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Background: Dopamine neurotransmission plays a key role in several brain activities,
including motor, cognitive, and behavioral functions. Parkinson’s disease (PD) typi-
cally begins with asymmetrical motor features related to asymmetrical dopamine
denervation. This study was designed to examine whether distinct cognitive, behav-
ioral, and personality features are related to this asymmetry.

Methods: Fifty-six patients with mild PD and lateralized motor features were
grouped according to dominant side of motor features and evaluated using a neuro-
psychological assessment focused on attention and executive functions, impulse con-
trol disorders, and personality inventory.

Results: There were no differences in neuropsychological functions between patients
with right and left lateralized PD, but differences occurred in personality features.
Patients with motor impairment predominant on the left-hand side had prevalence of
hypomania and conversion profile.

Conclusions: This study suggests that side dominance of dopaminergic denervation
may be related to personality features in patients with PD that could influence

behavioral aspects.

Introduction

Parkinson’s disease (PD) typically begins with unilat-
eral motor signs, and the original motor asymmetry is
preserved throughout the natural course of the disease
[1,2]. Asymmetry of PD motor signs matches a
reciprocal asymmetry of dopamine reduction in the
basal ganglia, and the degree of motor impairment
correlates with the severity of contralateral dopamine
depletion [1,3]. Dopamine neuromodulation is intrinsic
to processes of movement and motor learning, cogni-
tion, reward processing, food intake, nociception, and
endocrine and autonomic regulation. Studies on the
lateralization of cognitive functions in patients with PD
yielded conflicting results: some reported that neuro-
psychological deficits are consistent with the laterali-
zation of motor symptoms [4—-10], whilst others failed to
find a correlation [11-15]. A limitation of several of
these studies is that they prevalently investigated global
lateralized brain functions in patients with variable
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disease severity. Few studies have correlated PD motor
asymmetry with behavioral and personality traits, such
as mood disorders or impulsive—compulsive behaviors
[16-19], which are influenced by dopamine replacement
treatments. Risk factors for impulse control disorders
in PD are still poorly defined, and we hypothesized that
side dominance of dopaminergic depletion may influ-
ence the generation of behavioral abnormalities.

Patients and methods

Fifty-six men with a diagnosis of PD according to the UK
Parkinson Disease Brain Bank criteria [20] were studied.
Their motor condition and medication regimen were
stabilized. The patients were grouped according to the
lateralization of motor features: group R had right-hand-
side motor onset and impairment at the time of evalua-
tion (dominant left hemisphere dopaminergic depletion),
and group L had left-hand-side motor onset and motor
impairment (dominant right hemisphere depletion).
Patients with unclear motor asymmetry were excluded.
Other exclusion criteria were Hoehn—Yahr score > 111,
insufficient asymmetry, relevant axial impairment [sum
of Unified Parkinson’s Disease Rating Scale (UPDRS)
items 18, 19, 27, 28, 29, 30 > 5], occurrence of motor
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fluctuations or dyskinesias, ongoing psychiatrics prob-
lems, prior brain surgery, dementia (score <85.5/100 on
the adjusted Milan Overall Assessment of Dementia
(MODA) [21]), non-right handedness (score <9 as
assessed by Handedness Inventory [22]), and invalid
MMPI-2 entry criteria. The two groups were matched for
disease duration, UPDRS motor score, and Hoehn—
Yahr stage (Table 1). Ethical approval was obtained
from the Internal review Board of the Besta Institute,
which is registered with the Office for Human Research
Protection (IORG0006168). The patients signed an
informed consent before entering the study.

Patients received a complete neurological examina-
tion, including a diagnostic workout whenever neces-
sary. Motor lateralization was measured with the
UPDRS motor score, by considering items 20 (rest
tremor), 21 (action tremor), 22 (rigidity), 23 (finger
taps), 24 (hand grips), 25 (hand pronation/supination),
and 26 (leg agility) (Table 1).The patients were evalu-
ated in the best ON condition under their current an-
tiparkinsonian regimen. Levodopa-equivalent daily
dose (LEDD) was calculated in mg [23]. Quality of life
was assessed with the Italian version of PDQ-39 [24]
and SF-36 questionnaires [25].

