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Abstract

Introduction Dopaminergic agonists (DAs) are widely

used to treat motor symptoms in Parkinson’s disease (PD).

The differential effect of DAs on neuropsychiatric symp-

toms of PD has not been accurately studied.

Materials and methods We performed a prospective

cross-sectional study of 515 non-demented PD patients

receiving treatment with pramipexole [n = 250, mono-

therapy or with levodopa (L-dopa)], ropinirole (n = 150,

monotherapy or with L-dopa), or L-dopa (n = 115, mono-

therapy); all formulations were immediate release. Neu-

ropsychiatric disturbances were assessed through the

Neuropsychiatric Inventory (NPI). Groups were matched in

terms of age, education, sex, disease severity (Hoehn and

Yahr), disease duration, executive function, total L-dopa

daily equivalent dose, and concomitant psychotropic

medications (antidepressants, anxiolytics and antipsychotic

agents).

Results Patients on pramipexole showed significantly

lower total NPI scores than patients on ropinirole

(17.2 ± 11 vs. 20.9 ± 13, p = 0.015). Regarding the

spectrum of neuropsychiatric symptoms, pramipexole was

associated with significantly lower apathy scores than the

L-dopa group (1.01 ± 1.7 vs. 1.87 ± 2.93, p = 0.02). The

frequency of patients with clinically meaningful symptoms

of apathy (NPI apathy scores C4) was significantly lower

in the pramipexole group (11.2 %) than in the ropinirole

(20.3 %) and L-dopa (23.8 %) groups (v2 12.49,

p = 0.002). No other significant differences were found in

NPI subscores between groups.

Conclusions This is the first head-to-head comparative

study of the effect of DAs on neuropsychiatric distur-

bances in PD that has controlled the sample for the most

important confounding factors. In comparable groups of

patients, the use of pramipexole seems to be associated

with a lower frequency and severity of apathetic

symptoms.

Key Points

Neuropsychiatric symptoms are frequent in

Parkinson’s disease. Using the Neuropsychiatric

Inventory (NPI), we compared the neuropsychiatric

profile of 515 non-demented patients treated with

different dopaminergic agonists or levodopa (L-dopa)

in monotherapy matched for L-dopa daily equivalent

dose, and we found differences only in apathy score.

Patients on pramipexole showed significantly lower

total apathy scores. Moreover, clinically meaningful

symptoms of apathy were significantly lower in the

pramipexole group (11.2 %) than in the ropinirole

(20.3 %) and L-dopa (23.8 %) groups (p = 0.002).
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1 Introduction

Dopaminergic agonists (DAs) were introduced as alterna-

tive dopaminergic drugs capable of improving motor

symptoms with a lower risk of developing motor fluc-

tuations and dyskinesias [1]. Beyond their clear effect on

parkinsonian motor symptoms, less evidence is available

about the effects that DAs can exert over neuropsychiatric

symptoms.

Neuropsychiatric disturbances are highly disabling

symptoms currently recognized as integral to Parkinson’s

disease (PD) phenomenology. While some of these symp-

toms have a clear relationship with the use of DAs (i.e.,

psychosis [2], impulse control disorders [3]), the effect of

DAs on affective symptoms (depression, anxiety, and

apathy) has not been well established.

In observational and open-label studies in which

pramipexole has been used as add-on therapy to levodopa

(L-dopa), significant improvements have consistently been

shown in depressive scales [4–6] and associated anhedonia

[12]. In addition, in a double-blind, placebo-controlled study,

pramipexole improved depressive symptoms through a direct

antidepressant effect, independent of motor symptom alle-

viation [7]. In a comparative study of pramipexole versus

sertraline, both drugs achieved significant improvements in

depressive symptoms, but the proportion of patients with

remission from depression was significantly higher in the

pramipexole group [8, 9]. Two studies have examined the

antidepressant properties of ropinirole, showing improve-

ment in depression scores and functional scales in PD patients

with motor complications [9, 10]. Pergolide, however, in a

head-to-head comparative study with pramipexole, showed

inconsistent results in several depressive scales [5]. In the

randomized evaluation of the 24 hours coverage: efficace of

rotigotine (RECOVER) study, onset of treatment with

rotigotine significantly improved Beck Depression Inventory

scores, but no analysis indicated whether this change could be

explained by parallel improvement in motor function [11].

