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AbsTrACT
Persons with Parkinson’s disease (PwP) have many 
known risk factors for suicide and suicidal ideation (Si). 
Despite this, there is limited understanding of suicidality 
in this population. we conducted a systematic review 
to synthesise the available literature on suicidality in 
PwP and highlight areas for potential intervention and 
further research. we identified 116 articles discussing 
Si, suicidal behaviours, suicide attempts and/or fatal 
suicide in PwP. These articles describe prevalence, suicide 
methods, risk factors for suicide and Si and treatment 
of suicidality. in this review, we summarise the current 
literature and provide suggestions for how clinicians can 
identify and treat PwP who are at risk for suicide, for 
example, through aggressive treatment of depression 
and improved screening for access to lethal means.

INTroduCTIoN
Parkinson’s disease (PD) is estimated to occur in 
1903 per 100 000 individuals over age 80 world-
wide, and rates will likely continue to increase as 
the population ages.1 PD is primarily diagnosed 
by the presence of motor symptoms including 
bradykinesia, resting tremor and muscle rigidity.2 
However, non-motor symptoms of PD are increas-
ingly recognised as a cause of poorer quality of 
life,3 nursing home placement4 and as predictors of 
overall mortality5 in PD.

Suicide is a feared outcome in psychiatry. Suicide 
is consistently listed among the top 10 causes 
of death in the USA, with rates steadily climbing 
throughout the 21st century and reaching an annual 
rate of 13.4 deaths per 100 000 in 2016.6 7 It is a 
dominant cause of mortality among the elderly8 and 
persons with neurological diseases including stroke,9 
Huntington’s disease10 and epilepsy.11 Suicide is a 
behavioural outcome with a complex aetiology. In 
the general population and among elderly individ-
uals, depression is a major risk factor for suicide.12 
However, suicide cannot be understood merely 
as the most extreme manifestation on the spec-
trum of depressive disorders. Other identified risk 
factors for suicide in the general population include 
substance dependence, access to firearms, anxiety, 
insomnia and physical disability.13–15 Researchers 
have used this knowledge to develop ways to treat 
those at risk for suicide.16

Persons with PD (PwP) have many risk factors 
for suicide. Depression in particular is common in 
PD, with one meta-analysis suggesting that 17% 
of PwP suffer from major depressive disorder and 
35% suffer from clinically significant depressive 

symptoms.17 Depressive symptoms in PwP are 
often phenomenologically distinct from those seen 
in the general population, for example, PwP may 
report less guilt, less anhedonia, less sadness, better 
self-attitude and more dissatisfaction.18 19 These 
differences in depressive phenotypes may portend 
a different risk of suicide in PD as compared with 
the general population. Insomnia20and anxiety21 
are also common in PwP and may affect their risk 
for suicide.

Despite these risk factors, there is little consensus 
on the association between suicide and PD. In the 
past, conventional wisdom suggested that suicide 
rates may be lower in PwP than in the general 
population but studies over the past few decades 
have been conflicting, thus justifying an up-to-
date review of the literature. Scoping reviews are 
designed to provide an overview of the current 
state of the literature, contextualise what is known 
about a subject thus far and identify areas for future 
research.22 Here, we attempt to meet these goals 
with the aim of better understanding risk factors, 
mechanisms and prevention of suicide in PwP.

MeThods
A search of the literature was conducted using 
Medline (PubMed), Embase, The Cochrane 
Library (Cochrane Database of Systematic Reviews, 
Cochrane Central Register of Controlled Trials 
(CENTRAL), Cochrane Methodology Register), 
PsycINFO (Ebsco) and Web of Science (Science and 
Social Science Citation Index). No restrictions were 
placed on the publication dates or language. For the 
search strategies designed for Medline (PubMed), 
the Cochrane Library, Embase and PsycINFO, 
controlled vocabulary terms for each concept were 
identified and combined with keyword synonyms. 
Web of Science was searched using keyword terms 
only. A handful of studies were known prior to 
conducting this literature search; they were used 
to validate the veracity of the search technique. 
Additional methods for finding articles included 
searching key journals, the references of the iden-
tified articles and the grey literature. See online 
supplementary appendix 1 for detailed search 
strategy.

Two reviewers (MS, KP) independently excluded 
articles based on title and abstract screening. 
Conflicts were resolved through discussion or a 
third reviewer’s (MB) evaluation. Included articles 
underwent independent full text evaluation, again 
by two authors (MS, KP). Inclusion criteria for title 
and abstract screening as well as full text review 
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Figure 1 Flow diagram of review process.

