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Gender-Dependent Association of the Functional
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The gene encoding cathechol-O-methyltransferase (COMT) contains a common functional missense polymorphism (Vall58Met) that
regulates dopamine in an allele-dependent manner. A pivotal role of dopamine neurotransmission in the prefrontal cortex has been
implicated in drug-seeking behavior and related personality traits, such as sensation seeking, with some evidence for a gender-specific
association. Here, we tested the hypothesis that the COMT Val58Met polymorphism modulates the personality dimension, sensation
seeking, in a gender-dependent manner. Study sample included 214 male (age 38.1 & 2.6 years) and 218 female (age 36.1 & 13.6 years)
healthy volunteers, who were assessed with Zuckerman'’s sensation-seeking scale and genotyped for the Vall58Met polymorphism
(dbSNP:rs4680). Univariate analysis of variance showed that the sensation seeking score was significantly affected by a COMT
genotype x gender interaction (F=5.330, df=2, p =0.005). The Vall58Met polymorphism was associated with the sensation seeking
personality trait in women only. The highest scores in the sensation-seeking scale and in three of the four subscales were observed in
female subjects with the Val/Val genotype relative to women carrying the Met allele. Our results suggest that high COMT enzyme activity
associated with the Val allele predisposes to high sensation seeking scores in female subjects and add to increasing evidence for a gender

specific role of COMT in normal and dysfunctional behavior.

INTRODUCTION

Twin studies have suggested heritability estimates for
personality traits with up to 60% (Lin et al, 2006; Heiman
et al, 2004). Current models of personality include the
dimensions extraversion, exploration, and novelty seeking
at a fundamental level. These features are central to the
definition of the particular personality trait referred to as
sensation seeking (Zuckerman, 1990), which reflects a
tendency toward exploratory excitability in response to
novelty, impulsiveness in decision-making, risk taking
behavior, and disorderliness with quick loss of temper.

It has been shown in animal experiments that novelty
processing is mediated by dopaminergic neurotransmission
involving the hippocampus, ventral tegmental area, and
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nucleus accumbens (Legault and Wise, 2001; Ljungberg
et al, 1992). Both, reward seeking and exploratory behavior
is characteristic for novelty and sensation seeking behavior
and has been assessed in questionnaires like the Tridimen-
sional Personality Questionnaire (TPQ) or the sensation-
seeking scale (Cloninger, 1987; Zuckerman, 1990). Research
on novelty seeking and sensation seeking in the past two
decades has focused on central dopaminergic activity
(Cloninger, 1987; Ebstein et al, 1996; Shiraishi et al, 2006).
Accordingly, genetic studies have reported associations of
the novelty seeking personality trait with polymorphisms in
the dopamine receptor and transporter genes (Noble et al,
1998; Sullivan et al, 1997; Benjamin et al, 1996; Ebstein et al,
1996). In recent years, the COMT has been investigated
extensively due to its crucial role of this enzyme in the
metabolism of catecholamines by inactivating them in
the synaptic cleft. A common functional single nucleotide
polymorphism (SNP) of the COMT gene (dbSNP rs4680.
c.675G> A, p.Vall58Met) decreases COMT activity by
coding for the amino acid methionine instead of valine
(Lachman et al, 1996). In the dorsolateral prefrontal cortex
and lymphocytes COMT activity has been shown to be 40%



higher in human subjects with the Val allele than in those
with the Met allele (Chen et al, 2004). The Val allele has
been proposed to lead to lower synaptic dopamine levels in
the prefrontal cortex and was associated with ineffective
prefrontal activation in brain imaging studies (Winterer
et al, 2006b; Chen et al, 2004; Akil et al, 2003; Gallinat et al,
2003a). This indicates that COMT genotype is a heritable
aspect of prefrontal dopamine regulation which suggests
this genetic variation to modulate inhibitory aspects of
emotion and behavior (Lisman and Grace, 2005).

Findings of studies investigating associations between
COMT gene and personality were heterogeneous, especially
with respect to the phenotypes investigated and the
personality scales applied. Of note, several authors found
genetic variants of the COMT Vall58Met gene play a role in
personality dimensions in female subjects but not in male
subjects (Kim et al, 2006; Stein et al, 2005; Qian et al, 2003;
Eley et al, 2003). For instance, in a sample of community
subjects selected for either high or low neuroticism,
evidence for an association with COMT Vall58Met
genotype with high neuroticism was found in female
subjects but not in male subjects (Eley et al, 2003). A
sexually dimorphic effect of COMT Vall58Met alleles has
also recently been observed in attention deficit hyperactivity
disorder (ADHD), a diagnosis which is phenomenologically
related to novelty and sensation seeking personality traits
(Qian et al, 2003). The genetic underpinnings of novelty
seeking have also been investigated in healthy subjects.
High novelty seeking scores have been reported in subjects
with Val/Val genotype compared to the Val/Met or Met/Met
individuals by Reuter and Hennig (2005), a result which was
also observed in a female sample investigated by Tsai et al
(2004). However, sexually dimorphic effects of the COMT
genotype on novelty or sensation seeking have not been
investigated in detail.

