression which is more strongly associated with psychopathy 
[22]. Additionally, there do not appear to be strong gender differences 
regarding these two subtypes [6, 23]. Lastly, because these two subtypes rely 
to some extent on knowing the ‘intent to harm’ (or impulse to harm in the case 
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of reactive aggression) of the aggressor, they are more challenging to study 
objectively. 
 
Getting back to the ‘what’ dimension of aggression, this dimension can be 
decomposed into two main categories: direct and indirect (see Figure 1). 
Although strongly intercorrelated (r=0.76), they are still regarded at distinct 
types due to differential associations with maladjustment [7]. Direct 
aggression is visible or overt actions; these can be further categorized as 
physical (e.g., hitting, kicking, pushing) or non-physical/verbal (e.g., yelling, 
name-calling). In contrast, indirect aggression is a more covert action and has 
also been called ‘relational’ or ‘social’ aggression; in general, this subtype 
entails spreading rumors or socially ostrasizing others. There has been debate 
regarding whether the alternative terminologies for indirect aggression are 
synonyms or separate entities, but they are generally considered to be similar 
enough to group together [24]. Overall, there is substantially less research 
done on indirect, compared to direct, aggression, perhaps due to early 
findings suggesting males mostly physically/directly aggressed, and females 
mostly indirectly aggressed [25-28]. However, it has now generally been 
shown that males and females who are aggressive utilize both direct and 
indirect modes of aggression [7, 29].  
 
In reality, each manifestation of aggression, and there are thousands of them, 
involves varying degrees of these different dimensions of aggressive behavior. 
In 1969, Finnish psychology researcher Lea Pulkkinen presented a pioneering 
visualization of a dimensional model of aggressive behavior combining the 
abovementioned dimensions (Figure 2)[19, 30]. She placed the ‘why’ 
dimensions (i.e., defensive/reactive and offensive/proactive) opposite each 
other, and the ‘what’ dimensions (i.e., direct and indirect) opposite each other, 
creating a circular shape. The model additionally takes the intensity of the 
action into consideration, creating an overall cone-like shape to the model. 
This conceptualization reminds us that although we can focus on one or a few 
specific manifestations of aggressive behavior, it is also important to keep the 
broader picture of aggressive behavior in mind, to have a more complete 
understanding of the behavior. However, there is a balancing act, since we 
know that these different subtypes have somewhat different determinants, 
lumping aggression into too broad a category can reduce our ability to 
investigate it effectively [1].   
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Figure 2. Lea Pulkkinen’s dimensional model of aggression 

  
Source: Pitkänen (1969, Figure 1, p. 29). Reproduced with permission. 
 

2.1.3. Theories of Aggressive Behavior 

There are numerous theories of the nature and origin of aggression through 
different lenses [31], including evolutionary, neurological, and psychological 
development. Because these vary in scope and perspective, it is most useful to 
focus on those that provide the best framework for understanding the nature 
and level of aggressive behavior one studies. As this thesis mostly focuses on 
human, particularly child/adolescent, aggressive behavior from a 
psychopathological perspective, I will focus on theories that explain 
psychosocial aspects of aggressive behavior that can lead to abnormal or 
maladaptive problems. However, in section 2.1.4, I also describe some 
biological pathways/mechanisms involved in aggression.   
 
The three main theories of aggressive behavior discussed here are: Bandura’s 
social learning theory, Berkowitz’s frustration–aggression theory, and Crick 
& Dodge’s social information processing theory. Additionally, the two main 
aggression theories that attempt to explain sex differences in aggression are 
described.   
 
Bandura’s social learning theory [10] suggests that people learn aggressive 
responses in the same way they learn other complex social behaviors, by direct 
experience or observing others. At an individual level, this suggests that 
having good (or bad) role models in one’s life will thus have an important 
effect on one’s behavior. At a societal/cultural level, observed gender roles 
can ‘teach’ men and women what kind of behaviors are expected or preferred. 
This theory is particularly useful in understanding and explaining proactive 
aggression, especially the aspect of reward resulting from certain behaviors.   
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Berkowitz’s frustration–aggression theory [8] suggests that negative affect 
arises from aversive events such as frustrations, perceived or actual threats, 
and/or unpleasant noises, temperatures, or smells. The resulting negative 
affect then stimulates certain thoughts, memories, reactions, and physiological 
responses related to both fight and flight responses. Fight-related responses 
produce feelings of anger; flight-related responses produce feelings of fear. 
Additionally, during aversive events, certain cues become linked in one’s 
memory with not only the event, but with the resulting cognitive and 
emotional responses triggered by the event. Thus, responses become 
‘conditioned’ or ‘learned’. This theory is particularly useful in understanding 
and explaining reactive aggression. 
 
The social information processing theory of Crick and Dodge [32] blends 
aspects of Bandura’s and Berkowitz’s theories and describes steps that 
children take during social information processing. Linked in a repeating 
cycle, the steps include (a) interpreting social cues, (b) creating possible 
solutions to perceived problems, (c) evaluating one’s own ability and efficacy 
to manage and perform the solutions, (d) evaluating the likelihood that the 
proposed solutions will result in a positive outcome, and (e) clarifying one’s 
goals in the social situation. Children characterized as exhibiting the reactive 
subtype of aggression have been shown to perceive hostile intent (in step (a) 
from above) in ambiguous situations, but can generally correctly perceive the 
cues of clearly benign and clearly hostile situations [32]. Additionally, this 
hostile attributional style is more likely to occur in children who experience 
peer rejection or harsh parenting [32]. Furthermore, reactive aggression has 
been more strongly associated with creating aggressive responses to situations 
of conflict (in step (b) from above) than proactive aggression [33]. In contrast, 
proactive aggression is associated with problems in later steps of information 
processing (steps (d) and (e))[17]. 
 
The main aggression theories that attempt to explain sex differences roughly 
correspond to the two sides of the classic nature–nurture debate: sexual 
selection theory and social role theory (which relates to Bandura’s social 
learning theory), respectively. Briefly, sexual selection theory has an 
evolutionary explanation (i.e., is not exclusively a human-based theory). 
Males experience competition for access to reproduction (i.e., females) due to 
differences in parental investment; thus, males are more likely to be 
aggressive. Social role theory suggests that gender roles in a society allow or 
encourage differing amounts of aggressive or competitive behavior in men 
and women [34], suggesting males are more likely to be physically aggressive. 
Neither theory alone explains the sex/gender differences/similarities seen in 
human aggression, but Wölfer and Hewstone [35] suggest that sexual 
selection theory explains intrasex aggression well (i.e., within a sex, 
particularly males), while social role theory explains intersex aggression well 
(i.e., between the sexes, particularly male-on-female aggression), and this 



Review of the Literature 
 

22 

seems to hold true across varying levels of ethnic diversity. However, in 
contrast to social role theory expectations, Nivette et al. [36] showed that 
across low- and middle-income countries, as gender inequality increased, 
gender differences in physical aggression decreased; they also found no 
evidence of sexual selection theory as an explanation for the gender 
differences. 
 

2.1.4. Biology of Aggressive Behavior 

While the psychosocial theories of aggressive behavior are important in 
understanding how people process emotions and information leading to 
behaving or not behaving aggressively, it is also important to go down to the 
biological level to see what biochemical pathways and mechanisms are 
contributing with our psychosocial processing. The biology of aggression is 
an enormous area of research, often studied in animals, that spans 
neurocognitive research, biomarkers/biochemistry, (epi)genetics, and more. 
Since this thesis does not utilize any laborotory or bioinformatic techniques, 
and instead focuses on biomarkers from an epidemiological standpoint, I will 
only briefly focus on the main biochemical pathways in aggression: 
neurotransmitters, hormones, and inflammatory biomarkers. 
 
The three main neurotransmitters (and their pathways) involved in 
aggression are serotonin, dopamine, and GABA (gamma-aminobutyric acid). 
Dopamine contributes to initiating aggressive behavior, while serotonin 
contributes to inhibiting the behavior [37]. Reduced activity of the serotonin 
pathway, which regulates the dopamine pathway, leads to elevated activity 
of the dopamine pathway [38]. The molecule mono-amine oxidase (MAO), 
which breaks down serotonin and dopamine, has been shown to be associated 
with aggressive behavior [39]; in genetic studies, a low-activity genotype has 
been associated with higher aggressive behavior [40, 41]. GABA is involved in 
appraising aggression-related cues, as in step (a) of the social information 
processing theory in the previous section. Low GABA plasma levels have been 
found in people with high aggression scores [42]. Lastly, the different 
neurotransmitter systems work together and with other systems to inhibit or 
initiate aggressive behavior, and circulating lipids such as cholesterol 
apparently assist in the communication between the systems. Thus, there is 
evidence that low levels of different lipids have been associated with 
aggressive behavior [39]. 
 
The next main category of biomolecules involved in aggressive behavior are 
hormones: sex steroid hormones, stress hormones and insulin. Regarding 
testosterone, this is the primary steroid hormone responsible for growth and 
maturation of the male (and to a lesser extent female) body, and has been 
positively associated with aggressive behavior, in animals more so than 
humans [43]. Although much attention has been given to this hormone [44], 
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meta-analysis has only shown a weak positive relationship between 
testosterone and human aggression [43, 45]. More recently, a study has shown 
evidence of testosterone being positively linked to not only antisocial, but also 
prosocial, behavior [46], suggesting a much more complicated role than 
originally suggested. Regarding stress hormones, the most important one in 
humans is cortisol, and while results are somewhat inconclusive (especially 
with respect to reactive aggression), generally a pattern of reduced cortisol is 
associated with increased aggressive behavior [39]. This suggests that some 
aggressive behavior results from not assessing risk in a normative way, failing 
to mount a proper stress response to aggressive stimuli. Lastly, insulin can 
play a role in aggressive behavior, among both diabetics [16, 47] as well as 
non-diabetics, with insulin / blood glucose levels being associated with 
measures of anger / anger expression, hositility, and irritability [47-50]. One 
study with a modest sample size suggested that the association between 
insulin and hostility / anger expression may be mostly seen among women 
and not men [50].    
 
Lastly, some cytokine inflammatory biomarkers have been shown to play a 
role in aggressive behavior. Several studies have shown positive associations 
of C-reactive protein and interleukins with aggressive behavior [39, 51, 52]. 
The links between cytokines and mechanisms with aggressive behavior are 
still under investigation, but one study [51] showed that a sample of 
chronically physically aggressive males exhibited reduced levels of pro- and 
anti-inflammatory cytokines; elevated cortisol levels were also found. Cortisol 
has been shown to regulate inflammatory responses [53]. Additionally, 
cytokines have been shown to influence serotonin [54].    
 
As seen, there are already some well-researched biological pathways for 
aggression. However, it seems there is much overlap and communication 
between these systems and these connection(s) are still being investigated. 
Furthermore, our earliest and most well-known molecular pathways (the 
neurotransmitters and testosterone) have actually shown a weak ability to 
explain the variance in aggressive behavior, including regarding sex 
differences. For example, a meta-analysis of serotonin–aggression associations 
showed only a weak negative correlation (r=-0.12), noting that effect sizes 
have diminished over time and that discrepancies exist in the direction or 
strength of the association based on the rater (self-ratings vs other raters)[55]. 
Thus, there is still much to be done regarding the biology of aggression. While 
it is important to advance our understanding of the already known 
biomarkers of aggression, new ones also need to be identified to continue to 
unravel the mysteries of this complex human behavior.  
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2.1.5. Development and Stability of Aggressive Behavior 

One thing that is important to keep in mind about aggressive behavior is that 
nearly everyone behaves aggressively at some point(s) in life. The behavior 
itself is not necessarily pathological, there are some normative levels of 
aggressive behavior in certain situations and over the human lifetime. It is 
when people display levels higher than their peers, and for long periods of 
time, that it is labeled it as abnormal, maladaptive, and/or 
psychopathological.  
 
Longitudinal studies have identified that the peak in physical aggressive 
behavior is in very young age – 18–36 months – and then generally tapers off 
as we get older [1, 56]. Developmental psychologist Richard Tremblay even 
argues that humans are physically aggressive from birth, but that due to 
babies being small, weak and not intending to harm, we tend not to attribute 
infant acts as aggressions, although we could [1]. For indirect aggression, the 
peak in behavior is in middle childhood [57]. However, as we age, we acquire 
more self-control over our actions and emotions and can more easily adhere 
to social norms, thus the general decline in the behavior over time. This, at 
least, is the normative pattern. There has also been suggestive evidence that 
over historical time, levels of aggressive behavior have decreased in general 
[58, 59]. 
 
Regarding sex/gender differences, it is consistently shown that males exhibit 
higher levels of aggressive behavior than females from at least schoolage 
onward [26, 60], with evidence from younger ages being mixed [61]. 
Furthermore, Archer [29] has shown that gender differences in physical 
aggression are largest in early adulthood. Findings have generally shown that 
males are more likely to employ direct aggression and females indirect 
aggression [25-28], though a meta-analytic review called the indirect 
aggression gender difference trivial [7]. Verbal aggression does not appear to 
show a gender difference [25]. Furthermore, it has been shown that children 
tend to be consistent (over time) with the type(s) of aggression they use [62]. 
Regardless, a meta-analysis has suggested that only 5% of the variance in 
aggression is explained by gender differences [63]. Additionally, there have 
been suggestions that the noted sex differences are diminishing over time [59, 
63], although this interpretation has been cautioned [64]. Complicating our 
study of sex differences in aggression is that most early studies focused on 
male-only datasets, however in recent decades there has been a large effort to 
include females in datasets, and more recently to even investigate female-only 
datasets.  
 
Studies have also indicated a general rank-order stability in individuals’ levels 
of aggressive behavior [65, 66], so that if someone is in the top 10% of 
aggressive behavior levels at age 3, they are also likely to be in the top 10% at 
age 7. Thus, while the overall aggressive behavior levels of a cohort are 
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decreasing over time, there are certain individuals who are generally 
performing more of the acts within each age (sometimes described as the 
continuity–discontinuity paradox). However, there are some caveats to note 
in this pattern. First, while in adulthood individual aggression levels are very 
stable, and rank-order stability is high [4], the patterns in childhood are less 
uniform and robust. Childhood aggressive behavior levels do not correlate 
well with adult aggressive behavior levels, except among the most aggressive 
males and children of lower socio-economic status [4, 67, 68]. Patterns of 
continuity from childhood to adolescence, and (separately) from adolescence 
to adulthood do appear robust for males, but less so for females [4, 26]. Kokko 
and Pulkkinen [26] showed that 18% of the variance in adult aggression was 
explained by aggression at age 8–14 years. Taken together, at least adolescent 
aggressive behavior appears a good predictor of adulthood aggressive 
behavior, especially with multiple assessment methods (e.g., using multiple 
raters of behavior) and multiple timepoints [4]. 
 
Additionally, some research has suggested that there is generational stability 
of aggressive behavior, so that children with parents and grandparents who 
have higher levels of aggressive behavior often have higher levels of 
aggressive behavior themselves [69, 70]. Explanations for this include both a 
social learning perspective and genetic perspective [65]. Indeed, the 
heritability of aggression in children and adults has been shown to be around 
50% [71], indicating a strong genetic component to this behavior though the 
genetic basis remains to be revealed. Additionally, while sex differences in the 
genetics of aggressive behavior have been shown [72], a larger longitudinal 
study concluded there were no qualitative sex differences, though 
quantitative sex differences in heritability did exist, however, they generally 
decreased with age [73]. 
 
Lastly, during adolescence, some of the abovementioned developmental 
patterns become complicated. In pioneering psychologist Terrie Moffitt’s oft-
cited theory [74] on antisocial behavior (of which aggressive behavior can be 
a part, see Figure 1), she describes the paradox of antisocial behavior showing 
both high continuity and prevalence changes over age, with a high temporary 
peak in adolescence. She describes that some antisocial behavior is normative 
in adolescence, but goes on to delinate two specific problematic types of 
antisocial behavior. The life-course persistent (or, early-onset) pattern more 
often leads to pathological problems and negative outcomes, while the 
adolescence-limited pattern is more temporary. However, focusing on the 
aggressive behavior piece of antisocial behavior, studies have found no strong 
evidence of physical aggression onset after age six [60], meaning this 
adolescence-only pattern is unsupported for physical aggression [65]. 
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2.1.6. Predictors and Outcomes of Aggressive Behavior 

While thus far I have described aggressive behavior in general, here I start to 
focus on problem levels of aggressive behavior (i.e., above normative levels; I 
will look at how problem levels are measured in section 2.5.1) and look at what 
comes before (predictors) and what comes after (outcomes) chronically 
exhibiting aggressive behavior. Although Tremblay et al. [56] has shown that 
by age 17 months 80% of children’s mothers reported onset of physical 
aggression, the vast majority of young children will desist in their aggressive 
behavior before school age; only about 2–16% of children will have aggressive 
behavior problems in childhood [75]. However, the earlier the onset of 
problem levels of the behavior, the higher the risk for persistent/chronic 
aggressive behavior [60, 65]. It is important to understand the factors that help 
us identify those children who will go on to have serious problems related to 
aggression. These factors can be called predictors or indicators or antecedents 
or risk factors, but its important to remember that these are not for normative 
levels of aggressive behavior, these are for levels of aggressive behavior that 
go on to cause problems for the individuals, their social circle (i.e., family and 
friends), and their community (e.g., school or neighborhood).  
 
In Table 1, I have gathered together a sample of studies that have identified 
predictors of problem aggressive behavior. This is not meant to be an 
exhaustive or systematic review. As mentioned in section 2.1.1, the definitions 
used to study aggressive behavior can be too narrow or wide, making uniform 
review of this topic challenging. I here generally tried to gather studies that 
had performed longitudinal analyses so that they were able to examine a 
timepoint before aggressive behavior problems became chronic. I also focused 
the predictor investigation on aggressive behavior or conduct problems only 
(not psychiatric diagnoses or comorbidities, where possible), so as not to have 
a definition of aggression that was too broad. Many studies looked at specific 
subtypes of aggression, and some may have results specific to only one gender 
(as noted).   
 
