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1. INTRODUCTION AND REVIEW OF LITERATURE

1.1. The types of impulsivity, and their expression
in behaviour

1.1.1. Impulsivity as a multidimensional construct:
the interdisciplinary view

A typical definition of impulsiveness is something like “a predisposition toward
rapid, unplanned reactions to internal or external stimuli without regard to the
negative consequences of these reactions to the impulsive individual or others”
(Moeller et al. 2001). Impulsive person is described as a happy-go-lucky; a doer,
not a thinker; likes to take chances; restless when required to sit still; has
problems concentrating on one thing (Barratt 1993), has a diminished ability to
delay gratification, does not plan ahead, is susceptible to boredom, a hedonist,
and is present-oriented (Petry 2001). Impulsivity is more or less related to other
terms like disinhibition, self-control, conscientiousness, constraint, non-
planning, sensation seeking, novelty seeking, excitement seeking, venturesome-
ness, and boredom susceptibility. Apparently these definitions and descriptions
include more than one quality and it has occurred that the different measures of
impulsivity have emphasized the different aspects of impulsivity — focusing
either on the behavioural (engaging in risky and health-compromising beha-
viours, changing jobs or partners etc.), cognitive (speed and style of information
processing, e.g., holistic versus analytic), motivational (e.g., preference for
smaller immediate rewards, inability to tolerate boredom), affective (difficulties
in emotion regulation) or social (lower competence in social situations, where
self-restraint is needed) aspects of the impulsive way of reacting to the world.

Several personality trait inventories have tried to classify impulsivity under
wider dimensions like neuroticism (Costa & McCrae 1989); however, other
dimensions of personality in NEO Personality Inventory also include compo-
nents of impulsivity (e.g., the dimensions of extraversion and conscientious-
ness). In the earlier version of Eysenck Personality Inventory (EPI) impulsivity
was included under the dimension of extraversion, however in the later version
of EPI it was reorganized under the dimension of psychoticism (Eysenck 1993).
The difficulties in compressing impulsivity under a single personality domain
may have different reasons, addressed below in this thesis.

The disciplines dealing with impulsivity (trait psychology, cognitive psycho-
logy, psychiatry, psychopharmacology) have different purposes, concepts and
tests for measuring impulsivity, and in earlier studies it used to be common not
to cite each other’s work or compare the used measures of impulsivity (Evenden
1999). The conceptualization in trait psychology was described in previous
paragraphs. The psychiatric classifications delimit impulsivity as a disorder (in



case of impulse control disorders like gambling or compulsive fire setting), a
symptom of a disorder (in case of attention deficit hyperactivity disorder or
borderline personality disorder) or a symptom of a state (e.g., impulsive
spending in the manic state) (DSM IV-R, Moeller et al. 2001, Barratt 2005).
Psychopharmacological studies, which measure the effects of drugs on impul-
sive behaviour, conceptualize impulsivity through reaction time, ability to
inhibit reaction in response to conflicting stimuli (Fillmore 2003) and tendency
to choose smaller immediate reward in favour of delayed bigger reward. These
concepts used in psychopharmacological studies are based on both behaviou-
ristic view on impulsivity dealing with the discounting of values over time
(Rachlin 2000, Mischel et al. 1989, Ainslie 1975), and on the cognitive view at
impulsivity as a fast and error-prone, holistic information processing style
(Dickman 1985).

If categorising personality traits though lexical approach leads to incon-
sistent results, as it has happened in case of impulsivity, it may be of use to start
the definition from the other end. It has been rather common to study the
psychobiology of personality through finding correlates for a trait predefined,
but instead, it can be started from finding a certain biological function and
define the traits according to individual differences in this function (Barratt
1993, Kas et al. 2007). The biological, behavioural, cognitive and social/
environmental aspects need to be considered for describing the impulsiveness of
a person (Barratt & Slaughter 1998). One emphasis in current research of
impulsivity is bringing together different measures of impulsivity with psycho-
pharmacological and brain imaging data in case of impulsive behaviour. The
knowledge about whether different types of impulsivity have a common, partly
common or diverse biological background may help to conceptualize these
types better.

1.1.2. Types of impulsivity

1.1.2.1. Self-reported measures

Recent studies have tried to clarify the types of impulsivity by including the
items of all well-known scales of impulsivity into common factor analysis. By
factor-analysing impulsivity-related items in NEO-PI and all items in nine well-
known impulsivity inventories (BIS, I;, DII and others) Whiteside & Lynam
(2001) created of a new inventory (UPPS) measuring four types of impulsivity:
Urgency, Lack of Premeditation, Lack of Perseverance, and Sensation Seeking.
Miller et al. (2004) and Flory et al. (2006) have conducted similar factor-analy-
tic studies on more narrow sets of impulsivity inventories and both extracted
three components of impulsivity. The three components of impulsivity
discovered in the first study by Miller et al. (2004) were called Non-Planning/
Dysfunctional, Functional Venturesomeness and Drive/Reward Responsiveness.
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The three components of impulsivity in the study by Flory et al. (2006) were
called Thrill Seeking, Nonplanning, and Disinhibited Behavior.

1.1.2.2. The types of performance measures of impulsivity

There are several performance tasks more or less in touch with impulsive cogni-
tive style: tasks measuring delay of reward or delay of gratification (Rachlin
2000, Ainslie 1975, Michel 1989), speed-accuracy trade-off (like Matching Fa-
miliar Figures Test, MFFT) (Kagan 1964; Dickman 1988), disinhibition or
commission errors in stop-signal or Go/No-go paradigm (Fillmore 2003), mea-
sures for executive control, attention switching and planning (Trail-Making
tasks, Porteus Mazes Q score), and time perception (de Wit et al. 2002). The
speed-accuracy trade-off performance tests are most commonly used for
measuring impulsivity in children in the educational psychology paradigm (Fink
& McGown 1993), while in psychopharmacological studies in humans, Go/ No-
go or delay of reward tasks are often used. In animal studies, in addition to
Go/No-go and delay of reward measures, there are procedures like differential
reinforcement of fixed consecutive time intervals, unreliable visual discrimi-
nation, premature responding, timing, motor impulsivity, etc.) (Evenden 1999).
Similarly to self-reported measures, the results in different performance tests do
not correlate with each other well (Reynolds et al. 2006, Olson 1989, Helmers et
al. 1995). The comparative analyses have identified two broad distinct cate-
gories: reward-delay models, and rapid-response models (Swann et al. 2002,
Reynolds et al. 2006, Dom et al. 2007).

1.1.2.3. The link between self-reported and performance measures of
impulsivity

The correlation between self-reported and performance measures of impulsivity
is in several studies quite low or absent (Reynolds et al. 2006, Helmers et al.
1995). Even though impulsive individuals claim to act with less forethought,
they often respond more slowly in experimental tasks than non-impulsive
individuals (e.g. Dickman 1985). Helmers et al. (1995) have demonstrated lack
of correlation of several laboratory tests with all of the used impulsivity
measures but State Sensation Seeking (described as carefreeness, enthusiasm,
adventurousness) after controlling for general cognitive abilities.

The reason for these inconsistencies between the self-reported and perfor-
mance measures of impulsivity may have been as follows: 1) the conceptua-
lization of the types of impulsivity has different routes and no attempt has been
made to unify the self-reported and performance measures of impulsivities
conceptually (Evenden 1999, Helmers et al. 1995) 2) cognitive style is con-
founded by ability (Helmers et al. 1995) 3) impulsive people may lack insight
of their own impulsivity and thus their self-reported measures may not be
reliable (Biitz & Austin 1993) 4) people may have a bias for socially desirable
answering in their estimation of their impulsivity, as impulsivity is generally
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considered a maladaptive and socially undesirable trait, and 5) some perfor-
mance measures may lack the affective or social stimuli that are important
triggers for some types of impulsive behaviour (Shoda et al. 1990). In fact, the
low correlation between the self-reported and laboratory measures of impul-
sivity is partly natural, as the cognitive aspect of impulsivity is hard to measure
via self-reported measures (Barratt 1993). Measuring the cognitive side of
impulsiveness by relying only on self-reported questionnaires would be similar
to trying to measure intelligence only with self-reported items like “I am a
clever person”. Thus, studies addressing the psychobiology of impulsivity or
expression of impulsivity in real-life behaviour should use both ways of mea-
suring impulsivity.

Somewhat better correlation has been demonstrated between laboratory
measures of impulsivity and the teacher- or parent-reported impulsivity (Olson
et al. 1999). Also, some success has been made comparing the performance
measures with conceptually appropriate self-reported measures, e.g. BIS scores
have been shown to correlate with impulsive responding in tasks measuring
disinhibition (Spinella 2004, Christodoulou et al. 2006, Swann et al. 2002).

1.1.3. The etiology of impulsive behaviour

1.1.3.1. Affective and cognitive path to impulsive behaviour

Impulsive temperament may lead to risky behaviour through affective, cognitive
or social mediators (Hoyle 2000). A person may behave impulsively (quickly,
abrubtly) mainly because of mainly cognitive reasons: 1) due to lack of ability
to think about the possible consequences (theoretically a component of dys-
functional impulsivity, lack of premeditation, thoughtlessness, non-planning), 2)
because the situation demands the quick decision or engaging in an activity in-
volving risk (theoretically a component of functional impulsivity, venturesome-
ness, fast decision-making), or 3) he does not bother to think about the possible
consequences (theoretically a component of thoughtlessness, dysfunctional
impulsivity, boredom susceptibility, lack of perseverance, low conscientious-
ness). As a different possibility, a person may engage in impulsive activity
because of mainly affective reasons 1) because the urge or expectancy for achie-
ving positive affect from risk interferes thinking about consequences (theoreti-
cally a component of sensation seeking, approach, drive, venturesomeness,
functional impulsivity) 2) because negative or positive affects cause the im-
paired ability to rationally analyse situation and impulsive reacting (theore-
tically a component of urgency, disinhibition).

It is proposed herewith that it may be of use to differentiate the affective and
cognitive components when studying the association of impulsive predisposi-
tion with real-life behaviour. In fact, the impulsivity scale by Barratt (BIS-11,
Patton et al. 1995) is constructed with an aim to eliminate the affective or
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anxiety-related component of impulsivity (Barratt 1993), while other measures
do contain the component of affect regulation (e.g., the measures of impulsive
aggression, impulsive sensation seeking, impulsivity in case of borderline
personality disorder or impulsivity under the facet of neuroticism in NEO Per-
sonality Inventory). Still, measuring cognitive component of impulsivity purely
by self-reported measures may still be difficult (Barratt et al. 2005) and perfor-
mance tests may provide more valid data. The affective and cognitive compo-
nents of impulsivity may both lead to impulsive behaviour, but they may not be
necessarily interrelated.

1.1.3.2. Cognitive abilities and impulsive behaviour

Accompanying traits, situational pressures or cognitive abilities may moderate
the expression of impulsivity in behaviour: they may either enhance the expres-
sion of impulsivity in behaviour or protect from it (Hoyle 2000). Wright and
Mischel (1987) have proposed that impulsive temperament is behaviourally
expressed mostly in situations which presuppose social, self-regulatory or
cognitive competencies that the subjects lack. Young et al. (2007) demonstrated
that in persons with biological predisposition for impulsivity (the 7-repeat allele
of dopamine D4 receptor 48-basepair-repeat polymorphism, DRD4) impulsive
behaviour did not depend on cognitive abilities, while in the subjects with no
biological predisposition, impulsive behaviour was associated with lower cogni-
tive abilities. Thus, cognitive abilities may have a bigger role in impulsive and
risky behaviour, when there is no biological predisposition for impulsive
behaviour.

Reflection-impulsivity measured by MFFT is associated with lower intelli-
gence (Milich & Kramer 1984, Brannigan et al. 1980), especially in attention-
concentration and visual organization domains of intelligence inventories
(Brannigan et al. 1980). The studies which have controlled for cognitive abili-
ties have still demonstrated the independent effect of disinhibition on respon-
ding (Kindlon et al. 1995, Dickman 1985). Impulsive responding in perfor-
mance tests contains a component of general ability as well as inhibitory pro-
cesses or executive functions (Amador-Campus & Kircher-Nebot 2001, Dick-
man 1985) and these two have also a weak correlation (Vigil-Colet & Morales-
Vives 2005). Impulsive children get lower grades at school, but the causal path
for this is not clear: impulsiveness may influence learning process through
reduction in attention span, it may have the same core component with learning
disabilities, and it may also be a consequence to the frustration because of
learning difficulties (Fink & McGown 1993).

In general, to differentiate between the preferred style and ability in studies
observing impulsive behaviour, cognitive abilities should be controlled for.
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1.1.3.3. Risk acknowledgement and impulsive behaviour

Eysenck S.G.B. (1993) explains the concepts of impulsiveness and venture-
someness in I; through the analogy of drivers, whose behavioural outcome may
look similar (risk-taking in traffic), but has a different etiology. A driver scoring
high on impulsiveness never considers the danger he might be exposing himself
to and is genuinely surprised when an accident occurs, while a driver scoring
high on venturesomeness considers the position carefully and decides to take
the risk hoping to get the excitement from the “near miss”. Whether this holds
true for risky drivers scoring high on different types of impulsivity could be
controlled through grouping risk-taking subjects according to their risk
acknowledgement. Sensation seekers are shown to have lower risk perception
when driving (Jonah 1997), similarly impulsive individuals are described as
acting without reflecting over the risk or possible consequences (Barratt 1993,
Whiteside & Lynam 2001, Eysenck S.G.B. 1993). Studies have shown that
many young people engaging in risky health behaviours do not actually intend
to do so, which may reflect their lower risk perception in the situation (Gibbons
et al. 2006). A study by Ryb et al. (2006) found that low risk perception and
trait impulsivity were at least partly independently associated with risky
behaviours. It is clear that the acknowledgement of risks is important moderator
of risky behaviour, but it is not fully clear how does it interact with the different
types of impulsiveness of person.

1.1.4. Family relations and impulsivity

The development of impulsivity has been shown to depend on parenting styles,
for example Olson et al. (1990) found in a 6-year longitudinal study that a
responsive, cognitively stimulating parent-toddler interactions in the 2nd year
predicted later measures of cognitive non-impulsivity and ability to delay
gratification. Straus & Mouradian (1998) found that corporal punishments such
as spanking or slapping a child for purposes of correcting misbehavior were
associated with impulsiveness by the child. It is however possible that parenting
styles also depend on pre-existing child’s temperament (McGue & Bouchard
1998). There are some studies which have controlled for the effect of pre-
existing child’s temperament, e.g. in a sample of lower socioeconomic status
families, maternal insensitivity and over-stimulating or non-responsive physical
intimacy during infancy predicted both distractible and hyperactive child
behavior at follow-up, even with the effects of early child temperament
controlled (Carlson et al. 1995).
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1.1.5. Adaptiveness of impulsivity

While majority of studies in the field of psychiatry and psychopharmacology
define impulsivity as a dysfunctional feature, the current approach in perso-
nality psychology consistently refers to both maladaptive and adaptive side of
impulsivity. Dickman (1990) has first explicitly brought out that impulsivity
may be adaptive in certain circumstances, where fast responding is more impor-
tant than accuracy. Functional impulsives appear to act with little forethought
because they have been rewarded for such behaviour. They are described as
lively, adventurous, are willing to take risks and such characteristics appear to
compensate for their error-proneness. His idea that impulsivity may be functio-
nal was partly derived from laboratory studies, which showed that impulsive
individuals had indeed an advantage in neuropsychological tests, and they even
responded more accurately compared to non-impulsive subjects, when the time
given for responding was very short (Dickman 1985) and they did not pay with
significantly more errors, but were faster in case of very simple tasks (Dickman
1993). With further analysis, it was clear that impulsive individuals could be
divided into two groups: those having an advantage in certain task condition
and those who still remained non-accurate in responding, despite the task condi-
tion. Thus, Dickman developed a scale measuring “functional impulsivity”,
which is defined by deciding quickly in situations where this style is optimal
and grasping the moment. Brunas-Wagstaff et al. (1995) have demonstrated that
functional impulsivity correlates positively with psychoticism and negatively
with neuroticism, while both functional and dysfunctional impulsivity are
positively correlated with extraversion (measured by EPI). Smillie and Jackson
(2006) have demonstrated a conceptual similarity between functional impulsi-
vity and reward reactivity, as detailed in reinforcement sensitivity theory (Corr
2006), and showed the negative correlation of functional impulsivity with
neuroticism and positive correlation with extraversion.

There are still several unanswered questions about functional impulsivity:
First, what unites it with dysfunctional impulsivity? Is the psychobiological
background of adaptive and maladaptive types of impulsivity similar or diffe-
rent? And if it is similar, how do some individuals learn to express their basic
impulsive tendency adaptively, while others go for deviant behaviour, crimina-
lity and substance abuse. In this case, what moderates the development of
impulsivity into adaptive as opposed to maladaptive expression — is it choosing
appropriate environments (e.g. professions), social support, higher intelligence
or co-occurring adaptive personality traits? Functional impulsivity is still not
sufficiently validated through behavioural observations, prediction of beha-
vioural outcomes and the power of differentiating certain groups of people from
others. There is also a debate over calling this type of impulsivity differently,
i.e. spontaneousness, Fast Decision-Making or something else, because having
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two separate constructs with a similar name may add further confusion to the
area (Eysenck 1993).

Dickman (1990) managed to demonstrate that subjects with functional
impulsivity gave more correct answers in a given time period in a simple task of
visual comparison. However, he did not find any association of dysfunctional
impulsivity with speed and accuracy of responding. As to the link between
functional impulsivity and performance impulsivity, in some studies functional
impulsivity was correlated to speed of responding (Brunas-Wagstaff et al. 1996,
Brunas-Wagstaff et al. 1994, Reeve 2007), but other studies failed to show
association between functional impulsivity and reaction time or number of
errors (Vigil-Colet & Codorniu-Raga 2004). Dysfunctional impulsivity has been
shown to correlate with the number of mistakes in tasks with conflictual signals
(Brunas-Wagstaff et al. 1996, Brunas-Wagstaff et al. 1994). While some studies
have shown faster responding in case of dysfunctional impulsivity as well
(Vigil-Colet & Codorniu-Raga 2004), this correlation was not present in the
study by Brunas-Wagstaff et al. (1994).

1.1.6. Ecological validity of the types of impulsivity

1.1.6.1. Impulsivity in different populations

One line of research on impulsivity deals with the issue how well do self-
reported and performance measures of impulsivity predict the actual behaviour,
psychopathology, and deviant behaviour, which is of a huge benefit for the
applied fields of forensic, educational, clinical and military psychology.

The UPPS scales developed by Whiteside & Lynam (2001) accounted for
7% of the variance of gambling (which is classified under impulse control
disorders in DSM IV-R), and reached to the explanatory value of 64% in case of
borderline personality disorder (Whiteside et al. 2005). The UPPS scales were
also significantly related to several externalizing problems, and Lack of Preme-
ditation was the best predictor of ADHD symptoms, conduct disorder, substan-
ce abuse and risky sex, while Urgency predicted borderline symptoms and
eating disorder. BIS has been shown to differentiate well between juvenile
delinquents and controls (Barratt 1993).

The studies trying to ecologically validate the performance measures of
impulsivity have shown moderate discriminant validity for predicting ADHD
when using either stop-signal or delay of reward task, but excellent discriminant
validity when both tasks were considered (Solanto et al. 2001). Pathological
gamblers were less effective in delay of reward task (Petry & Casarella 1999).
The MFFT measuring preference for speed over accuracy predicted juvenile
delinquency (Barratt 1993), social aggression (Bernfeld & Peters 1986), and
lower accuracy in MFFT was demonstrated in MDMA users (Morgan 1998).
Higher reflection impulsivity in current as well as former substance abusers was
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demonstrated by Clark et al. (2006). Measures of inhibitory control and
insensitivity to punishment discriminated well the behaviourally disordered
children from controls (Kindlon et al. 2001). However, attention shifting and
planning measures like Trail Making and Porteus Mazes Q score did not
differentiate the impulsive patients from controls (O'Keefe 1975). Lower delay
of gratification predicted lower social competence (Olson 1989).

