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ARTICLE INFO ABSTRACT

Introduction: Suicidal ideation is increased in Parkinson's disease (PD) patients. The possible relationship be-
tween parkinsonian motor and non-motor symptoms and suicidal ideation in PD is unknown. The aim of the
study was to evaluate suicidal ideation in patients with PD in a controlled study specifically designed to identify
the clinical correlates of PD suicidal ideation.

Methods: We consecutively enrolled 100 patients with PD, 76 patients with psoriasis and 80 healthy subjects.
Motor symptoms and complications were evaluated by using the International Parkinson and Movement
Disorder Society-Unified Parkinson's Disease Rating Scale. Non-motor symptoms were evaluated by means of the
Non-Motor Symptoms assessment scale for PD. All patients also underwent a psychiatric evaluation that included
the administration of the Columbia-Suicide Severity Rating Scale.

Results: Suicidal ideation was present in 31% of PD patients, 16% of patients with psoriasis and 2% of healthy
controls. PD patients showing suicidal ideation have more frequent motor complications, more severe non-motor
symptoms and a higher perceived disability than patients without suicidal ideation. Suicidal ideation correlated
with the presence of motor complications as well as with non-motor symptom severity, perceived disability
severity and the presence of psychiatric disorders.

Conclusions: Our findings showed that suicidal ideation is increased in PD patients compared with healthy
controls and patients with psoriasis and that several clinical PD features, including motor complications and non-
motor symptoms, are associated with suicidal ideation in PD. The results suggest a multi-factorial origin of PD
suicidal ideation.
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1. Introduction

Several studies have consistently reported that Parkinson's disease
(PD) patients have a higher suicidal ideation rate than the general
population without performing a comparison with a control group of
healthy subjects [1-3]. PD is a chronic, progressive neurological dis-
order characterized by disabling motor and non-motor symptoms [4].
The possible influence of PD motor features, including motor symp-
toms, motor complications and motor subtypes, on suicidal ideation is
still unclear. One study reported that the risk of suicide is higher among
patients in whom motor symptoms onset occurs in the upper limbs or is
generalized [1-3]. The authors did not, however, evaluate suicidal

ideation in that study. Another study instead excluded the possibility
that motor symptoms and motor complications play a major role in
suicidal ideation in PD [1]. The relationship between suicidal ideation
and motor subtype has never been investigated [5].

PD patients may also display a wide range of non-motor symptoms,
such as psychiatric disturbances, pain, sleep disorders and cardiovas-
cular, urinary and gastrointestinal dysfunctions. All these symptoms
represent an important source of disability in PD patients [4,6]. Al-
though a relationship between suicide risk and psychiatric disorders in
PD has been suggested [1,2,7], to date no studies have investigated the
possible influence of other parkinsonian non-motor symptoms on PD
suicidal ideation. The extent to which the interaction between motor
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and non-motor symptoms contributes to PD suicidal ideation is thus
unknown.

The aim of the present controlled study was to assess the relation-
ship between suicidal ideation and the clinical features of PD, including
motor symptoms, motor complications and motor subtype as well as
non-motor symptoms. The results were compared with those observed
in a control group of healthy subjects. Since it is known that chronic
medical conditions are associated to an increased suicidal ideation [8],
we also compared our results with those obtained in a control group of
patients affected by psoriasis. Our hypothesis was that several clinical
factors likely interact and contribute to suicidal ideation in PD.

2. Methods
2.1. Subjects

One-hundred patients (men: 63%; mean age: 65.83 + 10.25), 80
healthy subjects (men: 62%; mean age: 64.9 * 5.9 years) and 76 pa-
tients with psoriasis (men: 52%; mean age: 62.2 * 7.4) participated in
the study. PD patients were consecutively enrolled from the outpatient
department of Human Neurosciences, Sapienza, University of Rome. In
our PD group no patients underwent surgical treatment for PD. For the
control group of healthy subjects, age- and sex-matched subjects were
randomly enrolled from a pool of voluntary subjects with no history of
neurological disorders. The diagnosis of PD was based on clinical cri-
teria [9,10]. The Montreal Cognitive Assessment (MoCA) [11] and the
Frontal Assessment Battery (FAB) [12] were used to evaluate the pre-
sence of cognitive impairment. To avoid any bias due to cognitive im-
pairment, all the patients with a MoCA score lower than 24 [13], or a
FAB score lower than 12 were excluded from the study [14]. Each
patient underwent a neurological and psychiatric evaluation. The study
was approved by the local ethics committee of Sapienza, University of
Rome and written informed consent was obtained from all the patients
prior to enrolment.

