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Objective: In 1986 and 1987, Cloninger postulated the existence of the heritable behavioral
trait of novelty seeking and its putative underpinnings in the dopaminergic systems of the
ventral midbrain. Two widely reported studies found significant associations between novelty
seeking and the type 4 dopamine receptor gene (DRD4), although a more recent study did not.
The authors’ objective was to investigate this association in two New Zealand samples.
Method: The authors studied two nonoverlapping samples: subjects in a depression treatment
trial (N=86) and subjects from 14 pedigrees dense with alcoholism (N=181). DRD4 genotyping
was based on a standard protocol. Results: Novelty seeking and DRD4 were not statistically
associated. Conclusions: In these samples, there was no suggestion that the DRD4 polymor-
phism contributed to individual differences in the behavioral trait of novelty seeking.
 (Am J Psychiatry 1998; 155:98–101)

A decade ago, Cloninger (1, 2) postulated the exist-
ence of the heritable behavioral trait of novelty

seeking and its putative underpinnings in the dopa-
minergic systems originating in the ventral midbrain.
Large twin studies supported the heritability of novelty
seeking (about 50%) (3, 4). There have been two re-
ports of significant associations between novelty seek-
ing and a polymorphism of the type 4 dopamine recep-
tor (DRD4) (5, 6). This polymorphism—a 48 base-pair
sequence repeated 2–8 times—codes for an expressed
sequence associated with differential pharmacological
characteristics (7), and the presence of the 7-repeat al-
lele (5) or 6 or more repeats (6) was associated with
higher novelty seeking scores. Subsequent studies in

Finland (8) and Sweden (9) did not replicate these find-
ings. These reports generated substantial interest in sci-
entific and lay circles.

The objective of our report was to attempt to confirm
or refute an association between novelty seeking and
DRD4 in two separate samples in New Zealand.

METHOD

Subjects

We studied two groups of subjects: 1) 86 subjects with a current
major depressive illness of at least moderate severity who were
studied in the context of a randomized clinical trial that compared
the long-term efficacy of the antidepressants fluoxetine and nor-
triptyline and 2) 181 subjects who were members of 14 multiplex
alcoholic pedigrees who were ascertained from clinical sources and
studied according to a protocol designed to maximize comparabil-
ity to a larger-scale set of American studies. Both studies were ethi-
cally reviewed and approved in advance, and all subjects provided
written informed consent.

Measures

Psychiatric diagnoses were determined by using structured diag-
nostic interviews (10, 11) administered by trained raters. All subjects
completed the self-report Temperament and Character Inventory (12,
13). This instrument contains essentially the same 34 items used by
Ebstein et al. (5) and Malhotra et al. (8). (Benjamin et al. [6] computed
novelty seeking scores from another personality measure.) To maxi-
mize comparability to the previous reports, the total novelty seeking
scores reported here were summed across these 34 items.

Received Feb. 26, 1997; revision received July 11, 1997; accepted
July 31, 1997. From Virginia Commonwealth University/Medical
College of Virginia, Richmond; the Department of Psychiatry, Vir-
ginia Institute for Psychiatric and Behavioral Genetics; and Cytoge-
netics and Molecular Oncology, Department of Pathology, and Uni-
versity Department of Psychological Medicine, Christchurch School
of Medicine, Christchurch, New Zealand. Address reprint requests to
Dr. Sullivan, Department of Psychiatry, Virginia Institute for Psychi-
atric and Behavioral Genetics, P.O. Box 980126, Richmond, VA
23298-0126; sullivan@psycho.psi.vcu.edu (e-mail).
 Supported in part by the Health Research Council of New Zealand.
 The multiplex alcoholic pedigrees were studied in collaboration
with Professor C.R. Cloninger, Department of Psychiatry, Washing-
ton University, Saint Louis. The authors thank Robyn Abbott, Isobel
Stevens, Alison Pickering, and Verna Brayden for assistance in com-
pleting these studies, Allison Miller and Dr. Nick Carney for technical
support, and Dr. Charles J. Maclean for assistance with the sibling
pair analyses.