Less validation has been carried out on normal populations and putting focus
on the adaptive side of impulsivity. It is natural that a lot of research in clinical
psychology focuses on problem-behaviours instead of positive emotions or
adaptive traits (Eysenck 1993). However, it may also be useful to measure the
potentially adaptive traits as resources of an individual. If one has high scores
on disinhibition and is therefore at high risk for substance abuse, gambling,
borderline personality disorder or bulimia nervosa, does he or she also have a
potential for using his impulsive tendency adaptively? Still, identifying the
measurable behaviours and specific samples for ecological validation of func-
tional impulsivity is more difficult than in case of maladaptive types of impul-
sivity. For the latter, a variety of data exists represented by the special samples
of violent criminals, psychiatric patients with impulse control problems,
children with ADHD or conduct disorder who behave impulsively. The poten-
tial samples for validating the functional impulsivity/venturesomeness may be
e.g., well-adjusted, highly coping subjects, with no psychopathology, who have
high education and income, but can be characterised as impulsive or who have
to take risks and decide fast with minimal information — investment bankers,
directors of large enterprises, doctors in emergency medicine, pilots.

1.1.6.2 Impulsivity and risky driving

Impulsivity (and its variations like low constraint, low self-control and
sensation-seeking) is one of the most exclusively studied traits in connection
with alcohol- and non-alcohol-related reckless driving (Dahlen et al. 2005,
Caspi et al., 1997; Torgersen & Vollrath 2006). In an article reviewing 40 stu-
dies on sensation seeking and risky driving, Jonah (1997) concluded that most
studies demonstrated the association of sensation seeking with drunk driving
and also with other risky driving behaviours. Sensation seekers also perceived
risk worse in these studies (Jonah 1997), but again, the age factor was not
controlled for. Thrill and Adventure Seeking subscale under SSS together with
impulsivity predicted risky driving the best (Wilson & Jonah 1988). Predicting
different types of risky behaviours through personality types rather than traits
has shown higher explanatory power (Torgersen & Vollrath 2006).

Risky driving may include drunk driving, dangerous maneuvers, violations
of speed-limits, not using safety belts etc. Some of the earlier studies comparing
drunk drivers and high-risk drivers with multiple non-alcohol-related traffic
violations have concluded that these two groups are different subgroups of
people with risky driving habits (Donovan et al. 1985; Wilson 1992). Drunk
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drivers and high-risk drivers differ regarding other traffic behaviour habits and
in socio-economic terms (Golias & Karlaftis 2002). Regarding personality, they
have been found to be similar in traits like emotional adjustment, externality
and sensation seeking, while high-risk drivers were more deviant on the scale of
driving attitudes (Donovan et al. 1985). However, Wilson (1992) attempting to
replicate this study, stated that while drunk drivers and high-risk drivers both
scored higher than controls on sensation seeking, drunk drivers were simply
more deviant on those features, and that some of the characteristics of high-risk
drivers in the study by Donovan et al. (1985) may have been exaggerated due to
confounding by age. However, exceeding speed limits and violating traffic rules
might be more strongly associated with acknowledged and intentional risk-
taking, while alcohol-related traffic offences are associated with risk-taking in
impaired state, where the control over one’s behaviour is distorted.

Driving while impaired (DWI) or drinking and driving is a behaviour that
combines different risks to one’s health, life and finances — the risks involved
in alcohol abuse, possible traffic accident, law breaking and penalties. Wilson
(1991) has shown that there are maladjusted as well as well-adjusted risk-takers,
out of whom the first type scores higher on thrill-seeking and low responsibility,
while the second type does not differ from controls by personality or life-style.
McMillen et al. (1992) have studied drunk drivers caught after accident or other
violation, and shown that these are deviant by several personality features,
while those, whose only violation is driving while impaired, were similar to
controls. Comparing the personality traits of arrested drunk drivers and drunk
drivers who had never been arrested, McMillen (1991) found the former to be
deviant on several personality markers, while the non-arrested drivers did not
differ from controls. Thus the ability to avoid being caught by the police may be
one feature differentiating impulsive from non-impulsive drivers.

1.2. Serotonin system and impulsivity
1.2.1. Impulsive behaviour and low activity of the serotonin system

The ascending serotonergic system originating from raphé nuclei and in-
nervating amygdala, hippocampus, hypothalamus and frontal orbital cortex may
be the system connected with self-control and capacity for delay. The asso-
ciation of impulsive behaviour with a low capacity of the serotonergic system
has been demonstrated in both rodents (Evenden 1999) and primates (Fairbanks
et al. 2001). Human studies linking impulsiveness to the serotonergic system
have demonstrated lower levels of the serotonin metabolite 5-hydroxyindoleace-
tic acid (5-HIAA) in the cerebrospinal fluid (CSF) of violent criminals (Nelson
2005) and impulsive suicide committers (Brown et al. 1982). Linnoila (1983)
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demonstrated that CSF 5-HIAA was reduced only in individuals whose aggres-
sion was impulsive, rather than those in whom it was premeditated. Association
of lower serotonin transporter (5-HTT) density or 5-HT reuptake and impulsi-
veness (BIS whole score) in women with bulimia nervosa was demonstrated by
Steiger et al. (2001).

Impulsive behaviour associated with lowered 5-HT function is often co-
morbid with alcohol abuse and pre-existing lower serotonergic function may
lead to alcohol abuse and impulsive behaviour, while chronic ethanol intoxica-
tion may potentiate the impulsive tendencies (leMarquand et al. 1993, Johnson
1993). The findings of Schmidt et al. (1997) indicate that the alterations of the
central serotonin system may occur as predisposing factors for alcoholism in
individuals with anti-social traits. As to impulsivity in substance abusers, nico-
tine exposure in adolescents may impair 5-HT projections and thus smoking
may further modify the progression of alcoholism and impulsivity due to
serotonin system’s lowered function (Xu et al. 2001, Schmidt et al. 1997).

Reduced serotonergic reactivity to challenge by clomipramine has been
demonstrated in impulsive gamblers (Lopez-Ibor et al. 1985). Measures of
cortisol and prolactin in response to administration of serotonergic agonists or
selective serotonin reuptake inhibitors (SSRIs) reflect the reactivity of serotonin
system; and subjects scoring high in experience seeking or disinhibition sub-
scales of Sensation Seeking Scale (SSS) were shown to have blunted responses
to this type of serotonergic challenges (Netter et al. 1996). Also in response to
5-HT agonists the prolactin release was lower in subjects scoring high on BIS
(Depue 1995) or venturesomeness (Weijers et al. 2001).

An increase in impulsivity with decreasing the serotonergic function by
tryptophan (the precursor of serotonin) depletion has been found in Go/No-go
tasks (Murphy et al. 2002, Walderhaug et al. 2002) and decrease in impulsivity
by acute release of serotonin by d,l-fenfluramine (Cherek and Lane 1999). Still
in some studies no effect of serotonergic manipulations on disinhibition in
neuropsychological tests was found (Chamberlain and Sahakian 2007), and
serotonergic manipulations seem to have less effect on the delay of gratification
(Anderson et al. 2003).

Animal models of impulsivity have demonstrated association of behavioural
inhibition and novelty-seeking to serotonergic system, namely the decrease in
serotonergic functioning has led to attenuation of suppression of novelty-
induced behaviour, while serotonin enhancing drugs have led to enhancement of
punishment-induced inhibition (Soubri¢, 1986). Soubri¢ (1986) concluded that
serotonergic neurones are brought into play when ever behavioural inhibition is
required or an overt conflict emerges between making (Go) and refraining (No-
g0). A decrease in serotonergic transmission renders animals less able to adopt
passive or waiting attitudes.

Most of the studies addressing the association of serotonergic function with
impulsivity are 1) carried out on special populations like subjects with psychiat-
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ric disorders, substance abuse or criminal behaviour (Manuck 2005) 2) do not
differentiate the types of impulsivity or conceptualise the impulsivity they
measured and 3) concentrate either on self-reported or performance measure of
impulsivity. These may also be reasons why serotonergic manipulations have
different and sometimes opposite effects on the performance in different
impulsiveness models of rodents as well as in humans (Evenden 1999).

1.2.2. Platelet monoamine oxidase (MAQO)

1.2.2.1. Platelet MAO activity as a peripheral marker of central serotonergic
function

Monoamine oxidase is an integral protein of outer mitochondrial membranes
(Schnaitman et al. 1967) and it occurs as two subtypes, MAO-A and MAO-B,
which are important in catalyzing the oxidative deamination of many exogenous
and endogenous monoamines including trace amines such as phenylethylamine
(PEA). Only MAO-B isoensyme is found in platelets and while it has the same
amino acid sequence as MAO-B in brain (Chen et al. 1993), no correlation
between platelet and brain MAO-B exists (Winblad et al. 1979). The platelet
has been considered as a model for studying central serotonergic functioning,
because there are multiple biochemical and pharmacological similarities
existing between blood platelets and 5-HT-containing neurons of the central
nervous system referring to common genetic control (Pletcher 1987, Da Prada et
al. 1988).

Platelet MAO activity is a peripheral marker for the activity of the central
serotonin system due to a common genetic control (Oreland, 2004) that could
occur via common gene promoter sequences and co-regulation of platelet MAO
and monoamine transmitter genes. The ability of the platelet MAO activity to
predict central serotonergic activity is confirmed by the finding that there is a
strong correlation between cerebrospinal fluid levels of the serotonin metabolite
5-HIAA and platelet MAO activity (Fahlke et al. 2002). The catalytic activity of
platelet MAO is under strong genetic control: studies have shown heritability
factor of about 0.75 for both males and females (Oxenstierna et al. 1986,
Pedersen 1993). Platelet MAO activity has been reported to be on average 10—
27% higher in adult females than in males (Coccini et al. 2005).

1.2.2.2. Platelet MAO activity, deviant behaviour and impulsivity

Low platelet MAO activity is proposed to be a marker of several behavioural
and psychiatric problems, including impulsive behavioural tendencies,
vulnerability to alcohol abuse and antisocial behaviour (Oreland 2004). Low
platelet MAO activity has been demonstrated in children with attention deficit
hyperactivity disorder (ADHD) (Shekim et al. 1986), violent criminals (Eklund
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et al. 2005), former juvenile deliquents who were registered for crime as adults
(Alm et al. 1996), and patients with suicidal history (Simonsson et al. 1991). In
general, low platelet MAO activity is associated with personality traits that
increase the vulnerability to several psychiatric disorders and maladaptive beha-
viours such as drug abuse and social maladjustment (Buchsbaum et al. 1976).

Some studies focusing on the association of performance measures of impul-
sivity with platelet MAO activity have found its significant correlation with
response time in computerized tests (af Klinteberg et al. 1987, af Klinteberg et
al. 1990), and male subjects with low MAO activity had difficulties with
inhibiting response, and they also reacted faster to novel stimuli (af Klinteberg
et al. 1987). Low MAO activity was associated with more impulsive perfor-
mance in MFFT (Shekim et al. 1986) and the number of failed inhibitions in a
task with conflictual signals for pressing the button and canceling this (af
Klinteberg et al. 1990).

1.2.2.3. Alcohol consumption, impulsivity and platelet MAO

Many studies declaring higher impulsivity, monotony avoidance and sensation
seeking in subjects with low MAO activity have been carried out in subjects
abusing drugs or alcohol (Longato-Stadler et al. 2002; von Knorring et al. 1984).
Zuckerman & Kuhlman (2000) have suggested that the relation between impulsi-
veness and substance abuse is mediated by a common biological mechanism
responsible for both drug abuse and sensation seeking. Even primate studies link
low platelet MAO activity with excessive alcohol consumption and co-occurring
low social dominance (Fahlke et al. 2002). As problem behaviours like smoking,
alcohol abuse and risky behaviours tend to covary (Caspi et al. 1997, Zuckerman
2005), it is not clear, whether platelet MAO activity would be associated with
each of these tendencies separately. For example, an association of low platelet
MAO activity was found with type II alcoholism (which starts in the earlier age
and is associated with antisocial behaviour), while the platelet MAO was similar
to controls in type I alcoholics (von Knorring & Oreland 1996). It has also been
shown that the risk for substance abuse, social maladjustment and less socially
acceptable forms of sensation seeking in subjects with low MAO activity depend
partly on cognitive abilities (von Knorring et al. 1984).

1.2.2.4. The confounding effect of smoking in the studies addressing platelet
MAQO and behaviour

Smokers have lower MAO activity than non-smokers, and ex-smokers have
similar MAO activity to that of the non-smokers (Norman et al. 1987; Oreland
et al. 1981). Researchers for long tended to give the interpretation that indivi-
duals with low MAO activity are more prone to start smoking and less prone to
quit smoking. However, more recently it has been shown that some components
in cigarette smoke directly inhibit MAO activity (for a review, see Fowler,
2003). Whitfield et al. (2000) have demonstrated that smoking reduced MAO
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activity in a dose-related manner. As in the groups where the association of
impulsivity and low platelet MAO activity has been found (criminals, children
with deviant behaviour disorders, alcoholics, etc.), the frequency of smoking is
higher than in general population, and as impulsivity is itself strongly associated
with smoking, smoking is one potential confounder. When accounting for
smoking, several studies failed to confirm the relationship of impulsive beha-
viour or alcohol abuse with lower platelet MAO activity (Ward et al. 1987;
Kiive et al. 2002, Whitfield 2000, Anthenelli et al. 1998). Other researchers
have still claimed that the effect of MAO on alcoholism and personality cannot
be fully explained as an artifact of smoking (Oreland et al. 2002).

Some studies have shown the connection of high MAO activity to disruptive
behaviour in boys (Stoff et al. 1989), in less than 12 years old sons of substance
abusing fathers (Gabel et al. 1994), and higher likelihood for psychiatric dis-
orders in children (Young et al. 1980). These associations appeared especially
among children or adolescents, and this may be due to lower prevalence of
smoking in this age-group. In the study by Kirk et al.(2001), the positive
association between MAO activity and neuroticism was strengthened when
adjusting for the effect of smoking. There are also findings showing a link of
high MAO activity with higher anxiety in a male community sample (Irving et
al. 1989), higher muscular tension and suspicion in normal male subjects
(Scalling et al. 1987), and performance in neuropsychological tests (af Klinte-
berg et al. 1987). Several items of I; were shown to be associated with MAO
activity either lower or higher than average (Schalling et al. 1988). Although the
Narrow Impulsiveness in I; was negatively correlated with platelet MAO
activity, there was no statistically significant association between platelet MAO
activity and venturesomeness, and the tendency was even towards higher ventu-
resomeness in case of high MAO activity (Schalling et al. 1988). Similarly with
impulsivity, the association between platelet MAO activity and anxiety shows a
tendency for non-linearity (Schalling et al. 1987) — e.g., subjects with high
MAO activity being the most anxious and subjects with low MAO activity
being slightly less anxious, however, more anxious compared to subjects with
medium MAO activity (Irving et al. 1989). Furthermore, Harro et al. (2004)
have demonstrated that lower as well as higher than medium platelet MAO
considerably increases the probability of becoming a regular smoker. Thus, ac-
counting for the possible confounding effect of smoking is necessary; however,
it is extremely difficult due to this specific non-linear relationship between these
two variables.

In general, low platelet MAO activity has been related to self-report-,
performance- as well as behavioural measures of impulsivity. There is still a
lack of studies of the self-reported measures of impulsivity and platelet MAO
activity in normal populations, and the association of platelet MAO activity
with adaptive impulsivity types. Also, in majority of studies smoking has not
been controlled for.
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1.2.3. 5-HT transporter promoter
region polymorphism (5-HTTLPR)

1.2.3.1. 5-HTTLPR and serotonergic functioning

The promoter region of the serotonin transporter gene contains a 44-base-pair
insertion/deletion polymorphism that is located ~1 kb upstream of the
transcription initiation site and influences the expression of this locus at the
transcriptional level. The long (L) allele of the 5-HTT gene has a more efficient
promoter than the short allele and the cells expressing two L alleles (LL
genotype) produce more 5S-HTT mRNA and take up more serotonin from the
medium than LS or SS genotype cells (Lesch et al. 1996).

1.2.3.2. 5-HTTLPR, vulnerability to psychopathology and impulsivity

There is a substantial knowledge that 5-HTTLPR S allele leads to higher
likelihood of depression, anxiety-related characteristics and other affective
dysfunctions (Lesch et al. 1996, Ebstein 2006), and lower response to anti-
depressant treatment with serotonin reuptake inhibitors (Smeraldi et al. 1999).
Higher prevalence of the S allele in impulsive suicide attempters has been
demonstrated (Li & He 2007). Also, some evidence exists for the higher pre-
valence of the S allele in substance abusers — e.g., violent type 2 alcoholics
(Hallikainen et al. 1999) and aggressive heroin-addicts (Gerra et al. 2004). An
influence of S allele carrying on aggressiveness in children has also been
demonstrated (Haberstick et al. 2006). Higher prevalence of S allele carriers has
been found in case of antidepressant-induced mania, which is associated with
impulsiveness (Masoliver et al. 2006). Wendland et al. (2006) have de-
monstrated that the 5-HTT gene is polymorphic in the more aggressive and
intolerant species of macaques living in hierarchical societies, while it is
monomorphic in more social and conciliatory species with less hierarchical so-
cieties. The association of 5-HTTLPR S allele with avoidance- as well as
aggression related traits have been confirmed in a meta-analysis by Munafo et al.
(2003). Still, no effect of S allele on impulsive responding in a laboratory task
of disinhibition (Clark et al. 2005) and Go/No-go task (Fallgatter et al. 1999)
has been found. While S allele in normal populations has been associated with
neuroticism (Schinka et al. 2004), less is known for the association of the S
allele with impulsive personality dimension in normal population.

1.2.3.3. 5-HTTLPR X environment interaction in the development of
serotonin system

The impact of 5-HTTLPR genotype on depressive symptoms is shown to
depend on environmental stressors. Depressive symptoms only appeared among
these S allele carriers, who suffered from stressful life events in the early age
(Caspi et al. 2003), and hostile family environment (Kaufman et al. 2006, Tay-
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lor et al. 2006). Furthermore, development of a less efficient serotonergic
system was demonstrated among those 5S-HTTLPR S allele carriers who had
adverse events in the early age (Lesch & Gutknecht 2005) or low socio-
economic background (Manuck et al. 2004). Similar gene x environment inter-
action has been shown in rhesus monkeys — in a sample of mother-reared
rhesus monkeys, the th5-HTTLPR LS and the SS genotypes were associated
with lower CSF 5-HIAA and higher aggressive behavior during alcohol
intoxication (Bennett et al. 2004). Also in a smaller sample of rhesus monkeys,
who had been separated from their mothers after birth and reared with their
peers, the brainstem 5-HTT imaging correlated negatively with both sensitivity
to alcohol intoxication and 5-HIAA concentrations in the cerebrospinal fluid
(CSF), and was positively correlated to lifetime ratings of aggressive behaviors
(Heinz et al. 1998).
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2. AIMS OF THE STUDY

The biological, behavioural, cognitive and social/environmental aspects need to
be considered for describing the impulsiveness of a person (Barratt & Slaughter
1998).

The aim of the current thesis was to explore the endophenotypes of different
types of impulsivity through the measures of real-life behaviour, preferred style
of information processing, and association with family relations, using the
markers of central serotonergic functioning.

The specific objectives were formulated as follows:

1. to study the types of impulsivity in drivers caught by the police with alcohol-
related and non-alcohol-related driving violations

2. to characterize the link between self-reported types of impulsivity with speed,
accuracy and preference for speed over accuracy in a simple visual compa-
rison task

3. to study the association of the self-reported impulsivity, impulsive perfor-
mance and impulsive behavioural outcome with two markers of serotonergic
system, the short allele of the promoter polymorphism of 5-HTT gene and
platelet MAO activity

4. to study whether the behavioural outcome of self-reported trait impulsivity
or predisposition to impulsivity due to less effective serotonergic functioning
is moderated by cognitive abilities or risk acknowledgement

5. to study whether certain types of self-reported impulsivity are higher in the
carriers of 5-HTTLPR S allele, a genotype leading to less efficient serotonin
system, and whether this effect depends on family relations.
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3. MATERIALS AND METHODS
3.1. Subjects

3.1.1 Car drivers (Papers L II and III)

Subjects with different types of traffic violations were collected for studying the
association of self-reported impulsivity and platelet MAO activity with risky
behaviour as behavioural expression of impulsive temperament.

Data of drunk drivers was collected during the year 2001 (Papers I, I, and
III). Data of drivers exceeding the speed limits and committing other violations
(Paper III) was collected in 2002-2003 (Paper III). The groups of drunk
drivers and drivers exceeding the speed limits were formed of the male subjects
from the police database of driving violations. The control groups were formed
of male subjects with a driving licence and were derived from the driving
licence database of Estonian Motor Vehicle Registration Centre by compute-
rised random choice; their police records were checked. Subjects were
contacted by telephone, and the description and aims of the study were provided.