Neuropsychological assessment included tests for
executive functions (fluency — FAS and Ruff Figural
Fluency Test, cognitive flexibility — Nelson’s modified
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sorting card test, Hayling and Brixton test); tests for
attention (dual task [26], Stroop task, digit cancellation
test [27], digit span, visual pattern test [28]); and global
assessment (MODA, emotion hexagon test [29]).
Behavioral aspects were assessed by the following tests
for impulse control disorders: South Oaks Gambling
Screen, Internet addiction scale [30], sexual addiction
screening test [31], and compulsive shopping evaluation
scale [32].

Personality assessment was performed using the
MMPI-2 [33]. The following MMPI-2 entry criteria
were used to include patients in the study: (i) less than
30 omitted items, (ii) variable response inconsistency
T-scores less than 80, (iii) true response inconsistency
raw scores between 6 and 12, (iv) F raw scores less than
30, and (v) both lie and correction T-scores less than 80
[34]. The MMPI-2 clinical scales were explored. Code-
types, clinical scales highest in the MMPI-2 profile,
were annotated. To determine the codetypes, raw scores
of the scales were converted to T-scores having a mean
of 50 and a standard deviation of 10. Scores greater
than 65 are considered high scores and are significantly
different from standardized group [35].

Statistical analysis was performed using the SPSS-PC
package, version 12.01. Raw scores of patients’ char-
acteristics, motor features, quality of life, cognitive, and
behavioral and personality measures in L and R groups

Table 1 Demographic, clinical, and quality-
of-life measures in patients with lateralized

Parkinson’s disease (PD). Averages (+SD)
are indicated

Total Group R Group L P value
Patients (number) 56 28 28
Age (years £SD) 54.7 (£9.6) 559 (£10.6) 53.5(£8.5) 0.35
Education (years +SD) 12.3 (£3.7) 11.5(+4.2) 13.0 (£3.1) 0.14
Disease duration (years +SD) 4.1 (£2.5) 3.9 (+£1.8) 43 (£3.0) 0.56
Hoehn—Yahr stage (range) 0-2.5 0-2.5 0-2.5 0.39

Total LEDD (mg)
UPDRS motor score

UPDRS total score (£SD)

UPDRS left* (+SD)

UPDRS right® (+SD)

UPDRS tremor® (£SD)

UPDRS bradykinesia® (+ SD)
UPDRS rigidity® (+SD)

UPDRS axial impairmenlf (£SD)

Quality of life

PDQ-39 score (+SD) (range 0-156)¢
SF-36 score (+SD) (range 0—149)"

331.8 (£254.5) 359.3 (£248.1) 304.3 (£262.2) 0.42

214 (£8.0) 212(£8.1)  21.6(+£8.0) 0.84
7.5 (£5.0) 38(£2.0)  113(£3.5)  0.00
73(£47) 109 (£34)  38(£27) 0.00
3.6 (£2.5) 37(£24)  3.6(£2.5) 090
9.5(£4.0) 9.1 (+4l)  99(+4.0) 0.82
42(£22)  43(£20)  41(£24) 046
2.7(£2.0)  27(£19)  28(£22) 0.6

292 (£15.8) 28.0 (£14.1) 303 (£17.4) 0.64

106.6 (£6.9) 1058 (£8.0) 107.4 (£5.8) 0.47

LEDD, Levodopa-equivalent daily dose.
2 Sum of items 20-26 for the left-hand side.
° Sum of items 2026 for the right-hand side.

€, Sum of items 20-21.

4 Sum of items 23-26 and 31.

¢, Sum of items 22.

f Sum of items 27-30.

