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A distinctive personality type, characterized by introversion, in-
flexibility, and low novelty seeking, has been suggested to be
associated with Parkinson’s disease. To test the hypothesis that
Parkinson’s disease is associated with a specific dopamine-related
personality type, the personality structures of 61 unmedicated
Parkinson’s disease patients and 45 healthy controls were exam-
ined. Additionally, in 47 Parkinson’s disease patients, the dopami-
nergic function in the brain was directly measured with
6-[18F]fluoro-L-dopa (18F-dopa) positron emission tomography
(PET) with MRI coregistration. The novelty-seeking personality
score, supposedly associated with the parkinsonian personality,
was slightly lower in the Parkinson’s disease group compared with
controls, but it did not have a significant relationship with 18F-dopa
uptake in any of the brain regions studied (r � �0.12 to 0.11, P >
0.15). The harm-avoidance personality score, associated with anx-
iety and depression, was clearly increased in patients with Parkin-
son’s disease and it had a paradoxical, highly significant positive
correlation with the 18F-dopa uptake in the right caudate nucleus
(r � 0.53, P � 0.04, Bonferroni corrected for 220 comparisons).
Although the results of this study are not in disagreement with the
concept of low-novelty-seeking personality type in Parkinson’s
disease, the personality type does not seem to be dopamine
dependent. The correlation between the personality trait of harm
avoidance and 18F-dopa may reflect a specific feedback circuitry of
neurotransmitters that is associated with negative emotionality in
Parkinson’s disease.

For nearly a century, it has been suggested that Parkinson’s
disease could be associated with a specific personality type

(1). The ‘‘parkinsonian personality’’ has been described as
compulsive, industrious, introverted, morally rigid, punctual,
serious, stoic, and quiet (2, 3). There are studies that have
indicated that Parkinson’s disease patients score lower than
controls on a personality trait called novelty seeking (2, 4),
which, according to Cloninger’s (5) theory, is the temperament
trait primarily modulated by dopamine. The description of
low-novelty-seeking personality type is similar to the descrip-
tions of parkinsonian personality type in the literature (2). It has
thus been hypothesized that when people approach novel stimuli,
the normal pleasurable rewarding increase in dopamine is not
possible in patients with Parkinson’s disease and the result is less
novelty seeking—the parkinsonian personality (2).

Because the risk factors for Parkinson’s disease are unclear,
the possibility of a distinctive parkinsonian personality is in-
triguing and of clinical importance. If there is indeed a premor-
bid, dopamine-related, low-novelty-seeking personality type in
Parkinson’s disease, relatively simple personality screenings
could be used to evaluate individual risk for the disease. How-
ever, in a such a long-term, complex, and controversial issue as
the parkinsonian personality, together with the small number of
controlled studies, a publication bias is a possibility. In recent
years, negative results that do not support the concept of
parkinsonian personality either premorbidly or after the onset of
motor symptoms have also been reported (6, 7). Moreover,
earlier studies on parkinsonian personality have been based on
data describing the personality in medicated patients. It is
possible that the personality in medicated Parkinson’s disease,

because of disease progression, severe motor disability and�or
long-term dopaminergic medication, does not reflect well the
premorbid personality or the personality at the early stages of the
disease.

Modern in vivo neuroimaging methods provide exceptional
means to investigate human psychobiology. Recently, positron
emission tomography (PET) studies have been carried out to
directly investigate central dopaminergic function in relation to
personality. In healthy subjects, the PET results either support
(8) or do not support (9) a link between novelty seeking and
dopaminergic function, or else the results provide support for an
association of dopamine with other personality traits, such as
harm avoidance (10), presumably associated with the serotoner-
gic system and depression, or a personality trait that involves
personal detachment (9, 11, 12). In patients with Parkinson’s
disease, Menza and colleagues (13) have reported an association
between novelty seeking and dopaminergic function, a finding
that is in line with the concept of a dopamine-dependent
parkinsonian personality.