Table 1. Predictors of problem aggressive behavior, by subtype 

Aggression Subtype  Predictor (ref) 

Aggression, non-specific Fearlessness [76]; 
Stimulation-seeking [76]; 
Large body size [76];  
Change in family structure (e.g., divorce)  
[77*]; 
Negative parenting [78*, 79*]; 
Family stress [78*]; 
Family criminality [79*]; 
Alcohol use [80*]; 
Low family income [79*]; 
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Poor academic achievement/Low IQ [79*, 81, 
82] 

Reactive  Exposure to traumas, neglect, isolation [21, 83];  
Attention problems [83]; 
Strong emotionality [83]; 
Poor executive function [84]a 

Proactive Aggressive role models [21] 

Direct, Physical Male gender [57, 67]; 
Poor executive function [84]b; 
Low maternal education [67, 85*]; 
Maternal antisocial behavior [86]; 
Mother who had children at young age [57, 86]; 
Maternal smoking during pregnancy [86]; 
Poor parenting strategies (hostile, coercive, 
ineffective) [57, 67, 86]; 
Family dysfunction [86]; 
Low family income [67, 86]; 
Having a younger sibling [86] 

Indirect Poor executive function [84]; 
Female gender [57] 
 
For girls:     
       Low family income [27]; 
       Low parental social support [27] 
 
For boys: 
       Parenting issues (poor interaction, 
inconsistency) [27] 

*Male-only sample or male-focused review 
aStudy also tested proactive aggression, but did not find the association 
bConnection to physical aggression was mediated through habitual anger experience 
 
From Table 1, most predictors of problem aggressive behavior are related to 
the family (e.g., home environment, maternal factors, parenting styles), 
personal traumas, and personality/temperament traits. Additionally, gender 
differences, if able to be measured at all (some studies were male-only 
datasets), appeared mixed. For example, one study [84] found no gender 
differences, while other studies appeared to find gender differences for 
physical and indirect aggression. Gender differences were not noted 
regarding reactive or proactive aggression.  
 
In understanding the predictors of problem aggressive behavior, who to target 
for preventive and intervention measures can be clarified to try to avoid future 
harm. This harm comes in many forms. Of course, there is the harm that comes 
to the victim, but aggressive behavior is also a problem for the aggressor and 
society. Table 2 presents a selection of the outcomes related to aggressive 
behavior. This is again not meant to be an exhaustive or systematic review. I 
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here gathered studies that had performed longitudinal analyses on aggressive 
behavior or conduct problems. Some studies looked at specific subtypes of 
aggression, and most looked at datasets with both genders (as noted).   
 
Table 2. Outcomes of aggressive behavior, by subtype 

Aggression Subtype Outcomes (refs) 

Aggression, non-specific Peer rejection [87]; 
Strained child–teacher relationship [87]; 
School maladjustment [88]; 
Educational attainment [89]; 
Long-term unemployment [88]; 
Divorce [90]; 
Substance (ab)use [3, 88, 91-95]; 
Risky sexual behavior [3, 94]; 
Youth pregnancy [3]; 
Mental health problems  [3, 91, 96*]; 
Attempted suicide [91]; 
Traffic violations [69]; 
Delinquencya [95, 97]; 
Crime [3, 91, 96*, 98, 99]; 
Domestic violence [3, 69] 

Reactive Peer rejection [83] 

Proactive Peer rejection [83];  
Delinquencyb [100*]; 
Crime [101]b 

Direct, Physical For boys: 
       Criminal offending [60] 

*Male-only dataset 
aFor Roff et al., the association is only for males 
bThe studies also specifically found no significant link between reactive aggression and 
delinquency/crime 
 
From Table 2, outcomes of aggressive behavior involve many areas of life, 
from increased risky behavior (substance use and sexual health risks) which 
can lead to substance abuse and teen pregnancy, to mental health 
problems/disorders, to criminal offending or violence against oneself and 
others. Additionally, within the listed studies, gender differences appear 
mixed. For example, some studies [3, 95] noted no gender differences in 
outcomes, while others [60, 97] noted that delinquency/criminal offending 
was more common for highly aggressive males than females. Lastly, 
regarding the entertwined aggression–IQ/academic performance association, 
while negative education-related outcomes are seen on Table 2 (and the 
related outcome of unemployment), Fergusson et al. [3] showed that once 
adjusted by confounders (i.e., adverse childhood environment/events, 
demographics, co-occuring behavioral/emotional problems, and cognitive 
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ability), the adult education/employment outcomes of childhood conduct 
problems became statistically non-significant.  
 
On a positive note, Kokko et al. [88] have shown that child-centered parenting 
and prosocial behavior can lower the risk of aggressive children becoming 
long-term unemployed in adulthood.  

2.2. Behaviors and Problems Related to Aggression 

In this section, I widen the scope of research to situate aggressive behavior in 
the greater context of human behavior. In 1966, psychologist Thomas 
Achenbach coined the terms ‘externalizing behaviors’ (of which aggressive 
behavior is a part; Figure 1) and ‘internalizing problems’, which are used to 
characterize many of the child/adolescent social adjustment and mental 
health problems [102]. I will focus on these categorizations, and also discuss 
prosocial behavior, which is a positive and beneficial behavior relating to 
social adjustment and mental health. Additionally, I discuss how these are 
related to each other generally, and to aggressive behavior specifically. 
 

2.2.1. Externalizing Behaviors 

In Achenbach’s original analysis [102], using child psychiatric case reports, he 
amassed a list of symptoms and separated them into the broad-band 
dichotomous categories ‘externalizing’ and ‘internalizing’ by using factor 
analysis. Since the categorization was first introduced, more than 75,000 
publications have utilized it [103]. Externalizing symptoms are disinhibited 
externally focused behaviors, and can be aggregated into aggressive behavior 
and rule-breaking behavior and sometimes hyperactivity and attention 
problems. The categorization is hierarchical in that you can investigate specific 
symptoms, or aggregate symptoms into narrow-band subcategories such as 
‘aggressive behavior’ or aggregate all externalizing symptoms together into 
the broad-band ‘externalizing’ category. The reasons to aggregate or not 
depends on the research question being asked, since there are etiological and 
other distinctions between the (sub)categories [103-106]. Additionally, an 
emerging concept aggregating both externalizing and internalizing categories 
under one ‘general psychopathology’ dimension – the p factor – will also be 
discussed in section 2.3.1.  
 
To illustrate the subcategories of externalizing behavior, I provide an example 
question from Achenbach’s well-known and well-used Child Behavior 
Checklist (CBCL) [107] that gets at each (other questionnaires will be 
discussed in section 2.5.1). For aggressive behavior, a typical question asks if 
the child ‘threatens people’; for rule-breaking behavior, if the child engages in 
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‘lying or cheating’; for hyperactivity, if the child ‘talks too much’; and for 
attention problems, if the child ‘can’t concentrate/can’t pay attention for long’. 
A review has shown that boys tend to score higher on externalizing problems 
than girls, across multiple raters and multiple countries [108]. 
 
Because of how the externalizing category was created and conceptualized, it 
is perhaps not surprising that externalizing behaviors are correlated with each 
other. One study [109], for example, found correlations ranging 0.48 to 0.76 
between aggressive behavior and rule-breaking behavior, depending on sex 
and rater, and another [110] reported correlations of 0.54 between aggressive 
behavior and rule-breaking behavior and 0.55 between aggressive behavior 
and attention problems, using the CBCL. Direct/physical aggression, in 
particular, has been shown to co-occur with other externalizing problems [7, 
111]. Additionally, Pulkkinen [23] showed that proactively aggressing boys 
were prone to other externalizing problems.  
 
Regarding outcomes, children with aggressive behavior and other co-
occurring externalizing problems often have more negative outcomes, such as 
peer rejection, school drop-out, unemployment, delinquency, and substance 
(ab)use [112-114], which are often more persistent or severe [85]. One female-
only study [111] found that aggressive–hyperactive schoolgirls were at 
increased risk for later teen pregnancy and being on welfare assistance. 
Additionally, a study [115] showed that aggressive behavior with 
hyperactivity was associated with impaired cognition, while aggressive 
behavior only was mostly situation-specific and did not show association with 
impaired cognition.  
 
Although aggressive behavior alone does occur, co-occurrence with other 
externalizing behaviors seems common (10–20% vs 80–90%, respectively 
[116]). Thus far, research has generally focused on the more severe and 
psychiatric comorbid problems and not as much on patterns of co-occurrence 
with general externalizing behavior, which can be helpful to provide context 
for the more serious problems. Additionally, research on gender differences 
related to co-occuring behaviors is less common. 
 

2.2.2. Internalizing Problems 

Internalizing symptoms are overinhibited or internally focused problems, and 
can be aggregated into anxiety, depression, and somatic problems. Somatic 
problems include symptoms like headaches, stomach aches, and sleep 
problems. Anxiety can be characterized in many different ways, in broad (e.g., 
including depressive symptoms: anxious/depressed) or narrow (e.g., social 
anxiety) categories. To illustrate the subcategories of internalizing behavior, I 
provide an example question from the CBCL [107] that gets at each. For 
anxiousness, a typical question asks if the child ‘fears he/she might think or 
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do something bad’; for depressiveness, if the child is ‘withdrawn or doesn’t 
get involved with others’; and for somatic problems, if the child experiences 
‘aches and pains without medical reasons’. A review has shown that girls tend 
to score higher on internalizing problems than boys, across multiple raters and 
multiple countries [108]. 
  
Regarding co-occurrence, one study [110] reported internalizing problem 
correlations of 0.45 between withdrawn/depressed and anxious/depressed, 
0.24 between withdrawn/depressed and somatic problems, and 0.37 between 
anxious/depressed and somatic problems. Furthermore, correlations between 
aggressive behavior and withdrawn/depressed, anxious/depressed and 
somatic problems were 0.28, 0.46, and 0.26, respectively [110]. A meta-analytic 
review [7] showed that indirect aggression, in particular, is associated with 
internalizing problems. Additionally, Pulkkinen [23] showed that proactively 
aggressive girls were more prone to internalizing problems.  
 
Regarding outcomes, children with aggressive behavior and co-occurring 
internalizing problems often have more negative outcomes. One Finnish 
study [96] showed that boys with both conduct and internalizing problems at 
age eight were at the highest risk for psychiatric disorders, criminal offenses 
and self-reported problems in adulthood. Ladd et al. [87] followed young 
schoolchildren for three years and found that children with both aggressive 
and withdrawn behavior were most likely to be lonely, dissatisfied, friendless, 
disliked, victimized, and have a poor student–teacher relationship.  
 
These problems with co-occurrence are important to better understand. Some 
children with behavioral/emotional problems do seem to have 
isolated/singular problems, while many have co-occuring internalizing (or 
externalizing) problems, and there is another group: those who have co-
occuring internalizing and externalizing problems (28–57% in [116]). One 
study [117] showed that 19–23% of their sample of young schoolchildren had 
only internalizing problems, 21–22% had only externalizing problems, while 
48% had both internalizing and externalizing problems. Futhermore, they 
showed that those with only internalizing problems were the most likely to 
improve over time, while the kids with only externalizing problems had a 25% 
probability of moving into the ‘comorbid’ category. Thus far, research has 
generally focused on the more severe and psychiatric comorbid problems and, 
additionally, less research exists on gender differences related to co-occuring 
behaviors. 
 

2.2.3. Prosocial Behavior 

Prosocial behavior does not have any one definition in the literature. It 
generally encompasses abilities of constructive behavior such as conflict 
resolution skills, helping, sharing, cooperating and self-control of negative 
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emotions [4], and is stable over time [118]. A predictor of prosocial skills is a 
close parent–child relationship [118]. In 1984, Eron et al. suggested that 
prosocial and antisocial behavior were opposite ends of a single dimension of 
behavior, since they are consistently negatively correlated [118], however, this 
has been called into question [119]. Indeed, it has been shown that individuals 
with aggression problems but without deficits in prosocial behavior exist, and 
often they have better outcomes [88, 120, 121]. Additionally, low prosocial 
skills alone have been shown to be predictive of later arrests [118, 120]. In 
combination, however, individuals with both aggressive behavior and low 
prosocial skills are the most at risk for later criminality [121].  
 
In general, girls have been shown to have higher prosocial skills than boys 
[122]. This somewhat relates to the meta-analytic finding that direct 
aggression (which boys are more likely than girls to exhibit) is associated with 
poor peer relationships [7]. Additionally, the same meta-analysis also showed 
that indirect aggression is associated with higher prosocial behavior, while 
also highlighting that the gender difference in indirect aggression levels is 
neglible. Thus, the relationship between aggressive and prosocial behavior 
regarding gender is still yet to be fully clarified.   

2.3. Neuropsychiatric Aggression Disorders 

Only a fraction of aggressive behavior problems become severe enough and 
long-lasting enough to require psychiatric assessment/intervention. These 
severe disorders of aggressive behavior are not the main focus of the thesis 
work, however, it is important to understand some of these diagnoses in the 
context of aggressive behavior development, how severe aggressive behavior 
can get, and that these disorders are generally associated with the more 
negative outcomes mentioned in section 2.1.6.  
 

2.3.1. P Factor 

As mentioned in section 2.2.1, the concept of a ‘p factor’ was proposed by 
Caspi et al. [123], aggregating externalizing, internalizing, and thought 
problem categories under one ‘general psychopathology’ dimension. This p 
factor is generally used in the context of mental health disorders, and appears 
to better explain psychiatric disorders than separating them into the 
externalizing, internalizing, and thought problem subcategories. The 
Diagnostic and Statistical Manual of Mental Disorders (DSM) [75], now in its 
5th edition, has traditionally listed psychiatric disorders as distinct entities, 
although in the 5th edition comorbidity was taken into consideration. Indeed, 
as noted in sections 2.2.1 and 2.2.2, co-occurrence at non-pathological levels 
between the different behavioral and emotional problems exists, and 
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Achenbach et al.’s [103] review suggests that analyses should include both 
internalizing and externalizing problems to be able to control for co-
occurrence. Additionally, recent genetic assessment, using four different 
methods, has shown that the p factor explains 22–57% of the variance in the 
psychiatric disorders tested (e.g., major depressive disorder, bipolar disorder, 
substance abuse disorder, attention-deficit/hyperactivity disorder), 
depending on the method used [124]. However, there is still much variance 
left unexplained and there are known etiological differences between certain 
disorders, which still warrants investigating these problems in deaggregated 
ways alongside aggregation [125].  
 

2.3.2. Adolescent Neuropsychiatric Disorders 

In this section, I will briefly review a selection of the most relevent adolescent 
psychiatric disorders that pertain to aggressive behavior, namely, 
oppositional defiant disorder (ODD), conduct disorder (CD), attention-
deficit/hyperactivity disorder (ADHD) and briefly discuss psychopathic 
traits (as they pertain to CD). 

 
ODD is defined, in the DSM 5, as a ‘pattern of angry/irritable mood, 
argumentative/defiant behavior, or vindictiveness’ lasting at least six months 
exhibited by at least four of the eight listed behaviors, including ‘often argues 
with authority figures/adults’ and ‘often loses temper’, during interactions 
that do not exclusively include a sibling  [75]. In a nation-wide American 
survey [2], ODD lifetime prevalence was 11.3% for girls and 13.9% for boys, 
with prevalence at age 13–14 being 12.0%, age 15–16 12.6%, and age 17–18 
13.6%. In a review of ODD including American, Canadian and New Zealand 
datasets [126], slightly lower prevalences were generally noted and gender 
differences were either non-evident or slightly more likely in boys. In a review 
on ODD [127], a debate appears to exist with ODD either being considered 
somewhat distinct and generally having a good prognosis, and ODD being, in 
some cases, a stepping stone to CD due to ODD children being four times 
more likely to go on to have CD than non-ODD children. However, this 
‘progression’ from ODD to CD is less clear for girls [127].   
 
CD is defined in the DSM 5 as a ‘repetitive and persistent pattern of behavior 
in which the basic rights of others or major age-appropriate societal norms or 
rules are violated’ exhibited by at least 3 of the 15 listed behaviors, including 
‘often initiates physical fights’ and ‘is often truant from school’, during the last 
12 months, with at least 1 behavior in the last 6 months [75]. In nation-wide 
American survey [2], CD lifetime prevalence was 5.8% for girls and 7.9% for 
boys, with a prevalence of 4.4% at age 13–14, 7.5% at age 15–16, and 9.6% at 
age 17–18. It also indicated that the median age of onset for behavioral 
disorders was 11 years. However, one study [128] showed that for children 
with CD, as age increased, aggressive behavior became less common while 
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non-aggressive symptoms increased. A review [126] suggested that once ODD 
or CD behavior is apparent in girls, the stability appears higher than boys. 
Girls with CD appear possibly more at risk than boys to develop co-occuring 
internalizing problems [126]. Additionally, Loeber et al. [9, 126] noted that the 
onset of CD is particularly early in boys with ADHD.  

 
Within the DSM 5 diagnosis for CD, there is a specifier regarding 
psychopathic traits. These traits include lack of empathy, emotion, or feelings 
of remorse or guilt (also called ‘callous-unemotional’ traits) [75]. Blair et al. 
[129] notes that less than half of children with CD exhibit callous-unemotional 
traits and often have a worse prognosis than children without these traits (see 
also [130]). Blair et al. [129] also characterizes CD into two subgroups: those 
with callous-unemotional traits, and those with heightened threat sensitivity 
and reactive aggression.   