Figure 2 Process for assessment of study quality. Adapted from Balshem et al (2011). Bias and other methodological concerns commonly included 
imprecisely defining suicide-related constructs, reporting suicide as a secondary outcome or incidental finding, failing to control for an important variable 
or excluding important information (ie, demographic information, treatment regimen). Letters to the editor or Abstracts were considered to have limited 
information available, thus a point was deducted. A sample size was considered to be large if it included over 100 participants.

were: includes individuals with idiopathic PD; discusses suicidal 
ideation (SI), suicidal behaviours including suicide attempts 
(SAs) and/or fatal suicide. Articles were excluded if they were 
not available in English or did not include original research, 
such as meta-analyses and review articles. Conflicts were again 
resolved by discussion or adjudication by a third reviewer (MB). 
See figure 1 for flow diagram.

We assessed study quality using the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE) 
criteria. This strategy is used to evaluate an evidence base for 
the purposes of deriving guidelines and expressing confidence 
in recommendations. We used the core tenets of the GRADE 
criteria, but modified our approach as described below to focus 
on a summarisation of available literature as opposed to the 
creation of recommendations.23

The quality of each study was reviewed by MS. Each study 
was rated on a scale from 0 to 5, with 5 representing the highest 
quality and 0–1 representing very low quality. Randomised 
trials were initially assigned a high quality (4), observational 
studies were initially assigned a low quality rating (2) and case 
series/case reports were initially assigned a very low quality. A 
point was added for larger study size (defined as greater than 
100 participants). A point was subtracted if there was high risk 
of bias or limited information available, such as in the case of 
abstracts or letters to the editor.23 See figure 2 for details on 
this approach. Ratings were compiled in online supplementary 
appendix 2 under the ‘Quality’ header. Any comments on the 
quality assessment for an individual article were included under 
the ‘Comments’ header.

resulTs
A total of 1269 articles were identified through our database 
search. Three articles were added after being identified through 
other sources as described in the Methods section. Two-hundred 
and nine articles remained after title and abstract screening. 
After full text review, 116 articles met inclusion criteria. Articles 
fell into the following categories: prevalence studies, compar-
ison of risk to the general population and other diseases, suicide 
methods, anatomy and biomarkers, risk factors for suicide and 
treatments for suicidality. Studies falling into more than one cate-
gory were included in each. See online supplementary appendix 
2 for a detailed description and summary of the relevant findings 
from each of the articles reviewed. See online supplementary 
appendix 3 for the references of each of the 116 articles meeting 
inclusion criteria (denoted with superscripts s1 through s116).

Prevalence and risk of attempted and fatal suicide
Twenty-one articles discussed prevalence and risk of attempted 
or fatal suicide in PwP. All of these studies were observational 
and all were rated as low or moderate quality. The first paper 
to report on suicide in PD was the 1967 article by Hoehn and 
Yahr, which described causes of mortality in parkinsonism. 
Among 340 patients with Parkinson’s disease who died during 
the study period, three died by suicide.s1 Importantly, there was 
little distinction between idiopathic and atypical parkinsonian 
syndromes at that time, and the extent to which this contributed 
to the suicide rate is unclear.

Most of the research reviewed suggested an elevated suicide 
risk in PwP.s2–s6 Risk varies by population; for example, a group 
in South Korea found a standardised mortality ratio for suicide 
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Table 1 Summary of risk factors for fatal suicide in the general 
population and their association with fatal suicide in persons with 
Parkinson’s disease13,26,27,s4,s10,s13,s31

risk factors for suicide in the general 
population

studies examining 
these risk factors 
(quality rating)

evidence trend 
in Parkinson’s 
disease

Male gender Lee, 2016 (3); 
Myslobodsky, 2001 
(3); Li, 2018 (1)

Increased risk

European American ethnicity Myslobodsky, 2001 
(3)

Increased risk

Education level Myslobodsky, 2001 
(3)

No effect

Unemployment None Not studied

Single/Divorced/Bereaved Myslobodsky, 2001 
(3); Li, 2018 (1)

No effect to 
decreased risk

Comorbid medical illness Li, 2018 (1) Decreased risk

Depressive disorder Lee, 2016 (3); 
Mainio, 2009 (3); 
Myslobodsky, 
2001(3); Li, 2018 (1)

