1' frontiers
in Neurology

ORIGINAL RESEARCH
published: 13 April 2021
doi: 10.3389/fneur.2021.652375

OPEN ACCESS

Edited by:
Antonio Pisani,
University of Pavia, ltaly

Reviewed by:

Graziella Madeo,

Fondazione Novella Fronda
Onlus, Italy

Matteo Bologna,

Sapienza University of Rome, Italy

*Correspondence:
Roberto Erro
rerro@unisa.it

Specialty section:

This article was submitted to
Movement Disorders,

a section of the journal
Frontiers in Neurology

Received: 12 January 2021
Accepted: 08 March 2021
Published: 13 April 2021

Citation:

Erro R, Landolfi A, D’Agostino G,
Pace L, Picillo M, Scarano M,
Cuocolo A, Pappata S, Vitale C,
Pellecchia MT, Monteleone P and
Barone P (2021) Bipolar Disorder and
Parkinson’s Disease: A 23/-loflupane
Dopamine Transporter SPECT Studly.
Front. Neurol. 12:652375.

doi: 10.3389/fneur.2021.652375

Check for
updates

Bipolar Disorder and Parkinson’s
Disease: A 123|-loflupane Dopamine
Transporter SPECT Study

Roberto Erro ™, Annamaria Landolfi’, Giulia D’Agostino’, Leonardo Pace ™2,
Marina Picillo’, Massimo Scarano?, Alberto Cuocolo?, Sabina Pappata*, Carmine Vitale®,
Maria Teresa Pellecchia’, Palmiero Monteleone’ and Paolo Barone'

" Department of Medicine, Surgery and Dentistry “Scuola Medica Salernitana”, University of Salerno, Baronissi, Italy,

2 Department of Diagnostic Imaging and Radiotherapy, Azienda Ospedaliera Universitaria (AOU) San Giovanni di Dio e Ruggi
d’Aragona, Salerno, Italy, ° Department of Advanced Biomedical Sciences, Federico Il University, Naples, Italy, * Institute of
Biostructure and Bioimaging, National Council of Research, Naples, Italy, °® Department of Motor Sciences and Wellness,
University Parthenope, Naples, Italy

Objectives: Bipolar disorder (BD) has been suggested to be a risk factor for the
development of Parkinson’s disease (PD). Standard treatment of BD includes drugs that
are known to induce drug-induced parkinsonism (DIP). Clinical differentiation between PD
and DIP is crucial and might be aided by functional neuroimaging of the dopaminergic
nigrostriatal pathway.

Methods: Twenty consecutive BD patients with parkinsonism were clinically assessed
and underwent '23]-ioflupane dopamine transporter single-photon emission computer
tomography (SPECT). Imaging data of BD patients with pathological scans were further
compared to a population of 40 de novo PD patients.

Results: Four BD patients had abnormal scans, but their clinical features and cumulative
exposure to both antipsychotic drugs and lithium were similar to those of BD patients
with normal dopamine transporter imaging. BD patients with pathological scans had
putaminal binding ratio and putamen-to-caudate ratios higher than those of PD patients
despite a similar motor symptom burden.

Conclusions: Up to 20% of BD patients with parkinsonism might have an underlying
dopaminergic deficit, which would not be due to cumulative exposure to offending
drugs and is ostensibly higher than expected in the general population. This supports
the evidence that BD represents a risk factor for subsequent development of
neurodegenerative parkinsonism, the nature of which needs to be elucidated.

Keywords: dopamine transporter, DaTSCAN, lithium, antipsychotics (also called neuroleptics), degeneration

INTRODUCTION

Bipolar disorder (BD) is a chronic mood disorder with onset in early adulthood, and it is
characterized by recurrent episodes of mania (BD type 1), hypomania (BD type 2), and depression
(1, 2). Parkinson’s Disease (PD) is one of the commonest neurodegenerative diseases, with a
prevalence of 1% in the population aged > 60 years (3). A recent meta-analysis has suggested
that BD would be associated with later development of PD, with a 3-fold higher risk than the
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general population (4). However, a subgroup analysis showed a
greater likelihood of PD diagnosis in studies with shorter follow-
up, suggesting a possible misdiagnosis of PD (4). BD treatment
includes lithium, antipsychotics, and antiepileptic drugs (AEDs),
all of which can cause drug-induced parkinsonism (DIP) (5);
thus, overestimation of the presence of PD in BD could have been
possible since the individual studies included in the meta-analysis
might not have differentiated PD from DIP (6).