Due to the lack of use of specific scales, the effects of DAs

on apathy (defined by Marin as a lack of motivation [13]) are

still inconclusive. Motivational items in the unified Parkin-

son’s disease rating scale-1 (UPDRS-1) and the Non-Motor

Symptoms Scale clearly improved with the use of pramipexole

[4] and rotigotine [14]. And recently, piribedil, a non-ergoline

D2 and D3 receptor selective dopamine agonist, showed sig-

nificant improvements on Apathy Inventory scores in patients

who developed apathy after subthalamic nucleus deep brain

stimulation [15]. Nevertheless, focused studies are still needed

to clarify and disentangle the antidepressant and motivational

effects of DAs on representative samples of PD.

In the present study, we aimed to compare the differ-

ential effects that pramipexole, ropinirole, and levodopa in

monotherapy may exert on neuropsychiatric symptoms in

PD, as assessed by the Neuropsychiatric Inventory (NPI),

in a large and representative sample of patients matched for

the most important variables that may influence the pres-

ence and severity of neuropsychiatric disturbances, such as

age, sex, education, disease severity, disease duration, ex-

ecutive functions, total levodopa equivalent dose, and

concomitant psychotropic medications (antidepressants,

anxiolytics, and antipsychotic agents).

2 Materials and Methods

2.1 Subjects

A sample of 515 outpatients was prospectively recruited

from January to December 2007, from 55 centers in Spain

with hospital-based or hospital-associated neurologists

experienced in movement disorders [17]. This is a sample

that included non-demented patients at different stages of

the disease, with well-controlled motor symptoms after the

introduction of appropriate dopaminergic drugs according

to daily clinical practice and clinical guidelines. The

TRAPECIO study was designed to evaluate the prevalence

of neuropsychiatric symptoms in non-demented patients

[19]. Eligibility criteria were as follows: clinical diagnosis

of idiopathic PD based on standard criteria [16]; at least

one follow-up visit by a neurologist experienced in

movement disorders; absence of global cognitive decline

accomplishing criteria for dementia associated with PD

according to diagnostic and statistical manual of mental

disorders (DSM-IV) [18]; and being on stable medication

the 4 weeks prior to inclusion.

Dementia was evaluated using the semi-structured in-

terview of the Clinical Dementia Rating Scale (CDR). In

order to rule out dementia properly, all raters in the study

were trained in the administration of the CDR and DSM-IV

criteria for dementia in PD [18], and those individuals who

accomplished criteria for dementia were ruled out.

Patients on treatment with a DA or levodopa in mono-

therapy were carefully matched for variables that could

influence the presence and severity of neuropsychiatric

disturbances. Patient groups were matched for age, sex,

education, disease severity, disease duration, executive

function, total L-dopa equivalent daily dose (LEDD), DA-

LEDD, and concomitant psychotropic medications [pa-

tients were allowed to be on psychotropic medications

(antidepressants, anxiolytics, and antipsychotic agents) if

they were controlled in terms of overall clinical manage-

ment in the 4 weeks before inclusion in the study]. Disease

severity was assessed using the Hoehn and Yahr scale [20].

Current medications and doses were calculated for L-dopa
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daily dose, DA daily equivalent dose, and total LEDD [21].

Phonemic, semantic and alternating verbal fluencies were

used to assess executive function. Patients on treatment with

pramipexole or ropinirole were using the DAs either as

monotherapy or in combination with L-dopa, and there were

no patients on treatment with both DAs simultaneously.

When the initial sample was recruited in Spain, rotigotine had

been on the market for only 18 months, and only a small

minority of recruited patients was on this drug. These patients

were therefore excluded in the present study.

Informed consent to participate in the study was ob-

tained from all participants, according to the Declaration of

Helsinki. The study was approved by the local ethics

committee.