Increased risk

Bipolar disorder Myslobodsky, 2001 
(3)

Increased risk

Alcohol/substance use disorder Mainio, 2009 (3) Increased risk

Psychosis Lee, 2016 (3) Increased risk

Personality disorder None Not studied

Anxiety disorder None Not studied

Multiple psychiatric disorders None Not studied

Hopelessness None Not studied

Impulsivity None Not studied

History of self-harm or past suicide 
attempt

Mainio, 2009 (3) Increased risk

Access to lethal means None Not studied

Stressful life events None Not studied

Childhood maltreatment/Abuse None Not studied

Alterations in serotonergic function None Not studied

Hypothalamic-pituitary-axis 
abnormalities

None Not studied

Epigenetic changes None Not studied

Quality rating of each study is included in parentheses after the study identifier.

in PwP of 1.99 (95% CI 1.33 to 2.85).s4 In the Netherlands, the 
OR for PD was 2.9 (95% CI 1.8 to 4.6) in those who attempted 
suicide via poisoning.s6 Studies of Serbian and British popula-
tions have demonstrated a suicide risk over five times that of 
the general population matched for age and sex.s5,s7 In British 
Columbia, suicide is the second most common cause of injury-re-
lated mortality in PwP.s8

In contrast, a few studies have found no elevated suicide risk 
in PwP. In Denmark, Finland, the USA and Canada, suicide rates 
among PwP are comparable to the general population after 
adjusting for confounding factors.s9–s12 Only one study suggested 
a decreased suicide rate in PwP. Using United States National 
Center for Health Statistics data (n=12 430 473), Myslobodsky 
et als13 identified a cumulative incidence of suicide 10 times lower 
in PwP compared with the general population (0.08%, n=122 
vs 0.8%). Cause of death was determined from a computerised 
death registry, and unknown causes of death were not classified 
as suicide. One French study found that suicide occurred in 1% 
of PwP; however, it is unclear how this relates to the suicide rate 
in a matched group of the general population.s14

Unlike deaths, SAs are difficult to accurately measure in large 
retrospective studies. Several researchers have noted no SAs in 
their study population.s15,s16 Others have found that PwP have 
a lifetime rate of SAs similar to the general population (around 
5%).s17-s19,24

Prevalence and risk of suicidal ideation (sI)
There were 12 articles on prevalence and risk of SI in PwP. Four 
of these were abstracts. Three were rated as very low quality, six 
as low quality and three as moderate quality. Most found rates 
of SI among PwP to be around 30% with outlying estimates as 
low as 4%.s7,s16,s18-s21 Three studies have noted rates of SI lower 
than 15%, with only two others suggesting PwP are at decreased 
risk of SI compared with the general population.s11,s15,s17,s21,s22

suicide methods
There were nine studies on suicide methods in PwP. Two studies, 
both of moderate quality, directly compared suicide methods in 
PwP to those of the general population. Mainio and colleaguess10 
compared characteristics of nine suicide victims with PD to 546 
suicide victims over age 50 without PD and found that PwP were 
more likely to use violent means (such as hanging or firearms). 
A Canadian study noted that suicide victims with PD (n=25) 
were more likely to die by suffocation, excluding hanging, 
as compared with suicide victims in the general population 
(n=1304).s23 Suicide by defenestration and poisoning (including 
drug overdose) have also been reported in PwP.s6,s24–s27

Notably, physician-assisted death in PwP was largely absent 
from this review of the literature. Assisted-death was discussed 
in only two of the articles reviewed.s27,s28 Both received the 
lowest quality rating, in part due to difficulty discerning number 
of participants with idiopathic PD versus other movement 
disorders.

Anatomy, physiology and biomarkers
In the general population, several biological correlates of suicide 
have been identified including abnormalities in serotonergic 
neurotransmission, epigenetic changes and alterations in hypo-
thalamic-pituitary-adrenal axis function.25 Only two studies 
have investigated these phenomena in PD. One was assigned 
a low-quality rating, and the other a very low quality rating. 
Neither investigated suicide as a primary outcome and the impli-
cations of their findings are unclear.s29,s30

risk factors for suicidality
See table 1 for a summary of known suicide risk factors in the 
general population and the relationship of these risk factors to 
PwP (as applicable).

