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Objective: It has been reported that the
human temperament dimensions of nov-
elty seeking and harm avoidance are as-
sociated with polymorphisms in the D4

dopamine receptor gene (D4DR) and the
serotonin-transporter-linked promoter re-
gion (5-HTTLPR), respectively. Although
these findings are consistent with Clon-
inger’s hypothesized psychobiological
model of temperament and character,
many studies failed to replicate these
findings. In the present study the authors
tested whether the psychobiological
model taps the genetic architecture of
personality by exploring associations
between these candidate genes and the
dimensions of the Temperament and
Character Inventory and by examining its
phenotypic structure.

Method: Of the 946 male and female
participants in the Baltimore Longitudinal

Study of Aging to whom the Tempera-
ment and Character Inventory was ad-
ministered, 587 were genotyped for a

polymorphism with a 48-base-pair repeat
in the D4DR gene and 425 were geno-
typed for a 44-base-pair insertion or dele-

tion in the 5-HTTLPR polymorphism.

Results: There was no significant associa-
tion between D4DR polymorphisms and

novelty seeking. The authors also failed to
find an association between 5-HTTLPR
polymorphisms and harm avoidance. The
factor structure of the Temperament and

Character Inventory did not reveal the hy-
pothesized phenotypic structure.

Conclusions: This invest igat ion pro-
duced no support for the temperament-
character model at either the biological
or psychological level.

(Am J Psychiatry 2000; 157:1285–1290)

Although it is well established that personality traits
are heritable (1–3), most theories of personality do not at-
tempt to identify the specific genes involved. Cloninger
and colleagues (4), however, proposed a psychobiological
model of personality that purports to map personality at
the genetic level. At the psychological level, they propose
that temperament and character traits can be described in
terms of seven major factors. At the biological level, they
argue that the temperament traits are associated with
neurochemical substrates that have a genetic basis. One
implication of this theory is that genes associated with
neurotransmitters should be related to the hypothesized
temperament traits. Another implication is that traits hy-
pothesized to have a shared genetic basis should covary at
the phenotypic level. In this study we tested both of these
aspects of the temperament-character theory.

Cloninger and his colleagues assess personality with the
Temperament and Character Inventory (5), a seven-factor
model with four temperament and three character dimen-
sions. Cloninger et al. claim that the temperament dimen-
sions of novelty seeking, harm avoidance, reward depen-
dence, and persistence are genetically homogeneous and
that two of them are associated with distinct neurochemi-
cal substrates: novelty seeking with dopamine and harm

avoidance with serotonin. The model also identifies three
character dimensions called self-directedness, coopera-
tiveness, and self-transcendence, which are based on so-
cial goals and values. According to Cloninger and col-
leagues (6), the psychobiological model accounts for the
genetic basis of the personality phenotype, whereas alter-
native models of personality comprise genetically and en-
vironmentally heterogeneous factors.

Findings in molecular psychiatry presented great prom-
ise in mapping candidate genes for dimensions of human
personality traits. In two studies (7, 8) the dimension of
novelty seeking was linked to the seven-repeat allele (or
long form) of the 16-amino-acid polymorphism of the D4

dopamine receptor gene (D4DR), and in another study (9)
harm avoidance was associated with the short form of a
functional polymorphism (44-base-pair insertion or dele-
tion) in the serotonin-transporter-linked promoter region
(5-HTTLPR). These findings were greeted with enthusiasm
because they provided empirical support for Cloninger’s
claim that the temperament dimensions of novelty seeking
and harm avoidance have an identifiable genetic basis. In-
deed, Cloninger and colleagues themselves stated that it
may be fruitful “to map genes contributing to tempera-
ment, which has a relatively simple genetic architecture
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and can be quantified easily and reliably by questionnaire”
(6, p. 4). Although replications have been reported (10–15),
numerous failures to replicate the associations with D4DR
(16–22) and 5-HTTLPR (23–26) raise the question of
whether the temperament-character model adequately
taps the genetic architecture of personality.

