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Dysphoria, dopaminergic medication and spatial memory
in Parkinson’s disease
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ABSTRACT
Depression is considered a potential risk factor for developing cognitive deficits and
dementia during the progression of Parkinson’s disease (PD). Depression and dysthymia are
also among the most frequent neuropsychiatric comorbidities, especially in later stages of
PD. Regardless of the depression diagnosis, clinical and subsyndromal depressive symptoms
in PD patients are associated with decreased daily functioning. However, very little is known
about subsyndromal depressive symptoms and their relations to cognitive function and
dopamine medication in PD. Here we investigated depressive symptoms and spatial memory
performance in 34 early PD patients compared to 36 matched healthy controls in a pharmacobehavioral cross-over study. Despite that none of the PD patients fulfilled clinical criteria for
major depression or dysthymia, PD patients showed elevated scores of depressive symptoms
compared to healthy controls. Depressive symptom load was further negatively correlated with
spatial memory performance in PD patients when off dopaminergic medication. Furthermore,
it could be shown that the factor dysphoria but not retardation or vegetative symptoms of the
MADRS was associated with reduced spatial memory off dopaminergic medication. Present
findings indicate that under dopaminergic withdrawal affective symptoms of depression i.e.,
dysphoria may be associated with spatial memory deficits in early PD patients. Future studies
are needed to specify the underlying mechanisms and interactions of depressive symptoms
and dopaminergic treatment in PD, especially in context of clinically relevant depression.
Keywords
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Introduction
Idiopathic Parkinson’s disease (PD) is a
neurodegenerative disorder of multifactorial
etiology leading to massive cell loss in the substantia
nigra pars compacta (SNc) and increasing
nigrostriatal dopamine (DA) deficiency [1-3] as
well as to disturbances of other neurotransmitters
including the serotonergic system (see [4] for

recent review). On the symptom level PD is
characterized by motor symptoms, the cardinal
symptoms being bradykinesia, rigidity, postural
instability, and resting tremor (UK Brain Bank
Criteria, [5]), as well as non-motor symptoms
such as neuropsychiatric symptoms, including
dysthymia and depression, and cognitive deficits
[6]. Affective disorders, particularly depression,
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are very frequent in PD [7]. Depression rates
are already substantially elevated in early disease
stages, with 25-34 % of PD patients being
affected [8]. Treatment with dopamine (DA)
medication, specifically with DA agonists has
been suggested to ameliorate depression in
PD [9,10]. Cognitive deficits in PD are most
prominent in the domains of memory, executive
functions [11,12] and visuospatial learning and
memory [13-16]. DA medication effects on
cognition in PD patients follow an inverted-U
shaped and individually dosage-dependent
function [17-21] and have been associated with
improved performance in learning, visual and
verbal memory, visuospatial abilities, and frontal
lobe tasks [22]. In a recent study DA medication
in early PD patients has been shown to have
beneficial effects on spatial memory functions
subserved by the hippocampal-striatal circuitry
[23]. However, given that DA depletion in
the striatum follows a dorsal to lateral-ventral
gradient, DA medication dosages associated
with improved cognitive functions supported
by the dorsal striatum might also negatively
affect ventral striatal functions following the
“overdose” model [24,25].
The relationship between depression and
cognitive deficits in PD has been investigated so
far mainly for the domain of executive functions.
Depressed PD (dPD) patients show impairments
in tasks of executive functions compared to
non-depressed PD (ndPD) patients [26,27].
Comparison of dPD, dysthymic PD, and nondepressed PD (ndPD) patients in cognitive tests
showed that dysthymic PD patients displayed
more profound visuospatial and executive
dysfunction relative to ndPD, whereas dPD
patients exhibited even broader and more
profound executive and visuospatial deficits in
episodic visuospatial memory, spatial working
memory and language domains [28]. These
findings indicate a dose-response relationship
of depression and executive functioning in PD
i.e., an increase in executive function deficits
with increasing load of depressive symptoms
[28]. Blonder, et al. [29] reported a significant
interaction of depression and medication status
in tests of episodic memory (verbal memory
and facial affect recognition), with reduced
performance in dPD patients when on DA
medication compared to the off medication
condition. So far, the question whether
depressive symptom load in non-depressed PD
patients is differentially associated with cognitive
performance on and off DA medication still

