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Abstract While an interactive effect of genes with
adverse life events is increasingly appreciated in current
concepts of depression etiology, no data are presently
available on interactions between genetic and environ-
mental (G x E) factors with respect to personality and
related disorders. The present study therefore aimed to
detect main effects as well as interactions of serotonergic
candidate genes (coding for the serotonin transporter,
5-HTT; the serotonin autoreceptor, HTRIA; and the
enzyme which synthesizes serotonin in the brain, TPH2)
with the burden of life events (#LE) in two independent
samples consisting of 183 patients suffering from person-
ality disorders and 123 patients suffering from adult
attention deficit/hyperactivity disorder (aADHD). Simple
analyses ignoring possible G x E interactions revealed no
evidence for associations of either #LE or of the considered
polymorphisms in 5-HTT and TPH2. Only the G allele of
HTRIA 156295 seemed to increase the risk of emotional-
dramatic cluster B personality disorders (p = 0.019, in the
personality disorder sample) and to decrease the risk of
anxious-fearful cluster C personality disorders (p = 0.016,
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in the aADHD sample). We extended the initial simple
model by taking a G x E interaction term into account,
since this approach may better fit the data indicating that
the effect of a gene is modified by stressful life events or,
vice versa, that stressful life events only have an effect in
the presence of a susceptibility genotype. By doing so, we
observed nominal evidence for G x E effects as well as
main effects of 5-HTT-LPR and the TPH2 SNP rs4570625
on the occurrence of personality disorders. Further repli-
cation studies, however, are necessary to validate the
apparent complexity of G x E interactions in disorders of
human personality.

Keywords ADHD - Personality disorder - Life events -
G x E interactions - Serotonin

Introduction

Twin and adoption studies suggest that 30-62% of the
variance of anxiety and depression-related personality
traits is due to inherited factors; furthermore, there is solid
evidence that neuroticism is a risk factor for affective
disorders and that personality disorders occur co-morbid to
depression and anxiety [23]. In humans, non-human pri-
mates, and other mammals, preclinical and clinical studies
have accumulated substantial evidence that serotonergic
signaling is a major modulator of emotional behavior
including fear and anxiety, and integrates complex brain
functions such as cognition, sensory processing, and motor
activity [28]. The diversity of these functions is due to the
fact that serotonin (5-HT) orchestrates the activity and
interaction of several other neurotransmitter systems. From
the numerous genes encoding components of the seroto-
nergic system, three are outstanding with respect to their
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impact on human personality traits: the SHT;, receptor
gene (HTRIA), the SHT transporter (SHTT) and the
enzyme which synthesizes serotonin in the central nervous
system, tryptophan hydroxylase 2 (TPH2).

Evidence for a role of the 5-HT 5 receptor in the patho-
physiology of anxiety and depression has come from several
clinical studies as well as from animal models [7, 28]. The
G(-1019) allele of the C(-1019)G HTRIA promoter poly-
morphism (rs6295) was reported to be associated with major
depression, depression-related personality traits, and sui-
cidal behavior in various samples [2, 13, 25]. In a study of
Strobel et al. [36] carriers of the G allele showed signifi-
cantly higher scores of neuroticism than individuals homo-
zygous for the C variant. The effect was primarily due to
associations with the neuroticism facets anxiety and
depression. Carriers of the G allele also exhibited higher
TPQ harm avoidance scores. Most noteworthy, this risk
variant also led to decreased amygdala activation in a fMRI
task assessing brain activation towards threatening stimuli
further arguing for a role of this polymorphisms in the pre-
disposition towards anxiety and related traits [14].

The tryptophan hydroxylase-2 gene (TPH2) has been
linked to a spectrum of clinical populations characterized
by emotional dysregulation including affective disorders.
Significant associations of TPH2 single markers as well as
haplotypes with emotional-dramatic cluster B and anxious-
fearful cluster C personality disorders were demonstrated
[18]. In both patient groups, an overrepresentation of the T
allele of a polymorphism (G-703T, rs4570625) located in
the upstream regulatory region of TPH2 was observed
which biases the responsiveness of the amygdale [3-5], a
structure critically involved in the modulation of emotional
behaviors. Furthermore, significant associations of TPH2
variants with anxiety-related traits defined primarily by the
TPQ harm avoidance were found in healthy individuals.