 
ADHD is defined in the DSM 5 as a ‘persistent pattern of inattention and/or 
hyperactivity-impulsivity that interferes with functioning or development’ as 
exhibited by six or more inattention symptoms and/or hyperactivity and 
impulsivity symptoms for six or more months to a degree that is non-
normative [75]. In a nation-wide American survey [2], ADHD lifetime 
prevalence was 4.2% for girls and 13.0% for boys, with a prevalence of 8.8% at 
age 13–14, 8.6% at age 15–16, and 9.0% at age 17–18. Comorbidity among 
children with ADHD is common [131], with no significant differences between 
genders regarding comorbid externalizing disorders [132]. Blair et al.’s [129] 
review of CD indicated that half of children with ADHD have an anxiety 
disorder, and more than that have either CD or ODD (see also [133]). The 
review also discussed that while some of the literature shows a typical 
progression from ADHD to ODD and then CD (see also [134]), this is not the 
only pathway to CD and later serious outcomes, nor does it indicate that most 
children with ADHD or ODD go on to have CD.  
 

2.3.3. Adult Neuropsychiatric Disorders 

In the previous section, psychiatric disorders that are diagnosed in 
childhood/adolescence were the focus, although ADHD can also be a 
disorder of adulthood. Since it is often comorbid with CD and ODD, I chose 
to introduce it in the previous section. I also note that there is an aggressive 
behavior disorder called intermittent explosive disorder (IED), which can be 
diagnosed in childhood as well as adulthood. IED involves ‘recurrent 
behavioral outburst[s] representing a failure to control aggressive impulses’ 
as manifested by either verbal or physical aggression (that does not involve 
damage or destruction) toward property, animals, or people, roughly twice or 
more per week for a 3-month period, or 3 behavioral outbursts involving 
injury or destruction to property, animals, or people within a 12-month period 
[75]. This disorder, however, is not a focus of this thesis. Here, I will mainly 
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focus on the adult psychiatric disorder called antisocial personality disorder 
(ASPD) and its relationship with aggressive behavior.

ASPD is one of ten personality disorders classified in the DSM, and is part of 
the B cluster (of A, B, and C) that includes borderline, narcissistic, and 
histrionic disorders. The DSM 5 says ASPD is a ‘pervasive pattern of disregard 
for and violation of the rights of others’, with evidence of conduct problems 
typically before age 15, as indicated by 3 or more of 7 listed behaviors (e.g., 
irritability and aggressiveness, deceitfulness, impulsivity, consistent 
irresponsibility). The individual has to be at least 18 years old to receive the 
ASPD diagnosis and the occurrence of behavior cannot happen only during 
bipolar or schizophrenic episodes. Approximately 50% of children with 
disruptive disorders (e.g., CD, ADHD) go on to have ASPD (see Figure 3, for 
a visual representation of the associations between ASPD and CD, ODD, 
ADHD) [129, 133]. In an American review of the epidemiology of ASPD [135], 
while 25% of adults exhibit ‘syndromal antisocial behavior’ only 4.3% of the 
adult population has ASPD: 6.4% for men, 2.4% for women. Among the prison 
population, however, 47% of men and 21% of women have been found to have 
ASPD [136]. A later age of onset for ASPD for women is indicated in the 
literature [137]. Individuals with ASPD are at increased risk of disability, 
excess mortality, medical illnesses and injury, as well as criminality [135]. 
ASPD responds poorly to treatment, however, the symptoms typically 
improve or cease by midlife [135], although this interpretation is cautioned by 
Balsis et al. [138] who suggest that there may be measurement bias in the DSM 
criteria, as it mainly contains young adult behaviors. 

Figure 3. Diagram of overlap among six clinical entities (anxiety disorder, callous-
unemotional traits, conduct disorder, ADHD, ASPD, ODD)

ADHD: attention-deficit/hyperactivity disorder; ASPD: antisocial personality disorder; 
ODD: oppositional defiant disorder
Size of each circle represents the relative prevalence of the clinical entity in the community. 
Reproduced with permission from New England Journal of Medicine [129], Copyright 
Massachusetts Medical Society.
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Comorbidity of ASPD with other disorders (such as substance use disorder, 
generalized anxiety disorder, depressive disorder, and posttraumatic stress 
disorder) is also common [135]. As with CD, there is a substantial portion of 
individuals with ASPD who have psychopathic (callous-unemotional) traits 
(Figure 3)[129]. Because of the co-occurrence with other disorders and 
symptoms, some have suggested that there may be subtypes ASPD [22], but 
using latent factor analysis, Bucholz et al. [139] showed that findings for both 
men and women do not support this, instead the disorder appears to exist 
along a continuum of severity [140].  
 
Regarding prediction of ASPD, the picture is incomplete. Studies often 
investigate only antisocial behavior (not the ASPD diagnosis) or have used 
male-only, prison population or clinical population samples, which hampers 
generalizability. Gender differences in ASPD require clarification because 
although women are less likely to have ASPD, a Finnish prison study on 
homicide offenders found that ASPD increased the odds of being an offender 
by 10-fold in men, but 50-fold in women [141]. Additionally, predictors of 
ASPD still require clarification. Caspi et al. [91] has shown that 
undercontrolled (i.e., externalizing problems) 3-year-olds have a small but 
increased risk of ASPD later in life. Some studies have shown that CD but not 
ADHD predicts ASPD [130, 142, 143], while some have shown that both 
predict ASPD [81]. Depressive symptoms [77, 130] and callous-unemotional 
traits [130] have also been shown to predict ASPD. Finally, regarding 
subtypes, both reactive and proactive subtypes have been associated with 
ASPD [144], and covert but not overt CD symptoms improve prediction of 
ASPD [142].  

2.4. Assessment of Aggressive Behavior 

As seen in the above sections, there are many different aspects to consider 
when studying aggressive behavior. Thus, it is likely unsurprising that there 
are numerous ways to assess aggressive behavior. Here, I will discuss the 
relevant measurement instruments (questionnaires and interviews) and 
biological measurement approaches, as well as discuss differences that arise 
based on our choice of who rates the aggressive behavior and in which 
population it is studied in. It is important to understand the tools to capture 
the different aspects of aggressive behavior so that studies can be properly 
designed to most effectively improve our understanding of aggression. 
 

2.4.1. Aggressive Behavior Instruments 

There are dozens if not 100+ instruments to capture and characterize 
aggressive behavior. One review on aggressive behavior assessment reminds 
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us that some measurement methods capture trait aggression, others state 
aggression, and that there are different methods of data collection: self-report, 
observer-reported, interviews, projective tests, and laboratory methods [145]. 
Another review focusing on proactive and reactive aggression presents some 
instruments that exist to capture those subtypes specifically [33]. Some 
instruments capture related concepts like anger, hostility, psychopathology, 
antisocial behavior, and are used to study aggression. There is also the 
purpose of the questionnaire to consider; is it for tracking psychological 
development and maladaptive deviations, a screening tool for 
psychological/psychiatric referral, or a proxy for diagnosis? 
 
There are six different instruments for aggressive behavior assessment used 
in this thesis, many of them are well-known and commonly used for 
psychological development, psychopathological, and/or psychiatric 
assessment purposes. In this section, I will briefly introduce each one. 
 
The Achenbach System of Empirical-Based Assessment (ASEBA) was 
designed to measure behavioral and emotional problems in childhood, 
adolescence and adulthood and comprises a family of questionnaires for 
different raters at different ages of the individual in question [146, 147]. It is 
one of the most well-known and well-used instruments available for 
psychopathological research, used in over 57 countries [108, 148]. Achenbach 
(the system’s creator) is often reviewing the system and the literature and 
making new recommendations and improvements, usually for clinical 
purposes [103, 148-151]. This thesis utilizes the Child Behavior CheckList 
(CBCL), the Youth Self-Report (YSR), the Teacher Report Form (TRF), and the 
Adult Self-Report (ASR). These questionnaires are approximately 100 items in 
length, and based on factor analysis, approximately 8 syndrome scales and 2 
broadband scales are formulated (varies depending on the questionnaire). The 
broadband scales (Externalizing and Internalizing) encompass some of the 
syndrome subscales (Externalizing: Aggressive Behavior (~20 items) and 
Rule-Breaking (~12 items); Internalizing: Anxious/Depressed (~16 items), 
Withdrawn/Depressed (~8 items), Somatic Complaints (~9 items)), with the 
remaining syndrome scales being Attention Problems (~26 items), Social 
Problems (~11 items), and Thought Problems (~1 item). Subscale score cut-
offs based on gender and country exist for suggesting a child is in the ‘normal’, 
‘borderline’, or ‘clinical’ range. 
 
The Autism–Tics, ADHD and other Comorbidities inventory (A-TAC) 
captures neurodevelopmental disorders and associated conditions in children 
[152]. It can be used as a diagnostic proxy (with existing cut-offs), but is not a 
stand-alone diagnostic tool. The A-TAC is a comprehensive screening 
interview via the telephone that includes 96 items comprising 20 modules, 
which correspond to diagnostic domains such as Conduct Disorder (5 items), 
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Attention Deficit/Hyperactivity Disorder (19 items), and Oppositional 
Defiant Disorder (5 items).   
 
The Devereux Child Behavior (DCB) captures problem behavior in children 
[153]. It is used to assess psychopathology based on DSM criteria. The short 
version of the DCB includes 42 items comprising 7 scales: Emotional Liability 
(5 items), Social Isolation (3 items), Aggressive Behavior (7 items), Attention 
Problems (5 items), Anxiety Problems (6 items), Dependency (5 items), and 
Physical Coordination (5 items). This questionnaire has evolved since its 
creation into the Devereux Behavior Rating Scale and the Devereux Scales of 
Mental Disorders. 
 
The Multi-dimensional Peer Nomination Inventory (MPNI) was developed by 
Finnish developmental psychologist Lea Pulkkinen for tracking longitudinal 
psychological development [104]. It has not been used outside of Finland, 
though it has been used in cross-cultural comparisons with other instruments 
[89, 121, 154]. Compared to the CBCL, the MPNI covers a more broad range 
of child social adjustment (both active and passive) [104]. The MPNI is a 37-
item questionnaire originally developed for use among peers of school-age 
children, but has been modified for other raters: parents, teachers, and 
children about themselves or their siblings (see Appendix 1). The subscales of 
the MPNI were derived from factor analysis, which identified three main 
factors: behavioral problems (i.e., externalizing problems), emotional 
problems (i.e, internalizing problems), and adjustment (i.e., prosocial 
behavior). These factors can be further subdivided into 9 subscales: aggression 
(6 items), impulsivity-hyperactivity (7 items), inattention (4 items), depression 
(5 items), social anxiety (2 items), victimization (1 item), constructiveness (5 
items), compliance (4 items), social activity (3 items). Additionally, the 
aggression subscale comprises both direct (4 items) and indirect (2 items) 
subtypes of aggression.  
 
The Strengths and Difficulties Questionnaire (SDQ) was designed to be a short 
(25 item), user-friendly tool to measure psychosocial problems and strengths 
in children and youth [155]. The SDQ comprises five scales with five items 
each: Conduct Problems, Hyperactivity-Inattention, Emotional Problems, 
Peer Problems, and Prosocial Behavior. The externalizing subscale comprises 
Conduct Problems and Hyperactivity-Inattention, and the internalizing 
subscale Emotional Problems and Peer Problems. The SDQ creator 
(Goodman) indicates that for many purposes the SDQ functions as well as the 
ASEBA system, correlating highly with it, but is shorter to administer [156]; it 
can be used as a screening tool. 
 
Lastly, the Semi-Structured Assessment for the Genetics of Alcoholism 
(SSAGA) is a one-on-one psychiatric interview [157, 158]. It is a validated 
multi-diagnostic instrument that collects information on several psychiatric 
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disorders based on DSM-IV criteria. Although the instrument most 
extensively covers alcohol-related disorders, it also covers other psychiatric 
disorders such as CD and ASPD.  
 
Many of these instruments are typically used for clinical screening or proxy 
diagnosing, but others function to describe a wider range of normative to 
maladaptive levels of child behavior and problems (e.g., ASEBA, MPNI, SDQ). 
Some studies exist to directly compare [149, 159] or even harmonize [160] the 
more well-known instruments, but since so many instruments exist, this effort 
is challenging and has been rare. Achenbach et al. [161] suggests that cross-
instrument (cross-rater) correlations are moderate (r=0.3) for externalizing 
and internalizing problems. One area where this comparison data becomes 
important is in phenotyping in biomarker and (epi)genetic studies. In order to 
obtain quality biomarker or genetic results, a clear understanding of the 
phenotype being studied is required since most biomarker or genetic studies 
require pooling together large amounts of participants in order to find 
meaningful results, and the samples often include studies that used different 
instruments. Without knowing how the instruments capturing ‘aggressive 
behavior’ are related to each other, it makes interpretation difficult.  
 

2.4.2. Approaches to Discover Biomarkers of Aggression 

Just as there are multiple instruments for collecting phenotypic aggressive 
behavior data, there are many ways to investigate aggression from a biological 
standpoint. Typical methods have been candidate biomolecular pathways and 
genes, or molecular experiments using animal models [162, 163]. In recent 
decades, (epi)genome-wide association studies have been used [71, 164], and 
more recently biomarkers have been a focus [39]. The term biomarker can be 
used very broadly (e.g., to include epigenetic marks), but here it refers to 
metabolites, the result of the use of the proteins that are coded for by 
DNA/RNA in biological pathways. Metabolites are intermediate or end-
products in pathways that can provide information on not only what genes 
are involved in a phenotype, but which part(s) of the biological pathway are 
affected. Biomarkers have been the focus of research for many diseases, and 
have more recently been used in psychiatry [165].   
 
The two main approaches for characterizing biomarkers involve either mass 
spectrometry (MS) or nuclear magnetic resonance spectroscopy (NMR). These 
two techniques are complementary, with differing strengths and limitations 
(see Table 3). NMR has been gaining in popularity in biomarker research 
during recent years due to its ease of sample handling, ability to use a variety 
of fluids such as blood, urine, cerebrospinal fluid, and lower time and 
monetary costs [166, 167]. It also allows for a hypothesis-free approach to 
investigating biological systems, something that is useful when trying to 
generate new hypotheses that can then be followed up more deeply with 
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molecular or other types of approaches. A 2016 review suggested that NMR 
should be applied to metabolite investigations pertaining to aggression [39], 
however few such studies have thus far been published [168]. 
 
Table 3. Comparison of mass spectrometry (MS) and nuclear magnetic resonance 
spectroscopy (NMR)a 

Approach Strength Limitation 
MS More sensitive than NMR Possible bias from 

chromatographic 
separations 

 Covers wider range of 
metabolites than NMR 

Uncertainty in metabolite 
ability to create a 
detectable peak 

 High selectivity (well-
suited to targeted 
analyses) 

Demanding sample 
preparation and 
measurement 

   
NMR Minimal and easy sample 

handling 
Often 10–100 times less 
sensitive than MS 

 Easy quantitative analysis 
of metabolite 
concentrations 

Non-selective analysis 
(peaks overlap) 

 Built-in redundancies for 
metabolite identification 

 

 High level of 
reproducibility 

 

 Non-destructive to 
sample 

 

a based on information from [166, 167] 
 

2.4.3. Assessments by Different Raters 

To obtain information on aggressive behavior, it needs to be decided who to 
collect data from. The individual in question can self-report on their behavior, 
but depending on their age/maturity, personal bias, and societal stigma 
possibly leading to underreporting their problem behaviors, they may not be 
the most reliable source [5, 169, 170]. Thus, information on aggressive 
behavior has also been gathered from parents, teachers, siblings, partners, 
peers, mental health professionals and impartial observers. There is also the 
consideration to collect information from a person of the same or opposite 
gender to the individual in question [169]. It appears that certain observers 
have been used more or less frequently, depending on the field or type of 
study. For example, epidemiology studies seem to typically use parent, self 
and, to some extent, teacher ratings. Informant choice can be due to many 
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factors; for example, it is often easier to obtain self and parent ratings, and 
more time-consuming and cumbersome to obtain teacher or peer ratings.  
 
Studies have suggested, however, that collecting data from multiple raters is 
ideal [150, 171-173]. One reason is that situational aggression means that 
individuals are not always aggressive in all environments of their life, 
although findings suggest that the more settings an individual is aggressive 
in the more generalized and thus more serious their problem usually is [172]. 
Another reason is that different raters have different perspectives; for 
example, a teacher regularly sees the wide range of normative and non-
normative behavior levels of children at a similar age/maturity level, while 
peers can see children in settings away from adult observers where they may 
behave differently. Thus, different observers might actually report different 
information from each other, providing a more holistic picture of the behavior. 
  
Although it is recommended to collect data from multiple raters, not all 
studies do so, and those that do sometimes ask: Which rater(s) are ‘best’ to use 
or best able to predict X outcome? And, how should using multiple raters be 
handled? This is a whole line of research in itself [174], but I will briefly outline 
the factors that pertain to aggressive behavior regarding multiple raters. First, 
because (many forms of) aggressive behavior are overt, informants/raters are 
more likely to agree on this behavior compared to other behavioral and 
emotional problems [5, 104, 161, 171, 175, 176]. Studies have generally found 
that the highest rater agreement (r range roughly 0.50–0.75) occurs between 
similar raters: mother and father, a teacher and another teacher, and self (test–
retest) [5, 109, 177]. Additionally, teacher and peer ratings have moderately 
high correlations (approximate r range of 0.50–0.60)[104, 176, 178]. Rater 
combinations such as parent/teacher and parent/self and teacher/self are 
generally the weakest, with correlations approximately in the 0.20–0.30 range 
[5, 175, 176], and children typically rating higher aggression levels than adult 
observers [173, 177] and teachers indicating lower levels of aggressive 
behavior than other informants [66, 179].  
 
Regarding gender differences, some studies have found no or minimal 
differences in male and female ratings by informant [5, 104, 171], while others 
have found significant interaction between gender and rater [29, 169, 173, 178]. 
Rate agreement appears better when the child in question is younger 
compared to older [5, 173], though findings on this are mixed [171]. 
Additionally, rater agreement appears to be different whether the sample of 
children are from a community or clinical setting [175, 180].  
 
