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Abstract An association between long alleles of a varia-
ble number tandem repeat (VNTR) polymorphism in the
dopamine receptor D4 gene and the extraversion related
personality traits Excitement and Novelty Seeking has
been reported in healthy subjects.

In an attempt to replicate the previous findings, 256
healthy Caucasian volunteers were analysed for a potential
relationship between the dopamine receptor D4 exon III
VNTR polymorphism and Extraversion as assessed by the
Revised Neo Personality Inventory (NEO PI-R). The pres-
ent study did not yield evidence for an association between
Extraversion and the dopamine receptor D4 polymor-
phism.
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Introduction

Evidence for genetic influence has been found for most be-
havioural disorders and personality traits (Loehlin 1992;
Cloninger et al. 1993; Plomin et al. 1994; Bouchard 1994).
It has been hypothesised that certain personality traits may
correlate with activity in different neuronal systems. Nov-
elty Seeking, characterised by ‘“excitement in response to
novel stimuli” has been suggested to be mediated by
dopamine neurotransmission (Cloninger 1987). Recently,
an association between a variable number tandem repeat
(VNTR) polymorphism in exon III of the dopamine D4 re-
ceptor gene (DRD4) and Novelty Seeking was observed in
Israeli volunteers (Ebstein et al. 1996). Simultaneously,
Benjamin et al. (1996) reported an association between the
same DRD4 polymorphism and a similar personality item,
Excitement-Seeking measured by the NEO PI-R question-
naire (Costa and McCrae 1992). The proposed relationship
between DRD4 and Novelty Seeking was to some extent
supported with various degree of evidence in additional Is-
raeli as well as Japanese, Finnish, German and American
studies (Ebstein et al. 1997, 1998; Ono et al. 1997; Noble
et al. 1998; Ekelund et al. 1999; Strobel et al. 1999; Tomi-
taka et al. 1999). However, several other studies investigat-
ing healthy Swedish (Jonsson et al. 1997, 1998), Finnish
alcoholic (Malhotra et al. 1996), healthy or alcohol-depen-
dent German (Sander et al.1997; Kiihn et al. 1999), Amer-
ican substance-dependent, personality-disorder or healthy
(Vandenbergh et al. 1997; Gelernter et al. 1998; Pogue-
Geile et al. 1998), New Zealand depressed or alcohol-re-
lated (Sullivan et al. 1998) and Brazilian alcohol-depen-
dent subjects (Bau et al. 1999), could not replicate the
proposed association.

It has been claimed that the DRD4 polymorphism re-
flects exploratory, extravagant, and extraverted, rather than
impulsive and monotony-avoidant subtypes of Novelty
Seeking (Strobel et al. 1999). The two Swedish reports pre-
viously published (Jonsson et al. 1997, 1998) used the
Karolinska Scales of Personality questionnaire (KSP;
Schalling et al. 1987) for the measurement of personality.
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The aspects of Novelty Seeking measured by the KSP is
covered by the two scales Monotony Avoidance and Im-
pulsiveness, i.e. scales not associated with DRD4 accord-
ing to the study by Strobel et al. (1999). In an attempt to
replicate the proposed association between the DRD4
polymorphism and Excitement-Seeking we investigated a
Swedish sample assessed with the personality instrument,
NEO PI-R. This instrument was used in one of the original
studies (Benjamin et al. 1996) and it covered aspects of the
extraversion domain not accounted for in the KSP.

Subjects and methods

Subjects

The study was approved by the Ethics Committee of the Karolinska
Hospital, Stockholm. Healthy volunteers (n= 330) were recruited in
the Stockholm region through inquiries at different work places and
professional and non-profit organisations from a broad spectrum of
categories in society: hospital staff, firemen, elderly retired, indus-
trial workers, administrators and teachers. A questionnaire [the sur-
vey module of the Swedish version of SCID-I and also, where ap-
propriate, other parts of the SCID manual] (Spitzer et al. 1986) was
used to assess the presence of psychiatric illness.