To date, all published PET studies focusing on dopamine and
personality have been relatively small (9–24 subjects per study),
and in the only study with Parkinson’s disease patients, the
sample was 9 medicated patients (13). If the PET results in
Parkinson’s disease could be replicated in an independent study
with a large number of unmedicated patients, it would provide
strong support for the concept of a dopamine-dependent, low-
novelty-seeking parkinsonian personality. On the other hand, if
there is no link between novelty seeking and dopamine in
Parkinson’s disease, the entire hypothesis of the parkinsonian
personality needs to be re-evaluated. In addition, although the
frontal lobe may be important in the regulation of introversion�
extraversion-related personality (14), so far no attempts have
been made to study the frontal monoaminergic projections with
personality measurements in patients with Parkinson’s disease.
In fact, there are no studies that have examined the personality
of unmedicated patients with Parkinson’s disease, with or with-
out functional brain imaging.

The present study consisted of two parts. The first part of the
study aimed simply to compare the personality structure of
unmedicated patients with Parkinson’s disease to the personality
of healthy controls. The second part of the study focused on the
brain dopaminergic function in Parkinson’s disease patients in
relation to their personality. Accordingly, the present study had
two primary objectives: (i) to determine whether unmedicated
early Parkinson’s disease patients score lower on novelty seeking
than healthy subjects, as would be expected on the basis of the
hypothesized parkinsonian personality, and (ii) to determine
whether there is a positive correlation between novelty seeking
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and brain dopaminergic function in unmedicated Parkinson’s
disease patients in the striatum, or in the frontal lobe, measured
with 6-[18F]fluoro-L-dopa (18F-dopa) PET, as would be expected
on the basis of the hypothesized parkinsonian personality and
the earlier study by Menza and colleagues (13).

Subjects and Methods
Subjects. In part I of the present study, unmedicated Parkinson’s
disease patients were compared with healthy controls by using
personality questionnaires. Sixty-one Caucasian patients with
Parkinson’s disease (41 men, 20 women), with a motor symptom
duration of less than 5 years, and 45 Caucasian healthy age-
matched controls (19 men, 26 women) participated in the study.
All Parkinson’s disease patients had been diagnosed by an
experienced neurologist and at least two of the three cardinal
symptoms of Parkinson’s disease (rest tremor, rigidity, bradyki-
nesia) were present in all patients without atypical features. The
severity of Parkinson’s disease was assessed according to the
motor part of the Unified Parkinson’s Disease Rating Scale
(UPDRS) (15) (mean score � 31.9, SD � 7.4, range 14–53). The
mean age of the Parkinson’s disease patients was 62.1 years
(SD � 7.9, range 47–79), and the mean age of controls was 59.8
years (SD � 8.7, range 40–74). None of the subjects had received
any antiparkinsonian medication or any other medication known
to affect dopaminergic neurotransmission. None of the control
subjects had a history of neurologic or psychiatric diseases.

In part II, unmedicated Parkinson’s disease patients were
scanned with three-dimensional-mode 18F-dopa PET. Forty-
seven Parkinson’s disease patients [mean age � 62.7 years, SD �
7.7, range 47–79; mean body mass index (BMI): 26.7 kg/m2, SD �
3.5, range 20.9–37.9; 33 men and 14 women] of the 61 early
Parkinson’s disease patients were examined with PET. Thirty-
three patients had predominantly right-sided symptoms and 14
patients had predominantly left-sided symptoms. One patient
was left-handed. None of the subjects in part I or II was aware
of the study hypotheses. The joint ethical committee of the
University of Turku and Turku University Central Hospital
approved the study. All participants gave their informed consent
after the procedures had been fully explained according to the
Declaration of Helsinki.

Personality Questionnaires and PET Imaging. Each subject filled out
the Temperament and Character Inventory (TCI) (16) and the
Karolinska Scales of Personality (KSP) (17) questionnaires. In
part II, the patients filled out the personality questionnaires
either at the PET Centre when the imaging took place or within
1 week after the PET examination.