The low-activity variant of a serotonin (5-HT) trans-
porter polymorphism (5-HTTLPR) is associated with the
depression- and anxiety-related personality traits neuroti-
cism or harm avoidance [27]. Meta-analytic findings con-
firm a modest association with affective disorders, suicidal
behavior, and depression-related trait scores [29]. Individ-
uals with one or two copies of the low-activity s allele of
the 5-HTTLPR (I/s and s/s, respectively) exhibit greater
neuronal activity of the amygdala in response to fearful
stimuli when compared with individuals homozygous for
the 1 allele, as assessed by BOLD functional magnetic
resonance imaging (fMRI) [19].

In a seminal prospective-longitudinal study of a repre-
sentative birth cohort, Caspi et al. demonstrated interactions
of stressful experiences and genetic variation of the sero-
tonin transporter (5-HTTLPR) on depressive symptoms,
diagnosable depression, and suicidality. Individuals with
one or two copies of the short (s) allele of the S-HTTLPR
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exhibited more depressive symptoms, diagnosable depres-
sion, and suicidality in relation to stressful life events than
individuals homozygous for the long (1) allele. Furthermore,
rates of major depression were found to be strongly influ-
enced by the number of stressful life events in carriers of s
alleles of the 5S-HTTLPR, but not in those individuals with
the I/l genotype [8]. Zalsman et al. [41] confirmed the
finding by reporting that lower expressing transporter
alleles, directly and by increasing the impact of stressful life
events on severity, explain 31% of the variance in major
depression severity. Gene—environmental interaction
(G x E) between 5S-HTTLPR and environmental adversity
on the onset of depression in humans has been found in 15
independent studies [39]. However, negative findings have
been reported in two large samples [11, 37].

We reasoned that genes encoding for important compo-
nents of the serotonergic system might be implicated in
G x E effects on personality and that these effects are
apparent in clinical phenotypes. Personality disorders and
adult attention deficit/hyperactivity disorders (aADHD)
share many commonalities and formally spoken, aADHD
even fulfills the diagnostic criteria of PD according to the
DSM-IV criteria: experience and behavior that deviates
markedly from the expectations of the individual’s culture
(criterion A); the enduring pattern is inflexible and perva-
sive across a broad range of personal and social situations
(criterion B) and leads to clinically significant distress or
impairment in social, occupational, or other important areas
of functioning (criterion C). The pattern is stable and of
long duration and its onset can be traced back at least to
adolescence or early adulthood (criterion D). Thus, it might
be conceptualized that persistence of ADHD into adulthood
might rather represent a narrow-defined form of personality
disorder [20]. Both disorders feature a high degree of her-
itability: 0.60 for the emotional-dramatic cluster B con-
sisting of antisocial, borderline, histrionic, and narcissistic
personality disorders, 0.62 for the anxious-fearful cluster C
personality disorders consisting of obsessive-compulsive,
avoidant, and dependent personality disorders [38], and
0.76 for ADHD [15]. As the s allele of 5-HTTLPR, the T
allele TPH2 SNP G-703T (rs4570625), and the G allele of
HTRIA gene are all associated with negative emotionality,
we hypothesized that these variants are associated with
anxious-fearful cluster C personality disorders, as is an
increased #LE and that this effect is increased by G x E.

Materials and methods

Participants and procedure

The sample of probands affected with aADHD consisted of
123 unrelated patients (58 females and 65 males; mean age



Eur Arch Psychiatry Clin Neurosci (2010) 260:317-326

319

Table 1 Description of samples

PD sample aADHD sample p value of
comparison test
N % N %
Total 183 100 123 100
Males 71 388 65 52.8
Females 112 612 58 472 0.019
Cluster A PD 28 153 14 13.2 0.73
Cluster BPD 138 754 74 69.8 0.335
Cluster C PD 72 393 51 48.1 0.175
Mean SD Mean SD p value of
comparison test
Age 37.15 13.0 35.11 9.6 0.270
Number of life events 1099 82 9.19 5.6 0.107

35.11 £ 9.57 years) and the sample of probands affected
with PD consisted of 183 unrelated patients (112 females
and 71 males; mean age 37.15 £ 13.03 years). Both sam-
ples were recruited at the Department of Psychiatry, Uni-
versity of Wiirzburg. All subjects were of Caucasian origin.
Table 1 contains descriptive statistics of the samples. A
comparison of these characteristics revealed a nominally
significant difference in the distribution of sex (38.80%
male PD patients versus 52.85% male aADHD patients,
p = 0.019), while the other variables did not differ sig-
nificantly between the two samples.

