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Preface

Why do people do what they do, act as they act and so on? The question of 
how hereditary and environmental factors might promote the understanding 
of behaviour has been a subject of academic discussion for thousands of 
years. Aristotle (384-322 B.C.) discussed heredity and environmental factors 
in words of nature and learning; “…of all the things that comes to us by na-
ture we first acquire the potentiality and later exhibit the activity…but the 
virtue we get by first exercising them, …we learn by doing them, e.g. men 
becomes builders by building and lyre players by playing the lyre; so too we 
become just by doing just acts, temperate by doing temperate acts, brave by 
doing brave acts” (1 p 21).

Human behaviour has always been an interest of mine. My first attempt to 
understand this topic led me to the Department of Psychology at Stockholm 
University. There I learned about theories of human behaviour that belonged 
to that particular research field. Thereafter, I went to the Department of Edu-
cation and Pedagogy and some years later to the Department of Sociology. 
The answers to my questions regarding human behaviour and why we act as 
we act were obviously different at the different departments. Problem behav-
iour in the psychologist way of explanation was due to insecure attachment 
or disrupted relations, between the child and the caretaker, most often the 
mother. Other sources of child and adolescent problem behaviour could be if 
the child has become abused, victimised or has suffered from other variants 
of “poor parenting”. From the sociological view, problem behaviour was 
most often an outcome of poor social circumstances, such as living in disad-
vantage areas with multi-family housing, having parents with low education 
and income, most often unemployed. Both those levels of explanatory fac-
tors (psychological and sociological) appear reasonable for explaining why 
some individuals became deviant and others did not. Several times, I was in 
theoretical arguments with people from the medical faculty, who suggested 
that problem or deviant behaviour originated in lesions in the frontal cortex 
or were inherited.

Another factor that often led to discussions, privately or professionally 
was the sex-gender debate. I saw equal opportunity between the sexes as an 
obvious condition to strive for. However, I considered those who said there 
are no crucial biological differences between males and females, just differ-
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ent upbringing conditions or different gender-socialisation processes, were 
wrong. In this topic, I had to give natural scientists their complements. I 
have to acknowledge that Darwin and evolutionary theory was a guiding star 
for me even within the field of psychology and sociology.  

Then, I worked for the County Council of Västmanland, surrounded by 
medical doctors and learned more about their way of thinking. In 2000, I had 
the opportunity to plan the present “Survey of Adolescent Life in Vest-
manland (SALVé) study”. As a junior student I had a “dream” of a study 
with a triangulated method of biological, interview and questionnaire meas-
ures, and later had an opportunity to use the proposed explanation variables 
from both Natural and Social science, within the fields of neurobiology, 
psychology and sociology.  

At the time of my first synthesis of the data in the present study, one of 
my friends came to me one morning and said; ”take a look in the latest issue 
of Science”, and there is was, the manuscript of Caspi and co-workers that 
showed a gene-environmental interaction of male adolescent antisocial be-
haviour 2. Thereafter, the gene and environmental interaction, in relation to 
behavioural deviances and disorders, has been an extensively investigated 
topic….
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Introduction

A complete genetic blueprint of “the Black box” of brain development and 
behavioural traits, such as deviant behaviour, is out of the question today. 
Likewise the complete “Blank slate” as a starting point of human develop-
ment and deviant behaviour totally influenced and shaped by social interac-
tions and environment, is a matter of the past. Today most research within 
the field of behavioural social sciences recognises that different individuals 
have divergent capacity and faculty as result of hereditary contribution. Cor-
respondingly, behavioural genetics are attentive to the role that the environ-
ment plays in regulating behavioural traits. They are also aware that the ef-
fects of genotype are complex and difficult to fully understand because the 
effects of genes are rarely monogenic. The function of a gene and the manu-
facture of specific proteins are highly regulated and this regulation is respon-
sive to environmental factors. Environmental and social influences will 
therefore be biologically transmitted in the gene expression of specific genes 
in specific nerve cells of specific regions of the brain 3, which affects behav-
iour.

What then is deviant behaviour? Many people hold stereotypical notions 
of what deviances are and who is deviant i.e. usually performed by marginal, 
powerless “lower-class” individuals. However, deviancies are to be found 
everywhere and penetrate every corner of society, engaging rich and poor 
alike. Examples of deviancies could be, a young drug addict breaking into 
and stealing a car or an adolescent that drops outs from school, starts to 
drinking alcohol or just lying on the bed, seemingly depressed. Nevertheless, 
deviances are more common in sub-groups of the society, among drug ad-
dicts behaviour with stealing and violence are often a lifestyle, forced or 
from their own choice. Therefore, deviancies are more likely to occur in 
some locations, among certain groups of individuals than other 4.

This study used the normative definition, where an action or condition is a 
violation of the custom, rule, law, or norm when and where it occurs. It is 
based on a negative judgment made by somebody, society or a group and 
does not have to be detected, condemned and punished. It is the action or 
behaviour itself, not the reaction that is deviant. This type of behaviour ex-
ists almost everywhere, in all societies and among all social classes.  
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Three major arguments have often criticised the normative definition of 
deviant behaviour. First, not everyone in society agrees with the norm that 
highlights certain behaviour as wrong or deviant. Different individuals or 
subgroups of individuals may occasionally develop behaviours that are in a 
state of opposition towards mainstream opinions. Second, the normative 
definition does not satisfactorily allow for contingencies for extraordinary 
circumstances: something unexpected happens that sometimes demands an 
extraordinary and norm-breaking action. It can be argued that the norm “do 
not hit someone in the face” sometimes needs to be reconsidered. Such ex-
traordinary circumstance could be that an individual has to defend him/her-
self from an aggressor. Third, the normative definition pays no attention to 
the different distinctions of the violation of norms. Some norm-breaking 
behaviour does not call for any special attention from others whereas other 
norm-breaking behaviours call for punishment or condemnation. However, 
the reactive definition, as opposed to the normative definition, does call for 
negative reactions. To qualify as deviancies, an act or condition must be (1) 
observed or heard about and (2) generate concrete condemnation or punish-
ment. If an act is not observed by others or never comes to light in any way, 
they are not examples of deviancies at all, as they do not socially exist 4.

Several different deviances among adolescents can be detected, however 
in this study the focus was on behaviours related to criminality such as vio-
lence, vandalism, and stealing behaviour, alcohol consumption and depres-
sive symptoms. Criminality and alcoholism can be seen as behavioural traits, 
whereas depression is considered as a disorder. However, both criminality 
and alcoholism have also frequently been considered as disorders. Conse-
quently, the phenotypic expression of criminals, alcoholics and depressives, 
can be seen as deviancies from the normal homeostatic behaviour of man.  

In a study of adolescent deviant behaviour (criminality, high alcohol con-
sumption and depressive symptoms), most deviancies are not detected, such 
as receive attention from social authorities, be given medical treatment, or 
even more infrequently, punished by society by means of convictions. 
Therefore, the normative definition is more suitable in a study of self-
reported deviant behaviour among adolescents. 

Criminality and antisocial behaviour 
Adolescents committing violent offences also tend to commit other of-

fences and to have co-occurring problems such as promiscuity 5, victimisa-
tion, substance abuse, and school failure. Often, they might be described as 
multiple-problem youth. In general, violent offenders tend to be persistent or 
frequent offenders and adolescents are versatile rather than specialised in 
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their offending. However, violent offenders tend to be more deviant than 
other offenders and some specialisation in violence is observed 6.

The most important childhood predictors for antisocial behaviour and 
adult convictions is a convicted parent, large family size, low intelligence or 
attainment, and child-rearing factors, including a young mother and a dis-
rupted family 7. Generally, the best predictors for adolescent aggression and 
adult violence are economic deprivation, family criminality, poor child-
rearing, school failure, hyperactivity-impulsivity-attention deficit, and anti-
social child behaviour 8. Moreover, offenders are highly concentrated in 
families: if one relative has been arrested, there is a high risk that another 
relative has also been arrested. Male child and adolescent delinquency were 
predicted by the arrests of brothers, sisters, fathers, mothers, uncles, aunts, 
grandfathers and grandmothers. The most important relative was the father: 
arrest of the father predicted a boy's delinquency independently of all other 
arrested relatives 9. Furthermore, adolescents who are subject to poor parent-
ing 10 11 and violent childhood victimisation are also at an increased risk 12 13

of juvenile delinquency. 

There are major problems in estimating antisocial behaviour, juvenile de-
linquency and crime rate from official records. Official records greatly un-
derestimate the true number of offences and are limited by biases in police 
and court processing. Self reports of youth violence reveal more offenders 
and offences than official records of arrests and convictions do 5, although 
prospective longitudinal research, including interviews are suggested as 
promising methods for predicting youth violence 6. Therefore there is a need 
for investigating different types of offenders, especially in self-report stud-
ies 5.

High alcohol consumption 
There is a strong statistical relation between alcohol and violent crime 14.

Some authors 15 have concluded that alcohol intake ”causes aggression” in 
humans and the mechanism that has been discussed is reduced inhibitions, 
overall arousal and changes in social expectations. However, while the ma-
jority of violent crimes are associated with alcohol consumption, alcohol 
intake among the majority of users is not associated with violence, or even 
aggressive behaviour. On the contrary, alcohol more often has an inhibiting 
effect on the central nervous system (CNS) and on most behaviour, includ-
ing aggression. This has led other authors to conclude that alcohol is a seda-
tive rather than an aggression-stimulating drug 16-18.

In animal models, alcohol has no aggressive boost effects among groups 
of animals, whereas there are consistent differences among individual effects 
18. The lack of significant alcohol effects “on average” is governed by alco-
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hol inhibiting the majority of measurements of aggressiveness, together with 
several other behaviours, in 70% of the individuals. Among the remaining 
30% exposed to alcohol, a strong and consistent enhancement of aggression 
is observed 18. A natural way to interpret these findings is to study biological 
differences among individuals and biological markers (such as serotonin and 
neuro-peptides) correlated to aggressive behaviour 19 20. However, the answer 
to the question of what causes an individual human to act impulsively and 
aggressively under the influence of alcohol may partly be found in another 
“layer” of explanation, namely, the person’s ability to cope with the multi-
tude of different positive and negative stressors that the environment exposes 
him/her to on a daily basis.  

Are there relations between alcohol and the inability to control aggressive 
impulses with behavioural activity beyond social acceptance? Several find-
ings from human studies suggest 19 that this is the case. Despite the hetero-
geneity among alcohol abusers, there is one well-founded theory of classifi-
cation that has been replicated several times, even though different labels 
have been used 19: the theory of Types I and II alcoholism 21-30. Type I alco-
holism refers to a person that has a late alcohol debut, low grade of heredita-
bility, a personality directed by emotions of anxiety and guilt. Type II alco-
holism can be described as persons with early alcohol abuse debut (14-16-
year-olds), spontaneous alcohol seeking behaviour, antisocial personality 
traits, impulsiveness, difficulties to comprehend fears, multi-drug-abuse and 
strong heredity on the father’s side. 

A number of observations can be invoked to support the idea that norma-
tive and deviant behaviours are learned social behaviours 31 32, suggesting 
that social behaviours as well as patterns of alcohol consumption are prod-
ucts of the interaction of social psychological and cultural characteristics 33.
Another social factor; living with two natural parents serves as a protective 
factor against using tobacco, alcohol, or other illicit drugs has been sug-
gested 34. A variety of socio-demographic, individual, and social characteris-
tics associated with binge drinking, has repeatedly been identified 35, espe-
cially poor relations with parents or insufficient parental monitoring were 
associated with a higher prevalence of binge drinking in adolescents. 

Depression and depressive symptoms 
Depression has a strong association with psychosocial variables. Adoles-

cents with long-lasting depressive symptoms, i.e. dysthymia with or without 
episodes of major depression, had more limited social interaction and were 
not satisfied with it. They also evaluated their family climate and attachment 
network as being more inadequate than their controls did 36. Depression is 
associated with family structure in both sexes, and there appears to be a sex-
difference in psychosocial variables related to depression. Significant factors 
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increasing the risk of depression among girls included low parental educa-
tion, and if the girl had recently moved. Among boys, unemployment in the 
family had a significant relation to depression 37.

There is an inter-relationship between criminality, alcohol abuse and de-
pression. For instance, parents who drink excessively are also likely to have 
children who experience long-term adverse consequences. These include 
heavy and problem-causing psychoactive substance use, criminality, suicide, 
depression, personality disorders, and psychological and behavioural distur-
bances 38. Moreover, young male chronic high-level offenders had higher 
levels of depressive symptoms and engaged more often in drug use 39. Ado-
lescent substance use disorder (SUD) is often co-morbid with and worsened 
by conduct disorder (CD), mood disorder and attention-deficit/hyperactivity 
disorder (ADHD) 40-44. However, the interrelation between alcohol or sub-
stance abuse, criminality and depression is poorly understood.  
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Psychosocial Factors and Behaviour 

Adolescent deviant behaviour can be comprehended in theoretical models 
founded in social science or natural science, representing different levels of 
explanations. Biologically inherited medical causes of deviant behaviour 
have different levels of explanations, such as molecular, cellular and mor-
phological differences. Within social science, different explanatory levels of 
deviant behaviour have been proposed ranging from structural differences 
between countries/societies, between groups in the country/society or com-
munity to different role-playing and individual self-concepts.  

Different means of studying and interpreting human behaviour and soci-
ety are often governed by our comprehension of the world and philosophy of 
life. From such things, we choose theoretical perspectives and methodologi-
cal approach. Within the social sciences including sociology, two perspec-
tives have had major impact. First, the consensus perspective, which has its 
roots in Darwinian evolutionary (Charles Darwin 1809-1882) theory, the 
theories of Herbert Spencer (1820-1903) who saw society as a living organ-
ism and the assumption that society is an interconnected and integrated en-
tirety. In this perspective the society has its own life, governed by equilib-
rium as long as there are no major radical events, and social order and con-
sensus is maintained by socialisation and social control. This line of thought 
led to the theoretical approach of functionalism. The second, contradictory 
perspective is governed by the assumption of societal conflict. This theoreti-
cal approach is most often connected to Karl Marx (1818-1883), and has a 
societal life regulated by tension, disruption, disintegration and conflict due 
to different conditions, opportunities and possibilities in different groups. 
Life is a struggle of sparse resources, with different groups in conflict for 
those scanty resources. The antagonisms and conflicts between groups have 
its foundation in different value- and norm systems in society, leading to 
segregation of the citizens into diverse classes and cultures. 

One way or level of explanation to deviant behaviour is to observe social 
interaction of individuals in a society. The French sociologist Émile Durk-
heim (1858-1917) suggested that sociology, in its attempt to be scientific, 
studies what he called social facts, “a category of facts which presents very 
special characteristics: they consist of manners of acting, thinking, and feel-
ing external to the individual, which are invested with a coercive power by 
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virtue of which they exercise control over him." (45 p 52) Social influences 
are experienced by individuals as exterior and constraining and sociologists 
have to analyse social institutions with the same objectivity as the physicist 
studies nature. 

The main topics within sociology in the late 19th century were the 
groundbreaking change in society, the major and rapid growth of the cities, 
and the development of the urban culture. Durkheim 45 was the first sociolo-
gist to make deeper studies of the “social and emotional putty” that holds 
society together. Especially interesting was his analysis of the exceptional 
power of groups of individuals, where the every day rules of the individual 
are overruled and the enchanting emotions of the group make a person to do 
things that he/she would never dream of doing. A fascinating, emotional 
ecstasy becomes “electricity” and unpredictable behaviours among the gath-
ered are often observed 46. From Durkheim’s social order (or disorder), the 
collective levels are in focus, i.e. the bond that keeps people together, social 
movement and social mobilising as a “moral force”, and feelings of solidar-
ity and identification.  