In our study, we aimed to investigate gender specific
effects of the COMT Vall58Met polymorphism on the
sensation seeking personality trait in a large sample of 432
carefully selected healthy subjects balanced for gender
distribution. The use of illegal drugs was explicitly excluded
in our sample, as it has been shown that novelty seeking
scores are closely related to substance abuse (Chakroun
et al, 2004). As novelty seeking has been looked upon as a
very heterogeneous trait and results in a heterogeneous
phenotype definition, we used as alternative to Cloninger’s
Scale the sensation-seeking scale for the first time in this
context. The sensation-seeking scale was firstly introduced
by Zuckerman (1990), which shows overall relationships to
both high novelty seeking and low harm avoidance
(McCourt et al, 1993). It was hypothesized that the Val
allele is associated with the sensation-seeking dimension in
female subjects but not in male subjects.

METHODS

Subjects

The study was approved by the ethics committee of
the Charité University Medicine, Campus Mitte (Berlin,
Germany). In total, 432 volunteers of German descent (214
male, age 38.1+ 12.6 years; 218 female, age 36.1 + 13.6 years)
recruited through newspaper advertisements were exam-
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ined. All subjects gave written informed consent. Somatic as
well as psychiatric health status was evaluated by a
structured psychiatric interview (Mini-International Neuro-
psychiatric Interview) (Sheehan et al, 1998) performed by a
psychiatrist. Subjects were excluded when fulfilling the
criteria for an axis I or axis II disorder according to DSM-IV
criteria. Further reasons for exclusion were neurological
and general medical disorders or any clinically relevant
abnormalities. For additional methodological details see
(Gallinat et al, 2003a). Genotype investigations have been
performed in subsamples of the present sample (n=432)
with regard to genetic variants in the serotonin system
(Gallinat et al, 2003b, 2005) (n=185), (Lang et al, 2004)
(n=228) and the dopamine system (Gallinat et al, 2003a)
(n=170).

Assessment of Personalty Traits

Sensation seeking has been defined as a human trait
characterized by the need for ‘varied, novel, and complex
sensations and experience and the willingness to take
physical and social risks for the sake of such experience’
(Zuckerman, 1979). Previously performed factor analysis of
the response of subjects in different countries have shown
four dimensions (factors) of the sensation seeking consist-
ing of 10 items each and a sum score (Zuckerman, 1979).
The factor thrill and adventure seeking contains items that
express a desire to engage in certain kinds of physical
activities, like parachuting or scuba diving, that are risky
but promise certain kinds of physical sensations. Experience
seeking suggests the desire to seek new experience through
the senses and the mind, using either external stimuli
(music, art, travel), alteration of the mind through drugs, or
engaging in a nonconformist style of life. Disinhibition
comprises items describing a social-hedonistic orientation,
with the pursuit of sensation through parties, drinking, and
sex. The factor boredom susceptibility reflects a dislike of
routine activities, boring people, and also suggests a restless
reaction to a lack of stimulus variety. The sensation-seeking
scale has shown both good internal and retest reliability,
particularly for the total score on form V of the scale
(r=0.94 over 3 weeks) (Zuckerman, 1979). The validity of
the scale has been investigated extensively over three
decades (Zuckerman and Kuhlman, 2000; Zuckerman,
1990; Gallinat, 1996).

SNP Genotyping

Genotyping of the SNP rs4680 (COMT c.675G > A, p.Vall58-
Met) was carried out at the Gene Mapping Center (GMC) of
the Max-Delbriick-Center in Berlin. Genotypes of rs4680
were determined by a Tagman 5'-exonuclease assay, as
described previously (Gallinat et al, 2003a). The call rate in
more than 2500 individuals, including the present samples,
was >99%. The genotyping reliability of the TaqMan
assay was examined by genotyping of 186 duplicated
DNA samples, which are not part of the present study. All
duplicated samples displayed the same genotype as its
reference sample. Mendelian inheritance was demonstrated
in 80 nuclear families. Potential DNA admixture of
study samples was excluded by genotyping of 20 highly
polymorphic microsatellite markers.
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Statistical Analyses

Statistical calculations were carried out as indicated in the
results section using SPSS for Windows (Release 12.0)®.
MANCOVA and post hoc ANCOVA were employed to
investigate effects of genotype (factor), gender (factor), and
age (covariate) on the personality trait sensation seeking
(dependent variable). Correlation analysis was performed
with Pearson correlation. All tests were performed at a level
of significance equal to 0.05.