98 Am J Psychiatry 155:1, January 1998



DNA Extraction

Material from subjects in the 14 pedigrees dense with alcoholism
(N=181) was in the form of lymphoblastoid cell lines generated by
Epstein-Barr virus transformation of white blood cells. DNA was
extracted from 2×106 frozen cells of each cell line (14). A different
method was used to extract DNA from peripheral blood samples
of subjects from the depression treatment trial (N=86). Peripheral
blood (5 ml in an EDTA or lithium-heparin tube) was mixed with
45 ml of lysis buffer (0.32 M sucrose, 10 mM Tris pH 7.5, 5 mM
MgCl2, 1% Triton X-100). Leukocytes were recovered by centrifu-
gation and resuspended in lysis solution (4 M guanidine isothiocy-
anate, 25 mM sodium acetate, 0.84% β-mercaptoethanol) to re-
lease DNA. An equal volume of isopropanol was added to
precipitate the DNA, which was recovered by centrifugation and
washed three times in cold 70% ethanol. The DNA was then resus-
pended and dissolved in 10 mM Tris pH 8.0–1 mM EDTA (0.5 ml)
and stored at 4°C.

DRD4 Genotyping

Primers for genotyping of DRD4 were D4-3 and D4-42 (15). Poly-
merase chain reaction was carried out in 25 µl buffer (as supplied with
the enzyme) containing 200 µM each of the four deoxynucleoside
triphosphates, 1.5 mM MgCl2, 0.5 µM of each primer, 10% dimethyl
sulfoxide, and approximately 50 ng of genomic DNA. A “hot-start”
strategy was used in which reactions were heated to 99°C for 1 min-
ute, then cooled to 95°C before the addition of 0.5 units of eLON-
Gase (Life Technologies, Gaithersburg, Md.). Temperature cycles (35
in total) were 95°C for 30 seconds (beginning with the enzyme addi-
tion step), 60°C for 30 seconds, and 72°C for 40 seconds. A final step
of 72°C for 4 minutes completed the reactions. All products were
resolved by electrophoresis on 2% agarose gels, stained with
ethidium bromide, and sized by comparison with a 123 base-pair lad-
der (Life Technologies, Gaithersburg, Md.).

Statistical Analysis

For maximal comparability to previous reports (5, 6, 8), we strati-
fied our samples by the presence or absence of the DRD4 7-repeat
allele. All p values reported are two-tailed.

Because novelty seeking is negatively correlated with age and may
have gender differences (13), age and gender were included as covari-
ates in analysis of variance models. Effect sizes were calculated ac-
cording to the method of Cohen (16): an effect size of 0.2 was con-
sidered a small effect and an effect size of 0.5 was considered a
medium effect.

To take into account the genetic relationships in the subjects from
the 14 pedigrees dense with alcoholism (N=181), we used a sibling
pair approach. We constructed a data set consisting of all possible
pairs of siblings (N=133) and then selected the 72 pairs discordant for
the presence of the DRD4 7-repeat allele. We compared the novelty
seeking scores of these discordant sibling pairs by using Student’s t
test. In these analyses, a given sibling may be included more than
once. Such an inclusion, however, is “anticonservative” in that the p
value obtained tends to be smaller than the true p value.

RESULTS

Primary Results

As shown in table 1, substantial proportions of each
sample had lifetime DSM-III-R diagnoses of major de-
pression and alcohol dependence. The mean novelty
seeking total score for each sample was similar to that
reported by Ebstein et al. (5). The DRD4 7-repeat allele
was more prevalent in these two New Zealand samples

TABLE 1. Demographic, Diagnostic, and DRD4 Genotypic Characteristics of Subjects From a Depression Clinical Trial and From Multiplex
Alcoholic Pedigrees

Characteristic Depression Clinical Trial (N=86) Multiplex Alcoholic Pedigrees (N=181)

Mean SD Mean SD

Age (years) 32.0 11.0 39.7 14.1
Total score on 34-item novelty seeking scale 15.9  5.4 16.1  5.3

N % N %
Sex

Male 34  39.5 90 49.7
Female 52  60.5 91 50.3

Lifetime alcohol dependence —  28.6 79 43.6
Lifetime major depression 86 100.0 63 34.8

DRD4 Frequency DRD4 Frequency

4-repeat allele 0.608 0.596
7-repeat allele frequency 0.228 0.251
7-repeat allele present 0.388 0.453

Mean SD
Effect
Size p

Adjusted
pa Mean SD

Effect
Size p

Adjusted
pa

Relation of DRD4 7-repeat allele and novelty
seeking scale score
Novelty seeking score