282

Neuropsychiatry (London) (2017) 7(4)

needs to be investigated. Furthermore, it
is unknown whether factors of depressive
symptoms (cognitive, affective, and motor) are
specifically related to cognitive performance on
and off dopaminergic medication.
In a pharmaco-behavioral crossover study we
aimed to investigate the depressive symptom
load in early PD patients and matched healthy
controls (HC). Furthermore, we examined
the association of depressive symptom load
and hippocampal-striatal spatial memory
[23,30-32] in PD patients on versus off DA
medication. Based on the findings that DA
medication ameliorates depression [9,10] and
cognitive performance in PD [22], specifically
spatial learning and memory [23], we assumed
a negative association of depressive symptom
load with spatial memory performance under
dopamine withdrawal (off medication). To
explore the specificity of association between
depressive symptom load and spatial memory
on and off DA medication in early PD patients,
we applied the model by Suzuki, et al. [33]
distinguishing three factors of depressive
symptoms (dysphoria, retardation and vegetative
symptoms) as assessed with the MontgomeryAsberg Depression Rating Scale [34] (MADRS).
Studies on neuropathological mechanisms
of depression suggest that cognitive-affective
symptoms of depression and performance in
tasks of attention and executive function share
common neural substrates which are different
from the neural networks mediating vegetative
symptoms of depression [35-38]. Therefore, we
expected that MADRS factors dysphoria and
retardation, but not vegetative symptoms will
be significantly associated with spatial memory
performance under dopamine withdrawal.
Methods
 Sample

Patients were diagnosed with idiopathic PD
according to UK Brain Bank criteria [5]. Patients
were included in the study if they were stable on
DA medication for at least three months and
able to tolerate an overnight off-medication
period. Exclusion criteria comprised mild
cognitive impairment and dementia (Montreal
Cognitive Assessment [39] (MoCA score ≤
24) and any other neurological diseases. Only
German native speakers participated in the
study. The sample comprised 34 PD patients and
36 matched HC (matching criteria: age, gender,
education, smoking, handedness) who provided
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their written informed consent prior to study
participation. The study was approved by the
local ethics committee (EK 259072011).
 Procedure and materials

During screening, all patients underwent a
neurological and neuropsychiatric examination
performed by a movement disorder specialist,
including PD diagnosis and classification of PD
subtype, assessment of Hoehn & Yahr stage and
medical history. Cognitive status was assessed
using the MoCA [39]. Depressive symptoms were
assessed on DA medication with the MADRS
[34]. Levodopa equivalent daily dose (LEDD)
was computed for all PD patients according to
Tomlinson and colleagues [40]. Impulsivity was
assessed with the Barratt Impulsiveness Scale
(BIS-11) [41].
Following study inclusion, two separate
appointments were scheduled within four weeks
for behavioral assessment (spatial navigation
task): one with the regular DA medication
(on medication) and one after an overnight
medication withdrawal starting at 8 p.m. of the
previous day until the end of the assessment
on the following day (off medication). All
assessments were scheduled in the morning. The
order of medication status was counterbalanced
for each patient. Each assessment started with
an evaluation of motor impairment based on
the Unified Parkinson’s Disease Rating Scale
(UPDRS) Part III [42].
 Spatial Navigation Task

During the virtual reality-based spatial navigation
task [23,30-32] participants navigated on a
circular grass plane surrounded by a boundary
(stone wall) using a joystick. A traffic cone
served as a local intra-environmental cue and
mountains, clouds and the sun were provided
as distal orientation cues. Before performing
the task, participants were given instructions
and received training with the joystick. During
encoding trials, participants were instructed to
remember the location of four objects presented
in sequence within the environment. Objects
were pictures of neutral items (e.g., alarm clock,
rubber duck, hat, and briefcase). During learning
trials, participants were asked to virtually walk
back to the memorized location of a cued object.
They indicated the objects’ position by pressing
a button on the keyboard. After the button
press, the object appeared in its correct location
(feedback). The task included three learning
trials i.e., each object was cued three times in
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pseudorandomized order. The initial task’s
transfer trials modeling hippocampal- versus
striatal-dependent navigation strategies were
not included into the present analyses. Evidence
from an earlier study [30] indicated that the
spatial memory effect was most apparent in the
first trial of the learning phase, thus, we focused
our analyses on the respective data. Spatial
memory was calculated as the mean distance
error between the correct and the memorized
object position (computed as the Euclidian
distance in virtual meters, vm), with a larger
distance error indicating worse spatial memory.
 Statistical analyses

Differences in demographic, neuropsychological
and neuropsychiatric variables between PD
patients and HC were examined with t-tests and
Chi2-tests. Correlations of the MADRS score
with spatial memory performance on and off
dopaminergic medication as well as with motor
impairment were calculated as Pearson’s productmoment correlation coefficients r (Bonferronicorrected).Correlations of the MADRS factors
with spatial memory performance on and off
DA medication, clinical and neuropsychological
measures were calculated as Spearman’s
rank correlation coefficients rrho (Bonferroni
corrected). MADRS factors were calculated based
on a three-factor model by Suzuki, et al. [33].
Factor 1 (“dysphoria”) comprised the MADRS
items pessimistic thoughts, suicidal thoughts
and reported sadness. Factor 2 (“retardation”)
consisted of the items lassitude, inability to feel,
apparent sadness, and concentration difficulties.
Factor 3 (“vegetative symptoms”) comprised the
items reduced sleep, reduced appetite, and inner
tension. Correlation coefficients of dysphoria
with spatial memory on and off medication were
tested for significant difference with Stata 14.2.
For this analysis, the original values were rank
transformed and entered in linear regression with
bootstrapping (2.000 replications, bias-corrected
accelerated method). All other statistical analyses
were conducted with IBM SPSS Statistics 22 and
α<0.05 indicated statistical significance.
Results