RESULTS

The genotype frequency Met/Met (n=118), Val/Met
(n=237), Val/Val (n=77) was 27.3, 54.9, and 17.8%. The
frequency of the alleles was: Val=0.453 and Met=0.547.
The observed genotype counts in the present sample did not
differ significantly from those expected according to the
Hardy-Weinberg equilibrium.

No differences between genotypes were observed with
regard to age or gender (see Table 1). The Sensation
Seeking Sum score showed a significant correlation with age
(r=-0.363, p<0.001) indicating decreasing scores with
increasing age and a significant gender difference with
higher values in male subjects compared to female subjects
(t=4.781, p<0.001; t-test; Figure 1).

The ANCOVA showed that the dependent variable
Sensation Seeking Sum score was significantly affected
by factor ‘gender’ (F=18.001, df=1, p<0.001), covariate
‘age’ (F=177.888, df=1, p<0.001) and factor ‘gender’ x
‘genotype’ interaction (male, female; Met/Met, Val/Met,
Val/Val; F=5.330, df =2, p=0.005) but not by the factor
‘genotype’ alone (F=0.815, df =2, p=0.443). Owing to the
‘gender’ x ‘genotype’ interaction further analyses were
performed separately for male subjects and female subjects.
The gender-related subsamples were similar in their
sample sizes (218 female, 214 male) and did not differ in
their genotypic distribution (y*=2.02, df=2, p=0.364).
Therefore, the power attributable to each gender-related
subsample was similar.

In female subjects, MANCOVA revealed that the depen-
dent variables Sensation Seeking Sum score and the four
subscales were significantly affected by the factor ‘genotype’
(F=2.120, df =8, p=0.033) and covariate ‘age’ (F = 13.402,
df =4, p<0.001). The post hoc ANCOVA showed a
significant association of the factor ‘genotype’ with the
Sensation Seeking Sum score (F=5.191, df =2, p =0.006),
Boredom Susceptibility Score (F=5.510, df =2, p=10.005),
and Thrill and Adventure Seeking Score (F=3.032, df=2,
p=0.050) but not Disinhibition or Experience Seeking
Scores. In this model, 4.6% of the variance of the Sensation
Seeking Sum score was explained by the COMT genotype

In the contrast analysis, female subjects scored signifi-
cantly higher in the Val/Val group than in the Val/Met
Group for Sensation Seeking Sum score (p = 0.002; Figure 1),
Thrill and Adventure (p =0.045), Disinhibition (p =0.043),
and Boredom susceptibility scores (p =0.001). Additionally,
Val/Val female subjects also had significant higher scores
than Met/Met female subjects in Thrill and Adventure
Seeking (p=0.018) and Sensation Seeking Sum score
(p =0.008).
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Table I Clinical Data for Subjects Separated by COMT
Val158Met Genotype

Met/Met Val/Met Val/Val Test result
N (%) 118 (273) 237 (549) 77 (17.85)
Gender (m/f) 65/53 [13/124 36/41 NS?
Age+SD (y) males 389 (13.7) 382 (128) 360 (11.8) NSP
Age+SD (y) females 359 (134) 36.6 (13.6) 34.6 (14.0) NSP

32 test,
®One way ANOVA,
SD in parentheses.

40 =

30+

Sensation seeking sum score

104
W males
0+ [CIfemales
L] LI L]
Met/Met Val/Met Val/Val
Figure | Sensation seeking sum scores are presented separately for

gender and COMT Vall58Met genotype. Contrast analysis revealed
significantly higher mean scores in Val/Val compared to Val/Met and Met/
Met female individual (see Results section). No genotype effect was found
in male subjects. Note that within the group of female subjects Val/Val
individuals score equal to male participants. *p <0.05; **p <0.01.

In male subjects, MANCOVA revealed no significant effect
of the factor ‘genotype’ on the dependent variables Sensation
Seeking Score and the four subscales but a significantly effect
of the covariate ‘age’ (F=10.654, df =4, p<0.001). The post
hoc ANCOVAs did not show significant effects of factor
‘genotype’ on any of the subscale scores (Figure 1).

DISCUSSION

The major finding of this study is, that the COMT
Vall58Met polymorphism may be associated with the
sensation seeking personality trait in women, with highest
sensation seeking scores demonstrated for subjects bearing
the Val/Val genotype in comparison to the Val/Met and
Met/Met counterparts. This result was observed for the
sum score and for three of the four subscales Thrill
and Adventure Seeking, Disinhibition, and Boredom



Susceptibility. Although power to detect a genetic influence
on sensation seeking was similar in female subjects and
male subjects, no association between the COMT Val158Met
polymorphism and any sensation seeking score was
observed for the male participants. The study confirms
the previous observation that women as a whole group
have lower sensation seeking scores relative to men with
the exception that Val/Val female subjects score equally to
male subjects.

