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ABSTRACT 
 
Sofi Oskarsson (2022): Biological Risk Factors for Crime: Adverse Perinatal 
Events and Psychophysiology. Örebro Studies in Criminology 1. 
 
Biological risk factors for crime have been largely neglected within main-
stream criminology. However, a large body of research has over the past 
few decades converged on the conclusion that it is important to consider 
biological risk factors for crime, as they may help to inform theory and 
etiology. We are gaining more knowledge about the biological underpin-
nings of crime in a rapidly evolving research field, but many questions re-
main to be answered. 
 

The overarching goal with the present dissertation was to expand the 
knowledge about biological risk factors, including adverse perinatal events 
and psychophysiology, for crime. Specifically, Study I aimed to examine the 
associations between adverse perinatal events and offspring crime in men 
and women respectively. Study II aimed to examine associations for resting 
heart rate and systolic blood pressure with reoffending in men. Study III 
aimed to examine associations for resting heart rate with crime in women. 
Lastly, Study IV aimed to synthesize existing evidence on the relationship 
between psychopathic personality and aversive startle potentiation. These 
aims were pursued through three studies utilizing Swedish population-
based registers (Study I, Study II, and Study III), as well as one systematic 
review (Study IV).  
 

Taken together, the overall findings of the present dissertation suggest that 
biological risk factors are important for crime in various ways. Biological 
risk factors represent an important step forward to broaden our under-
standing of crime and may have the potential to inform theory and etiology 
as well as to ultimately improve prediction, prevention, and intervention 
strategies. 
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1. INTRODUCTION 
Few scientists would argue against the statement that biological factors have 
an impact on humans and how we act. We are influenced by complex bio-
logical, psychological, and social processes (Focquaert, 2019). Despite the 
undeniable role of biology to us humans, criminological researchers have 
been reluctant to acknowledge the importance of such factors in explaining 
crime (Cornet, 2015): the central theme of criminological research. Con-
temporary mainstream criminological research has been built almost exclu-
sively on sociological models (Asherson & Cormand, 2016), which are im-
portant aspects of crime of course, but not sufficient to understand and in-
form etiology (i.e., causes/origins) and theory (Focquaert, 2019). 
 
The sociological focus is a remnant from the reaction to the positivistic 
thinking of Cesare Lombroso, who in the late 1800s believed in the ‘born 
criminal’ and the possibility of identifying criminals by their physical ap-
pearance (Wolfgang, 1961). After being left out from criminological re-
search for a long time, biologically oriented criminological research is in-
creasing, and findings suggest that it is of importance to consider biological 
factors alongside psychological and social factors to understand crime. Just 
as psychological and social risk factors are important for understanding 
crime, so are biological risk factors. Psychological and social risk factors are 
not alone responsible for the development of crime, just like biological risk 
factors are not. Psychological and social risk factors are not equated with 
this outcome, just like biological risk factors are not (Focquaert, 2019). Like 
everyone else who study biological risk factors for crime (I assume), I reject 
the idea that we can determine whether someone is a criminal offender or 
not by measuring jaws and foreheads, as suggested by Lombroso. However, 
I do believe that there is important knowledge to be gained from connecting 
biology with criminology. I also want to stress that it is important to re-
member that “[b]iology is not destiny, and we can benignly change many of 
the biological predispositions that shape the […] offender” (Raine, 2002a, 
p. 43). 
 
The present dissertation is a contribution to the biological perspective on 
crime. The point of departure for the work presented within this dissertation 
has been to acknowledge that the phenomenon of crime is multifactorial 
and highly complex (Focquaert, 2019). This makes it important to consider 
risk factors from multiple domains, including biology, psychology, and 
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sociology: today referred to as biopsychosocial criminology 
(https://bpscrim.org; Portnoy, 2020). One important aspect of biopsycho-
social criminology is the interplay between biological, psychological, and 
social risk factors. However, given that biological risk factors have been 
largely neglected in mainstream criminological research, it is fair to argue 
that one important task that criminological researchers are facing is to elu-
cidate which biological risk factors that are associated with crime. Thus, 
biopsychosocial criminology is partly about the understanding of how cer-
tain risk factors interact or work in tandem with one another, and partly to 
understand how certain risk factors work individually. The consideration 
of biological risk factors in criminological research is needed to provide a 
more comprehensive understanding of crime. Psychological risk factors 
such as self-control, empathy, moral reasoning, and cognitive ability 
(Frisell, Pawitan, & Långström, 2012; Henry, Caspi, Moffitt, Harrington, 
& Silva, 1999; Lardén, Melin, Holst, & Långström, 2007), as well as social 
risk factors such as poor parental supervision, harsh discipline, low family 
income, high crime neighborhood, poor housing, familial conflicts, etc. 
(Farrington, 1999; Loeber & Farrington, 2000; Sarnecki & Carlsson, 2020) 
have been extensively studied. However, the same cannot be said about bi-
ological risk factors. This is a shortcoming for the criminological research 
field given that contemporary criminological research has identified numer-
ous biological risk factors for crime (Cornet, 2015). Focusing solely on psy-
chological and social risk factors will only render a partial explanation. 
However, the addition of biological risk factors has the possibility of bring-
ing additional valuable knowledge to inform etiology and theory 
(Focquaert, 2019). 
 
The role of individual, different biological risk factors is the focus of the 
present dissertation. Given the complexity, one can only hope to provide 
small bits of pieces to an improved understanding of crime. Perhaps each 
small piece will take us at least a little bit further. No single risk factor will 
be sufficient to explain crime in full, there is no one-to-one association be-
tween any risk factor and crime (Focquaert, 2019). The contribution of any 
single risk factor, whether that be of biological, psychological, or social na-
ture is likely to be quite small. It is further unlikely that any theoretical 
framework will be informative enough to give a full explanation of crime. 
Despite this, there is lots to be gained by investigating the role of biological 
risk factors for crime, specifically as a means of improving our understand-
ing, prediction and ultimately prevention. 
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2. BACKGROUND 

2.1 Definitions of crime 
One of the central tasks in criminological research is measuring, under-
standing, and explaining crime with the purpose of eventually preventing 
crime. Crime is a central topic within criminological research and is com-
monly defined as acts that are infractions to criminal law. By law, these 
infractions further result in a negative consequence such as a punishment 
(Newburn, 2013). If there is no law against certain acts, these acts are not 
considered criminal and will not result in a punishment: nullum crimen sine 
lege [no crime without a law]. What constitutes a crime varies over time and 
depends on the jurisdiction, which means that there is no absolute decision 
on what acts should be considered criminal. Crime is further regulated by 
legislators and depends on a number of factors, such as the political climate, 
and historical, contextual and cultural changes (Sarnecki & Carlsson, 
2020). 
 
In the present dissertation, crime is defined as criminal convictions which 
are studied using data from the National Crime Register (NCR) in Sweden, 
maintained by the National Council for Crime Prevention (Brottsföreby-
ggande rådet [BRÅ]), and individuals convicted of a crime will be referred 
to as criminal offenders. The NCR include all criminal convictions that have 
been registered after being handled by a Swedish district court. The mini-
mum age of criminal responsibility in Sweden is 15 years of age. In the pre-
sent dissertation, crime is further studied as violent and non-violent criminal 
convictions separately, as well as jointly. Crime is thus conceptualized as 
falling into distinct categories of having been convicted or not. In line with 
previous research, violent criminal offending is defined as convictions for 
homicide, manslaughter, assault, kidnapping, illegal confinement, unlawful 
coercion, gross violation of a person’s or a woman’s integrity, unlawful 
threats, intimidation, robbery, arson, and threats and violence against an 
officer (Frisell, Lichtenstein, & Långström, 2011). Non-violent crime is de-
fined as any other conviction than violent convictions (Kuja-Halkola, 
Pawitan, D'Onofrio, Långström, & Lichtenstein, 2012). These are common 
definitions used in numerous studies utilizing population-based data, even 
though some minor differences can be identified where sexual crimes some-
times is included in the definition of violent crimes (Berg, Rostila, Arat, & 
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Hjern, 2019) as opposed to non-violent crimes as in the work presented 
within this dissertation. 
 
When reviewing previous literature, it becomes clear that it is common to 
collapse several phenotypes (e.g., violent, and non-violent crime, aggres-
sion) into one phenotype and refer to is as ‘antisocial behavior’. Antisocial 
behavior is an umbrella term typically including behaviors that “bring harm 
to another person or involve the violation of the rights of others” (Tuvblad 
& Beaver, 2013, p. 273). While antisocial behavior commonly involve 
crime, it cannot be equated with crime. This is because it many times include 
acts that are not socially or morally acceptable, but that are not criminalized 
by law. Antisocial behavior is one way to refer to behaviors that violate 
norms and rules over time and across nations. In certain places throughout 
the present writing, I will refer to antisocial behavior when the study find-
ings apply to more behaviors than those that are criminalized by law, for 
example in larger studies such as meta-analyses. However, in all cases when 
the term antisocial behavior is used, crime is included as part of the studied 
phenotype. 

2.2 Why study crime? 
Understanding crime is important for several reasons. The first problem that 
is often associated with crime are the costs, whether they be actual monetary 
costs to the society, the perpetrator, families, or the trauma experienced by 
victims. Even though the costs for crime are difficult to estimate for meth-
odological reasons, they remain an important factor and makes crime a pub-
lic health issue (McCollister, French, & Fang, 2010). In addition to the 
costs, the World Health Organization (WHO) states that violent crimes are 
among the leading causes of death among youth and adults in Europe. As 
such, it is important and lies in the interest of the entire society to gain better 
knowledge about why people commit crimes to better target interventions 
that can work preventively. Most crimes are committed during the adoles-
cent years and in early adulthood (Farrington, 1999), making it possible to 
intervene early if we know what to target and how to prevent crime. 

 
The reoffending rate among individuals with a previous conviction in Swe-
den is approximately 26% within one year, 35% within two years, and 
40% within three years, numbers that are relatively stable over time (NCR 
[BRÅ], 2021). In a recent systematic review including information about 
reoffending among released prisoners from 23 different countries, re-arrest 
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rates varied between 26% and 60%, reconviction rates varied between 20% 
to 63%, and reimprisonment rates varied between 14% to 45% 
(Yukhnenko, Sridhar, & Fazel, 2020). Previous work has reported that only 
a small proportion of the population account for about half of all crimes 
(Farrington, 1999), which makes individual differences in relation to crime 
an important aspect to address. There is more research devoted to the un-
derstanding of what separates criminal offenders from non-criminal offend-
ers than there is to the understanding of what separates one-time-offenders 
from persistent offenders. Thus, much can be gained for policy makers and 
practitioners if future persistent offenders could be identified at their first 
crime (Farrington, 1999). 
 
Lastly, men are overrepresented in the crime statistics, meaning that they 
account for the largest proportion of all criminal convictions. In Sweden, 
approximately 85% of the criminal offenders who are convicted are men 
(NCR [BRÅ], 2021). Research has shown that men have about ten times 
higher risk of being convicted of a violent crime over the life-course than do 
women (Frisell et al., 2011). While there are some differences in magnitude 
across countries, the gap between male and female crime is a stable finding 
(Smith, 2014), which has yielded a considerable amount of research being 
devoted to male crime. There is still no full explanation for why men are 
overrepresented as criminal offenders, and any insight into potential expla-
nations are warranted (Choy, Raine, Venables, & Farrington, 2017). 
 
In sum, crime is an important topic given its association with high costs, 
reoffending rates, and sex gap where men account for most of all crimes. 
To come closer to understanding crime, more research is sorely needed. 

2.3 How to study crime? 
Numerous theoretical frameworks have been applied to the study of crime. 
Most of the criminological theories known and accepted today are heavily 
influenced by sociological thinking, while psychological theories have had 
less influence in criminology (Newburn, 2013), and biology has rarely been 
acknowledged (Cornet, 2015) although there are a few exceptions (Moffitt, 
1993). More recently however, criminological research has highlighted the 
need for considering biological risk factors for crime (Barnes, Boutwell, & 
Beaver, 2016; DeLisi & Beaver, 2014; Focquaert, 2019; Wright & Boisvert, 
2009). A large body of research suggest that nature and nurture is important 
in understanding the etiology of crime, it is no longer a question of either 
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or (Ferguson, 2010). Human variation is influenced by biology (Plomin, 
DeFries, Knopik, & Neiderhiser, 2013) and therefore, it is reasonable to 
suggest that there are biological risk factors for crime. Biologically oriented 
criminological research has contributed with important findings in recent 
years and converged on the conclusion that crime (or rather the propensity 
to commit crime; Patrick & Vaidyanathan, 2011) is heritable (see for ex-
ample Frisell et al., 2011). In addition, a review covering more than 100 
twin and adoption studies demonstrate that about 60% of the variance in 
antisocial behavior (a term encompassing crime) can be attributed to genetic 
factors, and the rest can be explained by environmental factors (Ferguson, 
2010). This suggests that the etiology of crime is both genetic and environ-
mental. However, we still know little about what specific factors that are 
transmitted among family members that give rise to a heightened risk of 
crime. While we have made important methodological advances over the 
years, there are still limitations with any empirical study that constrain in-
ferences and interpretations (Patrick & Vaidyanathan, 2011). Despite this, 
we may actually be unable to deny the role of biology in understanding 
crime. 
 
Even though biological risk factors for crime are becoming more and more 
influential to the criminological discipline, the study of biological risk fac-
tors is not without controversy (Barnes et al., 2016). Biological criminology 
has an ethically and morally troubled past beginning hundreds of years ago. 
To understand contemporary biological criminology, it is important to re-
view the history, at least briefly. 

2.4 A brief historical overview of biological criminology 
The ‘father of criminology’, Cesare Lombroso, was born in 1835. He was a 
pathologist who based his early research on autopsies and was sure about 
the possibility of identifying criminal offenders, who were born and not 
made, by their physical appearance (Raine, 2013). He peered into the skull 
of a criminal offender and argued that criminal offenders appeared to have 
different brains. Lombroso had two main points involving I) a biological 
base to crime originating from the brain, and II) criminal offenders as prim-
itive versions of humans (Wolfgang, 1961). Despite that his biological the-
ory of crime was controversial already during that time, it became highly 
influential across countries. While Lombroso promoted rehabilitation, he at 
the same time favored the death penalty due to the confidence in biological 
determinism. The views that Lombroso advocated became disastrous in 
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many ways, mainly because it influenced the eugenics movement (i.e., beliefs 
about genetic and hereditary improvement). Eventually, his infamous work 
was replaced by sociological explanations for crime, something that has 
dominated in criminological research ever since (Raine, 2013). 
 
Perhaps the most compelling argument for solely maintaining sociological 
explanations for crime is the one of crime being a social construct. The so-
ciety defines what constitutes a criminal act, which is why it is reasonable 
to suggest that there should be social explanations as for why people com-
mit crimes. However, the body of evidence supporting biological risk fac-
tors for crime is expanding, rapidly, and it is starting to become impossible 
to ignore the fact that biology is important in understanding crime. Even 
though Lombroso’s deterministic ideas about criminal offenders may cause 
a shiver down your spine, not just because the spine is connected to your 
brain- but that is an interesting coincidence given the topic of this disserta-
tion, he might actually have been on to something that we are coming closer 
to understanding today. 
 
After receiving massive critique for his biological theory of crime, Lombroso 
had a change of heart and concluded that biological factors were not the 
sole cause of crime. He even went as far as to acknowledge that it is im-
portant to recognize that crime is a result of several factors, making him the 
first researcher to acknowledge a multifactorial approach to the study of 
crime (Sarnecki & Carlsson, 2020). Despite his more humane view of the 
causes of crime in the latter part of his research career, the legacy that Lom-
broso has left is not unproblematic. As such, it is important to acknowledge 
that Lombroso’s early work was highly unethical, immoral, and offensive 
in many ways which makes biological risk factors for crime a delicate topic 
to address. However, Lombroso was a pioneer who opened for the possi-
bility to reason around the biological influence on crime. Unfortunately, the 
way it was done back then became a social disaster, to say the least. Because 
of this, it is important for researchers in biologically oriented criminology 
to be aware of the troubled past of such research, and to be percipient and 
respectful for the ways such research is conducted today. While having that 
as a guiding light, it remains an important task to continue to carry out 
criminological research with a focus on biology because there is undoubt-
edly much to be gained from it. 
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The focus on the brain as a central interest in biologically oriented crimino-
logical research did not stop with Lombroso. The case of Phineas Gage, a 
railway construction worker who in a work-related accident got a pole right 
through his brain (Harlow, 1868), has served as an inspiration to the incor-
poration of biological risk factors in the study of crime. The specific area of 
damage to Gage was the prefrontal cortex, located in the temporal lobe of 
the brain, responsible for cognitive and affective functions (Koenigs, 2012). 
Gage was a likeable man with favorable attributes prior to the work acci-
dent, but after his recovery, he had a complete change of personality. His 
earlier attributes had vanished and were replaced with impulsive, unreliable, 
and egocentric traits not unlike those found among some (but not all) crim-
inal offenders (Damasio, 1994). This and similar cases have intrigued re-
searchers to study neural correlates of crime, to better understand how bi-
ological factors are associated with an increased risk of crime. The incorpo-
ration of neuroscientific methods in criminological research has mainly fo-
cused on how the central nervous system (CNS; brain and spinal cord) and 
peripheral nervous system (PNS; all nerves outside of the central nervous 
system), but primarily the autonomic nervous system (ANS) is related to 
crime (Aharoni, Anderson, Barnes, Allen, & Kiehl, 2019). A more detailed 
description of the human nervous system can be found under section 2.7. 