DRD4 7-repeat allele present 16.0 6.0 16.4 5.5
DRD4 7-repeat allele absent 15.7 5.1 15.7 5.3

Analysis 0.06 0.78b 0.85c 0.13 0.38d 0.77e

aAdjusted for age and sex. bF=0.08, df=1, 83. cF=0.03, df=1, 81.
dF=0.79, df=1, 177. eF=0.08, df=1, 175.
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than in the Israeli sample of Ebstein et al. (7-repeat al-
lele frequency=0.274) (5) or in the U.S. sample of Ben-
jamin et al. (7-repeat allele frequency=0.167) (6).

For DRD4, there was no statistically significant as-
sociation in either sample between the 7-repeat allele
and the behavioral trait of novelty seeking. Moreover,
the effect sizes (16) we observed were considerably less
than those of Ebstein et al. (effect size=0.51) (5) or Ben-
jamin et al. (effect size=0.39) (6).The analyses in table
1 for the subjects from 14 pedigrees dense with alco-
holism (N=181) consider each subject as an inde-
pendent observation even though they are genetically
related. To take these relationships into account, we
compared the novelty seeking scores of the 72 sibling
pairs discordant for the presence of the DRD4 7-repeat
allele (from 133 possible sibling pairs). Again, there
was no significant association between novelty seeking
and the presence or absence of the DRD4 7-repeat al-
lele (paired t test=0.569, p=0.51; mean novelty seeking
score with 7-repeat allele present=16.2, SD=4.5, with
7-repeat allele absent=16.7, SD=6.0). These analyses
ignore the fact that a given sibling may be included
more than once in these discordant pairs. However,
these analyses are “anticonservative” in that the p
value obtained tends to be smaller than the true p
value. Given that p=0.52 for the t test above, it is un-
likely that these data contain a significant relationship
between novelty seeking and the DRD4 7-repeat allele.

Secondary Results

We also conducted several preplanned secondary
analyses. 1) There were no significant associations be-
tween any of the four novelty seeking subscales and the
presence or absence of the DRD4 7-repeat allele in
either of the two samples (p>0.20 for all eight compari-
sons). 2) For the depressed sample, novelty seeking
scores for each subject were available from an inform-
ant and from the subject 6 months after the initial de-
termination of novelty seeking. The use of multiple
informants and longitudinal measurements is an im-
portant way to distinguish the “stable” part of novelty
seeking from the error inherent in self-reported behav-
ioral traits (17). We used principal components analy-
sis of these three different novelty seeking scores (i.e.,
from the subject initially, from the subject after 6
months, and from an informant) to extract an index of
“stable” novelty seeking; the first principal component
accounted for 79.2% of the variance in novelty seeking
scores. Similar to the analyses reported in table 1, the
presence or absence of the DRD4 7-repeat allele was
not significantly associated with the stable component
of novelty seeking (p=0.54, controlling for age and
sex). 3) Clinical samples such as the ones in the present
report are likely to be heterogeneous. It is possible that
such heterogeneity could mask a true association of
DRD4 with novelty seeking. When we stratified each
of the two samples by the presence of certain “impul-
sive” traits (i.e., the presence of DSM-III-R alcohol de-
pendence, bulimia nervosa, childhood conduct disorder,

and adult antisocial personality disorder), there were
again no significant associations between novelty seek-
ing and the DRD4 7-repeat allele.

DISCUSSION

Our results are in contrast to findings in the initial
reports by Ebstein et al. (5) and Benjamin et al. (6) that
associated the behavioral trait of novelty seeking with
the DRD4 7-repeat allele, but they are consistent with
the negative results of Malhotra et al. (8). In the main
and secondary analyses, no comparison approached
statistical significance. Consequently, in our samples,
there was no evidence—or even a subtle trend—that
this DRD4 polymorphism had any impact on the be-
havioral trait of novelty seeking as determined by self-
report. From these results, DRD4 would not appear to
be a plausible candidate gene for novelty seeking.