All assessments were performed by an experienced psy-
chiatrist (C.P.J.). Inclusion criterion of the aADHD sample
was the diagnosis of attention deficit/hyperactivity disorders
both in childhood and current according to the diagnostic
criteria of DSM-IV. Inclusion criterion of the personality
disorders sample was a diagnosis of a personality disorder
according to the diagnostic criteria of DSM-IV. All

participants were assessed with the structured clinical
interview of DSM-IV personality disorders (SCID-II).

Personality dimensions were thereafter assessed by two
different methods: the revised NEO personality inventory
(NEO-PI-R) [10] and the tridimensional personality ques-
tionnaire (TPQ) [9]. TPQ and NEO-PI-R scores for each
sample are given in Table 2 for those patients who do not
suffer from combined cluster B/C PD. As expected [34],
anxious-avoidant Cluster C personality disorders in both
samples exhibited higher scores of anxiety- and depression-
related personality traits (harm avoidance and neuroticism)
than Cluster B personality disorders.

The evaluation for life events used the same items as the
procedure performed by Caspi et al. [8]. Life events were
retrospectively assessed with the aid of a life-history cal-
endar, a highly reliable method for ascertaining life-event
histories. Since the onset of personality traits occurs in late
childhood or adolescence, and as stable, long duration of
the symptoms in adulthood is required for establishment of
a diagnosis of personality disorder (and even more so adult
ADHD), we restricted the registration of stressful life
events to the time period before the 21st birthday, i.e., up to
the point of time when people had overcome puberty and
reached stability in terms of personality traits.

The study was approved by the Ethics Committee of the
University of Wiirzburg and written informed consent was
obtained from all individuals after procedures and aims of
the study had been fully explained.

Genotyping

Genomic DNA was extracted from EDTA blood following
a routine method (Miller et al. 1988). Genotyping of can-
didate gene polymorphisms (HTRIA 156295, TPH2

Table 2 Description of the samples with respect to personality dimensions (as evaluated by TPQ and NEO-PI-R)

PD sample

aADHD sample

Cluster B only (N = 106)

Cluster C only (N = 40)

Cluster B only (N = 33) Cluster C only (N = 10)

Mean SD Mean SD Mean SD Mean SD

TPQ

Novelty seeking 16.4 5.0 9.8 3.8 22.0 5.2 13.2 5.2

Harm avoidance 17.0 7.2 22.8 6.3 18.0 7.1 24.7 7.2

Reward dependence 18.9 4.0 18.5 4.2 18.3 4.7 18.4 4.2
NEO-PI R

Neuroticism 98.9 25.6 112.7 24.9 117.7 23.3 1223 325

Extraversion 109.4 21.1 80.4 19.7 115.5 233 84.8 20.8

Openness to experience 114.9 20.2 104.1 16.9 124.8 19.7 116.1 22.6

Agreeableness 116.8 144 124.6 17.3 111.3 14.7 124.9 18.0

Conscientiousness 1134 19.8 119.1 17.2 92.2 17.4 102.9 15.5
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Table 3 Sample sizes, genotype and minor allele frequencies (MAF) and p values of Hardy—Weinberg Equilibrium test (p HWE) for the

investigated polymorphisms

Gene and marker Sample N Genotype frequencies: N (%) MAF (%) p HWE
SHTIA PD 183 GG 51 (27.9) CG 86 (47.0) CcC 46 (25.1) C 48.6 0.42
rs6295 aADHD 123 27 (27.6) 62 (50.4) 34 (22.0) 472 0.90
TPH2 PD 182 GG 104 (57.1) GT 66 (36.3) TT 12 (6.6) T 24.7 0.73
rs4570625 aADHD 123 82 (66.7) 33 (26.8) 8 (6.5) 19.9 0.08
5-HTT/ PD 182 L/L 61 (33.5) S/L 88 (48.4) S/S 33 (18.1) S 423 0.9
S5-HTTLPR aADHD 123 52 (42.3) 53 (43.2) 18 (14.6) 36.2 0.46

rs4570625, 5-HTT-LPR) followed routine PCR protocols
established in our laboratory as published earlier [18, 21,
33]. Table 3 contains information about genotype
frequencies of the investigated genes in both samples.
All genotype distributions were in Hardy—Weinberg
equilibrium and did not differ between the samples
(p values >0.07).