Electrophilic [18F]F2 was produced according to Bergman and
Solin (18). The radiochemical synthesis of 18F-dopa was carried
out according to the methods of Namavari and colleagues (19)
and Bergman and colleagues (20). The radiochemical purity
exceeded 98% in every case. Dynamic 90-min three-dimensional
scans with General Electric Advance PET scanner were per-
formed as described (21). The mean (�SD) injected dose of
18F-dopa was 169 (�24) MBq. Each subject also underwent a
1.5-T MRI scan (Siemens Magnetom, Erlangen, Germany). The
region of interest (ROI) analysis was carried out by delineating
the head of the caudate nucleus, the putamen, the ventral
striatum, the medial frontal cortex (Brodmann’s areas 24 and
32), the dorsolateral prefrontal cortex (Brodmann’s area 46),
and the occipital region containing both gray and white matter;
we did one ROI on each hemisphere. PET and MRI planes were
realigned as described (21). The investigator who drew the ROIs
(E.N.) was not aware of the personality scores. A graphical
analysis method was used to calculate the metabolic rate of
18F-dopa, by using radioactivity concentration in the occipital
region as the input function (22).

Statistical Analyses. The statistical computations were performed
with the SAS system for Windows, release 8.00 (SAS, Cary, NC).
No T-score transformations for the personality scores were
performed. Instead, because sex and age may affect the person-
ality trait scores (parts I and II) (16, 17), and sex and UPDRS
score may affect the 18F-dopa uptake (part II) (21), unadjusted
raw personality scores and 18F-dopa uptake values were used,
and the effects of sex, age, and UPDRS score were controlled for
in the statistical analysis.

For part I, differences between Parkinson’s disease patients
and controls on each personality scale were tested with one-way
ANOVA with sex and age as covariates. The associations of
personality scores and UPDRS were analyzed by applying linear
regression analyses and Pearson partial correlation coefficients
with sex and age partialled out. Bonferroni corrections were used
to correct for 22 comparisons (7 TCI scales and 15 KSP scales)
between Parkinson’s disease patients and controls. Corrected P
values below 0.05 were considered statistically significant. For
novelty seeking, the personality scale with a priori hypothesis, the
level of significance for a lower score in the Parkinson’s disease
group was set at P � 0.05 uncorrected.

For part II, the associations of 18F-dopa uptake and person-
ality scores were analyzed by applying linear regression analyses.
Pearson’s partial correlation coefficients were calculated with
age, sex, and UPDRS score partialled out. Additionally, because
there are indications that the BMI may be associated with brain
dopaminergic function (10, 23), also the effect of BMI was
partialled out in the analysis. The individual effects of age,
UPDRS, and BMI on 18F-dopa uptake were also examined. In
the striatal regions, 18F-dopa uptake was studied separately for
the hemisphere contra- and ipsilateral to the predominant
symptoms of Parkinson’s disease and for the left and right
hemisphere. Also, because a sex difference in the right prefron-
tal 18F-dopa uptake has been demonstrated in Parkinson’s
disease (21), the results of men and women were studied
separately for the 18F-dopa uptake in the right dorsolateral
prefrontal cortex. In other brain regions, men and women were
studied as one group with the effect of sex partialled out in the
analysis. Bonferroni corrections were used to correct for 220
comparisons [22 personality scales � 10 brain regions]. Cor-
rected P values below 0.05 were considered statistically signifi-
cant. For TCI novelty seeking, the personality scale with a priori
hypothesis, the level of significance for a positive association with
18F-dopa uptake was set at P � 0.05 uncorrected.

Results
Part I, Personality Questionnaires. The Parkinson’s disease patients
scored lower than controls on the TCI novelty-seeking scale (P �
0.04, uncorrected) (Table 1). The patient group scored higher
than controls on the TCI harm avoidance scale (P � 0.03,
corrected) and on the KSP muscular-tension scale (P � 0.009,
corrected) (Table 1). The other differences between patients and
controls did not reach statistical significance after correction for
multiple comparisons (P � 0.44, corrected). The TCI harm-
avoidance scale correlated positively with the KSP muscular-
tension scale both in the Parkinson’s disease group (r � 0.31, P �
0.02, uncorrected) and in the control group (r � 0.46, P � 0.002,
uncorrected). The motor UPDRS score did not significantly
correlate with any of the personality scales (r � �0.23 to 0.17,
P � 0.10, uncorrected).