In the present study we examined two candidate neu-
rotransmitter genes, D4DR and 5-HTTLPR, and Cloninger
and colleagues’ measure of the personality phenotype, the
Temperament and Character Inventory, in a large sample
of community-dwelling adult men and women. We tested
whether the novelty seeking and harm avoidance temper-
ament dimensions of the Temperament and Character In-
ventory are associated with functional polymorphisms in
D4DR and 5-HTTLPR, respectively. Prior studies (7, 8) sug-
gested that individuals with the seven-repeat allele (or
long form) of D4DR score higher on novelty seeking than
do people with the short form of D4DR. However, a recent
study in this journal by Ekelund et al. (21) on a cohort of al-
most 5,000 Finnish men and women suggested that the
two- and five-repeat alleles, rather than the seven-repeat
allele, were significantly associated with high scores for
novelty seeking. In the current study we attempted to rep-
licate these findings, as well as to test whether the short
variant of 5-HTTLPR is associated with higher scores on
the harm avoidance dimension of the Temperament and
Character Inventory (9).

Each of the dimensions of the Temperament and Char-
acter Inventory (except persistence) is assessed as the sum
of scores on three to five subscales measuring more spe-
cific traits. For example, novelty seeking includes explor-
atory excitability, impulsiveness, extravagance, and disor-
derliness. If in fact these traits share a genetic basis, they
should covary in the population. Factor analysis of the
Temperament and Character Inventory subscales was
used to test the hypothesis that temperament and charac-
ter traits define the seven factors proposed by Cloninger
and colleagues.

Method

Respondents

The participants included 946 men and women in the National
Institute on Aging’s Baltimore Longitudinal Study of Aging (27).
The participants in this study are generally healthy, well-edu-
cated, community-dwelling volunteers who visit the Gerontology
Research Center every 2 years for biomedical and psychosocial
testing. After complete description of the study to the partici-
pants, written informed consent was obtained. The subjects who
consented to participate consisted of 478 men aged 21 to 94 years
(mean=62.1, SD=15.5) and 468 women aged 20 to 93 years
(mean=55.4, SD=15.5). The ethnic composition of the total sam-
ple was 83.5% white (N=790), 13.1% African American (N=124),
and 3.4% other (including Asian Americans, Native Americans,
and Hispanics, N=32). The mean education level of the sample
was 16.8 years (SD=2.4). DNA was available for only 587 partici-
pants (321 men and 266 women). All 587 were genotyped for the
D4DR polymorphism. DNA and funds for 5-HTTLPR genotyping
were available for 425 participants (217 men and 208 women).

Personality Assessment

The Temperament and Character Inventory is a 240-item,
true-false, self-report questionnaire that measures seven dimen-
sions of personality, including the original three Tridimensional
Personality Questionnaire scales (or temperaments) of novelty
seeking, harm avoidance, and reward dependence (4, 5). The
Temperament and Character Inventory also includes a fourth
temperament dimension, persistence, which was originally sub-
sumed under reward dependence, and three character dimen-
sions: self-directedness, cooperativeness, and self-transcen-
dence. The Temperament and Character Inventory also
measures 25 more specific traits that define the temperament
and character dimensions. Details regarding the development,
reliability, and factor structure of the Temperament and Charac-
ter Inventory are provided elsewhere (4). Coefficient alpha, an in-
dex of internal consistency, reflects the degree to which items in
a scale are tapping similar content. For the present sample, the
coefficient alphas were 0.76, 0.86, 0.70, 0.60, 0.83, 0.80, and 0.87
for novelty seeking, harm avoidance, reward dependence, persis-
tence, self-directedness, cooperativeness, and self-transcen-
dence, respectively.