Statistical analysis

As a preliminary step, we compared descriptive charac-
teristics of the two samples: sex, occurrence of cluster B
and cluster C personality disorders as operationalized in
DSM-IV (by Fisher’s exact test) and age, number of life
events (#LE) (by Mann—Whitney test, as implemented in
SPSS 15). Chi-square tests were used to test whether the
observed genotype distributions deviate from Hardy—
Weinberg equilibrium. Genotype and allele frequencies
between the two samples were compared using exact
Cochran-Armitage test for trend and Fisher’s exact test
implemented in StatXact-6.

The analysis of genetic and environmental risk factors
was performed in two stages: first, we investigated the
main effects of each gene and of the environmental risk
variable separately. Second, we explored possible gene—
environment interactions. For the first stage, we preformed
separate analyses for each genetic marker and the envi-
ronmental variable (#LE) to assess an association with the
dichotomous traits cluster B and cluster C personality
disorder. For this, we used logistic regression models with
one marker or #LE as predictor variable and one of the
traits as response variable. We included sex and age as
covariates in the regression models and assumed an allele-
dose effect of the assumed risk alleles (i.e., three genotypes
were considered). Analysis was performed using the R
function glm().

At the second stage, we extended the simple main
effects analysis models to investigate the joint effects of
genetic and environmental variables. For each gene, we
assessed whether a model with a genetic and an environ-
mental main effect and a G x E interaction fits the data
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significantly better than the simple model. The improve-
ment in model fit can be appraised by means of a likelihood
ratio test (Chi’ statistic with 2 degrees of freedom) for
logistic regression analysis. Only those extended models
which clearly provided an improvement in fitting the data
were pursued further (LR-test nominal p value <0.05 in at
least one sample). The respective main and interaction
effects in these models are then evaluated. Additionally, in
order to consider the simultaneous influence of all risk
factors on cluster B and C, we included sex, age, all gene
variants, life events as well as terms of gene—gene and
gene-life event interactions into a comprehensive logistic
regression model.

For the purpose of instructive graphical presentations
only, the samples were grouped into high and low life
stress groups (number of life events below or above the
median); genotypes accordingly were grouped in presence
or absence of the putative risk allele. Based on this, the
frequencies of cluster B or C personality disorders in the
resulting groups are presented.

All analyses were performed for both samples sepa-
rately. We used a two-sided nominal significance level of
0.05. Note that the results of the present study are pre-
dominantly exploratory and not corrected for multiple
testing.

Results

Number of life events in personality disorder
and aADHD samples

First, we explored the psychometric characteristics of both
samples. Figure 1 shows box plots of the distribution of
number of life events stratified by age and sex groups among
personality disorder and aADHD patients. A linear regres-
sion analysis of #LE including both sex and age as inde-
pendent variables confirmed that the impact of age on #LE
was positive in the personality disorder sample (regression
coefficient = 0.10, SE = 0.05, p = 0.032) and negative in
the aADHD sample (regression coefficient = —0.13,
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Fig. 1 Distribution of the number of life events by age and sex groups for PD and aADHD samples

SE = 0.05, p = 0.014). Furthermore, female aADHD
patients seemed to have more #LE than male patients (mean
difference = 2.72, SE = 0.98, p = 0.006).

The impact of risk genotypes and life events on cluster
B and C personality disorders ignoring possible G x E
interactions

In the first stage of analysis, we analyzed main effects of
each gene and #LE on the different traits separately,
ignoring possible G x E interactions, and adjusted for sex
and age only. The rs6295 G allele of HTRIA significantly
increased the risk of cluster B personality disorders in the
personality disorder sample (OR 1.99, 95%CI 1.12-3.54,
p = 0.019, Table 4) and decreased the risk of cluster C in
the aADHD sample (OR 0.44, 95%CI 0.23-0.86,
p = 0.016). In both cases, there is a small, non-significant
trend in the same direction in the other sample (Table 4).
The environmental variable #LE did not show an associa-
tion with any of the investigated traits in the simple
analysis.

