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1. INTRODUCTION  

Impulsivity is a key feature in several psychological disorders like disruptive be-
haviour disorders, substance use disorder, personality disorders, bipolar disorder, 
and pathologically aggressive or suicidal behaviour, and plays a prominent role 
in the diagnosis of various other forms of psychopathology. Yet, impulsivity also 
has a functional aspect. Dickman (1990) has differentiated functional and dys-
functional impulsivity, which both lead to fast and error-prone action but are dif-
ferent in essence. Functionally impulsive individuals make quick decisions ac-
cording to the situation, gaining from rapid action; dysfunctionally impulsive 
people, on the other hand, act with little forethought in a non-reflective manner, 
despite negative consequences. 

Serum lipid levels are biological factors that scientist have historically as-
sociated with impulsive behaviour. Although studies have shown an association 
of serum cholesterol with impulsivity and violence, it must be remembered that 
serum cholesterol itself has no direct effect on these behaviours. Mechanisms 
underlying the association between cholesterol and impulsive behaviour have not 
yet become clear. However, it has been suggested that both high and low choleste-
rol levels may lead to behavioural changes through lower serotoninergic activity. 
Previous studies have highlighted that the correlation of cholesterol levels with 
impulsivity, aggressiveness, risk behaviour, or suicide is not a linear one, and 
confounding factors should be considered. 

To meet the aim of the current thesis and elucidate the association between 
impulsivity, genetic markers of the serotonergic system, and serum lipid levels 
from childhood through young adolescence, we have used the data from the Esto-
nian Children Personality, Behaviour, and Health Study (ECPBHS), a longi-
tudinal, highly representative birth cohort study.  
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2. REVIEW OF LITERATURE 

2.1. Aspects of impulsivity, with focus  
on dysfunctional vs. functional impulsivity 

Impulsivity is an essential feature of disruptive behaviour disorders (Dougherty 
et al., 1999), substance use disorder (Allen et al., 1998; Brady et al., 1998), per-
sonality disorders (Mulder et al., 1999), bipolar disorder (Swann et al., 2001), 
pathologically aggressive (Barratt et al., 1999) or suicidal behaviour (Corruble et 
al., 1999), and plays a prominent role in the diagnosis of various other forms of 
psychopathology. From a behavioural perspective, impulsivity includes a wide 
variety of actions that are immature, dangerous, inappropriate to the situation and 
done without consideration, which usually bring about unwanted consequences 
(Bakhshani, 2014). 

Although there are many ways to define impulsivity, it is generally considered 
as acting without forethought and adequate processing of information (Barratt, 
1994). A person that is described as impulsive is someone who thinks little of the 
consequences his/her actions might bring and thus takes unwarranted risks. Ac-
cording to DSM-5, impulsivity is defined in terms of an aspect of disinhibition 
and considered as an immediate reaction to stimuli, an unplanned reaction on the 
spur of the moment or with no regard for its consequences, problem in pro-
gramming or adhering to programs, sense of urgency and self-harming behaviour 
in the time of emotional turmoil (American Psychiatric Association, 2022). This 
clinical conceptualization only includes negative and pathological aspects of 
impulsivity and does not distinguish between impulsivity and aggression. 

Although there is a full variety of classifications of impulsivity facets (e.g., 
Cognitive vs. Behavioural Impulsivity, Motor vs. Non-Motor Impulsivity, Re-
ward vs. Punishment Sensitivity, Bari & Robbins, 2013; Carver & White, 1994; 
Logan et al., 1997, respectively), these mostly refer to impulsivity as a maladap-
tive trait. Yet, impulsivity also has a functional aspect. For example, when the 
experimental task is very simple, highly impulsive style and rapid style in res-
ponding has little cost in errors (Brunas-Wagstaff et al., 1995). When the time 
available for making a decision is extremely brief, people with high impulsivity 
are more accurate than people with low impulsivity (Dickman & Meyer, 1988).  

Dickman (1990) has proposed two different traits of impulsivity - functional 
and dysfunctional impulsivity, which both lead to fast and error-prone action but 
are different in essence. One that results in rapid inaccurate performance in situa-
tions where this is optimal and the other that results in rapid, inaccurate perfor-
mance in situations where this is nonoptimal: “At this point, it would seem that 
the best way to characterize functional impulsivity is to say that it represents the 
tendency to engage in rapid, error-prone information processing (i.e., to act with 
a relatively little forethought) when such a strategy is rendered optimal by the 
individual’s other personality traits. Dysfunctional impulsivity appears to repre-
sent the tendency to engage in rapid, error-prone information processing because 
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of an inability to use a slower, more methodical approach under certain circum-
stances. It was suggested earlier that it might be stressful circumstances that 
interfere with ability of subjects high in dysfunctional impulsivity to engage in 
slow, accurate information processing; however, this is a possibility that must be 
confirmed by future research.” (Dickman, 1990). Functionally impulsive indi-
viduals make quick decisions according to a situation, gaining from rapid action, 
dysfunctionally impulsive people on the other hand act with a little forethought 
in a non-reflective manner, despite negative consequences. Dickman (1990) 
further found that the two types of impulsive personality performed differently 
on a cognitive figure matching task. Whereas functional impulsivity was related 
to the speed of information processing, dysfunctionally impulsive people were 
not distinguished by a rapid information processing style.  

When analysing Dickman’s conceptualisation of functional and dysfunctional 
impulsivity as separate impulsive personality dimensions, Brunas-Wagstaff et al. 
(1997) found, that it is possible to apply this distinction to children as well as to 
adults. They re-wrote the items of the Dickman impulsivity inventory making it 
suitable for children. The study sample consisted of children aged 8–16. Regard-
less of the age of participants, there were no significant correlations between 
functional and dysfunctional impulsivity. The results were fully in line with 
Dickman’s results in adults showing that the subscales of functional and dys-
functional impulsivity are not in correlation starting from a young age. Based on 
the results of the study the authors concluded that the findings support Dickman’s 
conceptualisation of functional and dysfunctional impulsivity as separate im-
pulsive personality dimensions and suggest that it is possible to apply this dis-
tinction to children as well as to adults. 

There are several self-report tests to measure impulsivity, but none of them 
are flawless; it may not be clear which aspects of impulsivity they are addressing, 
how these aspects are inter-correlated and which scales measure similar const-
ructs. The Barratt Impulsiveness Scale (BIS-11) is one of the most widely used 
self-report measures of impulsivity (Patton et al., 1995). BIS-11 questionnaire 
consists of 30 items measuring aspects of impulsivity like attentional, motor, and 
non-planning impulsiveness and is used across different age groups and popu-
lations. Although Barratt´s scale is frequently used and has been confirmed to be 
reliable, it primarily focuses on three primary features of impulsivity, and thus 
possibly does not exhaustively reflect on the whole multidimensional nature of 
impulsivity, perhaps disregarding specific aspects, especially the positive ones. 
Moreover, it depends on self-reporting data making it susceptible to biases such 
as social desirability or faulty self-perception (Kapitány-Fövény et al., 2020; 
Stanford et al., 2009). The Behavioural Inhibition/Activation Scales (BIS/BAS) 
are primarily designed to measure sensitivity to punishment (BIS) and reward 
(BAS), respectively, but the scales also capture aspects of impulsivity, particu-
larly in response to incentives. Similarly to BIS-11, also these scales are applic-
able across different age groups. The biggest drawback of the BIS/BAS scale is 
that since they focus on sensitivity towards rewards and punishments, they do not 
exclusively measure impulsivity. Instead, they are designed to assess larger 
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dimensions related to behavioural inhibition and activation. Being a self-report 
test, they rely solely on the reporter and thus can be biased (Carver & White, 
1994). The UPPS-P Impulsive Behaviour Scale assesses five specific aspects of 
impulsivity: urgency, lack of preparation, lack of persistence, sensation seeking, 
and positive urgency. It is efficient in evaluating impulsivity in adults but not in 
children. Similarly to the BIS-11, the UPPS-P relies on self-report and is suscep-
tible to the risk of potentially overlooking important aspects of the construct. 
Although the UPPS-P is popular in research settings, it has not been translated as 
extensively as the BIS-11 and is less commonly available in clinical settings 
(Whiteside & Lynam, 2001). The Eysenck Impulsiveness Questionnaire (EIQ), a 
self-report measure developed by Eysenck and Eysenck (Eysenck & Eysenck, 
1977), includes items related to impulsivity, venturesomeness, and empathy. The 
questionnaire aims to assess impulsivity as a personality trait measuring indivi-
dual differences in impulsive behaviour and decision-making tendencies. 

Examination of various definitions of impulsivity highlights the difficulties 
faced when attempting to measure the construct. To tackle that problem Miller et 
al. (2004) examined the component structure of impulsivity by conducting a 
Principal Components Analysis of 12 subscales from four widely used self-report 
measures of impulsivity; the Dickman Impulsivity Inventory, the Eysenck Impul-
siveness Questionnaire, the Barratt Impulsiveness Scale and Carver and White’s 
BIS/BAS scales. Analysis of the relationship between the subscales revealed that 
both the Dickman and the Eysenck scales share a similar two-component struc-
ture, while Dysfunctional impulsivity correlates with Eysenck’s Impulsiveness 
and Functional impulsivity with Venturesomeness. This provides further evi-
dence that the impulsivity measures of Dickman and Eysenck measure the same 
components of impulsivity. While the results of the study suggest a third dimen-
sion next to the Dickman’s and Eysenck’s two-dimensional model, the authors 
highlight that the third dimension, the Reward Responsiveness/Drive subscale, 
may indeed measure some facet outside the impulsivity construct. This latter 
argument supports a two-component model of impulsivity (e.g. Buss & Plomin, 
1975; Dickman, 1990; Eysenck & Zuckerman, 1978; Hoptman et al., 2002; 
Parker et al., 1993). 

It has been known for many years from animal studies that the prefrontal cor-
tex plays an important role in inhibitory control over behaviour. For example, 
selective lesions of the rat medial prefrontal cortex impair simple measures of 
behavioural inhibition, including novelty and stimulant-induced locomotor acti-
vity (Dalley, 1999; Jaskiw et al., 1990; Whishaw et al., 1992), as well as res-
ponding in extinction (Morgan et al., 1993; Quirk et al., 2006). Also, the striatum, 
with its high connectivity with the prefrontal cortex, contributes to several forms 
of impulsive behaviour. The prominent roles of the medial and lateral striatum in 
the 5-choice serial reaction time task performance have been shown with lesions 
of the medial striatum resembling those targeting medial cortical structures 
(Christakou et al., 2001; Dalley et al., 2008). 

Previous studies done in human subjects have consistently found the pre-
frontal cortical deficit associated with impulsive types of violent and criminal 
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behaviour (Brower & Price, 2001). Within the prefrontal cortex, functional or 
structural deficits in the orbitofrontal region have been implicated in impulsive 
aggression and violence in schizophrenia (Joyal et al., 2004; Naudts & Hodgins, 
2006). The orbitofrontal cortex, if damaged, is known to result in disinhibition 
and antisocial behaviour (Bechara et al., 1997  Bechara et al., 2000; Damasio, 
1995; Schoenbaum et al., 2006; Wallis, 2007). Kumari et al. (2009) found an 
association between high dysfunctional impulsivity scores and lower orbito-
frontal grey matter volume, suggesting that impulsivity may be an important 
mediating factor in the commonly found association between prefrontal cortex 
reductions and violent and antisocial behaviour. From all prefrontal cortex sub-
regions studied, impulsiveness scores correlated significantly negatively only 
with the orbitofrontal cortex grey matter volumes suggesting regional specificity. 
In other studies, it has been ventromedial prefrontal cortex that has been re-
cognized as the brain region critically involved in cognitive impulsivity that is 
characterized by the inability to compare immediate consequences and the future 
of events with each other, and consequently, the inability to delay satisfaction 
(Bakhshani, 2014). 
 
 

 2.2. Serum lipids  
High levels of cholesterol, and especially low-density lipoprotein cholesterol 
(LDL), have been shown to raise the risk of heart disease and stroke. The high-
density lipoprotein (HDL) cholesterol, sometimes called “good” cholesterol, 
plays a pivotal role in the prevention of cardiovascular diseases due to its distinct 
roles within the lipid metabolism pathway (Rader & Hovingh, 2014). The HDL 
cholesterol has antioxidant and antithrombotic properties, which collectively con-
tribute to its atheroprotective effects, but most importantly presence of HDL 
cholesterol helps to eliminate excess cholesterol from peripheral tissues and 
transport it back to the liver for excretion through reverse cholesterol transport. 
The process involves multiple steps that lead to the overall transfer of cholesterol 
from peripheral tissues to the liver through the plasma compartment (Bruce et al., 
1998). Reverse cholesterol transport plays an important role in alleviating the risk 
of atherosclerosis and cardiovascular disorders by facilitating the elimination of 
excess cholesterol from peripheral tissues and promoting its excretion from the 
body. Whilst the levels of cholesterol should be maintained under a certain limit 
for the prevention of cardiovascular disease, it is also important to note that a low 
level of cholesterol is a risk factor for impulsivity and death by suicide (Troisi, 
2009). 

Cholesterol is an essential structural component for cellular membranes and 
myelin. By forming microdomains with phospholipids, membrane rafts have 
been proposed to play active roles in a wide range of physiological processes, 
including signal transduction, protein sorting, cellular entry of viruses/toxins and 
apoptosis (Simons & Vaz, 2005). Both lack and surplus of cholesterol can have 
negative effects. A connection of serum to central nervous system cholesterol has 

;
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not been established, since central nervous system cholesterol is not transported 
from peripheral sources but synthesized in the brain (Björkhem et al., 2004; Jure-
vics & Morell, 1995). Neuronal cells regulate their cholesterol content by a feed-
back mechanism that balances biosynthesis, import, and excretion (J. Zhang & 
Liu, 2015). While the main sources of cellular cholesterol involve uptake from 
cholesterol-rich LDL cholesterol or its de novo synthesis from acetyl-CoA, 
excessive cholesterol can be eliminated in the presence of HDL cholesterol that 
acts as a lipid acceptor (Matsuda et al., 2013). Cholesterol is also an essential 
component of neuronal physiology that is needed for synaptic growth and plays 
a crucial role during developmental stages (Mauch et al., 2001). 
 

2.2.1. Serum lipids and impulsivity 

Cholesterol levels have been associated with psychiatric and behavioural dis-
orders while it is generally accepted that people with lower levels of cholesterol 
are at a higher risk (Jokinen et al., 2010). However, several studies have suggested 
that the relationship between cholesterol and psychological variables may be non-
linear. For example, suicide risk has been found the highest in patients within the 
lowest cholesterol quartile (Golier et al., 1995; Lindberg, et al., 1992). Using a 
similar cut-off point, Troisi (2011) found a highly significant difference in atten-
tional impulsivity between participants with total cholesterol levels lower than 
4.3 mmol/l and the rest of the sample, with low cholesterol associated with high 
impulsivity. However, across the entire range of cholesterol (2.8–7.6 mmol/l) 
only a weak linear correlation was found. In the study of Pozzi et al. (2003), con-
ducted in a sample of 2051 healthy men with a mean age of 23 years, the significant 
inverse association between total and HDL cholesterol with impulsivity rested 
completely on subjects in the lowest tenth of total cholesterol (≤3.7 mmol/l).  

While most of the studies have found a negative correlation between choles-
terol levels and impulsivity, it is not universal. In a study of 30 healthy partici-
pants with mean age of 45 years, after adjusting for several relevant covariates 
including sex, BMI and reported life stress, high levels of total cholesterol were 
significantly positively associated with a higher behavioural impulsivity (Gendle 
et al., 2011). A study conducted in the Korean population revealed that not only 
high but also low total and LDL cholesterol levels predicted an increased inci-
dence of suicidal ideation in the elderly population (Kim et al., 2014). Additio-
nally, a Finnish study of 448 depressed elderly participants found higher total and 
LDL cholesterol levels in subjects with suicidal behaviour (Koponen et al., 2015). 
Another earlier Finnish study found that high cholesterol levels are associated 
with the level of violence in suicidal behaviour (Tanskanen et al., 2000). How-
ever, meta-analyses conducted in adults or elderly populations support the link 
between low levels of serum lipids and suicidality (Arnedo et al., 2015; Hawton 
et al., 2013). A more recent meta-analysis (Wu et al., 2015) screened 65 studies 
on suicides and cholesterol fractions. It concluded that it is the low total and LDL 
cholesterol as well as triglyceride levels that predict suicidality within patient 
groups. When compared with the healthy controls the suicidal patients had 
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significantly lower total, HDL and LDL cholesterol levels. While impulsivity and 
suicidality are not completely overlapping traits, maladaptive impulsivity may 
occasionally lead to self-destructive behaviour. 

The majority of studies done on impulsivity and serum lipid levels have been 
conducted in clinical samples. Low serum lipid levels have repeatedly been 
linked to several psychopathologies, including violent criminal behaviour (Repo-
Tiihonen et al., 2002), aggression towards others and self (Sahebzamani et al., 
2013), and suicide (Daray et al., 2018). Impulsivity, being an essential feature of 
excessive risk taking (Eensoo et al., 2018; Tokko et al., 2019) and pathologically 
aggressive (Barratt et al., 1999) or suicidal behaviour (Corruble et al., 1999), is 
one of the key elements of maladaptive behaviours associated with low choles-
terol levels (New et al., 1999). However, the results of some studies have conf-
licted with the assumption that cholesterol levels and impulsivity, aggressiveness 
or suicidality could be correlated in a general and linear manner (Corruble et al., 
1999; Troisi, 2011). For example no association of cholesterol with measures of 
impulsiveness and aggression was found children hospitalized in psychiatric 
departments (Rao et al., 1991). 

It is conceivable that cholesterol levels play a role in impulsiveness only in 
specific pathophysiologies. Patients with schizophrenia are four times as likely to 
be engaged in violent acts (Lewis et al., 2009). Violence toward self and others 
can be explained through heightened impulsivity levels. Suicide accounts for a 
substantial proportion of excess mortality in patients with schizophrenia (Anthes, 
2014), with increased lethality, violence, intent to die and multiple attempts 
(Volavka & Citrome, 2008). Total cholesterol is significantly lower in those 
schizophrenic patients who have made a suicide attempt compared with those 
without suicide attempts (Mensi et al., 2016). In a study by Kavoor et al. (2017) 
conducted in a patient group of 60 patients with schizophrenia who were drug-
free for at least 4 weeks, total cholesterol, LDL and triglyceride levels had a signi-
ficant negative correlation with impulsivity, as measured by the Impulsivity 
Rating Scale. Total cholesterol and LDL levels also showed a significant negative 
correlation with the Beck Scale for Suicide Ideation. Antipsychotic drugs va-
riously influence lipid levels in schizophrenia (Meyer & Koro, 2004), and there-
fore, drug status could be an important confounder. Hence, this study strongly 
supports the notion that lower total cholesterol, HDL and LDL levels may in-
crease the propensity towards acting impulsively and indulging in self-harming/ 
suicidal behaviours in patients with schizophrenia.  

Historically, studies have indicated that low plasma cholesterol level was 
significantly related to depression in elderly men (Morgan et al., 1993) and men 
with low cholesterol levels had a higher risk of depression (Steegmans et al., 
1996) and suicide risk (De Berardis et al., 2012; Engelberg, 1992). In a Finnish 
study with over 29 000 men, it was shown that low levels of total cholesterol were 
associated with major depressive disorder and death from suicide (Partonen et al., 
1999). However, a recent cross-sectional study using the National Health and 
Nutrition Examination Survey (NHANES) found no association between low 
serum lipid levels and increased risk of depression (Zhang et al., 2022). Although 
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age, body mass index, sex, smoking, alcohol use, health status, and exposure to 
statins and antipsychotics were considered potential confounders in the NHANES 
study the sample formation, including ethnicity, dietary preferences and other 
lifestyle choices may have played a role in mediating the effect of serum lipids 
and depression. The importance of regional differences has been highlighted also 
by a large-scale study of 4949 participants conducted in the Korean population 
where there was a significant association between the high level of HDL choles-
terol and depression in adult men, but not in women (Oh & Kim, 2017).  

Depression is one of the risk factors for suicide and the most common psy-
chiatric disorder in people who die by suicide (Hawton et al., 2013). Most sui-
cides (about 60%) occur in the context of depressive disorders (Barraclough et 
al., 1974; Carlson et al., 1991; Hagnell & Rorsman, 1979). Personality traits as-
sociated with low cholesterol, like impulsivity and aggression are also associated 
with vulnerability to suicidal behaviour (Mann, 2003). Thus, patients with de-
pression and low cholesterol levels have a heightened risk for suicide. For 
example, (Messaoud et al., 2017) carried out a study in 162 patients with major 
depressive disorder. The mean plasma level of cholesterol was significantly lower 
among the suicide attempters than in the non-suicidal depressive group (3.47 ± 
0.95 vs 4.15 ± 0.75 mmol/l) or the control group (4.27 ± 1.01 mmol/l). In a similar 
study conducted in 149 major depressive disorder patients admitted to an emer-
gency room following a suicide attempt significant differences in total serum 
cholesterol levels were observed between the suicide patients and non-suicide 
depression patients and between violent suicide patients and non-violent suicide 
patients with total cholesterol level being significantly lower among the suicidal 
depressive group compared to the depressive or normal control group. The effect 
persisted when age, sex, BMI and total serum protein levels were controlled (Kim 
& Myint, 2004). 

Another factor that appears to need consideration is the presence of anhedonia: 
Loas et al. (2016) explored the relationships between anhedonia, alexithymia, 
impulsivity, suicidal ideation, recent suicide attempt, C-reactive protein and 
serum lipid profile in 122 patients with depression or anxiety disorders. Consum-
matory anhedonia was significantly associated with low levels of total and HDL 
cholesterol whereas anticipatory and state anhedonia were significantly as-
sociated with suicidal ideations. Alexithymia was associated with low-serum total 
cholesterol and low LDL levels. Both low attentional impulsivity and high level 
of suicidal ideation were independent predictors of low levels of HDL. 

However, studies conducted in paediatric and adolescent psychiatric patients 
remain conflicting. In a study of 66 patients ranging from 8 to 18 years con-
secutively admitted to a psychiatric inpatient unit following attempted suicide 
levels of cholesterol were found to be significantly lower in attempted suicide 
patients than in inpatients who had not attempted suicide. Control subjects were 
paired with case subjects according to psychiatric diagnosis, age and sex (Plana 
et al., 2010). In a similar study of 152 adolescent psychiatric inpatients ranging 
from 12 to 21 years, it was found that serum cholesterol levels were significantly 
higher in both male and female suicidal adolescent patients than in non-suicidal 
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adolescents. Yet, within the suicidal group, but not in the total inpatient group, 
serum cholesterol correlated negatively with the degree of suicidal behaviour. No 
correlation between serum cholesterol levels and impulsivity was detected (Apter 
et al., 1999). The age of the study subjects may be of key importance when inter-
preting the studies. The effects of high or low serum lipid levels can emerge over 
time and may need a contribution of other factors. 
 

2.2.2. Cholesterol fractions 

Studies on impulsivity and cholesterol levels have mainly focused on total cho-
lesterol. From the few studies addressing the cholesterol fractions, it appears that 
low HDL cholesterol levels can be linked with aggression, impulsivity and also 
depression and low LDL levels with suicide and self-harm.  

For example, the study by Pozzi et al. (2003) assessed separately LDL and 
HDL cholesterol levels and found that the lipid fractions related to impulse 
control in healthy subjects were the total and HDL cholesterol. In an Italian 
community-based sample, impulsivity-related traits measured by the NEO-PI-R 
were associated with lower HDL cholesterol and higher triglycerides. Also, a 
study of patients who exhibited aggression and problems in impulse control found 
only the HDL cholesterol levels to be significantly lower. The total and LDL 
cholesterol were also lower in these patients, but the differences did not reach the 
conventional level of significance (Buydens-Branchey et al., 2000). 

Studies on the association between cholesterol and depression mostly suggest 
that a low level of the HDL type of cholesterol is a risk factor (Dimopoulos et al., 
2007; Kim et al., 2011; Lehto et al., 2008). Other studies have found total cho-
lesterol and LDL cholesterol levels to be significantly lower in the group of 
patients who had experienced failed attempts of suicide or exhibited other self-
injurious behaviour compared to non-suicidal psychiatric patients and normal 
controls (Agargun et al., 2004; Garland et al., 2007; Lee & Kim, 2003). 

While different cholesterol fractions seem to be related to different aspects of 
mental health, no study has tried to differentiate between the effect of LDL, HDL 
or total cholesterol on behavioural aspects and thus the data remains too scarce to 
make any conclusions. 
 
2.2.3. Biological mechanisms of how low serum lipids influence 

behaviour through serotonin  

Although numerous studies have shown an association of cholesterol with impul-
sivity and violence, it must be remembered that serum cholesterol cannot directly 
affect behaviours. Mechanisms underlying the association between cholesterol 
and impulsive behaviour have not yet become clear; however, it has been sug-
gested that both high and low cholesterol levels may lead to behavioural changes 
through lower serotoninergic activity.  

Based on studies done in macaques on a cholesterol-restricted diet, Kaplan et 
al. (1997) proposed the cholesterol–serotonin hypothesis of aggression, ac-
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cording to which low levels of cholesterol lead to aggression through an altered 
serotonergic system. A decrease in serum cholesterol may induce a relative in-
crease in brain cell membrane fluidity, which increases presynaptic serotonin 
reuptake and decreases postsynaptic serotonin function (Diebold et al., 1998). 

According to the classic theory of Engelberg (1992) lowered serum choles-
terol concentration may contribute to a decrease in brain serotonergic neurotrans-
mission via altered microviscosity, resulting in poorer suppression of aggression 
towards self and others (Hawton et al., 1993). It has been shown that reduced 
cholesterol levels result in lower cell-membrane fluidity, which leads to lower 
uptake of serotonin (5-hydroxytryptamine; 5-HT) and a decrease in the number 
of serotonin receptors (Engelberg, 1992). Low serum lipid levels have been found 
to influence the conformation and function of membrane-bound proteins and 
receptors (Ohvo-Rekilä et al., 2002). Amongst others, low serum lipid levels 
reduce the binding affinity of a serotonin 5-HT1A and 5-HT7 receptor agonists 
(Pucadyil & Chattopadhyay, 2004; Sjoegren et al., 2006) and modulate serotonin 
transporter activity (Scanlon et al., 2001).  

On the other hand, mechanisms have been proposed to explain how high cho-
lesterol levels could also lead to low serotonergic function. Studies on hyper-
cholesterolemic patients show lower serotonergic action through blunted sero-
tonin-mediated vasodilation in forearm arteries and lower platelet serotonin con-
centrations than in controls (Smith & Betteridge, 1997; Stroes et al., 1997). 
Another study by Herrera-Marquez et al. (2011) has shown that adolescents with 
metabolic syndrome have a lower brain serotonin tone than healthy controls. The 
serotonergic brain activity was assessed through decrease of free fraction of L-
tryptophan in plasma and increase of the response of intensity-dependent 
auditory-evoked potentials. High densities of cholesterol, in the lipid rafts, are 
found at the postsynaptic membrane, in the vicinity of various neurotransmitter 
receptor clusters. Altered membrane properties can affect membrane-bound 
receptors (Borroni et al., 2016). The lipid rafts are specialised micro-domains 
within the cellular membrane and contain twice the amount of cholesterol than 
found in the surrounding bilayer (Björk et al., 2010). They compartmentalise cel-
lular processes and serve as assembly and sorting platforms for signalling 
complexes (Becher et al., 2001). Cholesterol may influence the conformation and 
function of membrane-bound proteins and receptors by reducing neuronal 
membrane fluidity and increasing the mechanical strength of the membranes. The 
rigidity of cholesterol-enriched membrane may, in turn, alter or disrupt the 
function of lipid rafts (Ohvo-Rekila et al., 2002) and it is known that a variety of 
neurotransmitter receptors operate using the lipid rafts (Brusés et al., 2001; 
Sooksawate & Simmonds, 2001; Suzuki et al., 2001). 

Cholesterol can influence serotonergic function also indirectly by binding 
tightly to transmembrane ion channels, enzymes and receptors (Haines, 2001). 
Also, experimental and computational evidence supports that view and has 
pointed to lipids influencing receptor oligomerization not only directly, by 
physically interacting with the receptor and participating in membrane formation, 
but also indirectly, by altering the intensive properties of the membrane 
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(Ramírez-Anguita et al., 2018). Experimentally decreasing the cholesterol con-
tent of cell membranes has been shown to reduce the binding affinity of a sero-
tonin 5-HT1A and 5-HT7 receptor agonists as well as to alter the G-protein coup-
ling of the receptor (Pucadyil & Chattopadhyay, 2004; Scanlon et al., 2001; 
Sjögren et al., 2006). 

Statins or 3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase 
inhibitors are hypocholesterolemic drugs with proven effectiveness in primary 
and secondary coronary heart disease prevention. If the reduction of cholesterol 
levels were causally related to destructive behaviour, then statin therapy should 
be a major psychiatric risk factor. This, however, appears not to be the case: the 
most recent meta-analysis on statin usage does not suggest any increase in violent 
death (Tuccori et al., 2014). However, it has been demonstrated in animal expe-
riment (Vevera et al., 2016) that 4 weeks of administration of simvastatin to rats 
reduced cholesterol levels in the brain as well as membrane microviscosity as 
measured in erythrocytes. Interestingly, chronic simvastatin treatment also in-
creased the time spent in the open arms of the elevated plus-maze and the number 
of entrances to the closed arms. Such an atypical profile of behaviour in this 
prototypic anxiety test is well corresponding to the notion that reduction of sero-
tonergic activity leads to impulsivity-driven behaviour in the plus-maze (Harro, 
2018). 
 

2.2.4. Role of cholesterol in neurodevelopment 

Cholesterol metabolism has a long-term effect on synaptogenesis, dendrite diffe-
rentiation and axonal growth, thus being crucial for synaptic plasticity (Goritz et 
al., 2005). Cholesterol is also an essential component of neuronal physiology that 
is needed for synaptic growth and plays a crucial role during developmental 
stages (Mauch et al., 2001). 

Neurodevelopmental studies highlight the role of cholesterol during childhood 
and early adolescence. During that period the development of the prefrontal 
cortex, part of the brain highly involved in the control of impulsivity, takes place 
(Casey et al., 2008; Steinberg, 2008). During childhood and early adolescence, 
the prefrontal cortex and parietal lobes begin a period of prolonged pruning of 
neuronal axons resulting in thinning of cortical grey matter. It is hypothesised 
that pruning in the prefrontal cortex represents the growth of frontal control over 
impulsive behaviour (Romer, 2010). 

Cholesterol metabolism is much more active in the first two decades of human 
life (Björkhem et al., 1998) when external stressful events, such as interpersonal 
violence, are hypothesised to have larger developmental consequences for a 
young individual. This has been shown in a study of 81 adult suicide attempters 
with ages ranging between 18 and 68 years where only in patients with serum 
cholesterol below median (median 4.9 mmol/l), the correlation between exposure 
to violence as a child and used adult violence was significant (r=0.52, p=0.002), 
while in patients with serum cholesterol above the median, the correlation 
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between exposure to violence as a child and expressed violent behaviour as an 
adult was not significant (r=0.25, p=0.2) (Naiberg et al., 2016). 
 
 

2.3. Serotonergic system 
The serotonin system is a complex network based on neurons that produce and 
use the neurotransmitter serotonin (5-HT). Serotonin is a neurotransmitter that is 
involved in many physiological processes underlying learning and memory, 
social behaviour, mood, reproduction, pain perception, circadian rhythm, thermo-
regulation, food intake and sleep (Lesch, 2007; Olivier et al., 2011).  

Serotonin has various effects on different neural circuits in the brain. For 
example, in the prefrontal cortex, serotonin has been shown to modulate cognitive 
processes such as attention, decision making, and memory (Iigaya et al., 2018). 
In the amygdala, a brain region involved in emotional processing, serotonin has 
been shown to regulate anxiety and fear responses (Yamamoto et al., 2014). In 
the hypothalamus, serotonin plays a role in appetite regulation and the regulation 
of body temperature (Haleem & Mahmood, 2021). 