2.2. Neurological evaluation

We collected the PD patients' demographic and clinical data, in-
cluding age, gender, marital status, employment, age at onset, disease
duration and dopaminergic medication dosages (Table 1). The patients'
treatment was evaluated and their levodopa-equivalent daily dose
(LEDDs) calculated. No patients were on anti-dyskinetic drugs.The
neurological assessment included the evaluation of the disease stage by
means of the Hoehn and Yahr scale (H&Y) [15]. The severity of motor
symptoms was assessed by administering the Italian version of the In-
ternational Parkinson and Movement Disorders Society-sponsored re-
vision of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS)
(part III) [16]. Motor complications, including off periods and dyski-
nesia, were evaluated by means of the MDS-UPDRS part IV. To in-
vestigate the relationship between suicidal ideation and motor subtype,
we identified motor subtypes by using the Stebbins' method that is
based on MDS-UPDRS parts II and III [17]. Following this method we
classified PD patients as tremor dominant (TD), postural instability/gait
disorder (PIGD) and intermediate subtype. As proposed by Stebbins
et al.,, we calculated the TD/PIGD score ratio for each patient by di-
viding the tremor score by the PIGD score. Patients with a ratio lower
than 0.90 were classified as PIGD while patients with a ratio higher
than 1.15 were classified as TD. Patients with a ratio between 0.90 and
1.15 were classified in the intermediate subtype.

Non-motor symptoms were evaluated by means of the Non-Motor
Symptoms assessment scale for PD (NMSS) [18]. The NMSS is based on
different domains related to cardiovascular symptoms, sleep dis-
turbances, autonomic dysfunction, cognitive impairment, neu-
ropsychiatric dysfunction and pain.
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2.3. Psychiatric evaluation

PD patients underwent a full psychiatric evaluation performed by
two experienced psychiatrists. The psychiatric diagnosis was made on
the basis of the Structured Clinical Interview (SCID-5) for DSM-5. In PD
patients, healthy controls and patients with psoriasis the severity of
depression was assessed by administering the Beck Depression
Inventory (BDI).

The Columbia Suicide Severity Rating Scale (C-SSRS), the Italian
Perceived Disability Scale (IDPS) and the Beck Hopelessness Scale
(BHS) were also administered. The C-SSRS is a suicidal ideation rating
scale created to evaluate suicidality in children aged 12 years upwards
[19]. C-SSRS rates the individual's degree of suicidal ideation on a scale
ranging from “wish to be dead” to “active suicidal ideation with specific
plan and intent.” We defined “past suicidal ideation” as the presence of
lifetime suicidal ideation. Conversely, the definition of “recent suicidal
ideation” implied that the suicidal ideation was present during the last
month. We defined “patients with suicidal ideation” as those patients
who reported a story of lifetime or recent suicidal ideation as tested by
the C-SSRS administration. The severity of suicidal ideation was ex-
pressed by means of the C-SSRS scores.

The IDPS is a 20-item self-report instrument assessing headache-
related disability on a 5-point Likert scale (completely false to com-
pletely true) [20]. The IDPS is based on items that investigate people's
beliefs regarding autonomy/disability in different conditions of life.
Sample items include “my body is weak and unreliable” and “I will have
to worry about my health conditions for the rest of my life”.

The psychiatric evaluation, including the administration of the C-
SSRS, was also performed in the 80 healthy subjects and in the 76
patients with psoriasis enrolled.