2.2 Neuropsychiatric Assessment

The 10-item Spanish version of the NPI [22] was used to

assess the frequency and severity of a wide range of neu-

ropsychiatric symptoms, including delusions, hallucinations,

dysphoria, anxiety, agitation, euphoria, disinhibition, irri-

tability, apathy, and aberrant motor behavior. The NPI is a

validated informant-rated scale that assesses the listed be-

havioral disturbances. Domains are rated on the basis of

frequency and severity, with 12 being the maximum score per

domain. A specific domain is considered clinically relevant

when frequency 9 severity results in a score C4. The NPI

has been extensively used in PD and has been shown to be

valid to rate the frequency and severity of neuropsychiatric

symptoms in PD patients with and without dementia [23–25].

Neuropsychiatric and cognitive assessment was per-

formed by a rater with expertise in cognition and move-

ment disorders specifically trained to achieve this goal. The

NPI was performed with the patient and caregiver (defined

as a person that lives with the patient or has contact with

the patient at least three times per week).

2.3 Statistical Analysis

Data are expressed as mean ± standard deviation (SD) for

the continuous variables, as percentages for the categorical

variables, and as mean and range for the ordinal variables.

Clinical and socio-demographic characteristics of the three

groups were compared with one-way ANOVA (analysis of

variance) for continuous variables with Tukey post hoc

analysis and Chi square (v2) test for categorical variables.

The matching procedure performed, so as to match patients

in the three groups for confounding variables on the NPI,

was based on the generation of random samples of patients,

choosing ‘random sample of cases’ in the SPSS program,

and entering a seed number that was automatically chosen

by the same program (SPSS). Statistical significance was set

at p\ 0.05. Data analysis was performed with SPSS v20.

3 Results

A sample of 515 PD carefully matched patients, with ages

ranging from 40 to 80 years, was included in the study

(Table 1). Patients were classified as belonging to the

pramipexole group (n = 250), ropinirole group (n = 150),

or levodopa monotherapy group (n = 115). Patients in the

pramipexole group received a mean daily dose of

1.59 ± 0.7 mg/day, and those on ropinirole were taking

8.17 ± 5.3 mg/day.

Table 2 summarizes NPI total scores and item subscores

for the whole sample and medication group. Up to 89.3 %

exhibited at least one neuropsychiatric symptom. The total

composite NPI score for the whole sample was

18.7 ± 12.7. Depression and anxiety were the most com-

mon symptoms, with a frequency of 71.5 % for each

symptom. Irritability (51.5 %) and apathy (49.1 %) were

also very common, while agitation (24.3 %), hallucinations

Table 1 Clinico-demographical features of treatment groups

Pramipexole

(n = 250)

Ropinirole

(n = 150)

Levodopa (L-dopa)

(monotherapy) (n = 115)

p (ANOVA)

Age 68.9 ± 7 68.9 ± 8 69 ± 7 0.25

Sex (% male) 52.4 58.3 50.9 0.19*

Hoehn and Yahr scale 2.4 ± 1 2.6 ± 1 2.4 ± 0.8 0.45

Education B10 years (% of patients) 77.9 75 76.1 0.78

Years of disease 7.1 ± 4 8.0 ± 5 6.9 ± 4 0.32

L-Dopa equivalent total dose (mg/day) 620 ± 320 602 ± 330 591 ± 370 0.15

L-Dopa equivalent of agonist (mg/day) 159 ± 73 163 ± 106 – 0.66**

DA in monotherapy (% of patients) 14 13.8 – 1*

DA dopaminergic agonist

* Chi Square

** t test pramipexole vs. ropinirole
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(18.4 %), aberrant motor behavior (15.3 %), euphoria

(15 %), and disinhibition (11.1 %) were less frequent.

When frequencies were calculated by means of clinically

meaningful symptoms (score C4), depression (31.9 %) and

anxiety (31.8 %) also appeared as the most frequent

clinically relevant symptoms, followed by apathy (15.5 %),

irritability (13.8 %), hallucinations (6.3 %), agitation

(5.6 %), aberrant motor behavior (4.5 %), euphoria

(2.8 %), and disinhibition (2.5 %).

3.1 Comparison of Neuropsychiatric Symptoms

Between Medication Groups

One-way ANOVA comparison between medication groups

showed significant differences for the NPI total score

(F = 3.972; p = 0.019) and the apathy NPI subscore

(F = 6.46; p = 0.002). No other NPI subscores differed

between groups. Tukey post hoc analysis showed NPI total

scores to be significantly lower in the pramipexole versus

ropinirole group (17.24 ± 11 vs. 20.89 ± 13; p = 0.015),

but they did not differ between pramipexole and L-dopa

(p = 0.41), or between ropinirole and L-dopa (p = 0.46).