The serotonin system originates in the brainstem located at the base of the 
brain. The brainstem plays an important role in regulating basic life-sustaining 
functions, such as heart rate, breathing, and digestion (Castle et al., 2005). The 
raphe nuclei of the brainstem divide into rostral and caudal groupings (Celada et 
al., 2013).  

The rostral group contains the majority of serotonergic neuron bodies of the 
brain. The rostral raphe nuclei are clusters of neurons that extend from the brain-
stem to the upper part of the brain and release serotonin with both paracrine and 
autocrine effects, as well as synaptic connections. While the raphe nuclei are pri-
marily composed of serotonergic neurons, there are also non-serotonergic neu-
rons present within these nuclei. These non-serotonergic neurons release different 
neurotransmitters, contributing to the overall functionality of the raphe nuclei. 
The rostral raphe nuclei are in turn divided into two main groups: the dorsal raphe 
nuclei and the median raphe nuclei. The dorsal raphe nucleus extends from mid-
line to the periaqueductal grey, and it is located between the oculomotor nucleus 
and the mid-pons. The median raphe is a neural structure that spans from the 
posterior border of the superior cerebellar peduncles to the motor nucleus of the 
ventral horn. Afferents for the dorsal raphe and median raphe come from the 
limbic system. The efferents of the rostral group project via two pathways: the 
medial forebrain bundle connects the hypothalamus, amygdala, hippocampus, 
and medial cortex, while the internal capsule links the lateral cortex (Azzalini et 
al., 2019; Walker & Tadi, 2023).  

The raphe magnus, located midway in the pons at the level of the nucleus of 
VII, is situated within the caudal group of the raphe nuclei. The periaqueductal 
grey, hypothalamic nuclei, and amygdala provide catecholaminergic innervation 
to these nuclei. The caudal group of the spinal cord is connected to the dorsal, 
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intermediate, and ventral horns through two parallel pathways (Walker & Tadi, 
2023). 

Tryptophan is an amino acid that is essential for the production of serotonin. 
It is an essential amino acid that cannot be synthesized by the body and must be 
obtained from the diet. It is found in a variety of foods, including eggs, seafood, 
turkey, and salami. The conversion of tryptophan to serotonin occurs in two steps. 
First, tryptophan is converted to 5-hydroxytryptophan (5-HTP) by the enzyme 
tryptophan hydroxylase (TPH). This step is the rate-limiting step in the produc-
tion of serotonin. Once 5-HTP is formed, it is then converted to serotonin by the 
enzyme aromatic L-amino acid decarboxylase (Bakshi & Tadi, 2020). Adequate 
levels of tryptophan are necessary for the proper functioning of the serotonin 
system. Low levels of tryptophan have been associated with depression and other 
mood disorders (Davidson et al., 2022). It has been shown that patients with 
tryptophan hydroxylase 2 gene polymorphism that results in low tryptophan 
levels have a weaker response to treatment of depression with selective serotonin 
reuptake inhibitors (SSRI-s) (Kulikov et al., 2018). 

Serotonin exerts its effects on post-synaptic cells via neurotransmitter-binding 
receptors. There are fourteen subtypes of 5-HT receptors and majority of them 
are G-protein-coupled receptors, the exception being 5-HT3, which is a ligand-
gated cation channel and are involved in neurotransmission in the central and 
peripheral nervous systems (Hoyer & Schoeffter, 1991).   

The 5-HT1A, 5-HT1B, 5-HT1D, 5-HT1E, and 5-HT1F receptors are generally 
involved in inhibitory neurotransmission and 5-HT4, 5-HT6, and 5-HT7 recep-
tors are linked to excitatory neurotransmission. The 5-HT2A, 5-HT2B, and 5-
HT2C receptors are associated with various physiological processes, including 
mood regulation, appetite control, and vascular function (Chagraoui et al., 2016; 
Nagatomo et al., 2004; Nebigil et al., 2001). 

In the synapse, the action of serotonin is terminated primarily by the membrane-
bound serotonin transporter (5-HTT) molecules located on the presynaptic neu-
ron, which regulate the synaptic serotonin levels by re-uptake. Blocking some of 
the serotonin re-uptake, and hence, increasing the synaptic serotonin levels, is the 
action mechanism for the most commonly used antidepressants, SSRIs (Hyttel, 
1993). 
 

2.3.1. Serotonin and impulsivity 

The pivotal role of brain serotonin in impulse control has emerged from many 
experimental and clinical studies that have demonstrated an association between 
lower serotonin transmission and high impulsivity (Brown et al., 1979; Carver & 
Miller, 2006; Harro & Oreland, 2016; Linnoila et al., 1983; Paaver et al., 2007). 
Experimental data have further supported this concept by altering impulsive 
performance with serotonergic manipulations (Dalley & Roiser, 2012; Murphy et 
al., 2003; Nomura et al., 2006; Roy et al., 1988; Walderhaug et al., 2002). More 
insights have emerged from the effects of selective 5-HT agonists and anta-
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gonists, which, respectively, exert inhibitory and excitatory effects on impulsivity 
in rats (Dalley & Roiser, 2012). 

Most studies suggest impulsivity is related to lower serotonergic capacity 
(Harro & Oreland, 2016). Highly impulsive subjects have diminished cortical 
metabolic response to pharmacological challenge with the serotonin releasing 
drug fenfluramine (Siever et al., 1999; Soloff et al., 1999). Diminished seroto-
nergic regulation in prefrontal areas, especially the orbital and medial prefrontal 
cortex might decrease response inhibition, increase impulsivity and aggression, 
and increase the risk of suicidal behaviour (Soloff et al., 2007). 
 

2.3.2. Genes encoding the serotonin transporter and receptors  

Coding for proteins involved in the synthesis, transport, and degradation of sero-
tonin involves a number of genes. Many studies have implicated genetic variabi-
lity in these genes in modulating susceptibility to traits and conditions like im-
pulsivity, depression, anxiety, aggression, and dependence (Albert & Benkelfat, 
2013). Yet the relation between these traits and the genetic variability has not 
always been consistent and has displayed interactions with confounding circums-
tances, e.g. the environmental factors.  

One of the most well-known serotonin related genes is the serotonin trans-
porter gene (SLC6A4), which encodes for a protein that is responsible for trans-
porting serotonin from the synaptic cleft back into the presynaptic neuron. This 
gene has been implicated in several psychiatric disorders, including depression, 
anxiety, and obsessive-compulsive disorder. In particular, a common variation in 
the SLC6A4 gene known as the serotonin transporter-linked polymorphic region 
(5-HTTLPR) has been extensively studied. Individuals with the short allele of 
this gene are more likely to develop depression or anxiety in response to stress 
compared to those with the long allele (Caspi et al., 2003). 

From the 14 serotonin receptors the most studied serotonin receptor gene is 
the serotonin receptor gene HTR1A. 5-HT1A is the most abundantly expressed 5-
HT receptor subtype in the mammalian brain (Guan et al., 2016). Variations in 
this gene have been linked to several psychiatric disorders, including major 
depression, bipolar disorder, and schizophrenia (López-Figueroa et al., 2004). A 
study by Shoval et al. (2014) found that two other serotonin receptors, HTR1B 
and HTR1E had expression levels that exhibit a sharp transition in the prefrontal 
cortex in adolescence, highlighting the genes as major candidate genes involved 
in pathway maturation processes. A study by Hakulinen et al. (2013) investigated 
the role of the HTR1B rs6296 genotype in the development of aggressive be-
haviour and hostility over a lifespan, finding that childhood aggressive behaviour 
predicts adulthood hostility and that the HTR1B SNP rs6296 is associated with 
childhood aggression but not adulthood anger or hostility, suggesting a potential 
role of the serotonin system in the regulation of hostility, anger, and aggressive 
behaviour, as well as in the development of these behavioural patterns. 

The serotonin receptor gene HTR2A also encodes for a receptor that is in-
volved in serotonergic transmission. Variations in this gene have been associated 
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with various psychiatric disorders, including depression, anxiety, and bipolar 
disorder (Serretti et al., 2007). The -1438A/G polymorphism of the HTR2A gene 
was associated with susceptibility to schizophrenia (Gu et al., 2013). Other 
variations in this gene have been linked to an increased risk of bipolar disorder 
and depression (Tan et al., 2014). Activation of the 5-HT2A receptor is key to 
how psychedelics exert their actions - both therapeutic and hallucinogenic (Kim 
et al., 2020). The HTR2A rs6313 polymorphism has been shown to moderately 
alter some effects of 3,4-methylenedioxymethamphetamine (MDMA) in healthy 
subjects (Vizeli et al., 2019). 

An important role for serotonin in regulating energy balance involves its 
control of gut motility. Through serotonin receptor transduction in enteric neu-
rons, serotonin controls and induces muscular peristaltic action in the digestive 
tract. Through 5-HTR3 receptor it influences the activation and inhibition of sub-
mucosal and myenteric neurons that are involved in intestinal peristalsis, secre-
tion, and sensation (Yabut et al., 2019; Shaijb and Khan, 2015). Variations in this 
gene have been linked to irritable bowel syndrome (IBS) and other gastro-
intestinal disorders. Since the HTR3A gene is expressed in the central nervous 
system, particularly in regions associated with mood regulation, anxiety, and 
cognition its genetic variations do also have an effect on occurrence of psychiatric 
and behavioural disorders. While all serotonin receptors have an important role 
in regulation of mood and gastrointestinal function, activation of 5-HT4 receptors 
has been linked to improvements in cognitive function. These receptors play a 
role in synaptic plasticity, which is essential for learning and memory processes 
(Hu et al., 2020). Several studies have implicated HTR5A in the control of circa-
dian rhythms, mood and cognitive function and in genetic associations with 
bipolar disorder and major depression (Guan et al., 2016; Yosifova et al., 2009). 
The rs1800883 polymorphism in the HTR5A gene has been shown to be signi-
ficantly associated with schizophrenia. Moreover, the SNP significantly inter-
acted with executive function when processing the perseverative error of Wis-
consin Card Sorting Test in patients (Guan et al., 2016). The 5-HT6 receptors are 
specifically targeted for therapeutic purposes by various antidepressants, such as 
mianserin (Hirst et al., 2000) and second-generation antipsychotics like olanza-
pine (Bymaster et al., 2002). The 5-HT6 receptors are expressed in the frontal 
cortex, hippocampus, amygdala, and striatum and are primarily found on gamma-
amino butyric acid (GABA)-ergic neurons. The activation of these receptors 
indirectly modulates several neurotransmitters, including serotonin, acetylcho-
line, glutamate, and dopamine (Chalmers & Watson, 1991; Fone, 2008; Fukuo et 
al., 2010; King et al., 2008). Animal and pharmacological research indicates a 
potential association between the 5-HT6 receptor gene and the etiology of mood 
disorders (Kulkarni & Dhir, 2009; Wesołowska et al., 2006). However, studies 
based on Japanese population show that this effect may not be present in specific 
populations (Fukuo et al., 2010). Earlier research has indicated significance of 
HTR7 in shaping behavioural phenotypes. Namely, a study by Roberts et al. 
(2004) demonstrating that 5-HTR7 knockout mice show impaired contextual fear 
conditioning, indicating the receptor’s function in contextual hippocampal-
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dependent learning. In addition, study by Wesołowska et al. (2006) presented that 
the behaviour of the knockout mice resulted in an antidepressant-like phenotype, 
suggesting the gene was important to antidepressant action. Genome-wide as-
sociation studies (GWAS) have suggested a relationship between HTR7 genetic 
polymorphisms and schizophrenia (Mowry et al., 2000). The results of a recent 
study provided novel pharmacogenomic evidence to support the role of HTR7 in 
association with antidepressant response (Wei et al., 2020). 

Aside from these serotonin receptor genes, several other genes play a role in 
regulating serotonin signalling. For example, the tryptophan hydroxylase gene 
(TPH1) codes for the enzyme that peripherally converts tryptophan into 5-
hydroxytryptophan (5-HTP). Variants in this gene have been linked to psychiatric 
disorders, such as bipolar disorder and schizophrenia. At the periphery TPH1 has 
a modulatory role in physiological processes, such as the cardiovascular function 
(Côté et al., 2003) and digestive system disorders (Grasberger et al., 2013). The 
TPH2 gene codes for an enzyme that is primarily involved in the production of 
serotonin in the brain. Variations in this gene have been associated with various 
psychiatric disorders, including depression, anxiety, and bipolar disorder. The 
MAOA, monoamine oxidase A gene codes for an enzyme that breaks down sero-
tonin and other neurotransmitters. Variations in this gene have been associated 
with aggressive behaviour and impulsive traits (Brunner, 1996; Meyer-Linden-
berg et al., 2006). 
 

2.3.2.1. Serotonin transporter gene 

5-HTT is the primary target of the SSRIs that are the first line treatment for pa-
tients who suffer from depression and most anxiety disorders (Bystritsky et al., 
2001). Taking also into consideration the data on in vivo and post-mortem studies 
of 5-HTT in patients (Gaspar & Lillesaar, 2012), there is strong evidence that 
serotonin is implicated in the neuropathology underlying depression and anxiety 
(Ogilvie et al., 1996), both having a strong genetic component. There is a bi-
allelic polymorphism (5-HTTLPR) in the 5′ promoter region of the human 
serotonin transporter gene (SLC6A4) located on chromosome 17q11.1-q12 with 
short (S) and long (L) alleles. This is a highly common polymorphism consisting 
of a 44-base pair insertion/deletion of a repetitive sequence (Lesch et al., 1996). 
Having one or two copies of the S allele of this polymorphism is associated with 
significantly lower 5-HTT binding in the brain (Little et al., 1997), lower mRNA 
expression and transcriptional activity (Heils et al., 1996), as well as a 40% de-
crease in 5-HT re-uptake in blood platelets (Greenberg et al., 1999). The carriers 
of the S allele tend to have increased anxiety related temperamental traits (Lesch 
et al., 1996), which are related to an increased risk for depression. Nevertheless, 
not all studies have detected this association (Fergusson et al., 2011). 

Single nucleotide polymorphisms have been detected within the promoter 
region of the SLC6A4  gene, including an A→G substitution rs25531 (Nakamura 
et al., 2000). That polymorphism is located at nucleotide 6 within the first of two 
extra 22-bp repeats that characterise the L allele. The Lg allele, which is the L 
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allele with the A→G substitution, creates a binding site for the AP2 transcription 
factor, suppressing the transcription activity similar to the S allele carriers of the 
biallelic 5-HTTLPR polymorphism (Hu et al., 2006). A PET study investigating 
5-HTT binding potentials as an index of 5-HTT density showed that compared to 
others, the La/La genotype had the highest 5-HTT binding potential in the puta-
men (Praschak-Rieder et al., 2007). However, it was shown that both, S/S, Lg/S 
as well as Lg/Lg genotypes can be associated with childhood aggression (Beitch-
man et al., 2006). 

Carriers of the low-functioning variant of 5HTTLPR are particularly vulner-
able to stressful life events (Caspi et al., 2003). This was also found in a study 
based on the ECPBHS sample: a study by Zareei et al. (2022) found that the 
impact of family relations on the frequency of drinking alcohol was statistically 
significant only among the S allele carriers. The participants with the LL-geno-
type were less malleable by the environment. According to the recent review of 
54 articles by López-Echeverri et al. (2023), the short allele of the 5-HTTLPR 
polymorphism was found to be the most reported risk factor related to the 
development of depression and its severity. The polymorphism in the SLC6A4 
gene significantly influences the vulnerability of individuals to the depressive 
effects caused by stressful events. Individuals with the SS homozygous genotype 
have a higher level of sensitivity to the impact of lived events. 

Indeed, a higher prevalence of the S allele of the 5-HTTLPR polymorphism 
has been reported in impulsive suicide attempters (Baca-García et al., 2005; 
Gonda et al., 2011). Although multiple meta-analyses provide significant evi-
dence for the involvement of the S allele in suicidality (Anguelova et al., 2003; 
Li & He, 2007), there are additional studies that have reported contradictory 
findings (Lin & Tsai, 2004). A study by Gonda et al. (2011) highlighted that when 
distinguishing between various forms of suicidality among the samples, the 
clarity and specificity of suicidality becomes more distinct. When examining 
different types of suicidal behaviour separately, the meta-analyses indicate that 
the S allele of the serotonin transporter gene is strongly linked to violent com-
pleted suicide (Bondy et al., 2000), violent suicide attempts (Bayle et al., 2003; 
Bellivier et al., 2000; Courtet et al., 2001), and repeated suicide attempts (Courtet 
et al., 2004). The presence of the S allele is associated with an increased likeli-
hood of violent aggressiveness or an intense drive towards committing suicide. 
This is also seen in individuals with the S allele who demonstrate a propensity 
toward employing more injurious and potentially fatal methodologies in their 
suicide attempts (Wasserman et al., 2007). In live with these results it has been 
shown that the occurrence of the S allele is not higher in a group of non-violent 
individuals who had attempted suicide (Courtet et al., 2003). Additionally, the S 
allele is not linked to suicidal ideation (Wang et al., 2009). 

A study by Akkermann et al. (2010) investigated the impact of the 5-HTTLPR 
genotype on binge eating behaviour. Although the 5-HTTLPR genotype alone 
did not predict eating disorder symptoms in the general population after being 
controlled for impulsivity and anxiety, women prone to binge eating with the S/S 
genotype exhibited heightened state anxiety and impulsivity. The 5-HTTLPR 
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genotype may have moderated the course of binge eating in the way that S/S 
genotype increased the risk for symptom severity and affective instability (Akker-
mann et al., 2010). Moreover, in a review of seven different studies on eating 
disorders, adverse life events were found to moderate the association between 5-
HTTLPR and binge eating, particularly among S allele carrying adolescent girls. 
A stronger effect was observed when in addition to traumatic life events both 
sexual and physical abuse was considered. This interaction highlights the poten-
tial role of childhood stressors in heightening vulnerability to serotonergic dys-
regulation, ultimately leading to disturbed eating behaviours in individuals pre-
disposed to eating disorders (Rozenblat et al., 2017). 

Similar results were observed in risk taking traffic behaviour studied in the 
Estonian Children Personality, Behaviour, and Health Study at the ages of 15 and 
18 years, where male carriers of the 5-HTTLPR S allele were more likely to 
exhibit high-risk traffic behaviour at ages 15 and 18. Notably, Maladaptive Im-
pulsivity and risky behaviours, such as smoking and alcohol use, were also pre-
dictors of belonging to the high-risk group (Luht et al., 2018). Contrastingly, in 
another traffic behaviour study conducted in Estonia on a sample recruited at 
traffic schools with a mean age of 23 years, the Estonian Psychobiological Study 
of Traffic Behaviour (EPSTB), Eensoo et al. (2018) found that L allele carriers 
of the 5-HTTLPR polymorphism had significantly higher odds of speeding 
offences and traffic accidents. Interestingly, statistically significant intervention 
effects were observed in L/L homozygotes following brief intervention in traffic 
schools, emphasizing the potential for targeted interventions to improve traffic 
safety. Moreover, Tokko et al. (2022) conducted a subsequent study in the 
EPSTB sub-sample looking into mediating and moderating factors. While 5-
HTTLPR polymorphism was not directly associated with speeding or driving 
while impaired by alcohol, the S allele carriers had lower alcohol use disorder 
scores if they were not junk food eaters, and vice versa, L/L homozygosity was 
associated with driving while impaired by alcohol via higher alcohol use disorder 
scores. These findings highlight the complex interplay between genetic variation, 
lifestyle factors, and risky traffic behaviour and clarify why studies that fail to 
include these variables also fail to show an effect of the 5-HTTLPR poly-
morphism. 

The linkage between serotonin transport and cholesterol became evident in a 
study showing that depletion of cholesterol in human embryonic cell culture 
results in a 5-HTT activity decrease (Scanlon et al., 2001). Previously it has been 
found in the large Vienna Trans-Danube Aging study, with 566 participants aged 
75.7 ± 0.45 years, that the L allele of the 5-HTTLPR polymorphism is an indepen-
dent risk factor for higher mean fasting LDL cholesterol levels (Fischer et al., 
2006). Yet, a study by Sookoian et al. (2007) found that it was the anxiety related 
S allele that was a risk factor for overweight independently of sex, age, and 
hypertension. 
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2.3.2.2. Serotonin 5-HT2A receptor gene 

In humans, several polymorphic variants have been described in the gene of 
HTR2A, among them the -1438A/G polymorphism in the promoter region, rs6311 
(Chen et al., 1992). The individuals carrying the A allele of the -1438A/G poly-
morphism have a higher promoter activity and expression of the receptor gene 
than the G/G homozygotes, and may yield a larger number of 5-HT2A receptors 
(Myers et al., 2007; Parsons et al., 2004). The A allele of the 5-HT2A receptor 
gene has been shown to correspond to higher transcriptional activity in the 
reporter gene assay in cell cultures and to be associated with increased 5-HT2A 
receptor binding (Parsons et al., 2004; Turecki et al., 1999). It is conceivable that 
higher levels of 5-HT2A receptors are associated with lower presynaptic 
serotonergic output, and, in turn, impulsivity. Indeed, post-mortem studies in sui-
cide victims have demonstrated an increase in the number of post-synaptic 5-
HT2A binding sites in the prefrontal cortex (Pandey et al., 2002). 

Several studies have demonstrated associations between the HTR2A -1438A/G 
polymorphism and mental disorders that are characterized by impulsive beha-
viour (Nishiguchi et al., 2001; Nomura & Nomura, 2006a; Ricca et al., 2004). 
For example, the A allele was reported to be associated with impulsive traits in 
alcohol-dependent patients (Preuss et al., 2001) and with susceptibility to anore-
xia nervosa (Collier et al., 1997). It was also found that patients carrying the A 
allele who suffered either from anorexia nervosa or bulimia nervosa exhibited 
greater overall severity of the corresponding eating disorder (Nomura & Nomura, 
2006; Ricca et al., 2004). In a meta-analysis, obsessive compulsive disorder 
(OCD) was significantly associated with the A allele of rs6311 (Taylor, 2016). In 
a more recent meta-analysis, HTR2A gene variants G-1438 A were associated 
with obsessive-compulsive disorder but after stratification for sex age of onset 
the association only remained significant for females and those with early-onset 
OCD (Mattina et al., 2020). 
 
 

 2.4. Moderating the association of cholesterol with 
impulsivity  

Several factors play a role in moderating the association of cholesterol with im-
pulsivity. Recent literature has shown that a number of factors like demographics 
and comorbid disorders need to be taken into account and that discrepancies 
between studies may be explained by various factors that have not been con-
sidered (Apter et al., 1999; Eriksen et al., 2017). Sex is of a special importance 
since males seems to be of greater risk of low cholesterol levels leading to 
impulsivity, violence and possibly suicide, and the nature of the association 
between cholesterol, neurotransmission and impulsivity may be in part different 
in males and females. Factors like age of the study population is of importance 
and warrant further investigation. Among other things, ethnic disparities in the 
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sample, which mix genetic variants, cultural traditions, and environmental fac-
tors, may be the cause of discrepancies between study results. 
 

2.4.1. Age 

Maturation of neurobiological systems involved in impulse control and reward 
sensitivity occurs throughout adolescence, and parallel increases in risky be-
haviour across this period (e.g., (Blakemore & Robbins, 2012; Romer, 2017; 
Steinberg, 2008). 

Due to the role cholesterol plays in neurodevelopment, children should be 
especially susceptible to low serum lipids’ negative effects. Yet while the associa-
tion of serum lipid levels with various forms of aggression and impulsivity has 
been studied in adults in cross-sectional studies (Pozzi et al., 2003; Repo-
Tiihonen et al., 2002; Vevera et al., 2003), general population cohort samples 
(Svensson et al., 2017), psychiatric patients (Bartoli et al., 2017) and criminals 
(Hillbrand et al., 2000), in children such studies remain scarce.  

There are no studies that have focused on the interaction of the serotoninergic 
system and lipid metabolism in children, and only a few have examined adole-
scents (Herrera-Marquez et al., 2011; Sookoian et al., 2007). The study of Soo-
koian et al. (2007) was conducted in two young groups: a cross-sectional, high 
school student population of an Argentinian rural town and a group of outpatients 
from a Children’s County Hospital. The first sample consisted of 172 adolescents 
with self-reported European ancestry aged 16 ± 2 years. No significant difference 
between the S allele carriers and non-carriers of the 5-HTTLPR polymorphism 
was found in cholesterol levels, but the S allele was associated with overweight. 
The S allele carriers were almost twice as likely to be overweight than subjects 
homozygous for the L allele. In the sample of outpatients, no association between 
5-HTTLPR polymorphism and overweight was found. Though the samples were 
of Caucasian descent, social differences in lifestyle and diet may account for the 
discrepant findings of Sookoian et al. (2007) study. 

Even if the qualities of impulsivity and suicidality do not entirely coincide, 
maladaptive impulsivity can result in self-destructive behaviour. It has long been 
suggested that younger and older suicides may represent different populations 
(Conwell et al., 1998; Heikkinen et al., 1995; McGirr, 2011; Robins et al., 1991) 
and it remains to be better understood whether suicide is the same phenomenon 
across the life cycle, or whether it is characterized by a different meaning and set 
of risk factors when it occurs in youth or older age (McGirr et al., 2008). A pre-
vious study by Rich et al. (1986) which compared a sample of suicides dicho-
tomized as a function of age, revealed that the importance of impulsive aggression 
was greater among younger suicides. Even among adolescent suicides, younger 
suicides appear to have lower levels of intent (Brent et al., 1999), and such 
successful suicides are believed to be accompanied by higher levels of impul-
sivity. Analyses done by McGirr et al. (2008) indicate an inverse relationship 
between impulsive aggression and the age at which individuals die by suicide. 
Impulsive aggression may, as has been previously suggested, predispose indivi-



 
29 

duals to the development of psychopathology strongly associated with suicide, 
yet in addition, their results suggest that impulsive aggression is itself associated 
with suicide earlier in life. 
 

2.4.2. Sex  

While serum lipid levels association with impulsivity is generally acknowledged, 
several authors have drawn attention to the heterogeneity between sexes in that 
matter (Derefinko et al., 2014). 

Several studies on cholesterol and impulsivity or aggression levels have 
included only men (Buydens-Branchey et al., 2000; Conklin & Stanford, 2008; 
Pozzi et al., 2003; Roy et al., 2001; Troisi & D’Argenio, 2006) and a considerable 
number of studies with both sexes represented have found the association 
between cholesterol and impulsivity only in men (Eriksen et al., 2017; Golier et 
al., 1995; Lindberg, et al., 1992). The studies where the association has been 
found also in females remain rather conflicting. For example, the study by Svens-
son et al. (2017) found, by analysing 16 341 men and 28 905 women aged 40–69 
from the Japan Public Health Centre-based Prospective Study followed from 
1990 to 2012, that suicide mortality was associated with high serum total choles-
terol in women. There was no association between total cholesterol levels, or lipid 
fractions, and suicide in men. Similarly in the study by Siegman et al. (2002) the 
impulsive anger-out significantly predicted high total and LDL cholesterol and 
triglyceride levels, but only in physically unfit women.  

Sex was addressed as an important factor in cholesterol and impulsivity 
association in patients arriving at the psychiatric emergency unit was explicitly 
(Eriksen et al., 2017). In univariate analysis, low HDL was associated with vio-
lence during the hospital stay for the whole sample, but this association was 
dependent on the male sex, involuntary admission and presence of psychosis. In 
men but not in women, levels of HDL were significantly inversely associated 
with violence within the first 3 months after discharge from the hospital. 

The sex difference in depression rates is significant, with women having a 
prevalence of depressive disorders than men (Kuehner, 2017). This difference is 
evident in different income countries but sex differences do not exist across all 
race-ethnic groups (Kessler, 2003; Yancu, 2011). The disparity in depression 
rates across sexes becomes apparent throughout adolescence and persists until 
old age (Angold & Worthman, 1993), although the sex gap in adulthood is less 
pronounced compared to earlier age groups (Kiely et al., 2019; Patten et al., 
2016). However, there was no sex difference in recurrence, remission, or chro-
nicity of depression. Also, women were more likely to exhibit symptoms like 
increased appetite, hypersomnia, and somatic symptoms, and may have comorbi-
dities with anxiety disorders and post-traumatic stress disorder (Zhao et al., 
2020). 

The sex differences may relate to the central serotonergic function, one of the 
possible mediators of serum lipid levels and impulsivity (Luht et al., 2019; Steeg-
mans et al., 1996; Terao et al., 2000; Vevera et al., 2003). Serotonin pathways 
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function as a behavioural restraint system that inhibits impulsive behaviour 
(Miyazaki et al., 2012). The mean rate of serotonin synthesis in the brain mea-
sured by PET scan was found to be 52% higher in males than in females 
(Nishizawa et al., 1997). Compared to men, women had significantly higher 5-
HT1A receptors and lower serotonin transporter binding potential in a wide array 
of cortical and subcortical brain regions (Jovanovic et al., 2008). In patients with 
borderline personality disorder, the 5-HT2A receptor binding was greater in 
females than in males, and only in female patients predicted impulsivity and 
aggression (Soloff et al., 2014). Acute tryptophan depletion has led to increased 
aggressive response in young boys (age 9–15 years) with attention deficit hyper-
activity disorder, but not in girls (Kötting et al., 2013). Similarly, a study of 
healthy males and females aged 20–33 has shown that acute tryptophan depletion 
that was achieved by administering a tryptophan-deficient amino acid mixture 
increased impulsivity in males, and decreased impulsivity in females (Walder-
haug et al., 2010). A study by the same group has specified, that during acute 
tryptophan depletion, women reported mood reduction and showed a cautious 
response style, which is commonly associated with depression while men showed 
an impulsive response style and did not report mood reduction (Walderhaug et 
al., 2007). Similarly, studies on gene-environment interactions with genes with a 
major impact on serotonin function and on platelet MAO that reflects the capacity 
of the central serotonergic system (Harro & Oreland, 2016) consistently support 
the notion that the role of the serotonin system in behavioural regulation is not 
identical in males and females. The sex-specific properties of the serotonergic 
system are also expected to affect the interaction of serum lipid levels and be-
havioural measures. 

Further, it is known that sex differences exist in lipid levels as well as in de-
pression prevalence, and thus sex stratification may have an impact on results 
(LaRosa, 1992). A study has found a significant interaction effect of 5-HTTLPR 
and LDL cholesterol in elderly men on the risk of depression, with low LDL and 
the S allele together increasing the risk, but no significant association between 
this polymorphism and lipid levels (Ancelin et al., 2010).  

Evolutionary history has significantly influenced human physiology, with 
adaptations influenced by gender roles. These adaptations, while possibly not 
directly relevant to current environmental conditions, can influence behaviour 
and psychiatric vulnerability. The sex specific association of low cholesterol and 
low central nervous system serotonergic activity has been given an evolutionary 
perspective by (Erickson, 1997) who proposed that lowered serum cholesterol 
may function as an internal signal of threatened starvation, adaptively increasing 
aggressive behaviour through effects on serotonergic activity. The results of a 
much later study highlight, that the link between low cholesterol and low sero-
tonergic activity is present only in males, predisposing them for violent and risky 
behaviours. Investigating serum total cholesterol and central nervous system 
levels of the main serotonin metabolite 5-HIAA in medication free male and 
female subjects for whom diagnostic lumbar puncture was performed (Markianos 
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et al., 2010) found, that the association of low cholesterol with low serotonergic 
activity is present only in males, and not in females. 

Conclusively, while many differences between males and females can be 
explained by sex hormones, it is also possible that sex-specific differences in 
serotonergic agonism may play a role (Moses et al., 2000). 

