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A schematic diagram for the involvement of midbrain structures 
in fear based on the model proposed by Fanselow [1991]. 
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•  Davis, Le Doux, and others 

The emotional influences (INC vs. NEU) on actual payoff-based decision rates across the Joint-Comparison and Separate-Evaluation decisions 
were inversely associated with the emotional influences on the functional connectivity 

Ho et al., NeuroImage 2012, 6: 843 - 857 

the framework: ECPBHS 
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Why ECPBHS 

   WHO: Health is a state of complete physical, mental and social well-
being 

   Determinants and indicators of health thus manifold 
   Health determinants interact in a dynamic manner 
   Lifestyle is the most important contributor to health 
   Health (and other) effects are - or are not - often attributed to specific 

factors due to sample bias 
   Estimation of effect size makes sense only while using population 

representative samples 
   Causal inferences can only be made using longitudinal data 
   Many determinants have early action that becomes persistent 

Estonian Children Personality 
Behaviour and Health Study (ECPBHS) 

   Population representative (specifics on EYHS subsample): 
   School as a sampling unit (54 of 56 eligible schools agreed) 
   Probability proportional to school size, 25 schools selected 
   All children of grades 3 and 9 invited, 79.1% participated 
   During the most recent follow-ups, 80% of the original sample recruited 

   Longitudinal (next slide) 
   Multidisciplinary 
   Multi (birth) cohort 
   Family aggregation 
   Estimation of effect size for population 
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Estonian Children Personality Behaviour and Health Study 

EYHS sample 
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Parents 

ECPBHS data: general 
   Personality (self and proxy assessment) 
   Cognitive function (Raven; speed-accuracy tradeoff, stop signal, 

WCST, discrimination tests) 
   Mood and impulsivity 
   Health-related behaviour (questionnaires, accelerometry) 
   Anthropometric and physiological measures 
   Diet diary and interview 
   Medical history: symptoms and diseases 
   Clinical biochemistry 
   DNA 
   Socio-economic conditions of the family 
   Relationships between family members 
   Work stress and structured psychiatric interview 
   Parents: almost all this 

ECPBHS productivity: 6 PhD degrees 
awarded, 11 PhD students 
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Figure 1. Number of Web of Science indexed full papers based on 
ECPBHS findings. 
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functional gene variants as proxy measures 
for CNS activity: the 5-HTTLPR 

5-HTT binding potential and antidepressant 
treatment response 

Lanzenberger et al., NeuroImage 2012, 63:  874 - 881 

Fig.?3   Significant associations between pretreatment SERT binding ratios in amygdala and habenula and treatment response.  T-values are given 
in the color table. (<ce:italic> Left</ce:italic> ) Statistical parametric maps (SPM) showing highest as... 

Variants of the Serotonin Transporter Gene:  
an Excellent Tool for Endophenotype Discovery 

5-HTTLPR 

Lesch et al., Science 1996 
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Meta-analysis indicates significant association between 
5-HTTLPR genotype and amygdala activation (p<0.001) 

Bars represent individual study 95% confidence intervals, with a central block proportional to study 
size. The summary diamond bar represents the pooled effect size estimate and 95% confidence 
interval (CI). 
Munafò MR, Brown SM, Hariri AR. Biol Psychiatry 2008, 63:852-857 

Enter the 5-HTTLPR 
•  5-HT reuptake inhibitors (SSRIs) are the most widespread 

antidepressants 
•  In the 5-HTT gene, there is a repetitive element of varying length 

(commonly 14 or 16 repeats) in the 5’ flanking regulatory (promoter) 
region located ∼1.4 kb from the transcription start site, termed the 
serotonin transporter gene-linked polymorphic region (5HTTLPR) 
(Lesch et al, Science 1996, 274: 1527-1531)  

•  S-allele (S for short) is less efficient in producing the protein 
•  Amygdala response to stimuli depends upon 5-HTT genotype in all 

studies 
•  The S-allele has been associated with a number of psychiatric, primarily 

affective, disorders in many studies 
•  A significant number of studies negative, however 
•  No clear-cut effect on personality in meta-analyses 