Among them 261 individuals had answered to the NEO PI-R
questionnaire and 323 individuals had also been genotyped for the
DRD4 receptor polymorphism. Both NEO PI-R and genotype data
were available for 256 subjects. They were all Caucasian individuals
of European background, 142 men (mean age 39.3 years SD=9.8)
and 114 women (mean age 43.0 years SD=11.5).

DNA extraction

Venous blood from all individuals was collected in EDTA-contain-
ing tubes. DNA isolation was performed as previously described
(Geijer et al. 1994).

DRD4 polymorphism marker

The 48 bp-repeat polymorphism (varying from 2—8 and 10 repeats)
in exon III of the DRD4 gene was assayed using the polymerase
chain reaction (PCR) primers previously described (Lichter et
al. 1993).

Personality assessment

The subjects were asked to complete the NEO personality inventory
(NEO PI-R, Form S) (Costa and McCrae 1992). The Swedish NEO
PI-R is an authorised translation but Swedish norms have not yet
been developed. In the present study we used normative values from
the American manual (Costa and McCrae 1992) in order to calculate
T scores.

Data analysis

In accordance with Benjamin et al. (1996), the DRD4 genotypes
were divided into two groups: subjects with alleles containing 2 to 5
repeats (S-group) and subjects with one or two alleles containing >
6 repeats (L-group). The rationale for this dichotomisation was based
upon altered pharmacological binding properties of the expressed
DRD4 (Van Tol et al. 1992).

Associations between DRD4 genotypes and Extraversion dimen-
sion T scores were compared using the unpaired t-test. Analyses
were also performed separately in men and women, respectively, and

in age-groups < 35 years or > 35 years, respectively. Statistical analy-
sis was performed using the computer program StatView (Abacus
Concepts, Inc., Berkley, CA, 1994).

The data reported by Benjamin et al. (1996) suggested an effect
size of 0.37. Analysis was not performed if the power was less than
80 % at an effect size of 0.37 and a=0.05 for the total sample. In the
analysis of subgroups restricted by gender and age, analysis was not
performed if the power was less than 0.80 at an effect size of 0.8 and
an alpha of 0.05. Power was estimated with the GPower program
(Erdfelder 1996).

Results

The observed DRD4 exon III allele frequencies were 2 re-
peats (6.4 %), 3 repeats (6.6 %), 4 repeats (66.2%), 5 re-
peats (0.6 %), 6 repeats (0.6 %), 7 repeats (18.4 %), and 8
repeats (1.2%). No 9 or 10 repeat alleles were observed.
These allele frequencies were in the same range as previ-
ously reported in the Swedish and other Caucasian popula-
tions (Benjamin et al. 1996; Ebstein et al. 1996; Sander et
al. 1997; Jonsson et al. 1998; Pogue-Geile et al. 1998;
Ekelund et al. 1999; Strobel et al. 1999).

Analyses of the individual facets that comprise the Ex-
traversion dimension are shown in Table 1. No association
between DRD4 genotypes and Excitement-Seeking or any
of the facets in the Extraversion dimension was observed.

Discussion

The previous finding of an association between DRD4
genotypes and the personality trait Excitement-Seeking
was not replicated. This is consistent with the observations
of several recent studies reviewed in the introduction. Pre-
vious studies of Swedish subjects using the KSP question-
naire did not find any association between DRD4 geno-
types and Novelty-Seeking related scales (Jonsson et
al. 1997, 1998). Using the same questionnaire as in one of
the original studies (Benjamin et al. 1996) we were not able
to replicate the proposed association in the present study.
This argues that the association between DRD4 genotypes
and Excitement-Seeking is not likely to be valid in the
Swedish population.