The drunk drivers’ group consisted of persons who were caught driving
drunk by the police at least once during the previous year (n=203). The control
group consisted of 211 persons. In the study on drivers exceeding the speed
limits, 610 men (33% of the contacted people) agreed to participate. One subject
dropped out of the study at the stage of filling the questionnaires. After
controlling the subjects for additional violations in the police database, 13
subjects who had repeatedly exceeded speed limits but, in addition, had been
driving drunk were removed from the database. Drivers exceeding the speed
limits were divided into two groups: (1) speed limit exceeders, subjects
exceeding speed limits at less than 20 km/h at least twice or more than 20 km/h
once during the previous year (n=127) and (2) high-risk drivers, subjects
exceeding speed limits at more than 20 km/h at least twice during the previous
year (n=165). The size of the control group was n=304.

The control groups of the two studies were merged for the comparative
analyses of drunk drivers and high-risk drivers. Six persons from the control
groups participated in both studies and in the comparative study; we used their
data from the years 2002—2003. The size of the final merged control group was
n=5009.

3.1.2. Schoolchildren (Papers IV and V)
Another sample used in current thesis is a population-based sample of ado-

lescents. The sample was based on the younger cohort of the European Youth
Heart Study (EYHS) conducted in Estonia in 1998/99, which was incorporated
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into the longitudinal Estonian Children Personality, Behaviour and Health
Study (ECPBHS) (Harro et al. 2001). The present study was conducted during
the follow-up in 2004 where we managed to recruit 83% (n=483) from the
original sample, including 222 boys and 261 girls. Children and their parents
signed informed consent letter. Permission for the study was obtained from the
Committee of Ethics of the University of Tartu, Estonia. The mean age of the
subjects studied in 2004 was 15.3, SD = 0.5.

3.2. Measures

3.2.1. Adaptive and maladaptive impulsivity scale
(AMIS, Papers I, I, III, IV and V)’

The scale is a short instrument consisting of four subscales based on the Dick-
man impulsivity inventory (Dickman 1990), measuring functional and dysfunc-
tional impulsivity, and of impulsivity related subscales of NEO-PI (Neuroticism
Extraversion Openness Personality Inventory, Costa and McCrae 1989, adapted
into Estonian by Pulver et al. 1995), Impulse Control subscale under the domain
of Neuroticism and Excitement Seeking subscale under the domain of Extra-
version. Two of the four subscales of AMIS, Thoughtlessness and Disinhibition,
measure the maladaptive types of impulsivity and the other two, Fast Decision-
Making and Excitement Seeking, measure the adaptive types of impulsivity.

For comparison of AMIS with the UPPS scale developed by Whiteside and
Lynam (2001) factor analysis of the items from most well-known impulsivity
scales, we suggest that Thoughtlessness is theoretically comparable with the
Lack of Premeditation, Disinhibition with Urgency, and Excitement Seeking
with Sensation Seeking. Fast Decision-Making (based on the items in the
functional impulsivity scale by Dickman, 1990) is measured separately from
Excitement Seeking in our scale, which differs from the UPPS scale, where
these two are united under Sensation Seeking.

3.2.2. Barratt Impulsiveness Scale (Papers IV and V)

Barratt Impulsiveness Scale (BIS-11) (Patton et al. 1995) was adapted into
Estonian on 683 subjects with mean age 1948 years of age ranging from 14—66.
Twenty seven out of the original 31 items formed a single scale with average
inter-item correlation r=0.13 and inner reliability expressed as Cronbach

' In the earlier stages of the studies of impulsivity, Thoughtlessness was referred to as
Dysfunctional Impulsivity, Fast Decision-Making as Functional Impulsivity, and
Disinhibition as NEO-PI Impulsivity (Papers I, II and III)

27



Alpha=0.80. The English version of BIS-11 consists of motor, cognitive/ atten-
tional and non-planning components, however the items were originally
designed to be used as a homogenous measure of impulsiveness that would be
separate from affective constructs like anxiety. The analyses by Miller et al.
(2004) and Whiteside and Lynam (2001) have demonstrated that the three
subscales of BIS-11 have mutual inter-correlations over 0.5; and in a common
factor analysis with other measures of impulsivity, all three scales of BIS have
significant loadings into the same factor. Thus, in analyses we used the BIS-11
total score.

3.2.3. General self-esteem

Rosenberg Sclf-Esteem Scale (Rosenberg 1965, adapted into Estonian by
Pullmann & Allik, 2000) was used for measuring Global Self-Esteem.

3.2.4. General cognitive abilities (Paper IV)

Raven’s Standard Progressive Matrices (SPM) test (Raven 1981), (standardized
on Estonian population by Lynn et al. 2002) subtests C and D were used to
measure the intellectual abilities of the adolescent participants. The SPM is
commonly regarded as a high-quality measure of pure non-verbal reasoning
ability, which is relatively independent of specific learning acquired in a parti-
cular cultural or educational context (Jensen 1998). The test was administered
without time limits.

3.2.5. Assessment of traffic behaviour (Papers II and III)

The traffic behaviour questionnaire used in Paper II included questions about
the duration of having the driving licence, having driven while impaired by
alcohol during previous year, frequency of car driving, using the seat-belt,
breaking the speed limits, paying for parking, stopping before the pedestrians’
crossings and overtaking the preceding car, all during previous year.

In Paper III, for comparison of the drunk drivers and high-risk drivers,
questions about frequency of car driving, the frequencies of using the seat belt,
of exceeding the speed limits, of paying for parking, of stopping before zebra
crossing and of overtaking the afore-driving car during the past year and the
duration of having the driving licence were included. For the comparison of
high-risk drivers denying and admitting the risk of “driving too fast” to
appropriate controls (Paper III), more specific questions were added. A list of
several possible driving hazards (21 items), based on internal driving risks
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questionnaire by Hatakka (1998) with “yes” or “no” answers, were also scored,
leaving out the hazard of “driving too fast”. The scores were divided on the
basis of the median value to low and high.

3.2.6. Risk acknowledgement (Paper III)

A list of several possible driving hazards, based on internal driving risks
questionnaire by Hatakka (1998) with “yes” or “no” answers was given to the
subjects with the instruction of marking their own qualities or habits, which
they evaluate as bringing risk to them in traffic. One of the mentioned internal
driving risks was “driving too fast”. Subjects were divided into four subgroups
of high-risk drivers admitting the risk of speeding, and high-risk drivers
denying the risk of speeding, controls admitting the risk of speeding and
controls denying the risk of speeding, according to how they replied to this
question.

3.2.7. Assessment of socio-demographic data,
alcohol use and smoking (Papers I, II and III)

Socio-demographic data were collected in the studies with drivers by a self-
reported questionnaire (Papers I, IT and III). Age, marital status, education and
monthly income were measured. For analyses, we used the following categories:
“single” and “living as a couple” for marital status, “lower education” and
“higher (university) education” and “lower income” as monthly income below
10,000 EEK (€641) and “higher income” as monthly income above 10,000 EEK
(€641).

Smoking status was coded as “non-smokers”, “ex-smokers”, and “subjects
smoking 10 or less cigarettes per day”, “11-19 cigarettes per day” or “20 or
more cigarettes per day” in Paper I, “smokers” (daily smokers) and “non-
smokers” (people who had never smoked and ex-smokers) in Papers II and III;
and “non-smokers” (subjects smoking less than daily) and “smokers” (subjects
smoking daily) in Paper IV.

3.2.8. Visual comparison test (Paper 1V)

The stimuli used in the VCT in this experiment, which was based on Dickman
& Mayer (1988), were geometric figures made up of multiple Xs (Fig 1, Paper
IV). Each figure was created by removing one or more X from an array that was
5 Xs high and 10 Xs wide. Each figure created in this way was paired with itself
to form a same figure pair. For different pairs, one of the figures in a same pair
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was altered by changing the position of a single X in the periphery of the figure.
Twenty pairs were created in this fashion; same and different pairs were
randomly intermixed. The random generation and presentation of the figure
pairs and recording of the responses was controlled by a computer. The figure
pairs were presented in the centre of the computer display screen. On the
keyboard, one key was marked with green, for answering “same figures”, and
one with red for “different figures”. Before the figures appeared on the screen,
the punishment points (either -2, -10 or -50) for making an error were presented.
The computer recorded each person’s answers and time on every comparison.

Subjects were tested in sessions that lasted approximately 15 min. They were
instructed to press the green key on the keyboard when the two figures were
same and the red key on the keyboard when the two figures were different.
They were told to perform as quickly and accurately as possible. They were told
that before every trial they are notified how many minus-points they would get
for an error. Subjects were allowed to practice on a set consisting of five figure
pairs. The subjects were then asked whether they had understood what they
were supposed to do and when requested, offered another trial set. The trial
session was followed by a test session, where subjects were given 20 pairs of
figures for comparison. After every response, subjects received feedback
whether they performed correctly.

The accuracy of responding was expressed as percentage of correct answers
and the speed of responding was measured in milliseconds. Impulsivity score (I-
score) was calculated for estimating speed-accuracy trade-off as a measure of
impulsivity (Morgan 1998) according to the formula of Messer & Brodzinsky
(1981), subtracting the standard score of the mean latency (Z;) from the standard
score of the total number of errors committed (Z.).

3.2.9. Measurement of platelet MAO activity
(Papers L, 11, III and 1IV)

Venous blood samples were collected into 4.5-ml test tubes containing
K;EDTA as an anticoagulant. Platelet MAO activity was analysed in platelet-
rich plasma by a radioenzymatic method with ['*C]-B-phenylethylamine (B-PEA)
(“Amersham”) as the substrate according to the procedure described by Hall-
man et al. (1987) after modification by Harro et al. (2001). Blood samples were
collected by antecubital venipuncture into 4.5 ml Vacutainer® tubes containing
DTA as an anticoagulant. The samples were centrifuged for 10 min with 800
rpm, obtaining platelet-rich plasma. Part of the obtained plasma (200 pl) was
used for counting platelets in certified laboratories in the Tartu University
Hospital and HTI Laboratory Services in Tallinn. One ml of platelet-rich plasma
was stored at -80°C until the measurement of MAO activity. After melting the
platelet-rich plasma on ice, platelets were sonicated with Bandelin Sonopuls
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Ultrasonic Homogenizer HD2070 4 x 10 s with intervals of 5 s at 4°C. Then
40 pl of 0.1 mM ["“C]-B-PEA was mixed with 50 ul of sonicated plasma,
followed by 4 min incubation in 37°C water bath. After that, 30 ul of 1.0 M HCI
was added to stop the reaction and all the tubes were put onto an ice bath for
another 10 minutes. After adding 750 ul solution of toluene and ethylacetate
(1:1), all the samples were mixed on a shaker (Vibromax 110, Heidolph) for 30
s at 1700 rpm, and thereafter centrifuged for 5 min at 2000 rpm. From the orga-
nic phase 500 ul was pipetted into vials with 8 ml of scintillation liquid (Opti-
phase “HiSafe”3, Wallac). For standard samples 50 pl of 0.1 mM ['*C]-B-PEA
was added to 8 ml of scincillation cocktail. All the samples were analysed in
duplicate and blindly and corrected using a reference sample. Radioactivity was
measured in a f-counter (Wallac Guardian 1414 Liquid Scincillation Counter).
MAO activity was calculated using the following formula: [the amount of the
substrate (nmol) x B-count of the sample (cpm) x 1.5]/[B-count of the standard
(cpm) x incubation time (min) x the count of platelets in 50 pl of platelet-rich
plasma (10" of platelets)] and expressed as nmol of substrate oxidized per 10"
platelets per min (nmol x min™ x10' platelets™).

3.2.10. Assessment of family relations (Paper V)

Relationships in the family were measured by a child-report scale with four
subscales: closeness, support, misprize, and emotional and physical abuse in the
family. These four subscales were extracted by principal components factor
analysis using the Cattell criterion. Items with factor loadings less than 0.4 were
excluded. Items were presented in terms of 4 or 5-point Likert scale. Internal-
consistency reliability (Cronbach’s o) of the subscales was between 0.83 and
0.94. The subscales of closeness and support were added together under a com-
mon name ,,warmth in family” and the subscales of abuse and misprize were
added together under a common name ,,maltreatment”.

3.2.11. Genotyping of the 5-HTT gene (Papers IV and V)

The alleles at the 5-HTTLPR locus were amplified from genomic DNA using
PCR. The polymorphic region was amplified using the primers 5S-HTTLPR-F:
CAA CCT CCC AGC AAC TCC CTG TA, 5-HTTLPR-R: GAG GGA CTG
AGC TGG ACA ACC AC, where the forward primer was fluorescently labeled
with a 5’-FAM. Reagents and conditions for the PCR reaction were: 1x PCR
buffer (Perkin Elmer, AmpliTaq Gold buffer II), 200 uM dNTP with 50% of
dGTP replaced with 7-deaza-dGTP, 2 mM MgCl,, 1 uM of each primer, 1 U
Taq polymerase (Perkin Elmer, AmpliTaq Gold), and 20 ng genomic DNA, in a
total reaction volume of 10 pL. The reaction started with 10 min at 95°C,
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followed by 40 cycles with 30 s at 95°C, 30 s at 59°C, 30 s at 72°C, and ended
with 7 min at 72°C. PCR products were then run on an ABI PRISM 3700 DNA
analyzer (Applied Biosystems, U.S.A.), and scored using the software Gene-
Marker 1.5 (SoftGenetics, U.S.A.). All genotypes were manually checked on
chromatograms to detect inconsistencies, and where needed, amplified and
scored a second time.

There were 191 (44%) subjects being homozygous with regard to the long 5-
HTTLPR allele, 189 (43%) were heterozygous and 55 (13%) homozygous for
the short allele (Papers IV and V). Genotype frequencies were in Hardy-Wein-
berg equilibrium.

3.3. Data analysis

Self-reported impulsivity measures were standardised into z-scores indicating
how far and in what direction the individual deviates from the whole sample’s
mean expressed in units of its distribution’s standard deviation, according to the
formula Zx=X—Mx/SDx, where Zx accounts for the z-score, X for personality
measure’s score, M for the sample’s mean and SD for standard deviation of the
mean (Papers III and IV). Analysis of variance (ANOVA) and multivariate
analysis of variance (MANOVA) were used for identifying interactive effects
between variables (Papers I, I1, I1I, IV and V), with Fisher LSD, Scheffé and
Bonferroni-corrected post-hoc multiple comparison procedures for comparing
continuous variables in the groups. Covariation analysis was used for
controlling the effect of a third continuous variable. Kruskal-Wallis analysis of
variance was used for comparing non-parametrically distributed variables like
traffic accidents (Paper III). People were divided into subgroups of low,
medium and high MAO activity according to lower and higher quartile values
(the quartile values calculated for boys and girls separately) (Papers I1I and
IV). Median was used for dividing subjects into two groups with low or high
level of the given variable (Papers IV and V). Polytomous logistic regression
was used for analysing traffic behaviour and socio-economic status (Paper III).
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4. RESULTS AND DISCUSSION

4.1. Self-reported types of impulsivity and
their expression in behaviour

4.1.1. Inter-correlations of the self-reported measures
(unpublished data)

In this thesis, an attempt was made to validate different the types of impulsivity
by describing their expression in risky behaviour, cognitive performance and
association with serotonergic function. The scales for measuring impulsivity
(Thoughtlessness, Fast Decision-Making, Disinhibition, Excitement Seeking
and BIS-11) were selected with an attempt to use the theoretical knowledge
obtained in the factor-analytic studies by Miller et al. (2004), Whiteside &
Lynam (2001), and Flory et al. (2006) in their composition. The first four scales
also differentiate the adaptive and maladaptive side of impulsivity and BIS-11 is
specially designed to measure the impulsivity which has a cognitive origin.

Table 5.1 Correlations between the types of impulsivity and with general self-esteem in
the sample of adolescents (n = 483, below) and drivers (n = 1004, above)

@) 2 (€) “4) ©)

General Self-Esteem (1) —0.28%*% (.16%**  (.25%*%*  _(.24%**
Disinhibition (2) —0.21%** 0.29***  0.09**  0.65%**
Excitement Seeking (3) 0.21%*%  (.22%** 0.51%*%  0.20%**
Fast Decision-Making (4) 0.33***  (0.10* 0.54%%** 0.07*
Thoughtlessness (5) —0.22%** (.62%**  (.29%** (. 11%*

BIS-11 (6)' —0.30%%* (.54***  0.22%** .04 0.61%**

* p<0.05, ** p<0.01, *** p<0.0001
' BIS-11 was not applied on the sample of drivers

Inter-correlations between these types of impulsivity and their association with
general self-esteem in the sample of drivers and adolescents are presented in
Table 5.1. The inter-correlations between the scales were similar in the two
samples — adult male drivers and a representative sample of schoolchildren.
The correlation with general self-esteem is given with the purpose of de-
monstrating the general adaptiveness of those types of impulsivity. There was a
strong interrelation between the two impulsivity scales theoretically repre-
senting the maladaptive aspect of impulsivity — thoughtlessness and disinhibi-
tion. Disinhibition is composed of the items of the impulse control subscale
under the neuroticism facet of NEO Personality Inventory, which is generally
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considered a trait rising problems, worries, anxiety and negative moods (Costa
& McCrae, 1989), while thoughtlessness was based on the dysfunctional impul-
sivity subscale (Dickman 1990), which has been described as a tendency to
ignore hard facts when making decisions, acting without fore-thought, and
engage in rapid, error-prone information processing. As expected, fast decision-
making, measured by a scale construced based on the functional impulsivity in
DII and described as an ability to think and act quickly in appropriate situations
(Dickman 1990), was related to excitement seeking, a NEO-PI sub-scale under
the facet of extraversion, which is generally considered to be more adaptive, and
related to positive moods, energy and activity (Costa & McCrae, 1989). These
two features (excitement seeking and fast decision-making) can also be com-
pared with venturesomeness in I; (Claes et al. 2000).

Global self-esteem correlated positively with fast decision-making and ex-
citement seeking, and negatively with thoughtlessness and disinhibition. It is
appropriate to assume that personality traits considered maladaptive and prob-
lem rising would relate to lower self-esteem, while self-enhancing personality
traits associated with higher self-esteem could be considered adaptive.