 Sample characteristics

Table 1 summarizes the demographic, clinical
and neuropsychiatric characteristics of the
sample. PD patients and HC did not differ
in demographic features, cognitive status and
impulsivity. Most of PD patients (91.2 %) were
283
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Table 1: Demographic and clinical characteristics of PD patients (N = 34) and healthy controls (N = 36). Data are means
(standard deviations) except where noted.
PD

HC

Demographic data
Male, [n (%)]
25
(73.5)
Age, years
59.24
(8.23)
Clinical characteristics PD patients
Disease duration, years
3.85
(3.13)
Hoehn and Yahr stage on medication (%)
1.0
7
(20.6)
1.5
7
(20.6)
2.0
17
(50.0)
2.5
2
(5.9)
3.0
1
(2.9)
LEDD
581.03
(433.41)
UPDRS III score ON med
16.00
(6.13)
UPDRS III score OFF med
19.79
(7.11)
Neuropsychological / neuropsychiatric characteristics
MoCA
27.76
(1.74)
MADRS
2.47
(2.44)
BIS-11

52.41

(7.80)

Chi2 or t (df)

p value

0.020 (1)
0.164 (68)

0.888
0.870

-

-

-

-

-5.156 (33)

< 0.001

27
58.92

(75.0)
(8.03)

-

-

-

-

27.92
0.75

(1.34)
(1.20)

-0.411 (68)
3.707 (47.555)

0.683
0.001

52.08

(6.54)

0.191 (68)

0.849

PD: Parkinson’s disease patients; HC: healthy controls; LEDD: levodopa equivalent daily dose; UPDRS III score ON med/OFF med: Unified Parkinson’s
Disease Rating Scale Part III, on and off dopaminergic medication; MoCA: Montreal Cognitive Assessment; MADRS: Montgomery-Asberg Depression
Rating Scale; BIS-11: Barratt Impulsiveness Scale.

in early disease stages (Hoehn and Yahr stages
1 and 2). PD patients displayed significantly
lower motor impairment (UPDRS III score)
on DA medication as compared to the off
medication condition. We examined the range
of PD medications: two patients (5.88 %) were
taking DA agonists alone, 21 patients (61.76
%) were taking DA agonists in combination
with MAO-B inhibitors or NMDA-antagonists
or both. The remaining 11 patients (32.35 %)
received levodopa in combination with DA
agonists and/or MAO-B inhibitors and/or
NMDA-antagonists. Two of 34 patients were
taking antidepressants.
The mean MADRS score in PD group was 2.47
(SD=2.44, range=0-9) and no patients were
classified as depressed (the MADRS cutoff score
is 14/15 for depression in PD; [43]. However, the
MADRS score of PD patients was significantly
higher compared to the MADRS score of HC
(M=0.75, SD=1.20, range=0-6).
 Correlations

of depressive symptoms
with spatial memory performance
In the PD group, the MADRS score showed
no significant correlation with spatial memory
performance when on medication (r=-0.029,
p=0.869), but it was significantly associated with
spatial memory performance off medication
(r=0.534, p=0.001). Higher scores in spatial
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memory indicated worse performance. Therefore,
higher depressive symptoms were associated with
worse spatial memory performance when off DA
medication. Motor impairment (UPDRS III
score) showed no significant association with
spatial memory performance on medication
(r=0.091, p=0.607).
 Correlations