 
 

2.5. Rationale of the current studies 
Despite the abundance of studies on the association between impulsivity, serum 
lipid levels, and the serotonergic system in specific populations, some aspects 
remain unclear. These associations are known to be modulated by factors like 
age, sex, and environment. Previous studies have shown that the associations 
found in the general population may not always hold true for older individuals. 
Similarly, straight application of findings from the general population to children 
is not feasible, yet there are very few studies conducted on either children or 
adolescents. The longitudinal approach could clarify how the association between 
impulsivity, serotonergic system, and serum lipid levels changes across different 
stages of an individual’s lifespan. Most studies on impulsivity, violence, aggres-
sion, and suicide either exclusively involve male participants or show a signi-
ficant bias towards them. Sex hormones play a significant role in psychological 
disorders; therefore, examining the associations between impulsivity and serum 
lipid levels separately in males and females provides a valuable overview of sex 
differences. Accounting for environmental factors is challenging, but it is not 
possible to overlook the fact that children raised in high-stress environments face 
a higher risk of experiencing various physical and mental health issues during 
their adult years than their peers raised in low-stress environments. 

A possible biological mechanism for how low serum lipids influences be-
haviour is the decrease in brain serotonergic neurotransmission. The polymor-
phisms of the serotonin transporter gene and the serotonin receptors can signifi-
cantly influence an individual’s susceptibility to mood and anxiety disorders, 
emotional regulation, and general reaction to stress. Low serotonergic turnover, 
similar to low cholesterol, could also lead to higher impulsivity. However, the 
data on the possible role of serotonin transporter and receptor polymorphisms in 
the association of impulsivity and serum lipid levels, especially in a longitudinal 
sample starting from childhood to adulthood, is scarce, if not non-existent. 
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 3. AIMS OF THE STUDY  

This thesis aimed to elucidate the association of impulsivity with genetic markers 
of the serotonin system and serum lipid levels during childhood and young 
adolescence in highly representative birth cohort samples. 

The specific aims were formulated as follows: 
1. To critically analyse the available evidence on the association of serum lipid 

levels and impulsivity (Paper III); 
2. To study whether serum lipid levels are correlated with impulsivity or risk 

behaviour cross-sectionally starting from childhood and continuing to adole-
scence (Paper IV, unpublished data); 

3. To study whether impulsivity is correlated with risk behaviour or suicide ten-
dency cross-sectionally starting from childhood and continuing to adolescence 
(unpublished data); 

4. To study whether serum lipid levels measured during childhood or adole-
scence are predicting impulsivity in later life (Paper IV); 

5. To study whether serum lipid levels correlate with impulsivity cross-sectio-
nally or predict impulsivity differently in low of high stress environments 
(unpublished data); 

6. To characterize the association of the 5-HTTLPR and HTR2A -1438A/G poly-
morphisms, and serum lipid levels in children and adolescents in a longi-
tudinal, population-representative sample (Paper I, unpublished data); 

7. To determine a possible role of 5-HTTLPR and HTR2A -1438A/G poly-
morphisms in the association of impulsivity and serum lipid levels (Paper II, 
unpublished data). 
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4. MATERIALS AND METHODS  

4.1. Subjects 
The sample on which the analyses in this thesis are based is the Estonian sample 
of the population representative European Youth Heart Study, that was conducted 
in Estonia in 1998/1999 with extended socioeconomic and an additional psycho-
biological module, and subsequently incorporated into the longitudinal Estonian 
Children Personality, Behaviour, and Health Study (ECPBHS). All schools of 
Tartu County, Estonia, which agreed to participate (54 of the total of 56) were 
included into the sampling using the probability proportional to the number of 
students of the respective age groups in the school, and 25 schools were selected. 
In 1998/99, all children from grades 3 (younger cohort) and 9 (older cohort) were 
invited to participate and written informed consent was received from 79% of the 
invited subjects and their parents. The total number of subjects in this sampling 
was 1176, including 593 in the younger cohort and 583 in the older cohort. All 
participants were of European descent. Adolescents and their parents gave their 
informed consent in all study waves. Permission for the studies was obtained 
from the Committee of Ethics of the University of Tartu, Estonia. 

In the follow-ups of the younger cohort 83% (n= 483; 222 males and 261 fe-
males; mean age 15.3 ± 0.3 years), 78% (n= 453; 201 males and 252 females; 
mean age 18.0 ± 0.3 years) and 76% (n=441 195 males and 246 females; mean 
age 25.0 ± 0.3 years) of the original cohort were recruited. Of the older cohort 
81% (n=479; 206 males and 273 females; mean age 18.0 ± 0.3 years) and 91% 
(n=541; 230 males and 311 females; mean age 25.0 ± 0.3 years) of the original 
cohort were recruited. In 2001, 62 additional subjects (mean age 18.4 ± 0.9) were 
recruited and pooled to the older cohort. A schematic overview of the follow-ups 
of the two cohorts is given in Figure 1. 
 
 

 
Figure 1. Schematic overview of the study waves of the two cohorts.  
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4.2. Questionnaires    

4.2.1. Adaptive and Maladaptive Impulsivity Scale (AMIS) 

Different facets of impulsivity were self-reported using the Adaptive and Mala-
daptive Impulsivity Scale (AMIS) (Laas et al., 2010). AMIS is an impulsivity 
questionnaire developed on the basis of the concept of functional and dysfunc-
tional impulsivity proposed and elaborated by Dickman (1990), drawing on both 
Dickman impulsivity inventory (Dickman, 1990) and the five-factor personality 
model (Costa & McCrae, 2010). Two of the four subscales are based on the Dick-
man Impulsivity Inventory measuring functional (“Fast Decision Making” in 
AMIS) and dysfunctional impulsivity (“Thoughtlessness” in AMIS). Two other 
subscales are based on impulsivity related subscales of NEO-PI, Impulse Control 
(“Disinhibition” in AMIS) subscale under the domain of Neuroticism and Excite-
ment Seeking (“Excitement Seeking” in AMIS) subscale under the domain of 
Extraversion. Fast decision making and Excitement seeking were summed up to 
obtain a measure termed Adaptive Impulsivity, while Disinhibition and Thought-
lessness formed Maladaptive Impulsivity. 
 

4.2.2. Risk behaviour   

A variety of risk behaviours was assessed with questionnaires that are described 
in sections below. Overview of different risky behaviours and number of subjects 
in risk behaviour analysis is in the Table 1. All risk behaviour data is present at 
the age of 15 years only for the younger cohort. Data of traffic behaviour was not 
collected for the older cohort at the age of 18 years and therefore, only data from 
one cohort is available for analysis. Data of sexual behaviour was not collected 
for the younger cohort at the age of 25 years and thus analysis can only be 
conducted using data from a single cohort. If one or more items were reported 
missing in the questionnaire, the subject was excluded from data analysis. 
 
Table 1. Number of subjects in risk behaviour analysis for whom all data were available. 

  Traffic 
behaviour 

Alcohol  Tobacco  Drugs  Sexual 
behaviour  

MALES 15 years 222 191 214 219 211 
 18 years 201 382 385 382 368 
 25 years 386 414 357 417 225 
FEMALES 15 years 261 240 256 252 257 
 18 years 252 499 499 508 497 
 25 years 521 545 434 550 306 
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4.2.2.1. Traffic behaviour 

Subjects reported their traffic behaviour during the past year in a self-admi-
nistered questionnaire. The items were selected to enable a comparison with pre-
vious epidemiological health studies in Estonia and neighbouring countries. To 
the following four items: (1) “Frequency of using a seat belt in the front seat,” (2) 
“Frequency of using a seat belt in the back seat,” (3) “Frequency of using a reflec-
tor while moving on streets and roads in darkness,” and (4) “Frequency of bicycle 
racing or motorbike racing with cars in traffic,” participants responded on a five-
point scale ranging from “1” – “Always” to “5” – “Never.” To reduce skewness, 
the five-point scale was dichotomized. Answer “Always” was given a value of 
“0”, all other answers were given a value of “1”. Responses to the question on 
racing were scored with “Never” resulting in value “0”, all other answers a value 
of “1”. 

In addition, a question about “Riding with a drunk driver” was included. Sub-
jects responded with “1” – “No,” “2” – “Do not know for sure whether they had” 
or “3” – “Yes.” Answer “Yes” was given a value of “1”, all other answers were 
given value of “0”. To reduce the number of comparisons, all five items were 
included in a traffic risk score. To ensure normal distribution of the traffic risk 
score, subjects were divided into low, medium and high traffic risk groups (scores 
0–1; 2–3; 4–5, respectively).  
 

4.2.2.2. Alcohol use 

Alcohol use was self-reported during the visit to the laboratory. The subjects 
reported at the age of 15, 18 and 25 in all waves whether they had consumed a 
certain type of alcohol at least once a month. The list of alcoholic beverages in-
cluded beer, other alcoholic beverages with low alcohol content, wine or cham-
pagne, strong alcohol, and other unspecified alcoholic drinks. Participants res-
ponded with “1” - “Yes” or “0” - “No”. Responses for all alcoholic beverages 
were summed as a total score of alcohol consumption. To ensure normal distri-
bution of the alcohol use scores, subjects were divided into low, medium and high 
alcohol use groups (scores 0–1; 2–3; 4–5, respectively). 
 

4.2.2.3. Tobacco use 

Tobacco use was self-reported at the age of 15, 18 and 25 in all waves. Smoking 
habits were assessed with the question of whether participants had smoked in the 
last month resulting in a two-point scale.  
 

4.2.2.4. Narcotic and psychoactive drug use 

Illicit narcotic and psychoactive drug use was self-reported at the age of 15, 18 
and 25 in all waves. The drug use was assessed with the question whether parti-
cipants had ever tried a narcotic or psychoactive substance resulting in a two-
point scale.  
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4.2.2.5. Sexual behaviour 

Subjects reported their sexual behaviour in a self-administered questionnaire 
containing three items. To two items: “Have you ever had sexual intercourse with 
a stranger” and “Did you use birth control during your first intercourse” were 
given “Yes” – “1” or “No” – “0” answers. The third item “How many sexual 
partners have you had during lifetime” was given a value of 0 if the number of 
sexual partners was below median or median and 1 if the number of sexual part-
ners was above median of the measured study wave. To ensure normal distri-
bution of the sexual behaviour score, subjects were divided into low and high 
sexual behaviour groups (scores 0 and 1–3, respectively).  
 

4.2.3. Suicide ideation and risk 

Both younger and older cohort were asked at 18 years a dichotomous question 
about suicide ideation and having attempted suicide. Recent and lifetime suicide 
risk were assessed at 25 years as part of the psychiatric assessment based on 
DSM-IV that was carried out by experienced clinical psychologists using the 
Mini-International Neuropsychiatric Interview (M.I.N.I.5.0.0) (Sheehan et al., 
1998; Estonian version: Shlik et al., 1999; Laas et al., 2014). 
 

4.2.4. Stressful life events 

History of stressful life events were recorded at 15 years of age in both cohorts. 
The list of adverse life events varied between the cohorts consisting of 29 stressful 
experiences in the younger cohort and of 21 stressful experiences in the older 
cohort. The events recorded included parental health and socioeconomic status, 
living conditions, heath of the subject, physical or emotional abuse and severe 
concerns. History of stressful life events was self-reported. The events were 
recorded as dichotomous variables (present or not present) and were then counted 
to form the number of experienced stressful life events. Subjects were divided 
into low and high stressful life events exposure groups by median split (Reif et 
al., 2011) in the two cohorts separately, data was then merged.   
 
 
 

4.3. Physical measurements 

4.3.1. Lipid levels 

Fasting basal cholesterol (total, LDL and HDL) and triglyceride levels were 
measured by conventional techniques. In the 1998 year sample LDL levels were 
calculated based on the Friedewald formula (Winocour et al., 1989). In follow-
up studies all serum lipid levels, including LDL cholesterol were measured 
directly from the serum. Original values were transformed into z-scores (ZX = 
(X − MX) / SDX) expressing deviance from the mean (M) of each cohort ex-
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pressed in standard deviation (SD) of the whole sample. We also used the Friede-
wald formula for the follow-up samples to yield LDL data, but this did not change 
the reported results. 
 

4.3.2. BMI 

Height and weight were measured in light clothing by standardized procedures. 
Body mass index (BMI) was calculated using the formula BMI = kg/m2.  
 

4.3.3. Pubertal status 

Pubertal status of children was assessed by trained observers of the same sex vi-
sually in a private room using Tanner’s stages (Tanner, 1953) of breast develop-
ment for girls, testicle development for boys and pubic hair development for both 
sexes. 
 

4.3.4. Genotyping  

4.3.4.1. 5-HTTLPR  

Genotyping was done in two stages. First all subjects were genotyped for the 5-
HTTLPR polymorphism, then SNP rs25531 (A→G). The alleles at the 5-
HTTLPR locus were amplified from genomic DNA using PCR as in previous 
studies (Anchordoquy et al., 2003). The polymorphic region was amplified using 
the primers 5-HTTLPR-F: 5′-6FAM-ATG CCA GCA CCT AAC CCC TAA 
TGT-3′ and 5-HTTLPR-R: 5′-GGA CCG CAA GGT GGG CGG GA-3′. PCR 
reaction components and final concentration were as follows: 1 x of 5x 
HotFirepol BLEND with BSA 2.5 mM MgCl2 (Solis Biodyne); 5% of DMSO; 1 
x of 10x Solution S (Solis Biodyne); 380 μM each of the forward and reverse 
primers; 10–50 ng of template DNA. The amplification was conducted in a total 
volume of 20 μl. The touchdown PCR cycles were used as by Anchordoquy et al. 
(2003). The electrophoresis was made on ABI PRISM 3130XL genetic analyser 
and the components used were: 1 μl PCR product, 10 μl Hi-Di formamide,  
0.25 μl Liz 500 size standard. Genotypes were generated using ABI Gene-Mapper 
V 4.0 software. Genotype frequencies were in Hardy–Weinberg equilibrium. The 
distribution of genotype was as follows: 43.9% L/L, 42.8% S/L and 13.3 % S/S. 

For genotyping of SNP rs25531 (La/Lg) the MspI restriction analysis was 
conducted in a total volume of 10 μl (2 μl of PCR product and 8 μl of restriction 
master mix). The reaction components and final concentrations of the restriction 
master mix were as follows: 1 x Buffer Tango; 4 units of MspI restriction enzyme 
(Fermentas). Samples were then incubated on 37 °C for 3 h and on 65 °C for  
20 min. MspI digest electrophoresis was conducted using ABI PRISM 3130XL 
genetic analyser and the components used were: 1 μl digest product; 10 μl Hi-Di 
formamide; 0.25 μl LIZ 500 size standard. The distribution of genotypes was as 
follows: 38.2% S/La, 13.3% S/S, 5.7% S/Lg, 32.8% La/La, 9,6% La/Lg, 0.3% 
Lg/Lg. When genotype was analysed as triallelic following sets of contrast were 
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used: one contrasting L/L genotype with other groups (the effect of being S allele 
carrier), second contrasting the L/L and S/L genotype with S/S genotype (the 
effect of being L allele carrier) and third contrasting S/S, Lg/S and Lg/Lg geno-
type to La/La, La/Lg and La/S genotypes (the effect of being La allele carrier). 
 

3.3.4.2. HTR2A 

DNA was extracted from whole blood samples using Qiagen QIAamp Mini kit. 
Genotyping of the -1438A/G (rs6311) polymorphism was performed as previous-
ly described (Maksimov et al., 2015) using the TaqMan® Pre-Designed SNP 
Genotyping Assay on the Applied Biosystems ViiA™ 7 Real-Time PCR. The 
distribution of genotype was as follows: 42.4 % G/G, 45,4 G/A, 12,2 A/A. 
 
 

4.4. Statistical analysis 
Missing values were taken into account by assuming that they are missing at 
random (“direct likelihood” approach). All data were tested for assumptions of 
normality and independence. Outlier analysis was conducted to meet the assump-
tion of normal distribution. Serum lipid levels in males and females are innately 
different. To omit any sex effect males and females were analysed separately. 
Data from the two cohorts were transformed into z-scores and combined ac-
cording to age groups. Genotypes (HTR2A, biallelic and triallelic 5-HTTLPR) 
were grouped based on their allelic variances. All genotype frequencies were 
found to be consistent with the Hardy-Weinberg equilibrium. Cohort, sex, calorie 
intake, physical activity, BMI, pubertal stage, psychiatric disorders, medications, 
alcohol and illicit substance use, smoking and maltreatment were all investigated 
for possible interaction effects. 

Differences between groups regarding continuous variables were analysed 
with analysis of variance (ANOVA) with Tukey’s post hoc multiple comparison 
procedures where necessary (Paper I, II and IV, unpublished data). Linear mixed 
effects models were used for testing interactions between serum lipid levels and 
serotonin transporter gene linked promoter region (5-HTTLPR) polymorphism in 
our sample using three time points (Paper I). General liner models (GLM) were 
performed (Paper II) to determine the interaction effects of genotype, sex, and 
cholesterol levels on impulsivity traits. The associations between continuous vari-
ables were tested by regression analysis (Paper II, unpublished data). To deter-
mine the predictive effects of stressful life events at 15 and 18 years on predicting 
impulsivity measures at 25 years one-way analysis of covariance (ANCOVA) 
was performed (unpublished data). Similarly, ANCOVA was used to determine 
the predictive effects of serum lipid levels at three different ages (9, 15 and 18) 
on impulsivity traits at 25 years of age (Paper IV, unpublished data for separate 
analysis in subjects with high or low stressful life events). Pearson correlation 
analysis was used to illustrate the strength of association of serum lipids with 
impulsivity measures and to investigate the interactions of impulsivity and serum 
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lipid levels cross-sectionally at specific age (Paper IV). Binary logistic regression 
analyses were used for predicting suicide ideation by serum lipid levels or BMI 
in 18 and 25 year old subjects (unpublished data). Multinomial and binary logistic 
regression were utilized to study the effects of serum lipid levels and BMI on 
different facets of risk behaviour (unpublished data). The level of significance 
was set at p <0.05, and where appropriate, Bonferroni correction was used. Data 
were analysed using SPSS (version 23.0 SPSS, Chicago, IL), Statistica (version 
7.0 StatSoft, Tulsa OK, USA), and R freeware version 2.10.1.  



 
40 

5. RESULTS AND DISCUSSION 

5.1. The ECPBHS sample 

5.1.1. Serum lipid levels 

Data of both birth cohorts were available at the ages of 15, 18 and 25 years. An 
overview of the serum lipid levels at ages from 9 to 25 years, separately in males 
and females, is presented in Table 2. The CHL values of our sample at 9 years of 
age are in the same range as other studies. For example, in a large scale Nor-
wegian study where blood samples of 1340 children were available at the age of 
9 years, girls had the median CHL values of 4.4 mmol/l and boys 4.2 mmol/l 
(Strand et al., 2018). In a Dutch study of 8071 children, the median value for  
9 year old girls was 4.2 mmol/l and for boys of the same age it was 4.1 mmol/l 
(Balder et al., 2018). In a study where 23 cohorts of children from Europe and 
United States (total 22 479 observations) were pooled, the mean reference values 
of CHL in girls were 4.4 mmol/l and in boys 4.3 mmol/l (Stavnsbo et al., 2018). 
The values for serum lipid levels in our sample are in the same range with other 
large studies and thus the results based on the serum lipid values are extrapola-
table. 

Serum lipids of subjects were compared with the recommended reference 
values of the National Cholesterol Education Program (NCEP) Expert Panel on 
Cholesterol Levels in Children at ages 9, 15 and 18 and with recommendations 
of the Adult Treatment Panel III (ATP III) of the National Cholesterol Education 
Program (2002) when the cohort had reached adulthood at 25 years (Lipsy, 2003). 

BMI, triglycerides, LDL and total cholesterol were positively correlated at all 
ages. HDL cholesterol was negatively correlated with triglycerides and BMI and 
positively correlated with total cholesterol levels (Table 3). There was a strong 
correlation between LDL and total cholesterol and it remained so throughout all 
age groups (r=0.93; 0.91; 0.90 and 0.87 respectively, p<0.001). There was a signi-
ficant correlation between BMI and triglycerides already at the age of 9 years 
(r=0.09, p<0.05) that only grew stronger throughout years (r=0.14 r=0.09, 
p<0.24; r=0.09, p<0.05 and r=0.35, p<0.05, respectively) indicating, that there is 
a strong association between food intake and body mass index. The opposite was 
evident between the correlation of BMI and cholesterol. While it was significant 
at young age of 9 and the teenagerhood at 15 (r=0.14, p<0.05 and r=0.07, p<0.05), 
by the time subjects reached 18 years of age the correlation was no longer present 
(Table 4). The correlation between BMI and total cholesterol varies over the course 
of an individual’s lifetime. When examining inconsistencies in cholesterol-
focused studies, it is crucial to take into account the impact of time and age on 
this change. 
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Table 4. Correlations between serum lipid levels and BMI at the ages of 9, 15, 18 and 25 
years. 

  BMI 9 y. CHL 9 y. HDL 9 y. LDL 9 y. TRG 9 y. 
BMI 9 y. ■ 0.14* -0.01 0.15* 0.09* 
CHL 9 y. 0.14* ■ 0.40* 0.93** 0.21* 
HDL 9 y. -0.01 0.40* ■ 0.07 -0.31* 
LDL 9 y. 0.15* 0.93** 0.07* ■ 0.18* 
TRG 9 y. 0.09* 0.21* -0.31* 0.18* ■ 

BMI 15 y. CHL 15 y. HDL 15 y. LDL 15 y. TRG 15 y. 
BMI 15 y. ■ 0.07* -0.21* 0.13* 0.14* 
CHL 15 y. 0.07* ■ 0.37* 0.91** 0.30* 
HDL 15 y. -0.21* 0.37* ■ 0.05 -0.27* 
LDL 15 y. 0.13* 0.91** 0.05 ■ 0.27* 
TRG 15 y. 0.14* 0.30* -0.27* 0.27* ■ 

BMI 18 y. CHL 18 y. HDL 18 y. LDL 18 y. TRG 18 y. 
BMI 18 y. ■ 0.06 -0.17* 0.15* 0.24* 
CHL 18 y. 0.06 ■ 0.28* 0.90** 0.19* 
HDL 18 y. -0.17* 0.28* ■ -0.03 -0.07* 
LDL 18 y. 0.15* 0.90** -0.03 ■ 0.17* 
TRG 18 y. 0.24* 0.19* -0.07* 0.17* ■

BMI 25 y. CHL 25 y. HDL 25 y. LDL 25 y. TRG 25 y. 
BMI 25 y. ■   0.15* -0.41* 0.28* 0.35* 
CHL 25 y. 0.15* ■ 0.22* 0.87** 0.37* 
HDL 25 y. -0.41* 0.22* ■ -0.18* -0.30* 
LDL 25 y. 0.28* 0.87** -0.18* ■ 0.26* 
TRG 25 y. 0.35* 0.37* -0.30* 0.26* ■

Body mass index (BMI), total cholesterol (CHL), HDL cholesterol (HDL), LDL choles-
terol (LDL), triglycerides (TRG). Correlations marked in bold and * are significant at  
p <0.05. Correlations marked in bold and ** are significant at p <0.01  
 
 

5.1.2. Impulsivity  

In all ages was there a positive correlation between the subscales of Maladaptive 
and the subscales of Adaptive Impulsivity. Namely, the subscales of Maladaptive 
Impulsivity, Disinhibition and Thoughtlessness had a positive correlation at the 
ages of 15, 18 and 25 (r=0.58, p<0.001; r=0.44, p<0.001, r=0.60, p <0.001, 
respectively). Adaptive Impulsivity subscales Excitement seeking and Fast deci-
sion making were also positively correlated in 15, 18 and 25 year olds (r=0.54, 
p<0.001, r=0.45, p<0.001 and r=0.58, p<0.001, respectively). No statistically 
significant correlation existed between the main impulsivity factors, Adaptive 
and Maladaptive Impulsivity at any age. 

Similar analysis has been conducted on the database of the Estonian Psycho-
biological Study of Traffic Behaviour that includes male Caucasian subjects in 
age range of 15–70 years who drive a vehicle (Laas et al., 2010). The subscales 
of Maladaptive Impulsivity were correlated at Pearson r=0.65, p<0.001, and the 
subscales of Adaptive Impulsivity were correlated at Pearson r=0.52, p<0.001, 
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respectively. Within the Adaptive or Maladaptive Impulsivity construct the two 
subscales had a strong correlation, but across the constructs their subscales of 
impulsivity correlated only at a weak level.   

The differentiation between adaptive and maladaptive impulsivities in our 
study is in accordance with idea about distinct subtypes of impulsivity (Dickman, 
2000; Evenden, 1999; Lynam & Miller, 2004). The AMIS constructs have been 
derived from the concept of functional and dysfunctional impulsivity (Dickman, 
1990) that distinguishes decision-making at the spur of the moment by the success 
of outcome. Our longitudinal study has revealed that components of adaptive and 
maladaptive impulsivity are related from adolescence to young adulthood within 
the main factor, while the main factors with their respective components stand 
separate throughout development. 

 
 

5.2. Impulsivity including risk behaviour,  
and serum lipid levels  

5.2.1. Cross-sectional analysis of serum lipids and impulsivity 
(Paper IV) 

When impulsivity and serum lipid levels were examined cross-sectionally at age 
15, 18 or 25, a few statistically significant correlations emerged (Table 5) but 
these were not very systematic. Perhaps most fascinating was the finding of nega-
tive correlations between total and LDL cholesterol and both facets of Adaptive 
Impulsivity in females at age 15. However, these correlations ceased to exist enti-
rely following the onset of puberty. By the age of 25, there were negative corre-
lations between total cholesterol and LDL levels and Maladaptive Impulsivity in 
males. However, these correlations were only observed with the Thoughtlessness 
facet, as shown in Table 5. 

The cross-sectional analysis yielded an inconclusive result, which is to be 
expected. Although numerous studies have demonstrated a correlation between 
low serum lipids and problematic behaviour, such as impulsivity, it is worth 
noting that certain studies failed to find such an association. For example, the 
results of the Coronary Artery Risk Development in Young Adults study con-
ducted in 4240 young adults aged 23–35 showed that while persons in the lowest 
10% of plasma CHL, LDL cholesterol, HDL cholesterol, and TRG levels were 
compared with the other participants in each race/sex group, using standardised 
measures of hostility, anger suppression, depressive symptoms and anxiety, low 
cholesterol levels were not related to any of the psychological measures in any 
race or sex group (Markovitz et al., 1997). Similarly, Fowkes et al. (1992) failed 
to show the association between aggression and low serum lipids in a random 
sample of 1592 men and women aged between 55 and 74 years. A possible expla-
nation to these inconsistencies is that low serum lipid levels have an effect on 
behavioural measures only during a specific period, not throughout the life. 
Furthermore, it is important to note that cross-sectional associations may exhibit 
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inconsistency since impulsive behaviour is a result of the developmental interplay 
between previous cholesterol levels and the accumulation of experiences. Serum 
lipid levels assessed at a single point in time may not accurately reflect the impact 
of lipids on behavioural assessments. 
 
Table 5. Correlations between serum lipid levels at 15, 18 and 25 years and impulsivity 
measures at the same respective age, separately in males and females.  

  MALES FEMALES

  
Disinhi-

bition 
Thought-
lessness

Excitement 
seeking

Fast 
decision 
making 

Disinhi-
bition 

Thought-
lessness

Excitement 
seeking 

Fast 
decision 
making 

15 years CHL -0.04 -0.03 -0.04 -0.10 0.06 -0.08 -0.12 -0.15 
 HDL 0.11 0.09 0.02 0.06 0.07 0.03 0.03 -0.02 
 LDL -0.07 -0.07 -0.03 -0.13 0.03 -0.11 -0.13 -0.14 
 TRG -0.05 0.01 -0.06 -0.08 0.08 0.05 -0.07 -0.10 
18 years CHL -0.02 0.01 -0.01 0.04 0.06 0.03 0.01 -0.03 
 HDL -0.16 -0.01 0.13 0.07 0.02 0.05 0.08 -0.05 
 LDL 0.01 -0.04 -0.03 0.02 0.03 -0.04 -0.03 -0.02 
 TRG 0.08 0.13 -0.08 0.01 0.08 0.05 0.03 0.01 
25 years CHL -0.08 -0.12 0.05 0.05 0.05 -0.06 -0.08 0.01 
 HDL -0.04 -0.02 0.10 0.05 0.01 -0.08 -0.01 0.02 
 LDL -0.06 -0.11 0.03 0.06 0.04 -0.02 -0.09 -0.02 
  TRG -0.01 -0.04 -0.03 -0.03 0.01 -0.02 -0.07 0.02 
Total cholesterol (CHL), HDL cholesterol (HDL), LDL cholesterol (LDL) and triglyce-
rides (TRG) correlations with impulsivity measures in bold while significant at p<0.05.  
 
 

5.2.2. Cholesterol as predictor of impulsivity (Paper IV) 

In males, according to ANCOVA models, impulsivity measures at 25 years were 
predicted by serum lipid levels as early as at the age of 9 years (Table 6). Disin-
hibition and Thoughtlessness, which are both components of Maladaptive Impul-
sivity, measured at 25 years, were predicted by LDL and total cholesterol levels 
at 9, 15, and 18 years. Regarding the aspects of Adaptive Impulsivity, the level 
of Excitement Seeking at the age of 25 was solely predicted by total cholesterol 
at the age of 15. HDL cholesterol levels at 15 years were found to be a predictor 
of Fast Decision-making at 25 years. The association between only Maladaptive 
Impulsivity and cholesterol levels indicates that cholesterol selectively affects the 
neurodevelopmental mechanisms responsible for the dysfunctional aspects of 
impulsivity. 

Correlation analyses without covariates were similar to the results with 
ANCOVA. In most cases where serum lipid levels predicted impulsivity mea-
sures at 25 years the correlation also reached statistical significance. Significant 
correlations between serum lipid levels and impulsivity measures in males were 
negative, while in females these correlations were positive (data not shown). 
Previously, several authors have drawn attention to the differences between sexes 
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(Eriksen et al., 2017), mostly reporting the association between cholesterol and 
impulsivity only in males (Golier et al., 1995; Lindberg et al., 1992; Muldoon et 
al., 1990; Wu et al., 2015).  

One of the strengths of the current analysis is the inclusion of children starting 
from the age of 9 years into the longitudinal design, who, because of their young 
age, have been exposed to possible confounding factors to a lesser extent. Several 
factors, like adverse childhood experiences, demographics, and biochemical 
factors have been shown to have an effect on the relationship of cholesterol and 
impulsivity (Bartoli et al., 2017; Kraav et al., 2019). By adding several covariates 
such as presence of psychiatric disorders, medications, alcohol and narcotic sub-
stance use, smoking, and maltreatment to our statistic model, we have, however, 
eliminated their possible effect on the relationship between serum lipid levels and 
impulsivity in this age range. Also, the birth cohort representative design of the 
study decreases the bias caused by the confounding factors on the association of 
impulsivity and serum lipid levels. 

In the current analysis, Disinhibition and Thoughtlessness in males were 
predicted by total and LDL cholesterol but not by TRG level. The interaction of 
serum lipid levels and impulsivity may have behavioural background. TRGs have 
been used in previous literature to control for the nutritional intake effect on the 
association of cholesterol and impulsivity (Kaplan et al., 1997). Previous research 
has shown that considerable number of patients with higher body mass index, 
TRGs and cholesterol may have maladaptive nutritional behaviours such as binge 
eating. An association between binge eating and suicide attempts and suicidal 
ideation has been described in the literature (Favaro & Santonastaso, 1997). Our 
analysis suggests that cholesterol levels are predicting impulsivity independently 
of TRGs, and thus it can be hypothesised that nutritional intake has not played a 
role in the interaction of impulsivity and serum lipid levels as a confounding 
factor. 