Industrialisation tended to dissolve restraints on the solidarity and identi-
fication of humans. In traditional societies, people were taught to control 
their desires and goals, mostly by religion; whereas, in modern industrial 
societies people become detached and their social bond weakens as a result 
of increased complexity and the division of labour. The dissolving condi-
tions, where social and/or moral norms are confused, unclear, or simply not 
present were defined as anomie by Durkheim. Anomie, the lack of norms or 
collectively pre-accepted restrictions of behaviour in the society led to devi-
ant behaviours 47. A human in a natural state, would not be anomic because 
his needs, like those of animals, would be wholly organic, and such needs 
are adjusted to fixed levels of satiation. As most human needs are socially 
created, their limits or definitions as bounded needs are created by society 
and therefore anomie can only be properly understood in the context of the 
destruction of traditional society and the emergence of a moral individual-
ism. Changing conditions, the destruction of traditional society and the 
emergence of moral individualism 48, as well as adjustment of life lead to 
dissatisfaction, conflict, and deviance. Individuals cannot find their place in 
society without clear rules to help guide them. Periods of social disruption 
generate enhanced anomie and higher rates of crime, suicide, and deviance 
49.

The sociological theoretical tradition of background factors related to de-
viant or criminal behaviour used in this study derives from “The Chicago 
school” history of ideas. The main core of that tradition was that cities re-
produce different zones when expanding 50. Independently of that city, the 
zones show parallel physically and socially distinctive features 51. Park and 
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Burgess 50 suggested a theory of urban ecology, which imagined that cities 
were environments regulated by the same forces that affected natural ecosys-
tems, in a sense much like Darwinian natural selection. The most important 
of these forces was competition: the struggle for sparse resources, led to 
competition between groups and ultimately to the division of the urban space 
into distinctive ecological niches or "natural areas" in which people shared 
similar social characteristics 51. Park and Burgess observed accumulated 
social problems in the transition zones, and according to Thrascher 52, ado-
lescent criminal gangs derived from “interstitial areas”, low level neighbour-
hoods existing in places located on the borders between developed 
neighbourhoods, and flourished around the central district of the city. The 
origin of gangs occurs in the transition between childhood and adulthood, 
and gangs were part of the psychological and group processes of adolescence 
in poor communities, according to Thrascher. "The gang is an interstitial 
group originally formed spontaneously, and then integrated through conflict. 
It is characterised by the following types of behaviour: meeting face to face, 
milling, movement through space as a unit, conflict, and planning. The result 
of this collective behaviour is the development of tradition, unreflective in-
ternal structure, esprit de corps, solidarity, morale, group awareness, and 
attachment to a local territory." (52, p. 46). Significant features of gangs can 
be condensed to: group awareness, shared tradition, solidarity and cohesive-
ness, group cooperation and unreflectiveness.  

Later, Shaw & McKay performed a time-series-study of criminality in 
Chicago between the years 1900-1906, 1917-1923 and 1927-1933, and de-
termined that among adolescent boys (age 10-16-years-old), crime-rate de-
creased according to distance from the centre of the city. Even though many 
of the housing areas had changed inhabitants, 75% of the areas with the 
highest crime-rate in 1900-1906 still had high crime rates in 1927-1933, 
indicating that crime-rate was not related to certain individuals, nationality 
or culture. The original nationality of the inhabitants had changed over time, 
instead the results were pointing at other social factors within the high-
criminality neighbourhood. Furthermore, a correlation between crime and 
different economic factors was determined: the more public assistance and 
fewer homeowners, the higher proportion of criminal adolescent boys. The 
significant factor was social disorganisation 53. Even in small cities, the same 
problems and socially disadvantaged areas could be detected. Different dis-
tricts of small towns demonstrate different grades of home environment, and 
bad housing conditions are concentrated in identifiable districts. An early 
study of residence type in a small community revealed the influence of the 
home, the neighbourhood and the geographic environment, which tend to 
have an effect on the demoralisation of the child 54.
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During 1940-1950, the Chicago school was “challenged” by Structure 
functionalism. Society was viewed as a system of interrelated parts; a change 
in any part affected all the others. Homeostasis was maintained within the 
boundaries of the system by feedback loops and exchanges among the parts.
Parsons 55, the American sociologist of the 1950s and 60s, conceptualised 
society as a collection of systems within systems: society contained the 
community system, the community system contained the small-group system 
and within the small-group system was the personality system 55. The whole 
world was viewed as a system of societies, and most changes in these sys-
tems were the results of natural growth or evolution, but other changes oc-
curred when outside forces impinged upon the system 56.

According to functionalist analyses, individual behaviour is usually 
shaped by broader social forces. Individual actors are decision-makers, gov-
erned by their location in the social structure, the norms and expectations 
they have internalised, and from the explicit social control that society com-
pels. A number of important distinctions to avoid potential weaknesses and 
clarify ambiguities in the basic perspective of functionalism have been sug-
gested by Merton 57, and it is important to distinguish between manifest and
latent functions. Manifest functions are recognised and intended by actors in 
the social system and represent motives for their actions. Latent functions 
are unrecognised and, therefore, unintended by the actors. Merton also dis-
tinguished between consequences of actions that are functionally positive for 
society, dysfunctional actions, and actions that are neither functional nor 
dysfunctional for society. Furthermore, he distinguished between different 
levels of society; specific social units with regularised patterns of behaviour 
such as functional or dysfunctional and those with particular social structures 
which satisfy functional needs in society. A modern example of a transfor-
mation of a dysfunctional structure towards a functional one could be the 
formation of organised member-governed skateboard arenas with “club” 
membership, instead of a “loose” street-corner-skating gang culture. How-
ever, these social structures are not always necessary; as structural alterna-
tives may exist that satisfy the same functional needs. 

Another theoretical perspective in sociology is the Symbolic Interaction-
ism, which emphasises the subjective meaning of human behaviour, the so-
cial process, and pragmatism. Interactionists focus on the subjective micro-
structural aspects of social life, instead of the macro-structural aspects of 
social systems. In the interactionistic way of interpreting humans, individu-
als are pragmatic actors who continually adjust their behaviour to the ac-
tions of other actors. Individuals can adjust to the actions of others because 
they are able to interpret them, i.e., to denote them symbolically and treat the 
actions and those who perform them as symbolic objects. This process of 
adjustment is facilitated by human ability to imaginatively rehearse alterna-
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tive lines of action before acting. The process is also supported by an ability 
to think about and to react to our own actions and even our selves as sym-
bolic objects. Therefore, humans are active, creative participants who con-
struct their social world, instead of passive, conforming objects of socialisa-
tion. In the view of interactionists, society consists of organized and pat-
terned interactions among individuals and their research focuses on easily 
observable face-to-face interactions. Furthermore, the focus on interaction 
and on the meaning of events to the participants in those events shifts the 
attention toward more changeable, continually readjusting social processes.  

The emphasis on symbols, negotiated reality, and the social construction 
of society lead to an interest in the roles people play. Mead 58 considered that 
we are able to put ourselves in the place of others and to “take the role of the 
other”, thereby developing a self-consciousness. Moreover, we are able to, 
via role taking, assume the perspective of others and “take the role of the 
generalised others”, a community attitude toward ourselves. The roles we are 
given are linked to structural positions in society, and if the roles are stigma-
tised, we adopt a stigmatising attitude toward our own identity 58. Goffman 
59, discusses roles dramaturgically, using an analogy to the theatre, with 
human social behaviour seen as more or less well “scripted” and with hu-
mans as role-taking actors.

A theory of deviant behaviour, influenced by the Chicago School and 
Symbolic Interactionism is the “Labelling theory”. These theorists were 
graduate students from the Chicago School and were trained in terms of 
symbolic interaction and specific methods of participatory field research.
Labelling theory of deviances is essentially constituted of two propositions, 
primary and secondary deviance in social pathology. The primary deviance 
is the initial incidence of an act causing an authority figure to label the actor 
deviant. Therefore, deviant behaviour is seen not simply as the violation of a 
norm, but as any behaviour successfully defined or labelled as deviant. This 
initial labelling of a deviant act remains primary as long as the actor can 
rationalise or deal with the process as a function of a socially acceptable 
role. If the individual labelled as deviant reacts to this process by accepting 
the deviant label, and further entrenches deviant behaviour, this is referred to 
as secondary deviance 60. Therefore, advocates of this theory mean that la-
belling produces or amplifies deviance when the deviant individual accepts a 
self-image or self-definition as someone who is permanently locked within a 
deviant role. Deviances are therefore a “social reaction” of the behaviours: 
the deviance does not inhere in the act itself, but in the response of others to 
that act. Being a “criminal” becomes a person’s master status, and most of-
ten, has the effect of pushing the labelled individuals to the point where they 
give up all further attempts at conformity; however, in some rare cases, this 
public judgment might scare or shame a person into conformity. An identity 
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change takes place when the person’s self-concept loses further interest in 
conformity behaviour, and because a deviant self-image is now in place, 
there is pressure to behave consistently as deviant. Furthermore, people la-
belled as deviant tend to lose contact with their conformist friends and start 
associating with similarly-labelled deviants 61.

Within different sociological theoretical approaches, considerable dis-
crepancies can be discerned. Some theories focus on the societal structure, 
often called “macro-level”, whereas others focus on action that is more indi-
vidual and fellowmen relations, called “micro-level”. When social science 
analysis at macro-level observes the individual objects from “above” or 
“outside”, the micro-level sees the individual objects from a “closer range” 
or from the “inside”. Another question within sociology, mentioned above, 
has been the approach of conflict- contra consensus perspective. Spokesper-
sons for the latter perspective emphasise the social order and harmony in the 
society, whereas advocates of the former perspective focus on the ever-
present social conflicts. To a certain extent these different ways of interpre-
tations are complementary; however there are also major differences 62, per-
haps the most important differences are the apprehension of the world and 
the philosophy of life within the heterogeneous perspectives of conflict, con-
sensus, micro-, and macro levels of human and societal interaction.  

The sociological tradition of the Chicago school and the risk factors pre-
sented in that tradition have been one of the strongest and most throughout 
investigated topic within the social sciences, even if extensively criticised. 
Several other theoretical perspectives share the same viewpoint concerning 
risk factors, although dissimilar in theoretical levels of explanations. Results 
from recent studies repeatedly confirm those from the beginning of the twen-
tieth century. Adolescents living in inner-city public housing, presumably 
representing disorganized and socially disruptive neighbourhoods, still ap-
pear at increased risk of developing antisocial behaviour 63.

What constitutes the social “repetition” of behaviour that creates the on-
going flow of actions in society? What facilitates the repeating repetition of 
adolescent deviancies in certain neighbourhoods, “generation after genera-
tion”, even though different populations of inhabitants populate those par-
ticular neighbourhoods? In modern social theory suggested by Giddens 64,
society can be pictured as a continuous process in which individuals simul-
taneously structure and are structured by society. The process can be seen as 
a duality of action and structure, as i.e. two primary aspects of all social sys-
tems. Social reality produces and reproduces itself and the structural do-
mains of social systems are both media and results of the practice they or-
ganise. Social life is more than random individual acts, but is not merely 
determined by social forces. This means that there is a social structure –
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(traditions, institutions, moral codes) and established ways of doing things; 
but, it also means that these can be changed when people start to ignore 
them, replace them, or reproduce them differently 64. Individual’s everyday 
actions reinforce and reproduce a set of expectations and it is these expecta-
tions that make up the “social forces” and “social structures”. “Society only 
has form, and that form only has effects on people, in so far as structure is 
produced and reproduced in what people do” (65 p 77). The structures are not 
completely external to the individual, instead the structures can be seen as 
internal in the sense they exist within the individual, within his/her con-
sciousness and act as both coercion and a possibility. There are major prob-
lems in conceptualising social systems. Some individuals have more power 
to structure and influence their social environment, whereas other individu-
als have few or no opportunity to influence their social system. Even among 
individuals in groups that have limited opportunity to influence their social 
environment, there are hierarchical structures 66. However, the individual, 
social systems and the structures they constitute are integrated in a system of 
reciprocal actions, a mutual interplay of practice, autonomy and interdepen-
dency among reflexive actors and the collective 64.

The majority of sociological theories of deviant behaviour focus on rela-
tions and structure, and other related theories focus on relations and emo-
tions. In every encounter between individuals, social bonds can be strength-
ened, weakened or remain in status quo. Threats to social bonds are recog-
nised within a large family of emotions that include many cognate and vari-
ants, most notably embarrassment, humiliation and related feelings such as 
shyness that involve reactions to rejection or feelings of failure and inade-
quacy. These emotional variants of shame and threats to the social bonds are 
an important factor for social control 67. It has been proposed by Katz 68 that 
emotional forces drive people to commit crimes or behave in a deviant fash-
ion and are central to all person to person experiences, “deviance is a mem-
ber of the family of moral emotions: humiliation, righteousness, arrogance, 
ridicule, cynicism….” (68 p 9). Violent acts are often committed in anger, 
where the central concept is humiliation, with a profound loss of control over 
ones identity or soul 68. The emotion of shame is the primary or ultimate 
cause of all violence, whether towards others or towards the self 69. When 
people are provoked and emotions are activated, our ability for self-control 
is developed to a greater or lesser degree. In the development of self-control, 
shame and anger play a central role 70 71. The threshold for shame has been 
decreasing for hundreds of years, but at the same time awareness of this 
emotion has been declining. In Middle Age societies, social pressure leant 
towards robbing, torture, hunting and mutilating men and animals, and was 
part of everyday life corresponding to the structure of society. Especially for 
the strong and powerful, such behaviour belonged to the joys of living 72.
Throughout the civilisation process, humans have learnt to restrain emotions 
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and thereby withhold aggressive impulses that lead to conflict and violence 
and in modern society the demand for emotional self-control has increased 
73. There is a proposal, that different societal groups are shamed by their 
status and that acknowledgment of shame can strengthen bonds, whereas 
lack of acknowledgment can create alienation and conflict 67, which can be a 
hypothetical bridge between the social “putty” that holds different individu-
als in a society together. These emotional forces might have direct relations 
to different individual´s biological resilience resources.  
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Heredity of Behaviour

During the late nineteenth century, the same period in which the develop-
ment of sociological research tradition of deviancies was conducted, a more 
individually oriented medical theory of organic causes was presented. Re-
search from different parts of the world suggested that crime has biological 
roots 74, and is most often inherited 75. Especially, Lombroso 74 recognised 
organic causes or biological defects as the major cause of crime. Even 
though these theories have been classified as biological, Lombroso saw a 
major contribution of social and environmental causes in crime, such as den-
sity of population, alcoholism, education, economic-, and political condition, 
sex and age. Other authors 75 76 recognised and emphasised the biological 
roots, attributed crime to social maladjustment due to the formation of habits 
regarded by the mass as inimical to its welfare. Crime is, therefore, to some 
extent inherited and to some extent “a phenomenon which civilisation, 
though, of course, imperfect civilisation, has produced” (76 p, 719).

Heritability is the proportion of a disorder, phenotypic expression or be-
haviour variance accounted for by genes: a value of 1 indicates a solely 
(100%) genetic cause, whereas a value of 0 indicates that the disorder is 
entirely environmental. There are several means of determining genetic ef-
fects of familiar clustering of a disorder, a phenotypic expression or behav-
iour; for hereditary studies, family, adoption and twin studies are usually 
applied.