Demographics
Six studies investigated the demographics of suicidality in PwP. 
One was very low quality, three were low quality and two were 
moderate quality. As expected based on the demographic profile 
of PD, suicide victims with PD are older than suicide victims 
in the general population (average 12.6 years older), but are 
younger than PwP who die of other causes.s13,s31 SI was associated 
with younger age in all but one of the reviewed studies.s7,s15,s21,s32 
PwP who die by suicide have fewer medical comorbidities than 
those who die of other causes, while the presence of comorbid-
ities increases the risk of SI.s13,s31 Male gender increases the risk 
of suicide in PwP, but there are no gender differences in rates of 
SI.s4,s10,s13,s21,s32 Caucasian ancestry and being from a rural area 
are also risk factors for suicide.s4,s10,s13 Suicide victims with PD 
are more likely to be married than suicide victims in the general 
population,s13 but marital status appears to have no association 
with SI.s7,s21 The role of level of education in fatal suicide and SI 
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is unclear,s7,s13,s15,s21,s31 and the effect of employment status has 
not been studied in this population.

Neuropsychiatric symptoms
Sixteen studies examined the impact of neuropsychiatric symp-
toms on suicidality in PwP. Two were assessed to be very low 
quality, with the rest being low or moderate quality. Two large 
studies in Northern Finland (n=555) and South Korea (n=4362) 
found a significant association between suicide in PwP and 
history of any mental illness.s4,s10 Depression is nearly invariably 
associated with SI and SAs in relevant publications,s4,s7,s15,s16,s18-s2

1,s32,s33 with only one study failing to find an association.s31 SI has 
been found to be a valid marker of PD depression.s34,s35

Fewer studies associate psychosis with suicidality in PwP, 
although one study found the risk of SI may be higher in those 
with psychosis (OR 19.2; 95% CI 1.4 to 27.3; p=0.026) than 
with depression (OR 4.6; 95% CI 2.2 to 9.4; p<0.001).s7,s18,s19 
Delusions in particular were associated with suicide risk in one 
large study (n=4362).s4 Anxiety disorders have been correlated 
with SI in PwP.s16,s21 Only one study has looked at the role of 
substance abuse, finding that alcohol use contributed to suicide 
in PwP at rates similar to the general population.s10 Importantly, 
PwP who die by suicide are much more likely to have a past SA 
compared with suicide victims in the general population (44% 
vs 9.9%).s10 Increasing scores on the Beck Hopelessness Scale, 
Hamilton Depression Rating Scale and Beck Depression Inven-
tory have been associated with SI in PwP.s7,s21

Suicide attempters with major depression in the general popu-
lation have been found to have higher levels of impulsivity than 
those who do not attempt suicide.28 29 As such, impulse control 
disorders (ICDs) are a potentially important contributor to 
suicide and SI in PwP, especially given that ICDs are correlated 
with use of dopamine agonists.30 Three of the reviewed studies 
looking at a total of over 300 PwP found a positive correlation 
between ICDs and SI on univariate but not multivariate analy-
ses.s15,s18,s20 There were no studies investigating the relationship 
between ICDs and SAs or deaths by suicide.

Cognition
Most studies excluded patients with dementia or Mini-Mental 
State Examination (MMSE)<24. Four articles directly investi-
gated cognition. All were low or very low quality and the find-
ings varied. One abstract detailing a cross-sectional study of 1783 
PwP found that suicidal PwP were younger (on average 66.6 
years vs 69.4 years) but had more cognitive impairment when 
compared with PwP who were not suicidal.s32 In contrast, two 
much smaller studies found an association between suicide or SI 
and higher MMSE score.s7,s31 Another found no association.s21

Motor symptoms and other PD-related variables
Ten publications examined the effect of motor symptoms and 
other PD-related variables on suicidality in PwP. All were low 
or moderate quality, with one study being very low quality. The 
largest of these studies showed that severity of motor impair-
ment, Hoehn and Yahr (H&Y) stage and illness duration were 
not associated with suicide risk, but that suicide was more 
common in PwP with generalised or upper extremity onset of 
motor symptoms.s4 Several smaller studies have found no asso-
ciation between SI and disease severity, stage or duration.s7,s18,s21

In contrast, some have reported a correlation between 
increased motor severitys15,s16,s32 or longer disease durations11,s15 
and SI. PwP who die by suicide have also been found to have 
lower H&Y stage and Unified Parkinson’s Disease Rating Scale 