Our results that highlight the importance the childhood serum lipid levels have 
on impulsivity in adulthood are in line with the neurodevelopmental studies on 
the role of cholesterol during childhood and early adolescence. While most cross-
sectional analyses find an association between low serum lipid levels and high 
impulsivity in adult males, our results indicate that it can be helpful to measure 
cholesterol levels already during childhood, the time when neurodevelopmental 
processes pave the road to future impulsivity. 
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5.2.3. Suicide ideation, cholesterol and impulsivity 

There were in total 390 men and 610 women who were asked about suicidal 
thoughts either at the age of 18, 25 or both ages. One hundred and five men had 
suicide ideation and 12 had attempted suicide by the age of 18 years. By the age 
of 25 years 17 men had a lifetime risk of suicide according to M.I.N.I., and 3 had 
recent risk of suicide. There were 209 women with suicide ideation and 36 
women who had attempted suicide by the age of 18 years. By the age of 25 years 
37 women had a M.I.N.I. lifetime risk of suicide and 11 had recent risk of suicide. 
There was 27% of 18 year old men and 34% of 18 year old women reported 
having had thought at least once about attempting suicide. Although this number 
may appear very high, similar reports have been shown in Estonian children, 
adolescents, and adults before (Rooväli et al., 2018). Similarly, the Health Be-
haviour in School-aged Children’ Study, with a sample of 5707 students aged 11-
, 13- and 15-years, the authors reported that approximately 40% of schoolchildren 
reported depressive feelings and/or suicidal ideation (Samm et al., 2010). As a 
limitation, they bring out that, similarly to our study, their analysis was based on 
a single question in a self-report. Interestingly, in this study suicide ideation was 
the highest in the 11 year old group and declined with age (23.8%; 11.4% and 
13.5%, respectively). According to the authors, suicide ideation measured in 
children may reflect on aspects of their relationships, rather than on a suicidal 
process. That might also be the case at a tender age of 18 years. 

Low lipid levels have been associated with suicide and suicide ideation. We 
have examined whether attempted suicide or suicidal ideation at 18 years and 
suicidal risk at 25 years are associated with serum lipids or BMI. Logistic 
regression analysis revealed that serum lipid levels or BMI did not have an effect 
on suicide attempts or suicide ideation in 18 year old males or females and had 
no effect on suicide risk in 25 year old females. In 25 year old males high total 
and LDL cholesterol and triglyceride levels (OR=3, p=0.02, OR=4.37, p=0.01, 
OR=3.67, p=0.01, respectively) and low HDL cholesterol levels (OR=0.28, 
p=0.04) were associated with recent suicide risk, but not with lifetime suicide 
risk. Additional independent samples t-test analysis confirmed that 25 year old 
men with high recent suicide risk also had high total and LDL cholesterol and 
triglycerides levels (F(1, 398)=6.66, p=0.01, F(1, 398)=7.85, p=0.005, F(1, 
387)=12.88, p<0.005, respectively) and low HDL cholesterol levels (F(1, 
399)=3.8, p=0.05). 
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Table 7. Means for serum lipid levels in recent suicide risk group and no recent suicide 
risk group in 25 year old males. 
 Risk No risk  
 Mean SD Mean SD p (t-test) 
CHL 5.50 1.31 4.41 0.78 0.011 
HDL 0.97 0.31 1.31 0.32 0.048 
LDL 3.82 0.78 2.76 0.71 0.005 
TRG 1.92 0.16 1.02 0.44 0.005 

Total cholesterol (CHL), HDL cholesterol (HDL), LDL cholesterol (LDL), triglycerides 
(TRG). The number of subjects in the risk group was 3 and no risk group was 402 for 
CHL, LDL and HDL and 391 for TRG.  
 
 
Our results are in apparent contradiction with the sizeable literature on the 
relationship between suicide and low cholesterol. The most recent meta-analysis 
demonstrated a robust effect across 65 studies (comprising upward of 500,000 
participants), showing that suicidal patients have lower total cholesterol levels 
than non-suicidal controls and that lower total cholesterol was associated with a 
112% higher risk of suicidality (Wu et al., 2015). The subgroup analysis of the 
meta-analysis highlighted that the association between lower serum lipid levels 
and suicidality was stronger in participants younger than 40 years when compared 
to older participants. A study conducted in Korean population found that low 
cholesterol levels predicted suicide among female suicide attempters, but not 
among men (Park et al., 2024). 

However, not all previous literature shows association between low choles-
terol and suicidality. Quite in contrast, Fiedorowicz & Coryell (2007) reported 
that when analysing only younger patients, the patients made more suicide 
attempts when the cholesterol levels were high and not low. In this context it 
should be noted that in our sample low cholesterol levels at early age predicted 
impulsivity, while suicide is considered a reflection of low impulse control. Ob-
viously, the relationship between cholesterol levels, impulsivity and suicide is not 
linear. While the association of early cholesterol levels and impulsivity were 
based on data across the whole range of both measures, suicide-related measures 
were positive only in a small number of participants. 

Indeed, several studies suggest that suicide completers have higher levels of 
impulsivity and aggressive behaviours (Brent et al., 1994, 1996, 2002), an as-
sociation that seems to be independent from psychopathology (Dumais et al., 
2005). Nevertheless, suicide is a complex behaviour that is probably the result of 
the interaction of several different factors and is unlikely to be in a simple causal 
relationship with impulsivity that is a strongly hereditary trait (McGirr et al., 
2008).  

In our sample, both Maladaptive Impulsivity traits Disinhibition and Thought-
lessness were high in persons who had suicide ideation or attempted suicide at 18 
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or had been rated to have high suicide lifetime risk at 25. To analyse relationship 
between impulsivity and suicide subjects were divided onto two groups- those 
who have had any suicide ideation, attempts or risk for them and those who have 
not. Men with suicide ideation and having had attempted suicide at 18 years had 
high levels of Disinhibition and Thoughtlessness at respective age (F(1, 
382)=11.92, p<0.001; F(1, 383)=6.11, p=0.01 and F(1, 382)=9,27, p=0.002; F(1, 
383)=4.81, p=0.03, respectively). Men with a lifetime suicide risk at 25 years had 
also high levels of Disinhibition and Thoughtlessness (F(1, 383)=8.00, p=0.005; 
F(1, 383)=7.15, p=0.007, respectively). Women with suicide ideation at 18 years 
had high levels of both Disinhibition and Thoughtlessness (F(1, 502)=15.44, 
p<0.001; F(1, 500)=13.08, p<0.001, respectively). Women with a lifetime suicide 
risk at 25 years and having had attempted suicide at 18 years had high levels of 
Thoughtlessness at respective ages (F(1, 504)=7.64, p=0.006, F(1, 498)=5.06, 
p=0.02, respectively), but not Disinhibition. It should however be acknowledged 
that the associations with suicide ideation are derived from a much smaller 
number of subjects than the association between impulsivity and cholesterol 
levels that refer to a strongly birth cohort representative sample. It thus appears 
that suicide ideation is most likely in subjects with a mismatch with the general 
association of cholesterol with impulsivity. 
 

5.2.4. Risk behaviour and impulsivity 

Previous studies have shown that youth who engage in early risk taking, such as 
illicit drug use and risky sexual behaviour, exhibit also higher levels of impulsive 
behaviour (Arnett, 1992). Our analysis indicated that risk behaviour is correlated 
with different facets of impulsivity, according to age and sex (Table 8). In males, 
most risk behaviours were correlated with Adaptive Impulsivity and only to some 
extent in the youngest years with Maladaptive Impulsivity. In women however 
risk behaviour correlated more with Maladaptive Impulsivity though all ages. The 
correlations between risk behaviour and impulsivity were altered throughout 
time. While in 15 and 18 year old women risk behaviour was correlated with 
Excitement seeking, the same trend was present only in 18 year old men. While 
the correlation was strongest in both men and women at the age of 18, by the time 
of 25 years, the correlation disappeared in both men and women. 
 
 



 
51

 

Ta
bl

e 8
. C

or
re

la
tio

n 
of

 ri
sk

 b
eh

av
io

ur
 a

nd
 im

pu
lsi

vi
ty

 a
t t

he
 a

ge
 o

f 1
5,

 1
8,

 a
nd

 2
5 

ye
ar

s. 

 
 

M
A

LE
S

FE
M

A
LE

S
 

 
Tr

af
fic

 
be

ha
vi

ou
r

A
lc

oh
ol

To
ba

cc
o

D
ru

gs
 

Se
xu

al
 

be
ha

vi
ou

r
Tr

af
fic

 
be

ha
vi

ou
r 

A
lc

oh
ol

 
To

ba
cc

o
D

ru
gs

Se
xu

al
 

be
ha

vi
ou

r 
15

  
D

isi
nh

ib
iti

on
 

0.
15

0.
09

0.
19

0.
21

 
0.

14
0.

11
0.

13
0.

07
-0

.0
1

-0
.0

3 
 

Th
ou

gh
tle

ss
ne

ss
 

0.
22

0.
06

0.
05

0.
15

 
0.

03
0.

16
0.

14
0.

14
0.

06
0.

08
 

 
Ex

ci
te

m
en

t s
ee

ki
ng

 
0.

05
0.

19
0.

12
0.

12
 

0.
08

0.
32

0.
16

0.
07

0.
16

0.
20

 
 

Fa
st 

de
ci

sio
n 

m
ak

in
g 

0.
06

0.
03

0.
21

0.
20

 
0.

16
0.

23
0.

04
0.

04
0.

04
0.

09
 

18
 

D
isi

nh
ib

iti
on

 
0.

17
0.

03
0.

13
-0

.0
9 

0.
06

0.
15

0.
15

0.
22

-0
.2

5
0.

18
 

 
Th

ou
gh

tle
ss

ne
ss

 
0.

29
0.

08
0.

05
-0

.1
3 

0.
07

0.
18

0.
14

0.
16

-0
.2

0
0.

25
 

  
Ex

ci
te

m
en

t s
ee

ki
n g

 
0.

20
0.

21
0.

16
-0

.2
0 

0.
20

0.
30

0.
18

0.
12

-0
.2

0
0.

12
 

 
Fa

st 
de

ci
sio

n 
m

ak
in

g 
0.

08
0.

19
0.

17
-0

.2
3 

0.
30

0.
11

0.
03

-0
.0

4
-0

.0
4

0.
06

 

25
  

D
isi

nh
ib

iti
on

 
0.

04
0.

05
0.

14
0.

12
 

0.
10

0.
11

0.
14

0.
06

0.
20

0.
14

 
 

Th
ou

gh
tle

ss
ne

ss
 

0.
09

-0
.0

2
0.

09
0.

07
 

0.
05

0.
05

0.
10

0.
17

0.
09

0.
16

 
 

Ex
ci

te
m

en
t s

ee
ki

n g
 

0.
21

-0
.0

0
0.

09
0.

16
 

0.
26

0.
09

0.
06

0.
16

0.
11

0.
17

 
 

Fa
st 

de
ci

sio
n 

m
ak

in
g 

0.
13

0.
06

0.
20

0.
12

 
0.

28
-0

.0
0

0.
01

0.
09

0.
02

0.
10

 

Pe
ar

so
n 

co
rre

la
tio

n 
co

ef
fic

ie
nt

 r.
 C

or
re

la
tio

ns
 m

ar
ke

d 
in

 b
ol

d 
ar

e 
sig

ni
fic

an
t a

t p
 <

0.
05

  
  



 
52 

Previous studies conducted in longitudinal Estonian Psychobiological Study of 
Traffic Behaviour have shown that risky behaviour in traffic can be associated 
with both maladaptive and adaptive features of impulsivity. While drunk driving 
was associated only with Maladaptive types of impulsivity, exceeding speed 
limits was associated primarily with Adaptive Impulsivity traits such as Fast 
Decision Making and Excitement Seeking and, to a lesser degree, with Thought-
lessness (Paaver et al., 2006). The high level of Disinhibition in drunk drivers 
was also confirmed by Tokko et al. (2022). Similar trend of differentiation was 
seen when high scores of Maladaptive Impulsivity predicted drunk driving and 
high scores of Adaptive Impulsivity predicted exceeding speed limit and active 
traffic accidents (Tokko et al., 2019). In the current analysis, risky traffic be-
haviour measures were accommodated for under-aged subjects and thus did not 
focus on drunk driving or speeding. Our analysis indicated that while risky traffic 
behaviour at 15 and 18 years was correlated with maladaptive trait Thought-
lessness, at the ages of 18 and 25 it was correlated with adaptive trait Excitement 
seeking. The main conclusion of the analysis is that risky traffic behaviour is 
correlated with impulsivity, but the type of impulsivity changes, possibly owing 
to the change of traffic behaviours one is primarily engaged with, and also the 
experiences gained.  

Previous research has consistently demonstrated a relationship between im-
pulsivity and alcohol consumption (Merchán-Clavellino et al., 2020), narcotics 
(James & Taylor, 2007), and tobacco use (Kelly et al., 2019) in young people, 
showing that greater impulsivity is associated with higher consumption of alco-
hol, tobacco, and narcotics. In our analysis, alcohol consumption was correlated 
with Excitement seeking at the teenage years while the association disappeared 
in young adulthood. Tobacco consumption was correlated with Fast Decision 
Making in men and with Thoughtlessness in women. When compared with other 
risky behaviours, in the case of narcotics use, the importance of age is the most 
noticeable. There was no overall consistency in association between narcotics use 
and impulsivity. However, only at the age of 18, narcotics use was negatively 
correlated with all aspects of impulsivity in both sexes, as opposed to all other 
risky behaviours being positively correlated with impulsivity measures. While 
subjects with low impulsivity engaged generally in low risky behaviour, at the 
age of 18, in both men and women, low impulsivity was correlated with higher 
use of narcotic substances. This highlights that engagement in a certain risky 
behaviour can have a fundamentally different reasoning and origin based on the 
age of the subject. Risky sexual behaviour has been well documented to have an 
association with impulsivity across sex, age, and race (Dir et al., 2014). Interes-
tingly, impulsivity traits associated with risky sexual behaviour in men are only 
the traits of Adaptive Impulsivity. In women, the association was more complex. 
While similarly to men, there was an association between risky sexual behaviour 
and excitement seeking, there was also a correlation with the Maladaptive 
Impulsivity traits, but only at the ages of 18 and 25. Compared to other risky 
behaviours, sexual behaviour exhibited a significantly lower change between 
different age groups. At the age of 15, in both sexes, sexual behaviour is corre-
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lated with Adaptive Impulsivity traits. While in men the correlation remains 
throughout youth up until adulthood, women see a shift after puberty that conti-
nues into adulthood. A study conducted only in men (Derefinko et al., 2014) 
indicated that sensation seeking and behavioural risk-taking predicted a high 
number of sexual partners. The results of the same study showed that young men 
who were impulsive in the context of negative emotions were less likely to use 
condoms, suggesting that distinct traits of impulsivity are associated with parti-
cular aspects of risky sexual behaviour. To summarise, impulsivity is associated 
with risky behaviour. Yet every type of risky behaviour is associated with a 
specific measure of impulsivity and there is no universal link between these two 
measures. Association between impulsivity and risky behaviour is also dependent 
on age and sex. 

 
5.2.5. Risk behaviour and cholesterol  

The effects of serum lipid levels on risk behaviour were assessed by the means 
of multinomial and binominal logistic regression separately in males and females 
at 15, 18 and 25 years. Low levels of cholesterol have been historically associated 
with high impulsivity and suicidal tendencies. However, our analysis has failed 
to show such a straightforward association. Aligned with these results there was 
also no straightforward effect of serum lipid levels on risk behaviour. The highest 
odds ratio in the analysis was low total and LDL cholesterol leading to high risk 
taking in traffic in 15 year old girls. However, this effect was borderline signi-
ficant at the age of 18 and disappeared by the age of 25 years.  

In 18 years old males sexual behaviour was influenced by total cholesterol 
levels, males with high cholesterol levels having higher odds of being in the 
sexual behaviour risk group. In 18 year old females high triglyceride levels were 
associated with high risk in sexual behaviour and high total cholesterol levels 
associated with high tobacco use. In 25 year old females low HDL cholesterol 
levels were related with high tobacco use. 

In 15 year old females both low total and low LDL cholesterol levels were 
linked with high risk taking in traffic. In 25 year old females low LDL cholesterol 
levels were associated with more frequent alcohol use. In males, high triglyce-
rides levels at 18 years and lower LDL levels at 25 years were linked with higher 
risk taking in traffic at the respective age. (Table 9; Table 10). 
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5.3. Impulsivity, cholesterol and genotype 
The genes of the serotonergic system have been previously shown to have an 
effect on impulsivity levels. The distribution of genotypes of two genes of the 
serotonergic system, HTT and HTR2A of the sample is presented in Table 11. 
 
Table 11. Genotype distribution in sample 

 HTT   HTR2A
 5-HTTLPR   rs25531 rs6311  
 L/L S/L S/S S/La Lg/La S/S Lg/S La/La Lg/Lg A/A G/G A/G 
n 542 528 164 472 119 164 70 405 4 151 523 560 
% 43.92 42.79 13.29 38.25 9.64 13.29 5.67 32.82 0.32 12.24 42.38 45.38 

 
 

5.3.1. Impulsivity, and HTR2A and HTT genes (Paper II) 

The A allele of the 5-HT2A receptor gene has been shown to correspond to higher 
transcriptional activity in the reporter gene assay in cell cultures and to be as-
sociated with increased 5-HT2A receptor binding (Parsons et al., 2004; Turecki 
et al., 1999).  

Although only speculatively related to the present findings, it is conceivable 
that higher levels of 5-HT2A receptors are associated with lower presynaptic 
serotonergic output, and, in turn, maladaptive impulsivity. Indeed, Van Heerin-
gen et al. (2003) showed the involvement of the brain serotonergic system in 
suicidal behaviour by means of a SPECT 5-HT2A receptor study using a highly 
selective ligand (Audenaert et al., 2001). When compared to normal controls, 
patients with a recent history of suicide attempts showed a significant decrease in 
5-HT2A binding index in the prefrontal cortex, the decrease being significantly 
more marked among patients who used violent methods to attempt suicide than 
among those who attempted suicide by means of self-poisoning. 

In the present analysis we found that the A/A genotype of the HTR2A –1438A/G 
polymorphism expresses significantly higher Maladaptive, but not Adaptive Impul-
sivity. The HTR2A genotype had statistically significant main effects on Disinhibi-
tion, Thoughtlessness, and Maladaptive Impulsivity: The A/A homozygotes had 
higher expression of these impulsivity traits (F(2, 503)=5.20, p=0.006; F(2, 503)= 
5.79, p=0.003; F(2, 503)=6.30, p=0.002 respectively; Figure 2).  

An interaction effect between sex and genotype on Disinhibition (F(2, 503)= 
3.64, p=0.03), Thoughtlessness (F(2, 503)=3.67, p=0.03) and Maladaptive Im-
pulsivity (F(2, 503)=3.84, p=0.02) was also detected. The lowest impulsivity 
scores were found in male A/G heterozygotes and female G/G homozygotes, and 
these groups were significantly different from the female A/A homozygotes who 
had the highest scores. The effect on Disinhibition was found only in women and 
not in men, while in case of Thoughtlessness the effect was clearer in men. This 
finding supports the notion described earlier, that serotonergic function is inna-
tely different in men and women (Cosgrove et al., 2007). 
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Figure 2. A–C. Association of the HTR2A genotype with impulsivity traits in males and 
females. Disinhibition (A) and Thoughtlessness (B) Are subscales of Maladaptive Inhi-
bition (C). All Data Are expressed as Mean ± SEM. A. *p<0.05 different from females 
with A/A genotype. B. #p<0.01 different from males with A/G genotype. C. **p<0.01 
different from females with A/A genotype.  

 
There was no main effect of 5-HTTLPR polymorphism on impulsivity in either 
males or females. Similar results have been published earlier by Paaver et al. 
(2008) when using the AMIS scale and by da Cunha-Bang et al. (2023) when 
impulsivity was measured using the Barratt Scale of Impulsivity. There were no 
significant differences observed between those carrying the S allele (SL/SS) and 
those with the LL genotype in terms of their overall cognitive capacity and per-
formance on the Barratt scale. The second marker of the capacity of the central 
serotonergic system investigated in this study was platelet MAO.  Although there 
was no significant association between MAO activity or 5-HTTLPR poly-
morphism and the BIS-11 total score, a significant interaction effect was ob-
served. This means that individuals with low MAO activity and carrying the S 
allele had higher scores in self-reported impulsiveness compared to individuals 
with low MAO activity and LL genotype. A notable inverse relationship was 
observed between MAO activity and impulsiveness in individuals carrying the S 
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allele of 5-HTTLPR, whereas no such link was found in individuals with the LL 
genotype. The impact of the 5-HTTLPR genotype on impulsivity is influenced 
by platelet MAO activity and there is a possible confounding effect also with 
other markers of the serotonergic system. It should be noted that both, 5-HTTLPR 
polymorphism and platelet MAO activity have a complex, non-linear relationship 
with impulsivity (Paaver et al., 2008). 
 

5.3.2. Cholesterol, and HTR2A and HTT genes (Paper I) 

Several studies have shown interaction of the 5-HTTLPR polymorphism and 
serum lipid levels as well as lipid metabolism linked psychiatric and behavioural 
disorders in an elderly population (Grünblatt et al., 2006.; Partonen et al., 1999). 
We found this trend present already during late stages of puberty. Our study 
demonstrates a significant interaction between 5-HTTLPR polymorphism and 
lipid levels in adolescents at age 15 and 18, whilst no changes were noted in the 
lipid levels of 9 year old children. The longitudinal analysis revealed a main effect 
on LDL cholesterol within the older cohort (measured at the ages of 15, 18 and 
25) whilst in the comparison of S/S genotype against L/L and S/L genotype at 
different age groups with pooled cohorts, we found that L allele carriers had 
significantly higher levels of LDL and total cholesterol. Furthermore, 25 year 
olds carrying the L allele had significantly lower levels of HDL cholesterol. 

Total cholesterol levels were significantly (p<0.05) higher in 15 year old, but 
not 9 year old L allele carriers. The same trend (p=0.09) was found also in 18 
year olds. LDL levels were influenced by the 5-HTTLPR polymorphism in 15, 
18 and 25 year olds with L/L genotype having the highest levels of LDL. In 25 
year olds also HDL cholesterol levels were affected by 5-HTTLPR genotype 
whilst L/L genotype carriers had lower levels of HDL cholesterol compared with 
other genotypes. Genotype was not associated with triglyceride levels at any age 
(data not shown). Contrasting L/L genotype with the S/S and S/L genotype did 
not yield in any statistically significant interactions between 5-HTTLPR poly-
morphism and serum lipid levels. Cohort and pubertal stage effects were added 
to the statistical model, but did not show any main effect on the serum lipid levels. 
Sex, calorie intake, BMI and physical activity were associated with the lipid 
levels, but did not affect the association of the 5-HTTLPR polymorphism with 
lipid levels (data not shown). Separate analysis of males and females did not 
reveal sex-specificity of this association. 

Longitudinal analysis with linear mixed-effects models did not show any 
significant interaction of 5-HTTLPR genotype with LDL cholesterol (F(4, 
1522)=0.52, p=0.72 for the older cohort (Figure 3A)) and F(4, 1492)=0.68, 
p=0.61 for the younger cohort (Figure 3B). The model revealed a trend for a main 
effect of the 5-HTTLPR polymorphism on LDL cholesterol in the older cohort, 
though it did not reach a statistically significant level (F(2, 1522)=2.89, p=0.056). 
When the L/L and S/L genotypes were pooled, the L allele carriers did show 
higher LDL cholesterol levels (F(1, 1522)=5.60, p=0.018). In younger cohort no 
main effect of 5-HTTLPR polymorphism on LDL cholesterol levels was found. 
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Figure 3. Levels of LDL cholesterol longitudinally in two cohorts (A – older cohort,  
B – younger cohort) by serotonin transporter gene linked promoter region (5-HTTLPR) 
polymorphism. Levels are expressed as mean ± SEM. Z-scores stand for cohort-adjusted 
value 

 
Very little is known on the association between the gene variants that regulate the 
serotonergic system and lipid metabolism in children and adolescents. Majority 
of the studies on lipid metabolism and cholesterol have been conducted in elderly 
population because of the increasing role of cholesterol levels on prevalence of 
coronary disease in the elderly population. As previously noted, the large Vienna 
Trans-Danube Aging study found that L allele is an independent risk factor for 
higher mean fasting LDL-cholesterol levels (Fischer et al., 2006). Though con-
ducted in an elderly population, this finding is in accordance with our data. The 
findings concerning the levels of blood lipids and 5-HTTLPR have not, however, 
always been consistent even in elderly populations. A study on non-Hispanic 
Caucasians (mean age of 55.4 ± 7.5 years) from the Loma Linda University 
Centre for Health Promotion, California, Comings et al. (1999) reported that total 
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cholesterol and triglyceride levels were significantly higher in S/L heterozygotes 
than either in S/S or L/L homozygotes. However, that study consisted of a very 
limited sample, 99 subjects in total. In elderly Korean population it was the S 
allele of the 5-HTTLPR polymorphism that had an elevating effect on the LDL 
cholesterol levels (Kim et al., 2011). Although the study consisted of 732 people 
with an age 72.8 ± 5.9 years, it is important to note that studies of populations 
with Asian ancestry should be compared with care with the studies based on Cau-
casian ancestry, as the S allele is the more frequent allele in Asians. 

It is important to note that different studies have controlled for different con-
founding factors. In our analysis cohort, sex, calorie intake, physical activity, 
body mass index, oral contraceptive use in women, and the pubertal stage were 
all independently added to the model to investigate the possible effects of inter-
action. None of them had a main effect on the lipid levels and there was no inter-
action between those factors and 5-HTTLPR polymorphism on the different 
cholesterol fractions.  

It is known that sex differences exist in lipid levels as well as in depression 
prevalence, and thus sex stratification may have an impact on results (Buydens-
Branchey et al., 2000; Steegmans et al., 1996; Steiner, 2011). A study conducted in 
elderly men has found a significant interaction effect of 5-HTTLPR and LDL 
cholesterol on risk of depression, low LDL and the S allele together increasing the 
risk, but no significant association between this polymorphism and lipid levels (An-
celin et al., 2010). Our analysis shows, however, that the interaction between serum 
lipid levels and 5-HTTLPR is present in both young men and women. At older age, 
the impact of a variety of lifestyle factors on lipid levels is likely to be higher. 

Another possibility to explain the inconsistent findings would be to take into 
account the rs25531 polymorphism. Since the effect of Lg allele on mRNA 
expression is similar to the one of the S alleles, studies that include many Lg allele 
carriers within S/L or L/L genotypes may underestimate the effect of the 5-
HTTLPR polymorphism. The present study has also considered the A→G SNP 
and has shown that accounting for A→G SNP does not change the high levels of 
LDL cholesterol present in L allele (or La allele) carriers. In our study the 
percentage of people with either Lg/S or Lg/Lg genotype was only 5.91 which 
also might be too low for a significant A→G SNP impact.  

A recent study using a genome-wide association study (GWAS) summary-
statistics-based approach found a significant association between 5-HTTLPR 
polymorphism, human adult height, body mass index, and total cholesterol levels 
(Majumdar et al., 2022). Since the polymorphism cannot be tested via available 
SNP arrays, the study used a machine learning algorithm to predict the genotypes 
of 5-HTTLPR based on the genotypes of eight nearby SNPs. Given the non-linear 
relationships between cholesterol, impulsivity, and genotype associations, the 
absence of a straightforward and linear correlation with neurological and neuro-
behavioral phenotypes in the extensive dataset is unsurprising. 

To summarize, the observation that the 5-HTTLPR polymorphism interacts 
with serum lipid levels, specifically LDL-cholesterol, at a young age implies that 
this genotype associated to personality may have an early influence that is rele-
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vant for lifestyle choices. Though it is known that the SLC6A4 gene is associated 
with cholesterol levels and has an influence on cardiovascular diseases through 
vascular constriction, platelet aggregation and thrombosis (Yildiz et al., 1998) 
and on risk of death by suicide (Engelberg, 1992), we do not know at present why 
or how this mechanism works. It is possible that serum cholesterol levels and 
central serotonergic function co-vary without being in fact causally linked be-
cause their association is brought about by associations with a third variable.  

Serum lipid and BMI levels did not differ between HTR2A -1438A/G poly-
morphism genotypes. 

 
5.3.3. The effect of HTR2A gene polymorphism on impulsivity 

depends on cholesterol levels (Paper II)  

While HTR2A -1438A/G polymorphism is associated with Maladaptive Impulsi-
vity, this effect can differ according to serum lipid levels. Our analysis indicated 
that LDL cholesterol and sex had an interaction effect on Disinhibition, Thought-
lessness and Maladaptive Impulsivity (F(2, 462)=3.97, p<0.05 F(2, 462)=6.30, 
p<0.05 and F(2, 462)=6.27, p<0.05, respectively), while total cholesterol had an 
interaction effect with sex on Thoughtlessness and Maladaptive Impulsivity (F(2, 
462)=4.45, p<0.05  and F(2, 462)=4.42, p<0.05, respectively), but not on Disinhi-
bition. Female sex and higher LDL or total cholesterol levels together had a posi-
tive (raising) interaction effect on impulsivity measures (t(2, 462)=2.10, p<0.05 
for total cholesterol and Maladaptive impulsivity and t(2, 462)=2.50, p<0.05 for 
LDL cholesterol and Maladaptive Impulsivity). Only for Maladaptive Impul-
sivity there was an interaction effect between genotype and sex (F(2, 462)=3.02, 
p<0.05 for total cholesterol and F(2, 462)=3.43, p<0.05 for LDL cholesterol). 
Genotype interaction effect with sex and LDL cholesterol levels was found for 
Disinhibition, Thoughtlessness and Maladaptive Impulsivity (F(2, 462)=4.16, 
F(2, 462)=3.87, p<0.05 and F(2, 462)=4.72, p<0.01, respectively). Total choles-
terol had an interaction effect with genotype and sex in Thoughtlessness and 
Maladaptive Impulsivity (F(2, 462)=3.31, p<0.05 and F(2, 462)=3.73, p<0.05, 
respectively). Contrast analysis indicated that female A/A homozygotes with high 
total or LDL cholesterol had higher impulsivity measures (t(2, 462)=2.22, p<0.05 
for both LDL and total cholesterol), but in female G/G homozygotes, high total 
or LDL cholesterol resulted in lower impulsivity measures (t(2, 462)=-2.72, 
p<0.01 and t(2, 462)=-3.07, p<0.01, respectively). 

For better interpretation of the results, impulsivity measures were divided in 
addition to sex and genotype according cholesterol quartiles (Table 12). In the 
lowest quartile there were no differences in impulsivity, but in the highest quartile 
of total cholesterol the female G/G homozygotes had the lowest Thoughtlessness 
and Maladaptive Impulsivity measures ((F(2,118)=4.62, p=0.02) and (F(2,118)= 
6.19, p=0.02), respectively) and female A allele carriers had the highest measures. 
Only in highest quartile of LDL cholesterol, males with the A/G genotype had 
the lowest Thoughtlessness that was significantly different from the corres-
ponding female group (F(2,110)=4.58, p=0.02). 
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To summarize, subjects with the risk genotype, the A/A, of the HTR2A -1438A/G 
polymorphism had higher scores of Maladaptive Impulsivity, but not Adaptive 
Impulsivity. In females, high LDL and total cholesterol levels increased the geno-
type effect. In males, in the highest quartile of total or LDL cholesterol the geno-
type effect was altered, with G/G homozygotes having the highest Maladaptive 
Impulsivity levels.  

The essential symptoms of substance use disorder and attention deficit hyper-
activity disorder include elevated levels of impulsivity, which have been found 
to be associated with aggressive behaviour and suicidal tendencies. A wide range 
of studies has shown a linkage between disinhibition and thoughtlessness and the 
serotonergic neurotransmission (Tarter et al., 2004). Interestingly, the other side 
of the coin, a cognitive style characterized by fast decision making and excite-
ment seeking, was not found associated with this genotype, supporting the notion 
by Dickman (1990) on distinct functional and dysfunctional components of im-
pulsivity. 