Tukey post hoc analysis of the NPI apathy subscore

showed scores in the pramipexole group were significantly

lower than in the L-dopa group (1.01 ± 1.7 vs.

1.87 ± 2.93; p = 0.02), and lower scores in the

pramipexole group almost reached significance when

compared with ropinirole (1.01 ± 1.7 vs. 1.54 ± 2.3;

p = 0.06). Apathy scores did not differ between ropinirole

and L-dopa groups (p = 0.45). When the frequency of

patients with clinically meaningful symptoms of apathy

(NPI apathy scores C4) was considered, differences in the

apathy subscore could be better distinguished between the

three groups. Patients in the pramipexole group showed a

significantly lower frequency of clinically meaningful

apathy (11.2 %) than patients in the ropinirole (20.3 %)

and levodopa (23.8 %) groups (v2 12.49, p = 0.002)

(Fig. 1). Moreover, patients on treatment with pramipexole

had an odds ratio (OR) of 2.76 [95 % confidence interval

(CI) 1.52–5.01; p = 0.001] for being less apathetic than the

group treated with levodopa in monotherapy, and an OR of

2.06 (95 % CI 1.15–3.69; p = 0.015) compared with the

ropinirole group. No differences in OR were seen com-

paring ropinirole and levodopa in monotherapy. When we

analyzed the subgroup of subjects with clinically mean-

ingful apathy (n = 22) without clinical meaningful symp-

toms of depression (apathy without depression) we found

that patients in the pramipexole group presented a sig-

nificantly lower frequency of clinically meaningful apathy

(3.4 %) than patients in the ropinirole (8.5 %) and levo-

dopa (9.9 %) groups (v2 5.1; p = 0.03).

No other significant differences were found in NPI

subscores between medication groups. Specifically, NPIT
a

b
le

2
N

eu
ro

p
sy

ch
ia

tr
ic

d
if

fe
re

n
ce

s
b

et
w

ee
n

tr
ea

tm
en

t
g

ro
u

p
s

P
ra

m
ip

ex
o

le
(n

=
2

5
0

)
R

o
p

in
ir

o
le

(n
=

1
5

0
)

L
ev

o
d
o

p
a

(L
-d

o
p

a)
(n

=
1

1
5

)
p

A
ll

sa
m

p
le

(n
=

5
1

5
)

T
o

ta
l

sc
o

re
C

li
n

ic
al

ly

re
le

v
an

t
(%

)

T
o

ta
l

sc
o

re
C

li
n
ic

al
ly

re
le

v
an

t
(%

)

T
o

ta
l

sc
o

re
C

li
n
ic

al
ly

re
le

v
an

t
(%

)

T
o

ta
l

(A
N

O
V

A
)

C
li

n
ic

al
ly

re
le

v
an

t

(C
h

i
sq

u
ar

e)

T
o

ta
l

C
li

n
ic

al
ly

re
le

v
an

t
(%

)