D4DR Polymorphism Genotyping

Genomic DNA was extracted from whole blood by standard
techniques. The yield of the genomic DNA was assessed by elec-
trophoresis: 2 µl of DNA and a HindIII-digested λ standard DNA
and genomic DNA concentration standards were subjected to
electrophoresis on a 1% agarose gel containing 0.5 µg/ml of
ethidium bromide, with subsequent visualization by ultraviolet
transillumination. Oligonucleotide primers used in the primary
amplification reaction were synthesized by means of standard
methods. The positive control included a DNA sample of the
most common allele, D4DR 4,4, in parallel with every set of test
samples. The amplification reaction contained the following in a
final volume of 60 µl: 25–250 ng of DNA, 50 pmol of each primer
(as already described), 10% DMSO and buffer, nucleotides (200
µM each of dATP, dTTP, and dCTP and 100 µM each of dGTP and
7-deaza-dGTP), and Taq polymerase and buffer. Initial denatur-
ation of the genomic DNA template was accomplished by heat-
ing at 95°C for 5 minutes. Each of 30 cycles of amplification in-
cluded annealing for 40 seconds at 54°C, extension of the
primers at 72°C for 1 minute, and denaturation at 95°C for 45 sec-
onds. The amplified samples (15–20 µl) were loaded onto a 1.5%
agarose gel and electrophoresed at 100 V for 2 to 3 hours. Each set
of gel samples included a DNA amplification size marker, the
D4DR 4,4 amplification control, a D4 amplification ladder, a DNA
negative control, and the test samples. The DNA fragments were
visualized on an ultraviolet transilluminator and recorded by
photographing the gel.

We used several approaches to defining the short versus long
D4DR groupings reported in the literature (7, 8). The first ap-
proach defined the short polymorphism by the absence of the
exon III seven-repeat allele and the long polymorphism by the
presence of any seven-repeat allele. Because four- and seven-re-
peat alleles account for the majority of alleles in the population, a
second approach compared the 4,4 genotype to the 4,7 genotype.
A third approach defined the short polymorphism as two copies
of two to five exon III repeats (s/s genotype) and the long polymor-
phism as one or two copies of six to eight exon III repeats (s/l and
l/l genotypes). A fourth approach contrasted the s/s, s/l, and l/l
genotypes. We also attempted to replicate the finding of Ekelund
et al. (21) that the two- and five-repeat alleles were associated
with novelty seeking.

5-HTTLPR Polymorphism Genotyping

Genomic DNA was extracted from whole blood by standard
techniques. Polymerase chain reaction primers and conditions
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were as described by Lesch et al. (9). Briefly, primers flanking 5-
HTTLPR and corresponding to the nucleotide positions –1416 to
–1397 and –910 to –888 of the serotonin transporter gene 5′-flank-
ing regulatory region were used to generate 484- or 528-base-pair
fragments. This polymerase chain reaction amplification was
performed in a final volume of 30 µl consisting of 50 ng of ge-
nomic DNA, 2.5 mM deoxyribonucleotides, 0.1 µg of sense and
antisense primers, 10 mM Tris HCl (pH 8.3), 50 mM KCl, 1.5 mM
MgCl2, and 1 U of Taq DNA polymerase. Annealing was carried
out at 61°C for 30 seconds, extension at 72°C for 1 minute, and de-
naturation at 95°C for 30 seconds for 35 cycles. The fragments
were separated by agarose gel electrophoresis using 4% gels, and
the genotypes were screened by ethidium bromide staining. DNA
from 60 randomly selected subjects was sent to an independent
laboratory to confirm the veridicality of our 5-HTTLPR assays.
Perfect (100%) interlaboratory agreement was obtained.

We used two approaches defining the short and long 5-HT-
TLPR groupings reported in the literature (9, 23). In the first ap-
proach, participants with either one or two copies of the short
variant of 5-HTTLPR were grouped together (s/s and s/l geno-
types) and were contrasted to participants homozygous for the
long variant of 5-HTTLPR (l/l genotype). The second method con-
trasted the s/s, s/l, and l/l genotype groups.

Statistical Analysis

All statistical tests were carried out by using SAS software, re-
lease 6.12 (SAS, Cary, N.C.). Associations between genotype group
and scores on the Temperament and Character Inventory scale
were assessed by one-way analysis of variance (ANOVA). Because
concerns about ethnic differences have been raised in prior stud-
ies (25), we repeated the analyses while controlling for the demo-
graphic variables of race (white versus nonwhite), age, and gen-
der. All analyses were repeated within the subsample of white
participants.