of MADRS factors with
spatial memory off medication
Table 2 summarizes the results of Spearman’s
correlation coefficients of dysphoria, retardation
and vegetative symptoms with spatial memory
on and off medication. The MADRS factors
did not show significant associations with
spatial memory performance on medication,
but dysphoria was significantly correlated with
spatial memory off DA medication, meaning
that higher symptoms of dysphoria were
associated with worse spatial memory under
dopamine withdrawal. Retardation displayed a
moderate correlation with spatial memory off
medication, yet not significant after Bonferroni
correction. Vegetative symptoms did not show
any significant correlation with spatial memory
performance. The difference between the
correlations of dysphoria with spatial memory on
DA medication (r=0.587, p=0.001) and off DA
medication (r=0.158, p=0.338) was found to be
in trend significant (t=1.72, p=0.095, confidence
interval: -0.787 – 0.937).
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Table 2: Spearman’s rank correlation coefficients (Bonferroni corrected) of the MADRS factors with spatial memory performance*,
clinical and neuropsychiatric variables.
Spatial memory performance
UPDRS III motor impairment
LEDD
MoCA
BIS-11
on med
off med
on med
off med
rrho
0.217
0.558
0.169
0.154
0.003
-0.237
0.139
Dysphoria
p value
0.217
0.001
0.340
0.385
0.986
0.177
0.435
-0.037
0.449
0.391
0.292
0.189
-0.410
0.279
rrho
Retardation
p value
0.835
0.008
0.022
0.094
0.285
0.016
0.111
-0.062
0.164
-0.068
-0.099
-0.006
0.080
0.162
rrho
Vegetative symptoms
p value
0.727
0.354
0.700
0.576
0.974
0.653
0.361
on med: on regular dopaminergic medication; off med: withdrawal from dopaminergic medication; UPDRS III: Unified Parkinson’s Disease Rating Scale Part
III; LEDD: levodopa equivalent daily dose; MoCA: Montreal Cognitive Assessment; BIS-11: Barratt Impulsiveness Scale.
P (Bonferroni-corrected): 0.007.
*Spatial memory performance was calculated as the mean distance error between the actual and memorized object position, higher scores indicating worse
performance.
 Correlations

of MADRS factors with
clinical and neuropsychiatric measures
No significant correlations of MADRS factors
with clinical variables (motor impairment on
and off medication, levodopa equivalent daily
dose), cognitive impairment and impulsivity
were observed (Table 2).
Discussion
The present study aimed to investigate depressive
symptom load and spatial memory performance
in 34 early PD patients compared to 36 matched
control subjects. In the patient group, we
examined the association of depressive symptoms
and spatial memory performance on and off DA
medication. The main results are the following:
1) although none of the PD patients featured
clinical depression, depressive symptom load
in the patient group was significantly higher as
compared to controls. 2) Depressive symptoms
were significantly associated with reduced
spatial memory performance under dopamine
withdrawal (off medication). 3) Dysphoria, but
not retardation or vegetative symptoms was
significantly associated with reduced spatial
memory off medication. 4). No significant
correlations of dysphoria with clinical variables,
cognitive impairment and impulsivity were
observed.
Previous studies reported cognitive performance
deficits in depressed as compared to nondepressed PD patients [26-28]. In the present
sample, we observed that depressive symptom
load was associated with reduced spatial memory
performance off medication. We also found
that dysphoria, but not retardation or vegetative
symptoms of the MADRS was associated with
reduced spatial memory off medication. We

