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Objective: Association between the low-activity variant of a
polymorphism in the transcriptional control region of the sero-
tonin transporter (5-HTTLPR) and neuroticism or harm avoid-
ance was found in several but not all studies. The authors ana-
lyzed the influence of 5-HTTLPR variants on personality
disorders.

Method: Patients with personality disorders (N=320) and
healthy volunteers (N=281) were studied with the Revised NEO
Personality Inventory and the Tridimensional Personality Ques-
tionnaire. All were genotyped for 5-HTTLPR variants.

Results: No differences in 5-HTTLPR genotype distribution
were detected between patients with cluster B and C personal-
ity disorders and comparison subjects. In contrast, among pa-
tients with a cluster C diagnosis, carriers of the low-activity short
allele of the 5-HTTLPR exhibited higher neuroticism scores than
noncarriers.

Conclusions: These findings support the notion that there is
no general association between the 5-HTTLPR and anxiety-re-
lated traits and that differential gene effects and/or gene-by-en-
vironment interactions are likely operative in distinct clinical
subpopulations.

(Am | Psychiatry 2004; 161:569-572)

Tle human serotonin (5-HT) transporter (5-HTT), a
critical regulator of serotonergic function and the initial
target of antidepressant drugs, is encoded by a single-copy
gene (SLC6A4) located on chromosome 17q12. 5-HTT
gene transcription is modulated by a 44-bp length varia-
tion in its upstream regulatory region, termed short versus
long 5-HTTLPR (1). Studies of allelic promoter activity in
immortalized raphe cells (2), mRNA concentrations in the
raphe complex of the human postmortem brain (3), plate-
let 5-HT uptake and content (4), 5-HT system responsivity
elicited by pharmacological challenge tests with clomi-
pramine and fenfluramine (5, 6), mood changes following
tryptophan depletion (7), and single photon emission
computed tomography of human brain 5-HTT (8) have
confirmed that the 5-HTTLPR short variant restricts 5-
HTT availability and ultimately 5-HT reuptake.

Allelic variation in 5-HTT function was found to ac-
count for approximately 8% of the inherited variance in
anxiety- and depression-related personality traits in indi-
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viduals as well as in sibships (1). In addition to studies of
the low-activity short variant’s effect on personality traits,
arole for 5-HTTLPR has been suggested in a variety of psy-
chiatric diseases, including major depression and bipolar
disorders (9, 10). Individuals with one or two copies of the
low-activity short allele of 5-HTTLPR (long-short and
short-short) exhibit greater neuronal activity of the amyg-
dala in response to fearful stimuli when compared with in-
dividuals homozygous for the long allele, as assessed by
blood-oxygen-level-dependent functional magnetic reso-
nance imaging (11). Furthermore, the rates of major de-
pression were found to be strongly influenced by the num-
ber of stressful life events in carriers of short alleles of the
5-HTTLPR but not in the individuals with the long-long
genotype (12).

In a population- and family-based design, association
between the 5-HTTLPR short allele and higher scores for
neuroticism and harm avoidance was initially shown in a
predominantly male group (1) and, subsequently, in an in-
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FIGURE 1. Age- and Gender-Residualized Scores on the
Revised NEO Personality Inventory in Relation to Genotype
for Serotonin Transporter Gene 5-HTTLPR in Patients With
Personality Disorders and Comparison Subjects
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dependent group of primarily female participants (4).
Replications have been complicated by the use of small
group sizes, heterogeneous subject populations, ethnic
and sociocultural characteristics, and differing methods
of personality assessment (4).

Based on the findings of previous studies suggesting an
influence of allelic variation in 5-HT transporter function
on anxiety-related traits, the a priori hypothesis of the
present study was that there is a link between the person-
ality traits of neuroticism and harm avoidance, anxious
cluster C personality disorders, and the low-activity short
allele of 5-HTTLPR. Therefore, we 1) tested for differences
in 5-HTTLPR genotype frequencies between patients with
personality disorders and healthy comparison subjects, 2)
tested for differences in anxiety-related traits between pa-
tients with personality disorders and comparison sub-
jects, and 3) examined whether personality differences are
associated with the 5-HTTLPR genotype.

Method

A group of 320 unrelated patients (194 women and 126 men;
mean age=36.9 years, SD=13.2) was compared to 281 unrelated
healthy volunteers (210 women and 71 men; mean age=22.4
years, SD=5.8). All subjects were of European origin except for six
comparison subjects who had at least one parent from outside of
Europe. The study was approved by the Ethics Committee of the
University of Wuerzburg, and written informed consent was ob-
tained from all individuals after the procedures and aims of the
study had been fully explained.