For D4DR, subjects with the absence (short) versus presence
(long) of any seven-repeat alleles were compared in terms of
scores on the overall Temperament and Character Inventory scale
for novelty seeking and on the four subscales within novelty seek-
ing. Additional D4DR genotype comparisons included 1) 4,4
(short) versus 4,7 (long); 2) short (s/s) versus long (l/l plus s/l); 3) all
three groups (l/l, s/l, and s/s); and 4) presence versus absence of
two- and five-repeat alleles. For 5-HTTLPR, the short (s/s plus s/l)
and long (l/l) 5-HTTLPR genotype groups were compared on the

overall harm avoidance scale and the four harm avoidance sub-
scales. The harm avoidance scores of the three 5-HTTLPR geno-
type groups (l/l, s/l, and s/s) were also compared.

Following the method Cloninger et al. (4), we evaluated the
phenotypic structure of the Temperament and Character Inven-
tory by conducting a principal components factor analysis of the
25 subscales. Exploratory factor analyses using a variety of indica-
tors (Horn’s parallel analysis, Scree test, and eigenvalue greater
than 1.0) suggested that fewer than seven factors should be ex-
tracted (Costa et al., manuscript in preparation). However, be-
cause the temperament-character model posits seven factors,
seven factors were extracted. Varimax and promax rotations were
examined.

Results

Analysis of D4DR Genotype

The frequencies of the D4DR polymorphism alleles in
the total sample were as follows: allele 2, 8.9%; allele 3,
3.7%; allele 4, 64.3%; allele 5, 1.1%; allele 6, 0.3%; allele 7,
20.4%; and allele 8, 1.1%. One participant had 10 repeats
on the second D4DR allele. These distributions are similar
to those reported previously (7, 8). The hypothesized dif-
ference in scores on the overall scale for novelty seeking
between individuals with no seven-repeat allele (short)
and those with any seven-repeat allele (long) was not
found (Table 1). An analysis comparing the scores for nov-
elty seeking of the 4,4 and 4,7 genotype groups was also
not significant. Comparison of the groups with long (l/l
plus s/l) and short (s/s) polymorphisms also resulted in no
significant differences. An analysis of the three D4DR gen-
otype groups (l/l, s/l, and s/s) also resulted in no significant
differences in novelty seeking. When participants with the
presence of any two- or five-repeat alleles were compared
to those without these alleles, no significant effects involv-
ing the genotype were obtained. No significant D4DR
group differences were found when the analyses were per-
formed on the four subscales of novelty seeking: explor-
atory excitability, impulsiveness, extravagance, and disor-
derliness. When the analyses were statistically controlled
for the effects of race, age, and gender and when the anal-
yses were repeated within the subsample of white partici-
pants, no significant D4DR group differences emerged for
novelty seeking or its subscales.

TABLE 1. Relation of Score on the Novelty Seeking Scale of
the Temperament and Character Inventory to D4DR Geno-
type for 587 Healthy Volunteers

Score on 
Novelty 
Seeking 

Scale ANOVA

D4DR Genotype Classification Mean SD F df p

Seven-repeat allele 0.04 1, 585 0.84
None (N=367) 16.6 5.6
Any (N=220) 16.5 6.3

4,4 versus 4,7 genotype 0.20 1, 396 0.65
4,4 (N=244) 17.0 5.6
4,7 (N=154) 16.7 6.4

Short versus long polymorphism 0.27 1, 585 0.60
Short (s/s) (N=356) 16.7 5.7
Long (l/l + s/l) (N=231) 16.4 6.2

l/l versus s/l versus s/s genotype 0.14 2, 584 0.87
l/l (N=27) 16.4 5.3
s/l (N=204) 16.5 6.3
s/s (N=356) 16.7 5.7

Two- or five-repeat allele 0.07 1, 585 0.79
None (N=475) 16.6 5.9
Any (N=112) 16.7 5.9

TABLE 2. Relation of Score on the Harm Avoidance Scale of
the Temperament and Character Inventory to 5-HTTLPR
Genotype for 425 Healthy Volunteers