2.5 Contemporary research on biological risk factors for crime 
With the history in mind of how biological risk factors for crime initially 
were used within the field of criminology, biologically oriented criminolog-
ical research has (perhaps understandably and rightfully given the way it 
was previously conducted) been neglected and marginalized. This may be 
because biologically oriented criminological research (still) tends to be 
viewed as deterministic, dangerous and a potential threat to society (Kaplan, 
2000). While acknowledging the ethical and moral problems surrounding 
the early biological criminology, ideas from the past are making a comeback 
today. Biological risk factors for crime are becoming more and more influ-
ential in mainstream criminology, but within a framework involving a 
highly improved ethical and moral compass. 
 
Many important advances have been made where researchers ahead of my-
self have contributed with research questions, research findings, and paved 
way for contemporary biologically oriented criminological research. The 
first researcher to apply neuroimaging techniques to study the brains of se-
rious violent criminal offenders was the well-renowned Dr. Adrian Raine 
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(Raine, Buchsbaum, et al., 1994). Even though this line of research remains 
controversial even to this date, it was even more frowned upon when Dr. 
Raine embarked on his research career in the 1980’s. Ever since, there has 
been important progress in biologically oriented criminological research, 
where a common focus has been centered around how the CNS and the 
ANS can help us understand biological risk factors for crime. Research find-
ings relating to biological risk factors for crime are seldom left without rea-
soning and problematization around ethical and moral questions, perhaps 
even more so than in research on psychological and social risk factors for 
crime. Despite the controversy, an important question that has been picked 
up and dealt with in a more delicate manner now a couple of hundred years 
later is: “[m]ight […] offenders have broken brains?” (Raine, 2013, p. 133). 
 
Brain imaging techniques are advancing continuously and even though 
many studies on brain function and structure fall outside of the criminolog-
ical discipline (Barnes et al., 2016), important advances have been made in 
applying techniques from neuroscience to criminological research questions 
(Glenn & Raine, 2014a; Pujol, Harrison, Contreras-Rodriguez, & 
Cardoner, 2018). However, the way the brain has been centralized in con-
temporary criminological writings is mainly as a potential mediator be-
tween specific risk factors and crime (Focquaert, 2019). This means for ex-
ample that early health influences, such as adverse perinatal events (Glenn 
& Raine, 2014a) or childhood infections (Blomström, Kosidou, 
Kristiansson, & Masterman, 2020) may alter the neurological development 
which in turn can increase the risk for crime in the offspring. Another ex-
ample is that brain dysfunction, whether it be of neurodevelopmental origin 
or because of physical trauma, is reflected by deficient psychophysiological 
responding (Birbaumer et al., 2005). Despite that neuroscience in relation 
to criminology mainly is concerned with the brain as a mediator, contem-
porary criminological research suggests that brain structure and function 
may be of interest to the understanding of crime. If brain dysfunction is 
somehow related to the risk of committing crime, then what early health 
influences could be important contributors? 

2.6 Fetal programming theory and crime 
Given the complexity of crime, it is not surprising that it is associated with 
several brain regions (Raine, 2018). But why is the brain associated with 
crime? Well, let us start in the earliest stages of life. The early health influ-
ences during pre-, peri-, and postnatal periods have been highlighted as 
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important from a neurodevelopmental perspective (Harris, Rice, & 
Lalumiére, 2001), with the potential of permanent change to the human 
physiology (Barker & Osmond, 1986). 
 
Adverse events during pregnancy and delivery, such as low birth weight, 
preterm birth, and smallness for gestational age, have been suggested to re-
flect deviations from the expected normal course of events during pregnancy 
and delivery, which may give rise to brain damage (Blair, Peschardt, 
Budhani, Mitchell, & Pine, 2006; Moffitt, 1993). The disruption of the neu-
rodevelopment is in turn suggested to relate to the offspring’s propensity to 
commit crime (Liu, 2011). When organs and bodily systems are developing, 
they are extra sensitive to external insults, and a specifically sensitive time 
occurs in utero (Barker, 2004). While fetal programming theory, or Barker’s 
hypothesis, primarily has been focused on how fetal neurodevelopment is 
associated with later somatic (Barker & Osmond, 1986) and mental health 
(Faa et al., 2016), criminological research suggests that deviations from the 
expected normal course of events during pregnancy and delivery may be 
related to crime (Murray et al., 2015; Tibbetts & Rivera, 2015). Research-
ers have further highlighted the need to consider biological and develop-
mental origins of crime and emphasize the potential importance of studying 
early biological risk factors related to pregnancy (Beaver, 2001; Tremblay 
& Szyf, 2010). If there are adverse events during pregnancy and birth that 
are associated with an increased risk of subsequent crime among the off-
spring, it is essential to identify which adverse events that are important. 
 
While the whole pregnancy period is critical for the developing fetus 
(Barker, 2004), the specific risk factors in relation to crime that have been 
put forth in previous research, specifically target adverse events during the 
perinatal period (e.g., low birth weight, preterm birth, and labor presenta-
tion; Tibbetts & Rivera, 2015). According to the WHO, the perinatal period 
starts at 22 weeks of completed gestation and lasts until seven days after 
birth. While adverse perinatal events and offspring crime rarely have been 
researched within a fetal programming framework (although such studies 
exist; Davis, Hankin, Swales, & Hoffman, 2018), theoretical suggestions 
have been made in several criminological writings emphasizing that insults 
to the brain during the perinatal period may alter the brain structure and 
predispose to crime (Liu, Raine, Wuerker, Venables, & Mednick, 2009; 
Moffitt, 1993; Tibbetts & Rivera, 2015). For example, studies have sug-
gested that adverse perinatal events are associated with self-control 
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(Ratchford & Beaver, 2009), a well-known correlate of crime (Tibbetts & 
Rivera, 2015), and that cognitive ability mediates the association between 
adverse perinatal events and offspring crime (Liu et al., 2009). 
 
All the adverse perinatal events studied within the present dissertation have 
in earlier writings been theorized to relate to the offspring’s propensity for 
crime (Moffitt, 1993; Tremblay, 2006). Low birth weight is perhaps the 
most extensively studied adverse perinatal event in relation to crime (Ellis, 
Farrington, & Hoskin, 2019). Related, but less studied, is smallness for ges-
tational age and preterm birth. All the above mentioned adverse perinatal 
events have been associated with oxygen deprivation (Tibbetts & Rivera, 
2015), which will be discussed below. Theoretically, low birth weight, 
smallness for gestational age, and preterm birth reflect (among other things) 
poor maternal nutrition (Barker, 2004) and maternal stress during preg-
nancy (Beaver, 2001; Ellis et al., 2019) both of which have been hypothe-
sized to affect the developing brain of the fetus (Barker, 2004). As such, in 
particular low birth weight, has been suggested to be an indicator of neuro-
logical deficits (Beaver, 2001). Small head circumference at birth is in earlier 
writings also referred to as a minor physical anomaly (Denno, 1990). Such 
anomalies have been suggested to reflect physical and neural maldevelop-
ment of the fetus during pregnancy (Raine, 2019) and are well-replicated 
correlates of crime (Ellis et al., 2019). 
 
Further, oxygen deprivation is a risk when a delivery is prolonged or com-
plicated for various reasons and has been suggested to influence the neuro-
development; “lack of oxygen to the brain, is suggested as the primary cor-
relate of prenatal brain damage” (Denno, 1990, p. 157). Oxygen depriva-
tion can occur throughout the whole pregnancy, but the fetus is likely most 
susceptible to this during delivery (Tibbetts & Rivera, 2015), particularly 
during breech presentation (Herbst & Thorngren-Jerneck, 2001; Tibbetts 
& Rivera, 2015). Also, there are many non-medical reasons for caesarean 
sections, but a few of the medical reasons listed by the National Institutes 
of Health (NIH) is placental abruption or a risk of oxygen deprivation in 
the fetus. Thus, labor presentation and obstetric delivery may theoretically 
be of interest as potential correlates of offspring crime. In sum, the reason-
ing around why adverse perinatal events would be important in relation to 
the risk of offspring crime is because of the damage that may be inflicted on 
the brain, which in turn may be associated with the propensity to commit 
crime. 
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The body of research reveals conflicting results, with some early studies re-
porting an association between adverse events during the perinatal period 
and childhood behavior problems in the offspring (Cocchi, Felici, Tonni, & 
Venanzi, 1984; Pasamanick, Rogers, & Lilienfeld, 1956), while others 
failed to replicate these findings (Szatmari, Reitsma-Street, & Offord, 
1986). Later research into this area has primarily been concerned with the 
combination of adverse perinatal events and psychosocial risk factors, such 
as family adversity (Arseneault, Tremblay, Boulerice, & Saucier, 2002), in-
adequate parenting (Hodgins, Kratzer, & McNeil, 2001), a disadvantaged 
family environment (Piquero & Tibbetts, 1999) and maternal rejection 
(Raine, Brennan, & Mednick, 1994; Raine, Brennan, & Mednick, 1997) in 
predicting offspring criminal offending. 
 
Some studies report a relationship between a combination of adverse peri-
natal events with offspring criminal offending (Liu et al., 2009), while other 
studies have addressed one single adverse perinatal event per study and re-
ported associations between pregnancy interval (time between pregnancies; 
Class et al., 2018), fetal growth (defined as birth weight adjusted for gesta-
tional age; Pettersson, Larsson, D'Onofrio, Almqvist, & Lichtenstein, 
2019), gestational age (D'Onofrio et al., 2013) and various outcomes such 
as mental health issues but also crime among the offspring. Others, how-
ever, have failed to establish an association between gestational age and 
offspring crime (Conseur, Rivara, Barnoski, & Emanuel, 1997; Moster, Lie, 
& Markestad, 2008) and between birth weight and offspring crime 
(Conseur et al., 1997), making findings from previous work mixed. 
 
Studies on the associations between adverse perinatal events and offspring 
crime have in general collapsed the adverse perinatal events together using 
a scale, for example the McNeil-Sjöström Scale for Obstetric Complications 
(McNeil & Sjöström, 1995), or examined the effect of one adverse perinatal 
event on several different outcomes (D'Onofrio et al., 2013). The McNeil-
Sjöström Scale for Obstetric Complications, along with other similar scales, 
are used to create a weighted frequency to indicate the severity of the expo-
sure to the adverse perinatal events (Liu et al., 2009). This approach is likely 
suitable when the sample size is small which makes it difficult, if not impos-
sible, to examine associations between specific adverse perinatal events and 
offspring crime. While a higher score indicates more severe adverse perina-
tal events, it is further not possible to examine whether the participants had 
been exposed to one or more adverse perinatal events. It could be argued 
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that it may be important to examine if there is a dose-dependent association, 
i.e., that the exposure to an increasing number of adverse perinatal events 
is associated with a gradually increasing risk of crime. Only one previous 
study has examined a dose-dependent association, and findings suggest that 
the exposure to an increasing number of adverse perinatal events elevate the 
risk for offspring crime (Murray et al., 2015). Findings from this study sug-
gest that the exposure to one adverse perinatal event is associated with an 
increased risk of crime but being exposed to more than one adverse perina-
tal events is associated with an even higher risk of crime. 

2.6.1 The sex difference in the rate of crime: adverse perinatal events as 
explanation for the overrepresentation of males as criminal offenders 
Adverse perinatal events have been put forth as having potential, at least in 
part, to provide an explanation for men’s greater involvement in crime as 
opposed to women. The male brain has been suggested to be more suscep-
tible to early health influences (such as adverse perinatal events) because of 
the slower maturation of parts of the male brain during the perinatal period, 
as compared to the female brain (Schore, 2017). Insults to the developing 
brain may then have more implications to the male than the female fetus 
and put them at higher risk of disruption of the neurobiological develop-
ment (Golding & Fitzgerald, 2019). This has been suggested to put men at 
higher risk of developing different disorders and could have explanatory 
value to the greater number of boys, as compared to girls, being diagnosed 
with attention-deficit hyper/activity disorder (ADHD) and conduct disorder 
(CD), and also the greater number of men who commit crime (Schore, 
2017). Previous findings have further suggested that boys are more likely to 
be born preterm than girls (Zeitlin et al., 2002), something that is related to 
a range of psychiatric and socioeconomic outcomes such as autism, ADHD, 
and low educational attainment (Class, Rickert, Larsson, Lichtenstein, & 
D’Onofrio, 2014). The risk of various other adverse perinatal events and 
long-term consequences of such adversities have also been found to be 
higher for boys than for girls (Smith, 2000; Stevenson et al., 2000; Williams 
& Williams, 1985). 

2.6.2 Summary 
Taken together, fetal programming theory suggest that insults to the devel-
oping brain during pregnancy may increase the risk of later somatic and 
mental health problems in the offspring (Faa et al., 2016). These theoretical 
suggestions have also been put forth in criminological research, suggesting 
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that brain deficits acquired through adverse perinatal events is associated 
with an increased risk of offspring crime (Liu, 2011; Moffitt, 1993). Earlier 
work suggest that men are more susceptible to influences during brain de-
velopment, something that could put them at higher risk for neurodevelop-
mental disorders (Schore, 2017) but also crime (Raine, 2019). Studies of 
adverse perinatal events in relation to offspring crime are therefore im-
portant to enhance our understanding of early biological risk factors, which 
is the focus of Study I in the present dissertation. 

2.7 Autonomic arousal 
Even though brain imaging techniques have been used to study criminal of-
fenders (Saladino, Lin, Zamparelli, & Verrastro, 2021), other measures of 
for example psychophysiological functioning, have been used as proxies for 
assessing brain dysfunction. The study of psychophysiology in relation to 
crime is not new, in fact it has been a studied area since the 1950’s (Lykken, 
1957). The ANS links the CNS and our internal organs together (Glenn & 
Raine, 2014b), and may provide important information about psychophys-
iological correlates of crime. The prefrontal cortex, the damaged brain area 
in the case of Phineas Gage, has been put forth as being important for ex-
ecutive functions, but also for regulating arousal (Raine, 2002a). It is there-
fore interesting, although not surprising, that individuals who are criminal 
offenders not only seem to show brain deficits in the prefrontal cortex area 
(Ling, Umbach, & Raine, 2019) but also show indications of a reduced au-
tonomic arousal (de Looff et al., 2022). 
 
The human nervous system is divided into the CNS and the PNS. The CNS 
includes the brain and the spinal cord, and the PNS includes the somatic 
nervous system (SNS) and the ANS (Cacioppo, Tassinary, & Berntson, 
2017). The ANS, in turn, has two main divisions: the sympathetic nervous 
system which is active during arousal (e.g., fight or flight Cannon, 1929) 
and the parasympathetic nervous system which is dominant in resting con-
ditions (Berntson, Quigley, & Lozano, 2007). The ANS operates uncon-
sciously and controls bodily functions such as heart rate and blood pressure, 
both of which has been suggested to index autonomic arousal. Autonomic 
arousal (specifically resting heart rate [RHR]) has been of particular interest 
in relation to crime and the expanding body of research show indications 
of individual differences in autonomic arousal in relation to crime (Portnoy 
& Farrington, 2015). 
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Heart rate is commonly measured in the unit beats per minute (bpm) which, 
as it sounds, refers to the number of heart beats during a 60 second period. 
Blood pressure is divided into systolic blood pressure (SBP) which reflects 
the pressure in the arteries that the heart exerts during beats; and diastolic 
blood pressure which reflects the pressure in the arteries that the heart exerts 
in between beats. Blood pressure is commonly measured in the unit milli-
meter of mercury (mmHg; Cacioppo et al., 2017). The sympathetic nervous 
system increases the heart rate and blood pressure during arousal, for ex-
ample during stress, while the parasympathetic nervous system decreases 
the heart rate and blood pressure which helps us calm down after a stressful 
situation (Berntson et al., 2007). Although this reflects how the ANS func-
tions in individuals in general, all individuals do not react the same physio-
logically (de Looff et al., 2022), something that will be described in more 
detail below.  
 
Heart rate can be measured as RHR, which not surprisingly is measured at 
a state of rest (Portnoy & Farrington, 2015). RHR is commonly measured 
by attaching electrodes to the right and left lower ribs on the torso and to 
the right collarbone on the participant (Cacioppo et al., 2017), but numer-
ous procedures can be found in the literature (Latvala, Kuja-Halkola, 
Almqvist, Larsson, & Lichtenstein, 2015). Blood pressure is commonly 
measured by an arm or finger cuff. The use of an arm cuff to record blood 
pressure is standard in the clinical practice in Sweden (Sundström, Neovius, 
Tynelius, & Rasmussen, 2011), from which it is also possible to record 
heart rate. 
 
The first study to document an association between RHR and crime re-
ported that refractory adolescent boys had lower RHR than controls 
(Davies & Maliphant, 1971). Since then, lower RHR has been found to be 
associated with crime in offender samples (Koegl, Farrington, & Raine, 
2018), in clinic patients (De Vries-Bouw et al., 2011) and in community 
samples (Portnoy et al., 2014). Four separate meta-analyses have all con-
cluded that lower RHR is a significant and independent correlate of antiso-
cial behavior (including crime) with effect sizes of (Cohen’s d) -0.38 (Lorber, 
2004), (d) -0.44 (Ortiz & Raine, 2004), (d) -0.20 (Portnoy & Farrington, 
2015), and (Hedges g) -.17. 
 