N
P

I
to

ta
l

1
7

.2
4
–

1
1

.7
6

5
.2

2
0

.8
9
–

1
3

.7
6

9
.3

1
9

.0
5
–

1
3

.0
6

8
.7

0
.0

19
0

.6
4

1
8

.7
1
–

1
2

.7
6

7
.2

A
g

it
at

io
n

0
.4

6
±

1
.1

4
.8

0
.6

9
±

1
.6

8
.0

0
.5

7
±

1
.3

4
.3

0
.2

7
0

.3
2

0
.5

5
±

1
.3

8
5

.6

H
al

lu
ci

n
at

io
n

s
0

.4
6
±

1
.5

4
.4

0
.6

5
±

1
.5

8
.7

0
.6

1
±

1
.8

7
.8

0
.4

8
0

.1
9

0
.5

5
±

1
.6

1
6

.4

A
n

x
ie

ty
2

.1
8
±

2
.5

2
9

.2
2

.4
9
±

2
.4

3
5

.3
2

.4
5
±

2
.7

3
3

0
.4

1
0

.4
2

2
.3

3
±

2
.5

5
3

1
.8

A
p

a
th

y
1

.0
1
–

1
.7

1
1

.2
1

.5
4
–

2
.3

2
0

.3
1

.8
7
–

2
.9

2
3

.8
0

.0
02

0
.0

0
2

1
.3

6
–

2
.2

5
1

5
.5

A
p

p
et

it
e

2
.7

1
±

2
.8

3
2

.4
2

.9
8
±

3
.1

3
4

3
.0

4
±

3
.2

3
6

.2
0

.5
3

0
.7

4
2

.8
7
±

3
.0

3
3

3
.8

A
M

B
0

.2
9
±

1
.1

2
.4

0
.4

9
±

1
.4

6
0

.4
3
±

1
.1

7
0

.2
8

0
.0

8
0

.3
8
±

1
.2

6
4

.5

D
el

u
si

o
n
s

0
.4

5
±

1
.5

4
0

.6
7
±

1
.9

4
0

.3
9
±

1
.1

0
.9

0
.3

1
0

.2
5

0
.5

±
1

.6
5

.8

D
ep

re
ss

io
n

2
.3

7
±

2
.7

1
7

.6
2

.6
9
±

2
.7

2
2

2
.3

7
±

2
.8

1
7

.4
0

.4
8

0
.5

0
2

.4
7
±

2
.7

5
3

1
.9

E
u

p
h
o

ri
a

0
.2

5
±

0
.8

2
.8

0
.4

8
±

1
.5

2
0

.2
8
±

1
.2

2
.6

0
.1

5
0

.8
8

0
.3

3
±

2
.5

5
2

.7

Ir
ri

ta
b

il
it

y
1

.2
1
±

1
.9

1
4

.4
1

.3
7
±

2
.0

1
5

.3
1

.1
3
±

1
.8

1
0

.4
0

.5
3

0
.4

8
1

.2
3
±

1
.9

5
1

3
.8

S
le

ep
in

es
s

2
.2

4
±

2
.9

2
7

.2
2

.6
6
±

3
.1

3
4

.7
2

.2
2
±

2
.9

3
6

.2
0

.3
3

0
.7

4
2

.3
5
±

2
.9

9
3

0
.1

S
ta

ti
st

ic
al

ly
si

g
n

ifi
ca

n
t

re
su

lt
s

ar
e

in
b

o
ld

A
M
B

ab
er

ra
n

t
m

o
to

r
b

eh
av

io
r,
N
P
I

N
eu

ro
p

sy
ch

ia
tr

ic
In

v
en

to
ry

404 J. Pérez-Pérez et al.



subscores for depression (pramipexole = 2.41 ± 2.7;

ropinirole = 2.69 ± 2.7; L-dopa = 2.37 ± 2.8; p = 0.48),

anxiety (pramipexole = 2.18 ± 2.5; ropinir-

ole = 2.4 ± 2.4; L-dopa = 2.45 ± 2.7; p = 0.41), or

psychosis (pramipexole = 0.46 ± 1.5; ropinir-

ole = 0.64 ± 1.5; L-dopa = 0.61 ± 1.8; p = 0.41) did not

differ, irrespective of the drug used.

4 Discussion

This is the first head-to-head comparative study of the ef-

fect of DAs on neuropsychiatric disturbances in PD that

has controlled the sample for the most important con-

founding factors. The main findings of the present study

show that (1) mood disorders (depression, anxiety, apathy,

irritability) are predominant in non-demented PD patients;

(2) despite depression and anxiety appearing as the most

prevalent and severe neuropsychiatric features in this

sample, no differences in frequency or severity emerged

between medication groups; and (3) patients treated with

pramipexole are less likely to manifest apathy when com-

pared with patients treated with ropinirole or levodopa in

monotherapy.

Our data reproduce previously reported frequencies of

neuropsychiatric symptoms in non-demented PD popula-

tions [26, 27]. Mood disorders are predominant in recently

diagnosed PD patients [17, 25]. In the last decade, an effort

has been made to describe mood disorders in more detail,

trying to separate better the presence and severity of apa-

thy, depression, and anxiety [28, 29]. Apathy, when con-

sidered as an independent nosological entity, has emerged

as one of the most common and frequently misdiagnosed

symptoms in PD, it being difficult to differentiate from

depression if appropriate scales are not used [28–30]. The

Movement Disorders Society has suggested several scales

(including the NPI) to screen for apathy [31]. Although

apathy has been mainly related to executive dysfunction

and global cognitive deterioration, it has also been clearly

identified in early to mid-PD stages when it has been

carefully assessed [32, 33], and is probably related to de-

creased dopaminergic innervation of mesolimbic circuits.