5-HTTLPR polymorphism impacts human cingulate-amygdala 
interactions: a genetic susceptibility mechanism for depression 

Pezawas et al., Nature Neuroscience  (2005) 8, 828 - 834

Thresholded (P < 0.05) statistical maps restricted to the limbic cortex and amygdala illustrating 
gray matter volume reductions of s allele carriers in comparison to l/l genotype (n = 114)
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Statistical functional connectivity between bilateral amygdala and 
peri-genual anterior cingulate cortex representing degree of 

functional coupling (Pezawas et al., 2005) 

(a) Subgenual cortical regions in left hemisphere (top) and right hemisphere (bottom) correlate positively 
with amygdala activity during the perception of threatening faces, whereas supragenual regions correlate 
negatively (color bar represents t-scores). (b) 5-HTTLPR s allele carriers show significantly less functional 
coupling between amygdala and perigenual anterior cingulate cortex than l/l individuals, particularly in the 
subgenual region (color bar represents absolute t-scores). 

* * * 
* 

5-HTTLPR effect on Big Five personality traits in the 
EYHS/ECPBHS sample at age 9 
Effect lost in proxy reports by age 15, and in self-reports by age 18 
(Harro et al., Biological Psychology 2009, 81: 9-13) 

N - Neuroticism, O - Openness to Experience, A - Agreeableness, C - Conscientiousness 
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Changes in parental scores from children’s age 9 to 15 
dependent on 5-HTTLPR occurred in all four affected traits: 
examples are Neuroticism (A) and Agreeableness (B). 

A B 

At age 15, self-reports reveal a small but significant 
effect of SS homozygocity on Neuroticism only.  

At age 18, even this effect is absent. 
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Vulnerability still there: alcohol, tobacco, and illicit drug use 
age-dependently associated with the 5-HTTLPR 

Merenäkk et al., Psychopharmacology, 2011, 215: 13-22 

Symptoms of eating disorders at age 18 as a function 
of stressful life events recorded at age 15 

Akkermann et al., J Psychiat Res 2012; 46: 38-43 

Harro, Curr Top Behav Neurosci, 
in press 
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5-HTTLPR 
genotype 

ll-genotype s-allele 
carriers 

total 

Males n=92 n=130 n=222 
Anxiety disorder 10 16 26 
No 82 114 196 
Females* n=106 n=172 n=278 
Anxiety disorder 29 29 58 
No 77 143 220 

5-HTTLPR genotype and lifetime prevalence of 
anxiety disorders by age 25 

*χ2= 4,38; p=0.036  

How to cope with predisposition to neuroticism: 
continue education (while residing in a region with strong 

educational traditions) 
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Educational achievements by age 25. Blue: university degree obtained. 

5-HTTLPR s-allele carriers more malleable, at 
least in cultures dominated by Caucasians 

Ijzendoorn et al., Transl Psychiatry 2012, 2:e147 
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Levels of LDL cholesterol as a function of 5-
HTTLPR genotype in older (left) and younger 

(right) cohort of the ECPBHS 

Tomson et al., Prog Neuro-Psychopharmacol Biol Psychiatry 2011, 35: 1857-1862 

MAOA, the “aggressiveness gene” 

Structural data demonstrate limbic and paralimbic regional volume changes in MAOA-L 
subjects (n = 97).  

Meyer-Lindenberg A et al. PNAS 2006;103:6269-6274 

©2006 by National Academy of Sciences 
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Thresholded (P < 0.05, corrected for multiple comparisons in the ROI) statistical maps and 
plots of percent blood oxygen level-dependent (BOLD) signal change (mean ± 1 SEM) 

illustrate differential activation to angry and fearful facial expressions in MAOA-L... 

Meyer-Lindenberg A et al. PNAS 2006;103:6269-6274 

©2006 by National Academy of Sciences 

Limbic activation during the retrieval of aversive memories varies according to MAOA 
genotype (n = 90).  

Meyer-Lindenberg A et al. PNAS 2006;103:6269-6274 

©2006 by National Academy of Sciences 

Genotype effect on anterior cingulate activation during response inhibition (no-go flanker task).  