& Lower scores denote better outcome.

b Higher scores denote better outcome.
Boldface indicates significant differences (P < 0.001; r-test).
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Table 2 Neuropsychological and behavioral
tests in patients with lateralized Parkinson’s

disease (PD). The raw scores (standard
deviation) of the experimental groups are
indicated. There are no significant between-
group differences

Test Total Group R Group L P value
Executive functions

FAS 35.0 (£9.7) 36.2 (£10.7) 33.9 (£8.7) 0.38
RFFT Number figures 70.3 (£21.9) 67.2 (£19.6) 73.4 (£24.1) 0.30
MSCT NF° perseveration 2.2 (£3.3) 2.3 (£3.5) 2.1 (£3.1) 0.87
Hayling test 14.7 (£4.7) 14.7 (£5.7) 14.8 (+£3.6) 0.96
Brixton test 20.4 (£6.6) 20.6 (£7.0) 20.1 (£6.4) 0.75
Attention

Dual task test 89.4 (£11.8) 88.5 (£10.0) 90.4 (£13.4) 0.57
Stroop test time effect 17.6 (£6.3) 17.6 (£6.2) 17.7 (£6.5) 0.97
Digit Cancellation Test 53.3 (£5.0) 52.7(£5.2) 53.9 (£4.7) 0.37
Digit span 52 (£1.1) 53(£1.2) 5.1 (£1.0) 0.72
Visual pattern test 53 (x1.6) 54 (£1.7) 5.1(£1.5) 0.57
Global assessment

MODA 95.8 (+£2.4) 95.8 (£2.2) 95.9 (£2.7) 0.96
Emotion hexagon test 102.6 (£15.0) 102.8 (£13.7) 102.4 (+£16.4) 0.92
Behavioral tests

SOGS 0.9 (+£2.3) 0.6 (+£1.5) 1.2 (£2.4) 0.34
IAS 30.1 (£10.6) 28.5 (£8.9) 31.5 (£11.8) 0.38
SAST 2.8 (£3.2) 22(+22) 3.3 (£3.8) 0.22
CSES 0.4 (£0.8) 0.4 (£0.9) 0.3 (£0.7) 0.63

MODA, Milan Overall Assessment of Dementia; FAS, Verbal fluency; RFFT, Ruff Figural
Fluency Test; MCST, Nelson’s Modified Card Sorting Test; SOGS, South Oaks Gambling
Screen; IAS, Internet addiction scale; SAST, Sexual addiction screening test; CSES, Compulsive

shopping evaluation scale.

Table 3 MMPI-2 analysis of patients with
lateralized Parkinson’s disease (PD). The raw

scores (standard deviation) of the experi-
mental groups are indicated

MMPI-2 scale Total Group R Group L P value
Clinical scales (codetype)
Mood Disorders
Depression (2) 58.8 (£9.1) 58.5(x11.4) 59.1 (£6.1) 0.84
Hypomania (9) 46.8 (+£11.3) 43.4 (£7.8) 49.9 (+£16.3) 0.04
Somatoform disorders
Hypochondriasis (1) 62.4 (£11.4) 61.1 (£10.5) 63.6 (£13.0) 0.47
Hysteria (3) 553 (£12.6) 53.7(£9.2) 56.9 (£15.3) 0.39
Other disorders
Psychopathic deviate (4) 47.8 (£8.7) 47.2 (£38.1) 48.3 (+9.5) 0.68
Paranoia (6) 49.5 (+8.8) 48.9 (£7.4) 50.2 (£10.1) 0.62
Psychasthenia (7) 51.2 (£10.7) 49.9 (£11.8) 52.6 (£9.6) 0.39
Schizophrenia (8) 53.4 (£9.5) 53.2 (£8.9) 53.6 (£10.2) 0.88
Social introversion (0) 57.2 (£8.0) 57.3 (£8.6) 57.1 (£7.5) 0.94

Boldface indicates significant differences (P < 0.05; t-test)

were compared using independent two-sample z-test
(Tables 1-3). We performed linear regression analyses
between the left- and right-sided aggregated UPDRS
scores and the cognitive tests.