There are two important caveats to our findings.
First, the composition of clinical samples is widely rec-
ognized to be influenced by any number of potential
biases. Such biases could have altered or masked a true
association between novelty seeking and DRD4. For
example, the symptoms of major depression and alco-
holism themselves might bias an individual’s self-report
of novelty seeking. Second, the DRD4 48 base-pair re-
peat polymorphism we studied varies in the sequence
and order of the repeats (15). As in the previous reports
(5, 6, 8, 9), we studied only the number of repeats—but
not their sequence or order—and cannot exclude the
possibility that individual variation in these two factors
is relevant to novelty seeking.

REFERENCES

 1. Cloninger CR: A unified biosocial theory of personality and its
role in the development of anxiety states. Psychiatr Dev 1986;
3:167–226

 2. Cloninger CR: A systematic method for clinical description and
classification of personality variants: a proposal. Arch Gen Psy-
chiatry 1987; 44:573–588

 3. Heath AC, Cloninger CR, Martin NG: Testing a model for the
genetic structure of personality: a comparison of the personality
systems of Cloninger and Eysenck. J Pers Soc Psychol 1994; 66:
762–775

 4. Stallings MC, Hewitt JK, Cloninger CR, Heath AC: Genetic and
environmental structure of the Tridimensional Personality Ques-
tionnaire: three or four temperament dimensions? J Pers Soc Psy-
chol 1996; 70:127–140

 5. Ebstein RP, Novick O, Umansky R, Priel B, Osher Y, Blaine D,
Bennett ER, Nemanov L, Katz M, Belmaker RH: Dopamine D4
receptor (DRD4) exon III polymorphism associated with the hu-
man trait of novelty seeking. Nat Genet 1996; 12:78–80

 6. Benjamin J, Li L, Patterson C, Greenberg BD, Murphy DL,
Hamer DH: Population and familial association between the D4
dopamine receptor gene and measures of novelty seeking. Nat
Genet 1996; 12:81–84

 7. Van Tol HHM, Wu CM, Guan H-C, Ohara K, Bunzow JR, Civ-
elli O, Kennedy J, Seeman P, Niznik HB, Jovanovic V: Multiple
dopamine D4 receptor variants in the human population. Nature
1992; 358:149–152

 8. Malhotra AK, Virkkunen M, Rooney W, Eggert M, Linnoila M,

NOVELTY SEEKING AND DRD4

100 Am J Psychiatry 155:1, January 1998



Goldman D: The association between the dopamine D4 receptor
(DRD4) 16 amino acid repeat polymorphism and novelty seek-
ing. Molecular Psychiatry 1996; 1:388–391

 9. Jönsson EG, Nöthen MM, Gustavsson JP, Neidt H, Brené S, Ty-
lec A, Propping P, Sedvall GC: Lack of evidence for allelic asso-
ciation between personality traits and the dopamine D4 receptor
gene polymorphisms. Am J Psychiatry 1997; 154:697–699

10. Spitzer RL, Williams JBW, Gibbon M, First MB: The Structured
Clinical Interview for DSM-III-R (SCID), I: history, rationale,
and description. Arch Gen Psychiatry 1992; 49:624–629

11. Nurnberger JI, Blehar MC, Kaufmann CA, York-Cooler C,
Simpson SG, Harkavy-Friedman J, Severe JB, Malaspina D,
Reich TD: Diagnostic Interview for Genetic Studies: rationale,
unique features, and training. Arch Gen Psychiatry 1994; 51:
849–859

12. Cloninger CR, Svrakic DM, Przybeck TR: A psychobiological

model of temperament and character. Arch Gen Psychiatry
1993; 50:975–990

13. Cloninger CR, Przybeck TR, Svrakic DM, Wetzel RD: The Tem-
perament and Character Inventory: A Guide to Its Development
and Use. St Louis, Washington University, Center for Psychobi-
ology of Personality, 1994

14. Laird PW, Zijderveld A, Linders K, Rudnicki MA, Jaenisch R,
Berns A: Simplified mammalian DNA isolation procedure. Nu-
cleic Acids Res 1991; 19:4293

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

16. Cohen J: Statistical Power Analysis for the Behavioral Sciences,
2nd ed. Hillsdale, NJ, Lawrence Erlbaum Associates, 1988

17. Neale MC, Cardon LR: Methodology for the Study of Twins and
Families. Dordrecht, Netherlands, Kluwer Academic, 1992

SULLIVAN, FIFIELD, KENNEDY, ET AL.

Am J Psychiatry 155:1, January 1998 101