To establish that a disorder is familiar, a systematic collection of families, 
affected individuals and probands, where the disorder of interest is present, 
are eligible. Hospital admissions and population registers are means of con-
ducting this kind of research. Then a calculation of lifetime expectancy or 
morbidity risk are made from the number of affected relatives divided by the 
total number of relatives, with adjustment for age of onset and compared to 
the general population. However, these methods are subject to sampling and 
other types of biases, for example a sample will often be selected for: more 
severe forms of the disorder; co-morbidity with other disorders; and clinical 
profiles that are more likely to elicit acute treatment, such as suicidality 77.
For maximum comparison efficiency with the general population, a method 
that ascertains the general population as closely as possible is required. The 
fact that a disorder runs in families does not necessarily mean that it is ge-
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netic; environmental factors can play a major role in the ethiology of the 
disorder.

In adoption studies on individuals who were adopted away at an early 
age, the individuals have the genetic relationship with their biological par-
ents and an environmental relationship with their adoptive parents. A geneti-
cally transmitted disorder should therefore be transferred from biological 
parents to their children, even if adopted away at an early age, whereas no 
transmission should occur between adoptive parents and their children. An-
other benefit with adoption studies is that calculations from both genetic and 
environmental contributions to a disorder can be obtained.  

Twin studies, with both monozygotic (MZ) and dizygotic (DZ) twins may 
have advantages compared to adoption studies. Monozygotic twins are ge-
netically identical compared with DZ-twins, which share only half of their 
genes. A higher concordance rate in MZ- rather than DZ twins indicates a 
genetic contribution. Differences between MZ-twins are therefore entirely 
caused by environment, and from observed differences between MZ- and 
DZ-twins in concordance rates, the heritability can be estimated. The as-
sumption behind this estimation is that MZ- and DZ-twins share environ-
mental risk factors to the same degree. Twin studies are particularly informa-
tive for investigating the relative contribution of genetic contribution, 
shared- and non-shared environmental effects. Early important twin studies 
suggested hereditary, environmental and interaction effects in relation to 
criminality, depression and alcoholism 78-82.

However, recent findings suggest that most monozygotic twin pairs are 
not identical with regard to mental disorders and susceptibilities 83 84. Al-
though MZ-twins are genetically identical during the early years of life, 
modifications of the genome are induced during lifetime due to epigenetic
mechanisms and these epigenetic modifications can be induced by environ-
mental influences. Such modifications enhance or retard the activity of 
genes. Older twins differ in their genomic distribution of deoxyribonucleic 
acid (DNA) modifications 83. These findings might explain why one twin 
does not always get the same diseases as the sibling. Identical twins harbour 
the same genetic code because both grew from the same fertilized egg, but 
although they might look alike and finish each other's sentences, each person 
is still unique. Adding chemical tags to chromosomes can alter gene activity 
by modifying the structure of DNA, and these changes can spur tumours, 
disorders and other problems 85.

Adoption and twin studies show a genetically transmitted contribution to 
the pathogenesis of a disorder or condition, and linkage analysis locates and 
maps the genes involved in the disorder or disease loci. These analyses aim 
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to locate a chromosomal region that is transmitted from parents to children 
together with the disorder being studied. In linkage studies, a large number 
of genetic markers are used, often in a systematic scan of a chromosome or 
the entire genome, but knowledge about the pathogenesis of the disease is 
not required, as practically the whole genome is scanned. Linkage studies 
have hitherto only been able to locate or detect genes of major effect in rela-
tion to a disorder; thus, complex multifactor disorders have not been closely 
studied with this method. 

Association studies can be applied when an inherited genetic contribution 
to a disorder is established, candidate genes are proposed, or hypotheses 
about specific genes that generate complex disorders are suggested. Allelic 
association refers to the relation between a gene-variant (allele) and a disor-
der. The most widely used and simplest type of design for association studies 
is the case control method, where differences in allele frequency in a particu-
lar candidate gene is investigated among affected individuals and, if the hy-
potheses are correct, these allele frequencies differ from individuals in a 
unaffected control group.  

An important cause of false positive findings of allelic association is due 
to linkage disequilibrium (LD), an association between two alleles at differ-
ent loci. During meiosis, the restructuring of genes reduces the level of LD 
between all pairs of loci from one generation to the next. A great variability 
in LD have been shown, forty-five percent of the variance in LD can be ex-
plained by physical distance. Additional factors such as allele frequency, 
type of polymorphism and genomic location explained <5% of the variance 
in LD 86. However, alleles that are tightly linked on the same chromosome 
are unlikely to be separated in meiosis. Consequently, in association studies 
any two tightly linked alleles will decompose at a slower rate over time, and 
might result in an association to an allele that has no effect on the disorder, 
because the investigated allele is in LD with another allele at a nearby locus 
that executes a causal influence on the disorder.

Another important cause of erroneous allelic association to a disorder is 
population stratification, which can strike in both directions. If the stratifica-
tion indicates a relation that is false positive, the investigated individuals 
might have been recruited in a subgroup of the total population with higher 
proportions of both the disorder and the investigated allele frequency. Con-
versely, population stratification can also camouflage a genuine association 
due to misleading subgroups. The most popular strategy or design for avoid-
ing population stratification is to use family based population. A so-called 
case-patient triad with affected cases and both parents is often used, in which 
the transmission of alleles from parents to offspring is investigated. 
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Ethnicity can be a confounder in genetic analyses, because of the possible 
variation of allele frequencies in different ethnic groups. In the case of po-
tentially confounding variables (e.g. age, sex, and ethnicity), different statis-
tical methods are used to avoid stratification- and other subpopulation errors. 
Stratified analyses are one method, but require large sample sizes due to the 
need for large enough subgroups for statistical power. A more suitable 
method is logistic regression or another statistical method that considers 
potential interactions between the genotype and demographic or environ-
mental factors.  

The major limitation to all association studies is that the suggested rela-
tion between any two variables does not automatically mean causation. Con-
versely, the absence of a statistical association does not mean that there was 
no relation between the variables.  
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Molecular Genetics 

Figure 1. Schematic drawing of the DNA double helix 

National Human Genome Research Institute 

DNA is the basic hereditary material in all organisms (Figure 1). The infor-
mation in the DNA molecule is built up as a code consisting of four chemi-
cal bases: adenine (A), guanine (G), cytosine (C), and thymine (T). The 
bases are arranged in pairs: A are coupled with T, and C with G. Each base 
has a sugar and a phosphate molecule attached, which are arranged in two 
long strands that form a spiral called the double helix. DNA has the ability to 
replicate itself, where each strand in the double helix serves as a blueprint 
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for duplication of the sequence of bases. In this way, each new cell has the 
exact copy of the DNA present in the old divided cell. The DNA is packaged 
into tread-like structures termed chromosomes and each chromosome con-
sists of DNA tightly wrapped around proteins (histones) that support its 
structure.

The basic principle of genetic material transmitted from parents to off-
spring is that each human individual inherits one set of chromosomes from 
each parent. The chromosomes exist in homologous pairs where each gene is 
present in duplicate, except for genes localised on the sex chromosomes (X 
and Y) in males. The chromosomes are located in the nucleus of each cell. 
Through parental gametes (sperm and egg), the offspring inherits a synosto-
sis hybrid of parental chromosomes. Most genes are identical in all people 
and less than one percent of the total DNA is slightly different between indi-
viduals. This, “less-than-one-percent-difference” contributes to each per-
son’s unique physical characteristics, elevated risk for hereditary disorders 
etc.

The ability to adapt to different kinds of environmental influences is 
common to all living organisms. Among humans (and other organisms), the 
underlying variations within the genome contribute to differences in looks, 
behaviour, and all genetic variation stems from gene mutations. Occasionally 
changes in the DNA sequence occurs and these changes are called muta-
tions. If an allelic variant exists in the DNA with at least two variants at the 
locus, and when this is found in at least one percent of the population, the 
variant is called polymorphisms. These mutations are found to be of several 
different classes. The most common type of variation is Base substitution,
(Single Nucleotide Polymorphism, SNP). Other types of mutations are Inser-
tion and Deletion (Figure 2). In the case of an insertion mutation, there has 
been an insertion of one or more bases, or repeats of bases, in a sequence of 
DNA. A deletion mutation implies the loss of one or a sequence of bases in 
the DNA. Another variant of mutation is Chromosomal abnormality, which 
will not be further discussed in this thesis. Without genetic DNA variation, 
every human would start their life as a clone with identical looks and behav-
iour. In this scenario, all observed variation among different human indi-
viduals would be due to environmental effects.  
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Figure 2. An example of a base deletion of a single nucleotide 

The Human Genome Project estimated the human genome to have 
20,000-25,000 functional genes, distributed in 22 pairs of chromosomes and 
two sex chromosomes. These are transmitted from parent to offspring in 
segments containing several genes. The closer the two genes are, the more 
likely that they will be transmitted together and the longer the distance be-
tween them, the more likely the chance is to be separated in a crossover 
point. The crossover points of a chromosome appear to occur in a nearly 
random fashion. Each crossover point causes an exchange from maternal to 
paternal genomic line, or vice versa. Consequently, when the mother and the 
father transmit their genes to the offspring, the pair of alleles for a specific 
gene constitutes the genotype.  

When the DNA sequence at a given locus varies in the population, the lo-
cus shows allelic variation. If both alleles at a locus are identical, then that 
individual is referred to as homozygous, e.g. SS, for that particular locus. 
However, if the individual has two different allelic forms at a given locus the 
person is described as heterozygous e.g. LS. 

The DNA has two main tasks, to replicate itself during mitosis, the cell 
division where the cell reproduces itself, and to synthesise proteins accord-
ing to the genetic information that resides in the sequence of bases. The 
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pathway of genetic information transfer process goes from DNA through 
transcription to a translation to protein (Figure 3) 87 88.

During the transcription process, the sequences of bases, the information 
stored in the DNA, is transferred to a similar ribonucleic acid (RNA) mole-
cule. In this process, one of the two DNA strands is copied into a single 
stranded RNA sequence called messenger RNA (mRNA). Thereafter, the 
mRNA moves out of the nucleus into the cytoplasm of the cell, where it 
connects with the ribosomes 87 88.

In the next step, the translation takes place in the cytoplasm. The ri-
bosomes convert the nucleotide sequence of the mRNA into the amino acid 
sequence that forms proteins. The ribosomes read the sequence of mRNA 
bases, where each sequence is called a codon. The codones consist of vari-
ous sequences of three bases and codes for a specific amino acid. Another 
type of RNA, transfer RNA (tRNA) assembles the protein, one amino acid at 
the time, and proceeds to assemble proteins until the ribosome encounters a 
codon that does not code for an amino acid 87 88.

Figure 3. Schematic drawing of the basal cellular genetic process 

National Human Genome Research Institute 
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Normally a gene consists of a coding region, the exons or the open read-
ing frame, and several non-coding regions. The non-coding regions include 
the regulatory sequences upstream from the initial codon (5’ untranslated 
region, 5’UTR), the introns interrupting the exons and the sequences follow-
ing the translation stop signal (3’ untranslated region, 3’UTR). The promoter 
region of a gene that binds the RNA polymerase is located in the 5’UTR. 
The 5’UTR also includes several other sequences that are recognised by 
transcription factors, proteins that regulate the transcription process. The 
coding process always starts with a 5’ region and stops with a 3’ region, and 
the untranslated regions of a gene are transcribed into RNA but spliced out 
before mRNA leaves the nucleus. The 3’UTR region consists of sequences 
that regulate the survival of the mRNA molecule and the translation process 
88 89.

The regulation of gene expression, the function of protein production in 
the cell, is mainly regulated at the transcription level. Copies of mRNA will 
be synthesised in a controlled manner when they are needed. The proteins 
must be created at the right moment and in the right proportions to give the 
cell the right function. The gene transcription comprise that the RNA poly-
merase extends along a gene and builds a copy of that gene, an mRNA 
molecule. There is always RNA polymerase in the nucleus of the cell ready 
to transcribe DNA sequences. An important phase in the production of pro-
teins is the transcription initiation process, where the promoter initiates the 
process by binding of the RNA polymerase to a specific sequence, located 
upstream from the transcription starter 88 89.

The genes might have enhancer-sequences located upstream from the 
coding region of the gene. These enhancers are activated or inactivated by 
proteins, “transcription factors”. If activated, the enhancer starts to bend the 
DNA chain to interact with the promoter region (figure 4). Most genes have 
common sequences of approximately 25-30 base pairs upstream from the 
transcription start that interacts with transcription factors, which interact 
either directly with the RNA polymerase or different promoters. The struc-
ture of the promoter sequence of the gene is important for the transcription 
and different polymorphisms can alter the efficacy of this process. This is 
complex process in which the starting mechanisms, interaction of other se-
quences in the 5’UTR region, polymorphisms, transcription factors, se-
quences in introns and the 3’UTR parts of the gene, appear to participate in 
the regulation and final expression of the gene 90-92, although the exact 
mechanisms are still unknown.  
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Figure 4. Schematic drawing of a 5´regulatory upstream region of a gene 

Gene expression or function can be quantified by the levels of mRNA or 
by the level of translated protein in cell-cultures, and to some extent in ani-
mal studies. The specific gene expression mechanisms and products of gene 
transcription and translation in the human brain are for obvious reasons dif-
ficult to measure. The usual way of interpreting gene expression is that an 
individual with a specific sequence of a gene, an insertion polymorphism, 
has a higher or lower level of gene expression due to allelic length than an-
other individual. For instance, a “short” variant of a gene might be related to 
lower expression of that particular gene. The resulting effect of this is that 
individuals homozygous for the short variant have a lesser effect in protein 
synthesis, whereas, individuals homozygous for the long variant have a 
higher effect. However, there are reports indicating 93 that individuals het-
erozygous for specific polymorphisms display a greater or lesser trait effect 
than homozygous individuals do. This phenomena is called molecular het-
erosis and has been found in up to fifty percent of all gene association stud-
ies 93-95. At a molecular level, this is not what is expected and three explana-
tions to the phenomena have been proposed. The first is based on an inverted 
U-shaped response curve in which too little or to much gene expression is 
unfavourable and optimal gene expression occurs in particular heterozygous 
genes in specific cells 93 96. The second explanation is an independent third 
factor, i.e. stress exposure causing hidden stratification of the sample such 
that one set of individuals homozygous for the short allele is associated with 
the highest phenotypic scores, while in the other set, the individuals homo-
zygous for the long allele are associated with the highest phenotypic scores. 
Different independent factors, not just environmental factors, are suggested 
93 to act as hidden stratification variables, i.e. other genes (epistatic effect), 
or linked genes (deleterious homozygosity at linked loci). The third explana-
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tion suggests a greater fitness in heterozygous individuals for the reason that 
they demonstrate a broader range of gene expression, providing for a greater 
plasticity, interaction with other cells or responses to stress, than individuals 
homozygous for either the short or long alleles do 93.
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Brain Monoamine Neurotransmission 

Figure 5. Drawing of a neuronal synapse 

Monoamines 

During communication between neurons (Figure 5), substances (neuro-
transmitters) are released from the messenger cell into the area between the 
cells, called the synaptic cleft. In the cleft, the neurotransmitter binds to re-
ceptors of the recipient cell, which carries the signal further into the nervous 
system. After the signal has reached the recipient cell and has bound to a 
receptor, it is most important that the neurotransmitter is removed from the 
synaptic cleft, to prepare for a new signal. In this process, the monoamines 
(serotonin, dopamine, and noradrenaline) are mainly reabsorbed into the pre-
synaptic nerve terminal by specific transporters, proteins located in the pre-
synaptic membrane of that cell.  