2.4. Co-morbidities evaluation

In order to measure the burden of co-morbidities we used the
Charlson Weighted Index (CWI) [21,22]. CWI is a useful tool to classify
co-morbidities and to estimate the risk of death resulting from co-
morbid diseases. CWI includes a number of different conditions that are
rated on the base of the risk of death and are scored from 1 to 6. The
global score included a further point for each decade above 40 years.
Higher scores indicate greater comorbidity.

2.5. Statistical analysis

We used the SPSS 24.0 toolbox (version 24, IBM, New York, USA)
for all the statistical analyses. Descriptive statistical analyses were used
to identify the percentage of patients with suicidal ideation and cal-
culate the scores of the psychiatric and neurological scales.

In order to compare suicidal ideation (expressed as the C-SSRS
scores) and the presence of psychiatric disturbances in PD patients,
healthy subjects and patients with psoriasis we used a Kruskall-Wallis
test. The post hoc analysis was performed by applying the Mann-
Whitney U —test.

To investigate possible clinical differences between PD patients with
and those without suicidal ideation, we used a Mann-Whitney U test.
We considered the following demographic and clinical variables for the
statistical analysis: age, gender, employment, age at onset, disease
duration, stage of disease (H&Y score), LEDDs, co-morbidities burden
(CWI score), motor symptom severity (MDS-UPDRS part III score),
presence of motor complications (MDS-UPDRS part IV score), motor
subtype (tremor-dominant-PD vs PIGD), non-motor symptom severity
(single domain and total NMSS score), perceived disability (IPDS score)
and presence of psychiatric diagnosis.

In order to identify factors that may be associated with suicidal
ideation in PD, we used a Spearman's rank correlation coefficient to
correlate suicidal ideation (expressed in terms of C-SSRS scores) with
the demographic and clinical variables.
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Table 1
Demographic and clinical features of PD patients with and without suicidal ideation and healthy controls.
Patients with suicidal ideation  Patients without suicidal ideation Patients with psoriasis Healthy controls P

Age (years) 63.5 = 11.2 66.5 = 9.1 622 + 7.4 649 + 5.9 n.s.
Age at onset (years) 57.1 = 11.1 61.4 = 9.1 56.7 - n.s.
Marital status (% married) 79% 83% 73%% 85% n.s.
Disease duration 6.4 = 3.8 51 = 3.7 55 = 3.2 - n.s.
LEDDs 411.6 = 212 415.9 + 220 - - n.s.
Patients on Levodopa 74% 70% - - n.s.
Patients on dopamine agonist 41% 40% - - n.s.
Patients on MAO inhibitor 54% 59% - - n.s.
Patients on COMT inhibitor 0% 3% - - n.s.
MDS-UPDRS part IIT 24.5 = 10.6 20.6 = 9.1 - - n.s.
H&Y 21 + 0.7 1.8 £ 0.7 - - n.s.
TD subtype 39% 48% - - n.s
PIGD subtype 53% 41% - - n.s
Intermediate subtype 8% 11% - - n.s
Off periods 47% 24% - - 0.01
Dyskinesias 30% 16% - - 0.02
Major depression 36% 7% 13% 2% 0.00004
Persistent Depressive Disorder (Dysthymia) 12% 4% 6% 1% 0.0001
Generalized anxiety disorder 9% 10% 8% 1% 0.00002
Panic disorder 2% 2% 1% 1% n.s.
Agoraphobia 1% 0% 0% 0% n.s.
Social phobia 1% 1% 0% 0% n.s.
Post-traumatic stress disorder/Adjustement disorder  27% 14% 0% 0% 0.00003
Psychosis 6% 2% 0% 0% 0.001
Impulse control disorder 7% 3% 0% 0% 0.003
Subjects on antidepressants (%) 31% 5% 11% 1% 0.001
Duration of treatment with antidepressants (years) 35+ 17 3.1 =16 3.6 = 1.6 27 £ 1.1 n.s.
Patients on antipsychotics (%) 3% 1% 0% 0% n.s.