4.1.2. Self-reported and police-reported drunk driving and
impulsivity (Paper II)

It is well known that in the case of violating rules, people might want to show
themselves in a socially more desirable way, thus the research based only on
self-reported questionnaires for behaviour in traffic might not be fully reliable.
In addition, the police does not catch all subjects who drink and drive. Thus the
police database and the self-reported data were used to identify people who had
been driving drunk during the previous year. The controls and police-referred
drunk drivers were separated according to whether they reported or denied
drunk driving. Hence, the following groups were obtained: Control I (129 sub-
jects) — random choice from driving licence database who denied DAD during
the previous year; Control II (81 subjects) — random choice from driving licen-
ce database who reported DAD some times or often per year; DWI I (45 sub-
jects) — DWI subjects who denied DAD during the previous year; and DWI 11
(157 subjects) — DWI subjects who reported DAD some times or often per
year.
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Table 5.2 The types of impulsivity (mean £ SD) according to the self-reported driving
after drinking in convicted drunk drivers and control groups

Control I Control II DWII DWI II

n=129 n=81 n=45 n=157
Disinhibition 16.3+4.6 17.8 £ 4.0* 17.9 +£4.9° 18.8 +4.0%
Excitement 20.0+4.9 20.6 +£5.5 18.7+5.7 21.4+£52°%
Seeking
Thoughtlessness  13.9+4.6 154+45° 155+4.6 168 +4.9%
Fast Decision- 19.6 £4.8 19.7£4.7 20.4+3.6 203+4.2
Making

1 p<0.05 * — p<0.00001 vs Control I, > — p<0.05 *® — p<0.01 vs Control II, *—
p<0.05 vs DWI L. Significant differences are calculated using Fisher post-hoc test

The means and standard deviations of the impulsivity types in these four groups
are presented in Table 5.2. Significant differences between the groups appeared
in the measures of thoughtlessness (F;405=8.55, p<0.00001), disinhibition
(F3.40s=8.37, p<0.0001), and excitement seeking (F;0s=3.69, p<0.05). Post-hoc
analysis revealed that the scores of thoughtlessness and disinhibition were
higher in the DWI II group compared to Control I subjects and the score of
excitement seeking compared to both Control I and DWI I groups. DWI I were
higher than Control I subjects by their disinhibition and Control II subjects were
higher than Control I subjects by their thoughtlessness. The groups of drunk
drivers and controls did not differ by fast decision-making, which showed only
a tendency to be higher in DWI groups. However, as DWI II subjects were
younger compared to controls and DWI I subjects (Table 1, Paper II), the
covariate effects of age were explored. Age had significant covariate effects on
disinhibition (F;405=19.3, p<0.0001) and excitement seeking (F;405=78.0,
p<0.0001). The effect of excitement seeking turned non-significant (F540s=1.35,
p=0.3) and the effect of disinhibition decreased when accounting for age as a
covariate (F3405=6.41, p<0.0001). The fact that the effect of excitement seeking
disappeared but the effect of thoughtlessness remained after controlling for age
suggests that younger subjects violate the rules more probably due to the need
for stimulation (excitement seeking), while risk-taking in all ages may rather be
associated with thoughtlessness. An earlier study on risk-taking older drivers
demonstrated higher Narrow Impulsivity, but not Venturesomeness according to
I; impulsivity questionnaire (Owsley et al. 2003). Another study on juvenile
drivers on the contrary, demonstrated higher Venturesomeness but not Narrow
Impulsivity in traffic violators (Renner and Anderle 2000). Similarly, Jonah
(1997) in his review article on sensation seeking and risky driving observed that
the association between sensation seeking and drunk driving declined with age.
DWI II group was also most deviant by other measures: these subjects had
more alcohol-related problems, consumed alcohol more often, used seat belt and
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paid for parking less often compared to the Control I subjects (Table 3, Paper
II). The measures of alcohol related problems and traffic behaviour diffe-
rentiated drunk drivers and controls even better than the measures of impulsi-
vity and platelet MAO activity. Several studies have similarly shown that when
including the alcohol use and socio-economic measures into a common multiple
regression model with personality traits predicting drunk driving, or alcohol-
related injuries, the alcohol use measures weigh out the effect of personality
(Begg et al. 2003, Vingilis et al. 2004, Bazargan-Hejazi et al. 2007). It may be
that the alcohol-related problems and other violations of traffic rules are them-
selves correlated with the impulsivity measures, thus due to multi-collinearity
the latter are regressed out from the multiple regression or discriminant models.

4.1.3. Different types of risk-taking in traffic as a behavioural
expression of impulsivity (Papers II and I1I)

The next question was whether drunk driving and other types of driving viola-
tions are a behavioural expression of similar types of impulsivity. High-risk
drivers who had been caught with repetitive violations of more than 20 km/h
over the speed limits had higher scores in both adaptive impulsivity subtypes
(fast decision-making and excitement seeking) and thoughtlessness compared to
controls (Fig 5.1a in the thesis or Fig 1a, Paper I1I). Drunk drivers had higher
scores only in the maladaptive impulsivity subtypes (disinhibition and thought-
lessness) (Fig S5.1a in the thesis or Fig 1a, Paper III). Higher excitement
seeking among high-risk drivers can be compared with the higher sensation
seeking in high-risk drivers shown in several studies (Jonah 1997). In earlier
studies demonstrating the similarity of drunk drivers and high-risk drivers on
the personality trait measures, the focus has not been on different aspects of
impulsivity (Donovan et al. 1985; Wilson 1992). In our study, thoughtlessness
was higher in both, drunk drivers and high-risk drivers compared to controls,
but in turn, thoughtlessness of drunk drivers was even higher compared to high-
risk drivers (Fig S.1a in the thesis or Fig 1a, Paper III) which is partly similar
to the results by Wilson (1992). The speeding drivers (with violations less than
20 km/h over the speed limits) had only tendencies to score higher in excite-
ment seeking and fast decision-making compared to controls (Fig 5.1a in the
thesis or Fig 1a, Paper III).
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Figure 5.1 (a) The types of impulsivity in speeding drivers, high-risk drivers, drunk
drivers and controls. (a) The types of impulsivity in speed-limit exceeders, high-risk
drivers and drunk drivers compared to controls. a — p< 0.05, aa — p< 0.01, aaa —
p<0.001 difference from controls, bb — p< 0.01, bbb — p< 0.001 difference from
speed-limit exceeders, ¢ — p< 0.05 difference from high-risk drivers; (b) The types of
impulsivity in high-risk drivers and controls denying and admitting the risk of driving
too fast. a — p< 0.05 — difference from risk-admitting controls; b — p< 0.05, bbb —
p< 0.01 — difference from risk-denying high-risk drivers; c — p< 0.05, cc — p< 0.01,
ccc — p<0.001 — difference from risk-admitting high-risk drivers

Whiskers mark 95% confidence intervals. The Scheffe post-hoc differences between the
groups are given accounting for age as a covariate.

It has been suggested earlier that the variety inside the risky drivers group is
high; thus, risk-takers need to be divided into subgroups, for example, ac-
cording to sex, age or personality profile (Wilson 1992). A variety inside traffic
risk-takers also appeared in our study, where drunk drivers, although similar to
high-risk drivers in thoughtlessness, were higher from them in fast decision-
making and excitement seeking.

These results add ecological validity to the division of impulsivity into
maladaptive and adaptive types. The common part of the measured traits is that
all of the measured impulsivity types lead to higher risk-taking, and the diverse
part differentiating the types of impulsivity from each other is that the as-
sociated risky behaviours and socio-economic background are of different kind.
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4.1.4. The types of impulsivity
in high-risk drivers admitting and denying
the risk of “driving too fast” (Paper III)

While lower risk perception may bring along risky behaviours, it is concluded
that the awareness of personal risks is not a sufficient reason for avoiding risky
behaviour (Hatakka 1998, Gibbons et al. 2006). Safety problems may exist not
only because drivers are unaware of the risk but because of many reasons like
time pressure, ego gratification, inattention or tension relief (Gabany et al.
1997), acceptance of risk as a cost or risk seeking (Harre 2000). While indepen-
dent effects of both low risk perception and high impulsivity on risky driving
have been demonstrated (Ryb et al. 2006), a less studied issue is how the risk
acknowledgement interacts with impulsive traits in the formation of risky
behaviour.

High-risk drivers (who had mostly been caught with repetitive speed-limit
exceeding) were divided into subgroups by their self-reported admitting and
denying the risk of “driving too fast”. Two thirds of drivers who had been
repeatedly caught by the police violating traffic rules denied the risk accompa-
nying this kind of behaviour (Paper III). The only impulsivity type that was
higher in risk-denying high-risk drivers after adjustment to age was fast
decision-making (Fig 5.1b). This type of impulsivity is defined by a self-per-
ceived higher capability to process information and to decide quickly in
situations where this is necessary (Dickman 1993). It is natural that a person
who is convinced in his ability to react fast e.g., to unexpected stimuli on the
road, perceives fast driving as a smaller risk to himself. It is possible that they
indeed manage to reduce the risk despite their violations of traffic laws, because
they were similar to controls by their number of traffic accidents. The risk
admitting high-risk drivers, on the other hand, had higher number of accidents
compared to controls. The risk-denying high-risk drivers had also a different
self-reported traffic behaviour profile (Table 2, Paper III), but they were
similar to risk-admitters and controls by their socio-demographic profile.

One third of the high-risk drivers exceed speed limits despite acknowledging
the risk of this behaviour (Paper III). The maladaptive impulsivity features and
excitement seeking were more deviant in risk-admitting high-risk drivers in
comparison with controls, but also in comparison with risk-denying high-risk
drivers (Fig 5.1b). It has been claimed earlier that risk-taking behaviour is most
probable in people combining high sensation seeking and impulsive decision-
making style (Donohew et al. 2000). The combination of different types of
impulsivity may lead to acknowledged risk-taking cumulatively (Torgersen &
Vollrath 2006) — while excitement seeking is responsible for one’s need for
new and exciting stimuli, impulsive cognitive style does not allow the person to
inhibit these needs. Earlier studies have compared two groups of high-anger
drivers — those who report their reckless driving as a problem and those who
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do not — in the first group, bigger intensity and frequency of anger was found
(Deffenbacher et al. 2003). It has been found that drivers with intention to speed
are characterised rather by general deviance than a tendency to underestimate
the negative consequences (Lawton et al. 1998).

Although both risk-admitting and risk-denying high-risk drivers had higher
fast decision-making, these two phenotypes were clearly different by their other
qualities. In studies on personality and risk-taking, the highest descriptive
power has been found when using the types of personality instead of traits, be-
cause one personality feature often leads to risky behaviour only in the presence
of another (e.g., impulsive extraverts have the highest risk in traffic, while non-
impulsive extraverts have the lowest risk) (Torgersen and Vollrath 2006).

One of the main qualities of impulsivity is lack of premeditation (Whiteside
& Lynam 2001, Evenden 1999), and sometimes the actions of impulsive per-
sons have been ascribed to the lack of acknowledgement of risks, low reflection
of possible negative consequences, and difficulties in monitoring their own
behaviours (Barratt et al. 2005, Eysenck, S.G.B. 1993, Gerrard et al. 2006).
However, our results refer to the interpretation that people scoring high
simultaneously by several types of impulsivity know the risks well, but have
problems inhibiting their reaction in circumstances, in certain state of mind or
due to lack of skills needed in this situation, the aspect emphasized in other
theories of impulsivity (Shoda et al. 1990, Wright and Mischel 1987, Gibbons et
al. 2006). It is also possible that the risk-admitting high-risk drivers search for
risks, reflected in the construct of impulsive sensation seeking (Zuckerman &
Kuhlman 2000) and venturesomeness (Eysenck, S.G.B. 1993). As a contrast,
the subgroup of risk-denying high-risk drivers, who were high in only one
impulsivity subtype (fast decision-making) rather seem to be convinced in their
ability to cope with the situation of driving at high speeds and not consider this
as a risk to themselves. They also reported lower use of seat-belt (Table 2,
Paper III), which may signal about their lesser perceived accident risk. In fact,
their estimation of their own lower risk may be correct, because of their similar
number of traffic accidents compared to controls demonstrated in Paper III.
The risk-denying high-risk drivers were also older and therefore probably more
experienced. With growing driving—experience risks are getting smaller — and
are also perceived smaller (Heino et al. 1996).

4.1.5. Self-reported impulsivity, cognitive abilities and impulsive
performance in adolescents (Paper IV and unpublished data)

The self-reported impulsivity scales were applied to a population-based sample
of adolescents who also performed a laboratory test of comparing figures in
different payoff conditions measuring speed, accuracy and speed-accuracy
trade-off strategy (Visual Comparison Test, VCT). The correlations of the speed,

39



accuracy and I-score in VCT with the self-reported types of impulsivity and
cognitive abilities measured by Raven standard progressive matrices are shown
in Table 5.3. BIS-11 whole score had a significant negative correlation with the
I-score and speed of responding. Higher BIS-11 score was related to higher I-
score and faster responding in VCT, while disinhibition was related with faster
responding. Thoughtlessness, excitement seeking and fast decision-making did
not have significant correlations with speed, accuracy and I-score in VCT, a
similar result to earlier studies finding no correlation between self-reported and
performance measures of impulsivity (Nietfield & Bosma 2003, Reynolds et al.
2006). Thus only BIS-11 score as a self-reported measure of cognitive impul-
sivity was used in further analysis. Cognitive abilities were positively correlated
with accuracy of responding in VCT.

Table 5.3 Intercorrelations (Pearson r) of impulsivity measures and cognitive abilities
with speed, accuracy and impulsive performance in VCT

Time peritem % correct  Impulsivity score

Disinhibition —0.13* 0.04 0.06
Excitement Seeking -0.01 0.06 —0.03
Thoughtlessness -0.11 0.00 0.06
Fast Decision-Making -0.07 0.07 0.00
BIS-11 —0.14* -0.11 0.15%*
General cognitive abilities —0.04 —0.20%**  _0.20%**

* _p<0.05, ** — p<0.01, *** — p<0.0001

As a next step, subjects were divided into four groups according to the median
values of speed and accuracy. The speed-accuracy trade-off was further ana-
lysed only in association with BIS-11 score, because other scales of impulsivity
failed to show sufficient associations with performance. The groups with
different speed-accuracy trade-off strategies were significantly different in the
mean score of BIS-11 (F5335=4.28, p<0.01), the post hoc analysis demonstrating
that the main group effect was attributed to the difference of the slow/accurate
group from fast/accurate and fast/inaccurate groups (Fig 5.2a). There was a
significant main group effect on cognitive abilities (F535=5.02, p<0.01),
difference in post-hoc tests being mainly attributable to fast/accurate and
slow/accurate groups, who had a significantly higher score of general cognitive
abilities compared to the fast/inaccurate group (Fig 5.2b). The covariate effect
of cognitive abilities was not significant on the association between self-
reported impulsiveness and performance in VCT (p=0.292).

Analysing the behaviour of all four groups it is possible to conclude that
there exists an impulsive type of individuals who react fast but do not pay with
more errors and who report high impulsivity and have high cognitive abilities
(Fig 5.2ab). Rozencwajg & Corroyer (2005) and Nietfield & Bosma (2003) also
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detected higher cognitive ability in the fast/accurate group according to MFFT.
Intelligence has been associated with the speed of information processing
according to some theories (Vernon 1997). One line of interpretation is that
although these subjects are impulsive and react fast, due to higher intelligence
they do not pay with errors. Thus, higher cognitive abilities may protect from
errors and thus lead to more adaptive expression of impulsivity. It should be
noted though that inside the fast/accurate group the impulsive subjects and
subjects with higher cognitive ability may not coincide. Fast/inaccurate subjects
had high impulsivity and co-occuring low cognitive abilities. Thus the high self-
reported impulsivity measured by BIS-11 in fast/accurate subjects and in fast/
inaccurate subjects are probably of a different origin, which the used self-
reported questionnaire could not differentiate. It has earlier been shown that
lower ability to analyse data often brings along impulsive behaviour (Vigil-
Colet & Morales-Vives 2005, Brannigan et al.1980). Inferior performance in
neuropsychological tests of disinhibition is rather a characteristic of dysfunctio-
nal than functional impulsives (Dickman 1993). Speed of information pro-
cessing has been related to functional impulsivity in some studies (Brunas-
Wagstaff et al. 1996, Reeve 2007), while others failed to demonstrate this
(Vigil-Colet & Codorniu-Raga 2004).
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Figure 5.2 The self-reported impulsiveness score (a) and general cognitive abilities (b)
in the groups demonstrating fast/accurate, slow/accurate, fast/inaccurate and slow/ in-
accurate response style in Visual Comparison Test. * — p<0.05, ** — p<0.01 the
Bonferroni-corrected post-hoc differences between the groups

Subjects with high impulsivity and low cognitive abilities had higher error-rate
when comparing two different figures and were faster responding in the condition
of two same figures compared to subjects with low impulsivity and high cognitive
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abilities (Table 5.4). This was in accordance with the original study by Dickman
& Meyer (1988), where impulsive subjects gave more false “same” answers. If
the subject observes the stimuli systematically, comparing two identical figures
should take more time than detecting the difference in a task with two different
figures. Also, detecting a difference is naturally more error-prone due to faster
responding in this condition. Thus the observed higher error-rate in different-
figure task combined with faster responding in same-figure task in subjects, who
reported to be more impulsive and had lower cognitive abilities probably
expresses their more arbitrary and impatient style in this task.

Table 5.4 The means and standard deviations of speed and accuracy of comparing the
figures in Visual Comparison Test in the condition of the same and different figures in
subjects according to their impulsiveness and general cognitive abilities

The condition of comparing same or different figures

Same Different
Time per % correct Time per % correct
item (s) item (s)
8.8(3.9) 94.4(10.6) 5.7(2.5) 82.2 (18.1)
BIS-11'
Non-impulsive (n=170) 9.3 (4.2) 95.0(9.5) 5.8(2.7) 84.3 (17.2)
Impulsive (n=169) 83 (3.6)* 94.2(10.9) 54(.0 79.8 (17.8)*
Cognitive abilities score
Low (n=160) 83(4.1) 933(11.8) 5.6(2.7) 77.0 (18.6)
High (n=196) 9.3 (3.7)* 95.4(9.3) 5.7 (2.2) 86.6 (15.7)***

* — p<0.05, ** — p<0.01, *** — p<0.0001 statistical significance of the t values in
pair-wise comparisons of high impulsive group vs non-impulsive group and subjects
with high vs subjects with low cognitive abilities.

In conditions of different punishment points (Table 5.5), the impulsive subjects
by self-reported measure responded faster in the condition of -2 points and were
also less accurate in this condition. However, in the condition of -50 punishment
points they replied as slow and were as accurate as non-impulsive subjects. This
suggests that impulsive individuals have a strategy to prefer fast responding when
the number of points to lose is fractional, but respond as fast and as accurately as
non-impulsive subjects in case of a considerable number of points to lose. Sub-
jects with lower cognitive abilities gave significantly less correct answers in all
payoff conditions, but did not differ by speed in any of the conditions. These
patterns of responding in impulsive subjects and subjects with lower abilities
confirm that the more impulsive subjects indeed have a style of fast and error-
prone responding, which is different from the ability-related error-proneness.
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Table 5.5 The means and standard deviations of speed and accuracy of comparing the
figures in Visual Comparison Test in three payoff conditions according to the subject’s
impulsiveness and general cognitive abilities

Payoff condition (expected cost of error)

—2 points —10 points —50 points
Time per % correct Time  %correct Time % correct
item (s) per item per item
(s) (s)

72(3.3) 873(16.3) 7.3(3.2) 88.1(14.6) 7.4(3.3) 88.8(15.4)

BIS-11'
Non-impul- 7.6 (3.6) 89.3(14.4) 7.6(3.5) 89.9(13.2) 7.6(3.7) 89.6(14.3)
sive (n=170)
Impulsive 6.7 (2.6)* 85.1(17.8)* 6.9(3.1) 86.3(15.3)* 7.0(2.9) 88.2(15.7)
(n=169)
Cognitive
abilities '
Low (n=160) 7.0(3.5) 83.9(18,5) 6.9(3.6) 85.3(15.9) 7.0(3.4) 85.1(17.5)
High (n=196) 7.3 (2.9) 90.2 7.5(3.1) 90.7 7.6 (3.3) 91.8
(13.4)*** (12.4)%** (12.8)%**
* p<0.05, ** p<0.01, *** p<0.0001 statistical significance of the t values in pair-wise
comparisons of high impulsive group vs non-impulsive group and subjects with high vs
subjects with low cognitive abilities.

4.2. The association of self-reported impulsivity and
risky behaviour/impulsive performance with
the biomarkers of the function of serotonin system

4.2.1. Platelet MAO activity and alcohol-related risky behaviour
(Papers I and II)

Platelet MAO activity was measured in the group of male subjects, who had
been caught driving drunk during the previous year. As drunk drivers smoked
more (Table 1, Paper II), and due to the direct inhibiting effect of cigarette
smoke on platelet MAO activity (Fowler et al. 2003), smoking status was
controlled for in this analysis. Fig 1 (Paper I) demonstrates the platelet MAO
in drunk drivers and controls according to their smoking status. It is apparent
that smoking inhibited platelet MAO activity in a dose-related manner, which
was similar to the results of Whitfield et al. (2000). However, the platelet MAO
activity of non-smokers and ex-smokers inside the group of the drunk drivers
was significantly lower compared to non-smokers and ex-smokers in the control
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group. This result confirms that despite the distorting effect of smoking, platelet
MAO activity can be regarded as a marker of the deviant and impulsive beha-
viour of driving while impaired. This conclusion is supported by other studies,
where smoking could not have any effect, like the study demonstrating low
platelet MAO activity in non-human primates, who had had significantly higher
alcohol intake (Fahlke et al. 2002). Also, while smoking has a dose-related inhi-
bitory effect on platelet MAO activity, a longitudinal study in our laboratory has
shown that subjects with pre-existing low MAO activity have higher likelihood
of becoming a regular smoker (Harro et al. 2004). The results presented in
Paper I suggest that among non-smoking humans, low platelet MAO activity is
associated with excessive alcohol use combined with antisocial behavior.

Further comparison of drunk-driving-deniers and -reporters (DWI I and DWI
II) in the police-referred drunk driver group in Paper II revealed that they did
not differ from each other with respect to MAO activity, and both groups had
significantly lower platelet MAO compared to both control groups (Fig 1,
Paper II). This brings to a supposition that the DWI I subjects who denied their
drunk driving may have been biased towards socially desirable responding. This
is supported by fact that they were similar to more DAD denying control group
(Control I) by their other traffic behaviour measures (Table 2, Paper II), but
resembled the other drunk drivers group (DWI II) by their platelet MAO
activity (Fig 1, Paper II). Other possibilities to consider are that DWI I subjects
were not aware of their drunkenness while driving, because they may have been
caught in hangover.