Even though the association between RHR and crime is typically relatively 
weak, it has been found to remain even after controlling for important 
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covariates, such as height, weight, body mass index (BMI), physical energy 
capacity, and childhood socioeconomic status (SES; Latvala et al., 2015). 
To ensure that an association between a risk factor (i.e., RHR) and an out-
come (i.e., crime) is not affected by confounding bias, meaning that the risk 
factor and the outcome share a common cause (D’Onofrio et al., 2014), it 
is important to adjust for covariates in an observational study design. There-
fore, it is important to adjust for physical attributes such as height, weight 
and BMI as these have been linked to both RHR and criminality (Beckley, 
Kuja-Halkola, Lundholm, Långström, & Frisell, 2014; Quer, Gouda, 
Galarnyk, Topol, & Steinhubl, 2020). Another important variable to adjust 
for is physical energy capacity, which could be thought of as a proxy for 
physical fitness. Physical fitness is a known correlate of RHR (Jensen, 
Suadicani, Hein, & Gyntelberg, 2013), but possibly also of crime (Latvala 
et al., 2015). While childhood SES is a common variable to study in relation 
to crime (Wright, Caspi, Moffitt, Miech, & Silva, 1999), it may be im-
portant to adjust for this too even though its association with RHR is less 
explored. Previous findings, however, suggest that RHR interact with SES 
in predicting crime (Barnes, Raine, & Farrington, 2020). Thus, these co-
variates have been adjusted for in the studies on RHR included in the pre-
sent dissertation. 
 
So why is it interesting to study RHR in relation to crime you may wonder. 
One aspect that has been highlighted in previous research is that lower RHR 
seem to be relatively specific in the prediction of crime. While higher RHR 
is associated with several psychiatric disorders, such as anxiety, obsessive-
compulsive disorder, and schizophrenia, lower RHR is exclusively associ-
ated with antisocial behavior (including crime; Latvala et al., 2016). As 
such, lower RHR has been put forth as a potential early marker, or predic-
tor, of crime which means that lower RHR may serve as an objective indi-
cator (Group, 2001) of such behaviors. In addition, it is an inexpensive and 
easy assessment to conduct, which increase the potential for lower RHR to 
have practical value as a potential additional predictor in creating more ef-
fective risk assessment protocols. There are numerous different risk assess-
ment protocols that in various ways incorporate known risk factors for 
reoffending (e.g., history of criminal offending; Fazel et al., 2016). How-
ever, they have a low to moderate positive predictive value and a high neg-
ative predictive value (Fazel, Singh, Doll, & Grann, 2012). This means that 
risk assessments protocols in general are good for identifying individuals 
with a low risk of reoffending, while they at the same time also may result 
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in false positive decisions because of their moderate precision. As such, any 
addition that can improve the predictive value of risk assessment protocols 
is of interest to explore. 
 
The body of research on the association between RHR and crime is impres-
sive (Portnoy & Farrington, 2015). Yet, little is still known about the asso-
ciation between lower RHR and reoffending. Given the research findings 
up until today, one question that remained to be asked was whether lower 
RHR not only increase the risk to be convicted of a crime but if lower RHR 
increase the risk of being convicted again among individuals with at least 
one previous conviction. This question is important because there may be 
biological risk factors for crime that could help us identify individuals who 
are at risk for repeated criminal justice involvement. To date there is only 
one previous study examining lower RHR in relation to reoffending, using 
a sample of 68 delinquent adolescent males (De Vries-Bouw et al., 2011). 
This study found no association between lower RHR and reoffending, 
which in this study was defined as presence in the police registers, possibly 
owing to insufficient statistical power. However, they did find that attenu-
ated heart rate reactivity and increased heart rate variability during the per-
formance of a stress task did predict a higher reoffending rate during a 5-
year follow-up period. Heart rate reactivity has in previous studies been 
found to correlate with crime (Ortiz & Raine, 2004). The other measure 
they used, heart rate variability, is typically measured as respiratory sinus 
arrhythmia, which refers to the variation in time between two heart beats 
during the respiratory cycle. Respiratory sinus arrhythmia arises when an 
individual’s heart rate is related to the breathing cycle, meaning that there 
is an increased heart rate during inhalation, and a decreased heart rate dur-
ing exhalation (Cacioppo et al., 2017). The authors concluded that more 
research is needed to continue to explore the association between lower 
RHR and reoffending, in more diverse and larger samples without the issue 
of statistical power restrictions (De Vries-Bouw et al., 2011). 
 
Although more and more studies suggest that RHR is associated with crime, 
less is known about the association between blood pressure (which like 
RHR is controlled by the sympathetic and the parasympathetic nervous sys-
tem, indexing autonomic arousal) and crime. Using an institutionalized 
sample, one study reported an association between lower SBP and prior 
convictions (Koegl et al., 2018). Others have reported an association be-
tween lower SBP and aggression in adolescent boys (not girls; Louise et al., 



30 
 

SOFI OSKARSSON Biological Risk Factors for Crime 
 

2012), and relational aggression among older preschoolers, measured with 
a subscale of the Preschool Social Behavior Scale – Teacher Form (Crick, 
Casas, & Mosher, 1997; Gower & Crick, 2011). Two large-scale popula-
tion-based studies have been conducted where lower SPB has been linked to 
violent and non-violent crime (Latvala et al., 2015; Latvala et al., 2016). In 
fact, like RHR, lower SBP was associated with antisocial behavior (includ-
ing crime) specifically, and higher SBP was associated with psychiatric dis-
orders such as schizophrenia and obsessive-compulsive disorder (Latvala et 
al., 2016). Based on the above, SBP may also be interesting in relation to 
crime, and the association between SBP and reoffending remains to be ex-
plored. 

2.8 Fearlessness theory 
There is an association between lower RHR and lower SBP (collectively 
termed low autonomic arousal) with crime, but here comes the burning 
question: why do we see this association? The fearlessness theory suggests 
that the term ‘resting heart rate’ or simply ‘rest’ when obtaining measures 
of heart rate and blood pressure is a bit misleading, it is not a resting state 
that is measured (Raine, 2013). As an example, imagine yourself in a labor-
atory or hospital setting, you are in a room together with people you do not 
know, potentially in white lab coats, and you are surrounded by equipment 
and wires. You are asked to lift your shirt so the staff can attach electrodes 
to your torso and collarbone or put a blood pressure arm cuff on your upper 
arm. After this, you are asked to sit down and relax. It is likely not easy to 
relax if you are an anxious, worried person and your heart rate has most 
likely already started to rise if it is not spiking already. Relaxing in this 
situation is not simple if you are easily affected by your surrounding envi-
ronment. Some individuals though, will be able to stay calm and cool in this 
mildly stressful situation. They will not be bothered by the wires, or the 
potential white coats, and will not understand why this situation would be 
perceived as stressful. This is what fearlessness theory is all about: these 
individuals likely have a lower autonomic arousal and therefore they likely 
lack in fear, which may potentially increase their risk of committing crime. 
Being fearless is thought to be a beneficial trait when it comes to crime, since 
such acts requires this characteristic to some extent. Fearlessness may also 
explain why individuals fail to desist from crime. They simply do not fear 
the potential consequences of their actions, such as punishment (Raine, 
2013). 
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2.8.1 The sex difference in the rate of crime: autonomic arousal as an  
explanation for the overrepresentation of males as criminal offenders 
As previously mentioned, men account for the largest proportion of all 
crimes which is a stable finding (Archer, 2004). This discrepancy between 
men and women has been addressed by several criminological theories, but 
no theory has been able to provide a full, satisfying explanation (Agnew, 
1992; Gottfredson & Hirschi, 1990). This is quite astonishing given the 
number of existing criminological theories that aims to explain why some 
individuals commit crimes and others do not (Lilly, Cullen, & Ball, 2007). 
RHR has been suggested to be a potential candidate in explaining at least 
part of the male overrepresentation in crime (Choy et al., 2017). Studies 
have shown that men in general have a lower RHR than women, something 
that can be seen as early as age three (Voors, Webber, & Berenson, 1982). 
This difference in RHR has been put forth as an intriguing potential piece 
to the puzzle in understanding why men commit more crimes than women. 
In fact, previous findings suggest that lower RHR in part account for the 
gap in crime between men and women (Choy et al., 2017). The study by 
Choy et al. (2017) was the first study to use a mediation model of sex dif-
ferences in crime, when examining the association with lower RHR, using 
a longitudinal design.  
 
While there are numerous studies investigating the association between 
RHR and crime in male samples, there are few studies that explicitly exam-
ines the association between RHR and crime in women. The studies that do 
exist show mixed results with some findings indicating similar associations 
between RHR and crime as in male samples (Maliphant, Hume, & 
Furnham, 1990; Moffitt & Caspi, 2001; Raine, Venables, & Mednick, 
1997; Rogeness, Cepeda, Macedo, Fischer, & Harris, 1990) and others do 
not (Sijtsema et al., 2010). Out of the four meta-analyses mentioned above 
(de Looff et al., 2022; Lorber, 2004; Ortiz & Raine, 2004; Portnoy & 
Farrington, 2015), three examined the moderating effects on the association 
between RHR and crime and found no moderation of sex (de Looff et al., 
2022; Ortiz & Raine, 2004; Portnoy & Farrington, 2015). This indicates 
that results are similar for men and women. However, an important limita-
tion of research thus far is that the studies using female participants are 
restricted by small and selected samples, typically using cross-sectional de-
signs. To date, there is no large-scale study with long-term follow-up that 
has examined lower RHR as a predictor for crime in an all-female sample. 
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2.8.2 Summary 
There is an association between autonomic arousal and crime, in which 
lower RHR is associated with an increased risk of crime (Portnoy & 
Farrington, 2015). This association is extensively researched and has been 
explained using fearlessness theory (Raine, 2013). More recent findings, alt-
hough less explored, also point to a potential association between SBP and 
crime (Latvala et al., 2015). Despite the large body of work documenting 
lower RHR as a potential biological risk factor for crime, less is known 
about RHR and SBP in relation to reoffending, which is the focus of Study 
II. Studies utilizing female samples are also lacking, as RHR primarily has 
been studied in male only samples, something that will be addressed in 
Study III. 

2.8.3 The fearless psychopathic personality 
Given that crime is an important and costly public health issue, it is crucial 
to improve our knowledge about why some individuals conduct such acts 
while others do not. As previously mentioned, a small proportion of the 
population account for about half of all crimes (Farrington, 1999), and an 
even smaller group of individuals account for the majority of all violent 
crime (Howner, Pauli, Liljeberg, & Ölund Alonso, 2020). This smaller 
group are typically described to be characterized by callous-unemotional 
traits, arrogant-deceitful traits, and impulsive-irresponsible traits 
(Andershed, Kerr, Stattin, & Levander, 2002; Cooke & Michie, 2001), or 
affective-interpersonal and impulsive-antisocial features (Hare, 2003). 
These characteristics belong to the psychopathic personality. While it is 
well-known that individuals with psychopathic personality are responsible 
for a large proportion of all crimes, the biological underpinning to psychop-
athy is still largely unknown. A continued study of biological risk factors 
for psychopathic personality will likely enhance our understanding of the 
biological risk factors for crime. 
 
Psychopathic personality, or psychopathy, has been of longstanding interest 
to researchers and to the public at large for their overrepresentation in 
prison settings and their impressive reoffending rates (Howner et al., 2020). 
It is estimated that around 25% of the prison population have high levels 
of psychopathic personality traits (Hare, 2003), while the number in the 
general population is around 1% (Hare, 1996). Even though the prevalence 
of psychopathic personality may seem low in the general population, psy-
chopathic personality is in fact quite common depending on what you 
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compare it to. It is twice as common as schizophrenia and bipolar disorder 
and equally common as for example autism (Kiehl & Hoffman, 2011). Even 
though individuals with psychopathic personality are at increased risk of 
committing crimes, psychopathy cannot be equated with criminal offending 
(Glenn & Raine, 2014b). Some individuals with psychopathic personality 
will be convicted of violent crimes, others of non-violent crimes, and yet a 
proportion of them will never encounter the legal system (Raine, 2013). 
However, given their overrepresentation in prisons as compared to the gen-
eral psychiatric care or the society at large, they represent a group of indi-
viduals highly relevant in the study of crime. 
 
Psychopathy is not a clinical diagnosis in the Diagnostic and Statistical 
Manual of Mental Disorders 5th edition (DSM-5; American Psychiatric 
Association, 2013), but a diagnosis closely related to, yet distinct from, psy-
chopathic personality is antisocial personality disorder (ASPD). ASPD is 
characterized by for example a failure to conform to social norms, deceit-
fulness, impulsivity, irritability, and a lack of remorse (American Psychiatric 
Association, 2013). Most individuals with psychopathic personality meet 
criteria for ASPD, but most individuals with ASPD do not meet criteria for 
psychopathic personality (Kiehl & Hoffman, 2011). Oppositional defiant 
disorder (ODD) is considered a precursor to CD, which in turn is a precur-
sor and a requirement for the adult diagnosis of ASPD (American 
Psychiatric Association, 2013). ODD is characterized by defiant and diso-
bedient behavior, while CD encompasses behaviors that violate the rights 
of others and the society as a whole (American Psychiatric Association, 
2013). Even though these traits, symptoms, and diagnoses in many ways 
are different, they do also share some features with the most prominent one 
being the antisocial nature (Raine, 2018). 
 
Neurodevelopment has not only been of interest in understanding criminal 
offenders at large but has been put forth as pivotal for understanding psy-
chopathic personality (Korponay et al., 2017). Of particular interest in re-
lation to psychopathic personality has been the amygdala, a part of the 
brain that is central to fear: a trait that seems to be lacking in individuals 
with psychopathic personality (Glenn & Raine, 2014b). The role of the 
brain in relation to psychopathic personality was emphasized early. Hervey 
Cleckley, an American psychiatrist who were a pioneer in the psychopathic 
personality research described psychopathy as a mask of sanity, under 
which an individual with emotional deficits such as a lack of remorse and 
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low empathy was hiding. Cleckley said already in 1941: “[W]e must also 
consider the possibility that the psychopath may be born with a biological 
defect that leaves him without the capacity to feel and appreciate the major 
issues of life or to react to them in a normal and adequate manner” 
(Cleckley, 1941, p. 286). While this hypothesis probably was controversial 
during this time, Cleckley still picked up the reasoning on brain structure 
and function some hundred years after Lombroso. 
 
Even though the brains of individuals with psychopathic personality have 
been studied using brain imaging techniques (Yang, Raine, Narr, Colletti, 
& Toga, 2009), other measures have been used as proxies for assessing 
brain dysfunction. A failure to anticipate fear, measured using electroder-
mal activity (EDA; skin conductance; hand sweat) during different stimuli, 
is suggested to reflect amygdala dysfunction (Ling & Raine, 2018; Wang, 
Baker, Gao, Raine, & Lozano, 2012). In general, individuals tend to learn 
from their experiences where they in threatening, fearful or otherwise un-
comfortable situations make associations with bodily reactions such as an 
increased heart rate or sweating palms (Wang et al., 2012). These induced 
physical reactions are not pleasant, and the feeling of fear is not positive. 
However, individuals who fail to identify the situation as negative, or do 
not care about the situation being negative, also tend to be less physically 
responsive. They do not sweat, and they do not feel their hearts racing. The 
anticipation of fear is a function that prevents us from doing things we 
should not be doing, because such acts may come with negative conse-
quences. The failure to anticipate fear is not only associated with psycho-
pathic personality, but also with crime and may therefore be one potential 
explanation to why some individuals are criminal offenders while others are 
not (Wang et al., 2012). 
 
In his seminal work (which became the starting point for a biological re-
search focus on psychopathic personality, but also criminal offending Glenn 
& Raine, 2014b), Lykken (1957) studied the electrodermal activity in indi-
viduals with psychopathic personality as an index for anticipating fear. 
Thus, this study was based on the aforementioned theory of emotional def-
icits proposed by Cleckley (1941), used to characterize psychopathic per-
sonality. Lykken’s focus was that the emotional deficits seen in individuals 
with psychopathic personality were specifically related to a lack of fear and 
anxiety. And surely, Lykken did find that individuals with psychopathic 
personality were less responsive to anticipatory fear, meaning that they did 
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not show increased EDA when waiting for a negative stimulus. While the 
quality of the psychophysiological recording equipment used in the 1950’s 
probably can be questioned today, especially regarding EDA which is a 
measure highly sensitive to physical movement (e.g., physical movement of 
the hand where electrodes are attached; Cacioppo et al., 2017), Lykken’s 
findings have been replicated extensively (de Looff et al., 2022). Lykken’s 
work became important for informing theory and for continued work of 
this kind, and Lykken stated that a core feature of psychopathic personality 
is a lack of fear. 

2.8.3.1 Electromyography 
In 1993, Dr. Christopher J. Patrick argued that there was a better way (than 
EDA) to measure fear (or lack thereof) in individuals with psychopathic 
personality. He stated that it was important to utilize measures that relates 
to the brain’s defensive motivational system, in which the amygdala is a key 
component (LeDoux, 1995). Patrick (1993) presented intriguing findings 
from his study on the startle reflex in relation to psychopathic personality, 
which became the starting point for research in this specific field. 
 