The reason for the discrepancy between different stud-
ies is unclear. Several explanations are possible. The pres-
ent lack of association may be explained as type II errors.
In analyses including all subjects, a similar effect size as in
the study of Benjamin et al. (1996) resulted in a power of
more than 80 %. However, in analyses restricted to each
gender and age group, respectively, the same power could
only be maintained at an effect size of 0.8. Thus, small ef-
fects associated with the DRD4 polymorphism may have
escaped detection. Nevertheless, large effects restricted to
either gender or age group might have been part of the ex-
planation of previous inconsistent results. Our data did not
support such a hypothesis. The DRD4 polymorphism may
interact differently with other genetic and/or environmen-
tal factors in different populations. The DRD4 polymor-
phism could be in linkage disequilibrium with a polymor-



phism, which is truly associated with the personality trait
Excitement-Seeking. The latter polymorphism may be dif-
ferently distributed in different populations. A special case
of this is indicated, as the alleles of the DRD4 exon III
polymorphism vary not only in the number of repeats but
also in the sequence of the repeats and the order in which
they appear (Lichter et al. 1993). Thus, in different popula-
tions, variation of allele frequencies may explain discrep-
ancies (Lichter et al. 1993; Chang et al. 1996). As in all pre-
vious reports, reviewed in the introduction, we studied only
the number of repeats, but not their sequence or order.
Therefore, we can not exclude the possibility that individ-
ual variation in these two factors is relevant to Excitement-
Seeking. Spurious associations may reflect stratification
effects and finally, the trivial explanation that all positive
findings may represent chance findings can never be en-
tirely excluded.

The present results do not support the view that long al-
leles of the DRD4 polymorphism contribute to individual
differences in the behavioural trait Excitement-Seeking.
Although the negative result for the DRD4 polymorphism
was obtained, it does not rule out the possible influence of
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dopaminergic mechanisms in Novelty and Excitement-
Seeking.

Acknowledgements This investigation was supported by the Fred-
rik and Ingrid Thuring Foundation, the Bror Gadelius Memory Fund,
the Golden Gate Foundation, the S6derstrom-Konigska Foundation,
the Scandia insurance company and the Sarah and Moshe Mayer
Foundation. We thank Lotta Lindstrom and Lars Holmberg, Centre
for Suicide Research and Prevention, Kjerstin Lind and Alexandra
Tylec, Psychiatry Section, Karolinska Institutet and Gunnar Hilm,
Clinical Alcohol and Drug Addiction Research Section, Karolinska
Hospital, for excellent technical assistance.

References

Bau CH, Roman T, Almeida S, Hutz MH (1999) Dopamine D4 re-
ceptor gene and personality dimensions in Brazilian male alco-
holics. Psychiatr Genet 9: 139-143

Benjamin J. Lin L, Patterson C, Greenberg BD, Murphy DL, Hamer
DH (1996) Population and familial association between the D4
dopamine receptor gene and measures of novelty seeking. Nature
Genet 12: 81-84

Bouchard TJ, Jr (1994) Genes, environment, and personality. Sci-
ence 264: 1700-1701

Chang FM, Kidd JR, Livak KJ, Pakstis AJ, Kidd KK (1996) The

Table 1 Extraversion facets (T scores) in subjects with the short (S) vs. long (L) genotype