This finding is in line with recently published data
showing highest scores of novelty seeking in volunteers with
Val/Val genotype compared to the Met carriers (Reuter and
Hennig, 2005; Tsai et al, 2004). In the study of Tsai et al
(2004) associations between the COMT genotype and TPQ
personality traits were observed in a sample population of
120 healthy young Chinese females while men were not
investigated. The data are in accordance with the biological
concept of personality originally formulated by Cloninger
(1987), who attributed the novelty seeking dimension to
biological variations in the dopamine system. With regard
to the role of gender, our results correspond to the finding
of Enoch et al (2003) who reported an association of novelty
seeking with the COMT Val/Val genotype in female but
not male participants. In turn, the Met/Met genotype was
related to high harm avoidance scores as well as high scores
in neuroticism in female participants (Enoch et al, 2003;
Eley et al, 2003). This may also fit the present results since
harm avoidance and neuroticism characterize personality
traits, which conceptually reflect an opposite dimension of
the novelty dimension.

Of note, several authors found that genetic variants of the
COMT gene play a role in personality dimensions in female
subjects but not in male subjects (Kim et al, 2006; Stein
et al, 2005; Qian et al, 2003; Eley et al, 2003). Interestingly
a sexually dimorphic effect of COMT Vall58Met alleles
was also found in ADHD patients, wherein the Val allele
may contribute to ADHD risk in female subjects (Qian et al,
2003). This finding is in line with our data, where Val allele
is connected with the impulsivity-related behavior sensation
seeking, which is a main characteristic of ADHD behavioral
pattern (Qian et al, 2003). Of note, gender-by-COMT-
genotype effects have also been observed for the perfor-
mance in cognitive test (O’Hara et al, 2006) and for nicotine
dependence (Beuten et al, 2006). Apart from the behavioral
level, some evidence indicates that the COMT genotype also
affects cerebral structure (Kates et al, 2006) or function
(Rybakowski et al, 2002) in a gender specific way.

A possible explanation for the sexually dimorphic COMT
gene effect could rely on the well investigated modulatory
role of COMT on tissue levels of catecholestrogens (Liehr
and Roy, 1990; Liehr and Ricci, 1996) since COMT is the
principal enzyme in the conjugation pathway for estrogens.
Accordingly, it has been shown that serum estrogen levels in
women are significantly associated with the COMT geno-
type with Val/Val women displaying the lowest estrogen
concentrations (Worda et al, 2003). The association of the
COMT genotype with carcinogenic burden in female
subjects has also been explained by its estrogen metaboliz-
ing properties (Lavigne et al, 2001). In this model, the
Val/Val genotype would be associated with low estrogen
levels resulting in higher risk taking/male behavior, which
has been indicated by the high sensation seeking scores in
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Val/Val women in the present study. This explanation
would be plausible since high estrogen levels in women have
been previously shown to be related to lower thrill and
adventure seeking scores in healthy human female subjects
(Balada et al, 1993). Therefore, high circulating estrogen
levels (eg, in pregnancy) would protect women against
impulsive or risk taking behavior, which has—to our
knowledge—not been studied yet.

The association of COMT genotype and sensation seeking
may furthermore be explained by the pivotal role of the
COMT for prefrontal function. For instance, decreased
prefrontal dopamine activity as supposed for the Val/Val
genotype was associated with reduced signal-to-noise ratio
of the prefrontal cortex (Winterer et al, 2006a,b). As low
prefrontal cortical control is suggested to promote im-
pulsivity (Meyer-Lindenberg et al, 2006), the results of our
investigation may be explained in terms of prefrontal
function. This interpretation is in line with the observation
that diminished frontal dopaminergic neurotransmission
leads to an upregulation of midbrain dopamine activity
(Deutch, 1993; Tsai et al, 2004). It is known from animal
experiments that unfamiliar environments are accompanied
by a robust increase of dopamine (Ihalainen et al, 1999) and
a rapid respond of dopamine neurons with burst of spikes
(Ljungberg et al, 1992). Lisman and Grace (2005) intro-
duced a model integrating prefrontal functions with a
subcortical circuitry involving the ventral tegmental
area, the nucleus accumbens and hippocampus. Here, the
prefrontal cortex was seen as a correlate of goal-related
motivation and salience information acting on novelty
signals from subcortical dopaminergic pathway.

Our finding indicates that high enzyme activity of COMT
as represented by the Val/Val genotype affects a basic
personality dimension in humans and suggests an exclusive
role in female subjects.
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