In considering informants’ utility, some studies have found certain informants 
to be more useful than others (‘useful’ usually regarding significant prediction 
of future outcomes). Some studies have cautioned against using only self 
reports [5, 169], although they appear to become more useful the older the 
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individual in question is [161, 169, 176]. Although used less often, teacher 
ratings are often shown to be among the most useful ratings of aggressive 
behavior [77, 175, 177, 181-184]. However, teachers seem to rate boys as more 
aggressive than girls, compared to other informants [171, 182, 185]. 
 
Finally, in considering how raters compare with other behavioral and 
emotional problems, a somewhat different pattern occurs. Internalizing 
problems, for example, show lower rater agreement than externalizing 
problems [5, 161, 177], at least in certain sample populations [175]. One study 
[173] showed a gender-by-informant (and sometimes age as well) interaction 
with internalizing problems. Regarding prosocial behavior, the data appear 
mixed, some show moderate correlations between raters [104] while others 
show low correlations [186]. 
 

2.4.4. Assessments in Different Populations 

The final area of consideration regarding assessment of aggressive behavior 
concerns populations. Who should be studied in order to better understand 
aggressive behavior? Highly aggressive individuals only or everyone? Only 
males or females too? Adults or children, or both? In this section, I briefly 
describe some aspects to consider in the assessment of aggressive behavior 
based on the population studied.  
 
Early aggression research focused more on those who were in the prison 
system or clinical/psychiatric patients. These clinical or prison populations 
are important for understanding who the highly aggressive individuals are, 
what comorbidities they have, what kind of outcomes they experience, and 
other such important aspects. However, focusing only on these populations, 
does not help us understand the normative levels of aggression or what the 
patterns of aggressive behavior are for people with higher levels of aggression 
and co-occurrence that do not reach clinical levels. School-based, community-
based, and population-based samples have been used to this end, with 
population-based samples often being a gold standard sampling design in 
epidemiology. Most of the samples in this thesis are population-based.  
 
Furthermore, in population-based sampling, special cases of this sampling 
design can be considered. The typical population-based design tries to include 
as many individuals in a defined population (e.g., all adolescents in a country) 
as possible; to narrow the ‘population’ down, this often becomes a cohort 
design in which all people born in a certain year or range of years are targeted 
for participation. Studies can also selectively include or exclude singletons 
(individuals born as the only child of a pregnancy) or multiples (e.g., twins, 
triplets) in order to be able to take relatedness into account in analysis. For 
example, if you have a mix of related and unrelated individuals in a study, 
results may be biased by related individuals, unless adjusted for. Some 
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datasets, therefore, specifically aim to include singletons (or treat individuals 
as unrelated, by adjusting), while others exclusively enroll twins (or other 
multiples). There is a long history in the field of behavior genetics of utilizing 
twin cohorts in a classic twin design [187] for genetically informed analysis, 
and many of the cohorts used in this thesis involve datasets collected for these 
purposes. Twins are born, on average, prematurely and at lower birthweight 
than singletons, however, investigations with cohorts in this thesis have 
shown that the twins in childhood and adolescence appear similar to 
singletons regarding behavioral and emotional problems [188, 189]. An 
additional benefit of twin samples is the generally high motivation to 
participate, thus high response rates.  
 
The study sampling design is also a factor to consider regarding study 
populations. If individuals are sampled only once, or if multiple time 
points/ages are looked at but different individuals in those time points are 
used, they are being studying cross-sectionally. This study design can be used 
to look at associations and co-occurrence, but cannot declare anything about 
cause and effect or prediction. In contrast, longitudinal datasets follow the 
same individuals over two or more periods of time. This design can be useful 
to investigate, for example, the development of aggression, factors that occur 
before the problematic aggression pattern that affect its progression, or factors 
that contribute to worse outcomes. 
 
The gender of the chosen population is also a factor in aggressive behavior 
research. Much of the early research on aggression came from male-only 
datasets, this made sense because of the seemingly high rates of aggression 
and violence among males, compared to females. However, because of the 
more nuanced understanding of gender differences mentioned in above 
sections, it is equally important to understand aggression in females, and 
across both genders in general. Due to the previous lack of female-only 
research, there are now investigations pointedly studying aggression among 
females (e.g., FemNAT-CD consortium; http://www.femnat-cd.eu/), 
however, it is also necessary to use samples that combine both males and 
females, studied in the same way at the same time, to be able to better suss out 
the gender similarities and differences seen in study findings. Thus, 
population-based samples are well-suited to this.  
 
Regarding age for the study population, this depends on the research 
question. Developmental aspects of aggressive behavior require young 
children (or even pregnant mothers), schoolage children, and/or adolescents. 
Young and older adults can be used in longitudinal studies to study the life-
course of aggressive behavior, or in, for example, generational aggression and 
assortative mating regarding aggressive behavior. This thesis uses 
children/adolescents in all studies, but also includes young adults in studies 
on long-term outcomes and biomarkers.  
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Lastly, in considering issues of generalizability, investigations that are focused 
in only one country (or region) or that can be done across countries also need 
to be considered. Achenbach has done lots of work with his ASEBA 
instruments to assess the system’s ability to characterize the same phenotype 
in different populations [108, 148]. However, most other study instruments 
have not been investigated as widely. While aggressive behavior is a universal 
human behavior, it is important to understand what patterns of problems and 
outcomes hold (or become unclear) across countries, cultures, and school 
systems.  
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AIMS OF THE STUDY 

The overarching aim of the thesis is to improve our understanding of 
aggressive behavior in childhood and adolescence by looking at the following 
aspects: co-occurring behaviors/problems, differences between raters, 
aggression subtypes, adolescent aggression as a predictor of a young adult 
personality disorder, and biomarkers of aggression.  
 
Specific thesis aims are:  
 

1) to characterize childhood/adolescent aggressive behavior and its 
associations with co-occurring behaviors/problems using parental, 
self, and teacher ratings across genders as well as multiple countries 
and ages (Study I and II, as well as unpublished supplementary 
results); 

 
2) to identify if adolescent aggressive behavior (general, and direct and 

indirect subtypes), independent of other externalizing behaviors, can 
predict antisocial personality disorder in young adulthood (Study III, 
as well as unpublished supplementary results); 

 
3) to identify new, potential blood biomarkers of aggressive behavior 

(Study IV, as well as unpublished supplementary results) 
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MATERIALS AND METHODS 

The aims and studies for this thesis were a part of and grew out of work being 
done in the ACTION consortium (Aggression in Children: unravelling gene–
environment interplay to inform Treatment and InterventiON strategies; 
http://www.action-euproject.eu/) [190]. ACTION brought together 11 
(mainly European) partners with strong data and expertise in genetics, 
epigenetics, and metabolomics and access to large childhood cohorts gathered 
as prospective twin studies, population-based studies, and/or clinical studies. 
The focus of ACTION was to improve our understanding of the causes of 
individual differences in childhood aggression and co-occurring problems, 
especially through the use of genetics, epigenetics, and metabolomics (Study 
IV contributed to this). For all these investigations, the phenotyping of 
aggressive behavior plays a large role in helping to clarify the results by 
understanding the similarity and differences in the different cohorts, 
instruments, and ages of the children (Study I, II, and III contributed to this). 

4.1 Study Materials 

4.1.1 FinnTwin12 (FT12) 

The population-based FinnTwin12 (FT12) cohort is a longitudinally collected 
cohort of Finnish twins born 1983–1987, initiated when twins were age 11/12 
years in order to investigate genetic and environmental precursors to health-
related behaviors (see Figure 4 for study flowchart) [191, 192]. The Finnish 
population register was utilized in order to contact all families with twins born 
in the study years, with 87% responding to participate (2724 families). Data 
was collected mainly through questionnaires at ages 11/12, 14, 17, and 22 
(called the ‘Epidemiologic sample’; approximately 5600 twins, with 85–90% 
response rates).  
 
At age 14, a subset of the twin families (called the ‘Intensive sample’; 1035 
families) were asked to additionally participate in a more intensive data 
collection including one-on-one psychiatric interviews using the Semi-
Structured Assessment for Genetics of Alcoholism (SSAGA) instrument [157], 
a saliva sample, and additional questionnaires. At age (approximately) 22, this 
Intensive group also underwent another SSAGA interview, plasma sample, 
and additional questionnaires. The plasma sample was processed using the 
NMR technique described in section 2.5.2. 
 
The FT12 cohort is used in all studies (Study I, II, III, and IV) as well as in the 
unpublished results, with all analyses based on FT12 data performed by me.  
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Figure 4. Flowchart of FinnTwin12 study waves and data collection included in the 
thesis 

 
*Data for intensive sample participants includes both epidemiological sample data collection 
materials as well as intensive sample data collection materials 
Abbreviations: ASPD=Antisocial Personality Disorder; MPNI=Multidimensional Peer 
Nomination Inventory; NMR=nuclear magnetic resonance spectroscopy; SSAGA=Semi-
Structured Assessment for the Genetics of Alcoholism; unpub.=unpublished results 

 

4.1.2. Netherlands Twin Register (NTR) 

The Netherlands Twin Register (NTR), established in 1987, longitudinally 
collects data on twins and other multiples (and their families) from birth 
onward to examine, in particular, behavioral development and 
psychopathology [193]. Data collection is nationwide roughly every 2 years 
from birth to age 18 (at which point they are invited to the adult twin registry). 
In the adult registry, questionnaires and blood samples are collected in 
different collection waves. The blood samples are processed using the NMR 
technique described above in section 2.5.2. In 1999, the NTR began collecting 
data on the twins from their teachers when twins were ages 7, 10, and 12 years 
old, with response rates being approximately 60%.  
 
The NTR cohort is used in Study I, II, and IV, with NTR analyses performed 
by NTR for Study I and by me in Study II and IV (Table 3). 
 
 
 
 

AGE 12 
 

Parental Questionnaire 
(MPNI; N = 4901)  

[Study I, III, unpub.] 
 

Teacher Questionnaire 
(MPNI; N = 4590) 

[Study II, III, unpub.] 

AGE 14 
 

Teacher Questionnaire  
(MPNI; N = 3013) 

[Study II, III, unpub.] 

AGE 17 
 

Twin Questionnaire  
(MPNI, self and co-twin 

ratings; N = 4236) 
[unpub.] 

AGE 14 
 

Twin SSAGA Interview 
(N = 1852) 

 
Twin Questionnaire 

(MPNI, self and co-twin 
ratings; N = 1821) 
[Study III, unpub.] 

AGE 22 
 

Twin SSAGA Interview 
(ASPD criteria; N = 1347) 

[Study III] 
 

Plasma samples  
(NMR-processed; N=779)  

[Study IV] 
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Table 3. Sample sizes for NTR for Study I, II, and IV 
 Study I Study II Study IV 
Rater-Child Age (Study 
Instrument) 

Boy N/Girl N Boy N/Girl N Male N/Female N 

Mother-3 (ASEBA) 9277/9360   
Mother-5 (DCB) 7520/7695   
Father-5 (DCB) 6808/6985   
Mother-7 (ASEBA) 5720/5853   
Father-7 (ASEBA) 4134/4182   
Teacher-7 (ASEBA)  3416/3518  
Mother-9 (ASEBA) 4543/4689   
Father-9 (ASEBA) 3210/3255   
Teacher-10 (ASEBA)  3264/3318  
Mother-12 (ASEBA) 3870/4010   
Father-12 (ASEBA) 2764/2839   
Teacher-12 (ASEBA)  2477/2576  
Self - Wave 8 (ASEBA)   551/1260 
Self - Wave 10 (ASEBA)   455/1063 

Abbreviations: Achenbach System of Empirical-Based Assessment (ASEBA); Devereux Child 
Behavior rating scale (DCB) 
 

4.1.3. Twins Early Development Study (TEDS) 

The population-based Twins Early Development Study (TEDS) cohort is a 
longitudinally collected cohort of UK twins born 1994–1996, initiated when 
twins were age 2 years in order to investigate language, cognitive, and 
behavioral development [194]. Data collection has occurred roughly every 2 
years from birth to age 21. TEDS collected data on the twins from their 
teachers when twins were ages 7, 9, and 12 years old, with response rates being 
85%, 76%, and 78%, respectively. 
 
The TEDS cohort is used in Study I and II, with TEDS analyses performed by 
TEDS for Study I and by me in Study II (Table 4). 
 
Table 4. Sample sizes for TEDS for Study I and II 

 Study I Study II 
Rater-Child Age (Study Instrument) Boy N/Girl N Boy N/Girl N 
Parent-4 (SDQ) 3581/3788  
Parent-7 (SDQ) 2740/2892  
Teacher-7 (SDQ)  2834/2987 
Parent-9 (SDQ) 1055/1245  
Self-9 (SDQ) 1055/1245  
Teacher-9 (SDQ)  1295/1467 
Parent-12 (SDQ) 1828/2117  
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Self-12 (SDQ) 1828/2117  
Teacher-12 (SDQ)  2168/2477 
Parent-16 (SDQ) 2134/2632  
Self-16 (SDQ) 2134/2632  

Abbreviation: Strengths and Difficulties Questionnaire (SDQ)  
 

4.1.4. Generation R (GENR) 

The population-based Generation R (GENR) cohort is a longitudinally 
collected cohort of Dutch children born in and around Rotterdam 2002–2006, 
initiated while the children were still in utero in order to investigate growth, 
development and health from fetal life to young adulthood [195]. Data 
collection has occurred during pregnancy, at birth, and frequently throughout 
childhood. GENR collected data on the children from their teachers at age 7 
years, with a response rate of 77%. 
 
The GENR cohort is used in Study I and II, with GENR analyses performed 
by GENR for both Study I and II (due to ethical permissions restrictions) 
(Table 5). 
 
Table 5. Sample sizes for GENR for Study I and II 
 Study I Study II 
Rater-Child Age (Study Instrument) Boy N/Girl N Boy N/Girl N 
Mother-3 (ASEBA) 2271/2246  
Father-3 (ASEBA) 1840/1897  
Mother-6 (ASEBA) 2887/2856  
Teacher-7 (ASEBA)  2270/2242 
Mother-10 (ASEBA) 2250/2310  
Father-10 (ASEBA) 1624/1670  

Abbreviations: Achenbach System of Empirical-Based Assessment (ASEBA) 
 

4.1.5. Child and Adolescent Twin Study in Sweden (CATSS) 

The population-based Child and Adolescent Twin Study in Sweden (CATSS), 
initiated in 2004, longitudinally collects data on Swedish twins born since July 
1992 in order to investigate how both genetic and environmental effects 
influence health and behavior in children and adolescents [196]. The overall 
response rate has been 80%. 
 
The CATSS cohort is used in Study I, with CATSS analyses performed by 
CATSS (Table 6). 
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Table 6. Sample sizes for CATSS for Study I 
 Study I 
Rater-Child Age (Study Instrument) Boy N/Girl N 
Parent-9 (A-TAC) 5610/5516 
Parent-12 (A-TAC) 1649/1598 
Parent-15 (SDQ) 2083/2199 
Self-15 (SDQ) 2258/2806 

Abbreviations: Autism–Tics, ADHD and other Comorbidities inventory (A-TAC); Strengths 
and Difficulties Questionnaire (SDQ) 
 

4.1.6. Twin study of Child and Adolescent Development (TCHAD) 

The population-based Twin study of Child and Adolescent Development 
(TCHAD) in Sweden, initiated in 1994, longitudinally collects data on Swedish 
twins born in 1986 in order to investigate how genetic and environmental 
effects contribute to the development of mental health problems over time 
[197]. Response rates have been between 67 and 91%. 
 
The TCHAD cohort is used in Study I, with TCHAD analyses performed by 
TCHAD (Table 7). 
 
Table 7. Sample sizes for TCHAD for Study I 

 Study I 
Rater-Child Age (Study Instrument) Boy N/Girl N 
Parent-8 (ASEBA) 552/534 
Parent-13 (ASEBA) 535/522 
Self-13 (ASEBA) 560/551 
Parent-16 (ASEBA) 532/507 
Self-16 (ASEBA) 583/606 

Abbreviations: Achenbach System of Empirical-Based Assessment (ASEBA) 

4.2 Ethical Approvals 

Ethical approval for the FT12 dataset comes from the ethical committee of the 
Helsinki and Uusimaa University Hospital District and the Institutional 
Review Board at Indiana University, Bloomington, Indiana, USA. Parents 
provided informed consent for the twins at ages 12 and 14, and the twins 
themselves provided written informed consent at ages 17 and 22.  

 
All data from other cohorts were collected under protocol(s) approved by the 
appropriate local ethics committee(s), and analyses were performed in 
accordance with the ethical standards established in the 1964 Declaration of 
Helsinki and its later amendments. Data from the NTR and TEDS cohorts 
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(used in Study II) was officially requested and granted by data administrators 
and review boards as appropriate.   

4.3 Study Instruments 

4.3.1. Multi-dimensional Peer Nomination Inventory (MPNI) (Studies I–
IV) 

For each item in the MPNI (more information about MPNI in the above section 
2.5.1), the child in question is rated on a scale from 0 to 3 (0 being ‘does not fit 
the child at all’ and 3 being ‘fits the child very well’). In the event of an 
ambivalent response (e.g., a rater circled both 0 and 1), the average of the two 
values was taken. Aggression mean scores were obtained as follows: 
total/general aggression by taking the average value across all 6 items, direct 
aggression by taking the average value across all 4 direct aggression items, 
and indirect aggression by taking the average value across the 2 indirect 
aggression items. Other subscale mean scores (e.g., inattention, social anxiety) 
were obtained in a similar manner. 
 
MPNI data was available for the FT12 cohort and was used in all studies and 
the unpublished data in this thesis (More information about MPNI in the 
above section 2.5.1). 