The startle reflex is an involuntary, automatic, and primitive response to an 
unexpected, sudden stimulus in our environment, such as a loud sound 
(Patrick, Bradley, & Lang, 1993). Imagine that while you are sitting here 
reading this dissertation, someone sneaks in and slams the door shut. This 
is unexpected and it is sudden. You will most likely get startled. In addition 
to being associated with defensive motivation, the startle reflex is regulated 
by affect and fear and exists in humans and animals to help us react to a 
potential threat in our surrounding environment (Lang, Bradley, & 
Cuthbert, 1997). In general, the ANS is involved in this reflex, specifically 
the sympathetic nervous system (described in greater detail in section 2.7), 
which is activated during arousal (for which a great example is when you 
get startled; Cacioppo et al., 2017). Because this reflex is related to the ANS, 
our body reacts automatically when a threat is detected. The startle reflex 
involves the whole body, but the first and fastest reaction is the eye blink. 
When we are startled, we will eventually notice that our palms start to 
sweat, but it usually takes up to several seconds before any sweat comes 
through our sweat glands. In comparison, it takes only 30-50 milliseconds 
for us to automatically blink with our eyes (Cacioppo et al., 2017). As such, 
the startle reflex is typically measured by registering the eye blink following 
an acoustic startling stimulus, usually a white noise burst. The blink is 
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measured by attaching electrodes to the orbicularis oculi muscle (i.e., lower 
eye lid), while the participant is presented with pictures of varying emo-
tional content accompanied by sudden white noise bursts (Patrick, 1994). 
 
When the startle reflex is studied in the general population, for example 
using a community sample, participants tend to respond in a specific pattern 
termed ‘aversive startle potentiation’ (ASP; Vaidyanathan, Patrick, & 
Cuthbert, 2009). ASP means that participants have a diminished response 
to a startling stimulus, such as a white noise burst, when the foreground 
stimulus is positive (Lang, Bradley, & Cuthbert, 1990). For example, the 
participant is viewing a picture of a cute puppy. This cute puppy can in 
general terms be described as a positive stimulus (although there are excep-
tions of course). During the viewing of the puppy picture, an unexpected, 
loud white noise burst is presented. The participant will blink, but the blink 
will not be as explicit as if the participant had viewed a picture with negative 
content instead (for example a threatening picture with guns or a mutilated 
body), when the white noise burst had been presented (Lang et al., 1990). 
The startle reflex response during the negative picture viewing is expected 
to be enhanced because the participant is already primed with a negative 
foreground stimulus. This enhanced response reflects ASP (Lang et al., 
1997). The negative priming can also be exemplified by the darkness during 
the night if you are walking home alone. If you hear a sudden noise or feel 
an unexpected touch, the startle reflex is enhanced compared to the same 
scenario in a daylight setting. 
 
In his work, Patrick (1993) demonstrated that individuals with psycho-
pathic personality did not show a linear relationship between valence and 
startle magnitude, which means that they did not show a heightened startle 
reflex magnitude when they were primed with a negative stimulus. This 
means that individuals with psychopathic personality showed a reduced 
ASP. Patrick (1993) further demonstrated that psychopathic personality did 
not have an effect on the autonomic responses, indexed by heart rate and 
EDA. These findings gave support to the need for an additional measure of 
fearlessness in psychopathic individuals, aside from heart rate and EDA.  
 
Taken together, psychophysiological findings in samples of individuals with 
psychopathic personality seem to converge on the idea of an emotional dis-
turbance, specifically a fear deficit (although there are exceptions; Newman, 
Curtin, Bertsch, & Baskin-Sommers, 2010). The fearlessness in 
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psychopathy is suggested to reflect a reduced ability to subjectively experi-
ence fear, which in turn extends to a reduced ability to correctly identify 
fearful expressions in others and an inability to feel empathy. This has been 
suggested to reflect impairments of the amygdala (Ling & Raine, 2018; 
Wang et al., 2012). These deficits have in turn been suggested to explain 
why individuals with psychopathic personality commit crime and often con-
tinue to do so (Moul, Killcross, & Dadds, 2012). Even though psychopathy 
is not synonymous with criminal offender, the defining features of psycho-
pathic personality, specifically the lack of fear, indicates that psychopathic 
personality is “quintessentially antisocial in nature” (Raine, 2018, p. 261). 

2.8.4 Summary 
Individuals displaying high levels of psychopathic personality traits have 
been found to account for a large amount of all crimes and they are 
overrepresented in prison-settings (Howner et al., 2020). There is increasing 
evidence of a reduced ASP in individuals with psychopathic personality 
(Loomans, Tulen, & van Marle, 2015; Vaidyanathan, Hall, Patrick, & 
Bernat, 2011). The lack of ASP has been suggested to be a proxy for amyg-
dala dysfunction which is theorized to reflect a lack of fear (Ling & Raine, 
2018). The lack of fear has also been put forth as the ‘hallmark’ of psycho-
pathic personality. This lack of fear has been suggested to explain why in-
dividuals with psychopathic personality are overrepresented in prisons and 
why they continue to commit crimes repeatedly (Fung et al., 2005). Despite 
the increase in research, there are as many methodological approaches as 
there are studies covering the startle reflex in relation to psychopathic per-
sonality. As such, it is nearly impossible to navigate and understand how to 
conduct a study on ASP in relation to psychopathic personality. Therefore, 
there has been a pressing need to summarize and synthesize the existing 
literature on the relationship between psychopathic personality and ASP to 
ultimately guide future research (- and lost first-year graduate students as I 
was myself when I first started working in a psychophysiology lab). 

2.9 Overarching summary 
Crime is a heterogeneous and complex phenomenon which warrants the 
study of multiple risk factors. Most criminological research has focused on 
social factors and sociological models to explain crime, which is a short-
coming for criminology as a discipline given that this will only render a 
partial explanation. Biological risk factors in relation to crime is an under-
studied but emerging area, and mounting evidence suggest that there are 
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important findings in need of consideration to inform etiology and theory 
within mainstream criminology. 
 
Findings from biologically oriented criminological research has emphasized 
that underlying neurodevelopmental processes can be a way to understand 
and relate biological risk factors to crime. Of particular focus has been de-
viations in different brain areas which could potentially, partly, arise from 
early health influences such as adverse perinatal events. Further, psycho-
physiological measures have been used as proxies for brain dysfunction. Au-
tonomic arousal has been of interest in the study of crime at large, but 
measures that tap into the brain’s defensive motivational system has been 
of interest in a specific subgroup of individuals with psychopathic person-
ality, who tend to have high crime rates and to reoffend. Low autonomic 
arousal and a reduced aversive startle potentiation theoretically mirror a 
lack of fear, which could be why individuals with these biological risk fac-
tors may have an enhanced risk of committing crimes. While we know more 
about biological risk factors for crime today than we did a few decades ago, 
there are still lots of questions that remain to be answered. 
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3. AIM 

3.1 Overarching aim 
The overarching goal with the present dissertation was to expand the 
knowledge about biological risk factors, including adverse perinatal events 
and psychophysiology, for crime. 

3.2 Specific research questions 
Study I: To extend our knowledge of early risk factors for crime by exam-
ining the associations between adverse perinatal events and offspring crim-
inality in men and women, respectively. More specifically, to examine which 
adverse perinatal events that are associated with offspring violent and non-
violent criminal convictions in men and women. Further, to examine if as-
sociations between adverse perinatal events and offspring violent and non-
violent criminal convictions are significantly different for men and women. 
Lastly, to examine if there is a dose-dependent association between the num-
ber of adverse perinatal events and offspring violent and non-violent crimi-
nal convictions in men and women. 
 
Study II: To extend our knowledge about the role of low autonomic arousal 
for reoffending by examining associations for resting heart rate and systolic 
blood pressure with reoffending in a large-scale population-based sample of 
men with criminal conviction histories in Sweden. More specifically, to ad-
dress whether lower resting heart rate in previously convicted men is asso-
ciated with an increased risk of reoffending, and whether lower systolic 
blood pressure in previously convicted men is associated with an increased 
risk of reoffending. 
 
Study III: To extend our knowledge about the role of low resting heart rate 
for crime in women, by examining associations for resting heart rate with 
criminal convictions in an all-female conscript sample. More specifically, to 
address whether lower resting heart rate in female conscripts is associated 
with an increased risk of any, violent, and non-violent criminal convictions. 
 
Study IV: To extend our knowledge about individuals displaying high levels 
of psychopathic personality traits as they have been implicated in a vast 
amount of all crimes. More specifically, to synthesize existing evidence on 
the relationship between psychopathic personality and aversive startle 
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potentiation as a measure of a fear deficit. This was achieved by describing 
the association between aversive startle potentiation and psychopathic per-
sonality across task paradigms, symptom subtypes (i.e., incarcerated/clini-
cal, or non-offenders), and differing age groups. 
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4. METHODS AND MATERIALS 

4.1 Ethical Approval 
For Study I, Study II, and Study III, ethical approval was given by the Re-
gional Ethical Review Board in Stockholm (2013/862-21/5). Since these 
three studies were based on register data, no individuals were identifiable at 
any point in time. Therefore, the requirement of informed consent was 
waived (Ludvigsson et al., 2015). This and other ethical considerations are 
further discussed under section 6.7. No ethical approval was needed for 
Study IV, given that it is a systematic literature review. 
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4.2 Overview of Study Methods 
 

4.3 Study I, Study II, and Study III 

4.3.1 Design 
Study I, Study II and Study III are observational studies where data were 
collected prospectively. This means that individuals were followed over time 
and data about them were collected as their characteristics, traits etc., 
changed. Study I, II and III can be defined as birth cohort studies, in which 

Study Design Participants Measures Analyses 
I Birth co-

hort de-
sign 

All live singleton 
births between 
1973 to 1995 
(n=1,146,570 
men, 
n=1,085,217 
women) 

Predictor varia-
bles: Adverse peri-
natal events 
 
Outcome: Crimi-
nal offending (Vi-
olent or non-vio-
lent criminal con-
viction) 
 

Cumulative incidence 
using the Kaplan 
Meier Method and 
Cox Proportional 
Hazards Regression 
with 95% confidence 
intervals using R ver-
sion 3.4.1 

II Birth co-
hort de-
sign 

All male con-
scripts born in 
Sweden between 
1958 and 1990 
with at least one 
criminal convic-
tion (N=407,533) 
 

Predictor varia-
bles: Resting heart 
rate 
Systolic blood 
pressure 
Outcome: 
Reoffending (any, 
violent or non-vio-
lent criminal con-
viction) 

Cox Proportional 
Hazards Regression 
with 95% confidence 
intervals using R ver-
sion 3.4.1 

III Birth co-
hort de-
sign 

All female con-
scripts born in 
Sweden between 
1958 and 1997 
(N=15,044) 

Predictor variable: 
Resting heart rate 
Outcome: Crimi-
nal offending (any, 
violent or non-vio-
lent criminal con-
viction) 
 

Cox Proportional 
Hazards Regression 
with 95% confidence 
intervals using R ver-
sion 3.4.1 

IV System-
atic re-
view 

A total of 40 in-
dependent studies 

Psychopathic per-
sonality and elec-
tromyography 

Extracted data: sam-
ple characteristics (N, 
sex, age), method 
(sample type, 
measures and group 
formations, para-
digm/picture catego-
ries, psychophysiologi-
cal measures, anal-
yses), study findings 
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as many individuals as possible were included based on the years they were 
born. The National Swedish Registers allows to follow them over a long 
period of time. 
 
In Study I, we identified all individuals born as singletons between 1973 and 
1995. The rationale behind the chosen years was based on the start of the 
Medical Birth Record (described below): the year of 1973. The youngest 
individuals in the cohort (born 1995) would be followed for up to 18 years. 
This left them with three years of follow-up time after they have turned 15 
years of age and thus reached the age for criminal responsibility. We ex-
cluded those who could not be linked to their birth mother and those who 
emigrated or died before the start of follow-up (i.e., age 15 years). This re-
sulted in a sample of 2,231,787 individuals stratified into 1,146,570 
(51.4%) men and 1,085,217 (48.6%) women. 
 
In Study II we identified all men born between 1958 and 1990, who were 
conscripted and had at least one criminal conviction at any point in time. 
The rationale behind the chosen years was based on outcome data being 
available from the year 1973. Thus, the oldest individuals included in the 
cohort were 15 years of age (minimum age for criminal responsibility in 
Sweden) in 1973. The youngest men in the cohort would be followed for up 
to 23 years, leaving them with 8 years of being at an age of criminal respon-
sibility. From these men, we excluded those who had an immigration status 
at any point in time, or who emigrated or died before age 15 years. The 
final sample consisted of 407,533 men.  
 
A similar approach was conducted for Study III. All women who were born 
between 1958 and 1997 were identified, from which we excluded those with 
an immigration status at any point in time or an emigration or death date 
before the age of 15 years. The rationale for the selection of years were the 
same as in Study I and Study II, with the exception of including women born 
up until the year of 1997. This rendered a follow-up time of up to one year 
for the youngest women. From these women, we identified those who had 
conscripted, resulting in a sample of 15,044 women. 

4.3.2 Data sources: National Register Data 
All individuals who are alive and residing on a permanent basis in Sweden 
have been assigned a personal identity number (PIN), a system that has been 
in place since 1947 (Ludvigsson, Otterblad-Olausson, Pettersson, & 
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Ekbom, 2009). The PIN number consists of the birth date along with a four-
digit number. This combination of numbers is unique for everyone, alt-
hough there can be a need to reuse PIN numbers. The PIN number enables 
linkage between Swedish National Registers for research purposes. The PIN 
numbers are anonymized by the National Board of Health and Welfare (So-
cialstyrelsen), who replace the PIN number with a random number that is 
the same for the same individual across registers. By this procedure, it is 
possible to collect and combine data on the same individual from several 
registers. The following registers were used in Study I, Study II, and Study 
III: 
 
The Total Population Register (TPR): was established in 1968 and is main-
tained by Statistics Sweden. The register contains demographic information 
such as sex, birth, familial relationships, death and migration. The TPR is 
used to construct the Migration Register and the Multi-Generation register. 
Information from the TPR was used to identity the study population in 
Study II and Study III. We also used TPR to obtain information on birth, 
immigration, migration, and death, as well as to link index persons to their 
biological mother in Study I, Study II, and in Study III. 
 
The Medical Birth Register (MBR): was established in 1973 and is kept by 
the National Board of Health and Welfare (Socialstyrelsen). In this register 
it is possible to identify information about births as well as prenatal and 
perinatal variables related to both mother and child. The MBR covers ap-
proximately 98% of all births in Sweden (Källén & Källén, 2003) and was 
used to identify the study population in Study I as well as obtain infor-
mation about perinatal factors: birth weight, size by gestational age, head 
circumference, gestational period, labor presentation, and obstetric deliv-
ery. 
 
The Swedish Military Conscription Register (MCR): contains information 
from the conscription assessment that was mandatory for all Swedish men 
at age 18, until the year 2010 (Mårdberg & Carlstedt, 1998). Approxi-
mately 95% of all men in Sweden, born from 1958 and onward, are regis-
tered as military recruits. The missing individuals are primarily men who 
were excused from conscription because of medical illness and/or mental 
illness that would prohibit them from participating in military training. Be-
ing absent for military conscription was a punishable offense until the year 
2010. 
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It was not until 2018 that Sweden became the second country in the world 
to conscript men and women on equal terms (Persson & Sundevall, 2019). 
The conscription of women has been a longstanding debate that originated 
during the 1800’s. In the 1960’s, the debate primarily centered around a 
gender-neutral conscription and access to officer’s positions within the mil-
itary service also for women. While more and more officer’s positions were 
made available to women over the years, it was not until the 1980’s that all 
officer training and positions were open also to women. Because of con-
scription being far from a given for women, the number of women in the 
conscription register is low.  
 
The main goal with the military conscription was to assess the capacity and 
ability to carry out military service, which primarily was done through phys-
ical assessments. Another main goal was to evaluate suitability of various 
positions within the military service which mainly was based on psycholog-
ical assessments. The MCR was used to obtain information about predictor 
variables and covariates in Study II and Study III: resting heart rate, systolic 
blood pressure, physical energy capacity, height, and weight. 
 
National Census Records: contains data about households, accommodation 
and housing which can be used to define a proxy for SES. We used National 
Census Records to retrieve information about the occupation of the head of 
the household when the index persons were children, which was used as a 
proxy for childhood SES in Study II and Study III. 
 
The National Crime Register (NCR): is maintained by the NCR (BRÅ) and 
was established in 1973. The NCR contains information about all criminal 
convictions from Swedish lower courts (tingsrätter) for individuals from age 
15 and onward, as age 15 is the minimum age for criminal responsibility in 
Sweden. The NCR therefore has no data on crimes committed by individu-
als younger than age 15. Further, the information possible to obtain from 
these records is from the final step of the chain, where someone has been 
reported to the police, which has led to a trial in which the individual has 
been convicted. The NCR therefore only contain a fraction of all crimes. Of 
importance, plea bargaining is prohibited in Sweden. The crimes in the NCR 
are registered by their date of the conviction but it is in some cases also 
possible to obtain information about the date of the crime. We used the 
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NCR to collect outcome data (criminal convictions) in Study I, Study II, and 
Study III. 
 