Part II, 18F-dopa PET. The mean influx constant values of 18F-dopa,
using occipital cortex as reference region, Ki

occ, are presented in
Table 2. The TCI novelty-seeking scale did not significantly
correlate with 18F-dopa uptake in any of the studied brain
regions in the striatum (r � �0.07 to 0.11, P � 0.15, uncorrected)
(Table 3), or in the frontal cortex (r � �0.12 to 0.11, P � 0.41,
uncorrected). Also in the left caudate, where a relationship
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between novelty seeking and 18F-dopa uptake has been reported
in Parkinson’s disease, no significant correlation was seen (r �
0.11, P � 0.49, uncorrected).

A significant correlation between the TCI harm avoidance and
18F-dopa uptake was seen in the right (r � 0.53, P � 0.04,
corrected), but not in the left (r � 0.43, P � 0.88, corrected)
caudate nucleus (Table 3, Fig. 1). The statistical significance of
the correlation in the right caudate was only slightly weaker in
the analysis when the effects of age, sex, UPDRS, and BMI were
not partialled out (r � 0.48, P � 0.13, corrected), indicating that
these variables had a small effect on the result. When the values
from the hemispheres contra- and ipsilateral to the predominant
symptoms of Parkinson’s disease were used, no significant
correlations were seen (18F-dopa uptake in the contralateral
caudate vs. harm avoidance: r � 0.49, P � 0.15, corrected;
18F-dopa uptake in the ipsilateral caudate vs. harm avoidance:
r � 0.50, P � 0.15, corrected). In the analysis of the KSP, the
somatic anxiety, the psychic anxiety, the indirect aggression, the

irritability scale and the psychasthenia scales had positive cor-
relations with the 18F-dopa uptake in the caudate (r � 0.39 to
0.49, P � 0.01, uncorrected) (Table 3). These correlations did
not remain significant after corrections for multiple compari-
sons. KSP muscular tension did not correlate with the 18F-dopa
uptake in the right caudate (r � 0.02, P � 0.87, uncorrected).

The KSP detachment score did not correlate with 18F-dopa
uptake in any of the studied brain regions (r � �0.11 to 0.22,
P � 0.15, uncorrected). Nor did the TCI attachment (RD3)
significantly correlate with the 18F-dopa uptake (r � �0.12 to
0.32, P � 0.02, uncorrected).

The UPDRS score did not significantly correlate with the
18F-dopa uptake in any of the brain regions studied, though the
correlations were all negative (r � �0.05 to �0.34, P � 0.03,
uncorrected) (effects of age, sex, and BMI partialled out). Age
did not significantly correlate with 18F-dopa uptake (r � �0.20
to 0.25, P � 0.10, uncorrected) (effects of sex, BMI, and UPDRS
partialled out). The BMI did not significantly correlate with any
of the personality scales or regional 18F-dopa uptake (r � �0.28
to 0.32, P � 0.02, uncorrected; TCI harm avoidance vs. BMI: r �
0.03, P � 0.87, uncorrected) (effects of sex, age, and UPDRS
partialled out). The correlations between BMI and UPDRS (r �
�0.29, P � 0.05, uncorrected), between age and BMI (r � �0.17,
P � 0.25, uncorrected) and between age and UPDRS (r � 0.14,
P � 0.34, uncorrected) were nonsignificant.

When the results were studied separately for men and women
for the 18F-dopa uptake in the right dorsolateral prefrontal
cortex, none of the personality traits had significant correlations
with the dorsolateral 18F-dopa uptake in men or women.

Discussion
This study shows that high harm avoidance in unmedicated
Parkinson’s disease patients (part I) is associated with high
18F-dopa uptake in the right caudate nucleus (part II). The
results do not support a link between dopaminergic function and
low novelty seeking in Parkinson’s disease.

Personality of Parkinson’s Disease Patients vs. Controls. In part I of
the present study, early unmedicated Parkinson’s disease pa-
tients were compared with healthy controls by using personality
questionnaires that have been previously used in PET studies
and in studies with medicated patients. In particular, part I of the
present study aimed to determine whether unmedicated Parkin-
son’s disease patients score lower than controls on novelty
seeking, as has been reported in medicated patients (2, 4). The
present results indicate that low novelty seeking is mildly asso-
ciated with unmedicated Parkinson’s disease. It should be noted,
however, that the statistical significance of the comparison
between novelty seeking in Parkinson’s disease patients and
controls was just below 0.05 and the comparison, being the a
priori hypothesis, was not corrected for multiple comparison as
were the other 21 personality traits studied.