The three neurotransmitters (serotonin, dopamine and noradrenaline) are 
largely dependent upon the Monoamine oxidase (MAO) enzymes for their 
degradations. MAO catalyzes the oxidative deamination of the transmitter by 
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forming the corresponding aldehyde as well as hydrogen peroxide (H2O2)
and ammonia 97. On the basis of substrate selectivity and inhibitor sensitiv-
ity, two MAO proteins have been determined and designated MAO-A and B, 
which share 70 percent of amino acid sequence identity 98: Both are encoded 
by two closely linked genes with 15 exons 99 on the X-chromosome 100. The 
amino acid sequences of MAO-A and MAO-B from humans and rats are 
highly evolutionary conserved (>87% and 88.3% respectively) and the 
strong conservation among mammalian species may reflect specific physio-
logical functions of each MAO 101.

MAO-A has higher affinity for the substrates serotonin (5-
hydroxytryptamine, 5-HT) and noradrenaline (NA), whereas dopamine (DA) 
is an equally well preferred substrate for both MAO-A and MAO-B 102.
From results with selective MAO-A and –B inhibitors and MAO-A and –B 
KO mice, MAO-A activity has been determined of stronger importance for 
behaviours and disorders related to serotonergic and noradrenergic activity, 
e.g. depression and aggressive states. Conversely, MAO-B is of greater im-
portance in relation to CNS dopamine activity, e.g. as represented by drugs 
used in patients with Parkinson’s disease. However, there is much data indi-
cating a strong association between both human and non-human primate 
platelet MAO-B activity and central serotonergic activity, as well as person-
ality traits such as sensation seeking and impulsiveness 103. Most identified 
MAO-A polymorphisms either affect the intronic sequences or introduces a 
silent change in the open-reading-frame, and these variants are unlikely to 
affect MAO function, although they may be in disequilibrium with other, yet 
unidentified functional variants 104.

With regard to functional polymorphisms of the human MAO-A gene, a 
variable number of tandem repeats (VNTR), located 1200 base pairs up-
stream of the transcription initiation site, affect transcriptional activity in 
transfected cells. Functional classification has been low activity in 3-repeat 
alleles and high activity in 4-repeats 105-107. The most striking observation 
demonstrating that MAO-A regulates human behaviour has been found in a 
Dutch family with a form of X-linked non-dysmorphic mild mental retarda-
tion. All affected males in this family have characteristic abnormal behav-
iour, in particular aggressive and sometimes violent behaviour and other 
types of impulsive behaviour included arson, attempted rape, and exhibition-
ism. Moreover, results of urine analysis indicated a marked disturbance of 
monoamine metabolism 108 109. The role of MAO-A in enhanced aggression 
is confirmed in MAO-A deficient knockout mice with increased brain levels 
of 5-HT, NA, and DA 104 110.
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Serotonin (5-HT) is widely distributed in the central nervous system 
(CNS) and most of the nerve-cell-bodies are located in the raphe nuclei 
along the midline of the brain stem. From there, the system has axons to 
almost the entire central nervous system and important regions are the hypo-
thalamus, frontal cortex, striatum, nucleus accumbens, substantia nigra, hip-
pocampus, amygdala and pons. Serotonin has a crucial role for brain devel-
opment, both pre- and post natally 111 112. Only about one to two percent of 
the serotonin in a person is found in the neurons of the brain: other locations 
are platelets, mast cells and enterochromaffin cells.  

Polymorphisms of the serotonin transporter (5-HTT) gene are associated 
with personality and affective disorders. At least three 5-HTT polymor-
phisms associated with behaviour have been identified: an insertion/deletion 
polymorphism in the upstream regulatory region (5-HTTLPR) 113; and a 
variable number of tandem repeats (VNTR) polymorphism in the second 
intron 114 115. The former includes a polymorphism within the polymorphism, 
where an SNP with functional effects has been identified 116 in the long allele 
of the 5-HTTLPR. Functionality studies have shown that 5-HTT gene tran-
scription is differentially modulated by the long, 16-repeat and short, 14-
repeat variants of the 5-HTTLPR, where the short variant is associated with 
lower expression of 5-HTT and lower 5-HT re-uptake activity 117. The 5-
HTTLPR polymorphism has been extensively studied in relation to personal-
ity and psychiatric disorders and a number of studies have indicated that the 
presence of the short allele-genotype is associated with anxiety-related per-
sonality traits, such as neuroticism and affective disorders 113 117 118. Although 
not undisputed, the existence of such associations was recently supported by 
results from a review 119 and a meta-analysis 120. Moreover, the use of selec-
tive serotonin reuptake inhibitors (SSRI) in treatment of depression and 
anxiety further suggests the involvement of the serotonergic system in these 
disorders 121.

The most commonly proposed mechanism of how the serotonin system 
affects phenotypic expression is through developmental structural cortical 
differences between individuals. Prenatal levels of 5-HT are for example 
important for the development of the brain somato-sensory cortex 111 112. The 
levels of synaptic 5-HT have potent influences upon emotional reactivity, 
possibly due to serotonin levels influencing neuro-cognitive phenotypes by 
modulating amygdala-cortical functional connectivity 122-126.



40

Gene and Environment Interaction 

A gene-environmental interaction of human disorder, antisocial behaviour 
and depression is suggested 2 127-129 but the idea is not new 1 76 nor uncontro-
versial 130. The debate about nature or nurture in human behaviour has to a 
great extent been carried out in consensus fashion within a research tradition 
with similar methodologies and in a conflict direction between different re-
search approaches and disciplines 130.

Advances in neural sciences and psychiatry have led to new insights. In 
1998, Kandel 3 suggested a common framework for psychiatry and neural 
sciences, which could also include, and improve, research within social sci-
ences. Kandel suggests five principles that in a simplified form constitute a 
relationship of mind to brain (and environment-brain-mind, authors remark). 
Principle 1, all mental processes derive from operations in the brain, and 
what we call the mind is function carried out by the brain. Behavioural dis-
orders and psychiatric illness are disturbances of brain function, even in 
those disorders where the causes of the disturbances or illness are clearly 
environmental. Principle 2, genes and their protein products are important 
determinants of the pattern of interconnections between neurons in the brain. 
Gene and specifically a combination of genes exert a significant control over 
behaviour. Principle 3, genes alone do not explain all the variance of a given 
mental illness. Social or developmental factors are important contributers. 
Social factors exert actions on the brain by feeding back upon it to modify 
the expression of genes and thus the function of nerve cells. Learning, even 
learning that results in dysfunctional behaviour produces alternations in gene 
expression. Principle 4, alterations in gene expression induced by learning 
(or social events, authors remark) give rise to changes in the pattern of neu-
ronal connections. These changes not only contribute to the biological basis 
of individuality but are presumably responsible for initiating and maintaining 
abnormalities of behaviour that are induced by social contingencies. Princi-
ple 5, although psychotherapy is effective and produces long-term changes 
in behaviour, it presumably does so through learning, by producing changes 
in gene expression, which alter the anatomical pattern of interconnections 
between nerve cells of the brain. In line with this argument all of “nurture” 
will ultimately become expressed as “nature” 3.
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When gene expression occurs in a cell, it gives direction to the phenotype 
of that cell and the sequence of that gene is not affected by environmental 
factors. The transcriptional function of a gene, the ability to direct the manu-
facture of specific proteins, is highly regulated and this regulation is respon-
sive to environmental factors. Internal and external stimuli modify the bind-
ing of the transcriptional regulators to the enhancers and different combina-
tions transcriptional regulators are recruited. Environmental and social influ-
ences will therefore be biologically transmitted in the gene expression of 
specific genes in specific nerve cells of specific regions of the brain 3.

In the study of mechanisms involved in environmental factors and the in-
teraction with genes and presumably gene expression, one important ques-
tion relates to whether males and females are uniform in their gene-
environmental relations. Although differences between males and females in 
psychopathology are well documented, few gene-environmental studies con-
sider the differences between the sexes. Sex differences in mental disorders 
fall into two main groups: male excess mainly applies to early onset disor-
ders that involve some kind of neuro-developmental impairment, whereas 
female excess mainly applies to adolescent-onset emotional disorders. No 
variables have yet met all the necessary criteria but some encouraging work 
has been conducted 131. In early life, there are neuro-psychiatric disorders, 
such as autism, developmental language disorders, attention deficit disorder 
with hyperactivity (ADHD), and dyslexia. All of these early onset neuro-
psychiatric disorders display a male preponderance. Adolescent onset emo-
tional disorders, such as depressive conditions and eating disorders - ano-
rexia and bulimia nervosa, display an apparent female preponderance.  

Antisocial disorders, or delinquent behaviour, also display major sex dif-
ferences. Males are substantially more common among individuals with 
antisocial disorders 131 132. Early onset antisocial disorders, associated with 
neuro developmental impairment, show a male preponderance, whereas fe-
males commonly exhibit adolescent-onset antisocial disorder 133. In a study 
of differences between males and females in relation to delinquency 134,
childhood-onset delinquents had childhoods of inadequate parenting, neuro-
cognitive problems, and temperament and behaviour problems; whereas 
adolescent-onset delinquents did not have these pathological backgrounds. 
Sex comparisons reveal a male-to-female ratio of 10:1 for childhood-onset 
delinquency but a sex ratio of only 1.5:1 for adolescence-onset delinquency. 
With the same pattern as males, childhood-onset females had high-risk 
backgrounds but adolescent-onset females did not 134.

A breakthrough in research for gene-environmental association to pheno-
typic expression was the study from 2002, on the role of MAO-A genotype 
in interaction with maltreatment in relation to violent criminality among 
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young men 2. In this study, individuals with a short variant of the allele were 
compared to individuals with a long variant of the allele. These variants of 
the allele are located in the promoter region of the gene, approximately 1200 
base pairs upstream from the beginning of the gene, consisting of a 30-bp 
repeated sequence present in 3, 3.5, 4, or 5 copies. The polymorphism affects 
the transcriptional activity of the MAO-A gene prosmoter by gene fusion 
and transfection involving three different cell types. Alleles with 3.5 or 4 
copies of the repeat sequence are transcribed 2-10 times more efficiently 
than those with 3 or 5 copies of the repeat, suggesting an optimal length for 
the regulatory region 105. Caspi 2 and co-workers were able to demonstrate 
that the gene alone was not related to violent criminality, whereas the MAO-
A gene was found to moderate the effect of maltreatment. Maltreated chil-
dren with a genotype conferring high levels of MAO-A expression were less 
likely to develop antisocial problems and those individuals that had the short 
“less” effective variant in combination with maltreatment during childhood 
were more likely to engage in antisocial behaviour.  

In 2003, the same research group presented another novel finding 127 in 
the area of adolescent depression. In that study, a functional polymorphism 
in the promoter region of the serotonin transporter (5-HTTLPR) gene was 
found to moderate the influence of stressful life events on depression. Indi-
viduals with one or two copies of the short allele of the 5-HTTLPR promoter 
polymorphism exhibited more depressive symptoms, diagnosable depres-
sion, and suicidality in relation to stressful life events than individuals ho-
mozygous for the long allele 127. This promoter polymorphism was previ-
ously associated with a short variant of the 5-HTT-linked polymorphic re-
gion (5-HTTLPR), which restricts transcriptional activity of the 5-HTT pro-
moter leading to low functional expression of the 5-HTT short gene variant 
113, and the frequency of the low activity allele was higher in patients than in 
controls 117.

In another study of gene-environment interaction in relation to depression 
128 with a smaller sample of adolescents, clear gene-environmental effects 
were determined when males were removed from the sample. Although Eley 
and co-workers did not elaborate on this finding, one possible explanation 
might be that the effect of 5-HTTLPR genotype interaction with environ-
ment in males goes in the opposite direction in comparison with females 128.
Since the first G*E interaction studies were presented several other G*E 
interaction studies of the MAO-A and 5-HTTLPR genotypes has been pub-
liched (Table 1).
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Table 1. Studies of gene-environmental (G*E) effects of the MAO-A (A) and 5-
HTTLPR (B) (short alleles=S, long alleles=L) genotypes in relation to antisocial 
behaviour/criminality and depression among males and females. 

Gene Manuscript Sample Total effect Effect on males Effect on females 

(A) Caspi et al 2 442 males  Sig G*E int. (S)  
 Foley et al 129 541 males  Sig G*E int. (S)  
 Haberstick et al 135 774 males  n.s.  

(B) Caspi et al 127 847 males and 
females 

Sig G*E int. (S)   

 Eley et al 128 157 males 
220 females 

Sig G*E int. (S) n.s.   
Sig G*E int. (S) 

 Kaufman et al 136 101 Sig G*E int. (S)   
 Surtees et al 137 2225 males 

1950 females 
n.s. Sig G*E int. (L)  

 Grabe et al 138 302 males 
647 females 

 n.s.   
Sig G*E int. (S) 

 Kendler et al 139 549 male and 
female twins 

Sig G*E int. (S)   

 Gillespie et al 140 1206 male 
and females 

n.s.   

 Kaufman 141 196 male 
and female 

Sig G*G*E (S)   

      

Studies on an association between 5-HTTLPR genotype and depressive 
disorders have yielded conflicting results 142. Neumeister et al 143, demon-
strated a higher susceptibility to depressive reactions during tryptophan de-
pletion in women being homozygous with regard to the short 5-HTTLPR 
allele: this would weaken multivariate analyses when parametrical statistics 
are used. This hypothesis was supported by the results of Eley et al. 128

where 219 females were analysed and which were also statistically signifi-
cant, despite a smaller sample size than in Caspi et al’s 127 study.  

The same polymorphism (5-HTTLPR) also interacts with suboptimal 
rearing conditions to predict aggressiveness and conduct disorder among 
adopted children, however in different directions for boys and girls. Thus, 
whereas the short allele appear to be associated with more severe symptoms 
of conduct disorder, aggressiveness, and ADHD among boys, the opposite 
effect occurs among girls 144. Therefore, it could be hypothesised that there is 
a gene-environmental effect moderated by sex. 
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AIMS

The overall aim of this thesis was to explore gene-environmental interac-
tions in relation to deviant behaviour among adolescents, with a focus on 
deviancies that have been extensively investigated in relation to both psy-
chosocial and biological risk factors.  

Areas studied: 

The interaction of MAO-A genotype and psychosocial risk, in re-
lation to male adolescent criminality 

The interaction of 5-HTTLPR genotype and psychosocial risk in 
relation to excessive adolescent alcohol consumption 

The interaction of 5-HTTLPR genotype and psychosocial risk in 
relation to depressive symptoms among adolescents 

The interaction of MAO-A genotype and psychosocial risk, in re-
lation to female adolescent criminality 
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Results

Outcome measures 
In this study of a stratified randomised sample of 200 adolescent partici-

pants from the general population, 87% of boys (n=81) reported some crimi-
nal act and among the 119 girls, the proportion was 61%. Of those, the po-
lice or other authorities had taken 37% of the boys and 38% of the girls into 
custody, percent of which 14% of the boys and 6% of the girls had been 
taken into custody more than once.  

High alcohol consumption (drinking alcohol at least twice a month and 
being intoxicated every, or almost every time) was reported by 52% of the 
adolescents. Among the girls, 55% were high-consumers and drank 2010 g 
of alcohol (mean) per year: the corresponding proportion among boys was 
48% and 2287 g of alcohol.  