Personality disorders were assessed with the Structured Clini-
cal Interview for DSM-IV Personality Disorders (13) and were al-

570 http.//ajp.psychiatryonline.org

located to cluster A, B, or C and operationalized as follows: cluster
A (odd-eccentric) comprises paranoid, schizoid, and schizotypal
personality disorders; cluster B (dramatic-emotional) encom-
passes antisocial, borderline, histrionic, and narcissistic person-
ality disorders; cluster C (anxious-fearful) includes avoidant, de-
pendent, and obsessive-compulsive personality disorders; and a
category called personality disorders not otherwise specified.

The analysis of genetic contributions to personality and related
disorders is conceptually and methodologically difficult. The
documented heterogeneity of both genetic and environmental
determinants has increasingly encouraged the pursuit of dimen-
sional approaches to behavioral genetics (14), and the focus on
gene variants with a significant impact on neurocircuit function-
ality associated with quantitative traits is a rational strategy.
While quantitative genetics has focused on complex, quantita-
tively distributed traits and their origins in naturally occurring
variations caused by multiple genetic and environmental factors,
molecular genetics has begun to identify specific genes for quan-
titative traits, called quantitative trait loci (15). This perspective
suggests that it may be less difficult to identify genes for psycho-
pathology by searching for genes influencing personality and that
complex traits are not attributable to single genes necessary or
sufficient to cause a disorder. The concept of quantitative trait
loci also implies that there may not be genes for psychiatric disor-
ders, only genes for behavioral dimensions. Therefore, personal-
ity features were assessed with the Revised NEO Personality In-
ventory (16) and the Tridimensional Personality Questionnaire
(17). These tests are based on a dimensional model of personality
and support the quantitative trait loci approach.

DNA was extracted from whole blood (Qiagen, Hilden, Ger-
many). The genotype of the 5-HTTLPR was determined by poly-
merase chain reaction amplification (1). Genotypic frequency for
the patient group was long-long, N=103 (32.2%); long-short, N=
162 (50.6%); short-short, N=55 (17.2%), long-long, N=101 (36.0%);
long-short, N=140 (49.8%); and short-short, N=40 (14.2%) for the
comparison subjects. Based on the assessment of the 5-HTTLPR
short allele’s functional effect in vitro and in vivo, genotypes with
one or two copies of the short alleles were combined (the short
genotype group) and compared to the long genotype group (car-
riers of a long-long genotype) (1, 18).

Statistical analyses were carried out by using the SPSS 9.0.1.
package (SPSS, Inc., Chicago). Association tests were performed
by means of chi-square tests for the comparison of genotype fre-
quencies between patients and comparison subjects and by anal-
yses of variance (ANOVAs). The dependent variables of ANOVA
were age- and gender-residualized z scores. Patients with only
cluster A personality disorder (N=6) and patients with personality
disorders on two or all three personality disorder clusters (N=60)
were also excluded from subsequent analyses.

Results

First, no differences were detected in 5-HTTLPR geno-
type distributions between comparison subjects (N=281)
and patients with cluster B (N=198, only cluster B), and
cluster C (N=56, only cluster C) diagnoses (x*>=1.11, df=1,
p=0.30, and %?=1.74, df=1, p=0.20, respectively). There
were also no differences in 5-HTTLPR genotypic frequen-
cies between patients with cluster B and patients with
cluster C diagnoses (x2=0.42, df=1, p=0.52).

Second, a significant difference in age- and gender-re-
sidualized neuroticism scores between groups (F=10.57,
df=2, 532, p=0.00005) was demonstrated by means of
ANOVA. Post hoc Scheffé tests revealed that cluster C pa-
tients exhibited the highest neuroticism scores in relation
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to comparison subjects (p=0.00002) and to cluster B pa-
tients (p=0.001), whereas the comparison subjects did not
differ significantly from cluster B patients (p=0.65). After
Bonferroni correction for multiple testing, the results re-
mained significant at the adjusted level of alpha=0.017.

Finally, in order to test whether the differences between
the groups were influenced by 5-HTTLPR genotype, a two-
way ANOVA was performed with diagnosis (comparison
subjects versus cluster B subjects versus cluster C sub-
jects) and 5-HTTLPR genotype group (long versus short)
as independent variables. We observed significant main
effects of group (F=3.97, df=2, 529, p<0.02) and of 5-HTTLPR
genotype (F=6.45, df=1, 529, p<0.02). Moreover, there was
a significant group-by-genotype interaction effect (F=5.06,
df=2, 529, p=0.007) (Figure 1). When we accounted for
multiple testing and employed a Bonferroni-adjusted
level of significance of alpha=0.017, the group main effect
almost reached significance. Post hoc analyses of variance
with 5-HTTLPR genotype as an independent variable were
performed separately for the three groups. Among pa-
tients with a cluster C diagnosis, carriers of the 5-HTTLPR
short allele exhibited higher levels of neuroticism than
noncarriers (F=10.31, df=1, 54, p=0.002), whereas there
were no effects of genotype on neuroticism in comparison
subjects and in cluster B patients (F=1.46, df=1, 196, p=
0.23). Bonferroni correction was performed by dividing
the adjusted level of alpha=0.017 by three to follow up on
the interaction effect, resulting in an adjusted level of sig-
nificance of alpha=0.006. At this level, the genotype effect
among cluster C patients was still significant.