Extraversion facets Mean T score (SD)
N S group N L group p
Warmth Total 161 49.0 (10.4) 95 47.3 (10.5) 0.214
men 98 49.0 (10.0) 44 46.6 (12.1) 0.222
women 63 49.0 (11.1) 51 47.9 (8.9) 0.578
<35y. 50 49.6 (9.3) 28 47.1 (10.3) 0.281
>35y. 111 48.7 (10.9) 67 47.3 (10.6) 0.428
Gregariousness Total 161 58.2 (9.5) 95 57.5(9.7) 0.579
men 98 58.3(9.1) 44 56.5 (9.8) 0.285
women 63 58.0 (10.3) 51 58.3(9.5) 0.839
<35y. 50 60.4 (7.7) 28 59.8 (9.3) 0.770
>35y. 111 57.2 (10.1) 67 56.5(9.7) 0.666
Assertiveness Total 161 53.4 (10.1) 95 51.4(10.4) 0.139
men 98 53.4(9.4) 44 51.2 (9.7) 0.186
women 63 53.3(11.2) 51 51.7 (11.1) 0.434
<35y. 50 54.0 (11.0) 28 51.8 (9.9) 0.378
>35y. 111 53.1(9.7) 67 51.3 (10.7) 0.241
Activity Total 161 50.1 (9.0) 95 49.9 (8.2) 0.855
men 98 49.4 (8.6) 44 49.4 (8.7) 0.989
women 63 51.2 (9.5) 51 50.3 (7.8) 0.586
<35y. 50 51.1 (9.6) 28 51.4 (7.3) 0.895
>35y. 111 49.7 (8.7) 67 49.3 (8.5) 0.779
Excitement-Seeking Total 161 48.9 (9.5) 95 49.4 (9.4) 0.665
men 98 49.8 (9.5) 44 51.9 (10.5) 0.237
women 63 47.5 (9.3) 51 47.3 (7.8) 0.896
<35y. 50 52.8 (9.3) 28 53.0 (9.1) 0.900
>35y. 111 47.2(9.1) 67 47.9 (9.1) 0.590
Positive Emotions Total 161 54.5 (12.6) 95 54.6 (12.6) 0.940
men 98 55.8 (12.2) 44 55.2(10.3) 0.772
women 63 52.6 (12.9) 51 54.2 (10.4) 0.471
<35y. 50 57.1 (11.3) 28 58.4 (7.6) 0.592
>35y. 111 53.4 (13.0) 67 53.1(11.0) 0.878




206

world-wide distribution of allele frequencies at the human
dopamine D4 receptor locus. Hum Genet 98: 91-101

Cloninger CR (1987) A systematic method for clinical description
and classification of personality variants. A proposal. Arch Gen
Psychiatry 44: 573-588

Cloninger CR, Svrakic DM, Przybeck TR (1993) A psychobiologi-
cal model of temperament and character. Arch Gen Psychiatry
50: 975-990

Costa PTJ, McCrae RR (1992) NEO PI-R, professional manual, Psy-
chological Assessments Resources, Odessa, FL.

Ebstein RP, Novick O, Umansky R, Priel B, Osher Y, Blaine D, Ben-
nett ER, Nemanov L, Katz M, Belmaker RH (1996) Dopamine
D4 receptor (D4DR) exon III polymorphism associated with the
human personality trait of novelty seeking. Nature Genet 12:
78-80

Ebstein RP, Nemanov L, Klotz I, Gritsenko I, Belmaker RH (1997)
Additional evidence for an association between the dopamine D4
receptor (D4DR) exon III repeat polymorphism and the human
personality trait of Novelty Seeking. Mol Psychiatry 2: 472477

Ebstein RP, Levine J, Geller V, Auerbach J, Gritsenko I, Belmaker
RH (1998) Dopamine D4 receptor and serotonin transporter pro-
moter in the determination of neonatal temperament. Mol Psy-
chiatry 3: 238-246

Ekelund J, Lichtermann D, Jarvelin MR, Peltonen L (1999) Associ-
ation between novelty seeking and the type 4 dopamine receptor
gene in a large Finnish cohort sample. Am J Psychiatry 156:
1453-1455

Erdfelder E, Faul F, Buchner A (1996) GPower: a general power
analysis program. Behavioral Research Methods and Instruments
Computation 28: 1-11

Geijer T, Neiman J, Rydberg U, Gyllander A, Jonsson E, Sedvall G,
Valverius P, Terenius L (1994) Dopamine D2-receptor gene poly-
morphisms in Scandinavian chronic alcoholics. Eur Arch Psy-
chiatry Clin Neurosci 244: 26-32

Gelernter J, Kranzler H, Coccaro E, Siever L, New A, Mulgrew CL
(1998) D4 dopamine-receptor (DRD4) alleles and novelty seek-
ing in substance-dependent, personality-disorder, and control
subjects. Am J Hum Genet 61: 1144-1152

Jonsson EG, Nothen MM, Gustavsson JP, Neidt H, Brené S, Tylec A,
Propping P, Sedvall G (1997) Lack of evidence for allelic associ-
ation between personality traits and the dopamine D4 receptor
gene polymorphisms. Am J Psychiatry 154: 697-699