Depressive symptoms and depression was estimated three years after the 
initial investigation. Of the remaining participants (66 boys and 114 girls), 6 
(9%) of the boys and 17 (15%) of the girls were classified as depressed ac-
cording to the Depression Self-Rating Scale DSRS / DSM-IV-A criterion 145.

Psychosocial factors 
Concerning the psychosocial risk factors, 21 boys (28%) and 30 (26%) 

girls came from multi-family houses, 29 (36%) of the boys and 49 (41%) of 
the girls came from separated families and 33 (41%) of the boys and 55 
(46%) of the girls reported traumatic conflicts within the family. Among the 
boys, 13 (16%) evaluated their quality of family relations as neither good nor 
bad: the corresponding number for the girls was 8 (7%). However, girls 
tended to report a higher frequency of bad quality in family relations, 25 
(21%), compared to boys, 11 (14%).  

For psychosocial factors, maltreatment, abuse and sexual abuse, the risks 
were merged into one overall “maltreatment/assault/sexually abuse”-variable 
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among the boys, of which 11 (14%) had experienced maltreatment or assault 
(one individual had also been sexually abused). Girls more frequently re-
ported sexual abuse than boys did: 13 girls (11%) reported that they had 
been sexually abused (no girls reported sexual abuse from their family mem-
bers).

Genotype frequencies 
The genotype frequency for the MAO-A gene among boys was 34 (43%) 

of the short (S), 3-repeat allele and 45 (57%) of the long (L), 4-repeat allele. 
Among the girls, there were 15 (13%) homozygous SS; for the short 3-repeat 
alleles, 53 (45%) were heterozygous SL, i.e. had one 3- and one 4-repeat 
allele, and 50 (42%) were homozygous LL, for the long 4-repeat alleles.  

The distribution of the 5HTTLPR gene among boys was 19 (24%) SS, 30 
(38%) LS and 31 (39%) LL. Among girls, there were 27 (23%) SS, 60 (51%) 
LS and 31 (26%) LL. In an analysis of the MAO-A and 5-HTTLPR geno-
types in relation to the Hardy-Weinberg distribution, no differences were 
found.  

Psychosocial factors in relation to deviances 
Among the psychosocial variables, a consistent significant relation to the 

deviances studied in the models was determined, especially between multi-
family houses, maltreatment/assault and criminality among boys. Among the 
girls, the same relationship between multi-family houses, sexual abuse and 
criminality was seen. The strongest relation of multi family houses and dif-
ferent types of criminality, according to the F-values, was observed in the 
overall (total) criminality and stealing, among both boys and girls. Mal-
treatment/assault had the strongest relation to overall criminality and vandal-
ism among boys and the same types of crime had the strongest relation to 
sexually abused girls. However, sexually abused girls and mal-
treated/assaulted boys, also strongly related to violent criminality (Papers I 
and IV). 

Adolescent alcohol consumption was related to quality of family relation, 
in that individuals with high alcohol consumption more often came from 
families that were reported as not having a good quality of family relations, 
F= 9.237, p<0.001 & X2=14.962, df=2, p=0.001 (Paper II).
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In the study of depressive symptoms, neither of the psychosocial variables 
were significantly related to the depressive symptoms when the boys and 
girls were divided into separate analyses. However, boys and girls from 
separated families, multi family houses, and families with traumatic conflicts 
and in the merged psychosocial index, tended to have higher mean rank in 
depression. If the sexes were analysed together, adolescents who came from 
families with separated parents had significantly higher mean rank in depres-
sive symptoms (Z=-2.28, p=0.023), whereas the other psychosocial variables 
still did not have significant effects.

Genotype in relation to deviances 
Among both boys and girls, there were no significant relations of MAO-A 

genotype and criminality. However, if adjusted for the psychosocial factors, 
multi family houses and sexual abuse, the direct effects of MAO-A geno-
types (the LL variant and to some extent the LS variant) had significant rela-
tion to high criminality among girls. Among boys, there was no direct rela-
tion of the MAO-A genotypes. 

There was no relation of the 5HTTLPR genotypes and alcohol consump-
tions among the adolescents studied, if not adjusted for family relations. 
When the 5HTTLPR genotypes were analyzed and adjusted for family rela-
tions, individuals heterozygous (LS) had significantly higher alcohol con-
sumption than individuals heterozygous for both the short (SS) and the long 
(LL) allele variants.

In the study of depressive symptoms, there were no direct effects of the 
5HTTLPR genotypes. Neither were there any direct effects of the 5HTTLPR 
genotypes when adjusted for the psychosocial variables among the boys, the 
girls or in both sexes as one group.  

Genotype and environmental interaction in relation to deviances 
The short MAO-A genotype among adolescent males interacted with both 

types of residence and maltreatment/assault in relation to total criminality, 
stealing and vandalism. The weakest criminality model among boys was the 
model of violence, in which MAO-A genotype interacted with only type of 
residence. The models explained between 30 to 41% of the variation in the 
criminality measures. In the non-parametric test, were the joint ranking of all 
observations, after removing the individual effect of the included MAO-A 
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genotypes and psychosocial factors was analysed, the G*E interaction was 
confirmed. Figure 6 shows the interaction of the short 3-repeat allele and 
psychosocial risk which increases the median in aligned total criminality. 

Figure 6. Showing the interaction effects of MAO-A genotypes and psychosocial 
risks, with the median of aligned ranks in each sub-group, among boys. 

The same gene-environment interaction in relation to criminality was de-
termined among the girls. However, in the case of girls, carriers of the long 
alleles had elevated risk for criminality. Girls homozygous for the long allele 
had the highest criminality scores, if exposed to psychosocial risk. The 
MAO-A genotype interacted with sexual abuse exposure in the models of 
total criminality, stealing and vandalism. As with the boys, the violence 
model was the weakest MAO-A - environment interaction model among the 
girls.

In the study of alcohol consumption, there was a considerable gene-
environment interaction of the 5HTTLPR gene and quality of family rela-
tions. Adolescents who were heterozygous (LS) and came from families 
which they did not reported as good, had significantly higher mean alcohol 
consumption (gr./year). Moreover, those individuals had 12-14 times higher 
risk of being classified as high-alcohol-consumers, than homozygous (SS) 
from a family in which the family relation was reported as good.  
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A similar pattern to the MAO-A-crime-study was discerned for the gene-
environmental interaction in relation to depression. The different 5HTTLPR 
genotypes showed significant interaction, however in different direction 
among boys and girls and seemingly in interaction with different psychoso-
cial variables. Among boys there was an elevated risk for many depressive 
symptoms if homozygous for the long (LL) alleles, whereas the elevated risk 
among girls referred to homozygous for the short (SS) alleles. Both boys and 
girls interacted with the dichotomised psychosocial index (fathers- and 
mothers education, parental occupation, familiar economy, quality of family 
relation and traumatic conflicts within the family: two or more risks). How-
ever, when the psychosocial variables were studied “in single”, different 
psychosocial risks were distinguished. Among boys, there was an elevated 
risk if living in multi-family houses and if there had been a divorce or sepa-
ration of the parents. These variables were not related to depressive symp-
toms among girls, instead girls homozygous for the short (SS) alleles had 
more depressive symptoms if they lived in families that had experienced 
traumatic conflicts between the family members. 
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Discussion

The main findings from the studies presented in this thesis are that there was 
considerable gene-environment interaction in relation to all outcome vari-
ables (criminality, alcohol consumption and depressive symptoms). How-
ever, this is neither a study of the structural societal mechanisms of deviant 
behaviour, nor a study of the genetically transmitted molecular mechanisms 
of deviant behaviour. The focus of this study was to explore gene-
environmental interactions in relation to deviant behaviour among adoles-
cents.

The result from Paper II, indicated a gene-environment interaction of the 
5HTTLPR genotype and quality of family relations with regard to frequency 
and amount of alcohol consumption among adolescents. Individuals with the 
long/short (LS) variant of the 5HTTLPR gene, in combination with unfa-
vourable family relation both drank higher amounts of alcohol per year and 
had 12-14 times elevated risks of being classified as high alcohol consumers, 
i.e. to drink alcohol every second week or more often and to be drunk every 
or almost every time they drank alcohol. These results are the first on hu-
mans, although Barr et al 146 147 suggest a potential interaction between sero-
tonin transporter gene variation and early experience in vulnerability to al-
coholism in rhesus macaques (macaca mulatta), especially evident for peer-
reared females with the LS rh5-HTTLPR genotype. 

In the results in Papers I and IV, the MAO-A promoter genotype and psy-
chosocial adversity interacted to predict adolescent male and female criminal 
activity and it was different genotypes that were related to criminality: 
among boys, it was the short allele that referred an increased risk for crimi-
nality, and among girls it was the long allele. The results from the study of 
boys confirmed previous reports, whereas the study of girls ran contrary to 
previous findings in boys. Among boys the short MAO-A allele has been 
associated with increased risk for criminality 2 129. Furthermore, there was 
also a direct effect of MAO-A genotype on criminality index among girls, if 
adjusted for psychosocial factors of multifamily houses and sexual abuse: 
this is contrary to previous determinations in boys. This might indicate a 
stronger genetic contribution of the MAO-A gene in criminality among girls. 
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In Paper III, gene-environmental interaction to depressive symptoms 
among both males and females were determined. Females carrying the short 
5HTTLPR allele in combination with psychosocial stress, displayed elevated 
depressive symptoms; however, among boys, the long 5HTTLPR allele, in 
combination with psychosocial stress appeared to be a source of depressive 
symptoms. The findings among girls are supported by the first reported find-
ing of the short allele being related to depression 127.  The results however, 
could be interpreted as that the genotype that heightens the risk for female 
depression, protects males from depression. That suggestion can have some 
support in the second study 128 of G*E interaction. In that study, the 
5HTTLPR genotype were only significant in relation to depression among 
the subgroup of females 128. Further support for the sex differences has been 
presented in a study 144 of the 5HTTLPR polymorphism, where male indi-
viduals with the short variant are more likely to have higher symptom counts 
for conduct disorder, aggressivity, and ADHD. In contrast, among females, 
the short variants (SS, SL) were associated with lower levels of such behav-
iour, if family history was considered 144. Furthermore, males and females 
had different G*E interactions according to different environmental influ-
ences as well. In both males and females, there was a significant G*E inter-
action of the dichotomized psychosocial risk index: poor family relations 
affected females and public multi-family housing and separated parents af-
fected males. These results indicate that male depressive symptoms are asso-
ciated with social status and female depressive symptoms are associated with 
relationships.

In the present study, the genotype frequencies of MAO-A genotype in 
males (43% S and 57% L) were dissimilar to those reported by Caspi et al. 2

(38% S), Deckert et al 107 (36 % S), and a Swedish control material from 
Jonsson et al 148 (34% S). One possible explanation for these differences was 
the sampling method, which paid special attention towards both ends of the 
deviant risk-continuum over seized the frequencie of short, 3-repeat boys, 
compared to the general population. Among girls, genotype frequencies 
(13% SS, 45% LS and 42 % LL) were similar to the frequencies from a 
German control sample reported by Jacob et al. 149 (SS 11% and LS+LL 
89%) and the Swedish control material by Jonsson et al. 148 (SS 15.5%, LS 
41.5 and LL 43%).  

In terms of expression, the functionality of the MAO-A gene, the tran-
scriptional activity in transfected cells, has an optimum sequence length of 
3.5 or 4 repeats results in high expression levels. Functional classification 
has therefore been low activity in 3-repeat and high activity in 4-repeat al-
leles 105-107. Both Sabol et al. 105 and Deckert et al. 107 agree on 3.5-repeats as 
high activity, whereas discrepancies appear in 5-repeat alleles. In this study, 
one 2.5-repeat was found among the boys and counted as a 3-repeat. Among 
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the girls, two individuals carried a 4- and a 5-repeat allele and those indi-
viduals were included in the high activity group. This decision was based on 
the 4-repeat being a high activity allele and the other allele, the 5-repeat, is 
high activity in the observations by Deckert et al 107, although this is contra-
dicted by Sabol 105.

For the 5HTTLPR genotypes, the short 14-repeat variant of the polymor-
phism reduces the transcriptional efficiency of the 5-HTT gene promoter,
resulting in decreased 5-HTT expression and 5-HT uptake in lymphoblasts, 
in comparison with the long 16-repeat variant 113. In the present study, geno-
type frequencies for males were 19 (24%, SS), 30 (37%, LS) and 31 (39%, 
LL) and for females 27 (23%, SS), 60 (51%, LS) and 31 (26%, LL). No 
other alleles were determined. This deviated from the genotype frequencies 
identified among both sexes by Lesch et al. 113, where the frequencies were 
distributed as 19% SS, 49% LS and 32% LL, and Caspi et al. 127 (17 % SS, 
51% LS and 31% LL) (51% boys in each group). However, the genotype 
frequencies in the present study had no significant difference to the Hardy-
Weinberg distribution.  

There are several possible levels of explanation for sex differences in the 
interactions between the MAO-A and the 5HTTLPR genotype polymor-
phisms and psychosocial stress. Such levels of explanations include: prenatal 
interactions between gonadal and monoaminergic systems on prenatal brain 
development; interactions between these systems postnatally and more spe-
cifically during adolescence; and finally, sex specific dosage differences in 
the expression of the gene. In addition, the MAO-A gene might have sex 
differences due to the gene escaping X-inactivation. Although the results of 
the present study, if replicated, suggested that one or possibly several of 
these levels of explanations may be relevant topics for further study, none of 
them can be ruled out on the basis of the data presented above. 

Furthermore, these results may add a new perspective to previous lower 
correlations of antisocial behaviours in dizygotic opposite sex twin pairs 
than in same sexed twins 150, which have been explained as a result of differ-
ences in patterns of imitation and social contagion: another possibility may 
be the existence of gender specific biological mechanisms. 

The determination of sex differences might shed new light on previously 
presented results and the boys homozygous with a pair of long 16-repeat 
5HTTLPR allele presented most depressive symptoms, whereas girls homo-
zygous for the short 14-repeat allele presented phenotypic patterns of de-
pressive symptoms. However, a heterosis effect of the 5HTTLPR genotype 
in relation to amount of alcohol consumed and high alcohol intoxication 
frequency was determined for unfavourable family environment, in the same 
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way as presented in the study of macaques by Barr et al 146. None of the three 
explanation models presented by Comings and MacMurray 93, can be ruled 
out on the basis of the current findings. Nonetheless, the first explanation is 
that an inverted U-shaped response curve, in which too little or too much of 
gene expression, and optimal gene expression occurs in a particular het-
erozygous cells are unfavourable. If this explanation is reversed (U-shaped), 
a negative heterosis, i.e. those individuals homozygous for the long or the 
short alleles, have the optimal gene expression in an unfavourable environ-
ment, whereas the heterozygous individuals adapt less to such environments, 
and therefore, consume high quantities of alcohol. The second explanation of 
heterosis, in which a hidden third factor causes a hidden stratification of the 
sample, might be explained by sex. If this is the case, boys homozygous for 
the long allele and girls homozygous for the short allele should be associated 
with the highest phenotypic scores and highest alcohol consumption; this 
would then have had been masked in the total sample. This explanation is 
however opposed by the findings of Barr et al 146, where the same heterosis 
effect was found for female macaques. Therefore, sex is unlikely to be the 
hidden third factor of the heterosis effect. The third explanation supposes a 
greater fitness in heterozygous individuals, which demonstrate a broader 
range of gene expression, providing for a greater plasticity, interaction ef-
fects or response to stress. A radical interpretation of these results could then 
be that while depressive symptoms develop among SS girls and LL boys, 
heterozygous (LS) individuals, develop a “preference” for alcohol in harsh 
psychosocial environments as a protection against depression.  