Cholesterol levels are related to impulsivity and may also reflect central sero-
tonergic activity. Mechanisms underlying the association between cholesterol 
and serotonin activity have not yet become clear, however, it has been suggested 
that both high and low cholesterol levels may lead to lower serotoninergic activity 
(Papakostas et al., 2004). The association between elevated and low cholesterol 
levels and serotonergic dysfunction is expected to occur through separate path-
ways. In the present analysis cholesterol levels did not have a main effect on im-
pulsivity measures, but rather had complex interaction effect with the HTR2A 
genotype and sex where high cholesterol levels were associated with higher im-
pulsivity measures. Thus, in females high LDL or total cholesterol levels in-
creased the -1438A/G genotype effect, resulting in very high Maladaptive Impul-
sivity, but in males high cholesterol levels lowered the effect of the A allele of 
the -1438A/G polymorphism and rather resulted in G/G homozygotes having 
high Maladaptive Impulsivity levels. 

Several studies have already suggested that the relationship between choles-
terol and psychological variables may be non-linear. For example, Troisi (2011) 
displayed a significant difference in attentional impulsivity between individuals 
with total cholesterol levels lower than 4.3 mmol/l and the remainder of the 
sample, with low cholesterol related to high impulsivity. Yet, only a weak linear 
association was discovered over the whole cholesterol range (2.8–7.6 mmol/l). A 
study by Pozzi et al. (2003) used a similar cut-off point. They found that the 
significant negative relationship between total and HDL cholesterol and impul-
sivity was only present in men whose total cholesterol levels were less than 3.7 
mmol/l. In our analysis, cholesterol was used as a continuous variable. No cut-
off values emerged where the effect on impulsivity would have been greater than 
in the rest of the sample. When the impulsivity levels of people from the first 
(≤3.8 mmol/l) and last quartiles (≥5.3 mmol/l) of cholesterol were compared, no 
differences emerged. 

The HTR2A -1438A/G polymorphism effect was present in Maladaptive 
Impulsivity in both sexes. When looking at subscales, the effect of Disinhibition 
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was found only in women and not in men, while in the case of Thoughtlessness, 
the effect was clearer in men. The role of sex in impulsivity levels can be linked 
with sex differences in central serotonergic function that have previously been 
described (Soloff et al., 2014). In the highest quartile of both total and LDL 
cholesterol, the elevating effect of the A/A genotype was strengthened in females, 
but for males in the highest quartile of both total and LDL cholesterol, carrying 
the A/A genotype resulted in lowering Maladaptive impulsivity measures com-
pared to men with the A/A genotype in the lowest cholesterol quartile. This 
finding highlights the importance of sex in the analysis of gene and behavioural 
interactions. While taken separately, higher total and LDL cholesterol levels, 
female sex, and HTR2A -1438A/G polymorphism all lead to higher impulsivity 
measures. Yet, the complexity of the interaction is emphasized by the finding 
that, despite not being a statistically significant effect, male A/A homozygotes in 
the lowest quarter of total or LDL cholesterol had very high measures of Mala-
daptive Impulsivity that would be compatible with the majority of findings in the 
literature. 
 

5.4 Impulsivity and environment  

5.4.1 Impulsivity and stressful life events 

Environmental factors, including stress, have been shown to be important risk 
factors for the development of impulsivity and impulsivity-related psychopatho-
logies. Our analysis indicated that males who reported greater numbers of 
stressful life events (SLEs) at 15 years had higher Thoughtlessness and Disin-
hibition levels at the same age (F(1, 210)=5.89, p=0.02; F(1, 212)=11.68, 
p<0,001, respectively). Males with greater reported numbers of SLE at 18 years 
had higher Thoughtlessness and Excitement seeking levels at the respective age 
(F(1, 381)=7.20, p=0.008; F(1, 381)=8.21, p=0,004, respectively). 

Females who reported greater numbers of stressful life events at 15 or at 18 
years had at both respective ages higher Thoughtlessness levels (F(1, 250)=5.66, 
p=0.02; F(1, 498)=5.87, p=0.02, respectively). Additionally, females with higher 
numbers of SLEs at 18 years had higher Disinhibition levels (F(1, 500)=6.12, 
p=0.01), Table 13. 
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Environmental factors, such as stress, pose a substantial risk for impulsivity and 
psychopathologies associated with impulsivity. There is a positive correlation 
between the number of SLEs experienced by males at 15 and 18 years and their 
levels of Thoughtlessness and Disinhibition. Similarly, women who have expe-
rienced more SLEs at 18 years also exhibit greater levels of Thoughtlessness and 
Disinhibition. 
 

5.4.2. Serum lipid levels, impulsivity and stressful life events 

Previous results have revealed that a high number of SLEs leads to higher Mala-
daptive Impulsivity levels. To study additionally how impulsivity differs ac-
cording to both high and low serum lipid levels as well as high and low reported 
stressful life events, an ANOVA was conducted with SLEs and serum lipid levels 
as independent variables at both 15 and 18 years of age. 

While SLEs reported at 15 years together with serum lipid levels did not have 
an effect on impulsivity (data not shown), males or females who had experienced 
more SLEs reported at 18 years had higher levels of the Maladaptive Impulsivity 
traits, Disinhibition and Thoughtlessness. In both sexes, in addition to high SLEs, 
high triglyceride levels were associated with high levels of Maladaptive Im-
pulsivity traits, but only in men did high levels of BMI lead to high levels of 
Maladaptive Impulsivity traits (Table 14). Men with high SLE and low CHL, 
HDL, and LDL cholesterol had highest level of Thoughtlessness when compared 
with other groups. 

When analysing the Adaptive Impulsivity traits, it was observed that males 
with low SLE number at 18 years and low total cholesterol had significantly lower 
Excitement seeking levels (20.3 ± 0.59) than males with high SLE number and 
low total cholesterol (22.4 ± 0.58, p<0.05) or males with low SLE number and 
high total cholesterol (22.3 ± 0.57, p<0.05). Males with low SLE number and low 
HDL cholesterol had significantly lower Excitement seeking levels (19.7 ± 0.62) 
than males with high HDL cholesterol and high SLE number (22.1 ± 0.61, 
p<0.01). There was no effect of serum lipids and SLEs on Fast Decision making 
in men. Fast Decision making was low in females with a low BMI, regardless of 
SLEs. There was no effect of serum lipids and SLEs on Excitement seeking in 
women.  
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In men, but not women, the combination of high levels of stressful life events 
(SLE) and low cholesterol levels appears to have an additive effect on the high 
levels of Maladaptive Impulsivity. This finding aligns with previous research 
indicating that men are more vulnerable to the adverse effects of low serum lipid 
levels (Jokinen et al., 2010). Similarly, the heightened vulnerability to stressful 
life events among men suggests a heightened susceptibility to environmental 
stressors, further contributing to the severity of Maladaptive Impulsivity. This 
underscores the complex interplay between biological and environmental factors 
in shaping impulsivity and highlights the need for sex-specific considerations in 
understanding and addressing impulsive behaviours. 
 

5.4.3. Serum lipid levels as predictors of impulsivity in subjects 
with high or low number of stressful life events  

To learn whether stressful life events (SLE) reported before or during the school 
years have a predictive value on impulsivity in young adulthood, predictive 
analysis was conducted. SLEs reported at 15 years did not influence impulsivity 
at 25 years (data not shown). In males, SLEs reported at 18 years were a signi-
ficant predictive factor for all impulsivity measures at 25 years. In females, 
stressful life events reported at 18 years of age predicted only Maladaptive 
Impulsivity traits measured at 25 years of age (Table 15).  
 
Table 15. ANCOVA predicting impulsivity measures at 25 years based on stressful life 
events at 18 years in males and females separately. 

 MALES FEMALES
 Low SLE  High SLE  Low SLE High SLE
 Mean SEM Mean SEM F Mean SEM Mean SEM F 

Disinhibition 15.51 0.31 17.52** 0.33 20.03 17.37 0.24 18.47* 0.32 8.84 
Thoughtless-
ness 15.20 0.36 16.48* 0.38 5.90 15.18 0.30 17.04** 0.37 15.40 
Excitement 
seeking 20.72 0.34 22.05* 0.36 7.28 19.33 0.31 19.39 0.39 0.02 
Fast decision 
making 19.33 0.33 20.28* 0.35 3.99 17.65 0.29 16.96 0.37 2.16 
Data are expressed as mean ± SEM, means marked in bold and * have significant diffe-
rence between groups at p <0.05, marked with ** are significant at p <0.001. N for males 
was 300 and for females 432. 
 
 
To further analyse predictive value of serum lipid levels on impulsivity measures 
depending on the high or low number of SLEs at either 15 or 18 years, analysis 
were conducted with serum lipid levels as independent variables separately in 
subjects with high or low SLE number. To illustrate the strength of the association 
of serum lipids with impulsivity measures, Pearson correlation analysis is addi-
tionally presented. Previous results indicated that only Maladaptive Impulsivity 
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traits Disinhibition and Thoughtlessness are predicted by serum lipids (Table 5) 
in both sexes, so results for Adaptive Impulsivity traits Fast decision making and 
Excitement seeking are not presented. SLEs reported at 15 years were not predic-
tive of impulsivity measured at 25 years, so only the results for SLEs reported at 
18 years are presented (Table 16). 

In both males and females, serum lipid levels predicted impulsivity mostly 
when SLEs reported were low. In males with low reported SLEs, both low total 
and LDL cholesterol measured at 9, 15, and 18 years were predictors of high 
Disinhibition at 25 years. In males with high reported SLE, low total cholesterol 
measured at 15 and 25 years predicted high Thoughtlessness at 25 years. In 
females with low reported SLEs, high BMI levels at 9, 15, 18, and 25 years pre-
dicted high Disinhibition at 25 years. As an exception to the trend, in women with 
high reported SLEs high total and LDL cholesterol measured at 9 years old led to 
high Disinhibition levels at 25 years old. This deviation highlights the different 
effect high and low lipid levels have on impulsivity in different sexes. 

Both, stressful life events and cholesterol levels, have a correlation with 
Maladaptive Impulsivity. In the current analysis it became evident, that in males 
total and LDL cholesterol predicts Disinhibition only when the stressful life 
events number remains low. It is possible, that environmental influences exert an 
effect that conceals the impact of serum lipids on impulsivity. This finding sug-
gests a potential masking effect of environmental influences on the impact of 
serum lipids on impulsivity.   

Serum lipid levels predict impulsivity differently depending on the presence 
of stressful life events (SLEs). The sex-specific impacts highlight the differential 
effects of high and low lipid levels on impulsivity in men and women. 
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CONCLUDING REMARKS  

The goal of this thesis was to shed light on how the different functional gene 
variants of the serotonin system, serum lipid levels, and impulsivity interact with 
each other. We have found that these factors, all major factors in psychopatho-
logies and behaviour disturbances, do not have a straightforward cause-and-effect 
relationship and instead interact in a complex and dynamic way. Both low and 
high ends of central serotonergic functioning are associated with high impulsivity 
levels, suggesting a non-linear relationship. Several factors, including age, sex, 
cholesterol fractions, genetic variability, and different facets of impulsivity, 
further complicate the interactions. Our study used a longitudinal approach and 
was based on a representative birth cohort sample, giving us an opportunity to 
gain insights into the nuanced interactions of these parameters. We found that the 
significance of these factors varied across demographic groups, highlighting the 
importance and necessity of considering them in impulsivity research. 

The findings of our study highlight the fact that there are huge inconsistencies 
in previous literature, but also provide a fresh perspective for understanding why 
this heterogeneity of results exists in the first place. Significant factors contri-
buting to the discrepancies in previous studies include neglecting environmental 
influences and relying on convenience samples or small sample sizes, potentially 
biassing their results. In contrast, our study addressed these limitations by in-
corporating a diverse and representative sample, thereby ensuring the broad 
applicability of our findings. The longitudinal design of our study provided the 
opportunity to monitor how the interaction effects vary as the subjects transition 
from children into adults. Additionally, we showed results for both men and 
women separately, thus eliminating any sex bias and visualising how associations 
between impulsivity, genes of the serotonergic system, and serum lipid levels 
differ between sexes.   

There are numerous opportunities for further research in this field. Additional 
studies could explore factors that influence impulsivity, such as socioeconomic 
status or cultural measures, to provide a more comprehensive understanding of 
this complex phenomenon. Furthermore, longitudinal studies tracking impulsi-
vity over extended periods of time could explain the fundamental principles of 
impulsive behaviour and its subsequent impact on psychological health. 

Finally, our study adds to what we know about impulsivity by looking at how 
it is connected to serum lipid levels and different functional genes in the serotonin 
system in different demographic groups. The study emphasizes complex and 
interconnected associations between those factors, which rely not only on current 
environmental effects but also on past experiences. Further research in this area 
may contribute to our better comprehension of the multifaceted nature of im-
pulsivity and its implications on mental health and general well-being.  
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CONCLUSIONS 

This dissertation aimed to elucidate the association of impulsivity with genetic 
markers of the serotonin system and serum lipid levels during childhood and 
young adolescence in highly representative birth cohort samples. Papers I–IV and 
data presented first in the current thesis have led to the following answers to the 
research questions: 
 
1. Summary of the recent findings on the association of serum lipid levels with 

impulsivity and violence was given. Demographic factors and presence of 
psychiatric disorders can play a role in the discrepancies present in previous 
literature. Men seem to be more sensitive to low cholesterol levels as the 
association between low cholesterol levels and aggression is found mostly in 
men. Cholesterol may play a role as a moderator of the serotonergic function 
and interact with associations between relevant gene variants and impulsi-
vity. Lowering cholesterol levels with statins brings about several changes in 
the serotonergic system, nerve cell membrane microviscosity and behaviour, 
and needs to be done with precaution in susceptible individuals. Cholesterol 
levels could serve as a biological risk marker for violence and suicidal ten-
dencies in psychiatric patients with depression and schizophrenia. (Paper 
III). 

2. Cross-sectional analysis of impulsivity and risk behaviour with serum lipid 
levels did not result in systematic outcomes. The serum lipid levels did not 
have an effect on suicide tendency or suicide ideation in 18 year old males or 
females and had no effect on suicide risk in 25 year old females. In 25 year 
old males high total and LDL cholesterol and triglyceride levels and low HDL 
cholesterol levels were associated with recent suicide risk, but not with 
lifetime suicide risk. Suicide risk is most likely in subjects with a mismatch 
with the general association of cholesterol with impulsivity. (Paper IV, 
unpublished data). 

3. Risk behaviour correlated with different facets of impulsivity according to 
age and sex. In males most of risk behaviours were correlated with Adaptive 
Impulsivity and only to some extend in the youngest years with Maladaptive 
Impulsivity. In women however risk behaviour correlated more with Mala-
daptive Impulsivity though all ages. Men and women who had suicide idea-
tion or attempted suicide at 18 or had been rated to have high suicide lifetime 
risk at 25 had high Maladaptive Impulsivity levels. (Unpublished data). 

4. Low total and LDL cholesterol levels predict high impulsivity in adult males 
starting from early childhood itself, which continues throughout adolescence. 
Total and low-density lipoprotein cholesterol measured in boys aged 9, 15 
and 18 years predicted Disinhibition and Thoughtlessness in 25 year old 
young adults. (Paper IV). 
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5. In men, but not in women high stressful life events and low cholesterol levels 
have an additive effect on high levels of Maladaptive Impulsivity. In both 
males and females, serum lipid levels predicted Maladaptive Impulsivity 
mostly when reported stressful life events were low. In males with low 
reported stressful life events, both low total and LDL cholesterol measured 
at 9, 15, and 18 years were predictors of high Disinhibition at 25 years. In 
females with low reported stressful life events, high BMI levels at 9, 15, 18, 
and 25 years predicted high Disinhibition at 25 years. The number of stressful 
life events experienced by men and women at 18 years and males at 15 years 
correlated positively with levels of Maladaptive Impulsivity. (Unpublished 
data). 

6. Children and adolescents carrying the L allele of the 5-HTTLPR poly-
morphism had higher levels of cholesterol and in particularly LDL choles-
terol. Serum lipid levels did not differ different between HTR2A -1438A/G 
polymorphism genotypes. (Paper I, unpublished data). 

7. The A/A genotype of -1438A/G HTR2A polymorphism was associated with 
significantly higher Maladaptive, but not Adaptive Impulsivity traits in both 
females and males in 25 year olds. High LDL or total cholesterol levels in 
females increased the -1438A/G genotype effect resulting in very high Mala-
daptive Impulsivity. In males with highest quartile total or LDL cholesterol 
levels the genotype effect was modified with A allele carriers having lower 
Maladaptive Impulsivity levels than G/G homozygotes. Serum lipid levels 
did not differ between HTR2A -1438A/G polymorphism genotypes. There 
was no main effect of 5-HTTLPR polymorphism on impulsivity. (Paper II, 
unpublished data). 

  



 
75 

REFERENCES 

Agargun, M. Y., Özer, Ö. A., Kara, H., Şekeroǧlu, R., Selvi, Y., & Eryonucu, B. (2004). 
Serum lipid levels in patients with dissociative disorder. American Journal of 
Psychiatry, 161(11), 2121–2123. https://doi.org/10.1176/appi.ajp.161.11.2121 

Akkermann, K., Nordquist, N., Oreland, L., & Harro, J. (2010). Serotonin transporter 
gene promoter polymorphism affects the severity of binge eating in general popu-
lation. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 34(1), 
111–114. https://doi.org/10.1016/j.pnpbp.2009.10.008 

Albert, P. R., & Benkelfat, C. (2013). The neurobiology of depression-revisiting the 
serotonin hypothesis. II. Genetic, epigenetic and clinical studies. Philosophical Trans-
actions of the Royal Society B: Biological Sciences, 368(1615). https://doi.org/10. 
1098/rstb.2012.0535 

Allen, T. J., Moeller, F. G., Rhoades, H. M., & Cherek, D. R. (1998). Impulsivity and 
history of drug dependence. Drug and Alcohol Dependence, 50(2), 137–145. 
https://doi. org/10.1016/S0376-8716(98)00023-4 

American Psychiatric Association. (2022). Diagnostic and Statistical Manual of Mental 
Disorders. Diagnostic and Statistical Manual of Mental Disorders. https://doi.org/10. 
1176/APPI.BOOKS.9780890425787 

Ancelin, M. L., Carrire, I., Boulenger, J. P., Malafosse, A., Stewart, R., Cristol, J. P., 
Ritchie, K., Chaudieu, I., & Dupuy, A. M. (2010). Gender and genotype modulation 
of the association between lipid levels and depressive symptomatology in community-
dwelling elderly (The ESPRIT Study). Biological Psychiatry, 68(2), 125–132. 
https://doi.org/10.1016/j.biopsych.2010.04.011 

Anchordoquy, H. C., McGeary, C., Liu, L., Krauter, K. S., & Smolen, A. (2003). Geno-
typing of three candidate genes after whole-genome preamplification of DNA 
collected from buccal cells. Behavior Genetics, 33(1), 73–78. https://doi.org/10. 
1023/A:1021007701808 

Angold, A., & Worthman, C. W. (1993). Puberty onset of gender differences in rates of 
depression: a developmental, epidemiologic and neuroendocrine perspective. Journal 
of Affective Disorders, 29(2–3), 145–158. https://doi.org/10.1016/0165-0327(93) 
90029-J 

Anguelova, M., Benkelfat, C., & Turecki, G. (2003). A systematic review of association 
studies investigating genes coding for serotonin receptors and the serotonin trans-
porter: II. Suicidal behavior. Molecular Psychiatry, 8(7), 646–653. https://doi.org/ 
10.1038/SJ.MP.4001336 

Anthes, E. (2014). Ageing: Live faster, die younger. Nature 2014 508:7494, 508(7494), 
S16–S17. https://doi.org/10.1038/508s16a 

Apter, A., Laufer, N., Bar-Sever, M., Har-Even, D., Ofek, H., & Weizman, A. (1999). 
Serum cholesterol suicidal tendencies impulsivity aggression and depression in 
adolescent psychiatric inpatients. Biological Psychiatry, 46(4), 532–541. https://doi. 
org/10.1016/s0006-3223(98)00345-x 

Arnedo, J., Svrakic, D. M., Del Val, C., Romero-Zaliz, R., Hernández-Cuervo, H., 
Fanous, A. H., Pato, M. T., Pato, C. N., De Erausquin, G. A., Cloninger, R. C., & 
Zwir, I. (2015). Uncovering the hidden risk architecture of the schizophrenias: Con-
firmation in three independent genome-wide association studies. American Journal of 
Psychiatry, 172(2), 139–153. https://doi.org/10.1176/appi.ajp.2014.14040435/suppl_ 
file/appi.ajp.2014.14040435.ds012_table-s10.xlsx 



 
76 

Arnett, J. (1992). Reckless behavior in adolescence: A developmental perspective. 
Developmental Review, 12(4), 339–373. https://doi.org/10.1016/0273-2297(92)90013-
R 

Audenaert, K., Van Laere, K., Dumont, F., Slegers, G., Mertens, J., Van Heeringen, C., 
& Dierckx, R. A. (2001). Decreased frontal serotonin 5-HT2a receptor binding index 
in deliberate self-harm patients. European Journal of Nuclear Medicine, 28(2), 175–
182. https://doi.org/10.1007/s002590000392 

Azzalini, D., Rebollo, I., & Tallon-Baudry, C. (2019). Visceral Signals Shape Brain Dy-
namics and Cognition. Trends in Cognitive Sciences, 23(6), 488–509. https://doi.org/ 
10.1016/J.TICS.2019.03.007 

Baca-García, E., Salgado, B. R., Segal, H. D., Lorenzo, C. V., Acosta, M. N., Romero, 
M. A., Hernández, M. D., Saiz-Ruiz, J., Piqueras, J. F., & De Leon, J. (2005). A pilot 
genetic study of the continuum between compulsivity and impulsivity in females: the 
serotonin transporter promoter polymorphism. Progress in Neuro-Psychopharma-
cology & Biological Psychiatry, 29(5), 713–717. https://doi.org/10.1016/J.PNPBP. 
2005.04.019 

Bakhshani, N.-M. (2014). Impulsivity: A Predisposition Toward Risky Behaviors. Inter-
national Journal of High Risk Behaviors & Addiction, 3(2), 20428. https://doi.org/ 
10.5812/IJHRBA.20428 

Bakshi, A., & Tadi, P. (2020). Biochemistry, serotonin. In StatPearls [Internet]. StatPearls 
Publishing. https://www.ncbi.nlm.nih.gov/books/NBK560856/ 

Balder, J. W., Lansberg, P. J., Hof, M. H., Wiegman, A., Hutten, B. A., & Kuivenhoven, 
J. A. (2018). Pediatric lipid reference values in the general population: The Dutch 
lifelines cohort study. Journal of Clinical Lipidology, 12(5), 1208–1216. https://doi. 
org/10.1016/J.JACL.2018.05.011 

Bari, A., & Robbins, T. W. (2013). Noradrenergic versus dopaminergic modulation of 
impulsivity, attention and monitoring behaviour in rats performing the stop-signal 
task: Possible relevance to ADHD. Psychopharmacology, 230(1), 89–111. https://doi. 
org/10.1007/s00213-013-3141-6 

Barraclough, B., Bunch, J., Nelson, B., & Sainsbury, P. (1974). A hundred cases of 
suicide: clinical aspects. British Journal of Psychiatry, 125(10), 355–373. https://doi. 
org/10.1192/BJP.125.4.355 

Barratt E. S. (1994). Impulsiveness and aggression. In Monahan, J., and Steadman, H. J. 
(eds.) Violence and mental disorder: Developments in risk assessment. University of 
Chicago Press, 61–79.  

Barratt, E. S., Stanford, M. S., Dowdy, L., Liebman, M. J., & Kent, T. A. (1999). Im-
pulsive and premeditated aggression: A factor analysis of self-reported acts. Psychiat-
ry Research, 86(2), 163–173. https://doi.org/10.1016/S0165-1781(99)00024-4 

Bartoli, F., Crocamo, C., Dakanalis, A., Riboldi, I., Miotto, A., Brosio, E., Clerici, M., & 
Carrà, G. (2017). Association between total serum cholesterol and suicide attempts in 
subjects with major depressive disorder: exploring the role of clinical and biochemical 
confounding factors. Clinical Biochemistry, 50(6), 274–278. https://doi.org/10.1016/ 
j.clinbiochem.2016.11.035 

Bayle, F. J., Leroy, S., Gourion, D., Millet, B., Olié, J. P., Poirier, M. F., & Krebs, M. O. 
(2003). 5HTTLPR polymorphism in schizophrenic patients: further support for 
association with violent suicide attempts. American Journal of Medical Genetics. Part 
B, Neuropsychiatric Genetics : The Official Publication of the International Society 
of Psychiatric Genetics, 119B(1), 13–17. https://doi.org/10.1002/AJMG.B.10037 



 
77 

Bechara, A., Damasio, H., & Damasio, A. R. (2000). Emotion, decision making and the 
orbitofrontal cortex. Cerebral Cortex, 10(3), 295–307. https://doi.org/10.1093/cercor/ 
10.3.295 

Bechara, A., Damasio, H., Tranel, D., & Damasio, A. R. (1997). Deciding advantageously 
before knowing the advantageous strategy. Science, 275(5304), 1293–1295. 
https://doi.org/10.1126/SCIENCE.275.5304.1293 

Becher, A., White, J. H., & Jeffrey McIlhinney, R. A. (2001). The γ-aminobutyric acid 
receptor B, but not the metabotropic glutamate receptor type-1, associates with lipid 
rafts in the rat cerebellum. Journal of Neurochemistry, 79(4), 787–795. https://doi. 
org/10.1046/J.1471-4159.2001.00614.X 

Beitchman, J. H., Baldassarra, L., Mik H., Bhs., De Luca V., Bender D., Ehtesham S., & 
Kennedy J. (2006). Serotonin Transporter Polymorphisms and Persistent, Pervasive 
Childhood Aggression. American Journal of Psychiatry, 163 (6), 1103–1105. 
https://doi.org/10.1176/ajp.2006.163.6.1103 

Bellivier, F., Szöke, A., Henry, C., Lacoste, J., Bottos, C., Nosten-Bertrand, M., Hardy, 
P., Rouillon, F., Launay, J. M., Laplanche, J. L., & Leboyer, M. (2000). Possible 
association between serotonin transporter gene polymorphism and violent suicidal 
behavior in mood disorders. Biological Psychiatry, 48(4), 319–322. https://doi.org/ 
10.1016/S0006-3223(00)00891-X 

Björk, K., Sjögren, B., & Svenningsson, P. (2010). Regulation of serotonin receptor 
function in the nervous system by lipid rafts and adaptor proteins. Experimental Cell 
Research, 316(8), 1351–1356. https://doi.org/10.1016/j.yexcr.2010.02.034 

Björkhem, I., Lutjohann, D., Diczfalusy, U., Stahle, L., Ahlborg, G., & Wahren, J. (1998). 
Cholesterol homeostasis in human brain: turnover of 24S-hydroxycholesterol and 
evidence for a cerebral origin of most of this oxysterol in the circulation. Journal of 
Lipid Research, 39, 1594–1600. https://doi.org/10.1016/S0022-2275(20)32924-
9"&#8203 

Björkhem, I., Meaney, S., & Fogelman, A. M. (2004). Brain Cholesterol: Long Secret 
Life Behind a Barrier. Arteriosclerosis, Thrombosis, and Vascular Biology, 24(5), 
806–815. https://doi.org/10.1161/01.ATV.0000120374.59826.1B 

Blakemore, S. J., & Robbins, T. W. (2012). Decision-making in the adolescent brain. 
Nature Neuroscience, 15(9), 1184–1191. https://doi.org/10.1038/NN.3177 

Bondy, B., Erfurth, A., De Jonge, S., Krüger, M., & Meyer, H. (2000). Possible as-
sociation of the short allele of the serotonin transporter promoter gene polymorphism 
(5-HTTLPR) with violent suicide. Molecular Psychiatry, 5(2), 193–195. https://doi. 
org/10.1038/SJ.MP.4000678 

Borroni, M. V., Vallés, A. S., & Barrantes, F. J. (2016). The lipid habitats of neuro-
transmitter receptors in brain. Biochimica et Biophysica Acta – Biomembranes 
1858(11), 2662–2670. https://doi.org/10.1016/j.bbamem.2016.07.005 

Brady, K. T., Myrick, H., & McElroy, S. (1998). The relationship between substance use 
disorders, impulse control disorders, and pathological aggression. American Journal 
on Addictions, 7(3), 221–230. https://doi.org/10.1111/j.1521-0391.1998.tb00340.x 

Brent, D. A., Baugher, M., Bridge, J., Chen, T., & Chiappetta, L. (1999). Age- and Sex-
Related Risk Factors for Adolescent Suicide. Journal of the American Academy of 
Child & Adolescent Psychiatry, 38(12), 1497–1505. https://doi.org/10.1097/ 
00004583-199912000-00010 

Brent, D. A., Bridge, J., Johnson, B. A., & Connolly, J. (1996). Suicidal behavior runs in 
families. A controlled family study of adolescent suicide victims. Archives of General 
Psychiatry, 53(12), 1145–1152. https://doi.org/10.1001/archpsyc.1996.01830120085015 



 
78 

Brent, D. A., Johnson, B. A., Perper, J., Connolly, J., Bridge, J., Bartle, S., & Rather, C. 
(1994). Personality disorder, personality traits, impulsive violence, and completed 
suicide in adolescents. Journal of the American Academy of Child and Adolescent 
Psychiatry, 33(8), 1080–1086. https://doi.org/10.1097/00004583-199410000-00003 

Brent, D. A., Oquendo, M., Birmaher, B., Greenhill, L., Kolko, D., Stanley, B., Zelazny, 
J., Brodsky, B., Bridge, J., Ellis, S., Octavio Salazar, J., & John Mann, J. (2002). 
Familial pathways to early-onset suicide attempt: Risk for suicidal behavior in 
offspring of mood-disordered suicide attempters. Archives of General Psychiatry, 
59(9), 801–807. https://doi.org/10.1001/ARCHPSYC.59.9.801 

Brower, M. C., & Price, B. H. (2001). Neuropsychiatry of frontal lobe dysfunction in 
violent and criminal behaviour: A critical review. Journal of Neurology Neurosurgery 
and Psychiatry, 71(6), 720–726. https://doi.org/10.1136/jnnp.71.6.720 

Brown, G. L., Goodwin, F. K., Ballenger, J. C., Goyer, P. F., & Major, L. F. (1979). 
Aggression in humans correlates with cerebrospinal fluid amine metabolites. 
Psychiatry Research, 1(2), 131–139. https://doi.org/10.1016/0165-1781(79)90053-2 

Bruce, C., Chouinard, R. A., & Tall, A. R. (1998). Plasma lipid transfer proteins, high-
density lipoproteins, and reverse cholesterol transport. Annual Review of Nutrition, 
18(1), 297–330. https://doi.org/10.1146/annurev.nutr.18.1.297/cite/refworks 

Brunas-Wagstaff, J., Bergquist, A., Richardson, P., & Connor, A. (1995). The relation-
ships between functional and dysfunctional impulsivity and the Eysenck personality 
questionnaire. Personality and Individual Differences, 18(5), 681–683. https://doi.org/ 
10.1016/0191-8869(94)00202-4 

Brunas-Wagstaff, J., Tilley, A., Verity, M., Ford2, S., & Thompson’, D. (1997). Func-
tional and dysfunctional impulsivity in children and their relationship to Eysenck’s 
impulsiveness and venturesomeness dimensions. Personality and individual Differen-
ces, 22(1), 19–25. https://doi.org/10.1016/S0191-8869(96)00173-0 

Brunner, H. G. (1996). MAOA Deficiency and Abnormal Behaviour: Perspectives on an 
assocation. Ciba Foundation Symposium, 194, 155–167. https://doi.org/10.1002/ 
9780470514825.CH9 

Brusés, J. L., Chauvet, N., & Rutishauser, U. (2001). Membrane lipid rafts are necessary 
for the maintenance of the α7 nicotinic acetylcholine receptor in somatic spines of 
ciliary neurons. Journal of Neuroscience, 21(2), 504–512. https://doi.org/10.1523/ 
JNEUROSCI.21-02-00504.2001 

Buss, A., & Plomin, R. (1975). A temperament theory of personality development. Wiley-
Interscience. https://psycnet.apa.org/record/1975-29681-000 

Buydens-Branchey, L., Branchey, M., Hudson, J., & Fergeson, P. (2000). Low HDL 
cholesterol, aggression and altered central serotonergic activity. Psychiatry Research, 
93(2), 93–102. https://doi.org/10.1016/S0165-1781(99)00126-2 

Bymaster, F. P., Katner, J. S., Nelson, D. L., Hemrick-Luecke, S. K., Threlkeld, P. G., 
Heiligenstein, J. H., Morin, S. M., Gehlert, D. R., & Perry, K. W. (2002). Atomoxetine 
increases extracellular levels of norepinephrine and dopamine in prefrontal cortex of 
rat: A potential mechanism for efficacy in attention deficit/hyperactivity disorder. 
Neuropsychopharmacology, 27(5), 699–711. https://doi.org/10.1016/S0893-133X(02) 
00346-9 

Carlson, G. A., Rich, C. L., Grayson, P., & Fowler, R. C. (1991). Secular trends in 
psychiatric diagnoses of suicide victims. Journal of Affective Disorders, 21(2), 127–
132. https://doi.org/10.1016/0165-0327(91)90059-2 



 
79 

Carver, C. S., & Miller, C. J. (2006). Relations of serotonin function to personality: 
Current views and a key methodological issue. Psychiatry Research, 144(1), 1–15. 
https://doi.org/10.1016/j.psychres.2006.03.013 

Carver, C. S., & White, T. L. (1994). Behavioral Inhibition, Behavioral Activation, and 
Affective Responses to Impending Reward and Punishment: The BIS/BAS Scales. 
Journal of Personality and Social Psychology, 67(2), 319–333. https://doi.org/10. 
1037/0022-3514.67.2.319 

Casey, B. J., Getz, S., & Galvan, A. (2008). The adolecent brain. Developmental Review, 
28(1), 62–77. https://doi.org/10.1016/j.dr.2007.08.003 

Caspi, A., Sugden, K., Moffitt, T. E., Taylor, A., Craig, I. W., Harrington, H. L., McClay, 
J., Mill, J., Martin, J., Braithwaite, A., & Poulton, R. (2003). Influence of life stress 
on depression: moderation by a polymorphism in the 5-HTT gene. Science, 
301(5631), 386–389. https://doi.org/10.1126/SCIENCE.1083968 

Castle, M., Comoli, E., & Loewy, A. D. (2005). Autonomic brainstem nuclei are linked 
to the hippocampus. Neuroscience, 134(2), 657–669. https://doi.org/10.1016/J. 
neuroscience.2005.04.031 

Chagraoui, A., Thibaut, F., Skiba, M., Thuillez, C., & Bourin, M. (2016). 5-HT2C recep-
tors in psychiatric disorders: A review. Progress in Neuro-Psychopharmacology and 
Biological Psychiatry, 66, 120–135. https://doi.org/10.1016/J.PNPBP.2015.12.006 

Chalmers, D. T., & Watson, S. J. (1991). Comparative anatomical distribution of 5-HT1A 
receptor mRNA and 5-HTIA binding in rat brain-a combined in situ hybridisation/in 
vitro receptor autoradiographic study. Brain Research, 561(1), 51-60.  