Jonsson EG, Nothen MM, Gustavsson JP, Neidt H, Forslund K, Mat-
tila-Evenden M, Rylander G, Propping P, Asberg M (1998) Lack
of association between dopamine D4 receptor gene and person-
ality traits. Psychol Med 28: 985-989

Kiihn KU, Meyer K, Nothen MM, Gansicke M, Papassotiropoulos
A, Maier W (1999) Allelic variants of dopamine receptor D4
(DRD4) and serotonin receptor SHT2¢ (HTR2c) and tempera-
ment factors: replications tests. Am J Med Genet 88: 168—172

Lichter JB, Barr CL, Kennedy JL, Van Tol HM, Kidd KK, Livak KJ
(1993) A hypervariable segment in the human dopamine receptor
D4 (DRD4) gene. Hum Mol Genet 2: 767-773

Loehlin JC (1992) Genes and Environment in Personality Develop-
ment. Sage, Newbury Park, CA

Malhotra AK, Virkkunen M, Rooney W, Eggert M, Linnoila M,
Goldman D (1996) The association between the dopamine D4 re-
ceptor (D4DR) 16 amino acid repeat polymorphism and novelty
seeking. Mol Psychiatry 1: 388-391

Noble EP, Ozkaragoz TZ, Ritchie TL, Zhang X, Belin TR, Sparkes
RS (1998) D2 and D4 dopamine receptor polymorphisms and
personality. Am J Med Genet 81: 257-267

OnoY, Manki H, Yoshimura K, Maramatsu T, Mizushima H, Higuchi
S, Yagi G, Kanba S, Asai M (1997) Association between
dopamine D4 receptor (D4DR) exon III polymorphism and nov-
elty seeking in Japanese subjects. Am J Med Genet 74: 501-503

Plomin R, Owen MJ, McGuffin P (1994) The genetic basis of com-
plex human behaviors. Science 264: 1733-1739

Pogue-Geile M, Ferrell R, Deka R, Debski T, Manuck S (1998) Hu-
man novelty seeking personality traits and dopamine D4 recep-
tor polymorphisms: a twin and genetic association study. Am J
Med Genet 81: 4448

Sander T, Harms H, Duffeu P, Kuhn S, Rommelspacher H, Schmidt
LG (1997) Dopamine D4 receptor exon III alleles and variation
of novelty seeking in alcoholics. Am J Med Genet 74: 483487

Schalling D, Asberg M, Edman G, Oreland L (1987) Markers for vul-
nerability to psychopathology: temperament traits associated
with platelet MAO activity. Acta Psychiatr Scand 76: 172-182

Strobel A, Wehr A, Michel A, Brocke B (1999) Association between
the dopamine D4 receptor (DRD4) exon III polymorphism and
measures of Novelty Seeking in a German population. Mol Psy-
chiatry 4: 378-384

Sullivan PF, Fifield WJ, Kennedy MA, Mulder RT, Sellman JD,
Joyce PR (1998) No association between novelty seeking and the
type 4 dopamine receptor gene (DRD4) in two New Zealand
samples. Am J Psychiatry 155: 98-101

Tomitaka M, Tomitaka S, Otuka Y, Kim K, Matuki H, Sakamoto K,
Tanaka A (1999) Association between novelty seeking and
dopamine receptor D4 (DRD4) exon III polymorphism in Japan-
ese subjects. Am J Med Genet 88: 469-471

Vandenbergh DJ, Zonderman AB, Wang J, Uhl GR, Costa PT Jr
(1997) No association between novelty seeking and dopamine
D4 receptor (DRD4) exon III seven repeat alleles in Baltimore
longitudinal study of aging participants. Mol Psychiatry 2:
417419

Van Tol HHM, Caren MW, Guan H-C, Ohara K, Bunzow JR, Civelli
O, Kennedy J, Seeman P, Niznik HB, Jovanovic V (1992) Multi-
ple dopamine D4 receptor variants in the human population. Na-
ture 358: 149-152