(UPDRS) scores compared with those who die from other caus-
es.s31 Suicidality has been correlated with bradykinesia, rigidity, 
axial impairment and posture and gait disturbance items on the 
UPDRS.s36,s37 There is limited and conflicting evidence on the 
impact of earlier disease onset.s38,s39

Dyskinesias or unpredictable motor OFF periods have not 
been associated with SI.s7,s18 Motor fluctuations may be asso-
ciated with suicidality, especially when patients consider the 
fluctuations to be inadequately controlled by their current treat-
ment regimen.s31,s40 It is unclear whether this finding reflects a 
neurobiological relationship or the need for clinicians to effec-
tively manage expectations as fluctuations inevitably commence. 
Similarly, there is increasing understanding of the prevalence of 
non-motor OFF periods or fluctuations in PwP. These are known 
to have an important impact on quality of life, but have not yet 
been studied in relation to suicidality.31 Tremor and akathisia 
have not been associated with SI.s36,s37,s41

suicide risk compared with other populations
Eight articles compared the risk of suicide in PwP to individ-
uals with other disorders. Two were moderate quality and the 
rest were low quality. Three low-quality studies compared the 
risk of suicide in depressed individuals with and without PD. 
Merschdorf et als42 looked at depressive symptoms among 
German inpatients admitted to psychiatric or neurological 
hospitals. They compared symptoms in 49 depressed PwP with 
38 persons with major depression alone. Fewer depressed PwP 
reported SAs (4% vs 42%), despite no difference in the frequency 
of SI (reported in 76% of both groups).s42 Similarly, Zhou et als43 
reported in an abstract that there were no significant differences 
in the frequency of SI in depressed individuals with or without 
PD. Depressed PwP have been found to be at higher risk for 
suicide than non-depressed PwP or non-depressed individuals 
without PD after acute myocardial infarction.s33

There has been limited research comparing suicide risk in PD 
to other movement disorders. One study found higher rates of 
suicidality in PwP and multiple system atrophy when compared 
with individuals with progressive supranuclear palsy, despite 
similar rates of depression in all three groups.s44There appears to 
be no difference in rates of SI between patients with idiopathic 
PD, monogenic PD and spinocerebellar ataxia.s37,s38

In the only study comparing suicidality among PwP to other 
chronically disabled individuals, PwP had significantly higher 
rates of depression and suicidality despite less severe disability.s45

effects of Pd treatments
Dopamine and dopamine agonists
While clearly invaluable for management of PD overall, the 
role of dopamine replacement therapy (DRT) in suicide risk 
is unclear. In the first study to comment on the effect of DRT, 
Cheringtons46 reported on three PwP who developed suicid-
ality after several months of treatment with levodopa. This led 
the author to caution that use of levodopa may be limited by 
severe depressive symptoms including suicidality.s46 Soon after, 
two other groups reported cases of suicide in PwP after starting 
levodopa.s47,s48

Subsequent studies have been less consistent, possibly due to 
more sophisticated DRT regimens. Case reports have described 
suicidality after withdrawal of levodopa or dopamine receptor 
agonists which resolves when the medications are resumed.s49–

s51 Dopamine agonist withdrawal syndrome (DAWS) is a well 
described clinical phenomenon associated with dysphoria and 
other psychiatric symptoms.32 Such symptoms could provide a 
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mechanism for increased suicide risk. Clinically, the develop-
ment of suicidality in individuals on ‘drug holidays’ has been 
one reason the practice has fallen out of favour, although we 
did not find specific reference to these ‘drug holidays’ in our 
review of the literature.

In seeming contrast to the idea that dopamine withdrawal 
precipitates suicidality, one group found an association between 
suicide and higher levodopa dosage which persisted after 
adjusting for age, sex and other clinical variables.s4 Other 
reports have found weak or non-statistically significant associ-
ations between higher levodopa dose or dopamine agonist use 
and suicidality.s11,s21,s31 Only one of these groups looked at rates 
of ICDs in its participants, but was unable to draw any conclu-
sions about the relationship between ICDs, DRT or dopamine 
agonist dose, and suicidality as none of the participants had an 
ICD.s21 Mania in the setting of misuse of levodopa has also led 
to suicide.s52

Other medications
There have been several case reports and one open-label study 
describing suicide in PwP after starting Duodopa/Levodopa-Car-
bidopa Intestinal Gel (LCIG). These suicides occurred between 
3 months and 5 years after starting LCIG.s26,s53–s57