found that the difference of the associations
of dysphoria with spatial memory on and off
medication showed a trend to significance. Thus,
dysphoria was specifically related to reduced
spatial memory under dopamine withdrawal.
Retardation was moderately yet not significantly
related to spatial memory off medication, and
vegetative symptoms showed no correlation
with spatial memory. According to the
neurofunctional model of depression introduced
by Mayberg, et al. [36-38], cognitive symptoms
of depression have been associated with altered
activity in the dorsal compartment comprising the
medial frontal cortex, the dorsolateral prefrontal
cortex, posterior cingulate and parietal cortices.
In contrast, vegetative symptoms of depression
have been rather related to altered activity in the
ventral compartment consisting of the subgenual
anterior cingulate, ventral insula, hypothalamus
and rostral inferior frontal regions [36-38].
Our behavioral findings support the specific
association of cognitive-affective symptoms
of depression (dorsal compartment) with
spatial memory. These results probably reflect
the differential neural substrates of cognitiveaffective and vegetative symptoms of depression
[35,37,38]. Dysphoria showed no significant
associations with clinical, neuropsychiatric and
cognitive variables, supporting the specificity of
its association with spatial memory performance.
The present findings emphasize the importance
of depressive symptom factor approach for the
evaluation of spatial memory performance.
The neuropathology of PD is characterized by
a distinct spatio-temporal dopamine depletion:
the dorsal-striatal projections are affected already
in mild PD, whereas the degeneration progresses
only later to more ventral parts of the striatum
and the mesocorticolimbic pathways [44].
285
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Dopamine levels in the prefrontal cortex (PFC)
of PD patients may even be upregulated in early
PD, supposedly reflecting a compensation of
the dopamine depletion in the striatum [45,46].
The effects of dopamine on cognition have been
shown to follow an inverted-U-shaped function
suggesting that both insufficient and excessive
dopamine levels impair cognitive performance
(“overdose-model” [47-49].
Neural mechanisms underlying spatial memory
have been suggested to involve at least two parallel
memory systems based on the hippocampus
and dorsal striatum [50,51]. Specifically for
spatial learning and memory, the right posterior
hippocampal activation has been shown to
reflect learning of boundary-related locations,
whereas right dorsal striatal activation (peak in
the caudate) was associated with memory of cuerelated locations [30,31]. These findings confirm
the relevance of both hippocampal and striatal
interactions for spatial memory [23].
Our results suggest that subsyndromal
depressive symptoms may be associated with
spatial memory deficits under dopaminergic
withdrawal. In contrast, Blonder, et al. [29]
reported significant deficits in depressed PD
patients on DA medication as compared to the off
medication state in tasks of verbal memory and
affective processing. Blonder, et al. also showed
that DA medication had the opposite effect
in non-depressed PD patients with enhanced
performance on tasks of verbal memory and
affective processing. A possible explanation for
the divergent findings is that the tasks employed
by Blonder, et al. predominantly recruited
frontally mediated cognitive functions leading
to overdosing in the on-medication state and
the observed performance deficits. However, in
our study we examined the hippocampal-striatal
functions (e.g. spatial memory) in non-depressed
PD patients. We observed that depressive
symptoms, specifically dysphoria was associated
with reduced spatial memory performance under
dopamine withdrawal. In a recent study Vriend,
et al. [52] suggest that depressive symptoms in
PD are associated with dopamine loss in the
caudate nucleus. According to these findings,
PD patients with depressive symptoms might
already show more extensive striatal dopamine
deficits relative to PD patients with low or
no depressive symptoms. Thus, depressive
symptoms in PD patients may represent a
marker of interindividual differences in striatal
DA depletion contributing to the progression
of cognitive decline in PD. Recent studies have
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shown that depression preceding the onset of
PD was associated with impaired executive task
performance [53,54]. Major depression has been
associated with reduced reward processing and
diminished reward-related activation in the
ventral striatum [55] reflecting altered striatal
functionality as a potential neurofunctional
substrate of this disorder. Molecular imaging
studies on PD depression have shown reduced
dopamine transporter (DAT) availability within
striatum or extra-striatal regions [56,57] as well
as increased DAT density in dPD patients in
the dorsal striatum [58]. In non-PD depressed
patients higher DAT uptake has been reported
[59,60]. Dopaminergic alterations appear to
be important in primary depression and in
depressive symptoms in PD.
The Spatial Navigation Task includes a motor
component as subjects used a joystick to
navigate. However, motor symptoms showed no
significant association with spatial memory and
cannot account for spatial memory performance.
For the assessment off medication, patients were
instructed to omit only their prescribed PD
medication overnight. Other medications were
held constant and therefore cannot explain the
present findings.
The majority of PD patients were receiving DA
agonists in combination with MAO-B inhibitors
and/or NMDA-antagonists, while a smaller
proportion of patients received levodopa in
combination with DA agonists and a MAO-B
inhibitor and/or a NMDA-antagonist. MAO-B
inhibitors have been found to treat depression
and anxiety in PD [61]. However, the role of
MAO-B inhibitors as add-on to DA agonist
treatment for cognitive and affective functions
in PD has not yet been addressed. A study
by Krishna and Moustafa [62] suggests that
MAO-B inhibitors as an adjunct to levodopa
therapy provide a better effect on cognitive
function (including working memory, cognitive
flexibility and probabilistic learning) and
depression compared to monotherapy with
levodopa or DA agonists. The authors assume
that the beneficial effects of combined levodopa
and MAO-B therapy on cognitive and affective
measures may be the continuous dopaminergic
stimulation of the basal ganglia and/or increase
of the availability of monoamines. Whether
the combination of DA agonists with MAO-B
inhibitors and/or NMDA-antagonists may have
similar positive effects, should be addressed in
future studies.

Dysphoria, dopaminergic medication and spatial memory in Parkinson’s disease

Some methodological limitations need to be
mentioned. The majority of PD patients in the
present sample had mild PD with significant
cognitive deficits being less probable. Depressive
symptoms were assessed with the MADRS on
medication; no reference data off medication are
available. Lastly, no task on working memory
and processing speed on and off medication was
applied. Although the sample comprised PD
patients in early disease stages, we cannot rule
out potential effects of individual differences
in these cognitive functions on spatial memory
performance.

functions would contribute to development of
personalized treatment approaches, helping to
improve quality of life in PD.

In the present study we demonstrated that in early
PD symptoms of dysphoria, but not retardation
or vegetative symptoms were specifically
associated with reduced spatial memory
performance under dopaminergic withdrawal. It
is unknown whether these associations would be
relevant and even more evident in PD samples
with clinical depression. To our knowledge,
this aspect has not been addressed before. The
present explorative study with its methodological
limitations nevertheless provides first valuable
insights and may stimulate future studies to
examine the relationship between depressive
symptoms, DA medication and spatial memory
in PD, especially in clinical PD depression. A
better understanding of antidepressant treatment
alone and/or in combination with dopaminergic
treatment for spatial memory and executive

We are grateful to Susanne Guenther, Maximilian
Peukert and Maria Simon for their help with
patient recruitement and data acquisition. We
thank Michael Hoefler for support with statistical
analyses.