Please note that the p values for the psychiatric disturbances express the comparison among the whole group of PD patients, patients with psoriasis and healthy

controls.

BDI: Beck depression inventory; COMT: catechol -0- amino-transferase; LEDDs: levodopa equivalent daily dose; MAO: monoamino oxidase; MSD- UPDRS: Movement
Disorder Society-sponsored revision of the Unified Parkinson's Disease Rating Scale; H&Y: Hohen and Yahr Scale; PD: Parkinson's disease; n.s: non significant.

To see whether PD suicidal ideation was associated with the de-
mographic and clinical features we also used a logistic regression model
with suicidal ideation (present or absent) as a dependent variable.

All the results are reported at p < 0.05 after FDR correction for
multiple comparisons.

3. Results

3.1. Suicidal ideation: PD patients, healthy subjects and patients with
psoriasis

The clinical and the demographic features of PD patients, healthy
controls and patients with psoriasis are reported in Table 1. The C-SSRS
scores showed that past suicidal ideation was present in 31% of the PD
patients while recent suicidal ideation was present in 15%. The 15
patients with recent suicidal ideation also had past suicidal ideation.
Past suicidal behaviours were reported by 3 patients (1 preparatory
behaviour, 1 aborted attempt, 1 actual non-fatal attempt). In patients
with psoriasis the past suicidal ideation was present in 16% while re-
cent suicidal ideation was present in 9%. In the healthy subjects, past
suicidal ideation was present in 2% while recent suicidal ideation was
absent in all. The Kruskall Wallis test showed that the C-SSRS scores
significantly differed in the three groups. The post hoc analysis revealed
that PD patients had higher C-SSRS scores than patients with psoriasis
(p = 0.00003) and healthy controls (p < 0.000001). Similarly, the
presence of psychiatric disturbances was significantly different in three
groups (p = 0.0005). The post hoc analysis showed that PD patients
showed more frequently psychiatric disturbances than patients with
psoriasis (p = 0.0001) and healthy controls (p < 0.00001).

IDPS score was significantly higher in PD patients than in patients
with psoriasis (p = 0.005). Conversely, CWI scores did not significantly
differ in PD patients and patients with psoriasis (p > 0.05).

3.2. Clinical features of suicidal and non-suicidal PD patients

The Mann-Whitney U test showed that patients with suicidal idea-
tion did not differ from patients without suicidal ideation in terms of
age, age at onset, gender, marital status, employment, disease duration
or LEDDs, H&Y and MDS-UPDRS part III scores (p > 0.05). The CWI
score was similar in patients with (CWI:4.3 + 2.1) and without sui-
cidal (CWIL:3.3 = 1.7) ideation. Motor complications were more fre-
quent in patients with suicidal ideation than in patients with non-sui-
cidal ideation (off periods: 47% patients with suicidal ideation, 24%
patients without suicidal ideation; dyskinesias: 30% patients with sui-
cidal ideation, 16% patients without suicidal ideation) (Table 1). The
motor subtypes (TD/PIGD/intermediate) of PD patients with and
without SI are reported in Table 1.

Psychiatric disturbances were present in 85% patients with suicidal
ideation and in 46% patients without suicidal ideation. Psychiatric
disturbances were significantly more frequent in PD patients than in
patients with psoriasis and healthy controls (Table 1). Among the var-
ious psychiatric disturbances major depression was significantly more
frequent in PD patients with suicidal ideation that in PD patients
without suicidal ideation (p = 0.0001). PD patients with suicidal
ideation showed higher BDI scores than PD patients without suicidal
ideation (p < 0.0001). In our population of PD patients only 4 patients
had a family history of depression (2 patients with suicidal ideation and
2 patients without suicidal ideation). Nineteen percent of patients with
suicidal ideation and 3% of patients without suicidal ideation had a
history of depression preceding the diagnosis of PD. No patients had a
history of psychosis before the diagnosis of PD. In a further analysis, we
used a Mann Whitney U test to compare PD patients with and without
ideation, by excluding those patients who had a psychiatric condition
preceding the diagnosis of PD. We confirmed that depression was more
frequent in patients with suicidal ideation than in patients without
suicidal ideation (p = 0.003) and that patients with suicidal ideation
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Table 2
Non motor symptoms severity in PD patients with and without suicidal idea-
tion.