Meyer-Lindenberg A et al. PNAS 2006;103:6269-6274 

©2006 by National Academy of Sciences 
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Caspi A., et.al., Science (2002) Nilsson KW., et al., Biol Psychiat (2006)

MAO‐A genotype interaction with environment and risk for 
antisocial behaviour among boys 

But evidence that MAOA-L alleles helpful in financial decision-making under risk 
(Frydman et al., Proc Biol Sci 2011, 278: 2053-2059) 

NOS1 

Nitric oxide as a messenger 

•  1980 Furchgott and Zawadski observed blood vessel 
relaxation after stimulation of endothelium 

•  Moncada identified this endothelium-derived relaxing 
factor as NO 

•  NO is a mediator in the nervous system and in 
cardiovascular, renal, pulmonary, endocrine, and imune 
systems 

•  Synthesized by NO synthase: constitutive and inducible 
•  Neuronal NOS (also NOS-I) is expressed in neurons and is 

activated by glutamate via NMDA receptors 
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NO, impulsivity, and the NOS1 gene 

•  NOS activity is associated with aggressiveness in a complex 
manner, but in general NO appears to reduce aggression, 
possibly dependent on 5-HT 

•  The main catalyzer of NO production in brain is NOS-I, 
encoded by NOS1 (in humans 12q24.2) 

•  In human brain, NOS transcription in quantitative terms 
depends on alternative first exons 1c and 1f (Reif et al., Mol. 
Psychiatry 2006, 11: 286-300) 

•  A functional VNTR polymorphism in the promoter of exon 
1f: less enzyme activity with the s-allele  

Copyright restrictions may apply.

Reif, A. et al. Arch Gen Psychiatry 2009;66:41-50. 

Influence of the variable number tandem repeat (VNTR) polymorphism in the promoter region of 
exon 1f of nitric oxide synthase (NOS) 1 (NOS1 Ex1f VNTR) on the function of the anterior 

cingulate cortex (ACC) 

Copyright restrictions may apply.

Reif, A. et al. Arch Gen Psychiatry 2009;66:41-50. 

Association of NOS1 Ex1f VNTR SS Genotype With Disorders Featuring Externalizing, 
Disinhibited Behavior 
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NOS1 Ex1f VNTR s/s genotype increases 
functional impulsivity (Laas et al., Psychopharmacology 

2010, 209: 255-261; Reif et al., Psychopharmacology, in press), but …  

… with inferior family relationship also promotes 
dysfunctional impulsivity 

Thus, NOS1 Ex1f VNTR s/s genotype 
increases dysfunctional impulsivity with 

inferior family relationships, but …  

… multiple severe adverse life events enhance 
dysfunctional impulsivity in subjects with l/l genotype 

Katehhool-o-metüültransferaas (COMT) 

•  COMT on katehhoolamiine (noradrenaliin, adrenaliin ja 
dopamiin) lammutav ensüüm 

•  COMT neljandas eksonis üks SNP põhjustab 
aminohappevahetuse ensüümis (valiin vs metioniin): 
Val158Met polümorfism 

•  Val/Val genotüübil kõrgem COMT aktiivsus ja 3-4-korda 
madalam dopamiini tase kui Met/Met genotüübil 

•  COMT aktiivsus on eriti tähtis DA-talitlusele prefrontaalses 
ajukoores 

•  Met-alleeli kandjatel on suurem prefrontaalne ajuaktiivsus, 
parem töömälu ja täpsemad otsustusprotsessid, kuid Met/
Met genotüüp on emotsionaalselt labiilsem 
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COMT 

Correlation between COMT met158 allele dosage (0 = val/val, 1 = val/met, or 2 = met/met) and 
activation by unpleasant stimuli of the ventrolateral PFC (A), right amygdala (B), and left 

dorsal hippocampus (C).  

Smolka M N et al. J. Neurosci. 2005;25:836-842 
©2005 by Society for Neuroscience 

NPSR1 
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Neuropsychopharmacology (2011) 36, 1879-1885; 
doi:10.1038/npp.2011.73 

Figure 1 

NPSR rs324981 T-risk alleles are positively associated 
with right BLA responsiveness to fear-relevant faces.  

Dannlowski et al., 
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