References
1. Halliday G, Lees A, Stern M. Milestones in
Parkinson’s disease- clinical and pathologic
features. Mov. Disord 26(6), 1015-1021 (2011).
2. Obeso JA, Rodriguez-Oroz MC, Goetz CG, et
al. Missing pieces in the Parkinson’s disease
puzzle. Nat. Med 16(6), 653-661 (2010).
3. Sulzer D. Multiple hit hypotheses for
dopamine neuron loss in Parkinson’s disease.
Trends. Neurosci 30(5), 244-250 (2007).
4. Politis M, Niccolini F. Serotonin in Parkinson’s
disease. Behav. Brain. Res 277(1), 136-145
(2015).
5. Litvan I, Bhatia KP, Goetz CG, et al. SIC Task
Force appraisal of clinical diagnostic criteria
for parkinsonian disorders. Mov. Disord 18(5),
467-486 (2003).
6. Löhle M, Storch A, Reichmann H. Beyond
tremor and rigidity: non-motor features
of Parkinson’s disease. J. Neural. Transm
(Vienna)116(11), 1483-1492 (2009).
7. Cummings JL. Depression and Parkinsons
Disease- A Review. Am. J. Psychiatry 149(4),
443-454 (1992).

Research

Funding Source
This study was funded by the German Research
Foundation (Deutsche Forschungsgemeinschaft;
DFG) Collaborative Research Centre 940:
“Volition and Cognitive Control: Mechanisms,
Modulators, Dysfunctions”.
Acknowledgments

Conflict of Interest
A.Storch was acting on Advisory Boards
(UCB Pharma) and consultancies (Britannia,
Mundipharma, Pfizer), received honoraria from
AbbVie, Desitin, Medtronic, GSK, MEDA Pharma,
Medtronic, Mundipharma, TEVA, Lundbeck,
Novartis, UCB Pharma, and received research
grants from Deutsche Forschungsgemeinschaft
(DFG). M. Fauser received grants from Deutsche
Forschungsgemeinschaft (DFG), personal fees from
UCB Pharma and MEDA Pharma.

8. Riedel O, Heuser I, Klotsche J, et al. Occurence
Risk and Structure of Depression in Parkinson
Disease With and Without Dementia: Results
From the GEPAD Study. J. Geriatr. Psychiatry.
Neurol 23(1), 27-34 (2010).
9. Barone P, Poewe W, Albrecht S, et al.
Pramipexole for the treatment of depressive
symptoms in patients with Parkinson’s
disease: a randomised, double-blind, placebocontrolled trial. Lancet. Neurol 9(6), 573-580
(2010).
10. Lemke MR. Dopamine agonists in the
treatment of non-motor symptoms of
Parkinson’s disease: depression. Eur. J. Neurol
15(2), 9-14 (2008).
11. Aarsland D, Bronnick K, Larsen JP, et al.
Cognitive impairment in incident, untreated
Parkinson disease. Neurology 72(13), 11211126 (2009).
12. Muslimovic D, Post B, Speelman JD, et al.
Cognitive profile of patients with newly
diagnosed Parkinson disease. Neurology 65(8),
1239-1245 (2005).
13. Bowen FP, Hoehn MM, Yahr MD.
Parkinsonism: alterations in spatial

orientation as determined by a route walking
test. Neuropsychologia 10(3), 355-361 (1972).
14. Crevits L, De Ridder K. Disturbed
striatoprefrontal mediated visual behaviour
in moderate to severe parkinsonian patients.
J. Neurol. Neurosurg. Psychiatry 63(1), 296-299
(1997).
15. Lee AC, Harris JP, Calvert E. Impairments
of mental rotation in Parkinson’s disease.
Neuropsychologia 36(1), 109-114 (1998).
16. Pillon B, Ertle S, Deweer B, et al. Memory for
spatial location is affected in Parkinson’s
disease. Neuropsychologia 34(1), 77-85 (1996).
17. Arnsten AFT. Catecholamine modulation of
prefrontal cortical function. Trends. Cogn. Sci
2(11), 436-447 (1998).
18. Chowdhury R, Guitart-Masip M, Bunzeck N,
et al. Dopamine Modulates Episodic Memory
Persistence in Old Age. J. Neurosci 32(41),
14193-14204 (2012).
19. Li S-C, Lindenberger U, Sikström S. Aging
cognition: from neuromodulation to
representation. Trends. Cogn. Sci 5(11), 479486 (2001).