It is possible that the difference in novelty seeking would have
become statistically more significant had there been a larger
subject sample in the present study. However, the smaller groups
of subjects in previous positive studies (2, 24) indicate that the
present sample should have been sufficient to clearly demon-
strate the differences in novelty seeking. Furthermore, although
in the earlier studies (2, 24), control groups consisted of patients
recruited from the rheumatology and orthopedic services, con-
trols in the present study were healthy individuals. Unless there
is increased novelty seeking in patients with rheumatologic and
orthopedic illnesses, one would expect to see an equal or greater
difference in novelty seeking when patients with Parkinson’s
disease are compared with healthy subjects, than when Parkin-
son’s disease patients are compared with equally disabled pa-
tients. Although the effect size (difference between Parkinson’s
disease and controls, divided by SE) found for novelty seeking

Table 1. Mean scores of 61 unmedicated Parkinson’s disease
patients and 45 healthy controls on the TCI and the KSP

Scale

Score

P value*
Parkinson
(n � 61)

Control
(n � 45)

TCI
Novelty seeking 13.1 (0.76) 15.6 (0.89) 0.040
Harm avoidance 18.8 (0.83) 14.4 (0.97) 0.0013†

Reward dependence 14.1 (0.47) 14.2 (0.55) 0.84
Persistence 3.51 (0.26) 4.20 (0.30) 0.10
Self-directedness 31.4 (0.78) 33.5 (0.91) 0.083
Cooperativeness 32.2 (0.63) 33.1 (0.74) 0.38
Self-transcendence 12.7 (0.88) 14.5 (1.03) 0.20

KSP
Somatic anxiety 21.7 (0.63) 20.6 (0.74) 0.25
Psychic anxiety 25.2 (0.61) 22.8 (0.71) 0.015
Psychasthenia 25.1 (0.50) 23.6 (0.59) 0.065
Inhibition of aggression 25.9 (0.48) 25.1 (0.56) 0.31
Muscular tension 22.9 (0.56) 19.7 (0.65) 0.0004†

Impulsiveness 22.4 (0.53) 23.6 (0.62) 0.16
Monotony avoidance 21.8 (0.55) 23.4 (0.65) 0.063
Detachment 23.8 (0.46) 22.5 (0.54) 0.073
Socialization 61.9 (0.80) 62.6 (0.94) 0.57
Social desirability 27.5 (0.46) 28.7 (0.54) 0.11
Suspicion 10.9 (0.29) 10.1 (0.33) 0.090
Guilt 12.7 (0.26) 12.6 (0.30) 0.78
Indirect aggression 11.0 (0.33) 10.1 (0.39) 0.10
Verbal aggression 12.1 (0.29) 11.7 (0.34) 0.37
Irritability 10.9 (0.27) 10.7 (0.31) 0.73

Sex- and age-adjusted least-square means and SE for means are presented.
*One-way ANOVA with age and sex as covariates.
†Statistically significant P values after Bonferroni correction for 22
comparisons.

Table 2. Mean (SD) 18F-dopa uptake values in the 47
unmedicated Parkinson’s disease patients studied with PET

Brain region

Ki
occ�10�3

Mean Right Left

Putamen 6.67 (2.09) 7.11 (2.18) 6.23 (2.45)
Caudate 9.52 (1.44) 9.73 (1.59) 9.31 (1.64)
Ventral striatum 9.27 (1.82) 9.28 (1.88) 9.26 (1.92)
Medial frontal cortex 2.08 (0.47) 2.01 (0.53) 2.14 (0.56)
Dorsolateral prefrontal cortex 1.08 (0.57) 1.08 (0.67) 1.08 (0.59)

13274 � www.pnas.org�cgi�doi�10.1073�pnas.231313198 Kaasinen et al.