The subjects who reported drunk driving during previous year but had
managed to avoid being caught by the police (Control II) exceeded speed limits
even more often compared to the DWI II subjects, had higher education (Table
1, Paper II), higher platelet MAO activity (Fig 1, Paper II), lower thoughtless-
ness (Table 5.2), and lower alcohol related problems (Table 1, Paper II), but
were similar to them by seat belt use, paying for parking (Table 2, Paper II),
and general alcohol consumption (Table 1, Paper II). Thus, this risk-group has
similar MAO, but is still more impulsive compared to controls. Despite higher
general alcohol use, they do not report alcohol-related problems, which may
mean that the lower MAO is especially a marker of the impulsivity of problem
drinkers. Control II group may also represent the better adjusted risk-takers
similarly to the subgroup of risky drivers in the study by McMillen (1991), who
similarly found the arrested drunk drivers to be deviant on several personality
markers, while the non-arrested drunk drivers did not differ from controls. Sub-
jects with lower general abilities (which may be reflected in the lower education
in DWI groups) may be more susceptible to alcohol’s effect increasing impul-
sive behaviour as shown in the study by Finn et al. (1999).

In our study, platelet MAO activity was negatively correlated with alcohol-
related problems, but not with any measures of alcohol consumption (Table 1,
Paper II). Studies with alcohol-dependent subjects have found that low MAO
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activity in platelets is associated with type 2 alcoholism (von Knorring &
Oreland, 1996), which is characterized by several social complications, impulsi-
vity, and an early debut of the abuse (Cloninger et al. 1996). Our results are in
accordance with the notion that platelet MAO activity is associated with
alcohol-related problems and alcohol-related impulsive behaviour, rather than
simple alcohol consumption (Oreland 2004).

4.2.2. Platelet MAO activity and alcohol-related versus non-alcohol
related traffic violations (Paper III)

In this study it was found that high-risk drivers with multiple non-alcohol-
related driving violations (mainly speed-limit exceeding), despite higher scores
in fast decision-making, excitement seeking and thoughtlessness had a similar
platelet MAO activity to controls (Paper III), while drunk drivers had lower
platelet MAO activity (Papers I, II and III). Central serotonergic activity is
associated with alcohol abuse (LeMarquand et al. 1994) as well as with impulsi-
ve behavioural tendencies (Evenden 1999). Knowing the interrelatedness of
impulsivity and alcohol abuse (Gibbons et al. 2006, Caspi et al. 1997), we may
infer that while low platelet MAO activity is clearly associated with alcohol-
related risk-taking or impulsivity leading to alcohol abuse, non-alcohol-related
impulsive and risky behaviours do not have a so-clear association with MAO
activity. Our fairly large sample was a normal healthy population, as opposed to
majority of studies carried out on psychiatric populations or samples high in
substance abuse with impulsivity as one symptom in their pathology. High-risk
drivers unlike drunk drivers scored high in adaptive types of impulsivity; and
majority of studies on MAO activity and impulsiveness have not differentiated
between the types of impulsivity by its adaptiveness. Still a study by Schalling
et al. (1988) found no correlation between MAO activity and venturesomeness
(which is clustered together with the adaptive types of impulsivity), while there
was a significant correlation with Narrow Impulsiveness on the scale of I;. Af
Klinteberg et al.(1992), observing higher levels of monotony avoidance and one
subscale of impulsivity in pilots, showed that they, at the same time, did not
present deviances in neuropsychological tests of disinhibition, in platelet MAO
activity and in another subscale of impulsivity. In another study, Longato-
Stadler et al. (2002) presented that criminal offenders with accompanying
personality disorder and problems with drug abuse had simultaneously lower
platelet MAO activity, while other criminal offenders had MAO activity similar
to controls. All available evidence together suggests that low platelet MAO
activity is associated with impulsive behaviour rather in a sub-population of
people with drug problems.



4.2.3. The impulsivity profile and platelet MAO activity in
high-risk drivers admitting and denying the risk of “driving too fast”
(Paper III).

Dividing high-risk drivers and speed limit exceeders according to their admit-
tance of traffic risks, risk-admitting high-risk drivers had significantly higher
platelet MAO activity compared to risk-denying high-risk drivers and risk-
admitting controls (Fig 5.3 in the thesis or Fig 2, Paper III). One possibility is
to interpret high platelet MAO activity in risk-admitting high-risk drivers in the
context of previous research suggesting association of high platelet MAO acti-
vity with anxiety (Irving et al. 1989), agitated depression (Davidson et al. 1980)
or neuroticism (Kirk et al. 2001). Anxiety or depression in certain cases bring
along impulsive behaviour (Wallace et al. 1991, Corruble et al. 2003, d’Acre-
mont & van der Linden 2007), possibly because people may engage in risky
behaviours to relieve their anxiety. Two types of traffic risk takers based on
different personality profiles — one is high in sensation seeking and low in
anxiety, and another is high in both — have been identified by Ulleberg (2001).
These subtypes were also different in risk evaluations — the latter ones per-
ceived traffic risks higher. As discussed earlier (see 4.1.4.), risk-admitting high-
risk drivers were more deviant in both adaptive and maladaptive types of
impulsivity types as well as self-reported traffic behavioural indices compared
to risk deniers. Thus, our risk-admitting high-risk drivers with higher platelet
MAO activity might have been similar to the subgroup of anxious sensation
seekers in Ulleberg’s (2001) study. It has been demonstrated that impulsive and
anxious subgroup was considerably different in their behavioural and psycho-
pathological profiles than impulsive and nonanxious subjects (Askenazy et al.
2003). It has been concluded that the explanatory power of personality traits
predicting risky behaviours is higher when the combinations of traits (persona-
lity types) are considered (Torgersen & Vollrath 2006).

The finding that risk-taking and law-breaking behaviour can be related to
lower as well as higher platelet MAO activity is in accordance with previous
studies showing non-linear associations of behaviour or personality traits and
monoaminergic functioning. Several items of I; were shown to be associated
with MAO activity either lower or higher than average (Schalling et al. 1988).
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Fig 5.3. Platelet MAO activity in risk-admitting vs risk-denying high-risk drivers,
speed-limit exceeders and controls.

a — p<0.05 vs risk-admitting controls, b — p<0.05, bbb — p<0.001 vs risk-denying
high-risk drivers; Whiskers mark 95% confidence intervals

Similarly with impulsivity, the association between platelet MAO activity and
anxiety shows a tendency for nonlinearity (Schalling et al. 1987) — e.g. sub-
jects with high MAO activity being the most anxious and subjects with low
MAO activity being slightly less anxious, however, more anxious compared to
subjects with medium MAOQO activity. In the study by Kirk et al. (2001), the
positive association between MAQO activity and neuroticism was strengthened
when adjusting for the effect of smoking. Harro et al. (2004) have demonstrated
in a prospective longitudinal study that the likelihood of starting to smoke is
bigger among adolescents with lower as well as higher MAO activity. af Klinte-
berg et al. (1987) have shown that male subjects with lower as well as higher
platelet MAO activity show more disinhibited responses in neuropsychological
tests (low-MAO subjects responding faster to new stimuli and high-MAO
subjects spending less time inspecting the labyrinth). This is also in accordance
with animal studies which show that serotonergic activity is associated with im-
pulsivity in several, sometimes opposite, ways (Evenden 1999). Therefore,
actual associations between traits like neuroticism and high platelet MAO
activity may have remained hidden in many investigations by the direct effect of
smoking.

47



4.2.4. Function of the serotonin system and self-reported and
performance measures of impulsivity (Paper 1V)

4.2.4.1. Platelet MAO activity, 5-HTTLPR S allele and speed and accuracy of
responding in VCT (Paper IV)

Lower MAO activity was related to higher error-rate in VCT, but was not
related to the speed of information processing (Table 1, Paper IV). Platelet
MAOQ activity was the highest in the group with slow/accurate style of
responding in VCT, and the lowest in the slow/inaccurate subjects (Fig 5.4).
The impulsivity score in VCT was also related to lower platelet MAO activity
(Table 1, Paper IV). The higher performance impulsivity in subjects with low
platelet MAO activity has been demonstrated earlier (af Klinteberg et al. 1990,
Shekim et al. 1986).
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Figure 5.4 The platelet MAO activity in the groups demonstrating fast/accurate,
slow/accurate, fast/inaccurate and slow/inaccurate response style in Visual Comparison
Test. * — p<0.05 the Bonferroni-corrected post-hoc difference between the groups

The 5-HTTLPR S allele carriers made significantly more errors and had higher
impulsivity score in VCT (Table 1, Paper IV), but S allele was not related to
speed of information processing. When comparing the groups with different
speed-accuracy trade-off strategies by their S allele prevalence, it appeared that
the fast/inaccurate subjects had higher odds to have 5-HTTLPR S allele
compared to slow/accurate subjects (Table 5.6).
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Table 5.6 The odds ratios and appropriate 95% confidence intervals for carrying a 5-
HTTLPR S allele in the four groups with high or low speed and accuracy in VCT in
comparison with the group with slow/accurate responding style

LL SL/SS OR (in 95% CI
n (%) n (%) comparison with
slow/accurate)
Slow/accurate (n=109) 52 (48%) | 57 (52%)
Fast/accurate (n=50) 23 (46%) | 27 (54%) 1.01 0.95-1.06
Fast/inaccurate (n=123) 43 (35%) | 80 (65%) 1.04 1.00-1.08
Slow/inaccurate (n=61) 28 (45%) | 33 (55%) 1.01 0.96-1.06

It is not surprising that the S allele, which leads to lower expression of serotonin
transporter and therefore less flexible serotonergic neurotransmission, is as-
sociated with more impulsive performance in a visual comparison task. There
are several studies in which impulsive performance has been altered with sero-
tonergic manipulations. Most reliably an increase in impulsivity with decreasing
the serotonergic function has been found (Cherek & Lane 1999, Murphy et al.
2002, Walderhaug et al. 2002). Still, no effect of S allele on impulsive
responding in a laboratory task of disinhibition (Clark et al. 2005) and Go/No-
go task (Fallgatter et al. 1999) was found.

The S allele carriers have lower grey-matter volume in the amygdala-cingu-
late feedback system (Pezawas et al. 2005), an important area in affect regula-
tion, which may lead to problems in impulse regulation. At least one study has
shown lower serotonergic innervation in the anterior cingulate in impulsively
aggressive subjects, by positron emission tomography (PET) (Frankle et al.
2005). Given the knowledge on the significant role of anterior cingulate in the
processing and monitoring of errors in the commission of effortful tasks
(Brazdil et al. 2005) and tasks with conflicting information which may result in
errors (Botvinick et al. 1999), the changes in the activity of cingulate may
explain the more error-prone and impulsive performance of S allele carriers,
which is at least partly independent of general cognitive abilities.
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Fig 5.5 The effect of platelet MAO activity and S-HTTLPR on self-reported impulsi-
veness (a) and the impulsivity score in Visual Comparison Test (b). * p<0.05, ** p<0.01,
**% p<.001 — Fisher LSD post-hoc following significant multivariate analysis of
variance including platelet MAO (low, medium, high according to higher and lower
quartile values) and S-HTTLPR (LL vs SL/SS) as grouping variables. Whiskers repre-
sent standard error of the mean values.

A significant interactive effect of the two serotonergic markers appeared in the
prediction of self-reported impulsivity measured with BIS-11 (Fig 5.5a in the
thesis or Fig la, Paper IV). The effect of low platelet MAO activity on
impulsivity appeared only in the subgroup of S allele carriers. Similarly, the
effect of platelet MAO activity on performance measure of impulsivity was
present only in the subgroup of S allele carriers (Fig 5.5Sb in the thesis or Fig
1b, Paper 1V). As the combined effect of S allele and low MAO were partly
similar on performance impulsivity and BIS-11 whole score, and also the BIS-
11 whole score was higher in subjects with high I-score (Table 1, Paper 1V),
these two different ways of measurement confirm the association of impulsivity
with lower serotonergic function. There is a clear synergistic effect of a gene
leading to less effective serotonergic function and a peripheral indicator of less
effective serotonergic function on impulsive performance and cognitive type of
impulsivity.

4.2.4.2. The role of cognitive abilities in the association between serotonergic
function and impulsive performance (Paper IV)

If subjects with lower serotonergic activity respond more impulsively and make
more errors in neuropsychological tests measuring disinhibition as well as
cognitive abilities, it is not clear, whether the disturbances in serotonergic
functioning are only related to disinhibition or also to decreased general
cognitive abilities. As described earlier, drunk drivers with low MAO activity
had also lower education, while high-risk drivers who had average MAO
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activity had similar education-level to controls, and this did was not associated
with risk admitting (Table 1, Paper III).

Thus the covariate effect of general cognitive abilities on the association
between serotonergic markers and impulsive performance was examined in the
adolescent sample. Subjects with S allele as well as subjects with low platelet
MAO made significantly more errors (Table 1, Paper IV) and had significantly
higher score of impulsivity in VCT (Table 1 and Fig 2b, Paper IV). While
subjects with low cognitive abilities had remarkably higher error-rate in VCT,
they did not reply significantly faster (Table 1, Paper IV). When general
cognitive abilities were controlled for, the effect of S allele carrying on error-
rate as well as on impulsivity in VCT diminished, but remained significant. The
effect of platelet MAO on the error-rate in VCT remained significant, but the
effect of MAO on the impulsivity in VCT turned non-significant, when general
cognitive abilities were controlled for.

Thus the effects of cognitive abilities and serotonergic measures on perfor-
mance in VCT are at least partly independent of each other. Our result of the
higher error-proneness independent of cognitive abilities in low MAO subjects
is consistent with the small study of Shekim et al. (1984) showing a higher
number of errors in a simple task in children with low platelet MAO activity,
independent of general cognitive abilities.

When speed-accuracy tradeoff probably reflects impulsive information-
processing, the results obtained on the speed and accuracy of information-pro-
cessing separately may reflect other cognitive constructs. The accuracy separa-
tely from the speed of responding had only a tendency to be lower in impulsive
adolescents divided by BIS-11 in our study (Table 1, Paper IV). Thus, the
higher error-rate in subjects with low MAO activity or 5S-HTTLPR S allele may
reflect some other cognitive processes, for example their higher fatigue, as the
experimental design included several measurements and lasted during the whole
schoolday. This would be in line with our preliminary data suggesting that low
platelet MAO is associated with higher fatigue after mental and physical effort
(Paaver et al. 2006). Also a PET study has demonstrated lower serotonin trans-
porter density in the anterior cingulate of the chronic fatigue patients (Yama-
moto et al. 2004) which is similar to the 5-HTTLPR S allele carriers. Another
study demonstrated the blunted responses to serotonergic combined with dopa-
minergic challenge were related to higher scores on asthenia- and fatigue-
related items in the harm avoidance subscale of Cloninger Tridimensional
Personality Questionnaire (Hennig et al. 2000).

Low platelet MAO activity and S allele were not associated with the speed
of responding in VCT, and neither with fast/accurate style of responding. How-
ever, speed of responding and fast/accurate style of responding were associated
with higher BIS-11 impulsivity (Table 1, Paper IV and Fig 5.2b in the thesis).
Speed of information processing is a component of impulsive responding
(Barratt 1993, Dickman 1993), but it is also significantly associated with
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general intelligence (Vernon 1997). If fast/accurate style of responding reflects
adaptive impulsivity (see 4.1.5.), it suggests that adaptive performance impul-
sivity has a different psychobiological background from the impulsivity that is
related to fast and error-prone style. Low MAO and S allele in earlier studies
have shown associations with mostly the maladaptive impulsive behavioural
tendencies — impulsive aggression, substance abuse and suicidality (Haberstick
et al. 2006, Lesch & Merchdorf 2000, Lesch 2005, Li & He 2007, Eklund et al.
2005, Longato-Stadler et al. 2002, Oreland 1985).

4.2.4.3 Platelet MAO activity, 5S-HTTLPR and self-reported measures of
impulsivity (Papers III, IV and V)

Despite the association of platelet MAO activity with observed risky behaviours
like drunk driving (Fig 1, Paper I and Fig 1, Paper II), risk-admitting high-
risk driving (Fig 2, Paper III), error-rate and I-score in VCT (Table 1, Paper
IV), no simple correlation of platelet MAO with self-reported types of impulsi-
vity occurred in these studies (Papers II, III, and IV). Our result does not
confirm the earlier results demonstrating the negative correlation between self-
reported impulsivity and MAO activity (Schalling et al 1988, Oreland 2004,
Longato-Stadler et al. 2002, von Knorring et al. 1984). But the earlier studies
used mostly maladaptive measures of impulsivity and many of them were
conducted on or special populations like psychiatric patients or prison inmates
or adults who are more prone to for smoking. However, the effect of platelet
MAO on self-reported impulsivity measured by BIS-11 appeared, when it was
analysed together with 5-HTT genotype. The clear association of lower MAO
with BIS-11 impulsivity appeared in S allele carriers (Fig 5.5a in the thesis or
Fig 2a, Paper 1V).

The S allele carriers did not have significantly higher scores in self-reported
impulsivity scale (BIS-11) (Papers IV and V, text), fast decision-making,
excitement seeking, and thoughtlessness (Paper V, text) compared to subjects
with LL genotype. The S allele carriers had higher disinhibition compared to LL
homozygotes (Paper V, text). This association may be compared with a wide
variety of earlier results supporting the association between the S-HTTLPR S
allele and anxiety (Lesch et al. 1996). Disinhibition scale in our studies is a
measure of maladaptive impulsivity of affective origin and was originally a
subscale of neuroticism in NEO personality inventory. Anxiety and neuroticism
are in association with a weak affect regulation and impulsive behaviour, espe-
cially in adolescence (Brotman et al. 2006). The scale of disinhibition includes
items about affect regulation, and it is well proved that S allele carriers are
emotionally more reactive due to their higher amygdala responsiveness to
threatening stimuli (Hariri et al. 2002).

The results of Paper III and Paper IV together lead to an assumption that
behavioural and performance measures of impulsivity are more directly as-
sociated with the biological predispositions to react than self-reported measures.
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Self-reported measures of impulsivity presuppose a certain ability to analyse
and monitor one’s behaviour, which may be impaired in impulsive subjects
(Barratt et al. 2005). Also, as impulsivity is more often considered a maladap-
tive trait, self-reported impulsivity measures may be more vulnerable to the bias
of socially desirable responding, thus their association with biological markers
may be less explicit. It has also been found earlier that while some performance
measures of impulsivity (e.g. commission errors in a vigilance task and delay
errors in a delay task) were associated with higher platelet MAO activity in
boys with disruptive behaviour disorders, the self-report scales of impulsivity
indicated no associations with MAO activity (Stoff et al. 1989). While labo-
ratory performance tests measure narrow cognitive tendencies to respond quick-
ly and make mistakes, questionnaire measures contain a much wider meaning,
including, e.g., social, situational, emotional and motivational dimensions.

4.2.5. Gene x environment interaction: does the effect of S allele in 5-
HTTLPR on impulsivity depend on family relations? (Paper V)

A possible interaction of 5S-HTTLPR S allele with environmental adversity on
the self-reported types of impulsivity was explored in the sample of adolescents.
As earlier studies have demonstrated gender-specific effects of environmental
factors on S allele carriers (e.g. Sjoberg et al. 2005, Grabe et al. 2005, Barr et al.
2004), the analysis was performed separately in boys and girls. As interaction
with caregivers is potentially an important environmental factor in the develop-
ment of child’s impulsivity (Olson et al. 1990, Straus & Mouradian 1998),
family relations were analysed in interaction with the S allele in the promoter
region of 5-HTT.