The present studies have several limitations, such as low power due to a 
small sample size. When this study was planned, there was no gene-
environment interaction studies published. Therefore, the results from Alm 
et al 151-153 were used to perform a power analysis of the biological factors: 
platelet MAO-B and triiodothyronine (T3). In that power-analysis, the result 
suggested 14-17 individuals in each sub-group. Moreover, there was no evi-
dent way of calculating power in interaction studies. However, a power 
analysis was performed post hoc, which can be seen as somewhat strained. 
Given the observed H/L estimates and an assumption of normality of data 
distribution of, an analysis of the H/L, minus the residuals in the smallest 
group of boys, gave an actual power of 30%. Interaction effects, or a main 
effect after adjusting for the effect of other variables, have low power. 
Therefore, a significance level of 0.1 was used for interaction effects, as 
suggested by Fleiss 154. Most interaction effects in the present studies had p-
values lower than 0.05, although, significant results, or the relation between 
the variables in the models, is not the same subject. Although the validity of 
the results can always be questioned, the direction, power of relation and the 
explained variance were not affected by the p-values, and a chance or risk of 



54

10/100 for a “missed guess”, of the interaction effects in the interaction 
models was deemed as acceptable. 

Lack of significant results in gene and phenotypic expression studies have 
often been explained by small sample size: small genetic effects that con-
tribute to complex behavioural traits need large sample sizes to detect such 
effects 155. The studies in this thesis, however demonstrated that genetic con-
tribution to behaviour could be observed, with “significant” result if models 
are adjusted for environmental factors. Moreover, the precision of the psy-
chosocial variables varies considerably, depending on data-gathering method 
used.

The dependent criminality variables, alcohol consumption and depressive 
symptoms were severely skewed and there were outliers within each of the 
gene and psychosocial risk sub-categories. One way of dealing with this kind 
of problem is by removing outliers; however, such action may appear as a 
subjective source of potential bias in the analysis. Another method that is 
more objective is to transform the data, e.g. by a log or log-log transform. 
However, in the present studies, neither the log- nor the log-log transforma-
tion produced a symmetric distribution of the data. Furthermore, the sample-
size was small and not optimal for parametric modelling methods, thus, non-
parametric methods were used to validate the findings from the parametric 
analysis. This procedure, with complementary statistical approaches, helps to 
eliminate scaling artefact, one of the ubiquitous sources of artefacts in inter-
action research.  

Another limitation was that the psychosocial variables were based on self 
reports and as such reports on ambiguous and sensitive events should be 
treated with caution 156-159. However, one of the strengths with using self-
reports for youth crime is that they may reveal more offenders and offences 
than official records of arrests or convictions. Official records of criminality 
greatly underestimate the true number of offences committed and are limited 
by biases in police and court processing 5. This may have contributed to the 
seemingly high rate of criminal behaviour in this population (87% among 
males and 61% among females). Another possible explanation may be the 
fact that the groups sampled represented both extremes of social risk. Simi-
larly, the interviews, in combination with a small hair-sample as a bogus 
pipeline procedure 160, revealed a higher number of individuals categorised 
as “high consumers of alcohol” than the first questionnaire. This could be 
due to systematic underreporting of alcohol consumption among adolescents 
in the questionnaire, which was diminished by the bogus pipeline procedure 
and in-depth interview. Other unstable findings of such procedures in com-
bination with questionnaires have shown mixed results 161 162. Furthermore, it 
is considered that some of the variables used in the present study, such as 
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whether the individual lives in an owned home or public housing, should be 
more resistant to subjective influences in this respect.  

The interview was an adequate means of data gathering method in this 
project. Intrinsic quantifiable quality of psychosocial factors or variables that 
are barely discerned or disclosed in a questionnaire might appear in the in-
terview situation, in which verbal, semi-verbal and emotional expression 
provide a deeper and more complex understanding of the phenomenon. The 
interview was a “fine-meshed” net and provided opportunity for unexpected 
findings, in contrast to questionnaires, which provide no opportunity for 
unexpected findings. The interview is especially informative in situations 
where thoughts about ones social situation might evoke feelings of shame, 
anger and/or guilt 70. One distinction often made between qualitative and 
quantitative methods is that qualitative methods are intensive, with deep 
knowledge of a certain phenomenon, whereas quantitative methods are more 
extensive, with knowledge of the topic being more cursory, and there are 
often more participants and therefore higher generalisability. In this study, 
the intensive data gathering was focused on the psychosocial factors, which 
were merged into an extensive analysis. Without the interview and deeper 
knowledge of psychosocial factors, this analysis had been unsuccessful. 

Validity is a justifiable concept in interview studies if the findings are re-
liable and there is empirical evidence for the interpretations 163 164. The valid-
ity of interviews must be interpreted in relation to the context of the inter-
view situation, interviewer and the interview object. If the descriptive valid-
ity of the observations can be confirmed by body-language, gestures, mimics 
and low-spirited speech 165, it gives further arguments to validity. Moreover, 
the generalisations that can be made from a study are mainly restricted to the 
selection of the participants, either through a “purposeful” 166 or a “theoreti-
cal” 167 approach. In the present study, special effort was made to have as 
“high generalised sample” as possible. 

There is a considerable improvement in validity if a structured interview, 
rather than a questionnaire, is used to acquire knowledge of psychosocial 
adverse circumstances. The interviewer “measures” what was intended to be 
measured exhaustively and in more detail. Therefore, reliability should be 
higher. The reliability is also affected by the different personalities of the 
interviewee, and interviewer, locality and timing of the interview situation. 
The interviews are therefore an instrument biased by current life-
circumstances of the study participants. However, the same also applies to 
questionnaires.

The research interview of psychosocial factors could be comparable to a 
clinical interview (axis IV of Psychosocial and Environmental Problems in 
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the Diagnostic and Statistical Manual of Mental Disorders, DSM-IV manual 
which usually is considered a useful instrument for organising and commu-
nicating clinical information). The system of DSM was intended to be appli-
cable in a wide array of contexts and used by clinicians and researchers in 
different disciplines and the DSM system facilitates the application of a bio-
psychosocial model in clinical, educational and research practice 168. If the 
validity of interviews is good, or better than questionnaires, the predictions 
derived from the analyses should be better, which in turn gives improved 
generalisations. If the sample is derived from the general population and 
special attention has been paid to have sufficient participants at both ends of 
the deviant continuum, the generalisations should be convincing. 

The only proper advantage with standardised questionnaires is economy, 
time and personnel resources. The validity, reliability and generalisation 
cannot automatically be interpreted as higher in validated questionnaires 
than in carefully accomplished interviews conducted by experienced inter-
viewers.

In the present study, the focus was on the social variable of housing, multi 
family housing vs. single-family housing. The theoretical foundation of de-
viant or criminal behaviour used in the present study derives from the socio-
logical tradition originating from “The Chicago School” history of ideas 50.
In that tradition, relation between crime and different economic and social 
disadvantage factors were found. The higher the level of public assistance 
and the lower level of homeowners, the higher proportion of criminal ado-
lescent boys: the significant factor was social disorganisation. Even in small 
cities, the same problems and social disadvantaged areas could be detected. 
Different districts of small towns demonstrate different grades of home envi-
ronment, and bad housing conditions are concentrated in identifiable districts 
51, 52, 53. Therefore, the current sample with participants from the residential 
city and smaller cities and communities in the county, should have a high 
generalisability of the psychosocial factors investigated. Irrespective of dif-
ferent social mechanisms, those psychosocial risk factors appear stable over 
time and continue to produce significant results in relation to adolescent 
deviant behaviour. In more recent studies, adolescents living in inner-city 
public housing, presumably representing disorganised and socially disruptive 
neighbourhoods, appear at increased risk of developing antisocial behaviour 
63. Moreover, adolescents subject to poor parenting 10 11 and violent child-
hood victimization are also at increased risk 12 13.

A problem with the multi-family housing-classification is that in many 
countries there are high-valued elite multi-family apartments. However, few 
adolescents participating in this study were living in this kind of apartments, 
or at the opposite end, low-valued rental single-family houses. The small 
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size of the data did not allow division of the adolescents into two more hous-
ing-groups, “own-owned apartments in multi-family houses” or “rental sin-
gle-family houses”. 

The variable “type of housing” and other social status variables might be 
provocative to persons in some research traditions. Social status variables are 
central operational definitions within sociology and consequently a natural 
choice in a study of gene-environment interactions with a focus upon social 
relations. Type of housing and related social variables have repeatedly been 
associated with deviant behaviour 5-8 50-54 169. However, the “internal” mecha-
nisms of social variables are poorly understood, although functional neuro-
imaging studies demonstrate that when individuals perceive the actions and 
the emotions produced by others, they use the same neural mechanisms as 
when they produce the actions and the emotions themselves. Moreover, 
similar brain areas, including the pre-motor and posterior parietal cortex, are 
activated while imagining one’s own action and imagining another’s action, 
and similar neural networks mediate the simulation of pain for self and other 
170.

There are indications that the “emotional putty” of societal relations are 
governed by emotional forces, such as embarrassment, shyness, humiliation, 
ridicule, aggression and violence 67, 68, 69. It is possible to discern shame and 
processes of shame at different levels of social interactions; first as a social 
aspect, between interactants 59, and second as an inner process, a feeling of 
an interpersonal trap 171. Therefore, it is possible to convey the extraordinary 
power, both between and within interactants, of shame. Moreover, humans 
and higher animals share the ability to blush, caused by “shyness, shame and 
modesty” and triggered by “the thinking of what others think of us” 172. Ac-
cording to Scheff 70, the command for conformity is a central problem for 
social sciences in both its normal and pathological form, and social control 
involves a biosocial system that functions silently, continuously, and virtu-
ally invisibly, within and between members of a society. Emotions such as 
shame might have direct association to different mechanisms in the mono-
aminergic system observed as outcomes of anxiety 113 118, depression 115 117

and aggression/conduct disorder 144. Feelings of shame and cognates might 
have a biological origin and hence are essential for social interaction and 
control. If this defence-emotion system is universal, and provides explana-
tions of conforming behaviour 70, it would make a “bridge” between social 
and natural science. 

Most researchers within the field of behavioural genetics are attentive to 
the role of the environment in regulating behavioural designs. They are also 
aware that the effects of genotype may be complex and difficult to fully un-
derstand because the effects of genes are rarely monogenic (e.g. Krebs, 173;
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Bjorklund, 174; Licklitter& Honeycutt 175; Plomin 176). Behavioural scientists, 
sociologists and psychologists frequently acknowledge the role played by 
“inherited dispositions” in forming and regulating behaviour (e.g. Freud,177;
Scheff, 70). Metaphorically, it may thus be argued, for instance on the basis 
of twin and adoption studies, that if there is a “black box” that governs hu-
man behaviour, the machinery of this box is influenced by both genes and 
environment 78-82.

As Caspi et al 2 published the first article in which G*E interactions were 
studied; they noted that until their results were replicated, speculations about 
the implications of their findings would be “premature”. Since then, attempts 
to replicate these findings have been made in 14 studies, four of which form 
part of the present thesis (2 127-129 135 136 138-141 178-181). As demonstrated by the 
studies presented in this thesis, and those presented in the literature review in 
the introduction, most of these studies established evidence of G*E interac-
tions. This growing body of research data is furthermore supported both by 
findings indicative of G*E interaction effects in twin studies as well as paral-
lel findings on non-human primates (78-82 146 147 182-184).

The findings presented in this thesis, implying that G*E interactions are 
largely modulated by sex, are not supported by replications of other studies. 
Therefore, caution should be taken until they are replicated. Some plausible 
support for the suggestion of modulation of G*E interactions by sex can 
nevertheless be derived from Rutter et al. 131, Silberg et al. 185 and Jones and 
Jones 150, from three G*E interaction studies 128 137 138, and from studies of 
non-human primates 182 183.

The implication of this recent development is that it may now be possible 
to open the lid of the “black box” in which the effects of genes and environ-
ment meet to predict behaviour. A thorough scientific study of the subject of 
adolescent deviance may thus in the future no longer be just a study of psy-
chological, sociological or hereditary risk factors, but a study of the detailed 
mechanisms for which such factors may be markers.  
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Conclusion

In summary, the MAO-A and 5HTTLPR genotypes, in interaction with psy-
chosocial adversity, are related to different deviant behaviour as criminality, 
high alcohol consumption and depressive symptoms among adolescents. 
Contrary to the direct effects of the genotypes that needed to be adjusted for 
the psychosocial factors, the psychosocial did not need the genotypes to have 
significant direct relation to the outcome measures. 

There are major differences between boys and girls according to the re-
sults of the genotypes studied and phenotypic expression. The short less 
active MAO-A genotype, which is related to an elevated risk for criminality 
among boys, was related to decreased risk among girls. Moreover, the short 
less active variant of the 5HTTLPR genotype, related to elevated risk for 
depression especially among females, was a protective factor for male de-
pressive symptoms in this study.  

Finally, different psychosocial factors affect boys and girls differently. A 
factor that affects boys does not necessarily affect girls and vice versa. 
Therefore, sex differences should be controlled and which psychosocial fac-
tors are to be included in psychosocial risk-indexes should be careful consid-
ered.
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Summary in Swedish, Svensk sammanfattning 

Alkoholism, depression och ungdomsbrottslighet är tre exempel på 
psykosociala problem vilka är utomordentligt kostsamma för såväl samhälle 
som individ , samtidigt som frågan hur fenomenen bäst förstås har en utom-
ordentligt kraftfull ideologisk laddning 130. Ofta har således policy och be-
handlingsinsatser inom dessa områden kommit att styras av antingen tillfäl-
liga trender eller enskilda forskares, klinikers eller samhällsdebattörers sub-
jektiva preferenser. För den som önskat underbygga sådana ställningstagan-
den med forskningsresultat statistiskt signifikanta samband mellan variabler 
representerande samtliga ovan nämnda kunskapsområden funnits att tillgå. 

Under de senaste tre åren har dock en serie vetenskapliga studier kommit 
att bekräfta en gammal hypotes 1 om att en integration av biologiska, beteen-
devetenskapliga och sociologiska angreppssätt kraftfullt kan öka förståelsen 
för dessa fenomen. 

En startpunkt för denna utveckling kan sägas vara upptäckten av en speci-
fik genvariation som tillsammans med miljöfaktorer predicerar kriminalitet 
bland unga män 2. Genen ifråga är belägen på X-kromosomen och kodar för 
proteinet Monoaminoxidas-A (MAO-A) som är inblandat i nedbrytningen av 
signalsubstanserna, serotonin, noradrenalin, adrenalin och dopamin 97 186.

I den första studien av detta slag jämfördes individer med korta respektive 
långa varianter av ett variabelt område i genens promotorregion (alleler) som 
är belägen cirka 1200 baspar före själva genen 2. Dessa variationer har på 
basis av tidigare laboratoriestudier 105 antagits vara kopplade till skillnader i 
den grad i vilken genen används som mall för tillverkning av själva protei-
net. Korta alleler har visats vara förknippade med låg aktivitet medan långa 
alleler förknippas med hög aktivitet. De visade sig nu också vara av avgö-
rande betydelse för om de studerade unga männen skulle reagera på erfaren-
heter av övergrepp i barndomen genom att själva utveckla kriminellt beteen-
de eller ej.