Multi-Generation Register (MGR): is a part of the TPR which makes it pos-
sible to link individuals (index persons) to their relatives, such as parents 
(both biological and adoptive), siblings, cousins and so on. Information on 
mothers and fathers in the register is available for approximately 97% and 
95%, respectively (Ekbom, 2011). The MGR was used in Study I, Study II, 
and Study III to restrict the sample to include only those with information 
about their biological mother. 
 
Longitudinal integration database for health insurance and labor market 
studies (LISA): is a register that started in 1990 and includes information 
about education, income and occupation, including social benefits such as 
disability pension (Ludvigsson, Svedberg, Olen, Bruze, & Neovius, 2019). 
Information from LISA was included in Study I as a proxy of childhood 
SES, as well as in Study III as a measure of highest achieved education. Data 
was coded into low (up to 11 years of education), medium (12 to 14 years 
of education), and high (15 years of education or more). 
 
The National Patient Register (NPR): is a register containing information 
about somatic inpatient care (since 1964), psychiatric inpatient care (since 
1973), and outpatient care since 2001, with diagnoses coded according to 
the different versions of the International Classification of Disease (WHO; 
ICD): ICD-8, ICD-9, and ICD-10. The NPR was used in Study III to retrieve 
information about any psychiatric disorder diagnosis, as well as infor-
mation about the outcome unintentional injury (e.g., unintentional poison-
ing and falls). 
 
The Cause of Death Register (CDR): is a register updated on an annual 
basis, containing information about the causes of deaths coded using the 
ICD-system. The CDR consists of all individuals who were living in Sweden 
by the time they died. The CDR was used in Study III to retrieve information 
about the outcome (deaths owing to) unintentional injury. 
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4.3.3 Measurements 

4.3.3.1 Study I – Predictor variables 
Data from the MBR was used as predictor variables in Study I. Adverse 
perinatal events were defined from the infant related factors: birth weight, 
size by gestational age, head circumference at birth and the pregnancy/birth 
related factors: gestational period, labor presentation and obstetric delivery. 
Adverse perinatal events were defined as the categories of each variable that 
was not coded as the reference category, meaning that the events that devi-
ated from the expected normal course of events during the perinatal period 
were considered adverse. Given the mixed findings from previous studies, 
this approach was considered important to not risk excluding any categories 
of adverse perinatal events that had an association with the outcomes of 
interest. 
 
Birth weight was coded into extremely low (≤ 2,500 g), low (2,501 g – 3500 
g), normal (reference category; 3,501 g – 4,500 g), and high (>4,500 g). We 
coded size by gestational age into small, normal (reference category), or 
large based on the Swedish fetal growth curve, which indicates smallness or 
largeness based on the birth weight being at least two standard deviations 
(SD) below or above the mean. Head circumference at birth was coded into 
small (≤33 cm) and normal (reference category; >33 cm). Gestational period 
was coded into preterm birth (born <37 weeks of completed gestation), term 
birth/reference category (born 37-41 weeks of completed gestation), and 
post-term birth (born ≥42 weeks of completed gestation). Labor presenta-
tion was coded as normal presentation/reference category (vertex presenta-
tion, meaning that the head comes first), breech presentation or other 
presentation (including for example transverse lie). Obstetric delivery was 
coded into unassisted vaginal delivery/reference category, assisted vaginal 
delivery (including for example the use of forceps or vacuum extraction), 
and caesarean section. 

4.3.3.2 Study II and Study III – Predictor variables 
In both Study II and Study III, data from a two-day conscription assessment, 
which included a physical assessment, was used as predictor variables. RHR 
(Study II and Study III) and SBP (Study II) was measured using an appropri-
ately sized arm-cuff, positioned at heart-level, after each conscript had lied 
down to rest in the supine position (i.e., lying down horizontally, facing up) 
for approximately five to ten minutes. This method of registering RHR and 
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SBP is common in clinical practices in Sweden, and this procedure has been 
used in previous research (Latvala et al., 2015; Latvala et al., 2016), along 
with other methods such as digital monitors placed on the wrist of the par-
ticipants (Murray et al., 2016), pulsimeters placed on the fingers of the par-
ticipants (Jennings, Piquero, & Farrington, 2013) and electrodes placed on 
the body, commonly on the lower ribs (Piquero, Ling, Raine, & Piquero, 
2020). In keeping with previous research, RHR values lower than 35 beats 
per minutes (bpm) and SBP values of lower than 80 millimeters of mercury 
(mmHg), along with RHR values higher than 145 bpm and SBP values 
higher than 160 mmHg were considered to be outliers or measurement er-
rors (Latvala et al., 2015; Latvala et al., 2016). To account for potential 
non-linearity, RHR and SBP were divided into quintiles in line with previ-
ous studies (Latvala et al., 2015; Latvala et al., 2016). 

4.3.3.3 Study I, Study II, and Study III – Outcome 
In Study II, the outcome variable of interest was reoffending, defined as any 
second criminal conviction registered in the NCR. In Study I and Study III, 
the outcome of interest was the first registered criminal conviction. In all 
three studies, criminal convictions were subdivided into violent and non-
violent criminal convictions, based on previous research. Violent criminal 
convictions were defined as convictions for homicide, manslaughter, as-
sault, kidnapping, illegal confinement, unlawful coercion, gross violation of 
a person’s or a woman’s integrity, unlawful threats, intimidation, robbery, 
arson, and threats and violence against an officer (Frisell et al., 2011). All 
criminal convictions not defined as violent criminal convictions were con-
sidered non-violent criminal convictions (e.g., theft and fraud), in accord-
ance with previous studies (Kuja-Halkola et al., 2012). In Study II and Study 
III, any criminal conviction (including both violent and non-violent criminal 
conviction, which ever came first) was also used as an outcome. 
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4.3.3.4 Covariates by Study 
 

Study Covariates Definition Register 

I a) Birth year 

 

a) Categorized into 
approximately 5-year 
intervals 

a) MBR 

II a) Height 

b) Weight 

c) Physical energy capacity 

d) Childhood socioeconomic 
status 

e) Birth year 

a) Measured in cm 

b) Measured in kg 

c) Measured in Watts 
using a cycle ergome-
ter during physical ex-
ercise 

d) Coded as low, me-
dium, or high based 
on the occupation of 
the head of the house-
hold 

e) Categorized into 
approximately 5-year 
intervals 

a-c) MCR 

d) National Census Records 

e) TPR 

III a) Heigh 

b) Weight 

c) Physical energy capacity 

d) Birth year 

a) Measured in cm 

b) Measured in kg 

c) Measured in Watts 
using a cycle ergome-
ter during physical ex-
ercise 

d) Categorized into 
approximately 5-year 
intervals 

a-c) MCR 

d) TPR 

4.3.4 Statistical Analysis 
Data management and analyses were performed using version 9.4 of the 
SAS software package (SAS Institute Inc., Cary, NC) and R 3.6.1 (R Devel-
opment Core Team, 2020). 

4.3.4.1 Study I – Cumulative Incidence 
To calculate the cumulative incidence in study I, the Kaplan Meier Method 
was used. The Kaplan Meier Method, a non-parametric method, is also 
called the product-limit estimate and gives an estimate of the probability of 
survival. The estimate of the cumulative incidence of an event, however, in 
this case criminal convictions, can be thought of as the probability of 
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experiencing the outcome over a specific time-period (the time of follow 
up), and can simply put be calculated from the Kaplan Meier estimate of 
the survival probability minus one. This reflects the number of new out-
comes in a population, divided by the total number of individuals who are 
at risk for this outcome of interest during a specific time interval (Austin, 
Lee, & Fine, 2016), such as 15 years as in Study I. If the Kaplan Meier 
estimate (i.e., probability of survival) is 92%, then the cumulative incidence 
(i.e., probability of experiencing the event) is 8%. The cumulative incidence 
is a measure of the absolute risk, which is an important contrast to the rel-
ative risk outlined below.  

4.3.4.2 Study I, Study II, and Study III – Survival analysis 
The main statistical analysis in Study I, Study II, and Study III, Cox propor-
tional hazards regression, was used to obtain estimates of relative risk. Cox 
proportional hazards regression is a statistical analysis of the type ‘survival 
analysis’, which enables for modelling survival which also is known as 
‘time-to-event’ (Fox & Weisberg, 2011). By using survival analysis, it is pos-
sible to estimate the relative risk of an event to occur (i.e., the outcome of 
interest) but also the time it takes for the event to occur, which is made 
possible by the underlying temporal metric. This underlying temporal met-
ric can be set to time-on-study but also age, where the latter is commonly 
used in studies with criminal offending as the outcome. If time-on-study is 
used as the underlying temporal metric, it is common to use age at baseline 
as a covariate. In Study II time since last event was used as the underlying 
temporal metric while adjusting for age at first criminal conviction. In Study 
I and Study III, age was used as the underlying temporal metric. Survival 
analysis is commonly used to compare groups and produces an estimate of 
relative risk, so called hazard ratios (HRs), which are a function of the in-
cluded predictor(s) (i.e., the independent variables but generally referred to 
as covariates in the literature on survival analysis Fox & Weisberg, 2011). 
 
As stated by the name, Cox proportional hazards regression, the models 
assume proportionality among the HRs during follow-up for the groups 
that are compared. This assumption makes it important to assess the pro-
portionality by visual inspection of the Kaplan Meier curves that can be 
plotted to accompany the results from Cox proportional hazards regression 
models. The inspection of the Kaplan Meier curves is done by visually ex-
amining whether the survival curves for different groups cross. Large sam-
ple sizes, commonly seen in register-based research, allows for detection of 
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any violation of the proportionality assumption. Another way of assessing 
the proportionality assumption is to visually inspect the Schoenfeld residu-
als (Fox & Weisberg, 2011). 

 
In survival analysis there is something called censoring, a common feature 
of survival analyses (Fox & Weisberg, 2011). The type of censoring that is 
most common is called right-censoring, which is what happens when par-
ticipants for various pre-determined reasons are removed from the study 
before the occurrence of the outcome of interest. In Study I, Study II, and 
Study III, the outcome of interest was criminal offending. Reasons for right-
censoring in these studies are due to emigration, death, or end of follow-up 
(31st of December 2013). 

4.3.4.3 Sensitivity analyses – Study I, Study II and Study III 
Study I - We re-analysed everything using the total sample (both men and 
women). Sensitivity analyses were further conducted where the total sample 
was stratified into those with low, medium, and high SES respectively. This 
was done to examine associations between adverse perinatal events and 
criminal offending based on levels of SES, because previous research has 
indicated that the combination of adverse perinatal events and psychosocial 
adversities increase the risk of criminal offending. 
 
Study II - A number of sensitivity analyses were conducted to increase the 
possibility of ruling out other explanations for the observed associations as 
well as a way to test whether study findings were robust. To start with, the 
underlying temporal metric was changed from time since last event to age. 
As a next step, the sample was divided into two subsamples. In the first 
subsample, the study participants had their first criminal conviction before 
the conscription date, and their second criminal conviction after. In the sec-
ond subsample, the study participants had both their first and their second 
criminal conviction after conscription. As a last step, to make sure that the 
individuals with violent convictions were not driving the associations, anal-
yses with non-violent criminal convictions as the outcome were restricted to 
include study participants that had only non-violent criminal convictions 
and no history of any violent conviction. 
 
Study III – Because there were missing data in the RHR variable, we re-
peated the analyses with the crime outcomes using SBP. SBP has in earlier 
work been described as an index of autonomic functioning and is known to 
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correlate with RHR (Liu et al., 2010). A valid value of SBP was available 
for 12, 491 (83.0%) of the sample of female conscripts. 
 
We stratified the sample of female conscripts into those who conscripted 
before age 21, to minimize the potential effects of developmental changes 
to test the robustness of our results. Further, a previous study utilizing a 
sample of male conscripts examined whether lower RHR also increased the 
risk of unintentional injuries. This outcome was hypothesized to be a po-
tential result of fearless behavior. We used unintentional injury as a second-
ary outcome to examine whether lower RHR was associated with an ele-
vated risk of unintentional injuries also among female conscripts. 
 
Given that conscription has been optional for women over the years, female 
conscripts are a highly selected group of individuals. As such, sensitivity 
analyses in Study III focused on comparing female conscripts to female non-
conscripts on several key descriptive variables to explore how these two 
groups of women differ. We utilized the same initial sample as previously 
described (section 4.3.1) but excluded all women who had conscripted. This 
resulted in a sample of 1,900,100 women. The female conscripts were com-
pared to the female non-conscripts on childhood SES, highest achieved ed-
ucation, and psychiatric disorders. We also compared the two groups of 
women on the studied outcomes: any, violent, and non-violent criminal con-
victions, as well as unintentional injuries. 

4.4 Study IV – Systematic review 

4.4.1 Data collection and procedure 
Study IV included in the present dissertation is a systematic review of psy-
chopathic personality in relation the startle reflex. Studies were included if 
they were published in a peer-review journal, published after 1994 and be-
fore March 24th, 2020. After excluding duplicates and irrelevant papers, all 
studies with the potential of being included in the systematic review were 
subjected to a quality assessment using a modified version of the Newcastle 
Ottawa Scale adapted for cross-sectional studies (Modesti et al., 2016). The 
assessment revealed an overall high quality of the included studies, and no 
study was excluded due to low quality. However, it became clear while as-
sessing the studies that it was not common to assess psychopathy with more 
than one assessment method, nor was it common to describe response rate 
or compare responders with non-responders. 
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We performed a comprehensive search from 1994 to 2020 using three da-
tabases: PubMed, PsycINFO and Web of Science. Searches were carried out 
for the entire content of the published works, meaning that we did not spec-
ify whether searches should pertain to titles or abstracts. Once papers had 
been selected for inclusion, we scanned the reference lists of each paper to 
make sure we did not miss any publication that would meet our criteria for 
inclusion. 
 
We extracted data about sample characteristics, methods, and study find-
ings from each of the included papers. Sample characteristics were data 
about the number of included participants, whether participants were male 
and/or female, as well as their age. Data about methods were type of para-
digm used in the study, what physiological measures were taken and what 
type of analyses were conducted. Lastly, data about study findings were 
concerned with the results of the specific studies. We organized study find-
ings in accordance with the type of paradigm used, subtypes/subdimensions 
of psychopathy as well as age groups. Data were entered into a table to 
visualize and identify potential patterns across studies. To make sure previ-
ous steps were accurate, we summarized all studies again and discussed find-
ings between authors. Lastly, we narrated results based on the grouping of 
studies. 
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5. RESULTS 
The results that are presented in this chapter are the main findings from 
each study included in the present dissertation.  

5.1 Study I – Adverse perinatal events and offspring criminality 
The main objective of Study I was to examine associations between adverse 
perinatal events and offspring criminality in men and women. More specif-
ically, I) to examine which adverse perinatal events are associated with an 
increased risk of offspring violent and non-violent criminal convictions in 
men and women, II) to examine if associations between adverse perinatal 
events and offspring violent and non-violent criminal convictions were sig-
nificantly different for men and women, and III) if there was a dose-dependent 
association between the number of adverse perinatal events and offspring 
violent and non-violent criminal convictions in men and women. 
 
Results showed that there were several adverse perinatal events that were 
associated with an increased risk of offspring criminal convictions. For men 
and women respectively, the following adverse perinatal events were asso-
ciated with an increased risk of violent crime after adjusting for birth year: 
extremely low birth weight (≤ 2,500 g; HR=1.17, 95% CI=1.13, 1.22 and 
HR=1.13, 95% CI=1.03, 1.25), low birth weight (2,501 g – 3,500 g; 
HR=1.16, 95% CI=1.15, 1.18, and HR=1.12, 95% CI=1.09, 1.17), small 
for gestational age (HR=1.20, 95% CI=1.15, 1.25, and HR=1.21, 95% 
CI=1.10, 1.32), small head circumference (HR=1.16, 95% CI=1.14, 1.18, 
and HR=1.16, 95% CI=1.12, 1.21), and post-term birth (born ≥ 42 weeks 
of completed gestation; HR=1.03, 95% CI=1.01, 1.06, and HR=1.10, 95% 
CI=1.03, 1.17). 
 