 

4.3.2. Achenbach System of Empirical-Based Assessment (ASEBA) 
(Studies I, II, IV) 

This thesis included the following ASEBA questionnaires: CBCL for ages 1.5–
5-year-olds and 6–18-year-olds (Study I), YSR (Study I), TRF (Study II), and 
ASR (Study IV) (More information about ASEBA in the above section 2.5.1). 
For the purposes of continuity across study instruments in Studies I and II, the 
syndrome scale Attention Problems was considered to be part of externalizing 
problems.   
 
For each item on the questionnaires, the individual in question is rated on a 
scale from 0 to 2 (0 being ‘not true’ and 2 being ‘very true or often true’). Scores 
for each item are then summed over the items that make up the individual 
subscales.  
 
ASEBA data was available for the GENR, NTR, and TCHAD cohorts and was 
used in Studies I, II, and IV.  
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4.3.3. Strengths and Difficulties Questionnaire (SDQ) (Studies I–II)  

The SDQ comprises five scales with five items each: Conduct Problems, 
Hyperactivity-Inattention, Emotional Problems, Peer Problems, and Prosocial 
Behavior (More information about SDQ in the above section 2.5.1). The SDQ 
recognizes an externalizing subscale as comprising Conduct Problems and 
Hyperactivity-Inattention, and an internalizing subscale as comprising 
Emotional Problems and Peer Problems. In Studies I and II, Conduct Problems 
is used as a proxy for aggressive behavior, although conduct problems are 
perhaps more severe/serious than aggressive behavior (and contains items 
that also pertain to rule-breaking behavior). Likewise, in Studies I and II, 
Emotional Problems is considered as anxiety problems. 
 
For each item, the child in question is rated on a scale from 0 to 2 (0 being ‘not 
true’ and 2 being ‘certainly true’). Subscale scores are derived as a scaled mean 
score of the items that make up the individual subscales.  

 
SDQ data was available for the CATSS and TEDS cohorts and was used in 
Studies I and II.  
 

4.3.4. Devereux Child Behavior (DCB) (Study I) 

The short version of the DCB (used in Study I) includes 42 items comprising 7 
scales: Emotional Liability (5 items), Social Isolation (3 items), Aggressive 
Behavior (7 items), Attention Problems (5 items), Anxiety Problems (6 items), 
Dependency (5 items), and Physical Coordination (5 items) (More information 
about the DCB in the above section 2.5.1).  
 
For each item, the child in question is rated on a scale from 0 to 4 (0 being 
‘never’ and 4 being ‘very frequently’).  
 
DCB data was available for the NTR cohort and was used in Study I.  
 

4.3.5. Autism–Tics, ADHD and other Comorbidities inventory (A-TAC) 
(Study I) 

The A-TAC modules used in Study I include: Conduct Disorder (5 items), 
Attention Deficit/Hyperactivity Disorder (19 items), Autism (17 items), and 
Oppositional Defiant Disorder (5 items) (More information about A-TAC in 
the above section 2.5.1).   
 
A-TAC data was available for the CATSS cohort and was used in Study I.  
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4.3.6. Semi-Structured Assessment for the Genetics of Alcoholism 
(SSAGA) ASPD Criteria (Study III)  

In the FT12, the age 14 and 22 waves of data collection for the intensively 
studied subgroup involved a SSAGA interview (More information about 
SSAGA in the above section 2.5.1). According to recommendation by our MD, 
PhD youth psychiatrist co-author (A Raevuori) on Study III, 15 behaviors from 
the SSAGA’s ASPD criteria were considered to be in the ASPD ‘diagnosis’ 
assigned in Study III (see Appendix 2 for details on the criteria). These 15 
behaviors corresponded to the 7 criteria laid out in the DSM-IV regarding 
ASPD. If an individual had a history of conduct problems before 15 years of 
age (assessed at the age 22 SSAGA interview) and endorsed 3+ ASPD 
behaviors, they were considered to have ASPD.  

4.4 Statistical Methods 

Detailed methods for statistical analyses can be found within each publication. 
Here I report the general workflow of analyses that appear throughout the 
studies. All Studies utilized Stata, versions 11–16 (Stata Corporation, College 
Station, TX, USA) for analyses and considered statistical significance to be 
p<0.05. 
 

4.4.1. Mean levels (Studies I–III and unpublished results) 

Background analyses for studies included reporting on mean levels of 
aggressive behavior and other subscales. Study I and II had the same initial 
protocols (means and correlations) in order to provide some continuity and 
comparability. Study I and II calculated means and standard deviations of the 
subscales from all available cohorts, study intruments and ages, separated by 
gender. Study I utilized parent and self ratings, while Study II utilized teacher 
ratings. Study II additionally calculated effect sizes (Cohen’s d) and standard 
errors for all available cohorts, study intruments and ages, separated by 
gender. 
 
The unpublished results calculated means and effect sizes (Cohen’s d) for 
parent vs teacher age 12 aggression ratings (including for direct and indirect 
aggression subtypes), and for teacher vs self age 14 aggression ratings 
(including for direct and indirect aggression subtypes). Paired t-tests were 
conducted to test if means were statistically significantly different (p<0.05) 
between parent and teacher or teacher and self ratings. This was done for 
genders combined and for genders separated. 
 
Study III calculated the mean MPNI-based aggression scores among both 
ASPD and non-ASPD individuals. These means were calculated separately for 
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each rater and gender, as well as also combining the genders. Effect sizes 
(Cohen’s d) were also reported, and adjusted Wald tests were used to calculate 
statistically significant differences in means between ASPD and non-ASPD 
individuals.  
 

4.4.2. Correlations (Studies I–IV and unpublished results) 

In Study I and II, Pearson correlations between aggression subscales and other 
available subscales within a study instrument were calculated, separately by 
gender. For Study II, correlations between subscales other than aggression 
were also presented in Supplemental material.  
 
In the unpublished results, Pearson correlations were calculated between 
parent and teacher age 12 aggression ratings (including for direct and indirect 
aggression subtypes), and between teacher and self age 14 aggression ratings 
(including for direct and indirect aggression subtypes), separately by gender. 
 
In Study III, Pearson correlations were calculated between the total aggression 
scores for the different raters. 
 
In Study IV, Spearman correlations were calculated between metabolites, and 
between aggression and metabolites. 
 

4.4.3. Regression modeling (Study II–IV and unpublished results) 

Study II utilized linear regression modeling in order to formally test gender 
differences (including possible gender interaction) and to assess the amount 
of aggression variation explained by the independent variable. Before models 
were run, subscales were standardized (mean=0, SD=1) to allow for 
comparability where possible. Models included aggressive behavior as the 
dependent and subscale scores as the independent variable(s). Initial models 
first included only one independent variable, while follow-up models 
included multiple independent variables (more than one 
behavioral/emotional subscale) to examine multiple co-occuring problems 
with aggression.  
 
Study III utilized logistic regression, with the cluster option to adjust for the 
relatedness of the twins, with ASPD as the outcome variable and aggression 
ratings (total, direct, and indirect aggression) from different raters as predictor 
variables, adjusted by age at time of assessment and gender. Before models 
were run, subscales were standardized (mean=0, SD=1) to allow for 
comparability where possible. Initial models used only one rating of 
aggression at a time, while later models included multiple ratings of 
aggression or included both direct and indirect aggression scores for a single 
rater. Gender interactions were also tested. For each model, receiver operating 
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characteristic (ROC) curves were generated, and the area under the curve 
(AUC) was calculated to indicate the predictive utility of the different 
aggression ratings in the prediction of ASPD. 
 
Additionally, Study III included several sensitivity analyses to clarify the 
ASPD prediction. First, the residual effect of aggression with hyperactivity-
impulsivity removed on ASPD was examined to clarify that hyperactivity-
impulsivity was not the driver for the ASPD prediction. Second, an 
internalizing problem (social anxiety) was modeled to demonstrate that it did 
not predict ASPD (i.e., that the prediction abilities were not broad to many 
psychopathologies). Third, the ASPD definition was modified by changing the 
amount of criteria needed for ASPD ‘diagnosis’ to see if there was a change in 
prediction if the threshold for the outcome was changed. Next, the aggression 
subtypes with the residual effect of the other subtype removed were modeled 
to see if any changes in ASPD prediction occured. Lastly, bias from attrition 
was clarified and shown not to explain the ASPD prediction.  
 
Study IV utilized linear regression, with the cluster option to adjust for the 
relatedness of the twins, with a metabolite as the dependent variable (because 
it was measured at age 22) and aggression as the independent variable 
(measured at younger ages), adjusted by age, sex, and body mass index (BMI). 
Before models were run, metabolites were rank-transformed, as that was 
generally the best solution. In this initial modeling step, only one metabolite 
appeared to show statistically significant association with aggression, 3-
hydroxybutyrate, so it was followed-up on further. In follow-up regression 
modeling, multiple raters of aggressive behavior were used (separately and 
combined) and models were further adjusted for leisure-time physical activity 
(METs), smoking status, alcohol consumption frequency, and self-rated 
general health. Another follow-up analysis (unpublished) involved looking at 
direct and indirect aggressive behavior subtypes separately. Additionally, sex 
interactions were tested for. Lastly, to investigate the robustness of the 
biomarker association, an NTR dataset with young adult 3-hydroxybutyrate 
values and aggression ratings was used for replication modeling, with the 
same adjustments as the FT12 data. Analyses for both FT12 and NTR cohorts 
were also run using Bayesian modeling.  
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RESULTS 

Detailed results for the Studies can be found within each publication. Here I 
report the main general findings, as well as combine/compare across Studies, 
where possible. Also, additional unpublished analyses in FT12 are presented.

5.1 Mean levels 

5.1.1. Mean levels of aggressive behavior across instruments/cohorts and 
raters (Studies I and II, and supplementary unpublished analyses)

Studies I and II reported mean levels of aggressive behavior as well as many 
other behavioral/emotional subscales as available in the various study 
instruments by cohorts. Since this thesis is focused on aggressive behavior, 
and to reduce the amount of redundant documentation, I here present only 
the aggressive behavior mean levels, by study instrument and gender (further 
broken down by cohort, rater, and age). Figures 5, 6, and 7 show the patterns 
of mean levels of aggressive behavior for the main study instruments (ASEBA, 
SDQ, MPNI). They are organized to show first all parental ratings (by age), 
then self ratings (by age), then teacher ratings (by age), in effect showing 
results from Study I and II together (and unpublished results in Figure 7).

Figure 5. Mean aggressive behavior levels of cohorts using ASEBA study instruments
(CBCL: parent, YSR: self, TRF: teacher)

Note: X-axis labels indicate the cohort first, then rater, then age of the child
Y-axis is the mean score on the corresponding ASEBA instrument
Abbreviations: M=mother, F=father, P=parent, S=self, T=teacher
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Figure 6. Mean aggressive behavior levels of cohorts using the SDQ

Note: X-axis labels indicate the cohort first, then rater, then age of the child
Y-axis is the mean score on the SDQ instrument
Abbreviations: P=parent, S=self, T=teacher

Figure 7. Mean aggressive behavior levels* of the cohort using the MPNI

*The self ratings at 14 and 17 are unpublished results
Note: X-axis labels indicate the cohort first, then rater, then age of the child
Y-axis is the mean score on the MPNI instrument
Abbreviations: P=parent, S=self, T=teacher

Notable general patterns exist across instruments in Figures 5, 6, and 7, 
including the general reduction in aggressive behavior by age according to 
parental ratings, though for self and teacher ratings this pattern is perhaps less 
clear across study instruments. Across raters, teacher ratings are generally
lower than parental and self ratings at similar ages, while parental ratings are 
notably lower than self ratings at similar ages. Regarding gender differences, 
the pattern of boys having higher levels than girls emerges, however, this 
difference is more pronounced in teacher ratings (effect size ranges: 0.34–0.43) 
and sometimes unclear among self ratings. Nearly all of the gender differences 
are statistically significant (p < 0.05), except for many of the anxiety scales 
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(FT12 age 14, NTR age 10 and 12, TEDS age 7 and 12) and the somatic scale of 
NTR age 12.  
 
Notable differences include that while in the same country with the same 
instrument, ratings for the NTR cohort are generally higher than the GENR 
cohort for similar ages. Additionally, self ratings among teenagers appear to 
be more gender equal than younger self ratings across cohorts and study 
instruments. Finally, FT12 appears to have a reversed pattern regarding 
parents and teachers; at age 12, teacher-rated aggressive behavior levels are 
higher than parent-rated levels.  
 

5.1.2. Testing the difference between raters using FT12 (Unpublished 
results)  

Regarding the unpublished results directly comparing FT12 mean levels of 
parent and teacher aggression ratings at age 12 and teacher and self ratings at 
age 14, I present Tables 8 and 9, respectively. The tables also compare direct 
and indirect aggressive subtypes. 
 
Table 8. Mean levels and effect sizes of aggressive behavior for parent and teacher 
ratings at age 12, by gender and genders combined 

Total aggression P12 Mean (SD) T12 Mean (SD) p-
valuea 

Effect 
sizeb 

Combined 0.59 (0.41) 0.63 (0.65) 0.009 0.05 
Boys 0.64 (0.42) 0.76 (0.70) <0.001 0.18 
Girls 0.54 (0.39) 0.48 (0.56) <0.001 -0.13 
     
Direct aggression P12 Mean (SD) T12 Mean (SD) p-

valuea 

Effect 
sizeb 

Combined 0.68 (0.48) 0.65 (0.71) <0.001 -0.08 
Boys 0.77 (0.50) 0.86 (0.78) <0.001 0.11 
Girls 0.60 (0.44) 0.43 (0.56) <0.001 -0.35 
     
Indirect 
aggression 

P12 Mean (SD) T12 Mean (SD) p-
valuea 

Effect 
sizeb 

Combined 0.39 (0.47) 0.59 (0.68) <0.001 0.32 
Boys 0.37 (0.46) 0.58 (0.68) <0.001 0.35 
Girls 0.42 (0.49) 0.60 (0.68) <0.001 0.29 

aPaired samples t-test used 
bCohen’s d (positive values indicate teacher rating larger than parent) 
Abbreviations: P=parent, SD=standard deviation, T=teacher 
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Table 9. Mean levels and effect sizes of aggressive behavior for teacher and self 
ratings at age 14, by gender and genders combined 
Total aggression T14 Mean (SD) S14 Mean (SD) p-

valuea 

Effect 
sizeb 

Combined 0.33 (0.48) 0.48 (0.37) <0.001 0.31 
Boys 0.42 (0.55) 0.56 (0.39) <0.001 0.23 
Girls 0.24 (0.39) 0.40 (0.33) <0.001 0.43 
     
Direct aggression T14 Mean (SD) S14 Mean (SD) p-

valuea 

Effect 
sizeb 

Combined 0.34 (0.54) 0.53 (0.42) <0.001 0.35 
Boys 0.48 (0.63) 0.63 (0.44) <0.001 0.23 
Girls 0.22 (0.40) 0.43 (0.37) <0.001 0.55 
     
Indirect 
aggression 

T14 Mean (SD) S14 Mean (SD) p-
valuea 

Effect 
sizeb 

Combined 0.30 (0.51) 0.38 (0.49) 0.001 0.13 
Boys 0.31 (0.52) 0.43 (0.52) 0.003 0.17 
Girls 0.29 (0.50) 0.33 (0.45) 0.139 0.09 

aPaired samples t-test used 
bCohen’s d (positive values indicate self rating larger than teacher) 
Abbreviations: P=parent, SD=standard deviation, T=teacher 
 
For FT12 parent and teacher age 12 rating mean comparisons, it is important 
to separate the data by gender due to differences in rater aggression levels and 
effect sizes. For direct (and total) aggression, aggressive behavior ratings from 
teachers were higher for boys (parent ratings were higher for girls however). 
For both boys and girls, teacher ratings for indirect aggression were higher 
than parents. All parent vs teacher mean differences were statistically 
significant and effect sizes were all small. Also notable, regardless of rater, 
direct aggressive behavior is much higher in boys compared to girls, while 
indirect aggressive behavior levels are more similar between genders.  
  
For FT12 teacher and self age 14 rating mean comparisons, it is again useful to 
separate the data by gender. Self ratings of aggressive behavior were higher 
than teachers for all analyses, though girls’ indirect aggressive behavior levels 
were not significantly different between the two raters. Comparing genders, 
for direct aggression, the effect size for the rater difference was moderate for 
girls, while it was small for boys. On the other hand, for indirect aggression, 
the effect size for the rater difference was larger for boys than girls.  
 



Results

60

5.1.3. Mean levels of aggressive behavior according to ASPD status (Study 
III)

Regarding mean levels pertaining to aggression and ASPD (Study III), I 
present a graphical form of table data published in Study III (Figure 8A-B).

Figure 8A-B. Mean levels of aggressive behavior among ASPD and non-ASPD 
individuals, by gender and rater

A. Boys/Men B. Girls/Women

Note: X-axis labels indicate the rater first, then age of the child
Y-axis is the mean score on the MPNI instrument
Abbreviations: P=parent, T=teacher, S=self, C=co-twin (sibling)

Here the pattern that boys have higher levels of aggression than girls across 
raters and ASPD status emerges again. Additionally, higher aggression levels 
among ASPD individuals compared to non-ASPD individuals are seen 
(statistically significant p-values <0.01 for boys for all raters except parents, 
but only statistically significant for girls for self and co-twin ratings, p-values
<0.05). Effect sizes between ASPD and non-ASPD individuals (for genders 
combined) were small (d = 0.32) for parent ratings, moderate for teacher 
ratings at age 12 and co-twin at age 14 (d: 0.61 and 0.69, respectively), and large 
for self and teacher ratings at age 14 (d: 0.80 and 0.94, respectively).