In this context, functional neuroimaging of the dopaminergic
nigrostriatal pathway is of particular interest. '2°I-Ioflupane
dopamine transporter (DaT) single-photon emission computer
tomography (SPECT), i.e., DaTSCAN, is the only approved
imaging modality for the evaluation of PD. At variance
with DIP, PD presents with a significantly reduced DaT
striatal specific binding ratio (SBR), which is indicative of
nigrostriatal degeneration (7).

In the current study, we primarily aimed to explore the
functional integrity of the dopaminergic nigrostriatal pathway
with the use of DaTSCAN in consecutive BD patients with
parkinsonism. We further explored the pattern of dopaminergic
deficit in this sample in comparison with a population of de novo
PD patients.

METHODS

Participants were enrolled from the BD outpatient clinic of the
Department of Medicine “Scuola Medica Salernitana,” University
of Salerno, Italy. The study protocol (no. 91/0716) was approved
by the local ethics committee, and written informed consent
was obtained from all participants. The study protocol strictly
adhered to the guidelines outlined in the Declaration of Helsinki,
fourth edition (8).

Consecutive patients were eligible for inclusion if they
had a BD diagnosis according to the DSM-5 criteria (9)
and a parkinsonian syndrome according to the Movement
Disorders Society (MDS) criteria (10). The presence of comorbid
psychiatric disorders, such as psychotic disorders, anxiety
disorders, and eating disorders, was an exclusion criterion. All
patients were euthymic at study inclusion as assessed by total
scores of <8 at the Young Mania Rating Scale (11) and <6 at
Montgomery Asberg Depression Rating Scale (12). They were
evaluated to gather the following data: age at BD onset, BD type,
family history for psychiatric and neurological disorders, and
pharmacological status. Specifically, chlorpromazine equivalent
doses (CEDs) were calculated (13, 14) and were used to estimate
the cumulative exposure of antipsychotic drugs in dose per year
as previously suggested (13)—the definition of one dose per
year being equivalent to taking 100 mg chlorpromazine daily
for 1 year. Similarly, we calculated the cumulative exposure of
lithium in dose per year, the definition of 1 | j;ymdose/year being
equivalent to taking 450 mg lithium daily for 1 year.

Motor symptom duration and total score of the MDS-Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS), part III, were
collected, and we further computed lateralized MDS-UPDRS-
III subscores for the most affected (MA) and least affected (LA)
body side to calculate the clinical asymmetry index [(CAI) =

(MA - LA)/(MA + LA), where lower CAI values indicated a
decrease of the degree of clinical asymmetry; i.e., CAI = 0 when
MAS = LAS) (15). Additionally, we explored the presence of
two of the most common and specific non-motor symptoms of
PD, namely, the presence of self-reported hyposmia and REM
behavioral disorders (RBD), by using a cut-off of >6 for the RBD
screening questionnaire (16).

SPECT Studies

All subjects received an intravenous injection of 185 MBq of
123]_FP-CIT (DaTSCAN, GE Healthcare) after thyroid block
with oral administration of Lugol solution. SPECT studies were
performed using a dual-head system equipped with low-energy
high-resolution collimators (e.cam, Siemens Medical systems,
USA). The acquisition started between 3.45 and 4.15h after
the radiotracer injection and lasted 40 min (17). Images were
acquired with a 128 x 128 matrix (zoom: 1.23; pixel size:
3.90 x 3.90 mm), reconstructed using a Butterworth filter (cut-
oftf 0.5, order 10) and corrected for attenuation using Chang’s
algorithm (i = 0.06 cm ).