For men and women, respectively, the following adverse perinatal events 
were associated with an increased risk of non-violent crime after adjusting 
for birth year: extremely low birth weight (≤ 2,500 g; HR=1.08, 95% 
CI=1.06, 1.10 and HR=1.05, 95% CI=1.02, 1.09), low birth weight (2,501 
g – 3,500 g; HR=1.09, 95% CI=1.09, 1.10, and HR=1.06, 95% CI=1.05, 
1.08), small for gestational age (HR=1.14, 95% CI=1.11, 1.16, and 
HR=1.06, 95% CI=1.02, 1.10), small head circumference (HR=1.10, 95% 
CI=1.09, 1.11, and HR=1.08, 95% CI=1.06, 1.10), and post-term birth 
(born ≥ 42 weeks of completed gestation; HR=1.08, 95% CI=1.07, 1.09, 
and HR=1.04, 95% CI=1.02, 1.06). 
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Being born preterm (born < 37 weeks of completed gestation) was associ-
ated with an increased risk of violent and non-violent crime among men 
(HR=1.09, 95% CI=1.06, 1.13, and HR=1.03, 95% CI=1.01, 1.05) but not 
women (HR=1.00, 95% CI=0.92, 1.09, and HR=0.97, 95% CI=0.94, 
1.00).  For men, a high birth weight (≥ 4,500 g, HR=0.94, 95% CI=0.90, 
0.98, and HR=0.96, 95% CI=0.94, 0.98), being born with caesarean section 
as obstetric delivery (HR=0.97, 95% CI=0.94, 0.99, and HR=0.94, 95% 
CI=0.93, 0.95), and being large for gestational age (HR=0.93, 95% 
CI=0.89, 0.97, and HR=0.94, 95% CI=0.91, 0.96) was associated with a 
decreased risk of violent and non-violent criminal convictions, but not for 
women. For women but not men, being born in breech position was asso-
ciated with a decreased risk for violent criminal convictions (HR=0.85, 95% 
CI=0.75, 0.97). However, being born in breech position was associated with 
a decreased risk of non-violent criminal convictions among men (HR=0.94, 
95% CI=0.91, 0.97) but not women. 
 
Being born with assisted vaginal delivery was associated with a decreased 
risk of violent and non-violent criminal convictions for both men (HR=0.89, 
95% CI=0.87, 0.92, and HR=0.80, 95% CI=0.93, 95% CI=0.91, 0.94) and 
women (HR=0.80, 95% CI=0.74, 0.88, and HR=0.92, 95% CI=0.90, 
0.95), although the association was significantly weaker for women than 
for men regarding violent crime (p=0.04). There were some of the adverse 
perinatal events that were associated with an increased risk of non-violent 
criminal convictions that were significantly different for men and women. 
Low birth weight (2,501 g – 3,500 g; p=0.01), small for gestational age 
(p=0.02) and preterm birth (born < 37 weeks of completed gestation; 
p<0.001) were all associated with an increased risk for non-violent criminal 
convictions among both men and women, but estimates were significantly 
higher for men than for women. 
 
The adverse perinatal events that were associated with an increased risk of 
criminal offending, even after adjusting for all other adverse perinatal 
events, were included in a summative index used to examine a potential 
dose-dependent association. For men, the included adverse perinatal events 
when studying violent criminal offending as the outcome were: Extremely 
low (≤ 2,500 g) and low (2,501 g – 3,500 g) birth weight, small for gesta-
tional age, small head circumference, preterm birth (born < 37 weeks of 
completed gestation), and post-term birth (born ≥ 42 weeks of completed 
gestation). With non-violent criminal convictions as the outcome, the 
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included adverse perinatal events were the same as for violent criminal con-
victions but without preterm birth. For women, low birth weight (2,501 g 
– 3,500 g), small head circumference, and post-term birth (born ≥ 42 weeks 
of completed gestation) were included in the summative index for both vi-
olent and non-violent criminal convictions as the outcome. 
 
Sensitivity analyses revealed that estimates in the total population were 
largely unaffected by stratifying the sample into those with low, medium, 
and high levels of SES, meaning that the exposure to adverse perinatal 
events in combination with a low SES did not seem to increase the risk for 
criminal convictions. 

5.2 Study II – Resting heart rate and reoffending in men 
The main objective of Study II was to examine associations between auto-
nomic arousal and criminal offending. Autonomic arousal was in this study 
defined as measures of RHR and SBP. The main findings from this study 
were that both RHR and SBP were associated with criminal offending, more 
specifically, low RHR and low SBP were associated with an increased risk 
of criminal offending. In fully adjusted models (i.e., models adjusted for 
birth year, age at first crime, childhood SES, height, weight, and physical 
energy capacity), results showed that previously convicted male conscripts 
with lower RHR (≤60 bpm) compared to previously convicted male con-
scripts with higher RHR (≥82 bpm) had a had a 17% higher risk of 
reoffending with any crime (HR = 1.17, 95% CI: 1.14, 1.19), a 23% higher 
risk of reoffending with a violent crime (HR = 1.23, 95% CI: 1.17, 1.29) 
and a 16% higher risk of reoffending with a non-violent crime (HR = 1.16, 
95% CI: 1.14, 1.19).  
 
In fully adjusted models, results showed that previously convicted male con-
scripts with lower SBP (≤80 mmHg) compared to previously convicted male 
conscripts with higher SBP (≥138 mmHg) had a 19% higher risk of 
reoffending with any crime (HR = 1.19, 95% CI: 1.17, 1.21), a 16% higher 
risk of reoffending with a violent crime (HR = 1.16, 95% CI: 1.12, 1.20), 
and a 20% higher risk of reoffending with a non-violent crime (HR = 1.20, 
95% CI: 1.18, 1.22). 
 
Sensitivity analyses showed that the results in this study were not affected 
by the change of underlying temporal metric from time since last event to 
age, or by the timing of the first and second criminal offense. Results were 
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not affected by restricting analyses with non-violent criminal convictions as 
the outcome to only include individuals with non-violent criminal convic-
tions without ever having any violent conviction. Results were not affected 
by using the date of the crime instead of the date of conviction. 

5.3 Study III – Resting heart rate and reoffending in women 
The main objective of Study III was to examine associations between RHR 
and criminal offending among female conscripts. Results from fully ad-
justed models (i.e., models adjusted for birth year, physical energy capacity, 
height and weight) showed that women with lower RHR (≤38 bpm) com-
pared to women with higher RHR (≥83 bpm) had a 35% higher risk of 
being convicted of any crime (HR = 1.35, 95% CI: 1.04, 1.76) and a 36% 
higher risk of being convicted of a non-violent crime (HR = 1.36, 95% CI: 
1.03, 1.78). Estimates for violent criminal convictions were not significant, 
likely due to insufficient statistical power. 
 
Sensitivity analyses using SBP instead of RHR did not replicate the associa-
tions with the outcomes, with few exceptions. Non-significant associations 
between SBP and violent crime were however likely due to insufficient sta-
tistical power. Estimates were not affected by stratifying the sample into 
females who conscripted before age 21. Further, women with lower RHR 
(≤38 bpm) compared to women with higher RHR (≥83 bpm) had a 22% 
higher risk of being unintentionally injured (HR = 1.22, 95% CI: 1.08, 
1.37). 
 
Interestingly, sensitivity analyses showed that, compared to the female non-
conscripts, female conscripts had a higher childhood SES (M=1.8 and 
M=1.9, W=7908, p<.001) and a higher achieved education (M=2.0 and 
M=2.3, W=1076, p<.001). Female conscripts did not have a higher risk of 
having a psychiatric disorder compared to female non-conscripts (HR=0.96, 
95% CI=0.92, 1.00). Further, female conscripts had a lower risk of being 
convicted of any (HR=0.86, 95% CI=0.81, 0.91), violent (HR=0.68, 95% 
CI=0.57, 0.81), and non-violent crime (HR=0.86, 95% CI=0.82, 0.91) com-
pared to the female non-conscripts, but a higher risk of unintentional injury 
(HR=1.41, 95% CI=1.37, 1.45). 
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5.4 Study IV – Psychopathy and the startle reflex 

Figure 5.4.1. PRISMA Flow Chart  
 

 
 
In Study IV, all published studies that examined the startle reflex in relation 
to psychopathic personality that met relevancy and quality criteria were in-
cluded (40 independent studies). The main objective with the study was to 
synthesize existing evidence of the relationship between the startle reflex 
and psychopathic personality using the triarchic model of psychopathy as a 
frame of reference, to provide an overview of the current state of the empir-
ical findings and to ultimately guide future research. 
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Findings from this study showed that the picture viewing paradigms com-
monly used in these types of studies typically built on images from the In-
ternational Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 
2008). Pictures were usually divided into negative, neutral, and positive pic-
tures with some exceptions of more narrow categories that in addition to 
positive and neutral pictures also included sad, fear, and disgust. Independ-
ent of how pictures were divided, 20 out of the 25 included studies that 
utilized a picture viewing paradigm demonstrated a reduced aversive startle 
potentiation (ASP) in individuals with psychopathic personality. Other par-
adigms that were used included fear conditioning, in which the manipula-
tion of attentional focus was central, and aversive Pavlovian conditioning. 
In the studies utilizing a fear conditioning paradigm, four out of five studies 
reported a reduced ASP in individuals with psychopathic personality in con-
ditions where the attentional focus was distracted during threatening stim-
uli. The two studies using aversive Pavlovian conditioning reported that in-
dividuals with psychopathic personality failed to differentiate between the 
reinforced and the unreinforced conditioned stimulus. Studies using video-
clips as the foreground stimuli typically reported a reduced ASP among in-
dividuals with psychopathic personality, findings also reported in studies 
using an affective imagery script and a pain paradigm. 
 
Studies conducted in incarcerated/clinical samples typically utilized discrete 
categorization of individuals with and without psychopathic personality 
based on scores on assessment measures, mainly the Psychopathy Check 
List-Revised (PCL-R; Hare, 2003). In some cases, the score on the assess-
ment measure was used in a continuous fashion, usually in studies that also 
examined specific factors of psychopathy (i.e., Factor 1, affective-interper-
sonal; and Factor 2, impulsive-antisocial of the PCL-R). Independent of 
whether psychopathic personality was defined as discrete or continuous, 
studies on incarcerated/clinical samples typically reported a reduced ASP in 
individuals with psychopathic personality. However, when specific factors 
were examined, studies reported an association between Factor 1 and ASP 
in that a high Factor 1 score was related to a reduced ASP whereas Factor 
2 was not. 
 
Similar results as those in incarcerated/clinical settings were found in non-
offender samples, where individuals with psychopathic personality dis-
played reduced ASP. Findings were based on both group comparisons (high 
versus low levels of psychopathic personality traits) and analyses treating 
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psychopathic personality traits as dimensional. A reduced ASP was in non-
offender samples specifically related to the concepts of fearless-dominance 
and boldness. The few studies that existed that examined ASP in child sam-
ples found a reduced ASP to be related mainly with CU-traits. 
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6. DISCUSSION 

6.1 Main Finding 
The overarching goal with the present dissertation was to expand the 
knowledge regarding biological risk factors, including adverse perinatal 
events and psychophysiology, for crime. This was pursued through four 
studies; three empirical studies and one systematic literature review, each 
addressing specific research questions tied to the overarching goal with the 
present dissertation. The overall conclusion is yes, biological risk factors 
contribute to crime in various ways. Biological risk factors represent an im-
portant step forward to broaden our understanding of crime and may have 
the potential to inform etiology and theory as well as to ultimately improve 
prediction and prevention. The main findings related to each specific study 
included in the present dissertation are discussed below. 

6.2 Fetal development theory and crime 
Findings from Study I revealed that several adverse perinatal events are as-
sociated with offspring crime (e.g., low birth weight and small for gesta-
tional age). Early health influences have been theorized to affect the fetal 
neurodevelopment and increase the risk of somatic and mental health prob-
lems, such as neuropsychiatric disorders, in the offspring (Barker, 2004; Faa 
et al., 2016). These theoretical ideas have been extended in biologically ori-
ented criminological research. Insults to the developing brain in utero, 
which is a particularly sensitive developmental period, have been suggested 
to potentially alter the neurodevelopment and therefore increase the risk of 
offspring crime (Moffitt, 1993). This hypothesis receive support from the 
empirical findings in Study I. Findings suggests that fetal programming the-
ory may not only be relevant to understand how early health influences are 
associated with somatic and mental health problems (Barker, 2004), but 
also how these adverse perinatal events are associated with the propensity 
to commit crime. 
 
Theoretically, adverse perinatal events are expected to increase the risk for 
offspring crime because they are potential indications of deviations from the 
expected normal course of events during pregnancy and delivery. These de-
viations may come about for various reasons, where the fetus respond by 
adapting to the altered conditions in utero (Barker, 2004). In Study I, ad-
verse perinatal events such as low birth weight, small for gestational age 
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and preterm birth (for men, not women) increased the risk for offspring 
crime. These adverse perinatal events have been suggested to reflect (among 
other things) poor maternal nutrition and maternal stress, both of which 
have been associated with offspring crime (Neugebauer, Wijbrand Hoek, & 
Susser, 1999; Zohsel et al., 2014). Small head circumference, also known as 
a minor physical anomaly (Denno, 1990), was also found to be associated 
with an increased risk of offspring crime. Although the origins of minor 
physical anomalies are not yet fully understood, they too are thought to 
reflect physical and neural maldevelopment. When adapting to poor condi-
tions, the fetus is suggested to favor the development of one trait in front of 
others to allocate resources where mostly needed. Previous findings have 
suggested that the association between adverse perinatal events (combined 
using the McNeil-Sjöström scale for obstetric complications) and offspring 
crime may be mediated by cognitive ability (Liu et al., 2009). Earlier work 
has further shown that adverse perinatal events are associated with cogni-
tive deficits in the offspring (Seidman, Goldstein, & Rieder, 2000), a known 
correlate of crime (Frisell et al., 2012). Studies have also reported that ad-
verse perinatal events are associated with low self-control (Ratchford & 
Beaver, 2009), a well-known risk factor for crime (Tibbetts & Rivera, 2015) 
that has been suggested to house in the prefrontal cortex of the brain 
(Beaver, Wright, & DeLisi, 2007). Adverse perinatal events have also been 
found to increase the risk of neurodevelopmental disorders including 
ADHD (Pettersson et al., 2019), which in turn is associated with an in-
creased risk of crime (Young, Moss, Sedgwick, Fridman, & Hodgkins, 
2015). It may be that adaptions in utero result in disruptions to the neuro-
development, which in turn may be related to the propensity to commit 
crime. More research on this topic is warranted though before we can make 
any firm conclusions. 
 
Breech position during delivery pose a high risk for oxygen deprivation in 
the fetus (Denno, 1990; Tibbetts & Rivera, 2015) but was not found to be 
associated with an increased risk of offspring crime in Study I. It is possible 
that this category was defined too broadly as there are several types of 
breech positions (i.e., footling breech, full breech etc.). Since breech position 
in theory is a risk factor for offspring crime, future research that has the 
possibility to study separate breech positions should be encouraged. Fur-
ther, caesarean section is commonly thought of as a risk factor for several 
poor outcomes, since it is often associated with other risk factors that are 
the reason for why a caesarean section is advised (Tibbetts, 2011). 
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However, caesarean section was not found to be associated with an in-
creased risk of offspring crime in Study I. There may be more non-medical 
reasons for planned caesarean sections and more medical reasons for acute 
caesarean sections, and it is possible that the results should have been dif-
ferent if planned and acute caesarean sections were studied as separate risk 
factors. 
 
There is a wide range of risk factors that may contribute to the increased 
risk of crime (Fazel et al., 2016; Focquaert, 2019). It is therefore not sur-
prising that the relative risks (HRs; observed in Study I, Study II, and Study 
III) and the absolute risks (cumulative incidence) observed in Study I are 
small1. Given the heterogeneity of crime, there will never be one single risk 
factor that explains crime in full, or any type of human behavior or disorder. 
However, multiple risk factors may together provide insight into why some 
individuals commit crimes and others do not. This idea makes the finding 
of a dose-dependent association between adverse perinatal events and off-
spring crime in Study I of interest. The dose-dependent association between 
adverse perinatal events and offspring crime was evident by a strengthened 
association with the exposure to an increasing number of adverse perinatal 
events, consistent with findings from a previous study (Murray et al., 2015). 
The larger number of adverse perinatal events that an individual had been 
exposed to, the higher the risk of subsequent crime. This provides support 
for a multifactorial approach to the study of crime since no one risk factor 
will provide more than a small fraction of explanation, but several risk fac-
tors may together provide an explanatory value. 
 
The heterogeneity of crime was further supported by the different associa-
tions between adverse perinatal events with violent and non-violent crime 
respectively. While the associations in general were similar for violent and 
non-violent crime, there were a few exceptions including for example pre-
term birth being associated with an increased risk of violent but not non-
violent crime in men (in mutually adjusted models but not in models ad-
justed for birth year only). Adverse perinatal events may be differently 

 
1 Even though a good common practice is to complement relative risks with absolute 
risks, attempts have been made to create guidelines on how to interpret the ‘size’ of 
relative risk estimates. For reference, odds ratios of similar sizes as in the work pre-
sented within this dissertation have been suggested to compare to a small effect ac-
cording to Cohen’s d; (Chen, Cohen, & Chen, 2010). 
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related to different types of offenders. However, more research is needed to 
fine-tune our understanding of adverse perinatal events in relation to off-
spring crime and different criminal offenders. 
 
Adverse perinatal events have long been suggested to be associated with the 
offspring’s’ propensity to commit crime, specifically when combined with 
negative environmental circumstances that work as potential triggers 
(Raine, 2002b). While findings from sensitivity analyses in Study I does not 
support an increased risk of offspring crime in individuals exposed to ad-
verse perinatal events and a low SES, it may well be that there are other 
measures of environmental factors that could be important (e.g., maternal 
rejection; Raine, Brennan, et al., 1997). If adverse perinatal events add to 
the prediction of crime over and above known, established risk factors, es-
pecially in combination with adverse environmental factors, it could be ben-
eficial to potentially consider the maternal care for prevention purposes 
(Raine, 2018). Improving maternal care during pregnancy and post-partum 
with the aim of reducing crime in the offspring is not something new but is 
something that has been suggested for long (Raine, 2013). One such inter-
vention effort was implemented in practice over 40 years ago (The Nurse-
Family Partnerhip; Olds, 2007). Even though research has come further re-
garding the associations between adverse perinatal events and offspring 
crime during the previous decades (Tibbetts & Rivera, 2015), more research 
is needed to elucidate if, but more importantly how, the pregnancy period 
and the time of delivery are relevant from a crime prevention perspective. 