5-HTTLPR Genotype
Classification

Score on 
Harm

Avoidance 
Scale ANOVA

Mean SD F df p

Short versus long polymorphism 1.84 1, 423 0.18
Short (s/l + s/s) (N=277) 10.4 6.0
Long (l/l) (N=148) 11.2 6.5

l/l versus s/l versus s/s genotype 0.96 2, 422 0.38
s/s (N=79) 10.2 6.3
s/l (N=198) 10.4 6.1
l/l (N=148) 11.2 6.5
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Analysis of 5-HTTLPR Genotype

The frequencies of 5-HTTLPR alleles in the total sample
were 58% for the long allele (l) and 42% for the short allele
(s). The three genotype frequencies were distributed ac-
cording to Hardy-Weinberg equilibrium (l/l=0.35, s/l=0.47,
and s/s=0.18) and are similar to those reported previously
(28, 29). Contrary to findings in a prior report (9), when
the long (l/l) and short (s/l plus s/s) genotype groups were
compared on the harm avoidance dimension of the Tem-
perament and Character Inventory, no significant effect
for genotype group was obtained (Table 2). No significant
5-HTTLPR genotype group differences were found for the
four subscales for harm avoidance: anticipatory worry
(F=0.47, df=1, 423, p=0.49), fear of uncertainty (F=1.96,
df=1, 423, p=0.16), shyness with strangers (F=1.06, df=1,
423, p=0.30), and fatigability (F=1.09, df=1, 423, p=0.30).
An analysis of the three 5-HTTLPR genotype groups (l/l, s/
l, and s/s) also indicated no significant differences in
scores for harm avoidance. Analyses that statistically con-
trolled for the effects of race, age, and gender and analy-
ses within the subsample of white participants also re-
sulted in no significant genotype differences for harm
avoidance or its subscales.

Principal Components Analysis

The results of the varimax and promax rotations were
similar. For comparison to the table in the Temperament
and Character Inventory Manual (5), Table 3 presents the
factor structure loadings from the promax-rotated princi-
pal components analysis of scores on the 25 subscales of
the Temperament and Character Inventory for the partici-
pants in our study. The factor structure loadings can be in-
terpreted as the correlation between each subscale and
the underlying factor. The observed factor structure of the
Temperament and Character Inventory instrument does
not correspond to the hypothesized seven-factor structure
of the temperament-character model. In particular, Table
3 reveals two recurring problems with the Temperament
and Character Inventory. First, according to the tempera-
ment-character model, all the subscales of each tempera-
ment or character factor should load on the same factor.
Yet, several subscales have split or joint loadings. For ex-
ample, the subscales for novelty seeking define two sepa-
rate factors (IV and V), and the subscales for reward de-
pendence have their chief loadings on three different
factors (II, III, and IV). Second, several of the factors are
defined by an admixture of subscales from the tempera-
ment and character domains. For example, factor I is

TABLE 3. Promax-Rotated Principal Components Factor Structure of the 25 Subscales of the Temperament and Character
Inventory, Administered to 946 Healthy Volunteers

Subscale of Temperament 
and Character Inventorya

Factorb

I II III IV V VI VII

Novelty seeking
Exploratory excitability (NS1) –0.41c 0.20 0.12 0.69c 0.29 0.14 0.18
Impulsiveness (NS2) –0.02 0.05 –0.09 0.16 0.70c –0.08 0.15
Extravagance (NS3) –0.10 0.11 –0.03 0.66c 0.30 0.12 –0.01
Disorderliness (NS4) –0.10 0.00 –0.10 0.21 0.71c –0.06 0.11

Harm avoidance
Anticipatory worry (HA1) 0.80c –0.21 –0.17 –0.09 0.09 –0.19 0.09
Fear of uncertainty (HA2) 0.67c 0.02 0.08 –0.09 –0.27 –0.18 –0.16
Shyness (HA3) 0.76c –0.20 –0.09 –0.36 0.09 –0.04 0.04
Fatigability and asthenia (HA4) 0.58c 0.01 –0.05 –0.10 –0.03 –0.27 –0.38

Reward dependence
Sentimentality (RD1) –0.01 0.56c 0.48c 0.27 –0.14 –0.30 0.17
Attachment (RD3) –0.13 0.16 0.41c 0.72c –0.08 –0.01 –0.01
Dependence (RD4) 0.11 –0.08 0.64c 0.20 –0.16 0.15 0.01