Chen, K., Yang, W., Grimsby, J., & Shih, J. C. (1992). The human 5-HT2 receptor is 
encoded by a multiple intron-exon gene. Molecular Brain Research, 14(1), 20–26. 
https://doi.org/10.1016/0169-328X(92)90005-V 

Christakou, A., Robbins, T. W., & Everitt, B. J. (2001). Functional disconnection of a 
prefrontal cortical-dorsal striatal system disrupts choice reaction time performance: 
Implications for attentional function. Behavioral Neuroscience, 115(4), 812–825. 
https://doi.org/10.1037/0735-7044.115.4.812 

Celada, P., Puig, M. V., & Artigas, F. (2013). Serotonin modulation of cortical neurons 
and networks. Frontiers in integrative neuroscience, 7, 25. https://doi.org/10.3389/ 
fnint.2013.00025 

Collier, D. A., Arranz, M. J., Li, T., Mupita, D., Brown, N., & Treasure, J. (1997). 
Association between 5-HT(2A) gene promoter polymorphism and anorexia nervosa. 
Lancet, 350(9075), 412. https://doi.org/10.1016/S0140-6736(05)64135-9 

Comings, D. E., MacMurray, J. P., Gonzalez, N., Ferry, L., & Peters, W. R. (1999). 
Association of the serotonin transporter gene with serum cholesterol levels and heart 
disease. Molecular Genetics and Metabolism, 67(3), 248–253. https://doi.org/10. 
1006/mgme.1999.2870 

Conklin, S. M., & Stanford, M. S. (2008). Premeditated aggression is associated with 
serum cholesterol in abstinent drug and alcohol dependent men. Psychiatry Research, 
157(1–3), 283–287. https://doi.org/10.1016/j.psychres.2007.02.006 

Conwell, Y., Duberslein, P. R., Cox, C., Herrmann, J., Forbes, N., & Caine, E. D. (1998). 
Age differences in behaviors leading to completed suicide. American Journal of 
Geriatric Psychiatry, 6(2), 122–126. https://doi.org/10.1097/00019442-199805000-
00005 

Corruble, E., Damy, C., & Guelfi, J. D. (1999). Impulsivity: A relevant dimension in 
depression regarding suicide attempts? Journal of Affective Disorders, 53(3), 211–
215. https://doi.org/10.1016/S0165-0327(98)00130-X 



 
80 

Cosgrove, K. P., Mazure, C. M., & Staley, J. K. (2007). evolving knowledge of sex 
differences in brain structure, function, and chemistry. Biological Psychiatry, 62(8), 
847–855. https://doi.org/10.1016/J.BIOPSYCH.2007.03.001 

Costa, P. T., & McCrae, R. R. (2010). Bridging the gap with the five-factor model. Perso-
nality Disorders: Theory, Research, and Treatment, 1(2), 127–130. https://doi.org/10. 
1037/A0020264 

Côté, F., Thévenot, E., Fligny, C., Fromes, Y., Darmon, M., Ripoche, M. A., Bayard, E., 
Hanoun, N., Saurini, F., Lechat, P., Dandolo, L., Hamon, M., Mallet, J., & Vodjdani, 
G. (2003). Disruption of the nonneuronal tph1 gene demonstrates the importance of 
peripheral serotonin in cardiac function. Proceedings of the National Academy of 
Sciences, 100(23), 13525–13530. https://doi.org/10.1073/PNAS.2233056100 

Courtet, P., Baud, P., Abbar, M., Boulenger, J. P., Castelnau, D., Mouthon, D., Malafosse, 
A., & Buresi, C. (2001). Association between violent suicidal behavior and the low 
activity allele of the serotonin transporter gene. Molecular Psychiatry, 6(3), 338–341. 
https://doi.org/10.1038/SJ.MP.4000856 

Courtet, P., Buresi, C., Abbar, M., Baud, P., Boulenger, J. P., Castelnau, D., Mouthon, 
D., & Malafosse, A. (2003). No association between non-violent suicidal behavior 
and the serotonin transporter promoter polymorphism. American Journal of Medical 
Genetics. Part B, Neuropsychiatric Genetics, 116(1), 72–76. https://doi.org/10.1002/ 
AJMG.B.10756 

Courtet, P., Picot, M. C., Bellivier, F., Torres, S., Jollant, F., Michelon, C., Castelnau, D., 
Astruc, B., Buresi, C., & Malafosse, A. (2004). Serotonin transporter gene may be 
involved in short-term risk of subsequent suicide attempts. Biological Psychiatry, 
55(1), 46–51. https://doi.org/10.1016/j.biopsych.2003.07.004 

da Cunha-Bang, S., Frokjaer, V. G., Mc Mahon, B., Jensen, P. S., Svarer, C., & Knudsen, 
G. M. (2023). The association between brain serotonin transporter binding and 
impulsivity and aggression in healthy individuals. Journal of Psychiatric Research, 
165, 1–6. https://doi.org/10.1016/J.JPSYCHIRES.2023.06.023 

Dalley, J. W. (1999). Effects of excitotoxic lesions of the rat prefrontal cortex on CREB 
regulation and presynaptic markers of dopamine and amino acid function in the 
nucleus accumbens. European Journal of Neuroscience, 11(4), 1265–1274. https:// 
doi.org/10.1046/j.1460-9568.1999.00532.x 

Dalley, J. W., & Roiser, J. P. (2012). Dopamine, serotonin and impulsivity. Neuroscience, 
215, 42–58. https://doi.org/10.1016/j.neuroscience.2012.03.065 

Dalley, J. W., Mar, A. C., Economidou, D., & Robbins, T. W. (2008). Neurobehavioral 
mechanisms of impulsivity: Fronto-striatal systems and functional neurochemistry. 
Pharmacology Biochemistry and Behavior, 90(2), 250–260. https://doi.org/10.1016/ 
j.pbb.2007.12.021 

Damasio, A. R. (1995). On Some Functions of the Human Prefrontal Cortex. Annals of 
the New York Academy of Sciences, 769(1), 241–252. https://doi.org/10.1111/J. 
1749-6632.1995.TB38142.X 

Daray, F. M., Mann, J. J., & Sublette, M. E. (2018). How lipids may affect risk for suicidal 
behavior. Journal of Psychiatric Research, 104, 16–23. https://doi.org/10.1016/j. 
jpsychires.2018.06.007 

Davidson, M., Rashidi, N., Nurgali, K., & Apostolopoulos, V. (2022). The Role of 
Tryptophan Metabolites in Neuropsychiatric Disorders. International Journal of 
Molecular Sciences, 23(17), 9968. https://doi.org/10.3390/IJMS23179968 

De Berardis, D., Marini, S., Piersanti, M., Cavuto, M., Perna, G., Valchera, A., Mazza, 
M., Fornaro, M., Iasevoli, F., Martinotti, G., & Di Giannantonio, M. (2012). The 



 
81 

Relationships between Cholesterol and Suicide: An Update. ISRN Psychiatry, 2012, 
1–6. https://doi.org/10.5402/2012/387901 

Derefinko, K. J., Peters, J. R., Eisenlohr-Moul, T. A., Walsh, E. C., Adams, Z. W., & 
Lynam, D. R. (2014). Relations between trait impulsivity, behavioral impulsivity, 
physiological arousal, and risky sexual behavior among young men. Archives of 
Sexual Behavior, 43(6), 1149–1158. https://doi.org/10.1007/s10508-014-0327-x 

Dickman, S. J. (1990). Functional and dysfunctional impulsivity: personality and cogni-
tive correlates. Journal of Personality and Social Psychology, 58(1), 95–102. 

Dickman, S. J. (2000). Impulsivity, arousal and attention. Personality and Individual 
Differences, 28(3), 563–581. https://doi.org/10.1016/S0191-8869(99)00120-8 

Dickman, S. J., & Meyer, D. E. (1988). Impulsivity and Speed-Accuracy Tradeoffs in 
Information Processing. Journal of Personality and Social Psychology, 54(2), 274–
290. https://doi.org/10.1037/0022-3514.54.2.274 

Diebold, K., Michel, G., Schweizer, J., Diebold-Dörsam, M., Fiehn, W., & Kohl, B. 
(1998). Are psychoactive-drug-induced changes in plasma lipid and lipoprotein levels 
of significance for clinical remission in psychiatric disorders? Pharmacopsychiatry, 
31(2), 60–67. https://doi.org/10.1055/S-2007-979300 

Dimopoulos, N., Piperi, C., Salonicioti, A., Psarra, V., Mitsonis, C., Liappas, I., Lea, R. 
W., & Kalofoutis, A. (2007). Characterization of the lipid profile in dementia and 
depression in the elderly. Journal of Geriatric Psychiatry and Neurology, 20(3), 138–
144. https://doi.org/10.1177/0891988707301867 

Dir, A. L., Coskunpinar, A., & Cyders, M. A. (2014). A meta-analytic review of the 
relationship between adolescent risky sexual behavior and impulsivity across gender, 
age, and race. Clinical Psychology Review, 34(7), 551–562. https://doi.org/10.1016/ 
j.cpr.2014.08.004 

Dougherty, D. M., Bjork, J. M., Marsh, D. M., & Moeller, F. G. (1999). Influence of trait 
hostility on tryptophan depletion-induced laboratory aggression. Psychiatry Research, 
88(3), 227–232. https://doi.org/https://doi.org/10.1016/S0165-1781(99)00088-8 

Dumais, A., Lesage, A. D., Alda, M., Rouleau, G., Dumont, M., Chawky, N., Roy, M., 
Mann, J. J., Benkelfat, C., & Turecki, G. (2005). Risk factors for suicide completion 
in major depression: a case-control study of impulsive and aggressive behaviors in 
men. American Journal of Psychiatry, 162(11), 2116–2124. https://doi.org/10.1176/ 
APPI.AJP.162.11.2116 

Eensoo, D., Paaver, M., Vaht, M., Loit, H. M., & Harro, J. (2018). Risky driving and the 
persistent effect of a randomized intervention focusing on impulsivity: the role of the 
serotonin transporter promoter polymorphism. Accident, 113, 19–24. https://doi.org/ 
10.1016/j.aap.2018.01.021 

Engelberg, H. (1992). Low serum cholesterol and suicide. Lancet (London, England), 
339(8795), 727–729. 

Erickson, M. T. (1997). Lowered serum cholesterol, famine and aggression: A Darwinian 
hypothesis. Social Science Information, 36(2), 211–222. https://doi.org/10.1177/ 
053901897036002001 

Eriksen, B. M. S., Bjørkly, S., Lockertsen, Ø., Færden, A., & Roaldset, J. O. (2017). Low 
cholesterol level as a risk marker of inpatient and post-discharge violence in acute 
psychiatry – A prospective study with a focus on gender differences. Psychiatry 
Research, 255, 1–7. https://doi.org/10.1016/j.psychres.2017.05.010 

Evenden, J. L. (1999). Varieties of impulsivity. Psychopharmacology, 146(4), 348–361. 
https://doi.org/10.1007/PL00005481 



 
82 

Eysenck, S. B. G., & Eysenck, H. J. (1977). The place of impulsiveness in a dimensional 
system of personality description. British Journal of Social and Clinical Psychology, 
16(1), 57–68. https://doi.org/10.1111/j.2044-8260.1977.tb01003.x 

Eysenck, S., & Zuckerman, M. (1978). The relationship between sensation‐seeking and 
Eysenck’s dimensions of personality. British Journal of Psychology, 69(4), 483–487. 
https://doi.org/10.1111/J.2044-8295.1978.TB02125.X 

Favaro, A., & Santonastaso, P. (1997). Suicidality in eating disorders: clinical and 
psychological correlates. Acta Psychiatrica Scandinavica, 95(6), 508–514. https://doi. 
org/10.1111/j.1600-0447.1997.tb10139.x 

Fergusson, D. M., Horwood, L. J., Miller, A. L., & Kennedy, M. A. (2011). Life stress, 
5-HTTLPR and mental disorder: Findings from a 30-year longitudinal study. British 
Journal of Psychiatry, 198(2), 129–135. https://doi.org/10.1192/BJP.BP.110.085993 

Fiedorowicz, J. G., & Coryell, W. H. (2007). Cholesterol and suicide attempts: A 
prospective study of depressed inpatients. Psychiatry Research, 152(1), 11–20. 
https://doi.org/10.1016/J.PSYCHRES.2006.09.003 

Fischer, P., Gruenblatt, E., Pietschmann, P., & Tragl, K. H. (2006). Serotonin transporter 
polymorphism and LDL-cholesterol [2]. Molecular Psychiatry, 11(8), 707–709. 
https://doi.org/10.1038/sj.mp.4001837 

Fone, K. C. F. (2008). An update on the role of the 5-hydroxytryptamine6 receptor in 
cognitive function. Neuropharmacology, 55(6), 1015–1022. https://doi.org/10.1016/ 
J.NEUROPHARM.2008.06.061 

Fowkes, F. G., Leng, G. C., Donnan, P. T., Deary, I. J., Riemersma, R. A., & Housley, E. 
(1992). Serum cholesterol, triglycerides, and aggression in the general population. 
Lancet (London, England), 340(8826), 995–998. 

Fukuo, Y., Kishi, T., Yoshimura, R., Kitajima, T., Okochi, T., Yamanouchi, Y., Kino-
shita, Y., Kawashima, K., Naitoh, H., Umene-Nakano, W., Inada, T., Kunugi, H., 
Kato, T., Yoshikawa, T., Ujike, H., Nakamura, J., Ozaki, N., & Iwata, N. (2010). 
Serotonin 6 receptor gene and mood disorders: Case–control study and meta-analysis. 
Neuroscience Research, 67(3), 250–255. https://doi.org/10.1016/J.NEURES.2010. 
04.003 

Garland, M. R., Hallahan, B., McNamara, M., Carney, P., Grimes, H., Hibbeln, J. R., 
Harkin, A., & Conroy, R. (2007). Lipids and essential fatty acids in patients presenting 
with self-harm. British Journal of Psychiatry, 190, 112–117. 

Gaspar, P., & Lillesaar, C. (2012). Probing the diversity of serotonin neurons. Philo-
sophical Transactions of the Royal Society B: Biological Sciences, 367(1601), 2382–
2394. https://doi.org/10.1098/RSTB.2011.0378 

Gendle, M. H., Glazer, K. S., Olszewski, E. A., & Novak, C. A. (2011). Relationships 
between total cholesterol levels and specific alterations in impulsivity and attention. 
Journal of North Carolina Academy of Science, 127(1), 13–17. https://doi.org/10. 
7572/2167-5880-127.1.13 

Golier, J. A., Marzuk, P. M., Leon, A. C., Weiner, C., & Tardiff, K. (1995). Low serum 
cholesterol level and attempted suicide. American Journal of Psychiatry, 152(3), 419–
423. https://doi.org/10.1176/ajp.152.3.419 

Gonda, X., Fountoulakis, K. N., Harro, J., Pompili, M., Akiskal, H. S., Bagdy, G., & 
Rihmer, Z. (2011). The possible contributory role of the S allele of 5-HTTLPR in the 
emergence of suicidality. Http://Dx.Doi.Org/10.1177/0269881110376693, 25(7), 
857–866. https://doi.org/10.1177/0269881110376693 



 
83 

Goritz, C., Mauch, D. H., & Pfrieger, F. W. (2005). Multiple mechanisms mediate 
cholesterol-induced synaptogenesis in a CNS neuron. Molecular and Cellular Neuro-
sciences, 29(2), 190–201. https://doi.org/10.1016/j.mcn.2005.02.006 

Grasberger, H., Chang, L., Shih, W., Presson, A. P., Sayuk, G. S., Newberry, R. D., 
Karagiannides, I., Pothoulakis, C., Mayer, E., & Merchant, J. L. (2013). Identification 
of a functional TPH1 polymorphism associated with irritable bowel syndrome bowel 
habit subtypes. American Journal of Gastroenterology, 108(11), 1766–1774. 
https://doi.org/10.1038/ajg.2013.304 

Grünblatt E, Löffler C, Zehetmayer S, Jungwirth S, Tragl KH, Riederer P, Fischer P. 
(2006) Association study of the 5-HTTLPR polymorphism and depression in 75-
Year-Old nondemented subjects from the Vienna Transdanube Aging (VITA) study. 
Journal of Clinical Psychiatry, 67(9), 1373-1378. doi: 10.4088/jcp.v67n0907. PMID: 
17017823. 

Gu, L., Long, J., Yan, Y., Chen, Q., Pan, R., Xie, X., Mao, X., Hu, X., Wei, B., & Su, L. 
(2013). HTR2A-1438A/G polymorphism influences the risk of schizophrenia but not 
bipolar disorder or major depressive disorder: A meta-analysis. Journal of 
Neuroscience Research, 91(5), 623–633. https://doi.org/10.1002/jnr.23180 

Guan, F., Lin, H., Chen, G., Li, L., Chen, T., Liu, X., Han, J., & Li, T. (2016). Evaluation 
of association of common variants in HTR1A and HTR5A with schizophrenia and 
executive function. Scientific reports, 6(1), 38048. https://doi.org/10.1038/srep38048 

Hagnell, O., & Rorsman, B. (1979). Suicide in the lundby study: A comparative investi-
gation of clinical aspects. Neuropsychobiology, 5(2), 61–73. https://doi.org/10.1159/ 
000117666 

Haines, T. H. (2001). Do sterols reduce proton and sodium leaks through lipid bilayers? 
Progress in Lipid Research, 40(4), 299–324. https://doi.org/10.1016/S0163-
7827(01)00009-1 

Hakulinen, C., Jokela, M., Hintsanen, M., Merjonen, P., Pulkki-Råback, L., Seppälä, I., 
Lyytikäinen, L. P., Lehtimäki, T., Kähönen, M., Viikari, J., Raitakari, O. T., & 
Keltikangas-Järvinen, L. (2013). Serotonin receptor 1B genotype and hostility, anger 
and aggressive behavior through the lifespan: The Young Finns study. Journal of 
Behavioral Medicine, 36(6), 583–590. https://doi.org/10.1007/s10865-012-9452-y 

Haleem, D. J., & Mahmood, K. (2021). Brain serotonin in high-fat diet-induced weight 
gain, anxiety and spatial memory in rats. Nutritional Neuroscience, 24(3), 226–235. 
https://doi.org/10.1080/1028415X.2019.1619983 

Harro, J. (2018). Animals, anxiety, and anxiety disorders: How to measure anxiety in 
rodents and why. Behavioural Brain Research, 352, 81–93. https://doi.org/10.1016/j. 
bbr.2017.10.016 

Harro, J., & Oreland, L. (2016). The role of MAO in personality and drug use. Progress 
in Neuro-Psychopharmacology and Biological Psychiatry, 69, 101–111. https://doi. 
org/10.1016/j.pnpbp.2016.02.013 

Hawton, K., Casañas I Comabella, C., Haw, C., & Saunders, K. (2013). Risk factors for 
suicide in individuals with depression: A systematic review. Journal of Affective 
Disorders, 147(1–3), 17–28. https://doi.org/10.1016/J.JAD.2013.01.004 

Hawton, K., Cowen, P., Owens, D., Bond, A., & Elliott, M. (1993). Low serum cho-
lesterol and suicide. British Journal of Psychiatry, 162, 818–825. https://doi.org/10. 
1192/BJP.162.6.818 

Heikkinen, M. E., Isometsä, E. T., Aro, H. M., Sarna, S. J., & Lönnqvist, J. K. (1995). 
Age-related variation in recent life events preceding suicide. Journal of Nervous and 



 
84 

Mental Disease, 183(5), 325–331. https://doi.org/10.1097/00005053-199505000-
00009 

Heils, A., Teufel, A., Petri, S., Stöber, G., Riederer, P., Bengel, D., & Lesch, K. P. (1996). 
Allelic variation of human serotonin transporter gene expression. Journal of Neuro-
chemistry, 66(6), 2621–2624. https://doi.org/10.1046/J.1471-4159.1996.66062621.X 

Herrera-Marquez, R., Hernandez-Rodriguez, J., Medina-Serrano, J., Boyzo-Montes De 
Oca, A., & Manjarrez-Gutierrez, G. (2011). Association of metabolic syndrome with 
reduced central serotonergic activity. Metabolic Brain Disease, 26(1), 29–35. 
https://doi.org/10.1007/s11011-010-9229-3 

Hillbrand, M., Waite, B., Miller, D. S., Spitz, R. T., & Lingswiler, V. M. (2000). Serum 
cholesterol concentrations and mood states in violent psychiatric patients: An expe-
rience sampling study. Journal of Behavioral Medicine, 23(6), 519–529. https://doi. 
org/10.1023/A:1005551418922 

Hirst, W. D., Minton, J. A. L., Bromidge, S. M., Moss, S. F., Latter, A. J., Riley, G., 
Routledge, C., Middlemiss, D. N., & Price, G. W. (2000). Characterization of [125I]-
SB-258585 binding to human recombinant and native 5-HT6 receptors in rat, pig and 
human brain tissue. British Journal of Pharmacology, 130(7), 1597–1605. https://doi. 
org/10.1038/sj.bjp.0703458 

Hoptman, M. J., Volavka, J., Johnson, G., Weiss, E., Bilder, R. M., & Lim, K. O. (2002). 
Frontal white matter microstructure, aggression, and impulsivity in men with schizo-
phrenia: A preliminary study. Biological Psychiatry, 52(1), 9–14. https://doi.org/10. 
1016/S0006-3223(02)01311-2 

Hoyer, D., & Schoeffter, P. (1991). 5-HT Receptors: Subtypes and Second Messengers. 
Journal of Receptor Research, 11(1–4), 197–214.  
https://doi.org/10.3109/10799899109066399 

Hu, X. Z., Lipsky, R. H., Zhu, G., Akhtar, L. A., Taubman, J., Greenberg, B. D., Xu, K., 
Arnold, P. D., Richter, M. A., Kennedy, J. L., Murphy, D. L., & Goldman, D. (2006). 
Serotonin transporter promoter gain-of-function genotypes are linked to obsessive-
compulsive disorder. American Journal of Human Genetics, 78(5), 815–826. 
https://doi.org/10.1086/503850 

Hyttel, J. (1993). Comparative pharmacology of selective serotonin re-uptake inhibitors 
(SSRIs). Nordic Journal of Psychiatry, 47(S30), 5–12.  
https://doi.org/10.3109/08039489309104119 

Iigaya, K., Fonseca, M. S., Murakami, M., Mainen, Z. F., & Dayan, P. (2018). An effect 
of serotonergic stimulation on learning rates for rewards apparent after long intertrial 
intervals. Nature Communications, 9(1), 1–10. https://doi.org/10.1038/s41467-018-
04840-2 

James, L. M., & Taylor, J. (2007). Impulsivity and negative emotionality associated with 
substance use problems and Cluster B personality in college students. Addictive 
Behaviors, 32(4), 714–727. https://doi.org/10.1016/J.ADDBEH.2006.06.012 

Jaskiw, G. E., Karoum, F., Freed, W. J., Phillips, I., Kleinman, J. E., & Weinberger, D. R. 
(1990). Effect of ibotenic acid lesions of the medial prefrontal cortex on amphetamine-
induced locomotion and regional brain catecholamine concentrations in the rat. Brain 
Research, 534(1–2), 263–272. https://doi.org/10.1016/0006-8993(90)90138-2 

Jokinen, J., Nordström, A. L., & Nordström, P. (2010). Cholesterol, CSF 5-HIAA, vio-
lence and intent in suicidal men. Psychiatry Research, 178(1), 217–219. https://doi. 
org/10.1016/j.psychres.2008.07.020 

Jovanovic, H., Lundberg, J., Karlsson, P., Cerin, Å., Saijo, T., Varrone, A., Halldin, C., 
& Nordström, A. L. (2008). Sex differences in the serotonin 1A receptor and serotonin 



 
85 

transporter binding in the human brain measured by PET. NeuroImage, 39(3), 1408–
1419. https://doi.org/10.1016/j.neuroimage.2007.10.016 

Joyal, C. C., Putkonen, A., Paavola, P., & Tiihonen, J. (2004). Characteristics and circum-
stances of homicidal acts committed by offenders with schizophrenia. Psychological 
Medicine, 34(3), 433–442. https://doi.org/10.1017/S0033291703001077 

Jurevics, H., & Morell, P. (1995). Cholesterol for Synthesis of Myelin Is Made Locally, 
Not Imported into Brain. Journal of Neurochemistry, 64(2), 895–901. https://doi.org/ 
10.1046/J.1471-4159.1995.64020895.X 

Kapitány-Fövény, M., Urbán, R., Varga, G., Potenza, M. N., Griffiths, M. D., Szekely, 
A., Paksi, B., Kun, B., Farkas, J., Kökönyei, G., & Demetrovics, Z. (2020). The 21-
item Barratt Impulsiveness Scale Revised (BIS-R-21): An alternative three-factor 
model. Journal of Behavioral Addictions, 9(2), 225–246. https://doi.org/10.1556/ 
2006.2020.00030 

Kaplan, J., Muldoon, M., Manuck, S., & Mann, JJ. (1997). Assessing the observed 
relationship between low cholesterol and violence-related mortality Implications for 
suicide risk. Annals of the New York Academy of Sciences, 836, 57–80. https://doi. 
org/10.1111/j.1749-6632.1997.tb52355.x 

Kavoor, A. R., Mitra, S., Kumar, S., Sisodia, A. K., & Jain, R. (2017). Lipids, aggression, 
suicidality and impulsivity in drug-naïve/drug-free patients of schizophrenia. Asian 
Journal of Psychiatry, 27, 129–136. https://doi.org/10.1016/j.ajp.2017.03.002 

Kelly, E. V., Grummitt, L., Teesson, M., & Newton, N. C. (2019). Associations between 
personality and uptake of tobacco smoking: Do they differ across adolescence? Drug 
and Alcohol Review, 38(7), 818–822. https://doi.org/10.1111/DAR.12975 

Kessler, R. C. (2003). Epidemiology of women and depression. Journal of Affective 
Disorders, 74(1), 5–13. https://doi.org/10.1016/S0165-0327(02)00426-3 

Kiely, K. M., Brady, B., & Byles, J. (2019). Gender, mental health and ageing. Maturitas, 
129, 76–84. https://doi.org/10.1016/j.maturitas.2019.09.004 

Kim, J. M., Stewart, R., Kang, H. J., Jeong, B. O., Kim, S. Y., Bae, K. Y., Kim, S. W., 
Shin, I. S., & Yoon, J. S. (2014). Longitudinal associations between serum cholesterol 
levels and suicidal ideation in an older Korean population. Journal of Affective 
Disorders, 152–154(1), 517–521. https://doi.org/10.1016/j.jad.2013.08.008 

Kim, J. M., Stewart, R., Kim, S. W., Shin, I. S., Yang, S. J., & Yoon, J. S. (2011). Chole-
sterol and serotonin transporter polymorphism interactions in late-life depression. 
Neurobiology of Aging, 32(2), 336–343. https://doi.org/10.1016/j.neurobiolaging. 
2009.02.017 

Kim, K., Che, T., Panova, O., DiBerto, J. F., Lyu, J., Krumm, B. E., Wacker, D., 
Robertson, M. J., Seven, A. B., Nichols, D. E., Shoichet, B. K., Skiniotis, G., & Roth, 
B. L. (2020). Structure of a Hallucinogen-Activated Gq-Coupled 5-HT2A Serotonin 
Receptor. Cell, 182(6), 1574-1588.e19. https://doi.org/10.1016/J.CELL.2020.08.024 

Kim, Y. K., & Myint, A. M. (2004). Clinical application of low serum cholesterol as an 
indicator for suicide risk in major depression. Journal of Affective Disorders, 81(2), 
161–166. https://doi.org/10.1016/S0165-0327(03)00166-6 

King, M. V., Marsden, C. A., & Fone, K. C. F. (2008). A role for the 5-HT1A, 5-HT4 
and 5-HT6 receptors in learning and memory. Trends in Pharmacological Sciences, 
29(9), 482–492. https://doi.org/10.1016/J.TIPS.2008.07.001 

Koponen, H., Kautiainen, H., Leppänen, E., Mäntyselkä, P., & Vanhala, M. (2015). As-
sociation between suicidal behaviour and impaired glucose metabolism in depressive 
disorders. BMC Psychiatry, 15, 1–8. https://doi.org/10.1186/s12888-015-0567-x 



 
86 

Kötting, W. F., Bubenzer, S., Helmbold, K., Eisert, A., Gaber, T. J., & Zepf, F. D. (2013). 
Effects of tryptophan depletion on reactive aggression and aggressive decision-
making in young people with ADHD. Acta Psychiatrica Scandinavica, 128(2), 114–
123. https://doi.org/10.1111/acps.12001 

Kraav, S. L., Tolmunen, T., Kärkkäinen, O., Ruusunen, A., Viinamäki, H., Mäntyselkä, 
P., Koivumaa-Honkanen, H., Valkonen-Korhonen, M., Honkalampi, K., Herzig, K. 
H., & Lehto, S. M. (2019). Decreased serum total cholesterol is associated with a 
history of childhood physical violence in depressed outpatients. Psychiatry Research, 
272, 326–333. https://doi.org/10.1016/j.psychres.2018.12.108 