Recently, safety and tolerability studies have included the 
Columbia-Suicide Severity Rating Scale (C-SSRS) in their stan-
dard assessment battery. The C-SSRS assesses for SI and suicidal 
behaviours, including attempts and death by suicide. Tozadenant 
(a selective adenosine A2A antagonist effective for motor symp-
toms in animal models) and the catechol-O-methyl transferase 
inhibitors opicapone and entacapone have been studied in this 
manner and have shown no increase in C-SSRS scores.s58–s61 
One study of pardoprunox (a relatively novel dopamine agonist) 
reported on a suicide in the placebo group, with no suicide-re-
lated adverse events in the treatment group.s62 Two randomised 
controlled trials (RCTs) and one open-label study have shown 
no association of transdermal rotigotine with change in C-SSRS 
score or increased risk of SI.s63–s65 Li and colleaguess31 found no 
association between PD suicide and entacapone, trihexyphenidyl 
and selegiline. Notably, most of the trials using the C-SSRS to 
determine suicide risk have been relatively short-term exposures, 
with the longest trial lasting 1 year.

Deep brain stimulation (DBS) and other procedural interventions
DBS may be perceived as a risk factor for suicide, and most 
DBS centres exclude patients with active SI.s66–s68 Despite this, 
our review showed little agreement in the literature on whether 
DBS impacts suicidality. Fifty-one studies looked at the effects 
of DBS and other procedural interventions on the risk of SI or 
suicide in PwP. Most were low or very low quality. There were 
12 moderate quality studies, one high quality and one very high 
quality study.

In the largest study of the group, Voon and colleaguess69 
conducted a multicentre retrospective investigation into suicide 
after subthalamic nucleus (STN) targeted DBS. Out of 5311 
patients, 24 died by suicide (0.45%) and 48 attempted suicide 
(0.9%). Compared with the general population, suicide rates 
were elevated for the first year postoperatively and remained 
elevated for 4 years after surgery. Notably, 75% of attempted 
and fatal suicides occurred within 17 months postoperatively. 
A follow-up nested case-control study found that only postop-
erative depression was significantly associated with suicide or 
SA after correction for multiple comparisons. In fact, over 40% 
of patients had a diagnosis of depression or apathy at the time 

of SA. Approximately half of those who attempted or died by 
suicide had expressed SI and a similar number had seen a health-
care provider within a month of death.s69

In another landmark study, Weintraub et als70 investigated 
the impact of DBS on SI and suicidal behaviours using retro-
spectively analysed data from an RCT for efficacy and safety 
of DBS versus best medical therapy. In the first phase of the 
trial, they compared rates of SI and suicidal behaviours in 255 
PwP undergoing DBS versus best medical therapy. There were 
no suicidal behaviours in either group. SI was rare, and rates 
were not significantly different between groups. Several ‘proxy 
symptoms’ for SI including anergia, anxiety, depressed mood 
and hopelessness showed a trend for decreased frequency in the 
DBS group. In phase two of the trial, the authors randomised 
299 patients to receive STN (n=147) or internal globus pallidus 
(GPi) targeted DBS (n=152). Rates of SI were similar between 
these two groups, but several ‘proxy symptoms’ were worse in 
the STN group. Specifically, patients who underwent STN-DBS 
reported decreased happiness, increased anger/bitterness and 
increased fatigue.s70

There was considerable variability in the findings of the other 
studies reviewed in this subtopic. Several described new onset 
SI after STN-DBS.s49,s71,s72 Others have found that DBS does 
not increase suicidality.s11,s18,s73–s76 One retrospective analysis of 
113 patients found that most new SI develops within 6 months 
postoperatively.s77

Prevalence of suicide in the reviewed literature ranged 
from 0.5% to 2% up to 5 years after STN-DBS.s24,s25,s78–s82 
Only one study (n=17) fell outside this range, reporting a 
5% suicide rate.s83 In contrast, the reported prevalence of 
SAs varies widely. An earlier study by Voon and colleaguess79 
found that 1.7% of 406 PwP undergoing STN-DBS attempted 
suicide. Two other studies have reported SA rates around 
or below 1%.s84,s85 However, multiple small studies have 
reported SAs in 3%–6% of patients after DBS.s80,s84,s86,s87 SAs 
have been reported anywhere from 1 month to 4 years after 
STN-DBS, with an average of 1 year.s27,s79–s81,s88–s91 Several 
studies have reported no SAs or suicides over up to 10 years 
of follow-up.s92–s95