287

Research

Yuliya Stankevich

20. Li S.-C, Sikström S. Integrative
neurocomputational perspectives on
cognitive aging, neuromodulation and
representation. Neurosci. Biobehav. Rev
26(7), 795-808 (2002).
21. Vijayraghavan S, Wang M, Birnbaum SG,
et al. Inverted-U dopamine D1 receptor
actions on prefrontal neurons engaged in
working memory. Nat. Neurosci 10(3), 376384 (2007).
22. Kulisevsky J, Garcia-Sanchez C, Berthier
ML, et al. Chronic effects of dopaminergic
replacement on cognitive function in
Parkinson’s disease: a two-year follow-up
study of previously untreated patients.
Mov. Disord 15(4), 613-626 (2000).
23. Thurm F, Schuck NW, Fauser M, et al.
Dopamine modulation of spatial navigation
memory in Parkinson’s Disease. Neurobiol.
Aging 38(1), 93-103 (2016).
24. Aarts E, Nusselein AA, Smittenaar P, et al.
Greater striatal responses to medication
in Parkinson’s disease are associated with
better task-switching but worse reward
performance. Neuropsychologia 62(1), 390397 (2014).
25. Cools R, Barker RA, Sahakian BJ, et al.
Enhanced or impaired cognitive function
in Parkinson’s disease as a function of
dopaminergic medication and task
demands. Cereb. Cortex 11(12), 1136-1143
(2001).
26. Costa A, Peppe A, Carlesimo GA, et al.
Major and minor depression in Parkinson’s
disease: a neuropsychological investigation.
Eur. J. Neurol 13(9), 972-980 (2006).
27. Santangelo G, Vitale C, Trojano L, et al.
Relationship between depression and
cognitive dysfunctions in Parkinson’s
disease without dementia. J. Neurol 256(4),
632-638 (2009).
28. Stefanova E, Potrebic A, Ziropadja L, et
al. Depression predicts the pattern of
cognitive impairment in Parkinson’s
disease. J. Neurol. Sci 248(1-2), 131-137
(2006).

32. Schuck NW, Doeller CF, Polk TA, et
al. Human Aging Alters the Neural
Computation and Representation of Space.
NeuroImage 117(1), 141-150 (2015).
33. Suzuki A, Aoshima T, Fukasawa T, et al. A
Three-Factor Model of the MADRS in Major
Depressive Disorder. Depress. Anxiety 21(2),
95-97 (2005).
34. Montgomery SA, Asberg M. A new
depression scale designed to be sensitive
to change. Br. J. Psychiatry 134(1), 382-389
(1979).
35. Heinzel A, Grimm S, Beck J, et al. Segregated
neural representation of psychological and
somatic-vegetatitve symptoms in severe
major depression. Neurosci. Lett 456(2), 4953 (2009).
36. Mayberg HS. Limbic-cortical Dysregulation:
A Proposed Model of Depression. J.
Neuropsychiatry. Clin. Neurosci 9(3), 471-481
(1997).
37. Mayberg HS, Liotti M, Brannan SK, et al.
Reciprocal limbic-cortical function and
negative mood: converging PET-findings
in depression and normal sadness. Am. J.
Psychiatry 156(5), 675-682 (1999).
38. Mayberg HS. Modulating dysfunctional
limbic-cortical circuits in depression:
towards development of brain-based
algorithms for diagnosis and optimised
treatment. Br. Med. Bull 65(1), 193-197
(2003).
39. Nasreddine ZS, Philips NA, Bedirian V, et al.
The Montreal Congitive Assessment, MoCA:
A brief screening tool for mild cognitive
impairment. J. Am. Geriatr. Soc 53(4), 695699 (2005).
40. Tomlinson CL, Stowe R, Patel S, et al.
Systematic review of levodopa dose
equivalency reporting in Parkinson’s
disease. Mov. Disord 25(15), 2649-2653
(2010).
41. Patton JH, Stanford MS, Barratt ES. Factor
structure of the Barratt Impulsiveness Scale.
J. Clin. Psychol 51(6), 768-774 (1995).

29. Blonder LX, Slevin JT, Kryscio RJ, et al.
Dopaminergic modulation of memory
and affective processing in Parkinson
depression. Psychiatry. Res 210(1), 146-149
(2013).

42. Movement Disorder Society Task Force on
Rating Scales for Parkinson’s Disease. The
Unified Parkinson’s Disease Rating Scale
(UPDRS): Status and recommendations.
Mov. Disord 18(7), 738-750 (2003).

30. Doeller CF, King JA, Burgess N. Parallel
striatal and hippocampal systems for
landmarks and boundaries in spatial
memory. Proc. Nat. Acad. Sci USA 105(15),
5915-5920 (2008).