The impact of the risk genotypes, #LE and their
interactions on cluster B and C personality disorders

As a second step, we extended these simple models to
investigate the joint effects of genetic markers and stressful
life events (again adjusting for sex and age). These
extended models may markedly better fit the data. Table 4
provides results of both the simple and extended analysis,
in terms of odds ratios and confidence intervals for the gene
and #LE main effects and their interaction. If the likelihood
ratio test did not indicate an improved fit by an extended
model (p > 0.05), results from the simple model are given,

and if the LR-test indicates an improved fit (p < 0.05),
results from the extended model are presented.

Effects of 5-HTTLPR on cluster B personality disorders
in both samples

For the 5-HTTLPR polymorphism, we found a signifi-
cantly better fit of such an extended model for cluster B
personality disorders in both samples (LR-test p = 0.046
in personality disorder sample and p = 0.03 in aADHD
sample). Both samples showed a significant interaction
effect in the same direction (OR = 0.88, p = 0.041 in the
personality disorder sample and OR = 0.79, p = 0.036 in
the aADHD sample; Fig. 2). In both samples, as compared
to carriers of the s allele, carriers of the 1/l genotype are
more likely to suffer from emotional-dramatic cluster B
personality disorders if reporting an above average #LE in
the childhood (~85 vs. ~70%). In contrast, 1/1 carriers
reporting a below average #LE exhibited a similar risk in
the personality disorder sample (~79 vs. ~77%) and even
a strongly reduced risk for cluster B personality disorders
in the aADHD sample (45 vs. 70%) as compared to carriers
of the s allele. The 5-HTT-LPR polymorphism did not
show an association with anxious-fearful cluster C per-
sonality disorders in either sample.

Effects of TPH2 rs4570625 in the personality disorder
sample

For rs4570625 in the TPH2 gene, an extended gene—envi-
ronment model for the occurrence of both cluster B and
cluster C personality disorders in the personality disorder
sample again yielded a significantly better fit (LR-test
p < 0.005). For those with few life events, presence of the T
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Table 4 Joint effects of genetic markers and stressful life events on cluster B and C personality disorders

Gene/marker Traits Effect type = PD sample aADHD
LR-test* OR  95%CI 95%CI p value LR-test* OR  95%CI 95%CI p value
lower  upper lower  upper
SHT1A/ Cluster B Gene 0.730 1.99 1.12 354 0.019 0.202 1.53  0.79 297 0212
6295 Cluster_C  Gene 0.170 092 0.57 1.48  0.740 0.618 045 0.23 0.86  0.016
5-HTT/5-HTTLPR Cluster B Gene 0.046 1.44  0.63 328 0385 0.030 6.10 1.56 23.85  0.009
LE 1.10 0.97 1.24  0.147 1.21 0.98 1.49  0.072
Gene x LE 0.88 0.77 099  0.041 0.79 0.64 098  0.036
Cluster_C  Gene 0.104 0.99 0.61 1.62  0.970 0.300 1.75 092 335  0.090
TPH2/rs4570625 Cluster_B  Gene 0.001 353 1.13 11.05  0.030 0.480 0.63 0.29 1.38  0.250
LE 1.07 0.99 1.15  0.078
Gene x LE 0.85 0.77 094  0.001
Cluster_C  Gene 0.005 037 0.14 097  0.044 0.670 1.08 0.52 223 0.840
LE 1.00 0.95 1.05  0.948
Gene x LE .11 1.02 1.21 0.012

% The reported results are either from the simple model, if p LR-test >0.05, or from the extended model, if p LR-test <0.05