For codetype analysis, scores were dichotomized
(over or under 65) and analyzed with Fisher’s exact test
(Table 4). The significance level was set to a probability
of 5%.

Results

Fifty-six patients were recruited in the study, 28 in each
group. There were no between-group differences for

age, education, disease duration, Hoehn—Yahr stage,
LEDD, UPDRS, and quality-of-life measures
(Table 1). Groups R and L differed only for items
related to side dominance of motor features.

On the neuropsychological battery, groups R and L
performed similarly, with no between-group differences
(Table 2). Further, we did not find any correlation
between the left- and right-sided aggregated UPDRS
scores and the cognitive scores.

Behavioral tests showed no significant differences on
impulse control disorder scales (Table 2). However,
four patients in group L and only one in group R scored
pathologically in one or more tests for impulse control
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Table 4 MMPI-2 codetypes. The number (and percentage) of patients with high score (T-score > 65) is indicated

Total Group R Group L P value
1-point codetypes Depression (2) 26 (46.4%) 14 (50%) 12 (42.9%) 0.40
Hypochondriasis (1) 29 (51.8%) 16 (57.1%) 13 (46.4%) 0.30
2-point codetypes 1-3/3-1 11 (19.6%) 2 (7.1%) 9 (32.1%) 0.02
2-7/7-2 3 (5.4%) 3 (10.7%) 0 (0%) 0.12

Boldface indicates significant differences (P < 0.05 Fisher’s exact test).

disorder behaviors (South Oaks Gambling Screen, the
Internet addiction, and the sexual addiction screening
tests). No patients had compulsive shopping.

Assessment of personality traits (Table 2) with the
MMPI-2 showed a significant difference between group
R and group L in the hypomania scale (p = 0.04).
Furthermore, six patients in group L (21.4%) and only
one patient in group R scored pathologically on the
MMPI-2 Hypomania scale.

One-point codetype (one clinical scale >65) analysis
showed that both groups were characterized by a high
number of patients with high scores (=65) on hypo-
chondriasis (51.8%) and depression (46.4%) scales with
a comparable distribution in groups R and L.

Considering two-point codetypes (two clinical scales
>65), types 1-3/3-1 and 2-7/7-2 were the only ones to
emerge. They were unevenly distributed between
groups; profile 1-3/3-1 was the most prevalent overall.
The frequency of 1-3 codetype was prevalent in the L
group (p = 0.02) and occurred significantly almost
only in group L (32.1%).

Discussion

The present study shows that cognitively intact patients
with right- or left-dominant motor PD do not differ on
cognitive tasks, but on personality features. Compared
to group R, patients with belonging to group L have
higher incidence of hypomania. In addition, group L
patients have a prevalence of 2 codetype personality
profiles characterized by more elevated hypochondriasis
and hysteria scales (as shown by codetypes 1-3).
Unbalance between dopaminergic neurotransmission
in the right and left hemispheres, with a relative right
hypofunction, is a likely explanation of our findings on
hypomania based on previous observations of patients
who received deep brain stimulation or suffered from
unilateral brain lesions. In a patient with manic epi-
sodes related to deep brain stimulation, the manic epi-
sodes recurred when settings were changed in the right
contact (patient 1 [36]). In another case, a unilateral
infarct of the right substantia nigra was reported to
produce mania in combination with PD motor symp-
toms [37]. Finally, an association between right hemi-

© 2010 The Author(s)

sphere lesions or decreased right frontal arousal and
mania has also been reported [38,39]. In keeping with
these observations, increased activation of the left basal
ganglia has been reported in bipolar patients who are in
a elevated or euthymic state [40,41], and functional
neuroimaging studies have found that mania is often
associated with less activation of the right hemisphere
compared to the left, whereas the opposite occurs in
depressed patients [42—44].