Low warmth in the families of the S allele carrying girls of 5-HTTLPR was
associated with their higher thoughtlessness (Fig 5.6 in the thesis or Fig 1,
Paper V), disinhibition and whole score of BIS-11 (Table 1, Paper V). This is
in accordance with several earlier studies demonstrating the interaction of the S
allele with environmental adversity on personality traits that are similar to
impulsivity by their maladaptiveness and association with affect-regulation such
as neuroticism (Sen 2004), and also on the risk for depression (Caspi et al. 2003,
Taylor et al. 2006, Kaufman et al. 2006). There are no earlier studies on the
influence of S-HTTLPR S allele and family relations on the trait of impulsivity
in a population-based sample of adolescents, but positive association of S allele
with aggression (Haberstick et al. 2004), suicidality (Li & He 2007), higher
response to alcohol (Hinckers et al. 2006), and higher alcohol consumption in
case of ,bad” family relations in adolescents (Nilsson et al. 2005) have been
demonstrated. Also, impulsivity has been shown to be associated with depres-
sion (Corruble et al. 2003), especially in adolescents (d’Acremont & van der
Linden 2007).
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Fig 5.6 The significant interaction effect of 5-HTTLPR X warmth in family X sex on
the score of thoughtlessness. Interaction of genotype X sex X warmth in family [F(1,
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While low warmth and maltreatment in family led to impulsiveness in the girls
carrying the S allele, unlike in girls with LL genotype, maltreatment by parents
was associated with higher impulsiveness in boys with both LL as well as
SL/SS genotypes (Table 1, Paper V). Our results are in accordance with earlier
studies demonstrating that 5-HTTLPR S allele x adverse environment inter-
action is stronger in female subjects, expressing in higher vulnerability to
depression and lower agreeableness in S allele carrying women (Lesch &
Merchdorf 2000, Sjoberg et al. 2005, Grabe et al. 2005, Eley et al. 2004). Also,
the S allele in females is associated with higher stress-sensitivity, e.g., peer-
reared female rhesus macaques with thS-HTTLPR S allele have increased
adrenocorticotropic hormone and lower cortisol responses to stress, which does
not happen among males (Barr et al. 2004). On the contrary, many of the studies
which do not consider the impact of stressful life events demonstrate the
association between S allele and suicidality (Limosin et al. 2005) or neuroticism
(Du et al. 2000) solely among males. One possible reason for the described
difference between the sexes is that the effect and significance of serotonin
transporter may be different in male and female brain and its development (Xu
et al. 2001), possibly due to the effect of gonadal steroids on serotonin transpor-
ter (Attali et al. 1997). In the field of genetics of personality, several studies
have shown that the path from gene to behaviour may be different in males and
females (Kendler and Greenspan 2006).

54



The influence of 5-HTTLPR S-allele and adverse family relations on
impulsivity is rather developmental than direct, as serotonin has an important
role in brain development (Lesch & Gutknecht 2005). Familial adversity may
have more impact on S-allele carriers, as several studies report higher sensitivity
of their amygdala to negative emotional stimuli (Hariri et al. 2002), and lower
neuronal density in their affect-regulating regions like cingulate and prefrontal
cortex (Graff-Guerrero et al. 2005, Pezawas et al. 2005, Heinz et al. 2005).
Prefrontal cortex and cingulate which are potentially important structures in
impulse and emotion regulation and are more active in response to stimuli in 5-
HTTLPR S allele carriers continue post-natal development through adolescence
until adulthood (Nelson 2006).

The S allele of 5-HTTLPR in combination with adverse family environment
predicted only maladaptive types of impulsiveness in girls (thoughtlessness and
disinhibition), while the adaptive types of impulsivity (excitement seeking, fast
decision-making) depended neither on family relations nor on genotype in girls
(Table 1, Paper V). In boys, though, the adaptive types of impulsiveness like
excitement seeking and fast decision-making were associated with positive
relations in family. This may mean that girls are more vulnerable to dys-
functions in case of adversity in family, while boys can take more advantage of
positive parenting in the development of adaptive traits.
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5. CONCLUSIVE REMARKS

Subjects who had been caught by the police driving drunk had lower platelet
MAUO activity and higher maladaptive types of impulsivity compared to controls
and to subjects who had been caught with other driving violations. Exceeding
speed-limits and other non-alcohol-related driving violations were related rather
to adaptive types of impulsivity and to average platelet MAO activity. Further-
more, the subtypes of risky traffic-behaviour with and without associated risk-
admitting had a different psychobiological background and profile of impul-
sivity: risk-admitting high-risk drivers had higher platelet MAO activity and the
most deviant scores in all types of impulsivity measured, while risk-denying
high-risk drivers had similar platelet MAO activity and higher fast decision-
making compared to controls. These results add ecological validity to the divi-
sion of impulsivity into different types. What is common about the measured
impulsive traits is that they all lead to higher risk-taking, while these risky
behaviours can be of a different kind, and be associated with different function
of serotonin system. The results also suggest that low serotonergic activity
characterizes especially these subtypes of impulsivity that lead to alcohol-
related risky behaviour.

A genotype leading to weaker serotonergic neurotransmission (S-HTTLPR S
allele) and a peripheral marker of low serotonergic activity (platelet MAO) were
both associated with higher error-proneness and impulsive performance in a
simple task of visual comparison. This association was at least partly indepen-
dent of general cognitive abilities. Furthermore, these two markers of weaker
function of central serotonin system had a synergistic effect on the performance
impulsivity and self-reported cognitive impulsivity. This confirms the role of
serotonin function in impulsive cognitive style in a population-based sample.

While low warmth and perceived maltreatment in family led to impulsive-
ness in 5-HTTLPR S allele carrying girls, unlike in girls with LL genotype,
perceived maltreatment by parents was associated with higher impulsiveness in
boys with both LL and SL/SS genotypes. This confirms that the association
between serotonin function and impulsivity may have different routes in males
and females, and that females may be especially vulnerable to the combination
of lower potential of serotonin system and lack of warmth in the development of
maladaptive impulsivity.

Unlike impulsive performance in visual comparison task and impulsive
behaviour in traffic, the self-reported types of impulsivity in the studied general
populations mostly did not have simple associations with the markers of sero-
tonergic function. However, the association between impulsivity and serotoner-
gic function appeared when impulsivity was measured through speed and
accuracy of performance or real-life risky behaviour. In addition, the association
between self-reported impulsivity and serotonergic function appeared when
subjects’ sex or environmental factors like adverse family relations were con-
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sidered. This adds support to an assumption that behavioural and performance
measures of impulsivity reflect more directly the biological predispositions to
react, while self-reported measures of impulsivity have less direct or mediated
associations with serotonergic function.
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8. SUMMARY IN ESTONIAN

Impulsiivsuse tiiiibid, viljendumine kéditumises ja seos
serotoniinisiisteemi talitluse biomarkeritega

Impulsiivsuse mdistet on kasutatud omavahel suhteliselt norgalt seotud tempe-
ramendiomaduste, kiitumisviiside, infotd6tlemise stiilide ning psiihhiaatriliste
hiirete ja siimptomite kohta. Impulsiivsust on mdodetud nii kiisimustike kui
sooritustestide abil ning see voib erinevate kirjelduste kohaselt hdlmata kaldu-
vust reageerida, otsustada ja kéituda vahetult, kiiresti ja motlematult, raskusi
oma impulsside ja emotsioonide vaoshoidmisel ja iiksluiste olukordade talumi-
sel ning kannatamatust oma soovide realiseerimisel. Sageli seostatakse impul-
siivset kditumist madala serotoniinisiisteemi aktiivsusega. Viimase aja uurimus-
tes piilitakse tihendada erinevate valdkondade impulsiivsuse késitluste ning
leida seost kasutusel olevate impulsiivsuse méaéaratluste vahel. Eneseraportee-
ritud ja sooritusimpulsiivsus on osutunud omavahel suhteliselt ndrgalt voi iildse
mitte seotuks, kuid mdlemad ennustavad kiitumist reaalsetes olukordades ja
mitmete psiiithikahéirete véljakujunemist. Samuti on nii eneseraporteeritud kui
sooritusimpulsiivsus seotud muutustega serotoniinisiisteemi talitluses. Kuid
suurem osa uurimustest, mis on ndidanud kehvema serotoniinisiisteemi talitluse
seost impulsiivsusega, on ldbi viidud suhteliselt hilbiva kaitumisega populat-
sioonide sees nagu psiithhiaatriliste hdiretega indiviidid, uimastite kuritarvitajad
voi vigivaldsed kurjategijad.

Arvestades impulsiivsuse mitmetahulisust iiritab véitekiri vastata kiisimusele,
millist tlilipi impulsiivse temperamendi, kognitiivse stiili ja kéitumise eest on
vastutav madal kesknérvislisteemi serotonergiline aktiivsus populatsioonis. Et
impulsiivse temperamendi kujunemist mdjutab oluliselt ka kasvukeskkond, te-
geleb viitekiri ka kiisimusega, kuidas mdjub impulsiivsusele serotoniini-
siisteemi haavatavus koosmdjus kehvade peresuhetega.

Viitekiri {ritab esmalt kokku tuua andmed indiviidi impulsiivsuse kohta
eneseraporteeritud skaaladel, sooritustestides ja reaalses riskikditumises ning
jargnevalt uurida nende eri tiilipi impulsiivsust véljendavate niitajate seost
kesknérvisiisteemi serotoniinisiisteemi talitluse markeritega. Serotoniinisiistee-
mi talitluse markeriteks véitekirjas on vereliistakutest moddetav ja toendoliselt
peaaju serotoniinineuronitega iihise geneetilise kontrolli all olev indikaator
monoamiinide oksiidaasi (MAQ) aktiivsus ning teiseks serotoniinisiisteemi
vihemefektiivsele talitlusele viiv lithike (S) alleel serotoniini transporteri (5-
HTT) geeni promootoripiirkonnas (5-HTTLPR). Impulsiivsuse tiilipide seost
riskikditumise ja vereliistakute MAO aktiivsusega uuritakse meessoost sdiduki-
juhtide valimil, kellest pooled on erinevate seaduserikkumistega liikluspolitsei
poolt tabatud ning teise poole valimist moodustavad juhid, kellel registreeritud
seaduserikkumisi liikluses ei ole. Eneseraporteeritud impulsiivsuse tiiiipide ja
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sooritusimpulsiivsuse seost vereliistakute MAO aktiivsuse ja S-HTTLPR geno-
tiilibiga ning genotiilibi efekti soltuvust peresuhetest uuritakse populatsiooni-
pohisel koolilaste valimil.

Kui joobes autot juhtinud meessoost katseisikud said kontrollgrupist korge-
ma tulemuse mitteadaptiivseid impulsiivsuse tiilipe modtvatel skaaladel, siis
korduvalt kiirusepiirangute iiletamise ja muude alkoholist sdltumatute seaduse-
rikkumistega liikluspolitsei poolt tabatud isikud said kdrgemad tulemused adap-
tiivsete impulsiivsuse tiilipide skaaladel (Artikkel III). Vereliistakute MAO ak-
tiivsus oli madalam alkoholiga seotud riskikditumiste (joobes juhtimine) puhul
ka peale suitsetamise vdimaliku maskeeriva moju kontrollimist (Artiklid I ja
). Joobes juhtimist tunnistavatel ja eitavatel politsei poolt tabatud katseisikutel
oli iihtviisi madal MAO aktiivsus (Artikkel II). Seejuures oli korduva kiiruse-
iiletamise tottu siitidi moistetud isikutel keskmine vereliistakute MAO aktiivsus.
Kiill aga ilmnes korduva kiirusepiirangute iiletamise eest karistatute jagamisel
rithmadesse nende riskiteadlikkuse alusel, et riski teadvustavaid kiirusepiiran-
gute rikkujaid iseloomustasid kodige hélbivamad skoorid kdigil kasutatud impul-
siivsuse alaskaaladel (pidurdamatus, motlematus, elamustejanu ja kiire otsusta-
misstiil) ja kontrollgrupist oluliselt kdrgem vereliistakute MAO aktiivsus
(Artikkel III).

Uurides eneseraporteeritud impulsiivsuse tiilipide seost infotdotluse kiiruse,
tdpsuse ja kiiruse eelistamisega tdpsusele lihtsas visuaalse vordluse katses
(Kasikiri IV ja Viitekiri), ilmnes et peale spetsiaalselt kognitiivset impulsiiv-
suse komponenti mdotva eneseraporteeritud skaala (BIS-11) tulemuse ei seostu-
nud iikski eneseraporteeritud impulsiivsuse tiilipidest sooritusimpulsiivsusega
ehk kiire ja ebatdpse vastamisstiiliga, mis on kooskolas mitmete teiste uuri-
muste tulemustega.

Jagades katseisikud infoto6tluse kiiruse ja tdpsuse alusel nelja gruppi, ilmnes
et nii kiire/ebatipse vastamistiiliga kui ka kiire/tdpse vastamisstiiliga indiviide
iseloomustas korgem impulsiivsus BIS-11 skaalal. Kiire/tdpne stiil seostus
samaaegselt korge vaimse voimekuse, keskmise vereliistakute MAO aktiivsuse
ja tavapirase toendosusega olla 5S-HTTLPR S alleeli kandja. Kiire/ebatépse
vastamisstiiliga indiviide aga iseloomustas aga madal vaimne voimekus, kesk-
mine MAO aktiivsus, kuid suurem tdendosus kanda 5-HTTLPR S alleeli.
Voime vastata kiiresti, kuid jddda seejuures tépseks, mille puhul oli impulsiiv-
sus kiill kdrgem, kuid serotoniinisiisteemi talitlus optimaalne, voib olla ndide
adaptiivselt viljenduvast impulsiivsusest.

Nii S alleeli kandlus kui madal MAO aktiivsus seostusid suurema vigade
arvuga ja impulsiivsuse skooriga visuaalse vordluse katses. Uurides kahe sero-
toniinisiisteemi aktiivsuse markeri kombinatsiooni mdju impulsiivsusele ilmnes,
et madal vereliistakute MAO aktiivsus seostus nii eneseraporteeritud kogni-
tiivse impulsiivsuse (BIS-11) kui sooritusimpulsiivsusega VCT testis ainult 5-
HTTLPR S alleeli kandjate seas. Seega on kahel erineval ndrga serotoniiner-
gilise aktiivsuse nditajal ajus siinergiline roll impulsiivsuse kujundamisel. Kuigi

73



madala vereliistakute MAO aktiivsuse ja 5S-HTTLPR S alleeli kandluse mdju
vigade arvule visuaalse vordluse katses vidhenes juhul, kui vaimne voimekus
lilitati kaasvarieeruva muutujana analiiiisi, oli osa serotoniinisiisteemi talitluse
markerite mojust vastamise tidpsusele sdltumatu vaimsetest voimetest. See kin-
nitab serotoniinisiisteemi rolli voimetest osaliselt soltumatutes pidurdusprot-
sessides (Késikiri I'V).

Kaisikirjas V uuriti, kas enese-raporteeritud impulsiivsuse tiiiipidel on seos
S5-HTTLPR S alleeli kandlusega ning kas seda seost mdjutavad suhted uuritava
paritoluperes. Vihene soojus ja tajutud véadrkohtlemine peres seostusid mitte-
adaptiivsete impulsiivsuse tiilipidega S alleeli kandvatel tiidrukutel, kuid LL
genotiilibiga tlidrukute impulsiivsust peresuhted ei mdjutanud. Poistel aga
seostus tajutud vadrkohtlemine peres korgema mitteadaptiivse impulsiivsusega
soltumata S-HTTLPR genotiiiibist.

Kéesolevas doktoritods esitatud uurimuste tulemused kinnitavad, et impul-
siivselt ja riskeerivalt kdituvaid inimriihmi saab eristada impulsiivsuse tiilipide
alusel, millest osad on adaptiivsemad ja teised iildiselt vihem adaptiivsed. Ena-
mikul eneseraporteeritud impulsiivsuse tiilipidel ei ilmnenud lihtsat seost
serotoniinisiisteemi talitluse markeritega uuritud populatsioonidel, kuid norge-
ma serotoniinisiisteemi talitluse mdjud ilmnesid juhul kui impulsiivsust mdodeti
riskikditumise voi soorituse kiiruse ja tédpsuse kaudu. Samuti ilmnes seos enese-
raporteeritud impulsiivsuse ja serotoniinisiisteemi talitlust mdjutava genotiiiibi
vahel siis kui geeni mdju uuriti interaktsioonis keskkonnateguritega nagu halvad
peresuhted.
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ABSTRACT

Rationale: Low capacity of the central serotonergic system has been associated
with impulsive behaviour. Both low platelet monoamine oxidase (MAQ) activity
and the short (S) allele of the serotonin transporter gene promoter region poly-
morphism (5-HTTLPR) are proposed to be markers of less efficient serotonergic
functioning.

Objectives: The effect of the two markers for serotonin system efficiency on
performance in a visual comparison task (VCT) and self-reported impulsiveness
(Barratt Impulsiveness Scale, BIS-11) were investigated in healthy adolescents
participating in the Estonian Children Personality Behaviour and Health Study.
Possible confounding effect of general cognitive abilities on the performance in
VCT was controlled for.

Results: Low platelet MAO activity and carrying of the S allele of 5-HTTLPR
were both associated with higher error-rate and more impulsive performance in
VCT. Platelet MAO activity and 5S-HTTLPR S allele had a significant interactive
effect on self-reported impulsivity (BIS-11). The effect of platelet MAO activity
on both self-reported and performance impulsivity was significant only in the S



allele carriers. The effect of 5S-HTTLPR S allele on impulsive performance re-
mained significant after controlling for general cognitive abilities.

Conclusions: The two markers of lower serotonergic capacity, S-HTTLPR S
allele and low platelet MAO activity, have a similar and partly synergistic in-
fluence on self-reported as well as performance measures of impulsivity.

Keywords: Impulsiveness, cognitive abilities, platelet monoamine oxidase,
serotonin, speed and accuracy of information processing, 5S-HT transporter gene

INTRODUCTION

The association of impulsive behaviour with a low capacity of the serotonergic
system has been demonstrated in both rodents (Evenden 1999) and primates
(Fairbanks et al. 2001). Human studies linking impulsiveness to the serotonergic
system have found lower levels of the serotonin metabolite 5-hydroxyindo-
leacetic acid (5-HIAA) in the cerebrospinal fluid of violent criminals (Nelson
2005) and impulsive suicide committers (Brown et al. 1982). Furthermore,
effects of serotonergic drugs on the performance in impulsivity tests have been
shown (Talpos et al. 2006). Studies on the role of serotonin in information
processing have mainly been concentrated on inhibition processes, learning and
memory. Depletion of the serotonin precursor tryptophan has been shown to
result in a slower response in a visual discrimination task (Murphy et al. 2002).
Lowering serotonin by tryptophan depletion has resulted in a decreased ability to
discriminate between stimuli and in increased impulsivity in healthy individuals
(Walderhaug et al. 2002), while acute increase in serotonin levels results in
decreased impulsivity in a reward-delay task (Cherek and Lane 1999). However,
brain monoamines have no direct association with simple visual information
processing speed (Harrison et al. 2002), and thus it may be presumed that the
tryptophan depletion effect most probably depends on more complex cognitive
processes like behavioural inhibition or attention.

The expression of the 5-HT transporter (5-HTT) gene (SLC6A4) is critical to
the development and plasticity of distinct neurocircuits (Lesch and Gutknecht
2005). Carriers of the 5-HTTLPR short (S) allele have been shown to have more
affective dysfunctions, anxiety-related characteristics (Lesch et al. 1996, Ebstein
2006) and lower response to antidepressant treatment with serotonin reuptake
inhibitors (Smeraldi et al. 1999). The S allele has been shown to have lower
transcriptional activity than the long (L) allele. In functional studies of this
variable locus, the SS and SL genotypes were functionally similar with regard to
transcriptional activity, whereas the LL genotype displayed higher activity
(Lesch et al.1996). Thus, SS homozygotes and SL heterozygotes are functionally
equivalent and therefore usually analysed together in comparison with the LL
homozygotes.



Monoamine oxidase (MAO) is an enzyme which metabolizes monoamines
serotonin, dopamine and noradrenaline, with the B-isoenzyme, present in
platelets, showing in vitro substrate preference for dopamine and trace amines.
Functionally the activity of platelet MAO, however, appears as a peripheral
marker of the capacity of central serotonergic system (see Oreland 2004 for a
review). Low platelet MAO activity is associated with a blunted neuroendocrine
response to fenfluramine in impulsive psychiatric patients (Soloff et al. 2003).
There is a wide variety of studies on the association of low platelet MAO activity
with impulsive behavioural tendencies (substance abuse, criminal and violent
behaviour, suicide, gambling, drunk driving) (Paaver et al. 2006a, Oreland 2004)
and self-reported impulsiveness or novelty seeking (Oreland 2004, Ruchkin et al.
2005, Schalling et al. 1988). Less attention has been paid to impulsive responding
in neuropsychological tests which measure impulsive cognitive style. Af Klinte-
berg et al. (1990) found that low MAO activity was associated with the number of
failed inhibitions in a laboratory task of impulsivity. It should also be noticed that
some studies have demonstrated a U-shaped relationship between platelet MAO
activity and behaviour, e.g, subjects with both low and high MAO activity
responded more impulsively in neuropsychological tests (af Klinteberg et al.
1987), had higher probability of becoming a regular smoker (Harro et al. 2004),
and had tendency for higher impulsivity (Schalling et al. 1988) and anxiety
(Schalling et al. 1987). Only a few studies have controlled for the effect of cogni-
tive abilities on the association of platelet MAO activity and impulsivity. It has
been shown that normal children with low and high platelet MAO activity made
more errors and had shorter latency periods in neuropsychological tests, while
there was no relationship between platelet MAO levels and intellectual abilities
or scholastic achievement (Shekim et al. 1984). It has also been shown that in
young adults with low MAO, higher intelligence is a protective factor against risk
behaviours and substance abuse (von Knorring et al.1984).