Kuehner, C. (2017). Why is depression more common among women than among men? 
The Lancet Psychiatry, 4(2), 146–158. https://doi.org/10.1016/S2215-0366(16)30263-2 

Kulikov, A. V., Gainetdinov, R. R., Ponimaskin, E., Kalueff, A. V., Naumenko, V. S., & 
Popova, N. K. (2018). Interplay between the key proteins of serotonin system in SSRI 
antidepressants efficacy. Expert Opinion on Therapeutic Targets, 22(4), 319–330. 
https://doi.org/10.1080/14728222.2018.1452912 

Kulkarni, S. K., & Dhir, A. (2009). Current investigational drugs for major depression. 
Expert Opinion on Investigational Drugs, 18(6), 767–788.  
https://doi.org/10.1517/13543780902880850 

Kumari, V., Barkataki, I., Goswami, S., Flora, S., Das, M., & Taylor, P. (2009). Dys-
functional, but not functional, impulsivity is associated with a history of seriously 
violent behaviour and reduced orbitofrontal and hippocampal volumes in schizo-
phrenia. Psychiatry Research: Neuroimaging, 173(1), 39–44. https://doi.org/10.1016/ 
J.PSCYCHRESNS.2008.09.003 

Laas, K., Reif, A., Akkermann, K., Kiive, E., Domschke, K., Lesch, K. P., Veidebaum, 
T., & Harro, J. (2014). Interaction of the neuropeptide S receptor gene Asn107Ile 
variant and environment: contribution to affective and anxiety disorders, and suicidal 
behaviour. International Journal of Neuropsychopharmacology, 17(4), 541–552. 
https://doi.org/10.1017/S1461145713001478 

Laas, K., Reif, A., Herterich, S., Eensoo, D., Lesch, K. P., & Harro, J. (2010). The effect 
of a functional NOS1 promoter polymorphism on impulsivity is moderated by platelet 
MAO activity. Psychopharmacology, 209(3), 255–261. https://doi.org/10.1007/ 
S00213-010-1793-Z 

LaRosa, J. C. (1992). Lipids and cardiovascular disease: do the findings and therapy apply 
equally to men and women? Women’s Health Issues : Official Publication of the 
Jacobs Institute of Women’s Health, 2(2), 102–113. https://doi.org/10.1016/S1049-
3867(05)80278-6 

Lee, H. J., & Kim, Y. K. (2003). Serum lipid levels and suicide attempts. Acta Psychiat-
rica Scandinavica, 108(3), 215–221. https://doi.org/10.1034/j.1600-0447. 2003.00115.x 

Lehto, S. M., Hintikka, J., Niskanen, L., Tolmunen, T., Koivumaa-Honkanen, H., Honka-
lampi, K., & Viinamäki, H. (2008). Low HDL cholesterol associates with major 
depression in a sample with a 7-year history of depressive symptoms. Progress in 
Neuro-Psychopharmacology and Biological Psychiatry, 32(6), 1557–1561. https:// 
doi.org/10.1016/j.pnpbp.2008.05.021 

Lesch, K. P. (2007). Linking emotion to the social brain. The role of the serotonin trans-
porter in human social behaviour. EMBO Reports, 8(S1), S24-S29. https://doi.org/ 
10.1038/sj.embor.7401008/asset/fba9328d-5e69-4dbc-b852-07880dbb1fb1/assets/ 
graphic/embr7401008-gra-0001-m.jpg 

Lewis, M., Scott, J., & Frangou, S. (2009). Impulsivity, personality and bipolar disorder. 
European Psychiatry, 24(7), 464–469. https://doi.org/10.1016/J.EURPSY.2009.03.004 



 
87 

Li, D., & He, L. (2007). Meta-analysis supports association between serotonin transporter 
(5-HTT) and suicidal behavior. Molecular Psychiatry, 12(1), 47–54. https://doi.org/ 
10.1038/SJ.MP.4001890 

Lin, P. Y., & Tsai, G. (2004). Association between serotonin transporter gene promoter 
polymorphism and suicide: Results of a meta-analysis. Biological Psychiatry, 55(10), 
1023–1030. https://doi.org/10.1016/j.biopsych.2004.02.006 

Lindberg, G., Råstam, L., Gullberg, B., & Eklund, G. A. (1992). Low serum cholesterol 
concentration and short term mortality from injuries in men and women. BMJ, 
305(6848), 277–279. https://doi.org/10.1136/bmj.305.6848.277 

Linnoila, M., Virkkunen, M., Scheinin, M., Nuutila, A., Rimon, R., & Goodwin, F. K. 
(1983). Low cerebrospinal fluid 5-hydroxyindoleacetic acid concentration differen-
tiates impulsive from nonimpulsive violent behavior. Life Sciences, 33(26), 2609–
2614. https://doi.org/10.1016/0024-3205(83)90344-2 

Lipsy, R. J. (2003). The National Cholesterol Education Program Adult Treatment Panel 
III guidelines. Journal of Managed Care Pharmacy : JMCP, 9(S1), 2–5. https://doi.org/ 
10.18553/JMCP.2003.9.S1.2 

Little, K. Y., McLauglin, D. P., Ranc, J., Gilmore, J., Lopez, J. F., Watson, S. J., Carroll, 
F. I., & Butts, J. D. (1997). Serotonin transporter binding sites and mRNA levels in 
depressed persons committing suicide. Biological Psychiatry, 41(12), 1156–1164. 
https://doi.org/10.1016/S0006-3223(96)00301-0 

Logan, G. D., Schachar, R. J., & Tannock, R. (1997). Impulsivity and Inhibitory Control. 
Psychological Science, 8(1), 60–64. https://doi.org/10.1111/j.1467-9280.1997.tb00545.x 

Loas, G., Dalleau, E., Lecointe, H., & Yon, V. (2016). Relationships between anhedonia, 
alexithymia, impulsivity, suicidal ideation, recent suicide attempt, C-reactive protein 
and serum lipid levels among 122 inpatients with mood or anxious disorders. 
Psychiatry Research, 246, 296–302. https://doi.org/10.1016/j.psychres.2016.09.056 

López-Echeverri, Y. P., Cardona-Londoño, K. J., Garcia-Aguirre, J. F., & Orrego-
Cardozo, M. (2023). Effects of Serotonin Transporter and Receptor Polymorphisms 
on Depression. Revista Colombiana de Psiquiatria, 52(2), 130–138. https://doi.org/10. 
1016/j.rcp.2021.07.006 

López-Figueroa, A. L., Norton, C. S., López-Figueroa, M. O., Armellini-Dodel, D., 
Burke, S., Akil, H., López, J. F., & Watson, S. J. (2004). Serotonin 5-HT1A, 5-HT1B, 
and 5-HT2A receptor mRNA expression in subjects with major depression, bipolar 
disorder, and schizophrenia. Biological Psychiatry, 55(3), 225–233. https://doi.org/ 
10.1016/J.BIOPSYCH.2003.09.017 

Luht, K., Eensoo, D., Tooding, L. M., & Harro, J. (2018). The association of measures of 
the serotonin system, personality, alcohol use, and smoking with risk-taking traffic 
behavior in adolescents in a longitudinal study. Nordic Journal of Psychiatry, 72(1), 
9–16. https://doi.org/10.1080/08039488.2017.1368702 

Luht, K., Tokko, T., Eensoo, D., Vaht, M., & Harro, J. (2019). Efficacy of intervention at 
traffic schools reducing impulsive action, and association with candidate gene 
variants. Acta Neuropsychiatrica, 31(3), 159–166. https://doi.org/10.1017/neu.2019.2 

Lynam, D. R., & Miller, J. D. (2004). Personality pathways to impulsive behavior and 
their relations to deviance: Results from three samples. Journal of Quantitative 
Criminology, 20(4), 319–341. https://doi.org/10.1007/S10940-004-5867-0 

Majumdar, A., Patel, P., Pasaniuc, B., & Ophoff, R. A. (2022). A summary-statistics-
based approach to examine the role of serotonin transporter promoter tandem repeat 
polymorphism in psychiatric phenotypes. European Journal of Human Genetics, 
30(5), 547–554. https://doi.org/10.1038/s41431-021-00996-6 



 
88 

Maksimov, M., Vaht, M., Harro, J., & Bachmann, T. (2015). Single 5HTR2A-1438 A/G 
nucleotide polymorphism affects performance in a metacontrast masking task: Impli-
cations for vulnerability testing and neuromodulation of pyramidal cells. Neuro-
science Letters, 584, 129–134. https://doi.org/10.1016/j.neulet.2014.10.015 

Mann, J. J. (2003). Neurobiology of suicidal behaviour. Nature Reviews Neuroscience, 
4(10), 819–828. https://doi.org/10.1038/nrn1220 

Markianos, M., Koutsis, G., Evangelopoulos, M. E., & Sfagos, C. (2010). Serum total 
cholesterol correlates positively to central serotonergic turnover in male but not in 
female subjects. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 
34(3), 527–531. https://doi.org/10.1016/J.PNPBP.2010.02.012 

Markovitz, J., Smith, D., Raczynski, J., Oberman, A., Williams, O., Knox, S., & Jacobs, 
DR. (1997). Lack of relations of hostility negative affect and high-risk behavior with 
low plasma lipid levels in the Coronary Artery Risk Development in Young Adults 
Study. Archives of Internal Medicine, 157(17), 1953–1959. https://doi.org/10.1001/ 
archinte.1997.00440380057005 

Matsuda, A., Nagao, K., Matsuo, M., Kioka, N., & Ueda, K. (2013). 24(S)-hydro-
xycholesterol is actively eliminated from neuronal cells by ABCA1. Journal of 
Neurochemistry, 126(1), 93–101. https://doi.org/10.1111/jnc.12275 

Mattina, G. F., Samaan, Z., Hall, G. B., & Steiner, M. (2020). The association of HTR2A 
polymorphisms with obsessive-compulsive disorder and its subtypes: A meta-
analysis. In Journal of Affective Disorders, 275, 278–289. https://doi.org/10.1016/ 
j.jad.2020.06.016 

Mauch, D. H., Nägier, K., Schumacher, S., Göritz, C., Müller, E. C., Otto, A., & Pfrieger, 
F. W. (2001). CNS synaptogenesis promoted by glia-derived cholesterol. Science, 
294(5545), 1354–1357. https://doi.org/10.1126/science.294.5545.1354 

McGirr, A. (2011). The role of impulsive and impulsive aggressive behaviours in the risk 
for suicide and the familial transmission of suicidal behaviours. Library and Archives 
Canada = Bibliothèque et Archives Canada. 

McGirr, A., Renaud, J., Bureau, A., Seguin, M., Lesage, A., & Turecki, G. (2008). 
Impulsive-aggressive behaviours and completed suicide across the life cycle: A 
predisposition for younger age of suicide. Psychological Medicine, 38(3), 407–417. 
https://doi.org/10.1017/S0033291707001419 

Mensi, R., Messaoud, A., Mhallah, A., Azizi, I., Salah, W. H., Douki, W., Najjar, M. F., 
& Gaha, L. (2016). The association between altered lipid profile and suicide attempt 
among Tunisian patients with schizophrenia. Annals of General Psychiatry, 15(1), 1–
9. https://doi.org/10.1186/s12991-016-0123-1 

Merchán-Clavellino, A., Salguero-Alcañiz, M. P., Guil, R., & Alameda-Bailén, J. R. 
(2020). Impulsivity, Emotional Intelligence, and Alcohol Consumption in Young 
People: A Mediation Analysis. Foods, 9(1), 71. https://doi.org/10.3390/FOODS9010071 

Messaoud, A., Mensi, R., Mrad, A., Mhalla, A., Azizi, I., Amemou, B., Trabelsi, I., 
Grissa, M. H., Salem, N. H., Chadly, A., Douki, W., Najjar, M. F., & Gaha, L. (2017). 
Is low total cholesterol levels associated with suicide attempt in depressive patients? 
Annals of General Psychiatry, 16(1), 1–8. https://doi.org/10.1186/s12991-017-0144-
4 

Meyer, J. M., & Koro, C. E. (2004). The effects of antipsychotic therapy on serum lipids: 
a comprehensive review. Schizophrenia Research, 70(1), 1–17. https://doi.org/10. 
1016/J.SCHRES.2004.01.014 

Meyer-Lindenberg, A., Buckholtz, J. W., Kolachana, B., Hariri, A. R., Pezawas, L., Blasi, 
G., Wabnitz, A., Honea, R., Verchinski, B., Callicott, J. H., Egan, M., Mattay, V., & 



 
89 

Weinberger, D. R. (2006). Neural mechanisms of genetic risk for impulsivity and 
violence in humans. Proceedings of the National Academy of Sciences of the United 
States of America, 103(16), 6269–6274. https://doi.org/10.1073/PNAS.0511311103 

Miller, E., Joseph, S., & Tudway, J. (2004). Assessing the component structure of four 
self-report measures of impulsivity. Personality and Individual Differences, 37(2), 
349–358. https://doi.org/10.1016/j.paid.2003.09.008 

Miyazaki, K., Miyazaki, K. W., & Doya, K. (2012). The role of serotonin in the regulation 
of patience and impulsivity. Molecular Neurobiology, 45(2), 213–224. https://doi.org/ 
10.1007/s12035-012-8232-6 

Morgan, M. A., Romanski, L. M., & LeDoux, J. E. (1993). Extinction of emotional 
learning: Contribution of medial prefrontal cortex. Neuroscience Letters, 163(1), 109–
113. https://doi.org/10.1016/0304-3940(93)90241-C 

Moses, E. L., Drevets, W. C., Smith, G., Mathis, C. A., Kalro, B. N., Butters, M. A., 
Leondires, M. P., Greer, P. J., Lopresti, B., Loucks, T. L., & Berga, S. L. (2000). 
Effects of estradiol and progesterone administration on human serotonin 2A receptor 
binding: A PET study. Biological Psychiatry, 48(8), 854–860. https://doi.org/10.1016/ 
S0006-3223(00)00967-7 

Mowry, B. J., Ewen, K. R., Nancarrow, D. J., Lennon, D. P., Nertney, D. A., Jones, H. 
L., O’Brien, M. S., Thornley, C. E., Walters, M. K., Crowe, R. R., Silverman, J. M., 
Endicott, J., Sharpe, L., Hayward, N. K., Gladis, M. M., Foote, S. J., & Levinson, D. 
F. (2000). Second stage of a genome scan of schizophrenia: Study of five positive 
regions in an expanded sample. American Journal of Medical Genetics – Neuro-
psychiatric Genetics, 96(6), 864–869. https://doi.org/10.1002/1096-8628(20001204) 
96:6<864::aid-ajmg35>3.0.co;2-d 

Mulder, R. T., Joyce, P. R., Sullivan, P. F., Bulik, C. M., & Carter, F. A. (1999). The 
relationship among three models of personality psychopathology: DSM-III-R perso-
nality disorder, TCI scores and DSQ defences. Psychological Medicine, 29(4), 943–
951. https://doi.org/10.1017/S0033291799008533 

Muldoon, M. F., Manuck, S. B., & Matthews, K. A. (1990). Lowering cholesterol con-
centrations and mortality: a quantitative review of primary prevention trials. BMJ: 
British Medical Journal, 301(6747), 309–314. http://www.pubmedcentral.nih.gov/ 
articlerender.fcgi?artid=1663605&tool=pmcentrez&rendertype=abstract 

Murphy, D. L., Uhl, G. R., Holmes, A., Ren-Patterson, R., Hall, F. S., Sora, I., Detera-
Wadleigh, S., & Lesch, K.-P. (2003). Experimental gene interaction studies with 
SERT mutant mice as models for human polygenic and epistatic traits and disorders. 
Genes, Brain and Behavior, 2, 350–364. https://doi.org/10.1046/j.1601-183X. 
2003.00049.x 

Myers, R. L., Airey, D. C., Manier, D. H., Shelton, R. C., & Sanders-Bush, E. (2007). 
Polymorphisms in the Regulatory Region of the Human Serotonin 5-HT2A Receptor 
Gene (HTR2A) Influence Gene Expression. Biological Psychiatry, 61(2), 167–173. 
https://doi.org/10.1016/j.biopsych.2005.12.018 

Nagatomo, T., Rashid, M., Abul Muntasir, H., & Komiyama, T. (2004). Functions of 5-
HT2A receptor and its antagonists in the cardiovascular system. Pharmacology & 
Therapeutics, 104(1), 59–81. https://doi.org/10.1016/J.PHARMTHERA.2004.08.005 

Naiberg, M. R., Newton, D. F., Collins, J. E., Bowie, C. R., & Goldstein, B. I. (2016). 
Impulsivity is associated with blood pressure and waist circumference among adole-
scents with bipolar disorder. Journal of Psychiatric Research, 83, 230–239. https://doi. 
org/10.1016/j.jpsychires.2016.08.019 



 
90 

Nakamura, M., Ueno, S., Sano, A., & Tanabe, H. (2000). The human serotonin transporter 
gene linked polymorphism (5-HTTLPR) shows ten novel allelic variants. Molecular 
Psychiatry, 5(1), 32–38. https://doi.org/10.1038/SJ.MP.4000698 

National Cholesterol Education Program (NCEP) (1992) Highlights of the report of the 
expert panel on blood cholesterol levels in children and adolescents. Pediatrics 89 (3), 
495–501. https://doi.org/10.1542/peds.89.3.495 

Naudts, K., & Hodgins, S. (2006). Neurobiological correlates of violent behavior among 
persons with schizophrenia. Schizophrenia Bulletin, 32(3), 562–572. https://doi.org/ 
10.1093/schbul/sbj036 

Nebigil, C. G., Etienne, N., Schaerlinger, B., Hickel, P., Launay, J. M., & Maroteaux, L. 
(2001). Developmentally regulated serotonin 5-HT2B receptors. International Journal 
of Developmental Neuroscience, 19(4), 365–372. https://doi.org/10.1016/S0736-
5748(01)00022-3 

New, A. S., Sevin, E. M., Mitropoulou, V., Reynolds, D., Novotny, S. L., Callahan, A., 
Trestman, R. L., & Siever, L. J. (1999). Serum cholesterol and impulsivity in perso-
nality disorders. Psychiatry Research, 85(2), 145–150. https://doi.org/10.1016/S0165-
1781(99)00007-4 

Nishiguchi, N., Matsushita, S., Suzuki, K., Murayama, M., Shirakawa, O., & Higuchi, S. 
(2001). Association between 5HT2A receptor gene promoter region polymorphism 
and eating disorders in Japanese patients. Biological Psychiatry, 50(2), 123–128. 
https://doi.org/10.1016/S0006-3223(00)01107-0 

Nishizawa, S., Benkelfat, C., Young, S. N., Leyton, M., Mzengeza, S., De Montigny, C., 
Blier, P., & Diksic, M. (1997). Differences between males and females in rates of 
serotonin synthesis in human brain. Proceedings of the National Academy of Sciences 
of the United States of America, 94(10), 5308–5313. https://doi.org/10.1073/pnas. 
94.10.5308 

Nomura, M., & Nomura, Y. (2006). Psychological, neuroimaging, and biochemical stu-
dies on functional association between impulsive behavior and the 5-HT2A receptor 
gene polymorphism in humans. Annals of the New York Academy of Sciences, 1086, 
134–143. https://doi.org/10.1196/annals.1377.004 

Nomura, M., Kusumi, I., Kaneko, M., Masui, T., Daiguji, M., Ueno, T., Koyama, T., & 
Nomura, Y. (2006). Involvement of a polymorphism in the 5-HT2A receptor gene in 
impulsive behavior. Psychopharmacology, 187, 30–35. https://doi.org/10.1007/ 
s00213-006-0398-z 

Ogilvie, A. D., Battersby, S., Bubb, V. J., Fink, G., Harmar, A. J., Goodwin, G. M., & 
Smith, C. A. D. (1996). Polymorphism in serotonin transporter gene associated with 
susceptibility to major depression. Lancet, 347(9003), 731–733. https://doi.org/ 
10.1016/S0140-6736(96)90079-3 

Oh, J., & Kim, T. S. (2017). Serum lipid levels in depression and suicidality: The Korea 
National Health and Nutrition Examination Survey (KNHANES) 2014. Journal of 
Affective Disorders, 213, 51–58. https://doi.org/10.1016/j.jad.2017.02.002 

Ohvo-Rekilä, H., Ramstedt, B., Leppimäki, P., & Peter Slotte, J. (2002). Cholesterol 
interactions with phospholipids in membranes. Progress in Lipid Research, 41(1), 66–
97. https://doi.org/10.1016/s0163-7827(01)00020-0 

Ohvo-Rekila, H., Ramstedt, B., Leppimaki, P., & Slotte, J. P. (2002). Cholesterol inter-
actions with phospholipids in membranes. Progress in Lipid Research, 41(1), 66–97. 

Olivier, J. D. A., Blom, T., Arentsen, T., & Homberg, J. R. (2011). The age-dependent 
effects of selective serotonin reuptake inhibitors in humans and rodents: A review. 



 
91 

Progress in Neuro-Psychopharmacology and Biological Psychiatry, 35(6), 1400–
1408. https://doi.org/10.1016/J.PNPBP.2010.09.013 

Paaver, M., Eensoo, D., Pulver, A., & Harro, J. (2006). Adaptive and maladaptive impul-
sivity, platelet monoamine oxidase (MAO) activity and risk-admitting in different 
types of risky drivers. Psychopharmacology, 186(1), 32–40. https://doi.org/10.1007/ 
s00213-006-0325-3 

Paaver, M., Kurrikoff, T., Nordquist, N., Oreland, L., & Harro, J. (2008). The effect of 5-
HTT gene promoter polymorphism on impulsivity depends on family relations in 
girls. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 32(5), 
1263–1268. https://doi.org/10.1016/j.pnpbp.2008.03.021 

Paaver, M., Nordquist, N., Parik, J., Harro, M., Oreland, L., & Harro, J. (2007). Platelet 
MAO activity and the 5-HTT gene promoter polymorphism are associated with im-
pulsivity and cognitive style in visual information processing. Psychopharmacology, 
194(4), 545–554. https://doi.org/10.1007/S00213-007-0867-Z 

Pandey, G. N., Dwivedi, Y., Rizavi, H. S., Ren, X., Pandey, S. C., Pesold, C., Roberts, R. 
C., Conley, R. R., & Tamminga, C. A. (2002). Higher expression of serotonin 5-HT2A 
receptors in the postmortem brains of teenage suicide victims. American Journal of 
Psychiatry, 159(3), 419–429. https://doi.org/10.1176/APPI.AJP.159.3.419/ASSET/ 
IMAGES/LARGE/K213F6.JPEG 

Papakostas, G. I., Öngür, D., Iosifescu, D. V., Mischoulon, D., & Fava, M. (2004). Cho-
lesterol in mood and anxiety disorders: Review of the literature and new hypotheses. 
European Neuropsychopharmacology, 14, 135–142. https://doi.org/10.1016/S0924-
977X(03)00099-3 

Park, C. H. K., Kim, D., Kim, B., Rhee, S. J., Cho, S. J., & Ahn, Y. M. (2024). Serum 
lipids as predictive markers for death by suicide. Psychiatry Research, 335, 115837. 
https://doi.org/10.1016/J.PSYCHRES.2024.115837 

Parker, J. D. A., Michael Bagby, R., & Webster, C. D. (1993). Domains of the impulsivity 
construct: A factor analytic investigation. Personality and Individual Differences, 
15(3), 267–274. https://doi.org/10.1016/0191-8869(93)90216-P 

Parsons, M. J., D’Souza, U. M., Arranz, M. J., Kerwin, R. W., & Makoff, A. J. (2004). 
The -1438A/G polymorphism in the 5-hydroxytryptamine type 2A receptor gene 
affects promoter activity. Biological Psychiatry, 56(6), 406–410. https://doi.org/10. 
1016/j.biopsych.2004.06.020 

Partonen, T., Haukka, J., Virtamo, J., Taylor, P. R., & Lönnqvist, J. (1999). Association 
of low serum total cholesterol with major depression and suicide. The British Journal 
of Psychiatry : The Journal of Mental Science, 175, 259–262. https://doi.org/10. 
1192/BJP.175.3.259 

Patten, S. B., Williams, J. V. A., Lavorato, D. H., Wang, J. L., Bulloch, A. G. M., & 
Sajobi, T. (2016). The association between major depression prevalence and sex 
becomes weaker with age. Social Psychiatry and Psychiatric Epidemiology, 51(2), 
203–210. https://doi.org/10.1007/s00127-015-1166-3 

Patton, J. H., Stanford, M. S., & Barratt, E. S. (1995.). Factor structure of the Barratt 
impulsiveness scale. Journal of Clinical Psychology. 51(6):768-74. https://doi.org/ 
10.1002/1097-4679 

Plana, T., Gracia, R., Méndez, I., Pintor, L., Lazaro, L., & Castro-Fornieles, J. (2010). 
Total serum cholesterol levels and suicide attempts in child and adolescent psychiatric 
inpatients. European Child and Adolescent Psychiatry, 19(7), 615–619. https://doi. 
org/10.1007/s00787-009-0084-x 



 
92 

Pozzi, F., Troisi, A., Cerilli, M., Autore, A., Lo Castro, L., & Ribatti, D. (2003). Serum 
cholesterol and impulsivity in a large sample of healthy young men. British Medical 
Journal, 120, 239–245. 

Praschak-Rieder, N., Kennedy, J., Wilson, A. A., Hussey, D., Boovariwala, A., Willeit, 
M., Ginovart, N., Tharmalingam, S., Masellis, M., Houle, S., & Meyer, J. H. (2007). 
Novel 5-HTTLPR Allele Associates with Higher Serotonin Transporter Binding in 
Putamen: A [11C] DASB Positron Emission Tomography Study. Biological 
Psychiatry, 62(4), 327–331. https://doi.org/10.1016/j.biopsych.2006.09.022 

Preuss, U. W., Koller, G., Bondy, B., Bahlmann, M., & Soyka, M. (2001). Impulsive traits 
and 5-HT2A receptor promoter polymorphism in alcohol dependents: Possible 
association but no influence of personality disorders. Neuropsychobiology, 43(3), 
186–191. https://doi.org/10.1159/000054888 

Pucadyil, T. J., & Chattopadhyay, A. (2004). Cholesterol modulates ligand binding and 
G-protein coupling to serotonin1A receptors from bovine hippocampus. Biochimica 
et Biophysica Acta – Biomembranes, 1663(1–2), 188–200. https://doi.org/10.1016/j. 
bbamem.2004.03.010 

Quirk, G. J., Garcia, R., & González-Lima, F. (2006). Prefrontal Mechanisms in Extinc-
tion of Conditioned Fear. Biological Psychiatry, 60(4), 337–343. https://doi.org/10. 
1016/j.biopsych.2006.03.010 

Rader, D. J., & Hovingh, G. K. (2014). HDL and cardiovascular disease. The Lancet, 
384(9943), 618–625. https://doi.org/10.1016/S0140-6736(14)61217-4 

Ramírez-Anguita, J. M., Rodríguez-Espigares, I., Guixà-González, R., Bruno, A., 
Torrens-Fontanals, M., Varela-Rial, A., & Selent, J. (2018). Membrane cholesterol 
effect on the 5-HT2A receptor: Insights into the lipid-induced modulation of an 
antipsychotic drug target. Biotechnology and Applied Biochemistry, 65(1), 29–37. 
https://doi.org/10.1002/bab.1608 

Rao, U., Carlson, G. A., & Rapport, M. D. (1991). Serum cholesterol and aggressive 
behavior in psychiatrically hospitalized children. Acta Psychiatrica Scandinavica, 
83(1), 77–78. https://doi.org/10.1111/J.1600-0447.1991.TB05515.X 

Reif, A., Kiive, E., Kurrikoff, T., Paaver, M., Herterich, S., Konstabel, K., Tulviste, T., 
Lesch, K. P., & Harro, J. (2011). A functional NOS1 promoter polymorphism interacts 
with adverse environment on functional and dysfunctional impulsivity. Psycho-
pharmacology, 214(1), 239–248. https://doi.org/10.1007/S00213-010-1915-7 

Repo-Tiihonen, E., Halonen, P., Tiihonen, J., & Virkkunen, M. (2002). Total serum 
cholesterol level violent criminal offences suicidal behavior mortality and the appea-
rance of conduct disorder in Finnish male criminal offenders with antisocial perso-
nality disorder. European Archives of Psychiatry and Clinical Neuroscience, 252(1), 
8–11. https://doi.org/10.1007/s004060200001 

Ricca, V., Nacmias, B., Boldrini, M., Cellini, E., Di Bernardo, M., Ravaldi, C., Tedde, 
A., Bagnoli, S., Placidi, G. F., Rotella, C. M., & Sorbi, S. (2004). Psychopathological 
traits and 5-HT2A receptor promoter polymorphism (-1438 G/A) in patients suffering 
from Anorexia Nervosa and Bulimia Nervosa. Neuroscience Letters, 365(2), 92–96. 
https://doi.org/10.1016/j.neulet.2004.04.057 

Rich, C. L., Young, D., & Fowler, R. C. (1986). San Diego Suicide Study: I. Young vs 
Old Subjects. Archives of General Psychiatry, 43(6), 577–582. https://doi.org/10. 
1001/ARCHPSYC.1986.01800060071009 

Roberts, A. J., Krucker, T., Levy, C. L., Slanina, K. A., Sutcliffe, J. G., & Hedlund, P. B. 
(2004). Mice lacking 5-HT7 receptors show specific impairments in contextual 



 
93 

learning. The European Journal of Neuroscience, 19(7), 1913–1922. https://doi.org/ 
10.1111/J.1460-9568.2004.03288.X 

Robins, C. L., Wing, G. M., Nelson, R. A., Farmer, R. C., & Young, D. (1991). Suicide, 
stressors, and the life cycle. American Journal of Psychiatry, 148(4), 524–527. 
https://doi.org/10.1176/ajp.148.4.524 

Romer, D. (2010). Adolescent risk taking, impulsivity, and brain development: Implica-
tions for prevention. Developmental Psychobiology, 52(3), 263–276. https://doi.org/ 
10.1002/dev.20442 

Romer, D., Reyna, V. F., & Satterthwaite, T. D. (2017). Beyond stereotypes of adolescent 
risk taking: Placing the adolescent brain in developmental context. Developmental 
cognitive neuroscience, 27, 19-34. 

Rooväli L, Pisarev H, Suija K, Aksen M, Uusküla A, & Kiivet RA. (2018). Aastatel 2006–
2016 enesetapu sooritanute epidemioloogiline ülevaade. Tartu: Tartu Ülikooli 
peremeditsiini ja rahvatervishoiu instituut. 

Roy, A., Adinoff, B., & Linnoila, M. (1988). Acting out hostility in normal volunteers: 
Negative correlation with levels of 5HIAA in cerebrospinal fluid. Psychiatry 
Research, 24(2), 187–194. https://doi.org/10.1016/0165-1781(88)90061-3 

Roy, A., Gonzalez, B., Marcus, A., & Berman, J. (2001). Serum cholesterol, suicidal 
behavior and impulsivity in cocaine-dependent patients. Psychiatry Research, 101(3), 
243–247. https://doi.org/10.1016/S0165-1781(01)00217-7 

Rozenblat, V., Ong, D., Fuller-Tyszkiewicz, M., Akkermann, K., Collier, D., Engels, 
R.C.M.E., Fernandez-Aranda, F., Harro, J., Homberg, J.R., Karwautz, A., Kiive, E., 
Klump, K.L., Larson, C.L., Racine, S.E., Richardson, J., Steiger, H., Stoltenberg, S.F., 
van Strien, T., Wagner, G., Treasure, J., Krug, I. (2017). A systematic review and 
secondary data analysis of the interactions between the serotonin transporter 5-
HTTLPR polymorphism and environmental and psychological factors in eating 
disorders. Journal of Psychiatric Research, 84, 62–72. https://doi.org/10.1016/J. 
jpsychires.2016.09.023 

Sahebzamani, F. M., D’Aoust, R. F., Friedrich, D., Aiyer, A. N., Reis, S. E., & Kip, K. 
E. (2013). Relationship among low cholesterol levels depressive symptoms aggres-
sion hostility and cynicism. Journal of Clinical Lipidology, 7(3), 208–216. https://doi. 
org/10.1016/j.jacl.2013.01.004 

Samm, A., Tooding, L. M., Sisask, M., Kõlves, K., Aasvee, K., & Värnik, A. (2010). 
Suicidal thoughts and depressive feelings amongst Estonian schoolchildren: effect of 
family relationship and family structure. European child & adolescent psychiatry, 19, 
457-468. 