Analogous to the testing of the 5-HTTLPR genotype’s in-
fluence on neuroticism, ANOVA was repeated with age-
and gender-residualized z scores for harm avoidance on
the Tridimensional Personality Questionnaire, yielding
comparable results: Cluster C patients with at least one
copy of the 5-HTTLPR short allele exhibited higher levels
of harm avoidance than cluster C patients without the
short allele (F=7.07, df=1, 54, p=0.01), whereas no effects of
genotype on harm avoidance were detected in compari-
son subjects and in cluster B subjects (F=3.52, df=1, 196,
p=0.06).

It was not possible to incorporate the presence versus
absence of an axis I diagnosis into the ANOVA because
only five of the cluster C patients had no axis I diagnosis.
When one considers the presence or absence of axis I di-
agnosis adjustment disorder (N=25) in the analyses, the 5-
HTTLPR main effect was still significant (F=10.39, df=1, 52,
p=0.002), even at an adjusted significance level of alpha=
0.017, whereas the main effect for adjustment disorder (F=
0.67, df=1, 52, p=0.42) and the interaction effect of 5-HT-
TLPR by adjustment disorder (F=0.68, df=1, 52, p=0.42) did
not approach significance. There was still a significant
main effect of 5-HTTLPR genotype on harm avoidance in
cluster C patients (F=7.05, df=1, 52, p=0.01), but there was
no main effect of adjustment disorder and no interaction
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effect of 5-HTTLPR by adjustment disorder (F=0.26, df=1,
52, p=0.61). The results again remained significant after
correction for multiple testing.

Discussion

The present study failed to demonstrate a general asso-
ciation between allelic variation in 5-HTT function and
anxiety-related traits in patients with personality disor-
ders. Our major finding that just within a subgroup of pa-
tients with a cluster C diagnosis, carriers of the 5-HTTLPR
short allele exhibited higher scores for neuroticism and
harm avoidance than noncarriers further supports the in-
creasingly accepted view that differential gene effects may
be operative in distinct normal and clinical populations.

Fearful stimuli cause amygdala hyperresponsivity in
healthy subjects with one or two low-activity 5-HTTLPR
short alleles (9). The results of our study show a greater ten-
dency to express anxiety-related traits in a subgroup with
the low-activity 5-HTTLPR allele. In patients with cluster C
personality disorder carrying low-activity 5-HTTLPR al-
leles, anxiety-provoking stimuli may lead to a further
boost of genuine amygdala hyperexcitability, or physio-
logical amygdala activity may lack the restrictive control
by prefrontal cortical circuits caused by increased excita-
tory neurotransmission (19). The genetic cause for this
limbic hyperexcitability—except for allelic variation in 5-
HTT function—remains, however, elusive. Of note, genetic
influences are not the only pathways that lead to individ-
ual differences in personality dimensions, behavior, and
psychopathology. Complex traits like anxiety and depres-
sion are most likely to be generated by a complex interac-
tion of environmental and experiential factors with a
number of genes and their products, as documented ex-
tensively for the 5-HTT in both nonhuman primates and
humans (10, 12, 18, 20).

Even pivotal regulatory proteins of neurocircuits, such
as the 5-HTT, have only a modest impact, while noise from
environmental and epigenetic mechanisms obstructs
identification of relevant gene variants. Given the remark-
able comorbidity between cluster C personality disorders,
anxiety, and affective disorders (21) and the evidence for
their modulation by common genetic factors (22), it is
likely that among the different personality disorders pre-
disposition to the cluster C spectrum is more strongly in-
fluenced than others by environmental and experiential
factors, whose impact on the brain is under genetic con-
trol. In order to identify genetic mechanisms in the patho-
genesis of personality disorders reliably, future studies will
have to focus on the contribution of gene-by-environment
interactions. Therefore, we conclude that additional fac-
tors, including environmental and experiential factors
and ethnic diversity, as well as age and gender, interact
with the effect of allelic variation of 5-HTT function on
anxiety-related traits and personality disorders.
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