5.2 Correlations 

5.2.1. Correlations between aggressive behavior and other 
behavior/emotional problems across instruments/cohorts and raters 
(Studies I and II, and supplementary unpublished analyses)

All correlation values for Study I and II can be found in the publications. Here 
I combine some correlation results from Studies I and II (and supplementary 
unpublished analyses) and present the correlations of aggressive behavior by 
selected co-occuring behaviors (Figure 9A-C).
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Figure 9A-C. Correlations of aggressive behavior with selected co-occurring 
behaviors, by rater, age, and gender (includes unpublished FT12 self-ratings)[all 
significant at p<0.05]

A. Aggressive Behavior–Hyperactivity* B. Aggressive Behavior–Depressed^

*‘attention problems’ from ASEBA instruments as proxy for hyperactivity
^combines ‘withdrawn-depressed’ of ASEBA with ‘depressive behavior’ of MPNI
Note: Y-axis labels indicate the cohort first, then rater, then age of the child
X-axis is the correlation r-value
Abbreviations: M=mother, F=father, P=parent, S=self, T=teacher
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C. Aggressive Behavior–Prosocial*

Note: Y-axis labels indicate the cohort first, then rater, then age of the child
X-axis is the correlation r-value
Abbreviations: M=mother, F=father, P=parent, S=self, T=teacher

Across all these datasets and behaviors, some notable similarities emerge. 
Correlations of aggressive behavior and co-occurring behaviors are generally 
similar across genders. Across age, within a rater category, correlations are 
generally similar. For aggressive behavior–hyperactivity (two externalizing 
behaviors) and aggressive behavior–prosocial behavior, teacher correlations 
are generally higher than either parent or self ratings. For aggressive 
behavior–depressed (one externalizing and one internalizing behavior), 
parent correlations are generally higher than either teacher or self ratings.
Correlations among self ratings are generally the lowest, compared to parent 
and teacher correlations.

There are also some notable differences. For aggressive behavior–
hyperactivity correlations, the TEDS cohort generally had the lowest 
correlations compared to similar aged cohorts. For aggressive behavior–
hyperactivity correlations, boys have higher correlations among teacher 
ratings, while gender levels are more equal for parent and self ratings. For 
aggressive behavior–prosocial behavior correlations, boys have higher 
correlations among teacher ratings, while gender levels are more equal for 
parent ratings and girls tend to have higher correlations among self ratings.
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5.2.2. Correlations of aggressive behavior between raters in FT12 
(Unpublished results) 

Here I present tables showing the correlations between one rater and another 
for aggressive behavior at age 12 (parent v teacher) and 14 (teacher v self) 
(Table 10 and 11). The genders have been separated due to the mean level 
results showing that gender differences exist.  
 
Table 10. Correlations of aggressive behavior for parent and teacher ratings at age 
12, by aggression subtype and gender 
Total aggression Corr p-value 
Boys 0.29 <0.01 
Girls 0.20 <0.01 
   
Direct aggression   
Boys 0.29 <0.01 

Girls 0.19 <0.01 

   
Indirect aggression   
Boys 0.20 <0.01 

Girls 0.17 <0.01 

 
Table 11. Correlations of aggressive behavior for teacher and self ratings at age 14, 
by aggression subtype and gender  
Total aggression Corr p-value 
Boys 0.16 <0.01 
Girls 0.07 0.09 
   
Direct aggression   
Boys 0.18 <0.01 

Girls 0.13 <0.01 

   
Indirect aggression   
Boys 0.05 0.23 

Girls -0.002 0.97 

 
Comparing parent and teacher (age 12) ratings, the correlations for boys were 
higher than girls for total and direct aggression. For the indirect aggression 
specifically, correlations were more similar across gender. All correlations 
were statistically significant. 
 
Comparing teacher and self (age 14) ratings, the correlations for boys were 
higher than girls for direct (and total) aggression scores. Indirect aggression 
correlations were more similar across gender. Correlations for direct 
aggression (both genders) and total aggression for boys were statistically 
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significant, while indirect aggression correlations (both genders) and total 
aggression for girls were statistically non-significant. 
 

5.2.3. Correlations of aggressive behavior across raters (Study III and 
unpublished results) 

Here I present a graphical representation of correlations of aggressive 
behavior (total aggression) for different raters from Study III (Figure 9).  
 
Figure 9. Correlations of total aggression between raters* 

 
Note: X-axis labels indicate the two raters being compared; rater first, then age 
Y-axis is the correlation r-value 
*All correlations significant at p<0.001 
Abbreviations: P=parent, T=teacher, S=self, C=co-twin (sibling) 
 
Correlations between raters from Study III are all small to moderate. The 
largest are between teachers (age 12 v age 14) and between siblings (self v co-
twin).  
 
Additionally, Study III calculated the correlations between direct and indirect 
aggression subtypes (Table 12).  
 
Table 12. Correlations between direct and indirect aggressive behavior, genders 
combined and separated (separated gender data is unpublished) 

Rater Correlation 
(gender 
combined) 

Correlation 
(boys) 

Correlation 
(girls) 

P12 0.39 0.42 0.41 
T12 0.62 0.65 0.69 
T14 0.61 0.66 0.62 
S14 0.40 0.40 0.38 
C14 0.56 0.60 0.54 

*All correlations significant at p<0.001 
Abbreviations: P=parent, T=teacher, S=self, C=co-twin (sibling) 
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5.2.4. Correlations between metabolites and between metabolites and 
aggressive behavior (Study IV)

The correlations of the metabolites with each other are well-known 
associations based on their biological pathways. The metabolite correlations 
for the branched-chain amino acids were high (r range: 0.62–0.73) as well as
for ketone bodies 3-hydroxybutyrate and acetoacetate (r=0.70), but other 
correlations were weak to moderate (-0.38–0.55). For aggression and the 
metabolites, correlations were weak, with the highest values being aggression 
with isoleucine (r=0.14), 3-hydroxybutyrate (r=-0.13) and tyrosine (r=0.13).
These three highest correlations were all significant at p<0.01.

5.3 Regression Modeling 

5.3.1. Proportion of variation in aggressive behavior explained by modeled 
factors (Study II)

In Study II, data on the initial models with aggressive behavior as the 
dependent variable and another behavior/problem as the independent 
variable are presented separately from the data on models with aggressive 
behavior as the dependent and multiple behaviors/problems as simultaneous 
independent variables. Here, I present some ways to view the changes that 
occur when going from models with a single independent variable to multiple 
independent variables (Figures 10A-B and 11A-B). 

Figure 10A-B. R2 values for the models with only one independent variable 
(externalizing, internalizing or prosocial behavior) and multiple independent 
variables, by gender

  A. Boys                     B. Girls

Note: X-axis labels indicate the cohort first, then rater, then age
Y-axis is the R2 values
Abbreviations: Ext=externalizing (hyperactivity for TEDS and FT12, attention problems for 
GENR and NTR), Int=internalizing (anxious/depressed for GENR and NTR, depressive 
behavior for FT12, anxiety for TEDS), Pro=prosocial, T=teacher
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Figure 11A-B. Reduction in betas* (initial model value – multiple model value) from 
the models with only one independent variable (externalizing, internalizing or 
prosocial behavior) and multiple independent variables, by gender

  A. Boys                     B. Girls

*All betas were statistically significant in initial and multiple variable models (except age 7 
and 9 TEDS betas for anxiety among girls, where betas were significant in initial models and 
non-significant in the multiple variable model)
Note: X-axis labels indicate the cohort first, then rater, then age
Y-axis is the difference between the initial model’s beta value and the multiple model’s beta 
Abbreviations: Ext=externalizing (hyperactivity for TEDS and FT12), Int=internalizing 
(depressive behavior for FT12, anxiety for TEDS), Pro=prosocial, T=teacher

By looking at the R2 values from the different models (Figure 10), the single 
externalizing behavior as the independent variable explains the largest 
amount of the variation in aggression, prosocial explains a moderate amount 
(sometimes nearly as much as the externalizing behavior), while internalizing 
problems explain little. When multiple independent variables are in the same 
model, the R2 value does not increase much above the R2 value for the 
externalizing alone model, unless prosocial is in the model, but R2 increases 
are still generally small. Additionally, R2 values are generally higher for boys 
than girls. Lastly, by looking at changes in effect size (betas), girls had smaller 
changes than boys when going from initial to multiple variable models, and 
prosocial behavior betas had the largest changes when going from initial to 
multiple variable models (Figure 11).

5.3.2. ASPD prediction (Study III)

For Study III, many different main models were analyzed as well as several 
sensitivity analyses. For complete results, please refer to the publication. Here 
I present a selected list of progressive and informative models, listing the
predictor’s odds ratios (OR), 95% confidence intervals (CI), and model AUC 
values with 95% CIs (Table 13).
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Table 13. Select logistic regression models with ASPD as the outcome and main 
predictors either in a model alone or with multiple predictors included 
simultaneously*, adjusted for gender and age 
MODEL OR 95% CI AUC 95% CI 
Gender + age 2.1 1.2, 3.4 0.60 0.54, 0.66 
T14TA + gender + age 1.7 1.4, 2.1 0.72 0.65, 0.80 
T14HI + gender + age 1.7 1.4, 2.1 0.73 0.66, 0.80 
T14TA (HI removed)  
+ gender + age 

1.4 1.1, 1.8 0.65 0.56, 0.74 

 2.2 1.2, 4.0   
S14TA + gender + age 1.8 1.5, 2.2 0.72 0.66, 0.79 

S14HI + gender + age 1.8 1.5, 2.3 0.72 0.65, 0.78 

 1.9 1.1, 3.1   
S14TA (HI removed)  
+ gender + age 

1.6 1.3, 2.0 0.68 0.60, 0.75 

     
T14DA + T14IA  
+ gender + age 

1.7 1.2, 2.3 0.73 0.65, 0.81 

S14DA + S14IA  
+ gender + age 

1.5 1.2, 1.8 0.72 0.66, 0.79 

 1.4 1.1, 1.7   
     
T14TA + S14TA  
+ gender + age 

1.6 1.3, 2.0 0.80 0.73, 0.87 

 1.9 1.5, 2.4   
P12TA + T12TA  
+ T14TA + S14TA  
+ C14TA + gender + age 

1.5 1.2, 1.9 0.82 0.76, 0.88 
 

 1.7 1.3, 2.2   
P12TA + T12TA  
+ T14TA + S14TA  
+ C14TA + P12HI  
+ S14HI + C14HI  
+ gender + age 

1.5 1.1, 2.0 0.82 0.76, 0.89 

 1.5 1.1, 2.1   
*Bolded model variables were significant (p<0.05) and correspond to the OR value reported 
in the table, in the case of two significant variables, the OR of the first bolded variable is given 
first, and the second second.  
Note: Model variable labels indicate rater first, then child age, then MPNI subscore 
Abbreviations: AUC=area under the curve, C=co-twin (sibling), CI=confidence interval, 
DA=direct aggression, HI=hyperactivity-impulsivity, IA=indirect aggression, OR=odds ratio, 
P=parent, S=self, T=teacher, TA=total aggression  
 
From Table 13, in the initial model with only gender and age, gender predicted 
later ASPD, but the AUC value is low (60%, 95% CI 0.54–0.66). When either 
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aggressive behavior or hyperactivity-impulsivity are modeled alone, they 
predicted future ASPD about equally well. Importantly, in models when the 
effect of hyperactivity-impulsivity on aggressive behavior is removed, 
aggressive behavior in adolescence still predicted ASPD in young adulthood 
(though with a lower AUC value). The most parsimonious model included 
self and teacher aggression ratings at age 14 and predicted ASPD with an AUC 
value of 0.80 (95% CI 0.73–0.87). Even when hyperactivity-impulsivity 
predictors were added, they were not significant and the AUC value rose very 
little, while both self and teacher aggression ratings at age 14 remained 
significant. 
 
Direct aggression in adolescence predicted future ASPD (for both teacher and 
self ratings), and indirect aggression (from self ratings at age 14) also predicted 
ASPD.  
 

5.3.3. Biomarker modeling and replication (Study IV) 

For Study IV, the initial regression models looked at all metabolites. The beta 
coefficients of aggression (metabolites were the dependent variable) were 
nearly all positive in value and statistically non-significant. However, 3-
hydroxybutyrate was statistically significantly (negatively) associated with 
aggression in linear regression (for detailed Figures and Tables, see the 
publication). Thus, this metabolite was followed up further. 
 
In FT12 regression models with 3-hydroxybutyrate as the dependent variable 
and aggressive behavior ratings from different raters as the independent 
variables (in separate models) adjusted for age, sex, and BMI, the negative 
association trend holds for nearly all raters (Table 14). Two raters of aggressive 
behavior showed statistically significant associations with 3-hydroxybutyrate 
(teacher age 12, self age 14). The percent of 3-hydroxybutyrate value variation 
explained by aggressive behavior (and age, sex, BMI) was less than 5% in the 
models, however (conversely, the percent of aggressive behavior variation 
explained by 3-hydroxybutyrate value, age, sex, and BMI ranges 0.05–9.0%). 
In models fully adjusting for age, sex, BMI, physical activity level, smoking 
status, alcohol consumption frequency, and self-rated general health, the 
negative trend remains (with teacher age 12 and self age 14 still statistically 
significant; R2 still less than 5%). Additionally, when putting both teacher age 
12 and self age 14 ratings into the same model (since correlation between the 
two ratings were low), both were statistically significant. Lastly, both direct 
and indirect aggression appear to be negatively associated with 3-
hydroxybutyrate (Figures 12A-B). 
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Table 14. Standardized beta coefficients and R2 valuesa for aggressive behavior with 
biomarker 3-hydroxybutyrateb 

Aggression rating Standardized  
Beta Coeff  
(p-value) 

R2 

AggCombined -0.13 (0.004) 0.040 
P12  -0.02 (0.7) 0.022 
T12 -0.14 (0.001) 0.039 
T14 -0.03 (0.5) 0.022 
S14 -0.09 (0.02) 0.029 
TW14 0.006 (0.9) 0.021 
S17 -0.02 (0.7) 0.018 
TW17 -0.04 (0.3) 0.017 

Abbreviations: AggCombined=aggression combined; P12=parent rating age 12; S14=self 
rating age 14; S17=self rating age 17; T12=teacher rating age 12, T14=teacher rating age 14, 
TW14=co-twin rating age 14, TW17=co-twin rating age 17 
aR2 represents the variation explained from all variables in the model together 
bTable modified from Study IV publication, Supplementary Table 3 
 
Figure 12A-B. Beta coefficients (and 95% confidence intervals) of direct (A) and 
indirect (B) aggression ratings as (separate) independent variables in linear 
regression models with rank-transformed 3-hydroxybutyrate as the dependent 
variable, adjusted for age, sex, and BMI. 
 
A.                        B. 

 
Abbreviations: P12=parent rating age 12, T12=teacher rating age 12, T14=teacher rating age 
14, S14=self rating age 14, TW14=co-twin rating age 14, S17=self rating age 17, TW17=co-twin 
rating age 17 
 
In the NTR replication cohort, the same negative association between 3-
hydroxybutyrate and aggressive behavior was found. However, statistical 
significance was lacking in the initial model (adjusted for age, sex, BMI, and 
batch), but approached significance (p=0.052) among males in the fully 
adjusted model (age, sex, BMI, batch, physical activity level, smoking status, 
alcohol consumption frequency, and self-rated general health). Significant sex 
interaction was noted in the fully-adjusted NTR sample (p=0.015), which was 
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not found in the FT12 sample (p-value range = 0.10–0.84). Results from 
Bayesian modeling of both FT12 and NTR models supported the frequentist 
model results, with models from FT12 now indicating a significant sex 
interaction: females having a significantly higher negative association with the 
biomarker compared to males. In NTR, the opposite pattern was found, 
however, with males having a significantly higher negative association with 
the biomarker compared to females (who had a small positive association). 
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DISCUSSION 

6.1 Main findings of the thesis 

Specifically, this thesis showed that aggressive behavior in childhood co-
occurs with other behaviors/emotional problems, with some children having 
more than one co-occurring behavior. The co-occurrence patterns appear 
similar across gender, age, and measurement instrument/country, while 
differences exist between raters. Furthermore, general aggression levels (as 
well as direct aggression specifically) in pre- and early adolescence can predict 
ASPD in young adulthood in both genders; when multiple raters of aggression 
were included, the prediction accuracy improved. While both aggression and 
hyperactivity/impulsivity were separately able to predict ASPD, aggression 
without the influence of hyperactivity/impulsivity was still able to predict 
ASPD, and in models with both aggression and hyperactivity/impulsivity, 
aggression ratings were the only significant independent variables. Lastly, the 
ketone body 3-hydroxybutyrate appears to be negatively associated with 
aggressive behavior; this trend held across raters and in both basic and fully 
adjusted models, and was supported in a large independent sample and using 
Bayesian modeling. 

6.2 Interpretation of the results and comparison to earlier 
studies 

6.2.1 Characterizing childhood aggressive behavior across genders, 
subtypes, raters, ages, and countries (Aim 1 + 2) 

Looking across gender, aggression subtypes, raters of behavior, age, and 
countries, results from across the thesis can be compared with each other and 
fit in with previous studies. Uniformly, results showed the general trend of 
mean aggressive behavior levels being higher for males than females, which 
is well-supported in previous studies [26, 60]. However, this finding has 
several caveats in these thesis findings, as discussed further. 
 
Regarding aggression subtypes, levels of aggressive behavior were different 
according to gender, rater, and age. For direct aggression the results were 
consistent, males had higher levels of aggressive behavior than females for all 
raters and ages, which is consistent with the literature [7, 29, 57]. However, at 
age 12, among boys, teachers reported more direct aggressive behavior than 
parents, while among girls, it was the opposite. At age 14, for both boys and 
girls, self ratings of direct aggressive behavior were higher than teachers. This 
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may suggest that girls are better able than boys to self-regulate direct 
aggression at school, but not in other environments. A meta-analysis [7] noted 
boys as having higher levels of direct aggression than girls for all raters, but 
(gender difference) correlations were stronger in teacher ratings (r=0.34) than 
self (r=0.21) and parent ratings (r=0.15). For indirect aggression, Study III 
showed mixed results with girls at age 12 (ratings by parents and teachers) 
higher than boys, but at age 14, the levels of indirect aggression were either 
similar across genders (ratings by teacher and co-twin) or boys had higher 
(self ratings).  
 