NMSS domain Patients with

suicidal ideation

Patients without P
Suicidal ideation

1. Cardiovascular including 1.7 £ 29 1.3 = 2.2 n.s
falls
2. Sleep/fatigue 9.3 £ 9.9 6.2 = 5.2 0.005
3. Mood/cognition 11.6 = 11 53 £ 55 0.001
4. Perceptual/hallucinations 2.1 + 3.8 07 =2 0.002
5. Attention/memory 2+ 32 2+ 31 n.s
6. Gastrointestinal tract 52 = 51 4.2 * 4.1 n.s.
7. Urinary 6.1 + 6.7 4.4 + 4.1 n.s.
8. Sexual function 3.7 £ 52 21 = 4.4 0.01
9. Pain 1.1 = 09 0.8 = 0.7 n.s.
10. Smell/taste 21 = 1.8 2.2 *+ 09 n.s.
Total NMSS 44.8 = 50 29.2 = 32.2 0.01

Each item evaluates the frequency and severity separately, and a score ranging
from O to 12 is obtained by multiplying both concepts. NMSS: non motor
symptoms scale; n.s: non significant.

had higher BDI scores than patients without (p = 0.002). By excluding
subjects with depression we observed that suicidal ideation was present
in 17% of PD patients, 10% of patients with psoriasis and none of
healthy controls.

By comparing the 15 patients with recent suicidal ideation with
those who had past suicidal ideation and with healthy controls, we
found that psychiatric disturbances were more frequent in patients with
recent suicidal ideation than in healthy controls (p < 0.01) but there
were no differences in psychiatric disturbances between patients with
past suicidal ideation and patients with recent suicidal ideation
(p > 0.05).

Patients with suicidal ideation had significantly higher IPDS
(p < 0.00003) and NMSS scores than patients without suicidal idea-
tion (Table 2). Among the various domains included in the NMSS
(Table 2), we observed that patients with suicidal ideation displayed
higher rates of sleep disorders, sexual dysfunction and mood/cognition
disturbances than patients without suicidal ideation. Although PD pa-
tients showed higher BHS scores than healthy controls (p < 0.001), we
did not find any significant difference in BHS score between PD patients
with and without suicidal ideation (p > 0.05).

3.3. Relationship between suicidal ideation and PD clinical features

Spearman's rank correlation coefficient showed that suicidal idea-
tion (expressed in terms of C-SSRS scores) significantly correlated with
motor complications (r = 0.22; p < 0.02), psychiatric disturbances
(r = 0.47, p = 0.0000008), IPDS scores (r = 0.37; p = 0.0001) and
NMSS scores (r = 0.25; p < 0.001). Among the single NMSS domains,
we found a significant correlation between suicidal ideation and scores
in the mood/cognition (r = 0.34; p = 0.0005), perceptual problem/
hallucination (r = 0.21; p < 0.001), sleep disorders (r = 0.27;
p < 0.005) and sexual dysfunction (r = 0.24; p = 0.001) domains.
Perceived disability (expressed as the IPDS scores) significantly corre-
lated with the H&Y score (r = 0.39; p = 0.00005), MDS-UPDRS score
(r =0.31; p < 0.001), presence of motor complications (r = 0.31;
p = 0.001), the NMSS score (r = 0.48; p < 0.0000004) and the pre-
sence of psychiatric disorders (r = 0.39; p = 0.00005). Among the
various psychiatric disturbances observed in our population, we found a
positive correlation between suicidal ideation in PD and major de-
pression (r = 0.41; p = 0.00001). Accordingly, BDI scores positively
correlated with suicidal ideation (r = 0.39; p = 0.0001).