is similar in the present study compared with the preliminary
study by Menza and colleagues (24) with 20 Parkinson’s disease
patients (�3), in their later study with 50 Parkinson’s disease
patients (2), the effect size was much greater than in the present

study (�10). Therefore, although the results of the present study
indicate that the low-novelty-seeking personality type may also
be present in unmedicated patients with Parkinson’s disease,
both the statistical significance and the effect size in the present
study are smaller than in the study by Menza and colleagues (2).
The present results thus suggest that the previously demon-
strated low-novelty-seeking behavior in Parkinson’s disease
could be partly related to the effects of long-term dopaminergic
medication. There are indications that the mood response to
levodopa is different in early and advanced Parkinson’s disease,
probably because of long-term sensitization to levodopa in
advanced disease (25). Although a group of medicated Parkin-
son’s disease patients could have been added to the present study
to study the effects of levodopa, a paired study would be ideal,
where the confounding factors of cross-sectional studies are
avoided. If the personalities of the unmedicated patients in the
present study are studied again once antiparkinsonian medica-
tions have been started and used, the role of dopaminergic drugs
and disease progression in lowered novelty seeking can be
clarified.

Even with the present subject sample, and the highly conser-
vative Bonferroni correction, statistically significant differences
in temperament traits other than novelty seeking, TCI harm
avoidance, and KSP muscular tension were demonstrated. Peo-
ple who score high on harm avoidance describe themselves as
fearful, pessimistic, shy, and easily fatigued, whereas those
scoring low on harm avoidance are optimistic, outgoing risk-
takers (26). High harm avoidance has been reported in several
chronic diseases, for instance, in major depression (27, 28),
obsessive–compulsive disorder (27), chronic fatigue syndrome

Fig. 1. Right caudate 18F-dopa uptake (Ki
occ � 10�3) plotted against the harm

avoidance score of the Temperament and Character Inventory in 47 unmedi-
cated Parkinson’s disease patients. Unadjusted raw values are presented (r �
0.48, P � 0.13, Bonferroni corrected). The correlation was stronger when the
effects of age, sex, BMI, and motor disability were controlled for (r � 0.53, P �
0.04, Bonferroni corrected).

Table 3. Pearson’s partial correlations between caudate and putamen 18F-dopa uptake and
personality traits in 47 unmedicated patients with Parkinson’s disease (effects of age, sex,
level of motor disability, and body mass index partialled out)

Scale

Partial correlation

Putamen Caudate

Right Left Right Left

TCI
Novelty seeking 0.02 0.22 0.07 0.11
Harm avoidance 0.31* 0.29 0.53† 0.43‡

Reward dependence 0.18 0.12 0.04 0.07
Self-directedness �0.29 �0.29 �0.47‡ �0.44‡

Cooperativeness �0.23 �0.35* �0.35* �0.38*
Self-transcendence 0.12 �0.09 0.08 0.02
Persistence 0.24 �0.03 0.10 �0.18

KSP
Somatic anxiety 0.24 0.29 0.41‡ 0.44‡

Psychic anxiety 0.27 0.23 0.36* 0.28
Psychasthenia 0.15 0.31* 0.29 0.28
Inhibition of aggression 0.06 �0.02 0.32* 0.09
Muscular tension �0.01 0.20 0.06 0.31*
Impulsiveness 0.20 0.24 0.09 0.05
Monotony avoidance �0.04 �0.09 �0.04 0.05
Detachment 0.02 0.03 0.10 0.15
Socialization �0.19 �0.13 �0.24 �0.27
Social desirability 0.09 0.23 0.12 0.14
Suspicion �0.08 0.02 0.09 0.03
Guilt 0.07 0.10 0.21 0.03
Indirect aggression 0.21 0.28 0.34* 0.42‡

Verbal aggression 0.23 0.13 0.35* 0.25
Irritability 0.22 0.22 0.32* 0.49†

*, P � 0.05, uncorrected.
†, P � 0.001, uncorrected.
‡, P � 0.01, uncorrected.
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(29), multiple sclerosis (29), anorexia nervosa (30), and bulimia
nervosa (31). In medicated Parkinson’s disease, high harm
avoidance has also been demonstrated when Parkinson’s disease
patients are compared with healthy controls (4, 7). Although it
is possible that high harm avoidance is related to the pathophys-
iology and neurotransmitter function in Parkinson’s disease, the
above-mentioned results with other chronically ill patients indi-
cate that the personality profile of high harm avoidance is not
disease-specific. High harm avoidance possibly reflects a psy-
chological response to a chronic disease.