Genvariationerna hade i sig själva, då de studerades oberoende av 
psykosociala faktorer knappast någon betydelse för utvecklande av ung-
domskriminalitet. Men då de studerades tillsammans med psykosociala risk-
faktorer utgjorde de en grund för kraftiga interaktionseffekter. Individer med 
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korta varianter av MAO-A genens promotorregion i hög utsträckning att 
reagera på erfarenheter av övergrepp i barndomen genom att utveckla krimi-
nellt beteende, medan personer med långa varianter inte reagerade på detta 
vis.

Den kombinerade biopsykosociala modell som presenterades i den ur-
sprungliga artikeln förklarade mer än 60% av variationen i kriminalitet i det 
studerade materialet vilket vida överstiger tidigare använda modeller där 
vanligtvis gener och/eller psykosociala faktorer studerats var för sig 2.

Påföljande år publicerades ytterligare en studie 127 i vilken samma fors-
kargrupp påvisade en liknande effekt på depression av en interaktion mellan 
psykosocial stress och en transkriptionsreglerande polymorfism i serotonin-
transportörgenen vilken kodar för det protein som ansvarar före återupptaget 
av serotonin i den synaptiska klyftan 117. I detta fall ingick både pojkar och 
flickor bland försökspersonerna. De initiala studier resultat som publicerades 
av Caspi et al., 2002 och 2003 har därefter replikerats av flera oberoende 
forskargrupper 128 129.

Föreliggande studie 
Denna avhandling baseras på ett populationsbaserat urval av 119 flickor 

och 81 pojkar från Västmanland i det s.k. SALVe-projektet (Survey of Ado-
lescent Life in Vestmanland). Försökspersonerna rekryterades i samband 
med att de besvarade en enkät som distribueras till samtliga 9:e klassare i 
grundskolan samt 3:e klassare i gymnasierna i Västmanland. Förutom att 
svara på det initiala formuläret har de dessutom intervjuats och lämnat blod-
prov för genotypning samt hårprov. Utöver det har de genomfört ytterligare 
ett formulär som innehåller en mängd frågor om bl. a. alkoholrelaterade 
riskbeteenden, depression och neuropsykiatriska avvikelser. 

I en av de första studierna på detta material har vi kunnat bekräfta det ti-
digare fyndet av en interaktion mellan psykosociala faktorer och MAO-A 
genotyp hos pojkar 179. Även i detta fall så var det personer som hade en kort 
variant av den studerade genpolymorfismen och som utsattes för psykosocial 
stress som löpte en ökad risk att bli kriminella medan effekten av psykosoci-
al stress var mycket liten på individer med den långa genvarianten.  Den 
förklarade variansen i studien är ca 40% vilket visserligen är mindre än vad 
som rapporterades av Caspi et al 2002, men ändå betydligt högre än vad man 
vanligtvis observerar i studier där gener och/eller psykosociala faktorer stu-
deras var för sig.

I studie nummer två har vi också hittat effekter som tyder på att interak-
tioner mellan psykosocial miljö och polymorfismen i serotonintransportge-
nen påverkar alkoholkonsumtion 178. Detta fynd som gäller både flickor och 
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pojkar har inte tidigare presenterats i studier på människa ligger dock väl i 
linje med mönster som tonat fram från experimentella studier av frilevande 
makaker där den psykosociala variabeln utgörs av huruvida aporna uppfost-
rats av sina mödrar eller av jämnåriga apor 147 187. Individer med en biologisk 
sårbarhet, den heterozygota varianten av serotonintransportörgenen, hade 12-
14 gånger högre risk att klassas som högkonsumenter av alkohol, förutsatt 
att de växt upp i den familj där relationerna klassats som mindre bra eller 
dåliga.

Vi har vidare i studie 3 kunnat bekräfta att en interaktion mellan seroto-
nintransportgenen och psykosociala faktorer predicerar depressiva symtom. 
Våra data tyder dock på att denna effekt tenderar att gå i motsatt riktning hos 
flickor och pojkar 180. En möjlig omtolkning av resultat från tidigare studier 
utifrån detta fynd skulle kunna vara att effekten på flickor är så pass mycket 
starkare än den på pojkar att den i tidigare studier slagit igenom i material 
där pojkar och flickor analyserats tillsammans.  

I studie 4, en uppföljande studie bland flickor av effekten av MAO-A ge-
nen och psykosociala faktorer i relation till kriminalitet 181, har vi visat att 
det finns en nästan lika stark gen-miljöinteraktion bland flickor. Emellertid 
visade våra resultat att flickors genetiska sårbarhet var diametralt motsatt 
mot pojkars. Den för flickor skyddande genotypen, den korta allelvarianten 
var den variant som var relaterad till kriminalitet bland pojkar, förutsatt en 
negativ psykosocial miljö. 

Resultaten från depressionsstudien 180 och kriminalitetsstudien bland fick-
or 181 pekar på att effekterna av genmiljöinteraktionerna är de motsatta hos 
flickor respektive pojkar. Två nyligen publicerade studier tycks bekräfta våra 
resultat. Den ena av studierna 137 rapporterar Surtees et al en oförmåga att 
replikera Caspi et al´s resultat. Man beskriver dock att hos män så innebär 
lång allel ökad känslighet för psykosocial stress, vilket ligger i linje med 
våra fynd 137. Den andra studien av Staley et al 188 rapporterar minskad halt 
av 5htt-proteinet i hjärnan hos kvinnor men inte hos män vilket också ligger 
helt i linje med våra fynd.  

De studier som hittills genomförts inom detta område talar alltså starkt för 
att fynden av interaktioner och specifika transkriptionsreglerande genpoly-
morfismer är valida och stabila. Däremot är de sätt på vilka de studerade 
effekterna medieras ännu inte kända i detalj. 

Vidare kan man tänka sig att möjligheten att aggression, depression eller 
för den delen överdriven alkoholkonsumtion som är associerade till MAO-A 
eller 5-HT systemet i sin tur är relaterat till strukturella skillnader i den so-
matiskt sensoriska delen av cortex 101 som respons på förhöjda nivåer i cor-
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tex av 5-HT, eftersom både MAO-A knockout möss 110 189 och de holländska 
”MAO-A kockout” - männen 108 109 visar på tecken av 5-HT förhöjning. Vi-
dare har man visat att prenatala nivåer av 5-HT är mycket viktiga för t.ex. 
utvecklingen av hjärnans somatiskt sensoriska del 112. Det finns ett flertal 
indikationer på att nivåerna av synapsiskt serotonin har effektfull påverkan 
på emotionella reaktioner, vilket troligen kan förklaras av att serotoninnivåer 
påverkar neurokognitiva fenotyper genom att modifiera funktionen i amyg-
dalas uppkoppling i cortex 122-125.

Sedan sekelskiftet har olika grupper av akademiker, vilka ofta av olika 
skäl saknat detaljerade kunskaper om genomets sätt att fungera, med såväl 
förväntan som fasa sett fram emot den dag man skulle kunna hitta t ex en 
”depressions- alkoholist- eller kriminalitetsgen”. Dessa förväntningar har i 
hög grad utgått från föreställningen att kunskaper om geners betydelse för 
olika beteenden drastiskt skulle förenkla det sätt på vilket samhället hanterar 
sådana fenomen som t ex socialt missanpassade unga män 75.

En praktisk implikation av de nya fynden är, kanske lite oväntat, tvärtom 
att såväl farmakologiska som sociala och psykologiska behandlingsformer 
kan tänkas samverka och till och med förstärka effekten av varandra när det 
gäller behandlingar av vissa tillstånd. En annan praktisk implikation är att 
genotypning inom en inte alltför avlägsen framtid kan komma att bli ett an-
vändbart redskap i differentialdiagnostik av t ex depressioner och möjligtvis 
också när det gäller att predicera reaktioner på farmakabehandling. 

Slutsatser
Sociologiska och psykologiska variabler interagerar med specifika poly-

morfismer i MAO-A och 5-HTT generna, i relation till kriminalitet, hög 
alkoholkonsumtion och depressiva symtom. 

Resultaten pekar på att effekterna av de genetiska variationerna i genmil-
jöinteraktionerna är de motsatta hos flickor respektive pojkar samt att könen 
reagerar olika starkt på olika psykosociala riskfaktorer. 
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Methods

The initial questionnaire and risk index 
To elicit the study population a regularly recurrent health questionnaire was 
used among 16 and 19-year-olds in the county of Västmanland. The adoles-
cents were asked to complete a mental and psychosocial health-screening 
questionnaire, “Survey of Adolescent Life in Vestmanland” (SALVe) in their 
classroom during a one-hour session under the supervision of a specially 
trained research assistant. The questionnaire had the purpose of describing 
adolescent lifestyle, tobacco-, alcohol- and illicit drug habits, sexual experi-
ences and criminality. Furthermore, general health, psycho- and somatic 
conditions, food- and exercise routines were investigated. 

The alcohol consumption questions used in the form have been widely 
used in a European collaboration project, “the European School Survey Pro-
ject on Alcohol and other Drugs, ESPAD report” 190 191, and the questions 
concerning criminality in the questionnaire have been used elsewhere 192 193.

All students were classified with a risk index, depending on their risk be-
haviours (Alcohol, Narcotic, Sexual, Property offence, and Violent offence) 
reported in the questionnaire.  Alcohol risk behaviour was measured by six 
dichotomized sub-questions. These included: 1) been drunk as 13-year old or 
younger; 2) has been drunk more than 20 times; 3) consumes an amount of 
alcohol equivalent to one bottle of wine per drinking occasion; 4) consumes 
alcohol two times a month and gets drunk every or almost every time; 5) has 
used sedatives together with alcohol to get intoxicated; and 6) has used anal-
gesics together with alcohol to get intoxicated. 

 Narcotic risk behaviour was measured by three dichotomized questions, 
which included: 1) ever used narcotics; 2) used hashish or marijuana more 
than five times; and 3) used other narcotics more than five times). Sexual 
risk behaviour was measured by five dichotomized questions, including: 1) 
has had intercourse as 13-year old or younger; 2) have had intercourse with 
five persons or more; 3) has been treated for venereal disease; 4) were in-
toxicated during first intercourse; and 5) consumes pornography on a daily 
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basis. Property offences were measured by four dichotomized questions: 1) 
has been shop-lifting; 2) has stolen money more than twice; 3) has stolen 
articles of value, such as bicycles, mopeds or motorcycle; 4) has stolen from 
cars, boats, cellars or houses).  

Finally, violent offences were measured by six dichotomized questions. 
These included: 1) used violence against someone during the last holiday; 2) 
carried a knife, knuckle-duster or other weapons; 3) has threatened someone 
to get cigarettes, money or articles of value; 4) has threatened someone to 
make them do something he/she did not want to do; 5) has hit someone so 
that the person needed medical care; and 6) has hurting someone with a 
knife, knuckle-duster or other weapon.  

As the number of questions in each risk category varied, each risk-scale 
was weighted on a 0-10 point-scale to balance each risk-sub-group. In the 
alcohol index, which was a “six-question-scale”, each risk was given 1.66 
“points”. The narcotic index was a “three-question-scale” that gave 3.33 
“point” for each risk-behaviour. The sexual index had five questions; each of 
those questions gave 2 points in the subscale index. After transforming each 
risk-scale, they were summarized to a weighted-risk-index (range 0-50).  

An example of this weighted-risk-index calculation could therefore be as 
“a girl” who had been drunk as a 12-year-old, has been drunk more than 20 
times, and consumes alcohol until intoxicated every weekend 
(1.66+1.66+1.66). Moreover, she has been used marijuana more than 20 
times (+3.33) and had her first intercourse at the age of 13, has had inter-
course with 12 boys and has been treated for Chlamydia (+2+2+2). She had 
no property or violent offences to report. The summation of her weighted-
risk-index would therefore be 1.66 +1.66 +1.66 +3.33 +2 +2 +2 = 14.31.  

Each individual was thereafter categorised according to age and sex, be-
cause the older boys had had more risk experiences than the younger girls 
had. Each age and sex sub-group were divided into four equally large groups 
(25% in each) according to their respective weighted-risk-index. 

Subjects

All 16-year-old (ninth grade compulsory school students) and 19-year-old 
third grade students in secondary school in Västmanland, a medium-sized 
county of Sweden, i.e. 2987 ninth graders and 2186 third graders, comprised 
the target population.  
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In total, there were 2611 (87%) ninth grade students (mean age 16.0, Std. 
0.26 year) and 1649 (75%) ninth grade students (mean age 19.2, Std. 0.50 
year) that completed the questionnaire. All students had an opportunity to 
give their informed consent to participate in an in-depth-interview and the 
drawing of a blood sample, by giving their full personal code number on 
front page of the form. Informed consent was received from 785 individuals 
who could be traced with valid names (Figure 7). 

Figure 7. A flow-chart over the study population 

Study population selection 

A randomised sample of 400 students, stratified for age, gender and 
weighted-risk-index-quartiles were drawn from the volunteers. To ensure a 
sufficient number of individuals, balanced risk- and sex-groups were drawn 
within each age and sex group: 33 individuals from <q1 (comprising the 
25% lowest risk group); 34 individuals from q1-q3 (comprising the 50% 
medium risk group); and 33 individuals from >q3 (comprising the 25% high-
est risk group), (Figure 8). The stratification and randomisation was by com-
puter software. 
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16-year-old, n=2611 (87%)
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All 16 and 19 year old adolescents in
Västmanland
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Figure 8. The cut-off-points for the weighted-risk-index (low <q1, medium q1-q3 
and high >q3 risk groups), among 16-year-old boys (different cut-off-points for each 
age and sex-groups). 

The procedure with an initial risk survey and stratification procedure en-
sured sufficient participants from both ends of the deviant behaviour contin-
uum: there were no explicit exclusion criteria. Of the 400 randomised stu-
dents, nine either had protected addresses or had moved out of the county 
(Figure 7). Finally, 81 of the 196 boys and 119 of the 195 girls agreed to 
give blood samples and to take part in an interview when asked for informed 
consent a second time (in line with recommendations from the human ethical 
committee of the Medical faculty at Uppsala University, which approved of 
the study). Altogether, there were 30 boys and 38 girls from the lowest (<q1) 
risk-group; 22 boys and 35 girls from the middle (q1-q3) risk group; and 29 
boys and 46 girls from the highest (>q3) risk group. 

Table 3. Showing the mean, median, range, quartiles and p-values for differences in 
risk index between the total sample and the participants in the present studies. 

 Mean (median) Range q1-q3 differences 
study/total

16-year old boys 6.23 (3.33) 0-48 0-8.66 p= 0.931 
16-year old girls 4.17 (2.0) 0-46 0-5.66 p=0.362 
19-year old boys 7.94 (5.66) 0-41.33 2-11.16 p=0.857 
19-year old girls 5.82 (4.16) 0-31.5 2-8.16 p=0.072 
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The risk index showed no significant differences between the groups in-
terviewed and those responding to the initial questionnaire, i.e. the random-
ised individuals did not differ from the population in frequency and magni-
tude of risk-behaviour within each risk-group. However, there was an over-
representation of “high-risk” girls in the final sample, with a tendency to-
ward higher mean rank in the weighted-risk-index (Table 3).  

In the study of depression and three years after the initial questionnaire, 
there was a follow-up questionnaire, and 66 out of 81 boys and 114 out of 
119 girls agreed to participate (Figure 7).  