After acquisition, images were analyzed with DaTQUANT
(GE Healthcare), a software that uses a predefined voxel-of-
interest (VOI) template for automatic asymmetry measurements
and putamen-to-caudate uptake ratios and that further provides
z scores of single VOIs (i.e., right and left striata, putamina,
and caudates) (18). These values are based on a database of 196
age-matched healthy subjects from the Parkinson Progression
Markers Initiative (PPMI) (19). The subjects involved in this
study were scanned at the Department of Diagnostic Imaging
and Radiotherapy of the University of Salerno, which is an
authorized PPMI site and has undergone a program for technical
qualification, quality assurance, and ongoing camera quality
control, as per protocol guidelines (19). We used a striatal SBR
z score of <-2 (20) to classify BD patients with dopaminergic
deficits (BD+), whereas SBR z scores of —2 or more were
deemed normal and used to classify patients as BD- (i.e., without
dopaminergic deficits).

Statistical Analysis

BD+ and BD- patients were compared in terms of all gathered
demographic and clinical data by means of the t-test for
continuous variables and the chi-square or Fisher test for
categorical variables, as appropriate, with p < 0.05 being
deemed significant.

SPECT data of BD+ patients were further compared to those
obtained from a population of 40 newly diagnosed, drug-naive
PD patients (i.e., patients who were never exposed to either
dopaminergic replacement treatment or any other drugs acting
on the central nervous system), whose clinical diagnosis was
confirmed over a follow-up period of 6 years from disease onset
(21). These patients underwent at the time of the diagnosis the
123Ljoflupane DaT SPECT as well as an extensive evaluation
including both motor and non-motor assessments, as described
in detail elsewhere (22, 23). Although up to about 50% of these
patients reported mood dysfunction including depressive and
anxiety symptoms (24), none had a formal diagnosis of BD, major
depressive disorder, and anxiety disorder, as per study protocol.
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FIGURE 1 | Scatterplot of the binding values (z scores) for the most affected
putamen and caudate in PD patients (blue circles) and BD patients with (green
circles) and without (red circles) dopaminergic deficit.

For the aim of the current work, 40 PD patients with an MDS-
UPDRS-III total score similar to that of our BD sample were
selected, and their SPECT data were compared: thus, z scores for
MA and LA putamen and caudate SBR, for putamen-to-caudate
binding ratios on both MA and LA sides, and for putamen
and caudate asymmetry index [calculated similarly to the CAL
ie, (LA - MA)/(LA + MA), with higher values indicating
stronger asymmetry] were compared between groups using the
t-test, with p < 0.05 being deemed significant. Statistical analyses
were performed using Stata v.13 (StataCorp LP, College Station,
TX, USA).

RESULTS

A total of 20 consecutive patients with BD and parkinsonism
(16 men and 4 women) were recruited. Four of them (20%)
had abnormal DaTSCAN results and were classified as BD+
(Figure 1). BD+ and BD- patients did not differ in terms of
any of the gathered variables (for all, p > 0.05; Table 1). Two
BD+ patients were started on L-3,4-dihydroxyphenylalanine
(L-DOPA) (300 mg/day) and displayed an MDS-UPDRS-III
reduction of 12.5 and 35.3%.

As compared to PD patients, BD+ patients exhibited an older
age at evaluation (60.172 £ 7.914 vs. 72.251 % 6.891 years,
respectively, p < 0.001) and longer duration of motor symptoms
(13.17 £ 7.496 vs. 33.014 £ 11.489 months, respectively, p <
0.001). As per study design, the MDS-UPDRS-III total score
did not significantly differ between groups (24.250 £ 11.086
vs. 19.536 £ 8.127, BD+ vs. PD, respectively, p < 0.001);
however, CAI was found to be significantly lower (indicative
of less pronounced clinical asymmetry) in BD+ than in PD
(0.213 £ 0.212 vs. 0.651 =+ 0.322, respectively, p = 0.01). There
were no differences in terms of the proportion of patients with
and without hyposmia (0/4 vs. 10/30, BD+ vs. PD, respectively,
Fisher’s p = 0.593) and with and without RBD (1/3 vs. 14/26,
BD+ vs. PD, respectively, Fisher’s p = 0.579). Table 2 details
the DaTSCAN findings in the two groups. Briefly, BD+ patients
had higher SBR in both the MA and LA putamina as well as

higher putamen-to-caudate ratios in both hemispheres than had
PD patients. Comparisons between BD+ patients and a subgroup
of 12 age-matched PD patients confirmed the aforementioned
results (Table 3).