Nominally significant effects are in bold
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Fig. 2 Relative frequencies of Cluster B PD in the sample of PD and aADHD patients within the two life-event categories (>median or <median
number of life events), depending on the presence of the s allele of 5S-HTTLPR

allele slightly increased the risk for cluster B personality
disorders, while it strongly decreased it in those with many
life events (p interaction = 0.001, Fig. 3). An inverse
relationship for anxious-fearful cluster C personality dis-
orders was found: there was a significant genetic main
effect (OR = 0.37, p = 0.044) and a significant interaction
effect (p = 0.012) of TPH2 rs4570625 on cluster C. In
individuals without the T allele, the number of stressful life
events did not seem to influence risk of cluster C personality
disorders (~40% in both groups). Among carriers of the T
allele, those with many stressful life events had a higher risk
of cluster C personality disorders (~60%) as compared to
those who experienced few such events (~25%).
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Integrative model on gene—gene and gene—environment
interactions

Finally, in a comprehensive model, we found no evidence
for gene—gene interactions, while the effects of the indi-
vidual genes and their interactions with life events were
similar to those in the single-gene models. In such an
extended model, inclusion of additional variables may
reduce variance for the estimation of an environmental
main effect even if no gene—environment interaction is
apparent. Here, we found that stressful life events seemed
to have a small positive independent effect on the devel-
opment of cluster B in the aADHD sample (OR = 1.86,
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95%ClI 1.17-2.96, p = 0.008). Age had a slightly negative
effect on cluster B in both samples (OR = 0.96 in per-
sonality disorders, p = 0.008 and OR = 0.94 in aADHD,
p = 0.03), with older patients less likely to have cluster B
personality disorders. Age had no effect on the risk of
cluster C personality disorders. Sex also had no effect on
the risk of cluster B and cluster C personality disorders in
both samples.

Discussion

In the present study, we sought to explore the interaction
between stressful life events and functional genetic variants
in genes encoding key variants of the serotonergic system
on personality traits. Taken together, our data supported an
interaction of #LE and 5-HTT as well as TPH2 genotype
on disorders related to personality, while we found a
genetic main effect of the HTR1A G allele independent of
LE. This allele significantly increased the risk of emo-
tional-dramatic cluster B personality disorders in the per-
sonality disorder sample and decreased risk for cluster
anxious-avoidant cluster C personality disorders in the
aADHD sample. Previous studies demonstrated an associ-
ation of HTRIA with major depression and anxiety/
depression-related personality traits in various samples [2,
13, 25, 36] as reviewed by Le Francois et al. These studies
are well in line with the notion that there is a continuum
leading from anxiety depression-related personality traits
to affective disorders and are underscored by recent data
showing that the G allele leads to decreased amygdala
activation towards threatening stimuli [14]. How our find-
ing relates to this data, however, is more difficult to
explain, as the G allele tended to increase cluster B, but to

decrease the anxious-fearful cluster C personality disor-
ders, an effect which was observable in both samples.
However, it has to be stressed that hitherto no case—control
association study on HTR1A with respect to categorical
personality disorder has been published. Yet not only
cluster C, but also cluster B personality disorders are
characterized by increased levels in neuroticism; and fur-
thermore, also cluster B personality disorders can be linked
to the phenotypes associated with HTR1A (e.g., depres-
sion, suicidality, and panic disorders). Thus, it seems
conceivable that the HTRIA risk allele operates on a
clinical trajectory from increased neuroticism over cluster
B personality disorders to various categorical axis-I
disorders.

Not only for HTR1A, but also in general we mainly
observed significant associations with respect to cluster B P
personality disorders which most likely reflects the larger
sample size and resulting power of this sub-sample, as 69%
of all subjects studied suffered from cluster B personality
disorders as opposed to 40% suffering from cluster C PD
(Table 1). In cluster B PD, G x E interactions were evi-
dent for both TPH2 and 5SHTT. Contrary to our initial
hypothesis, the 5S-HTTLPR polymorphism did not show an
association with anxious-fearful cluster C personality dis-
orders in either sample-neither as a genetic main effect nor
as a G x E interaction. As outlined above, this could,
however, also be due to the lack of statistical power of this
sub-sample. To date, 17 studies have been published
examining G x E with respect to 5S-HTTLPR, producing
conflicting findings yet converging to the notion that life
stress interacts with SHTT to produce psychopathology or
distress [6, 39]. One of the reasons for all these conflicting
findings may be the use of different characteristics of the
study samples and different study designs such as
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prospective cohort studies, cross-sectional surveys, com-
bined cohort/case—control design, examination of individ-
uals exposed to a major stressor and case-only design. In
our sample the most meaningful result with respect to 5-
HTTLPR was the finding that, in aADHD, carriers of the
LL genotype had an increased risk to develop cluster B
personality disorders when having encountered a high #LE.