43. Schrag A, Barone P, Brown RG, et al.
Depression Rating Scales in Parkinson’s
Disease: Critique and Recommendations.
Mov. Disord 22(8), 1077-1092 (2007).

31. Schuck NW, Doeller CF, Schjeide BM, et al.
Aging and KIBRA/WWC1 Genotype Affect
Spatial Memory Processes in a Virtual
Navigation Task. Hippocampus 23(10), 913930 (2013).

44. Kish SJ, Shannak K, Hornykiewicz O. Uneven
Pattern of Dopamine Loss in the Striatum
of Patients with Idiopathic Parkinson’s
Disease - Pathophysiologic and Clinical
Implications. N. Engl. J. Med 318(14), 876880 (1988).
45. Cools R, Miyakawa A, Sheridan M, et al.

288

Neuropsychiatry (London) (2017) 7(4)

Enhanced frontal function in Parkinson’s
disease. Brain 133(1), 225-233 (2010).
46. Kaasinen V, Nurmi E, Bruck A, et al.
Increased frontal [(18)F]fluorodopa uptake
in early Parkinson’s disease: sex differences
in the prefrontal cortex. Brain 124(6), 11251130 (2001).
47. Cools R. Dopaminergic modulation of
cognitive function- implications for L-DOPA
treatment in Parkinson’s disease. Neurosci.
Biobehav. Rev 30(1), 1-23 (2006).
48. Cools R. Role of dopamine in the
motivational and cognitive control of
behavior. Neuroscientist 14(4), 381-395
(2008).
49. Goldman-Rakic PS. Cellular basis of working
memory. Neuron 14(3), 477-485 (1995).
50. McDonald RJ, White NM. Parallel
information processing in the water
maze: Evidence for independent memory
systems involving dorsal striatum and
hippocampus. Behav. Neural. Biol 61(3), 260270 (1994).
51. Poldrack RA, Clark J, Pare-Blagoev EJ, et al.
Interactive memory systems in the human
brain. Nature 414(6863), 546-550 (2001).
52. Vriend C, Raijmakers P, Veltman DJ, et
al. Depressive symptoms in Parkinson’s
disease are related to reduced [123I] FP-CIT
binding in the caudate nucleus. J. Neurol.
Neurosurg. Psychiatry 85(2), 159-164 (2013).
53. Klepac N, Haynsek S, Trkulja V. Cognitive
Performance in Nondemented
Nonpsychotic Parkinson Disease Patients
With or Without a History of Depression
Prior to the Onset of Motor Symptoms.
J. Geriatr. Psychiatry. Neurol 23(1), 15-26
(2010).
54. Klepac N, Trkulja V, Relja M. Nondemented
Parkinson disease patients: is cognitive
performance associated with depressive
difficulties? Cogn. Behav. Neurol 21(2), 87-91
(2008).
55. Pizzagalli DA, Holmes AJ, Dillon DG, et al.
Reduced Caudate and Nucleus Accumbens
Response to Rewards in Unmedicated
Individuals with Major Depressive Disorder.
Am. J. Psychiatry 166(6), 702-716 (2009).
56. Rektorova I, Srovnalova H, Kubikova R, et
al. Striatal dopamine transporter imaging
correlates with depressive symptoms
and tower of London task performance
in Parkinson’s disease. Mov. Disord 23(11),
1580-1587 (2008).
57. Remy P, Doder M, Lees A, et al. Depression
in Parkinson’s disease: loss of dopamine
and noradrenaline innervation in the limbic
system. Brain 128(6), 1314-1322 (2005).
58. Felicio AC, Moriyama TS, Godeiro C, et
al. Higher dopamine transporter density
in Parkinson’s disease patients with

Dysphoria, dopaminergic medication and spatial memory in Parkinson’s disease

depression. Psychopharmacology 211(), 27-31
(2010).
59. Brunswick DJ, Amsterdam JD, Mozley PD,
et al. Greater availability of brain dopamine
transporters in major depression shown by
[Tc-99m]TRODAT-1 SPECT imaging. Am. J.
Psychiatry 160(10), 1836-1841 (2003).

60. Yang YK, Yeh TL, Yao WJ, et al. Greater
availability of dopamine transporters in
patients with major depression - a dualisotope SPECT study. Psychiatry. Res 162(3),
230-235 (2008).
61. Korchounov A, Winter Y, Rossy W. Combined
beneficial effect of rasagiline on motor

Research

function and depression in de novo PD. Clin.
Neuropharmacol 35(3), 121-124 (2012).
62. Krishna R, Ali M, Moustafa AA. Effects of
combined MAO-B inhibitors and levodopa vs.
monotherapy in Parkinson’s disease. Front.
Aging. Neurosci 6(1), 1-9 (2014).

289