The logistic regression model showed the suicidal ideation was
significantly associated with perceived disability (expressed as IPDS
scores) (beta:0.45, p = 0.02) and the presence of psychiatric dis-
turbances (beta:0.82; p = 0.003).
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4. Discussion

Our findings showed that suicidal ideation is increased in PD pa-
tients when compared with healthy subjects and patients with psoriasis.
A further finding of our study is that PD patients that exhibit suicidal
ideation have more frequent motor complications, more severe non-
motor symptoms and a higher perceived disability than patients
without suicidal ideation. Suicidal ideation correlated with the pre-
sence of motor complications as well as with non-motor symptom se-
verity, perceived disability severity and the presence of psychiatric
disorders.

In the present study we observed that suicidal ideation is present in
a high percentage of patients affected by PD. Two previous studies
showed a similar occurrence of suicidal ideation in PD [1,7], while
another study showed a significantly lower value [2]. Previous studies
did not include healthy controls and only performed a comparison
between the data seen in PD patients with those observed in the general
population. Conversely, we compared suicidal ideation in PD patients
with that of an age- and sex-matched population of healthy controls
enrolled in the same study and with patients affected by another
chronic disease, i.e. psoriasis. Several studies have reported that a
number of medical chronic conditions are associated with an increased
suicidal ideation and with high rates of suicide, suggesting that a
medical chronic condition per se could be a risk factor for suicide [8].
The interaction between suicidal ideation and medical chronic condi-
tions is complex [23,24]. The increase of suicidal ideation may depend
on the psychological impact of a diagnosis that implies a lifetime
physical condition or, alternatively, the pathophysiology underlying
various medical illnesses may contribute to increase suicidal ideation
[8]. In our study, we observed that PD and psoriasis, had both an in-
creased suicidal ideation when compared with healthy controls. By
directly comparing PD and patients with psoriasis, we observed that
suicidal ideation was more frequent and more severe in PD than in
patients with psoriasis. This means that suicidal ideation is increased in
PD patients not simply due to the fact that PD is a chronic disease and
that the intrinsic clinical features of PD may render these patients more
susceptible to suicidal ideation. In PD patients we studied, the severity
of motor symptoms and the stage of the disease were not correlated
with suicidal ideation in PD. This is in line with previous evidence
showing that motor symptoms in PD are not associated with either
suicidal ideation or suicide risk [1,3]. It should be, however, considered
that our population was characterized by a mild to moderate PD and
therefore we cannot fully exclude that suicidal ideation might increase
in the advanced stages of the disease. We also investigated the re-
lationship between PD suicidal ideation and motor subtypes. Similarly
to motor symptoms, motor subtype (TD/PIGD/intermediate) did not
seem to influence or to be associated with suicidal ideation in PD. By
contrast, we observed that motor complications, including off periods
and dyskinesia, were more frequent in suicidal PD patients and found a
significant correlation between suicidal ideation and motor complica-
tions. This is in contrast to a previous study by Nazem et al. [1] who
ruled out any association between motor complications and suicidal
ideation in PD. This discrepancy between our study and their study
might, however, be due to methodological differences as we used a
clinical scale that was specifically designed to evaluate suicidal ideation
and is highly sensitive to suicidal thoughts [19], whereas Nazem et al.
used a modified version of the Paykel scale [25], which included only
two items on death ideation and two items on suicidal ideation [1].
Previous studies [26] suggested that motor complications, particularly
dyskinesia are not associated with poor quality of life but in the present
study we found a significant correlation between the presence of motor
complications and perceived disability. This correlation suggests that
motor complications may contribute to PD suicidal ideation by in-
creasing the perceived disability, which correlated with higher suicidal
ideation in our PD patients.