Impulse control disorders occurred predominantly in
group L patients, in keeping with the observation that
the severity of impulse dyscontrol, such as gambling,
correlates with reduced activation of the right ventral
striatum [45]. Their number fits in nicely with the
reported prevalence of impulse control disorder in
patients with PD under dopaminergic replacement
therapy [46].

The 1-3 codetype prevalence indicates that group L
patients’ personality is characterized by the tendency to
report more somatic complaints, to increase physical
symptoms under stress and lack of psychological insight
[35], the so-called conversion profile (or conversion V
pattern). In keeping with our data, a recent study has
found significantly higher presence of somatic com-
plaints in patients with PD with onset in the right
hemisphere compared to patients with prevalent left
hemisphere denervation [47]. This is also consistent
with an observed improvement in the MMPI hypo-
chondria scale following unilateral post-eroventral
pallidotomy [48.,49].

All five patients with impulse control disorders had a
1-3 personality profile. Three of them were pathological
on hypomania scale (all in Group L).

Our data on cognition confirm a number of earlier
studies reporting no association between laterality of
motor impairment and executive functions [12,13,15]
and challenge other studies suggesting that patients
with left hemisphere involvement have a reduced per-
formance in verbal fluency [7,9,10], digit span [7], and
Wisconsin Card Sorting Test [8,10]. The strict inclusion
criteria of this protocol probably accounts for the
observed normal cognitive features. Some earlier stud-
ies included patients with different degrees of disease
severity [7-9], whereas others also included patients

European Journal of Neurology © 2010 EFNS European Journal of Neurology 18, 772-777



776 S. Piacentini et al.

with dementia [10]. In keeping with our observation,
previous studies that matched patient groups for disease
severity and overall intellectual impairment failed to
find cognitive differences in lateralization [12,13,15].

The selection of patients with mild PD features
allowed to avoid the inclusion of subjects with cortical
Lewy body pathology and to emphasize differences
related to dopaminergic innervation of the basal gan-
glia. Furthermore, dopaminergic medication did not
differ between groups and was kept at low doses. Early
disease stage does not mean lack of dopaminergic
innervation, as shown by prominent DAT scan dener-
vation observed in our patients and confirmed by recent
imaging studies showing that prominent dopaminergic
denervation occurs early in PD and is followed by a
slowing down in more advanced disease stages [3].

The behavioral and personality differences observed
in this highly selected PD population are subtle but may
be amplified by the prescription of dopaminergic med-
ication or the implant of chronic high-frequency stim-
ulators. Although the population considered in this
study is numerically limited, the accurate selection of
patients allows us to draw intergroup comparisons. The
observation that patients with a dominant right hemi-
sphere depletion have a higher risk of conversion per-
sonality profile and hypomania poses interesting
questions on their potentially higher risk to develop
dopamine dysregulation symptoms.

There are some clear limitations of the current study.
First, it has to be considered a preliminary observation,
because our multiple univariate comparisons inflate the
risk of making a type I error, increasing the probability
of false positive results; nevertheless, our data suggest
interesting correlated aspects of personality and
behavior, leading us to believe that this association
would hold in a larger study. Second, although there
were no correlations with UPDRS left- and right-
aggregated scores, the presence of bilateral symptoms
could still have somehow contributed to negative find-
ings. Third, all the evaluations were performed on
dopaminergic treatment, and this could have softened
the effect of lateralization. Fourth, measures used for
personality and behavioral aspects were all self-
reported and therefore limited by their subjectivity. The
patients were able to correctly fill the inventory
(patients with dementia were excluded), and we were
able to check the compliance (e.g., MMPI-2 provides
different validity indicators), but the results of self-
reported tests for impulse control disorders could have
been underestimated for denial.

Future studies will investigate the incidence and the
features of right- or left-dominant PD patients who
suffer from dopamine dysregulation syndrome or bear
deep brain stimulation implants. Epidemiological

studies should assess in large population samples whe-
ther the features of dopamine dysregulation syndrome
or impulse control disorders vary according to the
dominant side of dopamine denervation and personal-
ity aspects.
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