DISCUSSION

In this study, we demonstrated that 20% of BD patients with
clinical parkinsonism have an underlying dopaminergic deficit
as measured by DaTSCAN. BD+ and BD- patients did not
differ in terms of psychiatric or neurological features nor in
terms of pharmacological status, implying that differentiation
between DIP and neurodegenerative parkinsonism in this
population cannot be achieved on a clinical basis alone. This
reiterates previous arguments in other psychiatric populations
and supports the utility of DaTSCAN for such a differential
diagnosis (7, 25).

The question about the nature of this neurodegenerative
process in a subset of BD patients remains open, and multiple
hypotheses, which are not necessarily mutually exclusive,
can be put forward. First, antipsychotic drug exposure has
been associated with the development of neurogenerative
parkinsonism in an elderly cohort (26), and a neurotoxic effect
of lithium has been also postulated (27). However, we found
no differences between BD+ and BD- in terms of current and
cumulative exposure to both lithium and antipsychotic drugs,
which would argue against this hypothesis. A neurotoxic effect
on the dopaminergic pathway has been also hypothesized for
certain AEDs, especially valproate (28), which was the most
commonly used mood stabilizer in both BD+ and BD-. Similar
to the above, however, we found no differences between the
two groups in terms of AED exposure (Table 1). The possibility
remains, however, that neuroleptics, lithium, or AED exposure
could have played a role in triggering or fostering a degenerative
process in a predisposed subset of BD patients (29). Further
research in BD should therefore look at, genetic or otherwise,
predisposing factors to the development of an underlying
nigrostriatal degeneration.

Two recent studies have recently claimed that BD itself is a
strong risk factor for the development of PD (4, 30). However,
we found no differences between BD+ and BD- in terms of
the clinical features that would be reminiscent of PD, including
the presence of hyposmia and RBD. Moreover, the comparison
between BD+ and PD patients would further suggest that the two
groups might have a different pattern of dopaminergic deficit.
BD+ and PD patients had similar MDS-UPDRS-III scores, but
the former had a significantly lower clinical asymmetry than
the latter, which was not mirrored by a significantly different
putaminal SBR asymmetry. Although the latter result might
be due to the small sample size, we further note that BD+
patients had higher SBR in the MA putamen compared with PD
patients. Altogether, these results would suggest that the motor
symptoms in our sample of BD+ patients do not linearly reflect
the underlying putaminal denervation, as instead is observed
in PD. This discrepancy between the clinical and functional
imaging data would suggest that the motor symptoms in BD+
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TABLE 1 | Demographic and clinical comparisons between BD patients with (BD+) and without (BD-) evidence of dopaminergic deficits.

BD+ BD- p
Age (years) 72.250 + 6.898 64.187 £ 9.731 0.147
Sex (M/F) 3/1 13/3 1.000
Age at BD onset (years) 44.250 £+ 12.896 31.437 £ 11.067 0.093
Disease duration (years) 28.010 £6.143 32.867 + 12.095 0.505
Family history for psychiatric disorders (yes/no) 2/2 10/6 1.000
Family history for neurological disorders (yes/no) 31 14/2 0.509
Polarity at disease onset (depression/mania/hypomania) 4/0/0 8/4/4 0.419
BD type (type 1/type 2) 2/2 13/3 0.249
BD course (IRR/DMI/MDI) 1/21 11/56/0 0.112
Lithium (yes/no) 0/4 6/10 0.267
Lithiumdose/year 3916 £ 5.5 11.175 £ 25.480 0.585
Antipsychotic drugs (yes/no) 2/2 11/5 0.587
CED (mg/day) 113.090 + 34.839 137.163 £+ 99.271 0.664
cpzdose/year 3.573 + 4.460 3.936 + 5.513 0.904
Antiepileptic drugs (yes/no) 3/1 10/6 1.000
VPA (no. of patients) 3 6
LTG (no. of patients) 4
CBZ (no. of patients) 1
TPZ (no. of patients) 1
SSRI drugs (yes/no) 3/1 4/12 0.101
Tricyclic antidepressant drugs (yes/no) 1/3 2/14 0.509
MDS-UPDRS-IIl total score 19.501 £+ 4.654 23.333 £ 12.871 0.572
Clinical asymmetry index 0.213 £ 0.212 0.194 £ 0.169 0.845
Hyposmia (yes/no) 0/4 5/11 0.530
Smoking history (yes/no) 2/2 4/12 0.549
RBD (yes/no) 1/3 1/15 0.368