For the promoter SNP rs4570625 in the TPH2 gene, we
also found a significantly better fit of an extended gene—
environment model for the occurrence of both cluster B
and cluster C personality disorders in the personality dis-
order sample only. This polymorphism has hitherto been
associated with panic disorder [24], ADHD [40], obses-
sive-compulsive disorder [30], anxiety-related traits [18,
32], and both cluster B and C personality disorder [18]. The
polymorphism also affects cognitive control [1, 35] and
amygdale reactivity [3]. No data on G x E, however, has
been presented to date. In the presence of high life stress,
risk allele (i.e., the T allele) carriers had less cluster B
personality disorders in the personality disorder sample
(which in turn means that they had more cluster C per-
sonality disorders, which, however, was not significant
most likely due to the small sample size) while they had
more cluster C personality disorders in the aADHD sample.
Especially the latter finding fits well previous studies on the
categorical association of the risk allele with cluster C
personality disorders [18] and related conditions. It would
be intriguing to see whether life stress also modulates these
associations or not.

A drawback of our study is the retrospective assessment
of life stress, which has to be considered when interpreting
the results. The evaluation of life events was performed
along the procedure used by Caspi et al. [8]. Life events to
the time period before the 21st birthday were assessed,
when people had overcome puberty and reached stability in
terms of personality traits. It can reasonably be argued that
younger subjects are able to better recall life events before
the 21st birthday due to the shorter latency between event
and recall. However, the positive impact of age on #LE we
observed in our personality disorder study sample confutes
this assumption. Another line of argumentation is that the
recall of the actualities of critical life events is independent
of time. From the present data it is impossible to resolve
whether differences in reported #LE in the two samples, the
different age groups and sexes are due to different recall or
truly different experiences in youth; however, longitudinal
studies are sparse and also retrospective studies are valuable
given that the subjective level of live stress, which might
well be the crucial variable, is assessed hereby.

Another disadvantage of the study is the number of
patients, which might be too small to detect underlying
genetic effects as the effect of a single allelic variation on
personality traits is presumably small. Allelic variation in

@ Springer

5-HTT function was found to account for approximately
8% of inherited variance in anxiety- and depression-related
personality traits in individuals as well as sibships [27].
Interestingly, two of the studies on SHTT-LPR x E inter-
actions in depression with very large samples were nega-
tive [17, 37] The sample size of some of the replication
studies was too small to test the hypothesis [16, 26], since
in general the sample sizes required for interaction studies
are larger than those for genetic main effects [12]. This
could either suggest publication bias with smaller negative
studies remaining unpublished or could be explained by
other systematic differences between negative and positive
studies [39]. Anyhow, large-scale and preferentially lon-
gitudinal studies on G x E in personality disorders are
clearly needed to uncover the apparently complex rela-
tionships between genetic risk, environmental variables,
and their interplay to predispose the target range on the
clinical continuum from non-average personality traits over
personality disorder to axis-I disorder.

Summary

For two of three investigated polymorphisms, we found
significantly better fit of the extended model, which
incorporates genotypic as well as environmental data and
their interactions. This fact indicates that the effects of 5-
HTT and TPH?2 variants on cluster B and C personality
disorders may likely be modified by stressful life events.
The results from the integrative model also support the
presence of G x E interactions, and the main effect of
stressful life events became only evident when suscepti-
bility genotypes were taken into account.

Beside the above described methodological limitations,
the necessity of research on personality traits has to be
emphasized. According to a dimensional model of psy-
chiatric disorders there is a continuum between personality
traits, personality disorders, and axis I disorders. Espe-
cially, neuroticism and harm avoidance are viewed as a risk
factor (or personality template) for mood and anxiety dis-
orders. The research on gene effects and G x E interac-
tions in personality traits may contribute to a better
understanding of the etiology of personality disorders and
axis I disorders [22, 31]. Further studies have to be per-
formed to validate assessment methods of life events in
personality traits and to untangle the apparent complexity
of G x E interactions on human personality traits.
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