6.2.1 The sex difference in the rate of crime: adverse perinatal events as 
an explanation for the overrepresentation of males as criminal offenders 
Theoretically, the male brain has been suggested to be more susceptible to 
early health influences including insults during the perinatal period. This 
has been thought of as a potential explanation for the overrepresentation of 
men with neurodevelopmental disorders but also for the overrepresentation 
of men as criminal offenders (Golding & Fitzgerald, 2019; Schore, 2017). 
While many of the observed associations between adverse perinatal events 
and offspring crime were similar for men and women in Study I, there were 
a few exceptions all relating to non-violent criminal convictions as the out-
come (e.g., low birth weight and preterm birth). 
 
Earlier work has suggested that fetal sex may have an impact on the course 
of events during pregnancy and females have been suggested to have an 
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advantage during gestation, infancy, and childhood (Al-Qaraghouli & 
Fang, 2017; Naeye, Burt, Wright, Blanc, & Tatter, 1971). The male disad-
vantage has been researched since the 1970’s when study findings suggested 
that male fetuses had a higher risk of perinatal morbidity compared to fe-
male fetuses (Naeye et al., 1971). Since then, research findings have sug-
gested that male fetuses have a higher risk of being born preterm (Sheiner 
et al., 2004; Zeitlin et al., 2002), something that is associated with, for ex-
ample, an increased risk of neurodevelopmental disorders such as ADHD 
(Pettersson et al., 2019) which in turn is associated with an increased risk 
of crime (Young et al., 2015). Among infants born preterm, girls have been 
found to have better perinatal outcomes than boys (Ingemarsson, 2003; 
Stevenson et al., 2000). 
 
Although less researched, related findings have suggested that birth weight 
and head circumference at birth may be affected to a larger extent by ma-
ternal smoking during pregnancy in male offspring than in female offspring 
(Zaren, Lindmark, & Bakketeig, 2000). Another finding from previous re-
search relating to the results in Study II and Study III, is that maternal alco-
hol intake during pregnancy is associated with a larger increase in the heart 
rate in females more than in males (Haley, Handmaker, & Lowe, 2006). 
While the study of adverse perinatal events is highly complex and research 
findings that have not been extensively replicated should be interpreted with 
caution, previous work suggest that early health influences could potentially 
affect not only the physiology of the offspring but also alter the ANS func-
tion. Theoretically, male and female fetuses adapt differently in utero, which 
makes them differently equipped to handle stressful situations that can af-
fect the development (Sandman, Glynn, & Davis, 2013). Since adverse per-
inatal events have been suggested to have unequal influence on male and 
female fetuses, future research should continue to explore the role of adverse 
perinatal events in relation to the overrepresentation of men as criminal of-
fenders. 

6.2.2 Summary 
Several adverse perinatal events are associated with offspring crime. Fetal 
programming theory propose that disruptions during fetal neurodevelop-
ment increase the risk of somatic and mental health (Barker, 2004; Faa et 
al., 2016). These theoretical ideas have been extended in biologically ori-
ented criminological research and suggest that fetal neurodevelopment also 
is related to the propensity to commit crime (Moffitt, 1993; Tremblay, 
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2006). There is some evidence of potential differences between men and 
women regarding the associations between some adverse perinatal events 
and offspring crime. These findings could relate to an unequal influence of 
adverse perinatal events on male and female fetuses (Sandman et al., 2013) 
which could have explanatory value for the greater number of male offend-
ers. Further, theoretical suggestions have been made about adverse perinatal 
events influencing the central nervous system, particularly inhibitory and 
emotional structures of the brain which would make individuals more likely 
to act on impulses (Beaver & Wright, 2005; DeLisi, 2011), but also the 
autonomic nervous system (Tibbetts & Rivera, 2015) – which interestingly 
relates to the concept of fearlessness. 

6.3 Fearlessness theory 

6.3.1 Low autonomic arousal 
Low autonomic arousal has been put forth as a potential early marker, or 
predictor of crime, largely because of the specificity of the association. Re-
sults from Study II extends what we know from previous work, by showing 
that lower RHR and lower SBP is associated not only with an increased risk 
of crime (Latvala et al., 2015), but also with an increased risk of reoffending 
in males. Results from Study III adds to this by showing that lower RHR is 
associated with an increased risk of crime also in females. This is the first 
time the association between RHR and SBP with reoffending has been 
demonstrated in a sample of such magnitude as in Study II, and the first 
time the association between RHR and crime has been demonstrated in a 
large-scale all-female sample as in Study III. 
 
Findings from Study II and Study III suggest that RHR is associated with 
reoffending and crime in men and women, respectively, even after adjusting 
for potentially important covariates. The persistence of the association be-
tween the predictors and the outcomes suggests that RHR (and SBP in Study 
II) is a unique contributor to the prediction of reoffending (Study II) and 
crime (Study III). One explanation to the findings of an association between 
lower RHR and reoffending (Study II) as well as lower RHR and crime 
(Study III) is fearlessness theory. Fearlessness theory suggest that low levels 
of fear relates to a reduced ability to condition, a process of associating two 
events with each other that is largely unconscious (Raine, 1993). The ability 
to condition is tied together with the socialization process in which we learn 
how to behave as children (Blair, 2007) and in parallel conscience 
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development (Patrick, 2018). We learn that an unwanted behavior is fol-
lowed by a negative event and through this conditioning process we learn 
to avoid certain behaviors. However, fearlessness theory suggest that fear-
less individuals do not fear the potential consequences of their behavior and 
have a reduced capacity to learn from their experiences (Raine, 2013). Fear-
lessness theory could therefore be informative to the interpretation of the 
study findings because fearless individuals may fail to desist from commit-
ting crimes as they simply do not fear the potential punishment. Therefore, 
a lower autonomic arousal is associated with an increased risk of reoffend-
ing (Study II) and an increased risk of crime (Study III). This in turn may 
suggest that traditional treatments where the focus lies in learning from pre-
vious behavior may not be fruitful for all individuals, as fearless individuals 
may be less able to successfully learn from what they have done in the past. 
Fearlessness theory may also explain why we see an association between 
lower RHR and unintentional injury, something that in previous work has 
been hypothesized to reflect a result of fearless behavior (Latvala et al., 
2015). 
 
Fearlessness theory further suggest that the term ‘at rest’ is somewhat mis-
leading. To measure heart rate and blood pressure at rest is in reality a 
mildly stressful experience, because the participants are in a situation that 
is likely to be new to them. Even though autonomic arousal not necessarily 
needs to be investigated in a lab environment, the measures taken are lab 
related. The mere presence of someone that is going to obtain a measure of 
an autonomic function can induce something called ‘white coat syndrome’ 
(Parati & Redon, 2000). This white coat syndrome refers to an increase in 
heart rate and blood pressure that can arise while undergoing a clinical as-
sessment. Due to this white coat syndrome, a low autonomic arousal may 
reflect a lack of anticipatory fear where fearless individuals fail to show the 
negative emotional response that more fearful individuals have. This lack of 
anticipatory fear has further been suggested to increase the risk of crime 
because such behaviors require fearlessness to some extent to execute. The 
negative emotionality may therefore be one of the reasons for why the gen-
eral population at large are inhibited from committing crimes (Raine, 
2002b). 
 
Findings of low autonomic arousal as a risk factor for crime may be of in-
terest for advancing our understanding of prevention efforts. Previous find-
ings have suggested that children (21 boys and 2 girls) with disruptive 
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behavior disorders who also exhibited lower RHR benefitted less from be-
havioral intervention (a cognitive behavioral intervention aiming to reduce 
impulsive, oppositional and aggressive behavioral problems), compared to 
children with disruptive behavior disorders who exhibited higher RHR 
(Stadler et al., 2008). In this case, the behavioral intervention focused on 
behavioral techniques using for example positive reinforcement and time-
out interventions. These findings suggest that individuals with lower RHR 
may benefit less from traditional treatment programs compared to individ-
uals with higher RHR. Higher RHR has further been put forth as a potential 
protective factor for crime (Portnoy, Chen, & Raine, 2013). Thus, research 
findings suggest that individuals with higher RHR may be more responsive 
to and benefit more from traditional intervention programs focusing on be-
havior change and may help explain why some individuals fail to respond 
to such treatment. As such, biological risk factors could potentially be tar-
geted in prevention efforts by improving the biological functioning, such as 
increasing the level of autonomic arousal to more optimal levels. Even 
though findings have shown that it is possible to improve executive func-
tioning (Diamond & Lee, 2011) as well as increase autonomic arousal 
(Raine et al., 2001) through interventions, there are too few empirical stud-
ies examining the potential of such interventions to draw any firm conclu-
sions yet. Even though low autonomic arousal in relation to crime has been 
extensively studied for many years, biologically oriented criminological re-
search focusing on alternative interventions is still in its early stages. Thus, 
there are many ifs and buts to address before making any suggestions on 
how to proceed with suggestions for interventions. 
 
Consistent with a previous study (Latvala et al., 2015), findings from Study 
III show that a lower RHR is not only associated with an increased risk of 
crime but also an increased risk of unintentional injuries. Fearlessness the-
ory may therefore not only be used to explain why we see an association 
between lower RHR and crime, but also why we see an association between 
lower RHR with unintentional injury, as this may be thought of as a poten-
tial result of fearless behavior. Previous work has further suggested that 
lower RHR is also found among individuals who skydive or engage in other 
extreme sports (Regoli & Hewitt, 2008). Therefore, lower RHR is associ-
ated with antisocial behaviors such as crime, but also prosocial behaviors 
(i.e., extreme sports). It remains to be investigated whether there are im-
portant ways of defining subtypes of individuals with lower RHR that can 
be informative to the understanding of when lower RHR is a risk factor in 
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maladaptive antisocial ways and when it is not. Perhaps this is a great ex-
ample of when biology meets environment in different ways, and therefore 
result in different outcomes. For example, maybe an individual with a lower 
autonomic arousal who is associating with a prosocial environment have a 
lower risk of crime compared to an individual with lower autonomic 
arousal who is associating with an antisocial environment, even though 
these two individuals may be equally fearless. These are only speculations, 
but they give rise to new interesting and intriguing research questions. 

6.3.2 The sex difference in the rate of crime: autonomic arousal as an  
explanation for the overrepresentation of males as criminal offenders 
Men have a lower RHR than women in general, something that can be seen 
at an early age and continues across the lifespan (Ostchega, Porter, Hughes, 
Dillon, & Nwankwo, 2011). While the RHR in Study II and Study III was 
measured in early adulthood at conscription, other work has demonstrated 
that a lower RHR in younger age is predictive of adult crime (Choy et al., 
2017). The first study of its kind reported that lower RHR partly mediated 
the association between sex and crime (i.e., violent and non-violent), which 
suggests that lower RHR may be informative for our understanding of the 
greater involvement of men in crime. 
 
While the results from Study III are limited by statistical power (which is 
evident from the HRs and CIs), findings still indicate that lower RHR is 
associated with crime also in women. However, results are seemingly dif-
ferent from those found in earlier studies utilizing similar methods in all-
male samples (Latvala et al., 2015; Latvala et al., 2016). While the associa-
tion between RHR and crime in men becomes stepwise stronger for each 
quintile (Latvala et al., 2015), with the strongest association with crime 
found for the lowest RHR (although there are exceptions: Murray et al., 
2016), the estimates for the female conscripts are similar across quintiles. 
This could potentially indicate that the dose-dependent association seen in 
male samples is not as explicit among females, although there is somewhat 
of a pattern of an increasing risk with decreasing RHR also in females. Re-
sults also seem to indicate that higher RHR may have a protective function 
for the studied outcomes, something that has been suggested also in earlier 
work (Portnoy et al., 2013). 
 
Interestingly, RHR is associated with crime in a sample of female conscripts 
who, according to sensitivity analyses, are less likely to be convicts than 
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female non-conscripts. While these results are the first of its kind and war-
rants replication before any firm conclusions can be drawn, especially in 
non-conscript samples, findings suggest that RHR may be informative to 
the prediction of crime also in women. However, even though RHR is a 
potential risk factor for crime in women, it may be less influential because 
of the relatively higher RHR in women in general. The higher RHR in 
women could be a potential explanation to why women engage in crime to 
a lesser extent than men. 

6.3.3 Summary 
Low autonomic arousal is associated with an increased risk of reoffending 
among males, and an increased risk of crime among female conscripts. Fear-
lessness theory may explain why we see an association between low auto-
nomic arousal with reoffending and crime, because such behaviors warrants 
fearlessness to some extent (Raine, 2002b). Fearlessness theory may also 
explain why we see an association between lower autonomic arousal and 
unintentional injury, something that has been suggested to reflect a result of 
fearless behavior. Low autonomic arousal has further been put forth as a 
potential explanation for the greater involvement of men in crime, as op-
posed to women.  

6.3.4 The fearless psychopathic personality – electromyography 
While psychopathic personality cannot be equated with crime, even though 
antisocial behavior is included in the definition of psychopathy in some as-
sessment measures (e.g., PCL-R; Hare, 2003), it is no secret that individuals 
with psychopathic personality account for a great number of all crimes com-
mitted and they account for the majority of all violent crimes (Howner et 
al., 2020). Potentially, the high propensity to commit crimes among indi-
viduals with psychopathic personality could be explained by fearlessness. 
The low-fear hypothesis of psychopathy was coined already in the 1950’s 
by Lykken (1957). There have been extensive research efforts devoted to 
understanding fearlessness in psychopathy, and findings thus far seem to 
converge on the conclusion that fear processing in the brain is related to the 
small almond shaped part of the brain called amygdala (Davis, 1992; Ling 
& Raine, 2018). Potential deficits in the amygdala that have been associated 
with psychopathy has to a large extent been investigated using aversive star-
tle potentiation (ASP; Patrick, 1994). Findings from Study IV support the 
theoretical notion of a fear deficit in psychopathic personality given the gen-
eral conclusion of a lack of ASP among these individuals. The inability (or 
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at least reduced ability) to experience fear may be of explanatory value to 
the fact that individuals with psychopathic personality have a high risk of 
committing crimes in the first place, but also for reoffending. This is because 
the potential punishments associated with committing crimes may not be 
motivation enough to abstain from such behavior for individuals who do 
not experience fear.  
 
While findings from Study IV suggest that a reduced ASP in psychopathic 
individuals reflect an under-reactivity of the brain’s defensive motivational 
system, psychopathic personality has been argued to mirror two underlying 
processes with different external correlates. Psychopathic personality in-
clude: callous-unemotional, arrogant-deceitful, and impulsive-irresponsible 
traits (Andershed et al., 2002; Cooke & Michie, 2001), or: affective-inter-
personal features, and impulsive-antisocial features (Hare, 2003). However, 
different lines of research argue for different ways to meaningfully speak 
about psychopathic personality subtypes. With respect to affective-interper-
sonal (Factor 1) and impulsive-antisocial (Factor 2) aspects measured with 
the PCL-R (Hare, 2003), the affective-interpersonal features are related to 
low negative emotionality, which means that individuals with primarily af-
fective-interpersonal traits display low levels of unpleasant emotional states 
(Hicks & Patrick, 2006). This is typically referred to as low fear and low 
anxiety. The impulsive-antisocial features of psychopathy as measured with 
the PCL-R are instead associated with anxiety and neuroticism (Hicks & 
Patrick, 2006; Patrick, 1994). 
 
Given these associations as demonstrated by previous research, it has been 
suggested that the affective-interpersonal features of psychopathic person-
ality are characterized by a deficiency in emotional responsiveness, specifi-
cally to aversive stimuli (Patrick & Bernat, 2009). These ideas are supported 
by the findings in Study IV, which point to a cluster of traits reflecting the 
triarchic model constructs of boldness and meanness specifically being re-
lated to a lack of ASP. Boldness and meanness have in prior studies been 
found to be associated with the affective-interpersonal features of the PCL-
R (Patrick, 2021), and boldness in particular has been linked to fearlessness 
(Patrick, Fowles, & Krueger, 2009). Based on the results from Study IV, one 
way to go forward in the identification of subtypes of psychopathy is to use 
psychophysiological correlates that reflect the underlying processes that are 
specifically prominent in certain clusters of traits. Thus, fearlessness may 
apply only (or to a greater extent) to specific subtypes of psychopathy. 



72 
 

SOFI OSKARSSON Biological Risk Factors for Crime 
 

The focus on lifestyle and antisocial traits in Factor 2 of the PCL-R suggests, 
perhaps unsurprisingly, that Factor 2 is predictive of crime (Hare, 2016). 
However, earlier findings have shown that Factor 1 (interpersonal/affective) 
is at least as predictive of for example instrumental violence (Blais, 
Solodukhin, & Forth, 2014) and reoffending (Olver, Lewis, & Wong, 2013) 
as is Factor 2. The association between traits relating to Factor 1 of the 
PCL-R and a lack of ASP may therefore be of theoretical interest to explain 
and understand the propensity of committing crime among individuals with 
psychopathic personality. 
 