These mixed gender results seem to fit with the meta-analysis by Card et al. 
[7] showing only trivial differences between the genders regarding indirect 
aggression. Unpublished results showed teachers (age 12) reporting higher 
levels of indirect aggression than parents (age 12) for both genders, but self 
(age 14) ratings were higher than teacher (age 14) ratings (only significant for 
boys). The school environment may be better for observing indirect aggression 
than home (where fewer peer/friend interactions occur), although perhaps 
teachers carry some bias toward characterizing more indirect aggression 
among girls than boys (and vice versa). Lastly, the Card et al. meta-analysis 
[7] also indicated an intercorrelation between direct and indirect aggression of 
0.82 for girls and 0.88 for boys, which is higher than those found in Study III 
(and unpublished results): r=0.38–0.42 for parent and self ratings (both 
genders), r=0.54–0.69 for teacher and co-twin ratings (both genders). These 
differences could be due to the use of different instruments and differences in 
raters.  
 
Rater differences between general measures of aggressive behavior were 
noted, as seen in previous studies. We saw that the highest interrater 
correlations were between teachers (age 12 v age 14) and between self and co-
twins (age 14), while the lowest were between parent (age 12) and age 14 
teacher or self ratings. This is in line with the oft-cited meta-analysis by 
Achenbach et al. [5] that showed that raters who observe children in similar 
environments have higher interrater correlations. However, results all show 
lower interrater correlation values than those in Achenbach et al. [5] and other 
studies [177, 198]. Although, these studies were examining ‘externalizing 
behavior’ in general, not aggressive behavior specifically, which fewer studies 
on interrater correlations have done [109, 176]. Externalizing behavior ratings 
in general, and aggression specifically, seem to produce the highest interrater 
correlations, perhaps due to the more easily observable overt nature of many 
of the behaviors. Thesis analyses showed that age 12 teacher–parent and age 
14 teacher–self correlations were highest for boys, perhaps indicating the more 
overt nature of male aggression or bias in reporting male aggressive behavior. 
Parents generally reported lower levels of aggressive behavior than teachers 
(for both genders), while self reports showed higher aggressive behavior 
levels than teachers (for both genders). Additionally, the greatest gender 
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differences in aggressive behavior levels were seen in teacher ratings. Taken 
together, these results support previous suggestions of different raters 
capturing different levels of behaviors across different environments [172]. 
Additionally, they show that gender bias may exist in behavior ratings [183, 
199], at a rater or societal level, and that the overtness or self-control aspects 
of behavior development may contribute to gender differences in behavior 
ratings in different settings [200]. 
 
Regarding age trends in aggressive behavior, on average, there is reduction in 
aggression levels as children get older [1, 56]. This was best observed in Study 
I’s parental ratings. Gender differences were smallest during adolescent ages 
(compared to younger ages), in particular, self and parent ratings in 
adolescence were more gender-similar than at younger ages. In a meta-
analytic review of sex differences in aggression [29], the first notable sex 
differences arise in young childhood (as young as 2 years old) for physical 
aggression, with sex differences in verbal aggression following a couple years 
later, while the most pronounced sex differences are seen in young adulthood 
[29]. However, in the teenage years, risky and antisocial behavior is more 
normative than at other times in development [74]. The highest levels of 
externalizing problems in adolescence are typically registered from self 
ratings than from other raters [173, 179]; thus, study results appear to be in 
line with these known patterns. The minimal gender differences in 
adolescence highlight that aggressive behavior in girls should not be ignored 
or downplayed.  
 
Finally, patterns of aggression across country (or, instrument) were generally 
quite similar. Since each country used separate instruments, it is not possible 
to specifically indicate whether patterns are similar across countries, 
instruments, or both. However, similar patterns of childhood behavior across 
instruments and cultures using ASEBA and SDQ instruments have previously 
been shown [149], and MPNI items have been compared to other measures in 
cross-cultural studies, showing comparable behavioral patterns [89, 201]. 
Thus, our study findings of cross-cultural, cross-instrument similarity are in 
line with previous findings. Of note, there were some pattern differences 
between GENR and NTR cohorts (both in the Netherlands, both used ASEBA 
instruments). However, they could possibly be explained by either the 
populations the cohorts drew participants from (GENR captures a local 
population–representative cohort of children in and around the urban area of 
Rotterdam [only 48% of the target population of children were ethnic Dutch 
[202]] while the NTR captures children that are representative of the entire 
national population) or from the type of pregnancy the children experienced 
in the cohorts (singletons vs multiples). However, studies in FT12 and NTR 
have shown that twins are not different from other children regarding 
externalizing/internalizing problems or educational achievement [188, 189], 
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and patterns were similar between twin cohorts NTR and TCHAD from 
different countries using the same ASEBA instrument. 
 

6.2.2 Characterizing childhood aggressive behavior and co-occurring 
behaviors/problems across genders, raters, ages, and countries (Aim 1) 

When examining aggressive behavior and co-occurrence with other behaviors 
or emotional problems, one pattern that emerged was that gender differences 
were minimal, in teacher ratings in particular. The highest co-occurrence 
correlations for both genders were for aggressive behavior and other 
externalizing behaviors, as well as the highest explained variance (R2) of 
aggressive behavior. This is well in-line with previous findings [110, 203] and 
the construct of externalizing behaviors in general [102]. For aggressive 
behavior co-occurrence with externalizing, and prosocial, behaviors teachers 
generally had the highest correlations, followed by parents, and then self 
ratings, for both genders. McConaughy et al. [204] saw minimal externalizing–
aggression co-occurrence differences by rater, however, but no formal testing 
of co-occurrence differences across raters was done here.   
 
Conversely, for co-occurrence of aggressive behavior with internalizing 
behaviors parents generally had the highest correlations, then self, and teacher 
ratings, for both genders. This is in line with the internalizing–aggression rater 
patterns seen in McConaughy et al. [204]. Finally, for both genders, teacher-
ratings modeling of aggressive behavior using multiple co-occuring 
behaviors, internalizing behavior seemed to mainly co-occur with aggressive 
behavior along with other co-occuring externalizing or prosocial behavior 
issues. This is in line with other studies [131, 205]. Interestingly, Loeber et al. 
[126] indicated that the gender with the lowest prevalence of a psychiatric 
behavioral or mood disorder (e.g., CD being less common in girls) is more at 
risk to develop a co-morbid condition; so, girls with aggressive behavior may 
be more at risk for additional psychiatric problems. However, Loeber was 
looking at DSM diagnoses; Study I and II looked at non-pathological levels of 
behaviors and emotional problems, which showed similarities in co-
occurrence across gender.  
 
Low prosocial behavior, in multiple co-occurrence modeling, was usually 
associated with aggressive behavior along with other externalizing behaviors, 
in boys more so than girls. Hämäläinen and Pulkkinen [120, 206] have shown 
that children with aggressive behavior problems and low prosocial behavior 
are more likely to be convicted of criminal activities later in life, especially 
those with multiple problems [121], while aggressive behavior without co-
occurrence did not lead to elevated risk of negative outcomes. Kokko and 
Pulkkinen [88] also showed that aggressive children with low prosocial skills 
were at increased risk for unemployment later in life, but those aggressive 
children with prosocial skills were not at increased risk. Thus, aggressive 
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behavior with co-occuring behaviors is an important consideration for future 
outcomes. 
 
The patterns of aggressive behavior and co-occurrence appeared similar 
across age, especially for externalizing and prosocial behaviors. However, 
these patterns were not tested longitudinally. Previous studies investigating 
trajectories of co-morbid externalizing behaviors do support the similarity 
over time, especially among higher levels of aggressive and other problem 
behaviors [111, 207]. Individuals with continuity in co-occuring problems, 
being a high-risk group for negative outcomes [111, 133, 207], would benefit 
from holistic, early interventions. 
 
Lastly, there was also consistency in the results of patterns of aggressive 
behavior and co-occuring behaviors across countries (or, instruments). Large 
population-based multi-country (multi-instrument) examinations of these 
patterns is uncommon in the literature [149], and the similarity of results 
highlights the robustness of the observations. This signals a possible 
consideration of studies with single populations/contexts validating their 
findings in other populations/contexts. Additionally, the robustness indicates 
that children with multiple co-occuring behavioral issues are common among 
those who have any behavioral issues, and these children could benefit from 
interventions that not only address the behavioral and emotional problems, 
but also provide skills for positive social interaction, such as that from the Fast 
Track PATHS curriculum [208] or the Strong African American Families 
(SAAF) program [209]. Finland also has a program (called KiVa) aimed at 
bullying that targets the entire student body to teach social-emotional skills 
and provide anti-bullying training [210]. Schools are a good setting to deliver 
this holistic type of prevention program since school reaches nearly all 
children in a community, and teachers indicate students of both genders 
experience these multiple co-occuring issues. 
 

6.2.3 Predicting young adult ASPD using adolescent aggressive behavior 
(Aim 2) 

ASPD prediction showed important considerations regarding gender, 
aggression subtype, rater and co-occurrence. Two-thirds of the ASPD cases 
were men, and 6–7% of men had ASPD while only 3% of women. This is in-
line with a national epidemiological study of ASPD in the US [135]. Although 
gender differences in levels of aggressive behavior exist, gender did not play 
a strong role in prediction. For both genders, aggressive behavior levels in 
adolescence were higher in participants with young adult ASPD compared to 
non-ASPD participants. Previous male-only cohorts longitudinally studying 
ASPD have also shown higher levels of aggressive behavior in childhood [143, 
211], but similar studies with females are scarce [3]. In terms of ASPD 
prediction, when gender and age are in the model alone, gender is a significant 
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(p-value) factor in prediction, however, the AUC of 0.6 indicates that 
prediction based on gender is only marginally better than chance (which has 
an AUC of 0.5). Thus, to predict ASPD better, other factors are needed in the 
model. ASPD prediction improved when both aggressive behavior and 
gender were in the model, with gender then only being significant in models 
with age 12 raters (and no gender interactions were found).  
 
While the main findings of Study III involved the total aggression score, the 
subscores of direct and indirect aggression subtypes were also utilized. Direct 
aggressive behavior was shown to consistently and significantly predict ASPD 
(especially with the age 14 teacher and self ratings). Interestingly, indirect 
aggressive behavior also indicated possible prediction of ASPD, with self 
ratings at age 14 being significant in models. The small number of questions 
that create the MPNI indirect aggression subscale could have led to the weaker 
trend in prediction, future studies could investigate these subtypes more 
thoroughly. To my knowledge, ASPD prediction studies involving subtypes 
of aggression are rare.  
 
As seen from Studies I–II, different raters identify different levels of aggressive 
behavior, and for Study III some raters contributed more than others to 
improving ASPD prediction. In prediction models, teacher and self ratings at 
age 14 were significantly associated with young adult ASPD, with AUCs 
greater than 0.70. In models where multiple raters were included (because 
inter-rater correlations were low to moderate), teacher and self ratings at age 
14 were both still significant and the AUC rose above 0.80. This model with 
multiple raters (AUC 0.80, 95% CI 0.73, 0.87) was significantly better at 
predicting than the parental ratings alone model (AUC 0.65, 95% CI 0.59, 0.72), 
from the fact that the CIs do not overlap. While parental ratings are used often 
in psychopathology research, these self and teacher ratings perhaps provide 
more value in ASPD predictions, and including multiple raters (depending on 
who they are) can improve models over single ratings.   
 
Finally, Study III investigated whether behaviors other than aggression could 
predict ASPD or were influencing the ASPD prediction. Results showed that 
adolescent social anxiety was unable to predict future ASPD, however, 
hyperactivity/impulsivity could (AUCs greater than 0.70). This provides 
empirical support for the schematic relationship of anxiety, ASPD, and ADHD 
in Figure 3. This also aligns with a previous finding that 3-year-olds with 
externalizing problems were at increased risk for later ASPD [91], and a 
previous study showing both CD (a proxy for aggressive behavior) and 
ADHD (a proxy for hyperactivity) predicting ASPD [81]. Because Studies I–II 
showed that aggressive behavior often co-occurs with hyperactivity, models 
were run that removed the effect of hyperactivity from the aggressive 
behavior variable and aggressive behavior still significantly predicted ASPD, 
but with lower AUCs of ~0.65 (the opposite scenario of hyperactivity with 



Discussion 
 

77 

aggressive behavior removed was also still able to predict ASPD, but fewer 
raters were significant). Additionally, in models with multiple 
raters/externalizing behaviors, hyperactivity was not significant, while 
aggressive behavior was, and AUCs were not significantly improved over 
models with only aggressive behavior included. This could be supportive of 
some studies that have shown only CD (not ADHD) to predict later ASPD 
[130, 142, 143], reflected in the hyperactivity not being significant in the model 
with both hyperactivity and aggressive behavior included. Perhaps the 
relationship of the predictive factors of aggression and hyperactivity with 
ASPD could be clarified in investigating whether the factors help differentiate 
those individuals who will have future ASPD and become engaged in criminal 
activity or not. Our study did not have criminal record information, but it 
would perhaps be informative since Pingault et al. [212], for example, showed 
that aggression but not hyperactivity predicted later criminality. 
 

6.2.4 Identifying 3-hydroxybutyrate as a potential biomarker of aggressive 
behavior (Aim 3) 

Using a hypothesis-free NMR approach, Study IV is among only a few studies 
thus far to examine a panel of (low molecular weight) metabolites in terms of 
their association with human behavior, and the first to look at aggressive 
behavior and metabolites in blood. The correlation between aggressive 
behavior and the metabolites was generally weak (r-values <0.15), and 
ultimately, the full biomarker panel investigation only indicated a significant 
(negative) association with 3-hydroxybutyrate and aggressive behavior. This 
is the first time, to our knowledge, that this metabolite has been found to be 
related to aggressive behavior, although biomarkers of energy metabolism 
approached significance in a urine biomarker analysis of aggressive behavior 
in NTR [168]. When further examined, the negative association trend held 
among most of aggressive behavior ratings (from eight raters), with fully 
adjusted models indicating teacher age 12 and self age 14 ratings, in models 
separately and together, remaining significant. As seen in Study III, the 
teacher and self ratings appear the most consistently associated with the 
dependent variable, and each appears to contribute unique information about 
aggressive behavior, because both remain significant in multi-rater models. 
This suggests that these two raters hold valuable observational abilities 
regarding adolescent behavior, and possibly should be seen as raters to 
prioritize collecting information from in future studies. Of note, the variance 
in 3-hydroxybutyrate explained by the fully adjusted FT12 models was 1.8–
4.2%. 
 
The association of 3-hydroxybutyrate with aggressive behavior in FT12 was 
also supported in the independent NTR cohort sample. Although the NTR 
sample utilized aggressive behavior measures in adulthood (not adolescence, 
like FT12), the general trend still remained, including in Bayesian modeling. 
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The NTR analysis also indicated a sex interaction (sex x aggression score) in 
the fully adjusted frequentist model, which was not found in the FT12 
frequentist models, but was seen in the Bayesian modeling. The NTR cohort 
suggested that the negative association was most strongly seen in males, 
however, in FT12 the trend was stronger in females. Thus, sex differences in 
this association need to be investigated in more detail in the future. One 
potential place to look deeper is in subtypes of aggression. Unpublished 
analyses showed that indirect aggression, in particular, was associated with 
the biomarker (more consisently than direct aggression), and in Table 8 and 9, 
males and females had similar indirect aggression levels (age 12 and 14), while 
boys clearly had higher levels of direct aggression.  
 
Regarding biological plausibility of the association and possible mechanisms, 
this would remain rather speculative at this point, however, there are some 
clues. First, 3-hydroxybutyrate is an important part of the alternative energy 
pathway (when blood glucose is low) and is involved in cell signaling and 
regulatory functions such as reducing oxidative stress and inflammation (both 
are associated with aggression; see section 2.1.4 and [213]) and epigenetic 
modification [214, 215]. Importantly, studies have shown that 3-
hydroxybutyrate can cross the blood–brain barrier and act in the brain [216, 
217], where behavior is regulated. Additionally, animal and human studies 
have shown an association of 3-hydroxybutyrate with depression (which can 
co-occur with aggression), though the direction of the association has been 
unclear (negative in mice, positive in humans) [214, 218]. Psychiatry has also 
been investigating the ketogenic diet (which boosts ketone body levels, like 3-
hydroxybutyrate), having used it in ADHD and autism, but not yet for 
aggressive behavior problems [219]. If indeed low 3-hydroxybutyrate is a 
biological explanation for aggressive behavior, then it would be possible to 
consider a ketogenic diet (to increase the metabolite’s levels) to see if the 
behavior diminishes. It would also be valuable to investigate 3-
hydroxybutyrate alongside insulin and insulin sensitivity/resistance 
regarding aggressive behavior since 3-hydroxybutyrate is a part of the energy 
pathway activated when blood glucose is low. However, in our biomarker 
panel insulin levels were not available, and presumably very few diabetics 
were in the sample because the FT12 sample was so young. 