Impulsivity is a quality which is closely tied up with information processing
(Barratt 1993, Dickman 1993). It is difficult to measure the cognitive component
of impulsivity via self-reported scales (Barratt 1993), while performance tests of
impulsivity lack the affective and social component more represented in
self-reported measures, which lead to the need of using both methods while
studying impulsiveness. Commonly the performance tests of impulsivity are
divided into rapid-response models (preference for speed over accuracy in situa-
tions with high uncertainty), and reward-delay models measuring preference for
small immediate reward over bigger delayed reward. It has been shown that
impulsivity in rapid-response tests is more significantly associated with Barratt
Impulsiveness Scale (BIS-11) (Patton et al.1995) scores compared to impulsivity
in reward-delay tests (Swann et al. 2002). One of the most well-known tests of
speed-accuracy tradeoff is Matching Familiar Figures Test (MFFT, Kagan 1964)
which divides children reliably into the groups with fast/inaccurate (impulsive)
and slow/accurate (reflective) style in a visual comparison task. In this test, a
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subject has to estimate whether presented figures are similar or different, and
both speed and accuracy are used as measures of performance. Reflection-
impulsivity measured by MFFT is associated with social aggressiveness and
lower motivation (Bernfeld and Peters 1986), but also with lower intelligence
(Milich and Kramer 1984, Brannigan et al. 1980), especially in attention- con-
centration and visual organization domains of intelligence inventories (Bran-
nigan et al. 1980). In general, performance in the tests of cognitive style in
children appears to be influenced by two factors — impulsivity and general
cognitive abilities (Amador-Campus and Kircher-Nebot 2001) which have been
found to be negatively correlated (Vigil-Colet and Morales-Vives 2005). Thus
general cognitive abilities need to be considered as an important moderating
variable in impulsiveness studies.

We have studied the association of two measures of serotonin system capa-
city — platelet MAO activity and the polymorphism in the promoter region of
the serotonin transporter gene — with impulsive information processing style in a
task of visual comparison and self-reported impulsiveness, controlling for the
effect of cognitive abilities.

MATERIALS AND METHODS
Sample

The sample was based on the younger cohort of the European Youth Heart Study
(EYHS) conducted in Estonia in 1998/99, which was incorporated into the
longitudinal Estonian Children Personality, Behaviour and Health Study
(ECPBHS) (Harro et al. 2001). The present study was conducted during the
follow-up in 2004 where we managed to recruit 83% (n=483) from the original
sample, including 222 boys and 261 girls. Children and their parents gave their
informed consent. Permission for the study was obtained from the Committee of
Ethics of the University of Tartu, Estonia. The mean age of the subjects studied in
2004 was 15.3, SD = 0.5. Platelet MAO activity was measured in 467 subjects,
213 boys and 254 girls. General cognitive abilities were measured in 436 subjects.
Barratt Impulsiveness Scale (BIS-11) was filled by 429 children. Data about
smoking was available for all children. Visual Comparison Test (VCT) was per-
formed by 378 randomly selected children. S-HTTLPR genotype was assessed in
435 children.

Measures

Visual comparison test
The stimuli used in the VCT in this experiment, which was based on Dickman
and Mayer (1988), were geometric figures made up of multiple Xs (Figure 1).



Each figure was created by removing one or more X from an array that was 5 Xs
high and 10 Xs wide. Each figure created in this way was paired with itself to
form a same figure pair. For different pairs, one of the figures in a same pair was
altered by changing the position of a single X in the periphery of the figure.
Twenty pairs were created in this fashion; same and different pairs were
randomly intermixed. The random generation and presentation of the figure pairs
and recording of the responses was controlled by computer. The figure pairs were
presented in the centre of the computer display screen. On the keyboard, one key
was marked with green, for answering “same figures”, and one with red for
“different figures”. The computer recorded each person’s answers and time on
every comparison.

XXX X X X XXX X X
AXXXX XX X XXXXX XX X
XX X X§ % X§ X

X X X X X X X XX
X XXX XXX X XXX XXXX

Figure 1. Example of the figures used in the Visual Comparison Test (Dickman and
Meyer 1988)

Subjects were tested in sessions that lasted approximately 15 min. They were
instructed to press the green key on the keyboard when the two figures were same
and the red key on the keyboard when the two figures were different. They were
told to perform as quickly and accurately as possible. Subjects were allowed to
practice on a set consisting of five figure pairs. The subjects were then asked
whether they had understood what they were supposed to do and when requested,
offered another trial set. The trial session was followed by a test session, where
subjects were given 20 pairs of figures for comparison. After every response,
subjects received feedback whether they performed correctly.

The accuracy of responding was expressed as percentage of correct answers
and the speed of responding was measured in milliseconds. Impulsivity score
(I-score) was calculated for estimating speed-accuracy tradeoff as a measure of
impulsivity (Morgan 1998) according to the formula of Messer and Brodzinsky
(1981), subtracting the standard score of the mean latency (Z,) from the standard
score of the total number of errors committed (Z,).

Measurement of platelet MAO activity

Platelet MAO activity was analysed in platelet-rich plasma by a radioenzymatic
method with B-phenylethylamine as the substrate as previously described (Harro
et al. 2001, Hallman et al. 1987). All samples were analysed in duplicate and
blindly, then corrected using a reference sample.



Genotyping of the S-HTTLPR polymorphism

The alleles at the 5-HTTLPR locus were amplified from genomic DNA using
PCR. The polymorphic region was amplified using the primers 5-HTTLPR-F:
CAA CCT CCC AGC AAC TCC CTG TA, 5-HTTLPR-R: GAG GGA CTG
AGC TGG ACA ACC AC, where the forward primer was fluorescently labeled
with a 5’-FAM. Reagents and conditions for the PCR reaction were: 1x PCR
buffer (Perkin Elmer, AmpliTaq Gold buffer II), 200 uM dNTP with 50% of
dGTP replaced with 7-deaza-dGTP, 2 mM MgCl,, 1 uM of each primer, 1 U Taq
polymerase (Perkin Elmer, AmpliTaq Gold), and 20 ng genomic DNA, in a total
reaction volume of 10 pL. The reaction started with 10 min at 95°C, followed by
40 cycles with 30 s at 95°C, 30 s at 59°C, 30 s at 72°C, and ended with 7 min at
72°C. PCR products were then run on an ABI PRISM 3700 DNA analyzer
(Applied Biosystems, U.S.A.), and scored using the software GeneMarker 1.5
(SoftGenetics, U.S.A.). All genotypes were manually checked on chromatograms
to detect inconsistencies, and where needed, amplified and scored a second time.
Genotype frequencies were in Hardy-Weinberg equilibrium.

Personality scales

Barratt Impulsiveness Scale (BIS-11) (Patton et al. 1995) was used for measuring
impulsiveness. The Estonian version of the scale was adapted on 683 subjects
with mean age 19+8 years of age ranging from 14—66. Twenty seven out of the
original 31 items formed a single scale with average inter-item correlation r=0.13
and inner reliability expressed as Cronbach Alpha 0.80. In further analyses we
used the BIS-11 total score.

General cognitive abilities

Raven’s Standard Progressive Matrices (SPM) test (Raven 1981), (standardized
on Estonian population by Lynn et al. 2002) subtests C & D were used to measure
the intellectual abilities of the adolescent participants. The SPM is commonly
regarded as a high-quality measure of pure non-verbal reasoning ability, which is
relatively independent of specific learning acquired in a particular cultural or
educational context (Jensen 1998). The test was administered without time limits.

Statistical analysis

Z-scores expressing deviance from the mean of each group expressed in standard
deviation of the whole sample (Zx=X-Mx/SDx) were calculated to normalize the
data. The analysis was performed using General Linear Models (Statistica 6.0).
For some variables (VCT percent correct) that did not follow normal distribution
the main effects were retested with non-parametrical methods (median test,
Chi-Square statistic), and all main effects presented in this paper remained sig-
nificant. Multivariate and covariate analysis of variance (MANOVA, ANCOVA)
were used for detecting interaction and covariate effects. The Fisher LSD
post-hoc tests were used for differences between the groups. Multiple regression



analysis was performed for detecting the independent effects of the variables
predicting impulsiveness.

RESULTS

Performance in the VCT, self-reported impulsiveness and general cognitive
abilities (SPM)
The mean time per item (TI) was 7.3 s (SD=3.0) and the mean percentage of
correct answers was 88.3 (SD=12.1). There were no sex differences in the
accuracy and speed of information processing or I-score in the VCT.
More impulsive subjects according to BIS-11 responded faster and had higher
I-score, but did not respond significantly less accurately in the VCT (Table 1).
The mean percentage of correct responses on Raven SPM was 71%
(8D=17.3%) and the median value was 75%. The BIS-11 impulsiveness score
was not correlated with general cognitive abilities. Subjects with higher cognitive
abilities were more accurate and had lower I-score in VCT, but cognitive abilities
were not associated with the speed of responding (Table 1).

Platelet MAO activity
The mean platelet MAO activity was 10.29+3.73 nanomoles oxidized
substrate/10' platelets per min, median value 9.6. The mean MAO activity
among boys was 9.60+

3.27 and among girls 10.87+4.00, the difference being significant (F 46s=13.8,
P<0.001). The subjects were divided by the lower and higher quartile values of
platelet MAO activity into low-, medium-, and high-MAO activity group. The
quartile values were calculated separately for boys and for girls. Platelet MAO
activity and general cognitive abilities were weakly positively correlated (=0.11,
P<0.05). MAO activity was not correlated with the BIS-11 score.

S-HTTLPR genotype

There were 191 (44%) subjects being homozygous with regard to the long
5-HTTLPR allele, 189 (43%) were heterozygous and 55 (13%) homozygous for
the short allele. The S allele carriers (SL/SS) were not significantly different from
subjects with LL genotype in their general cognitive abilities and on the scale of
impulsiveness (BIS-11). It appeared that the S allele carriers had lower platelet
MAO activity (mean MAO 9.9+3.2) compared to LL genotype (mean MAO
10.8+4.3) (F 421 =4.9, P<0.05). However, when controlling for smoking and sex,
this difference became non-significant.
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The combined effect of platelet MAO activity and S-HTTLPR genotype on
self-reported impulsiveness

While neither MAO activity nor 5S-HTTLPR polymorphism were significantly
associated with the BIS-11 total score, a significant interaction effect (£, 355=4.5,
P<0.05) appeared, showing that subjects with low MAO activity and carrying the
S allele had higher scores than subjects with low MAO activity and LL genotype
in self-reported impulsiveness (Figure 2a). There was also a significant negative
correlation between MAOQO activity and impulsiveness among the S allele carriers
of 5-HTTLPR (r=-0.14, P<0.05), which did not appear in subjects with LL
genotype.

Multiple regression analysis of variables predicting I-score in VCT

We included all analysed variables demonstrating significant main effects into a
single multiple regression model predicting the I-score for detecting the effect
size and independent contribution of the variables. In addition, subjects’ sex was
included into the initial model as a possible confounding variable. As the results
concerning MAO activity may be confounded by smoking and there were 60
subjects in our sample who reported smoking daily or almost every day, we
added smoking status into the multiple regression analysis. The effect of sex was
not significant in the step-wise regression analyses and was eliminated from the
model. The final standardized regression coefficients and partial correlations are
presented in Table 2. The effects of cognitive abilities, 5S-HTTLPR, and smoking
appeared to have statistically significant independent effects when predicting the
I-score in VCT. Platelet MAO activity and self-reported impulsiveness (BIS-11)
had marginal independent effects, however, they improved the overall goodness
of the model and were included. It should be noted that platelet MAO activity has
a complex, non-linear relationship with smoking (see Harro et al. 2004).

The effect of platelet MAO activity and 5S-HTTLPR genotype on perfor-
mance in VCT
A significant difference in the percentages of correct answers in VCT between
the three MAO groups appeared (F,36=8.0, P<0.0001), post-hoc analysis
revealing significantly higher error-rate in subjects with low MAO in comparison
with subjects with high and medium platelet MAO activity (Table 1). When
controlling for the effect of cognitive abilities (8=0.26, P<0.0001), the signifi-
cance of the effect of platelet MAO on errors in VCT decreased (F,341=3.4,
P<0.05). Platelet MAO activity was not linearly associated with the speed of
information processing. Subjects with high platelet MAO activity had higher
I-score in comparison with the subjects with low MAO activity (Table 1), how-
ever, after controlling for the effect of cognitive abilities (=0.17, P<0.001), the
effect of MAO activity became non-significant (P=0.11).

Subjects carrying the S allele of 5S-HTTLPR made significantly more errors in
VCT (F341 =4.9, P<0.05, Table 1). Cognitive abilities had a significant covariate



effect (8=0.17, P<0.0001) on this association, and after including cognitive
abilities into the analysis, the significance of the effect of 5-HTTLPR decreased
(F1318=4.3, P<0.05). Presence of the S allele was not associated with the speed of
responding. S allele carriers had significantly higher I-score compared to subjects
with LL genotype (F7,341=5.6, P<0.05), and also after controlling for cognitive
abilities (F1,318:4.9, P<005)

Exploring the combined effect of platelet MAO and 5-HTTLPR poly-
morphism on I-score in VCT, both the main effect of platelet MAO activity as
well as the main effect of S-HTTLPR S allele were significant (£ 3,7=3.3, P<0.05
and F 3,7=5.1, P<0.05 respectively). In the comparison of the groups, it appeared
that the impact of low platelet MAO on I-score was significant only among the S
allele carriers (P<0.01) (Figure 2b).
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Figure 2. The effect of platelet MAO activity and 5S-HTTLPR on self-reported impulsi-
veness (a) and impulsivity score in Visual Comparison Test (b).

DISCUSSION

Our main aim was to explore the associations of self-reported impulsivity and
performance impulsivity with the markers of the function of serotonergic system.

One of the main conclusions derived from the results is that the effect of
platelet MAO activity on impulsivity depends on the S-HTTLPR genotype and
vice versa. Subjects with low platelet MAO activity who carried the S allele of
5-HTTLPR had the highest mean score of self-reported impulsiveness compared
to all other groups, while subjects with low platelet MAO activity, but concurrent
5-HTTLPR LL genotype had the lowest score on the scale of impulsiveness.
Neither MAO activity nor 5-HTTLPR alone had any significant effect on
self-reported impulsiveness. A similar result was found regarding the perfor-
mance impulsivity measure. Again the effect of low MAO activity on impulsive



performance depended on whether the subject carried S-HTTLPR S allele or not,
and vice versa. This interaction may explain why some earlier studies reported
significant associations between low platelet MAO activity and impulsivity,
while others did not (Oreland 2004, Ruchkin et al. 2005, Paaver et al. 2006a,
Kiive et al. 2005). The absence of independent effect of 5-HTTLPR on
self-reported impulsivity is in accordance with earlier studies reporting no
association between carrying the 5S-HTTLPR S allele and impulsivity measured
with the Barratt Scale of Impulsivity (Preuss et al. 2000).

It is not surprising that the S allele, which leads to lower expression of
serotonin transporter and therefore less flexible serotonergic neurotransmission,
is associated with more impulsive performance in a visual comparison task.
There are several studies in which impulsive performance has been altered with
serotonergic manipulations. Most reliably an increase in impulsivity with
decreasing the serotonergic function has been found (Cherek and Lane 1999,
Murphy et al. 2002, Walderhaug et al. 2002). Still, no effect of S allele on
impulsive responding in a laboratory task of disinhibition (Clark et al. 2005) and
Go/No-go task (Fallgatter et al. 1999) was found. It should be noted though that
impulsivity is a multifactorial construct and the performance as well as the
self-report measures of impulsivity are diverse. Our study included only the
speed-accuracy tradeoff measure of impulsivity and one self-reported impulsi-
vity scale, which implies a certain limitation to the conclusions. The higher
performance impulsivity in subjects with low platelet MAO activity is, however,
in accordance with the earlier results (af Klinteberg et al. 1990).

A wide variety of data supports the association between the S-HTTLPR S
allele and anxiety (Lesch et al. 1996). Anxiety and neuroticism are in association
with a weak affect regulation and impulsive behaviour, especially in adolescence
(Brotman et al 2006), and impulse control is the subfactor of neuroticism in some
personality inventories (NEO-PI, Costa and McCrae 1989). This may be
reflected in the impulsiveness of S allele carriers in our study. We did not control
for the effect of possible depressive or anxiety disorder, but in a community-
based sample of adolescents, the prevalence of these psychiatric disorders is
probably not high enough to have a major impact.

The S allele carriers have lower grey-matter volume in the amygdala-
cingulate feedback system (Pezawas et al. 2005), an important area in affect
regulation, which may lead to problems in impulse regulation. At least one study
has shown lower serotonergic innervation in the anterior cingulate in impulsively
aggressive subjects, by positron emission tomography (PET) (Frankle et al.
2005). Given the knowledge on the significant role of anterior cingulate in the
processing and monitoring of errors in the commission of effortful tasks (Brazdil
et al 2005) and tasks with conflicting information which may result in errors
(Botvinick et al 1999), the changes in the activity of cingulate may explain the
more error-prone performance of S allele carriers.
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It was demonstrated that although cognitive abilities had an effect on the
error-rate as well as impulsivity score in VCT, the higher error-proneness and
impulsive responding in 5-HTTLPR S allele carriers and subjects with low
platelet MAO activity were not fully explained by cognitive abilities. The effect
of 5-HTTLPR genotype on the error-rate and performance impulsivity remained
significant when cognitive abilities were controlled for. The effect of low platelet
MAO on error-rate remained significant, however the effect on performance
impulsivity was marginalized when cognitive abilities were controlled for. This
suggests that the influence of serotonergic system on behaviour depends on both
impulsive cognitive style and cognitive abilities. Our result of the higher error-
proneness independent of cognitive abilities in low MAO subjects is consistent
with the small study of Shekim et al. (1984) showing a higher number of errors in
a simple task in children with low platelet MAO activity, independent of general
cognitive abilities. The higher error-rate in low-MAQO subjects in the task of
visual comparison may have been caused by their higher impatience (von
Knorring et al. 1984), because the task was a monotonous activity with no mental
challenge. The higher error-rate in subjects with low MAO activity or
5-HTTLPR S allele may also reflect their higher fatigue, as the experimental
design included several measurements and lasted during the whole schoolday.
This would be in line with our preliminary data suggesting that low platelet MAO
is associated with higher fatigue after mental and physical effort (Paaver et al.
2006b) and an earlier PET study, which has demonstrated lower serotonin
transporter density in the anterior cingulate of the chronic fatigue patients
(Yamamoto et al. 2004).