Interestingly, we observed that a large number of non-motor
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symptoms, including, sleep disorders, hallucinations, perceptual pro-
blems and sexual dysfunction, were both more severe and more fre-
quent in PD patients with suicidal ideation than in those without, and
significantly correlated with suicidal ideation which means such
symptoms may be predictors of suicidality. The association between PD
non-motor symptoms and suicidal ideation in PD may depend on a
number of factors. Not only do non-motor symptoms make a marked
contribution to PD patients’ disability [6], but the results of the present
study also revealed a strong correlation between non-motor symptom
severity and perceived disability. Non-motor symptoms might therefore
contribute to suicidal ideation by interacting with perceived disability.
It should also be borne in mind, however, that some of the non-motor
symptoms that correlated with suicidal ideation in our study, such as
hallucinations and sleep disorders, are known to be characteristic of the
malignant subtype of PD identified in previous studies [27]. It is,
therefore, possible that higher suicidal ideation is a specific feature of
the PD malignant subtype.

In line with previous studies [1,2,7], we observed that psychiatric
disturbances were related to suicidal ideation in PD. Major depression
was significantly more frequent in PD patients with suicidal ideation
than in patients without suicidal ideation and the presence of suicidal
ideation was positively correlated with the major depression. It is
known that depression is an important risk factor for suicidal ideation
[28] and Brown et al. [29] have suggested that PD patients with de-
pression had relatively common suicidal ideation, but reduced fre-
quency of attempted and completed suicide. Accordingly, in our study
we observed that the frequency of suicidal ideation was high and was
also associated with depression and that suicidal behaviours were
present in a low percentage of patients.

Our results suggest that the increased perceived disability of par-
kinsonian patients may play a key role in PD suicidal ideation.
Perceived disability is defined as the patient's beliefs regarding the ill-
ness, is closely linked to self-efficacy and may affect individual adap-
tation to a medical disease [30]. In the present study, we also observed
that perceived disability in PD is higher in patients with suicidal idea-
tion than in patients without suicidal ideation. The increased perceived
disability was significantly associated with suicidal ideation and cor-
related with the motor and non-motor variables considered.

Overall, our findings suggest that suicidal ideation in PD is related
to several clinical features of PD. Some of these features, such as motor
complications and non-motor symptoms, exert a direct influence on
suicidal ideation. Others, such as motor symptoms, do not appear to be
directly related to suicidal ideation but may exert an effect that is
mediated by the increased perceived disability, which correlates with
both motor and non-motor symptoms. According to this hypothesis, the
increased perceived disability that characterizes PD patients may re-
present a pivotal crossroads between motor and non-motor features that
determines suicidal ideation in PD. In summary, our assessment of a
large number of demographic and clinical features revealed a complex
scenario that points to a multi-factorial origin of suicidal ideation in PD,
which is in keeping with current theories on suicidal ideation [31].

The presence co-morbidites is considered a risk factor for suicide in
the general population [32]. In our study, however, we found that co-
morbidities burden was similar in patients with and without suicidal
ideation. This finding is consistent with a recent study performed by Li
et al. [20]. showing that co-morbidities are not increased in PD patients
with suicidal ideation.

The most obvious limitation of our study is its cross-sectional de-
sign. This implies, for instance, that we were not able to evaluate the
effect of changes of pharmacological treatment on several clinical fac-
tors that are correlated with suicidal ideation in PD, such as off periods
and dyskinesia. Thus, the relationships between variables that emerge
from this study should be interpreted with caution as follow-up in-
vestigations are needed to confirm these findings. A further limitation
of our study was that we did not consider some social factors possibly
influencing suicidal ideation, including the caregiver support and the
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financial burden of the disease. Similarly, a limitation of our study was
that we did not explore some frontal functions, like insight and decision
making that may be implicated in suicidal ideation. In addition, we did
not investigate apathy by using specific clinical scales. Finally, we ad-
ministered some self-report measures, potentially biased by social de-
sirability.

In conclusion, our study has provided the first evidence of the re-
lationship between motor and non-motor clinical features and suicidal
ideation in PD. We observed that suicidal ideation is increased in PD
patients and that non-motor symptoms, motor complications and the
increased perceived disability are associated to suicidal ideation in PD.
We suggest that the clinical assessment of PD patients should include a
psychiatric evaluation investigating suicidal ideation and perceived
disability.
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