6.3 Findings in context of the ACTION consortium 

This thesis work was performed within the context of collaborative ACTION 
consortium work, which aimed to provide findings that could improve 
aggression treatment personalization by enhancing our understanding of the 
biology, epidemiology, (epi)genetics, and gene x environment interactions in 
aggression. Studies I–II involved multiple cohorts in the consortium and were 
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meant to provide valuable phenotype clarity regarding childhood aggressive 
behavior that could be used to clarify findings from the (epi)genetic (van 
Dongen et al. bioRxiv https://doi.org/10.1101/2020.07.22.215939; Ip et al. 
bioRxiv https://doi.org/10.1101/854927; Jami et al. medRxiv 
https://doi.org/10.1101/2020.09.11.20175026) and biomarker investigations 
[Study IV; 168]. The ACTION-related work in this thesis involved only 
individual (between-family) level analyses, but other work in ACTION has 
also utilized the classical twin modeling approach to estimate the relative 
importance of genetic and environmental influences on aggression [73, 160]. 
Additionally, within-family associations have been utilized to investigate if 
the associations of aggressive behavior with academic performance are 
confounded by genetic or environmental effects [82]. Many of these cohorts 
will also likely continue to collaborate in the future, and so the phenotype 
information will continue to support future research. 

6.4 Aggression measurement and reliability 

The work in this thesis involved multiple cohorts and instruments, so it is 
important to consider how some of the instruments relate to one another and 
how aggressive behavior is captured and investigated using those 
instruments. The ASEBA instruments are well-known, broadly used and 
deeply investigated by the creator [5, 102, 148, 151, 220], including 
investigation of the ASEBA system compared to SDQ [149]. The SDQ is a good 
short-form for collecting similar information as the ASEBA instruments. In the 
ACTION consortium, a harmonization effort for some of the cohorts (NTR, 
TEDS, TCHAD, CATSS, FT12) included three of the study instruments 
directly (CBCL, SDQ, ATAC) and then the MPNI was incorporated after direct 
harmonization [160]. Additionally, Hendriks et al. [159] utilized the NTR 
cohort’s CBCL, SDQ, ATAC harmonization data from Luningham et al. [160] 
and showed that while the instruments have slightly different items, the 
underlying genetics of the childhood aggression captured by the instruments 
was consistent. These investigations still leave the MPNI somewhat on the 
outskirts regarding comparability. However, Study III showed that MPNI 
could predict a psychiatric disorder, just like the other instruments [148, 221]. 
Furthermore, in Studies I–II the MPNI produced similar results to the other 
instruments, and in Study IV the MPNI results were supportively reproduced 
in the NTR cohort using the ASR. To confirm differences or similarity among 
the instruments, however, would require systematic testing (e.g., one cohort 
with multiple instruments predicting the same longitudinal outcome). 
 
Regarding raters of aggressive behavior and reliability of the measurement, it 
is important to consider how reliable each rater is regarding externalizing 
behaviors, as well as internalizing behaviors (since Studies I and II look at co-
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occurrence). Previous studies – including cohorts used in this thesis – have 
indicated high reliability for teacher ratings of behavior. For example, by 
looking at intrapair correlations of ratings of monozygotic (MZ) twins, it is 
possible to obtain the lower boundary of reliability (note: the reliability could 
be lower than this if the trait exhibited low heritability, but aggressive 
behavior was shown to be between 50–80% heritable using NTR and TEDS 
[73]). This is based on the assumption that the pair-wise correlation in MZ’s 
cannot be greater than test–retest correlation in one individual (see e.g., [222] 
for MZ correlations providing information about reliability). For example, 
Polderman et al. [223] used the TRF in NTR and showed that intrapair 
correlations in MZ pairs on teacher-rated aggressive behavior was 0.84, and 
between 0.71 and 0.74 for internalizing behavior. Although the intra-pair 
correlations for internalizing problems were lower than externalizing 
behavior, the difference was small. Moreover, values of over 0.7 indicate 
acceptable reliability. Pulkkinen et al. [104] showed that MZ correlations of 
nearly all MPNI teacher ratings were higher than those of parents (teachers 
ranged 0.57–0.87, parents ranged 0.43–0.83). Additionally, Verhulst et al. [224] 
indicated that while teacher ratings for internalizing behavior were less 
reliable than parent or self ratings, they were still valuable and provided 
unique information in predicting maladjustment.  
 
Lastly, with aggressive behavior being such a broad and heterogenous 
behavior, we can also consider which aggressive behavior has been captured 
in this thesis and its context with other aggressive behavior concepts from 
Figure 1. The MPNI aggressive behavior scale was separated into direct and 
indirect aggression subtypes for some of the analyses (Study III and 
unpublished data from Studies I, II, IV) and was able to suggest nuance to 
some of the findings (e.g., direct aggression, in particular, predicts ASPD well 
and indirect aggression, in particular, is associated with 3-hydroxybutyrate). 
These could provide clues for personalized treatments of aggressive behavior 
in the future and clarify some of the heterogeneity in the behavior. On the 
other hand, the MPNI showed similar results in Studies I–II to the ASEBA and 
SDQ instruments, which both broadly capture aggressive behavior. The 
ASEBA instruments do not capture indirect aggression, and the SDQ’s 
‘conduct problems’ is a mix of aggressive behaviors and rule-breaking 
behaviors. However, Hendriks et al. [159] showed that these item-level 
differences still capture similar underlying genetics, and Studies I–II indicate 
that aggressive behavior often comes along with many co-occuring behaviors. 
These co-occuring behaviors can all be rolled up and studied together as the 
p-factor (which combines externalizing and internalizing problems into one 
general measure of psychopathology), particularly useful when investigating 
the genetics of psychopathology, as TEDS has done [124].    
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6.5 Strengths and Limitations  

The studies in this thesis had many strengths. All studies utilized large 
population-based cohorts with high response rates to investigate the research 
questions. Main findings were able to be supported with replications or by 
using multiple raters of behaviors. Study I and II shared a very similar 
protocol so that results could roughly be compared across publications (the 
children were the same and sample sizes were large), which is of benefit 
because direct comparison was outside of the scope of both studies. Study III 
was able to study the main effect of aggressive behavior while removing the 
residual effect of hyperactivity. Study IV was able to adjust the main findings 
by multiple confounders similarly across the two cohorts, and suggestively 
replicate results from FT12 in NTR using a Bayesian approach.  
 
The studies in this thesis did have some notable limitations as well. Study I 
and II were cross-sectional in nature despite being drawn from longitudinal 
cohorts. However, the main scope of the studies were to capture co-occuring 
behavior between the genders at different ages from cohorts using different 
instruments. Due to the longitudinal nature, many of the same children were 
captured across the different ages, so there can be an approximate study of 
patterns across the ages. Regarding the different instruments being compared, 
although they are different and could not be directly compared, similar 
patterns across instruments were seen and I previously noted that Hendriks 
et al. [159] and Luningham et al. [160] showed that the instruments are similar 
in the underlying genetics they capture. Although Study I did not formally 
compare the parent and self ratings they presented, and Study I and II ratings 
were not formally compared, I did provide a supplemental direct comparison 
of these raters with FT12 data in this thesis.  

 
For Study III, a main limitation for analysis was that the dataset contained 
only 67 ASPD cases in a starting sample of 1821 participants. However, the 67 
cases included both men and women and were in proportion with typical 
population prevelance of ASPD. The participants were all outside of prison 
and institutional systems when participating in data collection, so perhaps 
these ASPD individuals did not fully represent the complete ASPD 
population. For example, Fazel et al. [136] showed that, across 12 countries, 
among prison populations 47% of men have ASPD and 21% of women have 
ASPD; the prison population was 10 times more likely to have ASPD than the 
general population. However, in Finland, changes in the criminal justice 
system regarding youth deliquents produced a dramatic reduction in youth 
in prison between the 1980s and 1990s; although, in the mid-1990s, 17% of 
youth in prison in Finland had a personality disorder [225]. An additional 
limitation for Study III is that callous-unemotional traits were not able to be 
taken into consideration since that type of information was not collected, 
although they are related to aggressive behavior [226] and ASPD [129].  
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For Study IV, the main limitation was not having the aggression measures and 
blood sample taken at the same time (or longitudinally). However, aggression 
is a rather stable behavior [4, 73], and our samples were limited to people 30 
years old and younger, before aggressive behavior really starts to taper off due 
to age [1]. It would have been helpful to have had repeated measures of the 
biomarker in order to understand its stability better, however, Nightingale 
(the company who NMR-processed the samples) does not have such data 
available yet. Although, for both men and women, 3-hydroxybutyrate is not 
strongly affected by age [227] and is highly heritable (~55%)[228]. Lastly, 
because Studies I–III showed that aggressive behavior does not often occur in 
isolation, hyperactivity or another co-occuring behaviors could have been 
looked at. However, since this was a new and exploratory approach, the main 
associations needed to be investigated and replicated first. Future studies 
should look into the nuances of the association. 
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CONCLUSIONS 

The findings of this thesis contribute to improving our understanding of the 
heterogenous phenotype of aggression, as well as indicating many gender 
similarities in the behavior and differences across raters. Study I and II 
showed that childhood aggression regularly co-occurs with other 
externalizing behaviors and low prosocial skills and moderately co-occurs 
with internalizing problems. Patterns were similar across study instrument 
and age. Most of the variation in aggression was explained by co-occuring 
externalizing behavior, and co-occurrence of internalizing problems and 
prosocial behavior with aggression often involves multiple co-occuring 
behaviors. The co-occurrence findings of Study I and II shed light on the 
findings in Study III where unadjusted aggression (i.e., the effect of co-
occuring behavior(s) could have been influencing the association) predicted 
ASPD, but even when the effects of co-occuring hyperactivity were removed, 
aggression still predicted ASPD (and vice versa). This independent effect of 
aggression in ASPD prediction could help refine DSM characterization (or 
treatment choice) of the disorder, where currently the presence or absence of 
callous-unemotional (i.e., psychopathic) traits is the noted important factor 
when diagnosing and treating ASPD. The co-occurrence of aggression with 
other behaviors highlights the heterogenous nature of the behavior and the 
challenges to be encountered if studying aggression without taking other 
behavioral factors into account.  

 
This thesis revealed several patterns of similarity across gender that should be 
highlighted against the backdrop of male-dominated aggression research. 
Boys/Men have long been the group that researchers have focused on for 
criminal and behavioral problems, and although they exhibit higher levels of 
these behaviors, Study I and II results have shown that boys and girls both 
experience co-occurrence to similar degrees. This finding requires researchers 
and those who refer children for psychological treatment to broaden their 
focus to all children, and perhaps apply more direct attention to girls’ 
behavioral problems in particular, as the FemNAT-CD consortium has been 
doing. As with many areas of health research where men have historically 
been the default gender for initial research investigations, there is much to be 
gained in aggression research by improving understandings of gender 
similarities and differences. Indeed, Study III showed that aggressive 
adolescent behavior in both genders predicted later ASPD, but Study IV 
suggested possible sex differences in aggression’s association with 3-
hydroxybutyrate. As cultures and societies continue to evolve, and gender 
roles and expectations continue to shift and mix, we may see aggression levels 
change based on both real changes in behavior in the children and reduced 
biases of observers (i.e., parents and teachers noticing and valuing female 
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aggressive problems as seriously as male aggressive problems). More research 
on gender similarities and differences in this heterogenous behavior can 
continue to help improvement in diagnosis and treatment.  

 
Thesis findings also supported the need for multiple raters of behavior to 
properly characterize the scope of situational or generalized aggression. Some 
studies did show some similarities across raters; for example, most ratings of 
aggressive behavior were suggestively associated with 3-hydroxybutyrate, 
teacher and self ratings both predicted ASPD, and some teacher–self and 
parent–teacher direct comparisons of aggressive behavior showed only small 
effect sizes. On the other hand, Study III and IV showed that when including 
teacher and self ratings in the same model both can still be significantly 
associated with ASPD or 3-hydroxybutyrate, indicating both raters contribute 
some unique insight to the association of interest. Many studies of child 
behavior utilize parent ratings, however, in Study III and IV in particular, they 
were the least powerful or consistent for discovering associations. Multiple 
ratings, especially those beyond the parents, are an important tool in helping 
to further clarify the aggression phenotype. 

 
Clarifying the aggression phenotype further, this thesis also showed main 
associations using total aggression were refined when aggression subtypes 
were also examined. Study III noted that general aggression, and direct 
aggression in particular, predicted ASPD. Unpublished Study IV analysis 
presented in the thesis suggests that indirect aggression could be a strong 
component of the association of aggression with 3-hydroxybutyrate. 
Furthermore, unpublished analyses in this thesis related to Study I and II 
suggest that indirect aggression, in particular, differs depending on rater. 
Teachers see more indirect aggression than parents, but self ratings indicate 
more indirect aggression than teachers, and this is similar for both genders. 
While looking at broad characterizations of aggressive behavior (and co-
occurrence) can help in investigations across cohorts and instruments, and 
may capture similar underlying genetic aspects of the behavior, drilling down 
to details of aggression (e.g., subtypes or gender differences) for investigations 
of aggressive behavior can help to clarify some of the heterogeneity in the 
phenotype. 
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Not many people are lucky enough to have two sets of caring parents. Thank 
you to my brothers and sister-in-law for their love and support. And thank 
you to my Grandpa, Gran, and Moomoo, who were always happy to see me 
and share their love. Gran, you always wanted a doctor in the family…I’m not 
sure if this fully counts, but I’m sure you would have been proud. I miss you.  
 
Lastly, I need to thank Dave for changing the whole course of my life when I 
glimpsed him on that bus in Vancouver. Your smarts opened up the world to 
me, brought us to Finland, and the experiences along the way have shown me 
who I am and who I can be. Thank you for being a soft place for my storms to 
burn themselves out, for being a mirror to show me all my good bits, and for 
being my steadfast best, best friend. And to my kids, Dexter and Renn, thank 
you for breaking me apart and building me anew. I never thought I would or 
could do a PhD with kids, but you provided (in hindsight) welcome 
distractions from research and showed me what was truly important. 
Watching you becoming thoughtful, caring, open-minded people reminds me 
that you are my best contribution to the world.  
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APPENDICES 

Appendix 1. Modified Multidimensional Peer Nomination 
Inventory (MPNI) 

 
Questions are formulated to be directed to parents, teachers, or the child 
answering about themselves or their sibling/twin (original MPNI questions 
are formulated for peer nomination in a classroom setting). These questions 
were asked at age 12, 14, 17 for FT12. The English versions of the answer 
choices are presented here, as adapted from Pulkkinen et al. (1999) and study 
questionnaires. 

 
To parents: “We ask you to consider Child A…” 
To teachers: “Please evaluate the twin and a control student (a student of 

the same sex as the twin who is immediately after the twin in the alphabet) 
against each statement…” 

To child for self evaluation: “Estimate how well the following 
descriptions fit you…” 

To child for sibling/co-twin evaluation: “Estimate how well the following 
descriptions fit your twin…” 

 
Answer choices: 

3       the characteristic in question fits the child very well, i.e., it is clearly 
observable in the child 
2 the characteristic in question is definitely displayed in the child, but is 

not as prominent as above 
1 the characteristic in question is sometimes displayed in the child, but is 

not consistent or strong 
0         I have not observed the the characteristic in question displayed at all in 
the child 

 
Questions (organized by subscale, parentheses display the actual order of 

the item on the MPNI): 
 
Select the degree to which the child fits the described behavior. The child 

in question… 
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Behavioral problems 
 
Aggression 
 
Direct aggression 
(21) hurts other people when they are angry, e.g., by hitting, kicking, 
or throwing things at them 
(27) calls people names when they are angry with them 
(13) teases other people or attacks them for no reason  
(25) bullies smaller and weaker kids 

 
Indirect aggression 
(18) spreads rumors about other people’s personal matters when 
he/she is mad at them 
(9) excludes people from the group, e.g., by saying ‘Let’s not 
play/hang around with him/her’ 
 
Hyperactivity/impulsivity 
(4) is restless, unable to sit still 
(37) is hyperactive 
(15) is very talkative 
(29) is too impatient to wait for their turn 
(33) is disobedient at school/home 
(11) often acts without thinking about the consequences 
(31) runs about and climbs everywhere despite warnings 
 
Inattention 
(34; reverse scored) is conscientious with homework 
(36) is forgetful 
(17) does not listen instructions 
(8) cannot concentrate on anything 

 
Emotional problems 
 Depression 
 (24) worries a lot 
 (3) is sad and depressed  
 (6) is easily offended/starts crying if someone is mean to him/her 
 (14) is lonely and without friends 
 (32) clings to adults or is too dependent 
 
 Social Anxiety 
 (10) is shy with other people 
 (19) is frightened and nervous about new things or new situations 
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 Victimization 
 (35) gets teased and taunted a lot 
 
Adjustment 
 Constructiveness 
 (7) tries to act reasonably even in difficult situations 
 (20) is considered reliable/trustworthy by most people 
 (12) is able to sort things out by talking 
 (26) helps others in need 
 (16) often stands up for smaller and weaker kids 
 
 Compliance 
 (5) is patient and calm 
 (28) never argues with others 
 (2) is friendly to others 
 (23) avoids difficult situations by doing something else 
  
 Social Activity 
 (30) is popular among friends/classmates 
 (1) is a good leader 
 (22) is often with other kids during recess and after school 
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Appendix 2. ASPD criteria utilized in Study III based on SSAGA 
interview questions at age 22 

 
Note: ASPD criteria based on DSM-IV ASPD criteria. If individuals had a 
history of conduct problems before age 15 (asked during age 22 SSAGA 
interview) and endorsed 3+ ASPD behaviors they were considered to have 
ASPD.  

 
ASPD criteria (each counts as one point): 
*these are asked if they have occurred after age 15 
 
-Started a fight OR has been in a fight at least 3 times 
-Teased others 
-Harmed animals in a teasing/taunting manner 
-Stole money or goods from family or relatives 
-Stole from a shop or strangers OR committed forgery (signed someone 
else’s name, used someone else’s credit/debit card) 
-Broke into someone’s house, car, or building 
-Stole money by force or threatening 
-Ignited fires on purpose 
-Damaged property on purpose 
-Caused damage to another person on purpose 
-Used a gun 
-Forced sexual intercourse 
-Did not take care of child or family when it was responsibility to do so 
-Hit or beat another person 
-Was unable to be faithful to a partner for a whole year 
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