The only significant difference on the KSP questionnaire was
seen in muscular tension, which correlated with the TCI harm
avoidance in both the patients and the controls and, therefore,
cannot be considered an independent finding. The high KSP
muscular-tension score in Parkinson’s disease is likely to reflect
the muscular rigidity of the disease or the anxiety related to the
rigidity, or both.

Dopaminergic Function and Personality in Parkinson’s Disease. The
primary purpose of part II of the present study was to replicate
the investigation by Menza and colleagues (13) of personality
and 18F-dopa uptake in Parkinson’s disease, with a larger
number of patients. Predictions concerning the association
between novelty seeking and the striatal or frontal dopamine
system in Parkinson’s disease were not confirmed. The novelty-
seeking personality trait did not significantly correlate with
18F-dopa uptake in any of the brain regions studied. The major
finding of part II was the unexpected, highly significant positive
correlation between right caudate 18F-dopa uptake and TCI
harm avoidance in Parkinson’s disease.

Novelty Seeking. In Cloninger’s model (5), people who score
lower than average on the dopamine-dependent novelty-seeking
scale are typically described as reflective, rigid, loyal, stoic,
slow-tempered, frugal, orderly, and persistent. In the study by
Menza and colleagues, low 18F-dopa uptake in the left caudate
in nine Parkinson’s disease patients was associated with low
scores on novelty seeking (13). In the present sample of 47
unmedicated Parkinson’s disease patients, novelty seeking was
not significantly associated with 18F-dopa uptake in any of the
striatal or frontal brain regions studied, including the left
caudate (r � 0.11, P � 0.49). In addition to the major difference
between the studies [unmedicated patients with early Parkin-
son’s disease (the present study) or more advanced medicated
patients (13)], there are several other differences between the
two studies that may contribute to the differences seen in the
results: the number of patients, the use of MRI reference in
the analysis (used in the present study), the statistical analysis
(effects of age, sex, UPDRS, and BMI were partialled out in the
present study) and the instrumentation (three-dimensional sen-
sitivity used in the present study). The methodological differ-
ences between the two studies suggest that there were probably
fewer confounding factors and more statistical power in the
present study compared with the earlier one.

It is still possible that novelty seeking is related to dopami-
nergic function in Parkinson’s disease as measured with tracers
other than 18F-dopa. Recently, Suhara and colleagues (8) have
reported a negative correlation between novelty seeking and
dopamine D2-like receptors in the insular cortex in healthy
subjects. However, no relationship has been seen between
striatal D2-like receptors (9, 11) or striatal dopamine transporter
density (12) and novelty seeking�impulsiveness.

Twin studies indicate that personality traits measured by
self-report questionnaires show moderate heritability with typ-
ical heritabilities in the 30–50% range (32). Although several
replicated reports have found associations between attention
deficit hyperactivity disorder and the D4 receptor gene (33), for
the novelty-seeking personality trait, there are both positive and

negative results about the relationship (32). Although dopamine
receptor genes, particularly the D2 receptor gene, may be
associated with Parkinson’s disease (34), there are no reported
attempts to study the personality structure together with dopa-
mine D2 receptor polymorphisms in patients with Parkinson’s
disease. Although the genetic aspect in the development of
parkinsonian personality is of interest, the majority of Parkin-
son’s disease is probably influenced by both environmental
factors and combinations of genes (rather than single gene
mutations).