Earlier studies linking 5-HTTLPR with impulsiveness have focused on
special target groups, e.g. a higher prevalence of the S allele was found in
impulsive suicide attempters (Baca-Garcia et al. 2005) and in violent type 2
alcoholics (Hallikainen et al. 1999). Our study was carried out on a population-
based sample of adolescents. As the adolescent brain is more vulnerable to
risk-taking and impulsive behaviour due to higher reward sensitivity compared to
adults (Galvan et al. 2006), information on this age-group may provide specific
insights. Detecting the effect of serotonergic functioning on impulsive cognitive
style in adolescence leads to the question, how does their impulsive tendency
track into adulthood, and whether and in which circumstances this predisposes
the subject to substance abuse disorders or aggressive behaviour as demonstrated
in adults carrying the S allele (Hallikainen et al. 1999, Gerra et al. 2004,
Baca-Garcia et al. 2005). Whether and how does this cognitive tendency brought
about by deviant function of serotonergic system express itself in the subject’s
further everyday life? This probably depends on the accompanying traits of the
individual, and environmental factors. The further development of the observed
impulsive tendencies in S allele carriers is especially interesting in the light of the
knowledge about the interaction of carrying the 5-HTTLPR S allele with
environmental stress, as first demonstrated by Caspi et al. (2003). Detecting the
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decisive environmental effects in childhood is of great interest as this may help to
prevent the development of problem behaviours. Smoking was one predictor of
impulsiveness in the presented multiple regression model. As the permanent
neurotoxic effects of nicotine on serotonergic neurons has been described (Xu et
al. 2001), smoking may be one environmental factor that may enhance the
impulsiveness in adolescents. On the other hand, impulsive cognitive style does
not necessarily have to be a problematic trait leading to behavioural problems,
but just a fast and error-prone cognitive style, which may in certain cases be
adaptive (Dickman 1990). A gene mutation that has survived and spread in the
natural selection most probably has an adaptive value in certain environments
(Lesch 2005). Indeed, at least one study has demonstrated that the S allele
carriers, who had grown up in a supporting environment, had less depression
compared to subjects with the LL genotype (Taylor et al. 2006). It is possible that
environmental factors direct the development of impulsive cognitive tendencies
into adaptive or maladaptive patterns in adulthood.

One important limitation to the interpretation of these results is the fact that
we did not use other behavioural impulsivity tests. Still, an advantage for their
interpretation is that the self-reported and the performance measure of impul-
sivity were similarly related to low MAO activity and carrying of the S allele.
Similar results on self-reported and behavioural measures of impulsivity are not
self-evident, because many impulsivity studies fail to find even a correlation
between these measures (Reynolds et al. 2006). In our study, though, the
consistency between self-report and performance measures could have been
expected, because impulsivity as measured by BIS-11 can be characterized by
lability of attention and concentration, motor restlessness, boredom susceptibility,
fidgetiness and non-planning, which can be considered as cognitive rather than
affective or social dimensions of impulsivity, and therefore be better related to
performance. Another issue arises from the fact that a functional G/A single
nucleotide polymorphism was recently discovered in the L allele making them,
functionally, more similar to S allele carriers by their serotonergic turnover (Hu
et al. 2006) and we did not measure this. However, the prevalence of this
mutation is very low (Wengland et al. 2006) and therefore most probably it did
not have a significant influence on our results.

Conclusively, our study has provided a novel result that two different
indicators of the serotonergic system capacity — low platelet MAO activity and
presence of the short 5-HTTLPR allele — are associated with higher error-rate
and more impulsive responding in a simple cognitive task of visual comparison.
It was also demonstrated that these two markers have an interactive effect on
self-reported impulsiveness.
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Table 1. The speed, accuracy and impulsivity score in theVisual Comparison Test in
subjects according to their impulsiveness, general cognitive abilities, platelet MAO
activity levels, and the 5-HTTLPR polymorphism

Mean time (s) % correct I-score
per item
(SD in brackets)

BIS-11'

Non-impulsive (n=170) 7.6 (3.4) 89.6 (11.5) =20 (.12)

Impulsive (n=169) 6.9 2.6)* 87.3 (11.7)° 22 ((12)*
Cognitive abilities score

Low (n=160) 6.9 (3.3) 81.3 (12.7) 36 (.13)

High (n=196) 7.5(2.9) 91.0 (10.4) *** —29 (.12)***
Platelet MAO®

Low (n=98) 7.3 (3.1) 84.7 (14.4) 29 (.17)

Medium (n=180) 7.0 (2.9) 88.8 (11.9## .04 (.12)

High (n=91) 7.73.1) 91.6 (8.7)##H  —43 (1D
5-HTTLPR:

LL (n=146) 7.6 (2.9) 89.9 (10.9) -23 (.14)

SL/SS (n=197) 7.0 (3.2) 87.0 (13.4)* 21 (L12)*

% correct — percentage of correct responses, BIS-11 = Barratt Impulsiveness Scale
whole score, I-score = impulsivity score in Visual Comparison Test

' Subjects with low and high score of BIS-11 impulsiveness and cognitive abilities are
differentiated by median value

? Subjects with low, medium and high MAO activity are differentiated by higher and
lower quartile values of the sample.

The significance of t-values in comparison of the two groups: * P<0.05 *** P<0.01
* P=0.07 versus the other group

Fisher LSD post-hoc ## P<0.01 ### P<0.00001 versus the low MAO group, T P<0.05
versus the medium MAO group

Table 2. Multiple regression analysis predicting VCT impulsivity score as a dependent
variable.

B Partial correlations P

Cognitive abilities (SPM, z-score) -.15 .16 .009
Smoking (,,Yes”=1 ,,No”=0) 12 12 .037
S-HTTLPR 13 13 .027
(SL/SS=1, LL=0)

Platelet MAO activity —11 12 .063
(high=1, low+medium=0)

Self-reported impulsivity .09 .09 110

(BIS-11, z-score)

The significance of the multiple regression model: F(s,50)=6.3, P<.00001, R?= .10.
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Figure 1. Example of the figures used in the Visual Comparison Test (Dickman and
Meyer 1988)
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Figure 2. The effect of platelet MAO activity and 5-HTTLPR on self-reported impulsi-
veness (a) and the impulsivity score in Visual Comparison Test (b).

Fisher LSD post-hoc: * P<0.05, ** P<0.01, *** P<.001 following significant multi-
variate analysis of variance including platelet MAO (low, medium, high according to
higher and lower quartile values) and 5S-HTTLPR (LL vs SL/SS) as grouping variables.
Whiskers represent standard error of the mean values.
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ABSTRACT

The short (S) allele of the 5-HTT gene promoter region polymorphism (5-
HTTLPR), in combination with adverse environmental influence, leads to
higher likelihood of depression. Impulsivity has been related to low serotonin
turnover, poor regulation of affect, and problems in family, including child
maltreatment. The current study explored the effect of the S-HTTLPR poly-
morphism in the serotonin transporter gene and adverse family environment on
impulsivity in adolescents. Healthy adolescents participating in the Estonian
Children Personality Behaviour and Health Study (n=483) filled the Adaptive
and Maladaptive Impulsivity Scale (AMIS), Barratt Impulsiveness Scale (BIS-
11), a scale measuring family relations, and were genotyped. While genotype
alone was not associated with thoughtlessness, BIS-11 impulsiveness, fast deci-
sion making or excitement seeking, S-HTTLPR S allele carriers, however, had
higher scores of disinhibition. In girls, the combination of carrying the S allele
with low scores for warmth in family and high scores for maltreatment had
significantly higher thoughtlessness and disihibition scores compared to girls
with good family relations, and at least one S allele. Adverse family relations
did not have any impact on girls with LL genotype. In boys, the effects of
family relations on maladaptive impulsivity did not depend on genotype. How-
ever, the S allele and high maltreatment in family both independently increased
disinhibition and BIS-11 score in boys. Family environment and 5-HTTLPR
genotype had no interactive effect on excitement seeking or fast decision
making. In summary, carrying the S allele may lead to high maladaptive
impulsivity due to higher sensitivity to environmental adversity, which is more
significantly expressed in girls.

The 5-HT transporter gene (SLC6A4, 5-HTT) has a polymorphism in the
promoter region, which consists of a 20-23 base pair sequence that is repeated
either 14 (short) or 16 (long) times. The short (S) allele is associated with a
lower expression of the 5-HT transporter [22], lower neuronal density in regions



necessary for regulating negative affect [34], and higher amygdala reactivity to
negative stimuli [13,34,18]. Clinical studies have demonstrated that carrying the
S allele is associated with anxiety-related characteristics [36], depressive symp-
toms [20] and other types of affective dysfunctions.

The impact of 5-HTTLPR genotype on depressive symptoms has been
shown to depend on environmental stressors. Depressive symptoms only ap-
peared among those S allele carriers who suffered from stressful life events in
the early age [5], or had experienced a hostile family environment [21,39].
Furthermore, development of a less efficient serotonergic system was de-
monstrated among those 5-HTTLPR S allele carriers who had experienced
adverse events during childhood [22] or who had been raised in families from
low socio-economic background [27].

Poor impulse control in suicide attempters and impulsively aggressive sub-
jects is associated with reduced serotonin transporter binding and lower levels
of the serotonin metabolite 5-HIAA in cerebrospinal fluid [23,40,3,35]. Con-
sidering the impact of 5-HTTLPR genotype on the development of cortico-
limbic structures [16], which are involved in the regulation of affect [26], 5-
HTTLPR S allele may have a role in inhibiting impulsive behaviour which
subserves its effect on affect [23]. Behavioural problems or impulsivity may be
one indicator of mood disorder in adolescents [4], since also parents to
depressed children rate them to be impulsive and restless [6].

However, not many studies have been carried out on the association between
5-HTTLPR and impulsiveness. Higher prevalence of the S allele in impulsive
suicide attempters has been demonstrated [24]. Also, some studies indicate a
higher prevalence of the S allele in substance abusers — e.g., violent type 2
alcoholics [15] and aggressive heroin-addicts [11]. An influence of S allele
carrying on aggressiveness in children has also been demonstrated [14]. Among
individuals with antidepressant-induced mania, a state associated with impulsi-
veness, an overrepresentation of S allele carriers has been found [28]. Though
many studies indicate that the S-HTTLPR S allele is involved in susceptibility
to depression, substance abuse and aggressive behaviour, less is known about its
association to the impulsive personality dimension in the normal population.

As to the environmental effects which would potentially bring out the
vulnerability in 5S-HTTLPR S allele carriers, the development of impulsivity has
been shown to depend on parenting styles. For example, Olson et al. [31] found
in a longitudinal study that responsive, cognitively stimulating parent-toddler
interactions in the 2nd year predicted later measures of cognitive nonimpulsivity
and ability to delay gratification. Straus and Mouradian [38] found that corporal
punishment was associated with impulsiveness in the child.

The aim of the current study was to explore the effect of 5-HTTLPR and
adverse family environment on impulsivity in adolescents. It was hypothesized
that the S allele induces higher impulsiveness in the presence of non-supportive
family relations.



The sample was based on the younger cohort of the European Youth Heart
Study (EYHS) conducted in Estonia in 1998/99, which was incorporated into
the longitudinal Estonian Children Personality, Behaviour and Health Study
(ECPBHS) [17]. The present study was conducted during the follow-up in 2004
where we could recruit 83% (n = 483) of the original sample, including 222
boys and 261 girls. Children and their parents gave their informed consent. Per-
mission for the study was obtained from the Committee of Ethics of the Univer-
sity of Tartu, Estonia. The mean age of the subjects studied in 2004 was 15.3,
S.D.=0.5.

The alleles at the S-HTTLPR locus were amplified from genomic DNA
using PCR. The polymorphic region was amplified using the primers 5-
HTTLPR-F: CAA CCT CCC AGC AAC TCC CTG TA, 5-HTTLPR-R: GAG
GGA CTG AGC TGG ACA ACC AC, where the forward primer was
fluorescently labeled with a 5’-FAM. Reagents and conditions for the PCR
reaction were: 1x PCR buffer (Perkin Elmer, AmpliTaq Gold buffer 1), 200 pM
dNTP with 50% of dGTP replaced with 7-deaza-dGTP, 2 mM MgCl,, 1 uM of
each primer, 1 U Taq polymerase (Perkin Elmer, AmpliTaq Gold), and 20 ng
genomic DNA, in a total reaction volume of 10 pL. The reaction started with 10
min at 95°C, followed by 40 cycles with 30 S at 95°C, 30 S at 59°C, 30 S at
72°C, and ended with 7 min at 72°C. PCR products were then run on an ABI
PRISM 3700 DNA analyzer (Applied Biosystems, U.S.A.), and scored using
the software GeneMarker 1.5 (SoftGenetics, U.S.A.). All genotypes were ma-
nually checked on chromatograms to detect inconsistencies, and where needed,
amplified and scored a second time. 5S-HTTLPR genotype was assessed in 435
children and 191 (44%) of subjects were homozygous for L allele, 189 (43%)
were heterozygous and 55 (13%) were homozygous for the S allele. Genotype
frequencies were in Hardy-Weinberg equilibrium.

Barratt Impulsiveness Scale (BIS-11) [33] and Adaptive and Maladaptive
Impulsivity Scale (AMIS) were used to measure different facets of impulsivity
(fast decision making, excitement seeking, disinhibition, thoughtlessness) as
previously described [9,32]. Self-reported impulsiveness questionnaire AMIS
was was filled by 481 and BIS-11 by 429 children.

Relationships in the family were measured by a child-report scale. Four
subscales were extracted by principal components factor analysis using Cattell
criterion and were named as closeness, support, misprize, and emotional and
physical abuse in the family. Items with factor loadings less than 0.4 were
excluded. Items were presented in terms of 4 or 5-point Likert scale. Internal-
consistency reliability (Cronbach’s a) of the subscales was between 0.83 and
0.94. Based on the similarity in results, the subscales of closeness and support
were added together under a common name ,,warmth in family” and the
subscales of abuse and misprize were added together under a common name
,maltreatment” in the presentation of data.
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For detecting gene — environment interaction effects, subjects were divided
into two groups according to the median score on family relations subscales.
First, main effects of sex and genotype on family relations and impulsivity were
calculated. Multiple analysis of variance (MANOVA) was carried out to detect
possible three-way interactions between sex-genotype-family relations on
impulsivity. As several effects had a significant interaction with sex, further
main effects of genotype and family relations and two-way interactions between
these were calculated in boys and girls separately. For comparison of the groups,
in case of significant interaction effect, Fisher post-hocs are given.

Boys scored higher on the scale of fast decision making compared to girls
(#(d.f.=478) = 3.4, p <0.001, while girls scored higher on the scale of disinhibi-
tion (#(d.f.=479) = 2.5, p < 0.01); there were no sex differences in other scores
of impulsivity. The S allele carriers of 5-HTTLPR had higher disinhibition
compared to LL homozygotes (¢(d.f.= 433) = 2.8, p < 0.01). Genotype alone
was associated with neither thoughtlessness, excitement seeking, fast decision
making nor BIS-11 impulsiveness. There were no sex differences of scores on
the scales of family relations and 5-HTTLPR genotype did not predict child-
rens’ reports on the scale of family relations.

A significant three-way interaction effect of sex-genotype-warmth in family
on thoughtlessness is presented on Figure 1. Among girls carrying the S allele,
those scoring low on warmth in family were more thoughtless compared to girls
reporting high warmth in family, or girls with LL genotype. This interaction
could not be detected among boys. As sex had an important effect on the gene-
environment interaction, similar to other studies [12, 37], further analysis was
carried out in boys and girls separately. Mean scores of impulsivity subtypes
according to 5S-HTTLPR genotype and family relations among boys and girls
are presented in Table 1.

Girls reporting low warmth in family had significantly higher scores on the
scales of disinhibition (#(d.f.=239) = 3.4, p < 0.001), thoughtlessness (#(d.
f=238) = 2.7, p < 0.01), and BIS-11 («(d.f.= 215) = 4.7, p < 0.00001). Girls
with high maltreatment in family had significantly higher scores on the scales of
disinhibition (#(d.f.= 255) = 1.9, p = 0.05), thoughtlessness (#d.f.= 254)= 3.0,
p <0.01), and BIS-11 (#(d.f.= 232) = 4.7, p < 0.000001). Family relations had
no effects on excitement seeking or fast decision making in girls. Further two-
way analysis of variance in girls revealed interactive effects of low warmth in
family and S allele on disinhibition (#(1,209)=5.8, p < 0.05), thoughtlessness
(F(1,208)=6.4, p < 0.05, Figure 1), and BIS-11 (F(1,186)=4.5, p < 0.05). Post-
hoc analysis revealed that the effects of low warmth in family on disinhibition,
thoughtlessness and BIS-11 score appeared only among S allele carrying girls
and were not significant in girls with LL genotype (Table 1).

Boys reporting high maltreatment in family had significantly higher scores
in disinhibition (#(d.f.= 195) = 3.5, p < 0.001) and BIS-11 (#(d.f=173)=3.3,p
< 0.001), and lower score in excitement seeking (#d.f.= 195) = 2.0, p < 0.05).



Boys with high warmth in family had higher score in fast decision making
(t(d.f= 193) = 2.1, p < 0.05), and excitement seeking (t(d.f.=193) =2.2, p <
0.05). The S allele of 5S-HTTLPR was associated with higher disinhibition
(#(d.f.=202) = 2.3, p < 0.05), and BIS-11 ((d.f.=177) = 2.2, p < 0.05) scores in
boys. In boys, unlike in girls, there were no statistically significant interaction
effects between genotype and family relations.

Low warmth in the families of the S allele carrying girls was associated with
higher thoughtlessness, disinhibition and impulsivity according to BIS-11. This
is in accordance with several earlier studies demonstrating an interaction of the
S allele with environmental adversity on personality traits that are similar to
impulsiveness by their maladaptiveness and association with affect-regulation
such as neuroticism [36], and also on the risk for depression [5,39,21]. There
are no earlier studies which have focused on the influence of 5-HTTLPR S
allele and family relations on the trait of impulsivity in adolescents, but positive
association of S allele carrying with aggression [14], suicidality [24], higher
response to alcohol [19], and higher alcohol consumption in case of ,,bad”
family relations in adolescents [30] have been demonstrated.

While low warmth and maltreatment in family led to impulsivity in S allele
carrying girls, unlike in girls with LL genotype, maltreatment by parents was
associated with higher impulsiveness in boys regardless of S-HTTLPR genotype.
Thus, our results are in accordance with earlier studies demonstrating that 5-
HTTLPR S allele and adverse environment interaction is stronger in female
subjects, expressing in higher vulnerability to depression and lower agreeable-
ness in S allele carrying women [23,10,12,37]. Also, S allele in females has
been reported to be associated with higher stress-sensitivity, e.g, peer-reared
female rhesus macaques with the rhS-HTTLPR S allele have increased
adrenocorticotropic hormone and lower cortisol responses to stress, which does
not happen among males [2]. In contrast, many of the studies in which the
impact of stressful life events has not been considered, have demonstrated an
association between presence of the S allele and suicidality [25] or neuroticism
[8] solely among males. One possible reason for the difference between the
sexes might be that the effect of the serotonin transporter on brain development
differs between males and females brain [41], possibly due to an effect of
gonadal steroids on the serotonin transporter [1].

The impact of 5S-HTTLPR S-allele and adverse family relations on impul-
sivity is suggested to be developmental rather than direct, as serotonin plays an
important role in brain development [22]. It can be further speculated that
familial adversity may have a greater impact on S-allele carriers, as several
studies report higher sensitivity of their amygdala to negative emotional stimuli,
and lower neuronal density in their affect-regulating regions like cingulate and
prefrontal cortex [13,34,18]. Post-natal development of prefrontal cortex and
cingulate, which are potentially important structures in impulse and emotion
regulation and are more active in response to stimuli in 5-HTTLPR S allele



carriers, continues through adolescence until adulthood [29]. Impulsiveness,
direct maltreatment (as misprize or abuse) or lack of warmth and support in
relationships often go hand in hand. Our study however suggests that lack of
warmth has a stronger impact on S allele carrying girls, while boys are most
influenced by maltreatment by parents, regardless of genotype. This is partly in
concordance with the study by Sjoberg and collegues [37], where S allele
carrying girls were more sensitive to poor family relations, while boys were
vulnerable to low social status, however in that study this only applied for boys
with LL genotype. In a recent study by Kaufman and collegues [21] con-
centrating on the effects of maltreatment and possible protective factors in S
allele carriers, it was stated that high social support did not undo the effect of
maltreatment, but low social support highly contributes to the depression score
of S allele carriers. Lack of warmth or support from caregivers can have as
strong impact as maltreatment on childrens’s behavioural development [31].
According to the neurodevelopmental view on impulsivity the brain is actually
prepared to be impulsive at birth, and the self-regulation skills are the product of
learning and positive parenting. Thus harsh treatment, as well as neglect by
parents, may both result in the inability to regulate emotions and impulses in
child [7].

The S allele of 5-HTTLPR in combination with adverse family environment
predicted only maladaptive types of impulsivity in girls, while the adaptive
types of impulsivity depended neither on family relations nor on genotype in
girls. In boys, however, the adaptive types of impulsiveness like excitement
seeking and fast decision making were associated with positive relations in
family. This may be interpreted that girls are more vulnerable to dysfunctions in
case of adversity in family, while boys can take more advantage of positive
parenting in the development of adaptive traits.
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Figure 1. Interaction effect of S-HTTLPR X warmth in family X sex on the score of
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