Continuous data are expressed as mean =+ standard deviation. BD, bipolar disorder; IRR, irreqular course; DMI, sequence depression-mania-free interval; MDI, sequence mania-
depression-free interval; CED, chlorpromazine equivalent dose; CPZ, chlorpromazine; VPA, valproate; LTG, lamotrigine; CBZ, carbamazepine; TPR, topiramate; SSRI, selective serotonin

reuptake inhibitor; MDS-UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; RBD, REM behavioral disorder.

might be due to some extent to the concomitant medications.
This might further explain longer motor symptom duration in
BD+ than in PD patients (i.e., that they had DIP subsequently
“converted” into neurodegenerative parkinsonism), as well as the
unsatisfactory response (i.e., <30%) in one of the two patients
treated with L-DOPA.

BD+ patients further showed a significantly higher putamen-
to-caudate ratio on both sides compared with PD patients.
On one hand, this might be interpreted as a relatively lower
putaminal involvement in the former and might support the
argument raised above that the motor symptoms in BD+ are not
entirely attributable to the underlying putaminal denervation. On
the other hand, this result might further suggest a higher caudate
involvement in BD+. This would implicate caudate dysfunction
in the neuropsychiatric features of BD+ and is in line with
the evidence linking caudate dysfunction and mood disorders
in PD (31, 32).

Apart from dopaminergic dysfunction, which can manifest
with different patterns in the nigrostriatal and mesolimbocortical
pathways in BD (33) and PD, the two disorders might potentially
share the involvement of additional pathophysiological
processes. Impairment in the serotoninergic and glutamatergic
circuitries has been classically described in BD disorder (34)

and is involved in certain motor and non-motor symptoms of
PD such as tremor (35) and mood dysfunction (36). Therefore,
future studies are warranted to unravel the putative role of
other neurotransmitter involvement in BD patients developing
degenerative parkinsonism.

Altogether, while our data are consistent with the evidence
that a proportion of BD patients might develop degenerative
parkinsonism, supporting recent claims (4, 30), the evidence
stemming from the comparison with a group of clinically
established de novo PD patients would raise caution for the
interpretation that this neurodegenerative process in BD
necessarily reflects PD. Future, well-designed, longitudinal
studies should clarify the nature of this degenerative
parkinsonism and unravel its pathophysiological underpinnings.

We acknowledge some limitations. First, the small sample size
prevents us from drawing firm conclusions about the exact figure
of neurodegenerative parkinsonism occurring in BD. Second,
we acknowledge that using an SBR z score of <-2 might lead
to a misclassification error of 2.275% (20). We do not believe
this was the case in our sample as the SBR of BD+ patients
clearly fell in the range of clinically established PD patients
(Figure 1). Moreover, if we were to use a more conservative
cutoff of —3 (thus reducing the misclassification error to only
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TABLE 2 | Comparisons of DaT binding values (z scores) between BD patients
with abnormal DaTSCAN (BD+) and PD patients.

BD+ PD p

Most affected putamen —2.697 £ 0.486  —3.991 + 0.706 <0.001
Least affected putamen —1.425 £ 1.918  —3.399 + 0.834 <0.001
Putamen binding 0.051 £ 0.023 0.114 £ 0.067 0.076
asymmetry

Most affected caudate —2.167 £ 0.653 —2.673 + 0.874 0.267
Least affected caudate —1.795 £ 0.845  —2.159 + 0.922 0.452
Caudate binding asymmetry 0.051 £ 0.115 0.0738 + 0.481 0.344
Most affected 0.804 + 0.194 0.594 + 0.108 0.001
putamen-to-caudate ratio

Least affected 0.812 £ 0.218 0.641 £ 0.098 0.005

putamen-to-caudate ratio

Data are expressed as mean =+ standard deviation; significant p-values are indicated
in bold.

TABLE 3 | Comparisons of DaT binding values (z scores) between BD patients
with abnormal DaTSCAN (BD+) and 12 age-matched PD patients (age = 72.25 +
6.89 vs. 68.66 + 1.72, BD+ vs. PD, respectively, p = 0.101).