In the present sample of non-demented patients, the

semistructured interview of the NPI allowed us to obtain

different frequencies and severity scores for apathy and

depression. Up to 49.1 % of patients exhibited some degree

of apathy, with clinically meaningful scores in 15.5 %.

Given that patients on pramipexole had less apathy on the

NPI than patients on ropinirole or levodopa, but no sig-

nificant differences were found on depression scores, we

suggest that pramipexole may be more efficacious for this

specific symptom. Given the cross-sectional nature of the

study, it cannot be concluded that ropinirole or levodopa do

not improve apathy in PD, or that pramipexole or ropi-

nirole did not produce a benefit on depressive symptoms in

this sample. We conclude that the present data indicate that

pramipexole may exert an additional and more specific

effect on motivational symptoms than ropinirole and

levodopa. Furthermore, since there was no difference be-

tween pramipexole and ropinirole in patients with mild to

moderate apathy, the present results suggest that dopamine

agonists as a group have a tendency to be less associated

with apathy than levodopa.

In addition, since medication groups were matched in

terms of executive dysfunction, the lower frequency of

apathy observed in the pramipexole group suggests that

motivational changes are linked to a more specific activa-

tion of dopamine receptors within the limbic system and

ventral striatum. A higher affinity of pramipexole over

ropinirole for D3 dopamine receptors, found in high density

in limbic and paralimbic structures, may explain the dif-

ferences observed in our study [34–38]. Likewise, specific

activations of piribedil on D2/D3 receptors along the

mesolimbic pathway are linked to the beneficial effects

observed in apathetic symptoms in PD patients after deep

brain stimulation [15].

None of the previous studies that analyzed the antide-

pressant effect of DAs used scales to measure depression

and apathy separately [5, 7]. It is therefore difficult to de-

termine whether DAs improved depression by the specific

relief of sadness and negativity, or by alleviation of loss of

interest and blunted affect [29, 39].

Non-significant differences observed in the frequency

and severity of hallucinations in patients treated with DAs

or L-dopa can be understood by the characteristics of the

sample. On one hand, only non-demented PD patients were

Fig. 1 Percentage of patients with clinical relevant apathy. Patients

on treatment with pramipexole presented a lower frequency of apathy

than those treated with ropinirole or levodopa (L-dopa) in mono-

therapy (v2 12.49; p = 0.002)
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included, explaining the low frequency of psychosis found

in this sample compared with other series. On the other

hand, patients were allowed to be on psychotropic

medications if they were controlled in terms of overall

clinical management in the 4 weeks before inclusion in the

study. It is thus likely that only patients with hallucinations

that were well-controlled in clinical practice and through

drug management were finally selected.

This study has some limitations. First, we used the NPI,

a scale designed for screening neuropsychiatric symptoms.

Although it has been claimed that this scale is also ap-

propriate for measuring the severity of these symptoms

[22], future studies aiming to determine the possible dif-

ferential effect of DAs on depression and apathy should use

more specific scales for each psychiatric domain. Second,

this is a non-randomized, cross-sectional study, and we

cannot guarantee that patients were selected to certain DA

or levodopa in monotherapy depending of their neuropsy-

chiatric profile. However, currently there are no guidelines

to treat apathy in PD, so it is unlikely that physicians se-

lected their therapy on the basis of the presence or absence

of apathy. Third, we could not include a group of patients

on treatment with rotigotine, and doses of other drugs, such

as amantadine or catechol-O-methyl transferase (COMT)

inhibitors, were not systematically collected, so we cannot

know whether these were well-balanced between groups.

And finally, the development of impulse control disorders

was not systematically addressed, so we have not been able

to analyze their presence in each medication group.

5 Conclusions

Overall, after having controlled medication groups for

potentially confounding variables, this study suggests that

pramipexole has beneficial effects on apathy that may be

added to the previously reported improvements on

depression.
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