Harm Avoidance. The present study demonstrates that in unmedi-
cated Parkinson’s disease patients, high harm avoidance is
related to high 18F-dopa uptake in the right caudate nucleus.
Healthy subjects generally have higher caudate 18F-dopa uptake
values (21, 35), and lower harm-avoidance scores compared with
unmedicated Parkinson’s disease patients (part I). Paradoxically,
in part II, the correlation between harm avoidance and 18F-dopa
uptake was positive. In other words, the higher the pessimism,
fear of uncertainty, and shyness in Parkinson’s disease, the
higher the caudate 18F-dopa uptake. The demonstrated positive
correlation is difficult to explain with our current knowledge.
One possibility is a negative feedback circuitry of neurotrans-
mitters in Parkinson’s disease, but any conclusions at this time
are premature and probably too simplistic. As personality–PET
studies expand to serotonergic, noradrenergic, and cholinergic
neurotransmitter systems, it is possible that the nature of this
relationship will be better understood. Also, there are no studies
to date on the relationship between 18F-dopa uptake and per-
sonality traits in healthy subjects. Data on healthy subjects would
be useful in the full interpretation of the present study, which was
designed to examine parkinsonian personality. Regardless of the
underlying mechanism, in the present Parkinson’s disease pa-
tients with the highest harm-avoidance scores, the caudate
18F-dopa uptake was, in fact, higher than the caudate 18F-dopa
uptake reported in healthy subjects (21) (Fig. 1), which indicates
that the increasing effect of harm avoidance on caudate 18F-dopa
uptake in unmedicated Parkinson’s disease may be stronger than
the lowering effect of the disease.

The present study measured personality traits, not directly
depressive symptomatology. There is evidence that indicates that
dopamine could have an important role in depression (36).
Depression occurs in �40% of patients with Parkinson’s disease
(37), and the level of depression and anxiety in Parkinson’s
disease is higher than would be expected on a purely reactive
psychological basis (38). Patients with both depression (39) and
Parkinson’s disease (part I) score high on harm avoidance.
Importantly, depressive symptoms also seem to correlate with
harm avoidance in medicated Parkinson’s disease patients (2), in
depressed patients (40), and in healthy subjects (41). It is likely
that also in the present patients, harm avoidance and the
correlating variables, KSP anxiety, aggression, and muscular
tension, partly reflect depressive symptoms. If this is the case, the
present results, in fact, imply that depressive symptomatology in
Parkinson’s disease is positively related to caudate dopaminergic
function. In healthy subjects, D2-receptor binding in the striatum
was recently found to correlate positively with a personality facet
of depression in the NEO Personality Inventory–Revised (42).
In patients with major depression, the dopamine transporter
density has been found to be higher than in healthy controls (43),
a finding that was unexpected because it is generally believed
that monoaminergic neurotransmission is lower in depression. In
advanced Parkinson’s disease, however, there does not seem to
be any relationship between 18F-dopa uptake and depressive
symptomatology (35, 44). The depression in Parkinson’s disease
can be a specific issue because it seems to be distinguished from
other depressive disorders by greater anxiety and less self-
punitive ideation (37). Another interpretation is indeed that high
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harm avoidance reflects anxiety more than depression. Although
the possibility of a link between depression�anxiety and caudate
18F-dopa uptake is particularly interesting, the interpretation
needs to be corroborated in future studies with more direct
depression and anxiety scales.

Conclusion
Rather than attempting to propose a new hypothesis on the role
of dopamine in personality, the present study instead attempted
to elucidate the relationships between dopaminergic function
and personality traits in Parkinson’s disease within the frame-
work of the existing knowledge. The results of the present study
provide some support for the hypothesis of a low-novelty-seeking
personality type in Parkinson’s disease. However, as both the
statistical significance and the size of the effect were rather small
in the present unmedicated patients, it is possible that the earlier,
more positive results may partly be related to the effects of

dopaminergic medications or disease progression. Further, the
present study demonstrates that novelty seeking is not associated
with striatal presynaptic dopaminergic function in Parkinson’s
disease. On the other hand, harm avoidance was found to be
related to unmedicated Parkinson’s disease and to right caudate
dopaminergic function. It is possible that there is a unique
disturbance of circuitry in Parkinson’s disease that could explain
the paradoxical, highly significant relationship between harm
avoidance and dopaminergic function in the caudate. It is also
possible that harm avoidance and high caudate dopaminergic
activity reflect depression�anxiety in other chronic diseases as
well.
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