BD+ PD P

Most affected putamen —2.697 + 0.486 —3.730 £ 0.783 <0.05
Least affected putamen —1.425 £ 1.918 —3.313 £ 1.059 <0.05
Putamen binding 0.051 £+ 0.023 0.121 £ 0.073 0.068
asymmetry

Most affected caudate —2.167 £ 0.653 —2.607 £ 1.040 0.445
Least affected caudate —1.795 £+ 0.845 —2.174 £1.196 0.570
Caudate binding asymmetry 0.051 £ 0.115 0.0708 + 0.467 0.416
Most affected 0.804 + 0.194 0.601 £+ 0.136 <0.05
putamen-to-caudate ratio

Least affected 0.812 £ 0.218 0.608 £+ 0.117 <0.05

putamen-to-caudate ratio

Data are expressed as mean + standard deviation; significant p-values are indicated
in bold.

0.135%) (20), two patients (10% of the entire sample) would
have been still classified with abnormal DaTSCAN in keeping
with neurodegenerative parkinsonism, which is significantly
higher than expected in the normal population (3). Third, our
BD patients were treated with a number of medications that
might interfere with DaTSCAN findings (37). However, no
differences in terms of pharmacological status were observed
between BD+ and BD- patients. Moreover, previous research
has demonstrated a negligible effect of antipsychotic drugs on
DaTSCAN quantification, whereas selective serotonin reuptake
inhibitors could even increase SBR (37), which might have even
led to an underestimation of BD+ in our sample. This might be,
however, one reason why 8 (40%) out of 20 BD patients showed
SBR z score > 2 (Figure 1), indicating DaT overexpression.
DaT upregulation, however, has been previously suggested in
one study including drug-naive, euthymic BD patients (38),
and we, therefore, cannot claim whether or not what we
observed represents a spurious finding owing to the concomitant
medications. More generally, previous DaT imaging findings
in BD patients (without parkinsonism) yielded controversial
results, with some studies suggesting a DaT reduction in BD

as compared to that in healthy control (HC) (for a review see
(39)). It should be noted, however, that previously reported
differences of mean SBR between BD and HC do not necessarily
equate to pathological values of DaT uptake as such. A strength
of our work is the inclusion of PD patients, by which we
demonstrated that SBR in BD+ patients fell within the range of
the parkinsonian population, indicative of a degenerative process
of the presynaptic dopaminergic terminals.

Age at evaluation was higher in BD+ than in PD patients;
however, we performed a subsequent analysis selecting 12
patients from the group of PD patients to match the variable “age”
to the BD+ group, which confirmed the aforementioned results
(Table 3). Moreover, our data were calculated in contrast to a
database of age-matched healthy subjects (18), which indicates
that the DaT binding values we measured in the BD+ group
can be considered pathological. Finally, if aging was to be
the primary factor driving DaT binding loss, one would have
expected lower DaT binding ratios than those observed, given the
age-related decline in DaT availability (40), which was instead not
observed here.

Interestingly, we note that there was a male preponderance
in our BD population. Since PD is more common in men
(41), we cannot exclude that gender might also play a role
in the development of degenerative parkinsonism in BD, an
issue that has not been carefully examined in the previous
studies (4, 30) and deserves future ad hoc investigations, further
considering possible different clinical profiles of BD between men
and women (42).

Finally, we also acknowledge that the presence of hyposmia
and RBD was not checked through formal testing, and this
might have led to their underestimation. However, self-reported
hyposmia has been shown to sensibly differentiate between DIP
and neurodegenerative parkinsonism (25, 43), and the presence
of RBD was checked by means of a validated scale in PD (16).
Therefore, we do not believe that these limitations have majorly
affected our results and their interpretation.

In summary, despite being preliminary, our data show that up
to 20% of BD patients with parkinsonism might have underlying
dopaminergic deficits, which would support recent evidence that
BD represents a strong risk factor for future development of
neurodegenerative parkinsonism (4, 30), the nature of which
should be, however, clarified. In fact, we cannot claim whether or
not the latter reflects true PD, and future larger, long-term studies
are warranted to fully elucidate the mechanism behind the link
between BD and neurodegenerative parkinsonism.
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