Persistence (P) –0.22 0.18 0.01 0.02 –0.17 0.10 0.77c

Self-directedness
Responsibility (SD1) –0.34 –0.07 0.13 0.24 –0.05 0.67c –0.04
Purposefulness (SD2) –0.51c 0.21 0.14 0.26 –0.34 0.56c 0.16
Resourcefulness (SD3) –0.67c 0.11 0.12 0.27 –0.18 0.48c 0.28
Self-acceptance (SD4) –0.15 0.02 0.25 –0.09 –0.24 0.47c –0.46c

Congruent second nature (SD5) –0.45c 0.08 0.23 –0.01 –0.52c 0.35 0.16
Cooperativeness

Social acceptance (C1) –0.43c 0.21 0.58c 0.22 –0.11 0.01 –0.19
Empathy (C2) –0.35 0.35 0.58c 0.44c –0.18 0.04 0.00
Helpfulness (C3) –0.17 0.02 0.60c 0.13 –0.05 0.46c 0.05
Compassion (C4) –0.28 0.38 0.62c –0.04 –0.21 0.08 –0.22
Pure-hearted principles (C5) 0.11 0.19 0.54c –0.17 –0.01 0.48c 0.19

Self-transcendence
Self-forgetful (ST1) –0.16 0.79c 0.05 0.16 0.09 –0.12 0.14
Transpersonal identification (ST2) –0.17 0.82c 0.18 0.12 –0.12 –0.10 –0.02
Spiritual acceptance (ST3) –0.08 0.76c 0.24 0.17 –0.01 0.08 0.05

a Parenthetical abbreviations correspond to those used in the manual for the Temperament and Character Inventory (5). The original RD2 sub-
scale is now a separate dimension, persistence (P).

b The factor structure loadings can be interpreted as the correlation between each subscale and the underlying factor.
c Loading greater than ±0.40.
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clearly defined by the four harm avoidance subscales but
also has significant inverse loadings from three of the five
self-directedness subscales. Factors II and III combine the
temperament scales of reward dependence with the char-
acter scales of self-transcendence and cooperativeness,
respectively. The conceptual distinction between temper-
ament and character is not empirically supported in these
analyses of the Temperament and Character Inventory.

Discussion

In this investigation we found no support for the temper-
ament-character model on either the biological or psycho-
logical level. Recall that the dimensions of the psychobio-
logical model of temperament are hypothesized to be
regulated neurochemically by a complex network of brain
connections, and the model was used as a guide in the de-
velopment of the Temperament and Character Inventory.
The model hypothesizes that genetic variability in dopa-
mine transmission plays a crucial role in the neuromodula-
tion of behavioral activation in response to novelty (novelty
seeking traits), and genetic variability in serotonin trans-
mission is the major neuromodulator of the brain’s inhibi-
tion system (harm avoidance traits) (5). At the genetic level,
novelty seeking was not related to any of the D4DR alleles
(e.g., long versus short, as originally proposed, or two and
five repeats, as recently proposed by Ekelund et al.). Simi-
larly, the serotonin transporter gene was not related to vari-
ations in the temperament dimension of harm avoidance.

Previous discussions (30, 31) of the failure to replicate
the phenotypic and genotypic links focused only on the
selection of candidate genes. The present findings suggest
that it is also possible that the temperament-character
model is incorrect. That interpretation is suggested by the
failure of the principal components analysis to replicate
the hypothesized factors. If the subscales of the Tempera-
ment and Character Inventory share some genetic basis,
they should covary to define a common factor. The four
subscales for harm avoidance do cohere, which is consis-
tent with the notion that they share a genetic basis. How-
ever, it is unlikely that the subscales for novelty seeking or
reward dependence have a common genetic basis, be-
cause they do not define a single factor. These results are
consistent with those in a recent study by Ball et al. (32),
who also failed to uncover the hypothesized factor struc-
ture of the Temperament and Character Inventory. The
dimensions of the Temperament and Character Inventory
do not represent a “simple genetic architecture,” as
Cloninger and colleagues (4) claimed.
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