Interview structure, design and measurements 
All participants (except two) were interviewed by the same interviewer 

(KWN). To ensure that the qualitative data from each participant were com-
plete and fulfilled the purpose of the study, an interview guide was designed. 
The location was chosen to satisfy the participant’s requirements of easy 
access and convenience and therefore took palce either in the school-nurse’s 
office or another community health department. The semi-structured inter-
views were tape-recorded, in one case, the tape was malfunctioning and the 
interview was written down immediately after the interview in a structured 
template.  

Definitions of alcohol consumed and high intoxication frequency 
All participants were asked to leave three small hair samples from differ-

ent areas of the skull and told that these hair samples would be analyzed for 
tobacco, alcohol and other drug content (as a bogus pipeline procedure160).
One hundred and ninety six participants gave hair samples (four had no hair 
on their head). 

The semi- structured interview contained questions of defined quantifi-
able areas for measuring alcohol consumption. The questions were however 
not defined in advance: the formulation, sequence and extent were adapted 
to the situation. The interview object reflected and resonated his/her alcohol 
habits, in a qualitative dimension. The goal of the interviews was to elicit the 
personal alcohol behaviour and interaction with peers and alcohol.  

Questions were asked about personal experience of alcohol, age at first 
occasion, first intoxication, with whom, where, what and how much they 
drank, how they get alcohol, how they acted after drinking and why they 
drank. Special attention was made to “capture” drinking history from first 
occasion all the way to the interview day. First there was an exploration of 
when, how much and were, then with whom. Then a reflective “mirror im-
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age” from the interviewer was made where the questions were time and 
place anchored i.e. last summer vacation, on the beach, with your brother 
and his friends or, last weekend at your friend’s house, with your hockey 
peers. The interview answers were used to code the amount and frequency of 
different alcohol beverages and transformed into grams of alcohol per year 
by computer software.  

Those adolescents who drank two times (or more) per month and always 
(or almost always) became drunk were coded as “high intoxication fre-
quency”. The interview (with hair samples taken) was more sensitive with 
regard to “high intoxication frequency” compared to the initial questionnaire 
(104 individuals compared with 79 out of 200). 

Definitions of criminal activity 
The following questions were applied in the interview to measure crimi-

nality: How often have you…?: 1. fought in school; 2. fought in your leisure 
time; 3. hit/kicked someone so he/she needed medical care; 4 carried a knife, 
knuckle-duster, or other weapon; 5. hurt someone with knife, knuckle-duster, 
or other weapon; 6. threatened or forced someone to give you money, ciga-
rettes or something else; 7. threatened or forced someone to do something 
he/she did not want to do; 8. been shoplifting (CD’s, clothes, make-up or 
other things); 9. taken money that did not belong to you; 10. taken mobile 
phones, clothes, bicycles, mopeds or other things that did not belong to you; 
11. broken into cars, boats, cellars, houses or similar; 12. smashed or 
wrecked windows, street-lamps, benches or other things; 13. painted graffiti, 
scrawling or similar; and 14. destroyed things in school.  

Questions 1-7 were included in a violence index, 8-11 were included in a 
stealing index, and 12-14 were included in a vandalism index. The total 
criminality index also included a question on drunk driving of motor vehi-
cles. When there was a positive answer to any of these questions they were 
followed by questions regarding time and place (when, where and with 
whom), frequency and other relevant circumstances. The results from the 
questions above were coded (0 = No; 1 = yes, infrequently; 2 = Yes, fre-
quently; and 3 = Yes, frequently and continuing) and transformed into a 
summation index for total criminal activity, as well as indexes for the sub-
groups: stealing offences, property offences and violent offences.  
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Psychosocial measures 
The psychosocial variables were measured by the questions: “what type 

of house do you live in” and “how do you live, how do you like your 
neighborhood”; “could you describe your family”, “what is good with your 
family, your mother/father and siblings” and “what is not so good with your 
family, “how was it in your family when you were seven, and thirteen”; have 
there ever been any tough or hard periods within your family”; and “do you 
have any conflicts within your family”, perhaps between you and your par-
ents, between your parents and a sibling, or between your father and 
mother”? 

The participant’s response to the questions of family function were then 
brought together and transformed from a “qualitative” to a “quantitative” 
ordinal scale, comprising the psychosocial variable “quality of relation 
within the family” (Good / Neutral /Bad). The other psychosocial measure-
ments were brought together and transformed to a quantitative dichotomous 
measure, comprising the psychosocial variables “type of residence” (home 
owners/multi-family houses), “separated families” (nuclear family/separated 
parents), “traumatic conflicts within the family (yes/no). 

Furthermore, open questions on parental employment, type of work of the 
parents and socioeconomic measures were asked and coded as dichotomies: 
parental education (<10 years/10 years or more), parental occupation (both 
employed/one or both unemployed), and family economy (good/stretched). 
The dichotomous psychosocial variables: fathers and mothers education, 
parental occupation, family economy, quality of family relation and trau-
matic conflicts within the family were merged to an index and then dichoto-
mized to psychosocial risk (no and one risk/ two or more risks). 

Inter-rater reliability for two raters, who listened to a 10% sample of the 
audio-taped interviews, had a correlation (Crohnbach Alpha) of: 0.9 for the 
criminality index; 0.998 for alcohol consumption in grams per year; a 
Cohen’s  of 1.0 for type of residence; 1.0 for experiences of violent vic-
timization; 1.0 for high intoxication frequency; and 0.7 for quality of relation 
within the family. 

Definitions of depressive symptoms 
Three years after the initial questionnaire and interviews, an additional 

questionnaire was mailed to the participants. Of the initial study population, 
66 out of 81 boys and 114 out of 119 girls responded, at that time being 19 
and 22 years of age. A self-rating scale (DSRS) of the DSM IV (A-criterion) 
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for major depression was used. A sensitivity of 96.1% and a specificity of 
59.4% for major depression have been reported with this scale 145. The de-
pressive symptom-index was calculated as a summation of symptoms re-
ported in the scale. One symptom was only counted once; for example, on 
the third criterion of significant weight loss or gain, the participants could 
only score once, even if they had experienced both weight loss and weight 
gain during the latest two weeks. 

5-HTT and MAO-A gene analysis 

5HTTLPR analysis 
Venous blood for molecular genetic analyses was drawn from all inter-
viewed students. Two students were excluded due to hepatitis infection. 
DNA was extracted from venous blood and PCR-based genotyping was per-
formed for 5-HTTLPR polymorphism according to a modified protocol by 
Collier 117. The 5-HTTLPR was amplified in a reaction mixture of 40 µl 
containting 50 ng genomic DNA, 1 x PCR buffer (100 mM Tris-HCl, 1.5 
mM MgCl2, 50 mM KCl), 7.5 % DMSO, 40 mM dNTP, 40 pmol of each 
primer and 2.5 U Taq polymerase (Roche Diagnostics GmbH Mannheim, 
Germany). Primers used were 5'-CAA CCT CCC AGC AAC TCC CTG TA-
3' and 5'-GAGGGACTGAGCTGGAGAAGGAC -3'. PCR mixtures were 
subjected to 32 cycles of PCR (30 s at 94°C; 30 s at 63°C; and 30 s at 72°C) 
and analyzed on 2% agarose gels. The gels were run for 1 h at 120 V and 
visualized by ethidium bromide staining.  

MAO-A-VNTR analysis.
PCR fragments were amplified from genomic DNA with primers 5’-ACA 

GCC TGA CCG TG GAGA AG-3’ and 5’-GAA CGG ACG CTC CAT 
TCG GA-3’. PCR (60 s at 95°C; 35 x (60 s at 95°C; 60 s at 62°C; 90 s at 
72°C); and 5 min at 72°C) was performed in a reaction mixture of 50 l
containing 60 ng genomic DNA; 20 pmol of each primer; 0.3 mM each of 
dNTP, 1 mM MgCl2, PCR buffer (200mM Tris-HCl, 500 mM KCl), 0.03 % 
W-1 buffer and 1.5 U Taq- DNA polymerase (Invitrogen ). The PCR prod-
ucts were analyzed by electrophoresis on 3% agarose gels. The gel was run 
for 1.5 h at 90 V and visualized by ethidium bromide staining. 

In order to confirm the correct region of the 5HTTLPR and MAO-A 
genes, the genes was amplified. PCR products, representing all genotypes, 
were sequenced with BigDye Terminator chemistry (Applied Biosystems) 
and analyzed by an automated ABI PRISM  310 Genetic Analyzer (ABI 
PRISM , Perkin Elmer, Foster city, CA, USA). The DNA fragments were 
analyzed with the Sequencher™ 3.1.1 software. 
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Statistical analyses 
General linear models (GLM) were used to investigate the effects of 

genotype and psychosocial factors as well as their interaction (the bio-social 
models) in relation to the dependent variables, if the dependent variable was 
on a continuous scale. To investigate the biosocial model i.e. the effects of 
genotype and psychosocial factors, as well as their interaction to a binary 
dependent variable, logistic regression was applied. 

When data is normally distributed, the classical parametric analysis meth-
ods can be used. The data must follow strict assumptions in order to use 
these parametric methods; however, these assumptions are often ignored. If 
clinical trial data do not meet these assumptions, nonparametric statistical 
methods can or should be used. These nonparametric methods only require 
data to be on a continuous scale. When the underlying populations are nor-
mally distributed, the nonparametric procedures are only slightly less effi-
cient than their parametric counterparts are, and they can be much more effi-
cient than the parametric counterparts when the underlying populations are 
not normally distributed.  

Due to the skewed distribution of the continuous dependent variables (a 
log-transformation had no significant effect on the distribution of the de-
pendent variable), a non-parametric test for interactions based on aligned 
ranks was also applied. Briefly, this test is based on the joint ranking of all 
observations after removing the individual effect of the included gene- and 
psychosocial factors. Suitably normalised, the weighted sum of squared dif-
ferences between the sub categories mean rank (each combination of differ-
ent gene polymorphisms and psychosocial factors) and the total mean rank 
will be approximately F-distributed 194. To ascertain the validity of the test 
when the data was unbalanced, the actual significance level was calculated 
for the nominal levels 10, 5 and 1%, based on 10 000 replicates from the 
distribution under the null hypothesis with the actual sizes of the sub-
categories. If the null hypothesis was rejected, a Kruskal-Wallis test was run 
with each gene and psychosocial combination, constituting a separate sub-
category.  

For location estimators used to describe the data (in figures or tables) or 
to estimate differences between groups, the mean is the optimal estimator for 
Gaussian data. However, the mean is not resistant and it does not have ro-
bustness of efficiency, the mean is sensitive to outliers. The median also has 
some weaknesses, foremost it does not consider the underlying distribution 
of the data, as it just divides the data into two groups. A way of describing 
the data that is not sensitive to skew data and provides more information 
than the median is the Hodge-Lehmann location estimate (H-L estimate). 
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The H-L estimate is based on ranks, which makes it more resistant to skewed 
data than the mean. This estimator also has high efficiency for symmetric 
distributions; therefore, this measurement was used in some analyses in this 
thesis.

A two-sided p-value less than 0.05 was considered significant in all 
analyses of main effects, and less than 0.1 was considered significant when 
testing for the presence of interactions. As interaction tests are known to 
have poor power 154 and the pre-study power analysis was made of direct 
effects, the higher significance level was used when testing for interaction 
effects.

The theoretical considerations of non-parametric interactions and espe-
cially the test for interactions in the general two-way layout will be de-
scribed briefly: a more complete description of the test proposed by Öhrvik, 
is presented elsewhere 194.

Statistical interaction can be defined as the departure from additivity in a 
specific linear model describing the relationship between predictive factors. 
With this definition, the choice of scale becomes important as factors, which 
are non-additive with respect to a response measured on one scale, may not 
manifest any interaction when a differently transformed scale is used. For 
example, a logarithmic transform of the response variable often removes an 
interaction, which was present in the original scale. Sometimes, especially 
within the biosciences, a distinction is made between synergistic and an-
tagonistic interactions. The former means that the combined effect of two 
predictive factors is larger than the sum of their individual effects, whereas 
the latter means the opposite. 

In practice, the forms of the underlying distributions are very seldom 
known or there may be distinct indications that the underlying distributions 
are not normally distributed. In such cases, the use of the standard paramet-
ric methods assuming Normality can be criticised regarding validity and 
optimality. Therefore, statistical tests that are valid for interactions in a broad 
family of underlying distributions are required. Non-parametric methods 
fulfill this condition and are, nevertheless, reasonably efficient in compari-
son to the best parametric methods under the assumption of Normality. For 
example, under the Normal shift model the asymptotic efficiency of the Wil-
coxon rank sum test relative to the t-test is 95.5% 195.

Except for very simple models (e.g. the Kruskal-Wallis test and the 
Spearman rank correlation), there exists no nonparametric alternatives, or 
that they have low power, e.g. the Friedman test. The reason for the low 
power is that the observations are ranked separately within each level of a 
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factor. A direct comparison of responses from different levels of a factor is 
not meaningful because of the variation between the levels, of which some 
may give consistently high, and others consistently low, responses. A sub-
stantial improvement can be achieved if the effect of different levels of a 
factor is eliminated from the observations in each level of a factor. Some 
estimate of the location of the factor level is subtracted yielding the aligned 
observations. The aligned observations from different factor levels are com-
parable and can thus be ranked jointly when testing for differences between 
levels of another factor. In general, the asymptotic efficiency under the 
Normal shift model of a nonparametric method, using aligned ranks relative 
to the optimal parametric test, is 95.5% 195.

The use of aligned ranks was first suggested by Hodges and Lehmann 196,
who applied the method in a randomized block design in order to increase 
the efficiency of the rank-based test of treatment effects. Mehra and Sarangi 
197 proposed a test of treatment effects based on aligned ranks in the general 
situation with b blocks, t treatments and nij observations per cell. The only 
limitation was that the number of subjects on each treatment did not vary 
between blocks. Later, using the same ideas Mehra and Sen 198 proposed a 
test for interaction effects in the two-way layout, however the test statistic 
was difficult to compute in applied situations. Hettmannsperger 199 and 
Hettmannsperger and McKean 200 discuss modified aligned rank tests, in-
cluding tests for interaction and main effects in the linear model. 

Sawilowsky 201 provides a very good review of a nonparametric approach 
to testing for interaction effects, also including the so called ‘rank transform’ 
(RT) method, first suggested by Conover and Iman 202 203. This popular but 
controversial method is recommended by, among others, SAS Institute 204.
However, Akritas 205 showed that for the two-way layout the RT was not 
valid to test for main effects in the presence of interaction effects, nor was it 
valid to test for interaction effects as it is a nonlinear transform of the obser-
vations, also the homoscedasticity of the error terms was not in general 
transformed to the ranks. Thereafter, Öhrvik 194 proposed a test of interaction 
effects based on aligned ranks in the general situation with b blocks, t treat-
ments and nij observations per cell, which is applied in the present study. 
This proposed test has been applied in simulation studies of Correa and Bel-
lavance 206 using multivariate normal and gamma distributions with substan-
tial higher power than a modified F test, also rewieved by Putt and Chincilli 
207. The differences between raw-scores and aligned-scores in criminality 
among boys are shown in figure 9. The interaction is more clearly illustrated 
in Figure 9 A, in which the individual effects of the gene and the psychoso-
cial risk in relation to criminality has been removed, in comparison to Figure 
9 B which shows the raw criminality scores in each gene and psychosocial 
risk sub-group.  
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Figure 9 A and B. The gene-environmental interaction of the MAO-A gene and 
psychosocial risks, with the aligned ranks (A) and without aligned ranks (B).  

9 A 

9 B 
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