Findings from Study IV further suggest that fearlessness as indexed by a 
reduced ASP seem to be evident already in childhood, which indicates the 
presence of an under-reactivity of the brain’s defensive motivational system 
early in life. However, the limited number of studies conducted using child 
samples warrants careful consideration with respect to conclusions. It is, 
however, possible to speculate that neurological deficits related to adult psy-
chopathic personality that in turn relates to a lack of fear is present early in 
life, potentially reflecting neurodevelopmental abnormalities. These specu-
lations are supported by other study findings demonstrating a reduction in 
amygdala activation during emotional stimuli (Marsh et al., 2008; 
Passamonti et al., 2010) as well as a reduced volume of the amygdala 
(Fairchild et al., 2011) in children with CD and/or psychopathic traits. 

6.3.5 Summary 
Psychopathic personality cannot be equated with crime (Glenn & Raine, 
2014b), even though some definitions of the syndrome include antisocial 
behavior (Hare, 2003). However, individuals with psychopathic personality 
account for an important number of all crimes committed and the majority 
of all violent crimes (Howner et al., 2020). One of the explanations for their 
impressive crime and reoffending rates may be the lack of fear, the ‘hall-
mark’ of psychopathy (Cleckley, 1976; Lykken, 1957). The lack of fear is 
thought to reflect amygdala dysfunction, typically measured using the star-
tle reflex as a proxy. A lack of fear is indicative of psychopathic personality 
in general, but of certain clusters of traits in particular. This amygdala-re-
lated deficiency seems to be present early in life. 
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6.4 Biological risk factors in criminology – moving toward the 
future 
Biologically oriented criminological research has a history of being labelled 
as deterministic because of the idea that biological risk factors are equated 
with inevitable poor outcomes (Ling et al., 2019). It is important to 
acknowledge the ethically and morally problematic past of biological deter-
minism as advocated by Lombroso during the 1800’s, but at the same time 
it is also important to emphasize that these beliefs have been rejected for 
long. We cannot determine who is or who will become a criminal offender 
by the mere physical appearance of an individual, and that is not the pur-
pose of biologically oriented criminological research. Even though biologi-
cal risk factors for crime may be a topic that is foreign and still a bit frowned 
upon within mainstream criminology, the massive body of work that con-
verges on the conclusion that there are biological risk factors for crime can 
no longer be ignored. The study of biological risk factors alongside psycho-
logical and social risk factors for crime has been and will continue to be 
important to increase our knowledge about crime, we just need to pay re-
spect to how research questions are asked, answered, interpreted, and used. 
With this said, there is time and need for a section on ethical aspects regard-
ing (biological) risk factors for crime. 

6.5 Ethical considerations in relation to biological risk factors 
for crime 
While I have devoted a relatively large space to arguing for the importance 
of including biological risk factors in the study of crime, I want to stress the 
importance of discussing and considering the ethical dilemmas that may 
come with research that focus on risk factors for crime, whether they be of 
biological, psychological, or social nature. As a first thing to address, the 
study of biological risk factors, just like the study of any psychological or 
social risk factors, typically focus on a group level and do not necessarily 
apply to an individual level (Glenn, Focquaert, & Raine, 2015). Even 
though lower RHR is associated with an increased risk of crime, all individ-
uals with low RHR will not commit crimes. This approach of predicting 
crime is mainly concerned with risk groups and not risk individuals. This 
means that research on risk factors enhances our understanding of what 
groups of individuals that have a higher risk of committing crimes or 
reoffending compared to other groups of individuals (Sarnecki & Carlsson, 
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2020). It does not mean that certain groups of individuals will commit 
crimes or reoffend. 
 
Frankly, it is not possible from a prediction approach to say anything about 
specific individuals, because we will never know for sure who will commit 
crime or reoffend and who will not, based on prediction. All prediction ef-
forts will render an unknown number of false positives and false negatives, 
which means that some individuals who have a low risk of committing 
crime or reoffending will be predicted to have a high risk and vice versa. 
This means that prediction efforts will identify some who should not be 
identified and fail to identify some who should be identified. The ethical 
dilemma with converting risk prediction into risk assessment is how much 
of an error margin we are willing to accept: what is the societal gain versus 
the risk of falsely identifying someone as a high-risk individual and all the 
potential injustice that such a label bring about on an individual level 
(Sarnecki & Carlsson, 2020). I will not be able to answer this question, of 
course, but I have an obligation to raise this ethical aspect in relation to my 
study findings and interpretations. Future research targeting risk factors for 
crime need to keep balancing the question of protecting society and protect-
ing our individual rights. 
 
This ethical dilemma can be tossed and turned in countless ways. As pointed 
out previously (section 6.2), any study of risk factors for such a complex 
and multifactorial phenomenon as crime will produce small relative and ab-
solute risks because there is no one-to-one risk factor for crime (Focquaert, 
2019). No risk factor, whether that be of biological, psychological, or social 
nature, will show an effect on crime that is large enough to rule out other 
risk factors and stand alone in predicting this outcome. Several risk factors 
are involved and contribute in different ways for different individuals, to 
crime. This means that any two individuals with the same outcome can 
show a different set of risk factors (i.e., equifinality), just as any two indi-
viduals who show the same set of risk factors may have different outcomes 
(i.e., multifinality; Glenn et al., 2015). It is therefore important for future 
research to keep the ethical discussion regarding these things alive.  
 
It is possible to look at this ethical dilemma also from another perspective. 
If biological risk factors such as those studied within the present dissertation 
(i.e., adverse perinatal events and psychophysiology) are predictive of crime 
above and beyond traditionally studied psychological and social risk 
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factors, then it would make a compelling case that biological risk factors 
have something to add (Glenn & Raine, 2014a). Current risk assessment 
protocols have a low to moderate positive predictive value and a high neg-
ative predictive value (Fazel et al., 2012). Thus, it could be considered un-
ethical to not include risk factors that enhances the predictive value and 
make us a little bit better at prediction. 
 
An important task for biologically oriented criminological research is to fur-
ther enhance our understanding of how biological, psychological, and social 
factors are connected and how they together contribute to the propensity 
for crime. For example, we know that there are numerous environmental 
factors associated with an increased risk of crime (Caruso, 2017), and we 
are beginning to understand more about the potential biological underpin-
nings of crime (Ling et al., 2019). It has been suggested elsewhere that en-
vironmental and biological factors that are related to crime may be inter-
twined, in that biological factors can affect the way individuals’ respond to 
the environment (Focquaert, 2019). As such, it is important in biologically 
oriented criminological research to convey that biological risk factors alone 
have a limited role in predicting crime (Glenn et al., 2015). However, bio-
logical risk factors may contribute with additional information about why 
some environmental factors are important for some individuals but not for 
others in predicting crime (Cornet, 2015). This means that crime is a result 
of how individual differences interact with environmental factors (Walsh & 
Beaver, 2009). 
 
Biological risk factors are not destiny, and there is empirical evidence show-
ing that it is possible to change potential biological predispositions for crime 
if we know what to target (Raine et al., 2001). If the addition of biological 
risk factors to existing risk prediction models would improve the predictive 
value, it has the potential to improve the prediction of for example reoffend-
ing (Glenn & Raine, 2014a). Biological risk factors for crime should not be 
considered as anything but complementary to what is already known re-
garding theory and current research methods in mainstream criminology 
(Glenn et al., 2015). Biological risk factors, however, do have the potential 
to provide additional information to more accurate prediction. Ignoring bi-
ological risk factors will likely not improve our understanding for this out-
come. 
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6.5.1 Etiology and prediction 
Another issue that could be argued to be of ethical importance is the fact 
that we still do not know anything about whether biological risk factors for 
crime are causal or not, just as we know little about the causal effects of 
social factors on crime (Glenn et al., 2015). From a prediction perspective, 
this is less important, but from an etiological perspective it is crucial. Find-
ings from the studies included in the present dissertation need further inves-
tigation within a causal framework where confounders are controlled for, 
specifically unmeasured confounding. This could be done by utilizing genet-
ically informative designs which are used to challenge causal hypotheses by 
providing more information about confounding bias than typically possible 
in observational studies (D'Onofrio et al., 2016). While causal hypotheses 
are crucial to our understanding for the etiological mechanisms behind spe-
cific risk factors and the outcome, risk prediction models are also important 
and provide insight into whether specific risk factors increase the risk of a 
specific outcome. Prediction has little to do with whether specific risk fac-
tors are causes or correlates of the outcome of interest, it is mainly con-
cerned with the likelihood of an individual committing crime (Glenn & 
Raine, 2014a). As such, risk prediction models can be used to inform prac-
tice of whether certain risk factors are important from a risk prediction per-
spective. An important next step for biologically oriented criminological re-
search is to evaluate the predictive validity of biological risk factors for 
crime, with a specific focus on the biological risk factors that in previous 
work has been associated with crime, such as lower autonomic arousal. 

6.6 Ethical considerations in relation to register data 
Study I, II, and III included in the present dissertation are observational 
studies based on a linkage of several Swedish national registers. This link-
age, as previously mentioned in section 4.1, has been approved by the Re-
gional Ethical Review Board in Stockholm, Sweden (DNR: 2013/862-31/5), 
meaning that no additional ethical approval was required for the studies 
included in the present dissertation. The linkage was done by the Board of 
Health and Welfare (Socialstyrelsen) and the accessible data was anony-
mized by Statistics Sweden. Data in the registers are considered personal 
and the linkage of registers are based on the personal identity number (PIN; 
Ludvigsson et al., 2009). Even though the PINs are anonymized, there is a 
risk of breaching the study participants integrity if the cohort or stratified 
cohorts are very specific and include few individuals and few selected 
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variables. As such, it is important as a researcher to be careful about data 
management. 
 
Register-based research is non-invasive and in general do not pose any risks 
on study participants (Ludvigsson et al., 2015). Therefore, informed con-
sent is not needed to be obtained by law. The assumption is that if an ethics 
committee have approved the linkage of registers, study participants would 
not object to the research being undertaken. This can of course be ques-
tioned as the study participants have not been given the opportunity to de-
cline participation in the study since they were never invited to participate. 
On the other hand, an important aspect of register-based research is that it 
has the potential to improve and inform public health from many perspec-
tives as the study populations are large (Ludvigsson et al., 2015). If in-
formed consent was required for conducting register-based research, most 
of these projects would be impossible to conduct for several reasons includ-
ing costs of administering such informed consents, difficulty of reaching 
high-risk groups of individuals (e.g., criminal offenders, drug abusers etc.), 
large parts of the study population will be deceased when the project starts 
and can therefore not give an informed consent (Ludvigsson et al., 2015).  
 
Conducting register-based research is important for several reasons, mainly 
because the registers cover more or less all individuals residing in Sweden 
which makes it an important resource. It could be argued that it would be 
unethical to not use the information in the registers for research purposes 
when it is possible and data is available, especially since many research ques-
tions would be impossible or very difficult to address with other study de-
signs. The continued use of register-based data for research purposes relies 
on the assurance of personal integrity of the study participants. It is essential 
that each researcher working with these types of data understand and un-
dertakes this responsibility. 

6.7 Methodological considerations 

6.7.1 Systematic review 
The screening of the full text papers potentially relevant for inclusion was 
done solely by me, something that preferably should have been done by two 
independent authors. Study IV does not include unpublished results, which 
could increase the risk of file drawer problem known as publication bias, 
something that could influence the results. Publication bias refers to the 
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assumption that studies that fail to report statistically significant results are 
less likely to get published (Dalton, Aguinis, Dalton, Bosco, & Pierce, 
2012). Given the commonly small samples in laboratory studies, it is possi-
ble that publication bias is particularly problematic in Study IV which relies 
solely on such studies. Psychophysiological studies in general have small 
numbers of participants because of the relatively complex and comprehen-
sive data collection procedures. Therefore, systematic reviews specifically 
aiming to summarize findings from psychophysiological studies may benefit 
from including unpublished results. 

6.7.2 Definition of outcomes 

6.7.2.1 Crime 
While relying on criminal convictions as a measure of crime removes the 
issue of recall or response bias, it is well known that only a fraction of the 
acts that would be considered criminal offenses according to the Swedish 
law are reported to the police (NCR [BRÅ], 2008). Among the criminal 
offenses that do come to the attention of the police, only a part leads to a 
conviction. The reason for reporting to the police are mainly based on the 
severity of the criminal offense, which is why it is likely that criminal of-
fences that are found in the National Crime Register reflect the more severe 
cases at large. Further, even though the legal system at large should be ob-
jective, it is likely that there is bias in who gets convicted. For example, it 
has been suggested that more police resources are devoted to areas of de-
prived neighborhoods which would make it more likely that crimes com-
mitted in these areas are discovered (Braithwaite, 1981). However, earlier 
work has shown that the overall agreement between self-reported crime 
data and official crime records is high (Pollock, Menard, Elliott, & 
Huizinga, 2015). Despite this, it is important to also study biological risk 
factors for crime using other types of data sources, possibly including self-
reported crime data in general populations. 
 
The associations between a number of the studied risk factors in the present 
dissertation (e.g., low RHR) has been replicated in various types of samples, 
which strengthens the possibility of making conclusions and assuming that 
the associations would not vary across types of measurement. However, 
earlier findings have suggested that low RHR is more strongly associated 
with severe violent criminal offending than with less severe violent criminal 
offending and non-violent criminal offending (Latvala et al., 2015). It is 
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possible that associations between the risk factors studied within the present 
dissertation and the outcomes could have been slightly different if the defi-
nition of crime had been different (e.g., reliance on self-report measures). 
One possible way to address this would be to examine the associations in a 
sample using the suspicion register, in which all individuals who are sus-
pected of a crime can be identified. However, this brings about other issues, 
such as a part of the individuals in this register being wrongfully accused 
and later being freed from charges. 
 
Related to register-based conviction data, it is also possible that there is 
some issue with misclassification of data in Study I, since there is some evi-
dence of a more lenient treatment of female criminal offenders than of male 
criminal offenders in court settings (Doerner & Demuth, 2014). This is a 
potential issue because men and women were statistically compared within 
this study, something that is not addressed in the other studies. 

6.7.3 Definitions of biological risk factors 

6.7.3.1 Adverse perinatal events 
Adverse perinatal events in Study I were defined as any deviation from the 
expected normal course of events during pregnancy and delivery. All cate-
gories that were not reference categories were considered to be adverse. This 
was done because Study I was an initial study, with little earlier work uti-
lizing the same methodology (although such studies exist; Brander et al., 
2018). Importantly though, the strategy for constructing the summative in-
dex was based on the results from mutually adjusted models. Therefore, 
adverse perinatal events that were direct opposites could be included in the 
index depending on their associations with the outcomes. It is possible that 
their associations would drive the estimates toward the null. However, given 
the relatively limited knowledge on how adverse perinatal events are related 
to criminal offending, specifically in large-scale samples focusing on men 
and women separately, this was a first step to examine associations. If any-
thing, the estimates from the summative index are more likely to be under-
estimated than overestimated. Another important aspect is that approxi-
mately 1-3% of all births in Sweden are missing from the MBR (the Na-
tional Board of Health and Welfare, 2021). However, this still means that 
up to 99% of all births are covered within this register. It is therefore highly 
unlikely that the few births that are not registered in the MBR would affect 
the results in Study I. 
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6.7.3.2 Low autonomic arousal 
While it is far from uncommon, measures of arousal were obtained using 
an arm-cuff monitor after a resting period of 5-10 minutes for the conscripts 
in Study II and Study III. The use of an arm-cuff monitor for obtaining RHR 
and SBP is standard clinical practice in Sweden and a reliable measure, but 
perhaps not as sensitive as the use of electrodes within a lab setting. Another 
important thing to consider in relation to the measurement of RHR and SBP 
is that there was no additional information in the registers about this pro-
cedure. Laboratory studies typically have as practice to record the temper-
ature in the room and also to log the time of the day, factors that may be 
important to psychophysiological responding. 
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7. CONCLUSIONS 
The overarching goal with the present dissertation was to expand the 
knowledge about biological risk factors, including adverse perinatal events 
and psychophysiology, for crime. The collective results of the included stud-
ies suggest that biological risk factors are associated with crime in various 
ways. The work presented within this dissertation more specifically suggest 
that biological risk factors thought to relate to the central nervous system 
and autonomic nervous system are informative for the understanding of the 
propensity to commit crime among both men and women, across different 
risk factors and in a specific subgroup of individuals who have an elevated 
risk of crime (i.e., individuals with psychopathic personality). While repli-
cation is warranted, results from the studies included in this dissertation 
does support earlier suggestions of biologically oriented criminology as hav-
ing potential to inform current mainstream criminology by adding 
knowledge in general and inform theory in particular (Focquaert, 2019). 
 
Biologically oriented criminological research has had a boost over the past 
decades but is still in its early stages. We have only started to implement 
biological risk factors for crime in prediction models and prevention efforts, 
but still have a long way to go. It remains to be determined how much a 
risk factor should contribute to the prediction of crime, with what strength 
it should be associated with crime, how much replication is needed and so 
on, to consider such factors in actual practice. It is safe to say that there are 
lots to explore in biologically oriented criminological research, but findings 
thus far do make a compelling case that we are onto discovering important 
things that will make us understand crime a little bit better than we have 
before. 
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