Scanlon, S. M., Williams, D. C., & Schloss, P. (2001). Membrane cholesterol modulates 
serotonin transporter activity. Biochemistry, 40(35), 10507–10513. https://doi.org/10. 
1021/bi010730z 

Schoenbaum, G., Roesch, M. R., & Stalnaker, T. A. (2006). Orbitofrontal cortex, 
decision-making and drug addiction. Trends in Neurosciences, 29(2), 116–124. 
https://doi.org/10.1016/j.tins.2005.12.006 

Serretti, A., Drago, A., & Ronchi, D. De. (2007). HTR2A Gene Variants and Psychiatric 
Disorders: A Review of Current Literature and Selection of SNPs for Future Studies. 
Current Medicinal Chemistry, 14(19), 2053–2069.  
https://doi.org/10.2174/092986707781368450 

Shajib MS, Khan WI. (2015) The role of serotonin and its receptors in activation of 
immune responses and inflammation. Acta Physiol, 213(3), 561–574. 



 
94 

Sheehan, D. V, Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E., 
Hergueta, T., Baker, R., & Dunbar, G. C. (1998). The Mini-International Neuro-
psychiatric Interview (M.I.N.I.): the development and validation of a structured 
diagnostic psychiatric interview for DSM-IV and ICD-10. The Journal of Clinical 
Psychiatry, 59(S2), 22–57. 

Shlik J, Aluoja A, Kihl E (1999) MINI 5.0.0. Mini rahvusvaheline neuropsühhiaatriline 
intervjuu DSM – IV. Estonian version of MINI international neuropsychiatric 
interview. 

Shoval, G., Bar-Shira, O., Zalsman, G., John Mann, J., & Chechik, G. (2014). Transitions 
in the transcriptome of the serotonergic and dopaminergic systems in the human brain 
during adolescence. European Neuropsychopharmacology: The Journal of the 
European College of Neuropsychopharmacology, 24(7), 1123–1132. https://doi.org/ 
10.1016/J.EURONEURO.2014.02.009 

Siegman, A. W., Malkin, A. R., Boyle, S., Vaitkus, M., Barko, W., & Franco, E. (2002). 
Anger and plasma lipid lipoprotein and glucose levels in healthy women: the 
mediating role of physical fitness. Journal of Behavioral Medicine, 25(1), 1–16. 
https://doi.org/10.1023/a:1013558000465 

Siever, L. J., Buchsbaum, M. S., New, A. S., Spiegel-Cohen, J., Wei, T., Hazlett, E. A., 
Sevin, E., Nunn, M., & Mitropoulou, V. (1999). d,l-Fenfluramine response in im-
pulsive personality disorder assessed with [18F]fluorodeoxyglucose positron emis-
sion tomography. Neuropsychopharmacology, 20(5), 413–423. https://doi.org/10. 
1016/S0893-133X(98)00111-0 

Simons, K., & Vaz, W. L. C. (2005). Model systems, lipid rafts, and cell membranes. 
Annual Review of Biophysics and Biomolecular Structure, 33, 269. https://doi. 
org/10.1146/annurev.biophys.32.110601.141803 

Sjögren, B., Hamblin, M. W., & Svenningsson, P. (2006). Cholesterol depletion reduces 
serotonin binding and signaling via human 5-HT7(a) receptors. European Journal of 
Pharmacology, 552(1–3), 1–10. https://doi.org/10.1016/j.ejphar.2006.08.069 

Smith, C. C. T., & Betteridge, D. J. (1997). Reduced platelet serotonin content and release 
in familial hypercholesterolaemia. Atherosclerosis, 130(1–2), 87–92. https://doi.org/ 
10.1016/S0021-9150(96)06048-0 

Soloff, P. H., Chiappetta, L., Mason, N. S., Becker, C., & Price, J. C. (2014). Effects of 
serotonin-2A receptor binding and gender on personality traits and suicidal behavior 
in borderline personality disorder. Psychiatry Research - Neuroimaging, 222(3), 140–
148. https://doi.org/10.1016/j.pscychresns.2014.03.008 

Soloff, P. H., Meltzer, C. C., Greer, P. J., Constantine, D., & Kelly, T. M. (1999). A 
fenfluramine-activated FDG-PET study of borderline personality disorder. Biological 
Psychiatry, 47(6), 540–547. https://doi.org/10.1016/S0006-3223(99)00202-4 

Soloff, P. H., Price, J. C., Meltzer, C. C., Fabio, A., Frank, G. K., & Kaye, W. H. (2007). 
5HT2A Receptor Binding is Increased in Borderline Personality Disorder. Biological 
Psychiatry, 62(6), 580–587. https://doi.org/10.1016/j.biopsych.2006.10.022 

Sookoian, S., Gemma, C., García, S. I., Gianotti, T. F., Dieuzeide, G., Roussos, A., 
Tonietti, M., Trifone, L., Kanevsky, D., González, C. D., & Pirola, C. J. (2007). Short 
allele of serotonin transporter gene promoter is a risk factor for obesity in adolescents. 
Obesity, 15(2), 271–276. https://doi.org/10.1038/OBY.2007.519 

Sooksawate, T., & Simmonds, M. A. (2001). Effects of membrane cholesterol on the 
sensitivity of the GABA(A) receptor to GABA in acutely dissociated rat hippocampal 
neurones. Neuropharmacology, 40(2), 178–184. https://doi.org/10.1016/S0028-
3908(00)00159-3 



 
95 

Stanford, M. S., Mathias, C. W., Dougherty, D. M., Lake, S. L., Anderson, N. E., & 
Patton, J. H. (2009). Fifty years of the Barratt Impulsiveness Scale: An update and 
review. Personality and Individual Differences, 47(5), 385–395. https://doi.org/ 
10.1016/J.PAID.2009.04.008 

Stavnsbo, M., Resaland, G. K., Anderssen, S. A., Steene-Johannessen, J., Domazet, S. L., 
Skrede, T., Sardinha, L. B., Kriemler, S., Ekelund, U., Andersen, L. B., & Aadland, 
E. (2018). Reference values for cardiometabolic risk scores in children and adole-
scents: suggesting a common standard. Atherosclerosis, 278, 299–306. https://doi.org/ 
10.1016/j.atherosclerosis.2018.10.003 

Steegmans, P. H. A., Fekkes, D., Hoes, A. W., Bak, A. A. A., Van Der Does, E., & Grob-
bee, D. E. (1996). Low serum cholesterol concentration and serotonin metabolism in 
men. British Medical Journal, 312(7025), 221. https://doi.org/10.1136/bmj.312.7025. 
221 

Steinberg, L. (2008). A social neuroscience perspective on adolescent risk-taking. 
Developmental Review, 28(1), 78–106. https://doi.org/10.1016/j.dr.2007.08.002 

Steiner, M. (2011). Serotonin, depression, and cardiovascular disease: Sex-specific 
issues. Acta Physiologica, 203(1), 253–258. https://doi.org/10.1111/j.1748-1716. 
2010.02236.x 

Strand, M. F., Fredriksen, P. M., Hjelle, O. P., & Lindberg, M. (2018). Reference intervals 
for serum lipids and prevalence of dyslipidaemia in 6–12-year-old children: The 
Health Oriented Pedagogical Project (HOPP). Scandinavian Journal of Public Health, 
46(21_suppl), 21-27. https://doi.org/10.1177/1403494818767824 

Stroes, E., De Bruin, T., De Valk, H., Erkelens, W., Banga, J. D., Van Rijn, H., Koomans, 
H., & Rabelink, T. (1997). NO activity in familial combined hyperlipidemia: Potential 
role of cholesterol remnants. Cardiovascular Research, 36(3), 445–452. https://doi. 
org/10.1016/S0008-6363(97)00199-5 

Suzuki, T., Ito, J., Takagi, H., Saitoh, F., Nawa, H., & Shimizu, H. (2001). Biochemical 
evidence for localization of AMPA-type glutamate receptor subunits in the dendritic 
raft. Brain Research. Molecular Brain Research, 89(1–2), 20–28. https://doi.org/ 
10.1016/s0169-328x(01)00051-1 

Svensson, T., Inoue, M., Sawada, N., Charvat, H., Mimura, M., Tsugane, S. (2017). High 
serum total cholesterol is associated with suicide mortality in Japanese women. Acta 
Psychiatrica Scandinavica, 136(3), 259–268. https://doi.org/10.1111/acps.12758 

Swann, A. C., Anderson, J. C., Dougherty, D. M., & Moeller, F. G. (2001). Measurement 
of inter-episode impulsivity in bipolar disorder. Psychiatry Research, 101(2), 195–
197. https://doi.org/10.1016/S0165-1781(00)00249-3 

Tan, J., Chen, S., Su, L., Long, J., Xie, J., Shen, T., Jiang, J., & Gu, L. (2014). Association 
of the T102C polymorphism in the HTR2A gene with major depressive disorder, 
bipolar disorder, and schizophrenia. American Journal of Medical Genetics Part B: 
Neuropsychiatric Genetics, 165(5), 438–455. https://doi.org/10.1002/AJMG.B.32248 

Tanner, J. M. (1953). Growth of the human at the time of adolescence. Lectures on the 
Scientific Basis of Medicine, 1, 308–363. https://europepmc.org/article/med/13184740 

Tanskanen, a, Vartiainen, E., Tuomilehto, J., Viinamäki, H., Lehtonen, J., & Puska, P. 
(2000). High serum cholesterol and risk of suicide. American Journal of Psychiatry, 
157(4), 648–650. https://doi.org/http://dx.doi.org/10.1176/appi.ajp.157.4.648 

Tarter, R. E., Kirisci, L., Habeych, M., Reynolds, M., & Vanyukov, M. (2004). Neuro-
behavior disinhibition in childhood predisposes boys to substance use disorder by 
young adulthood: Direct and mediated etiologic pathways. Drug and Alcohol Depen-
dence, 73(2), 121–132. https://doi.org/10.1016/J.drugalcdep.2003.07.004 



 
96 

Taylor, S. (2016). Disorder-specific genetic factors in obsessive-compulsive disorder: A 
comprehensive meta-analysis. American Journal of Medical Genetics Part B: 
Neuropsychiatric Genetics, 171(3), 325–332. https://doi.org/10.1002/AJMG.B.32407 

Terao, T., Nakamura, J., Yoshimura, R., Ohmori, O., Takahashi, N., Kojima, H., Soeda, 
S., Shinkai, T., Nakano, H., & Okuno, T. (2000). Relationship between serum 
cholesterol levels and meta-chlorophenylpiperazine-induced cortisol responses in 
healthy men and women. Psychiatry Research, 96(2), 167–173. https://doi.org/10.  
1016/s0165-1781(00)00197-9 

Tokko, T., Eensoo, D., Luht-Kallas, K., & Harro, J. (2022). Risk-taking in traffic is 
associated with unhealthy lifestyle: Contribution of aggressiveness and the serotonin 
transporter genotype. Neuroscience Applied, 1, 100110. https://doi.org/10.1016/j. 
nsa.2022.100110 

Tokko, T., Eensoo, D., Vaht, M., Lesch, K. P., Reif, A., & Harro, J. (2019). Relapse of 
drunk driving and association with traffic accidents alcohol-related problems and 
biomarkers of impulsivity. Acta Neuropsychiatrica, 31(2), 84–92. https://doi.org/10. 
1017/neu.2018.30 

Troisi, A. (2009). Cholesterol in coronary heart disease and psychiatric disorders: Same 
or opposite effects on morbidity risk? Neuroscience and Biobehavioral Reviews, 
33(2), 125–132. https://doi.org/10.1016/j.neubiorev.2008.09.003 

Troisi, A. (2011). Low cholesterol is a risk factor for attentional impulsivity in patients 
with mood symptoms. Psychiatry Research, 188(1), 83–87. https://doi.org/10.1016/ 
j.psychres.2010.11.005 

Troisi, A., & D’Argenio, A. (2006). Apolipoprotein A-I/apolipoprotein B ratio and 
aggression in violent and nonviolent young adult males. Journal of Psychiatric 
Research, 40(5), 466–472. https://doi.org/10.1016/J.JPSYCHIRES.2005.12.004 

Tuccori, M., Montagnani, S., Mantarro, S., Capogrosso-Sansone, A., Ruggiero, E., Sapo-
riti, A., Antonioli, L., Fornai, M., & Blandizzi, C. (2014). Neuropsychiatric adverse 
events associated with statins: Epidemiology, pathophysiology, prevention and mana-
gement. CNS Drugs, 28(3), 249–272. https://doi.org/10.1007/s40263-013-0135-1 

Turecki, G., Brière, R., Dewar, K., Antonetti, T., Lesage, A. D., Séguin, M., Chawky, N., 
Vanier, C., Aida, M., Joober, R., Benkelfat, C., & Rouleau, G. A. (1999). Prediction 
of level of serotonin 2A receptor binding by serotonin receptor 2A genetic variation 
in postmortem brain samples from subjects who did or did not commit suicide. 
American Journal of Psychiatry, 156(9), 1456–1458. https://doi.org/10.1176/AJP. 
156.9.1456 

Van Heeringen, C., Audenaert, K., Van Laere, K., Dumont, F., Slegers, G., Mertens, J., 
& Dierckx, R. A. (2003). Prefrontal 5-HT2a receptor binding index, hopelessness and 
personality characteristics in attempted suicide. Journal of Affective Disorders, 74(2), 
149–158. https://doi.org/10.1016/S0165-0327(01)00482-7 

Vevera, J., Valeš, K., Fišar, Z., Hroudová, J., Singh, N., Stuchlík, A., Kačer, P., & Neko-
vářová, T. (2016). The effect of prolonged simvastatin application on serotonin up-
take, membrane microviscosity and behavioral changes in the animal model. 
Physiology and Behavior, 158, 112–120. https://doi.org/10.1016/j.physbeh.2016.02. 
029 

Vevera, J., Žukov, I., Morcinek, T., & Papežová, H. (2003). Cholesterol concentrations 
in violent and non-violent women suicide attempters. European Psychiatry, 18(1), 23–
27. https://doi.org/10.1016/S0924-9338(02)00011-1 

Vizeli, P., Meyer Zu Schwabedissen, H. E., & Liechti, M. E. (2019). Role of serotonin 
transporter and receptor gene variations in the acute effects of MDMA in Healthy 



 
97 

Subjects. ACS Chemical Neuroscience, 10(7), 3120–3131. https://doi.org/10.1021/ 
acschemneuro.8b00590 

Volavka, J., & Citrome, L. (2008). Heterogeneity of violence in schizophrenia and 
implications for long-term treatment. International Journal of Clinical Practice, 62(8), 
1237–1245. https://doi.org/10.1111/J.1742-1241.2008.01797.X 

Walderhaug, E., Herman, A. I., Magnusson, A., Morgan, M. J., & Landrø, N. I. (2010). 
The short (S) allele of the serotonin transporter polymorphism and acute tryptophan 
depletion both increase impulsivity in men. Neuroscience Letters, 473(3), 208–211. 
https://doi.org/10.1016/j.neulet.2010.02.048 

Walderhaug, E., Lunde, H., Nordvik, J. E., Landrø, N. I., Refsum, H., & Magnusson, A. 
(2002). Lowering of serotonin by rapid tryptophan depletion increases impulsiveness 
in normal individuals. Psychopharmacology, 164(4), 385–391. https://doi.org/10. 
1007/S00213-002-1238-4 

Walderhaug, E., Magnusson, A., Neumeister, A., Lappalainen, J., Lunde, H., Refsum, H., 
& Landrø, N. I. (2007). Interactive effects of sex and 5-HTTLPR on mood and 
impulsivity during tryptophan depletion in healthy people. Biological Psychiatry, 
62(6), 593–599. https://doi.org/10.1016/j.biopsych.2007.02.012 

Walker, E. P., & Tadi, P. (2023). Neuroanatomy, nucleus raphe. In StatPearls [Internet]. 
StatPearls Publishing. https://www.ncbi.nlm.nih.gov/books/NBK544359/ 

Wallis, J. D. (2007). Orbitofrontal cortex and its contribution to decision-making. Annual 
Review of Neuroscience, 30, 31–56. https://doi.org/10.1146/ANNUREV.NEURO. 
30.051606.094334 

Wang, S., Zhang, K., Xu, Y., Sun, N., Shen, Y., & Xu, Q. (2009). An association study 
of the serotonin transporter and receptor genes with the suicidal ideation of major 
depression in a Chinese Han population. Psychiatry Research, 170(2–3), 204–207. 
https://doi.org/10.1016/J.PSYCHRES.2008.12.006 

Wasserman, D., Geijer, T., Sokolowski, M., Frisch, A., Michaelovsky, E., Weizman, A., 
Rozanov, V., & Wasserman, J. (2007). Association of the serotonin transporter pro-
motor polymorphism with suicide attempters with a high medical damage. European 
Neuropsychopharmacology: The Journal of the European College of Neuropsycho-
pharmacology, 17(3), 230–233. https://doi.org/10.1016/J.EURONEURO.2006.08.006 

Wei, Y. Bin, McCarthy, M., Ren, H., Carrillo-Roa, T., Shekhtman, T., DeModena, A., 
Liu, J. J., Leckband, S. G., Mors, O., Rietschel, M., Henigsberg, N., Cattaneo, A., 
Binder, E. B., Aitchison, K. J., & Kelsoe, J. R. (2020). A functional variant in the 
serotonin receptor 7 gene (HTR7), rs7905446, is associated with good response to 
SSRIs in bipolar and unipolar depression. Molecular Psychiatry, 25(6), 1312–1322. 
https://doi.org/10.1038/s41380-019-0397-1 

Wesołowska, A., Nikiforuk, A., Stachowicz, K., & Tatarczyńska, E. (2006). Effect of  
the selective 5-HT7 receptor antagonist SB 269970 in animal models of anxiety and 
depression. Neuropharmacology, 51(3), 578–586.  
https://doi.org/10.1016/j. neuropharm.2006.04.017 

Whishaw, I. Q., Fiorino, D., Mittleman, G., & Castañeda, E. (1992). Do forebrain struc-
tures compete for behavioral expression? Evidence from amphetamine-induced be-
havior, microdialysis, and caudate-accumbens lesions in medial frontal cortex da-
maged rats. Brain Research, 576(1), 1–11. https://doi.org/10.1016/0006-8993(92) 
90604-8 

Whiteside, S. P., & Lynam, D. R. (2001). The five factor model and impulsivity: Using a 
structural model of personality to understand impulsivity. Personality and Individual 
Differences, 30(4), 669–689. https://doi.org/10.1016/S0191-8869(00)00064-7 



 
98 

Winocour, P. H., Ishola, M., & Durrington, P. N. (1989). Validation of the Friedewald 
formula for the measurement of low density lipoprotein cholesterol in insulin-
dependent diabetes mellitus. Clinica Chimica Acta; International Journal of Clinical 
Chemistry, 179(1), 79–83. https://doi.org/10.1016/0009-8981(89)90163-3 

Wu, S., Ding, Y., Wu, F., Xie, G., Hou, J., & Mao, P. (2015). Serum lipid levels and 
suicidality: a meta-analysis of 65 epidemiological studies. Journal of Psychiatry and 
Neuroscience, 41(1), 56–69. https://doi.org/10.1503/jpn.150079 

Yabut, J. M., Crane, J. D., Green, A. E., Keating, D. J., Khan, W. I., & Steinberg, G. R. 
(2019). Emerging roles for serotonin in regulating metabolism: New implications for 
an ancient molecule. Endocrine Reviews, 40(4), 1092–1107. https://doi.org/10.1210/ 
er.2018-00283 

Yamamoto, R., Hatano, N., Sugai, T., & Kato, N. (2014). Serotonin induces depolari-
zation in lateral amygdala neurons by activation of TRPC-like current and inhibition 
of GIRK current depending on 5-HT2C receptor. Neuropharmacology, 82, 49–58. 
https://doi.org/10.1016/J.NEUROPHARM.2014.03.007 

Yancu, C. N. (2011). Gender differences in affective suffering among racial/ethnically 
diverse, community-dwelling elders. Ethnicity & Health, 16(2), 167–184. https://doi. 
org/10.1080/13557858.2010.547249 

Yildiz, O., Smith, J. R., & Purdy, R. E. (1998). Serotonin and vasoconstrictor synergism. 
Life Sciences, 62(19), 1723–1732. https://doi.org/10.1016/S0024-3205(97)01166-1 

Yosifova, A., Mushiroda, T., Stoianov, D., Vazharova, R., Dimova, I., Karachanak, S., 
Zaharieva, I., Milanova, V., Madjirova, N., Gerdjikov, I., Tolev, T., Velkova, S., 
Kirov, G., Owen, M. J., O’Donovan, M. C., Toncheva, D., & Nakamura, Y. (2009). 
Case-control association study of 65 candidate genes revealed a possible association 
of a SNP of HTR5A to be a factor susceptible to bipolar disease in Bulgarian popula-
tion. Journal of Affective Disorders, 117(1–2), 87–97. https://doi.org/10.1016/J.JAD. 
2008.12.021 

Zareei, F., Veidebaum, T., & Harro, J. (2022). Family Relationships and Alcohol Con-
sumption: Interaction with the Serotonin Transporter Promoter Polymorphism (5-
HTTLPR). Neuropsychobiology, 81(6), 497–505. https://doi.org/10.1159/000526004 

Zhang, J., & Liu, Q. (2015). Cholesterol metabolism and homeostasis in the brain. Protein 
Cell, 6(4), 254–264. https://doi.org/10.1007/s13238-014-0131-3 

Zhang Q, Liu Z, Wang Q, Li X. (2022). Low cholesterol is not associated with depression: 
data from the 2005-2018 National Health and Nutrition Examination Survey. Lipids 
in Health and Disease, 21(1), 35. doi: 10.1186/s12944-022-01645-7. PMID: 35369876; 
PMCID: PMC8978383.  

Zhao, L., Han, G., Zhao, Y., Jin, Y., Ge, T., Yang, W., Cui, R., Xu, S., & Li, B. (2020). 
Gender Differences in Depression: Evidence From Genetics. Frontiers in Genetics, 
11, 562316. https://doi.org/10.3389/fgene.2020.562316 
  



 
99 

SUMMARY IN ESTONIAN  

Impulsiivsus, seerumi lipiidid ja serotoniinisüsteemi 
funktsionaalsed geenivariandid 

Impulsiivsus mängib olulist rolli erinevate psüühikahäirete, sealhulgas isiksuse- 
ja käitumishäirete, sõltuvussündroomi ja enesetappude puhul. Impulsiivsus väl-
jendub tavaliselt ebaküpsetes ja sageli ohtlikes tegevustes, mis toovad oma mõtle-
matusega kaasa negatiivseid tagajärgi. Kui traditsioonilised seisukohad rõhuta-
vad ainult impulsiivsuse patoloogilisi aspekte, siis Dickman (1990) teeb vahet 
funktsionaalsel ja düsfunktsionaalsel impulsiivsusel. Funktsionaalne impulsiiv-
sus hõlmab kiiret, kuigi vigadele kalduvat otsustamist, mis võib olla optimaal-
setes tingimustes mõnikord kasulik. Seevastu düsfunktsionaalset impulsiivsust 
iseloomustab aeglase, metoodilise mõtlemise puudumine siis, kui see on vajalik. 
Enamik uuringuid on leidnud, et impulsiivsus on seotud madalama serotoner-
gilise võimekusega. 

Kolesteroolitaset on seostatud psühhiaatriliste ja käitumishäiretega, samas on 
üldtunnustatud, et just madalama kolesteroolitasemega inimestel on nendeks 
häireteks suurem risk. Mitmed uuringud on siiski näidanud, et kolesterooli ja 
psühholoogiliste näitajate vaheline seos ei pruugi olla sirgjooneline ja seda või-
vad mõjutada sellised tegurid nagu sugu ja vanus. Madal kolesteroolitase võib 
avaldada negatiivset mõju käitumisele mõjudes läbi serotoniinisüsteemi. 

Enamik lipiidide ainevahetust ja impulsiivsust käsitlevaid uuringuid on läbi 
viidud kas eakatel või kliinilistes valimitel. Käesoleva väitekirja eesmärk oli 
selgitada impulsiivsuse seost serotoniinisüsteemi geneetiliste markerite ja seeru-
mi lipiidide tasemega lapsepõlves ja noorukieas esinduslikus sünnikohordis. 
Analüüs põhines Eesti laste isiksuse käitumise ja tervise uuringu (ELIKTU) 
sünnikohordi representatiivsete valimite andmetel.  

Madalad LDL- ja üldkolesterooli tasemed, mida mõõdeti lapsepõlves ja 
noorukieas vanuses 9, 15 ja 18, ennustasid kõrget maladaptiivset impulsiivsust 
täiskasvanud meestel. See, et seos oli olemas ainult maladaptiivse impulsiivsuse 
ja kolesteroolitaseme vahel näitab, et kolesterool mõjutab selektiivselt neuro-
loogilisi mehhanisme, mis vastutavad impulsiivsuse düsfunktsionaalsete aspek-
tide eest. Meie tulemused rõhutavad lapsepõlve seerumi lipiidide taseme tähtsust 
impulsiivsusele täiskasvanueas ja on kooskõlas neuroloogiliste uuringutega, mis 
käsitlevad kolesterooli rolli lapsepõlves ja varases noorukieas. 

Meie uuring näitas seost 5-HTTLPR polümorfismi ja seerumi lipiidide taseme 
vahel. Täpsemalt, L-alleeli kandvatel lastel ja noorukitel olid kõrgemad LDL- ja 
üldkolesterooli tasemed. Samas puudus 5-HTTLPR polümorfismil otsene mõju 
impulsiivsusele nii lastel, noorukitel kui ka täiskasvanutel. Seerumi lipiidide tase 
ei erinenud HTR2A -1438A/G polümorfismi genotüüpide vahel. 5-HTTLPR 
polümorfism mõjutab seerumi lipiidide taset, eriti LDL-kolesterooli, juba noores 
eas, ning viitab sellele, et see isiksusega seotud genotüüp võib varakult mõjutada 
elustiili valikuid. 
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Serotoniini 2A retseptori geeni -1438A/G polümorfismi A/A genotüüp korre-
leerus oluliselt kõrgema maladaptiivse impulsiivsusega, kuid mitte adaptiivse 
impulsiivsusega 25-aastastel meestel ja naistel. Naistel suurendas -1438A/G 
genotüübi mõju kõrgem LDL- või üldkolesterooli tase. Seevastu kõrge koles-
terooliga A alleeliga meestel oli maladaptiivse impulsiivsuse tase võrreldes G/G 
homosügootidega madalam. Need leiud rõhutavad seerumi lipiidide tasemetega 
arvestamise tähtsust, kuna nad mõjutavad serotonergilisi funktsioone ja võivad 
mõju omada psühhiaatrilistele häiretele, sealhulgas impulsiivsusele ja suitsi-
daalsusele. 

Riskikäitumine varieerub koos impulsiivsuse erinevate aspektidega, mida 
mõjutavad vanus ja sugu. Meie valimis oli meestel riskikäitumine nooremas eas 
enamasti seotud adaptiivse impulsiivsusega ja vähemal määral maladaptiivse 
impulsiivsusega. Naiste puhul oli riskikäitumine aga tugevamalt seotud maladap-
tiivse impulsiivsusega kõigis vanusegruppides. Meie analüüs ei näidanud siiski 
selget seost riskikäitumise, impulsiivsuse ja seerumi lipiidide taseme vahel. 

Maladaptiivne impulsiivsus oli kõrgem inimestel, kellel oli 18-aastaselt enese-
tapumõtteid või -katseid või kellel hinnati 25-aastaselt eluaegne enesetapurisk 
kõrgeks. Samas ei mõjutanud seerumi lipiidide tase 18-aastaste seas enesetapu-
katseid ega -mõtteid ja 25-aastaste naiste puhul enesetapuriski. 25-aastastel 
meestel oli aga kõrgem üldkolesterool ja LDL-kolesterool koos madalama HDL-
kolesterooliga seotud hiljutise enesetapuriskiga, samas seost ei leitud eluaegse 
enesetapuriskiga. Tulemus viitab sellele, et meie valimis on enesetapu risk kõr-
gem nendel inimestel, kelle puhul kolesterooli ja impulsiivsuse seos ei allu 
üldmustrile. 

Leidsime 18-aastaste meeste ja naiste ja 15-aastaste meeste stressirohkete 
elusündmuste arvu ja nende maladaptiivse impulsiivsuse taseme vahel positiivse 
korrelatsiooni. Meestel oli stressirohkete elusündmuste suurel arvul madala 
kolesteroolitasemega koosmõju maladaptiivsele impulsiivsusele, muutes mehed 
naistest haavatavamaks nende tegurite kombineeritud mõju suhtes. 

Nii meestel kui ka naistel ennustas madal seerumi lipiidide tase kõrget mala-
daptiivset impulsiivsust ainult siis, kui stressirohkeid elusündmusi oli vähe. 
Meestel, kellel stressirohkeid elusündmusi oli vähe, ennustasid nii 9, 15 kui ka 
18 aasta vanuses mõõdetud madal LDL-ja üldkolesterooli tase kõrget pidurda-
matust 25 aasta vanuses. Naistel, kellel stressirohkeid elusündmusi oli vähe, 
ennustas kõrget pidurdamatust 25 aasta vanuses hoopis kõrge kehamassiindeksi 
tase mõõdetuna 9, 15, 18 ja 25 aasta vanuselt. Soospetsiifilised mõjud rõhutavad 
kõrgete ja madalate lipiidide tasemete erinevat mõju impulsiivsusele meestel ja 
naistel. Võimalik, et keskkonna mõju impulsiivsusele on tugevam kui seerumi 
lipiidide mõju. Seega on keskkonnal potentsiaalselt maskeeriv efekt seerumi 
lipiidide mõjule impulsiivsusele.   

Antud väitekiri toob selgust varasemas kirjanduses esinevate lahknevuste või-
malikesse põhjustesse. Kuigi mõnes varasemas uuringus on jõutud meie järel-
dustest erinevate tulemusteni, ei ole meie uuring otsese vastuolus nendega, vaid 
toob pigem juurde täiendavaid selgitusi. Üks põhitegur, mis aitab kaasa varasema 
kirjanduse vastuolu mõistmisele, on segavate faktoritega arvestamine. On erine-
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vaid tegureid nagu vanus, sugu, kolesterooli fraktsioonid, geneetiline varieeruvus 
ja impulsiivsuse erinevad tahud, mis muudavad koostoimed keeruliseks. Paljudes 
varasemates uuringutes on kas keskkonnamõjud tähelepanuta jäetud või on 
tuginetud mugavusvalimitele või väikestele valimitele ning see võis tulemusi 
moonutada. Seevastu meie uuringus kasutati mitmekesist ja representatiivset 
valimit, suurendades seeläbi tulemuste üldistatavust. Leidsime, et segavate fakto-
rite olulisus varieerus erinevates demograafilistes rühmades, rõhutades kõigi 
asjakohaste muutujate arvestamise tähtsust impulsiivsuse uurimisel veelgi. 

Kokkuvõttes aitavad meie tulemused selgitada impulsiivsuse, seerumi lipii-
dide taseme, geneetiliste tegurite ja keskkonnategurite omavahelist keerulist 
koostoimet ja anda väärtusliku ülevaadet impulsiivsuse mitmekülgsest olemu-
sest.  
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