Some groups have investigated predictors of suicidality 
post-DBS. There is some evidence that early-onset PD may be a 
risk factor, but this is contested.s27,s91,s96–s99 History of depression 
may be important,s24 and there have been case reports of suicide 
after DBS in individuals with and without an active depres-
sion.s25,s49 Interestingly, two groups have found an increase in 
SI and SAs after STN-DBS despite improvement or no change in 
depressive symptoms.s88,s89 One group created a screening tool 
to encourage patients to disclose psychiatric symptoms prior to 
DBS; however, it is unclear whether such an intervention would 
impact suicide rate post-DBS.s100 One retrospective review found 
no predictors of suicide based on pre-operative neuropsycholog-
ical evaluation.s101

Changes in DBS settings have also been implicated in suicid-
ality. Some case reports have described SAs after changes in DBS 
stimulation intensity,s49,s96 with inconsistent resolution after the 
DBS was turned off or reverted to its original settings.s50,s102 
Case reports have implicated changes in both the left and right 
STN electrodes.s49,s103 Several studies with varying evidence 
levels have noted that motor outcome after DBS does not appear 
to impact suicide risk, and in fact, many of the patients who 
attempt suicide report improvement in motor symptoms after 
STN-DBS.s27,s49,s69,s84,s90,s104 In some cases, the depressive symp-
toms and suicidality that develops after STN-DBS are described 
as having an acute onset.s25,s49,s103
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Most literature on suicide after DBS is focused on STN-DBS. 
Few groups have looked at outcomes after GPi-DBS or compared 
suicidality in patients receiving different types of DBS. One 
study found no difference in rates of SI in patients undergoing 
STN versus GPi-DBS.s105,s106 As noted above, Weintraub and 
colleaguess70 also found no statistically significant difference 
between patients undergoing STN versus GPi-DBS, but did 
note a worsening of ‘proxy symptoms’ for suicide in the STN 
group. There is one case report of a patient developing SI after 
GPi-DBS; this resolved after stimulation was discontinued.s107 
Another retrospective cohort study described a case of suicide in 
an individual with early-onset PD after GPi-DBS.s108

Several authors have suggested that post-DBS suicide risk 
may be related to postoperative changes in DRT.s49,s50,s104 Many 
of the studies describing increased suicide risk after DBS were 
conducted at a time when aggressive reduction of DRT, especially 
dopamine agonists, was advocated after DBS. As mentioned 
above, DAWS could potentially precipitate suicide in these indi-
viduals. In support of this hypothesis, the study by Voon and 
colleaguess69 referenced above showed increased suicidality post-
operatively in the setting of a 50%–60% DRT dose reduction, 
while the study by Weintraub et als70, published approximately 5 
years later did not show an increase in suicidality in the setting of 
only a 25% DRT dose reduction after surgery.s69,s70,s87 This DRT 
reduction hypothesis would also explain the finding by Wein-
traub and colleaguess70 that ‘proxy symptoms’ for suicide were 
worse in patients undergoing STN-DBS as compared with those 
undergoing GPi-DBS, as STN-DBS typically results in a more 
significant reduction in DRT dose.s70 Even so, as noted above 
the role of DRT itself remains unclears4,s49–s51 and one prospec-
tive study reported that reductions in anti-parkinsonian medica-
tions were similar between PwP who developed SI after DBS and 
those who did not.s71

There is little information on the impact of other proce-
dural treatments. Isolated suicides have been reported after 
STN gamma knife radiosurgery and pallidotomy.s109–s111 It 
is worthwhile to note that individuals undergoing treatment 
with advanced therapies such as DBS and other interventional 
procedures may represent a clinically distinct population with a 
different suicide risk even in absence of these interventions.

Treatment of suicidality
There have been eight publications on the treatment of suicidal 
PwP. All were given a very lowquality rating with the excep-
tion of one moderate quality study. This abstract by Linse and 
colleaguess112 described a randomised, controlled, rater-blinded 
study looking at group psychoeducation for treatment of PD 
depression. Primary outcomes included a measure of suicidality. 
In this study, group psychoeducation provided short term relief 
of SI without persistent effect 6 months later.s112 Regarding the 
lower quality literature, multiple case reports have noted reso-
lution of suicidality with adjustment of DBS settings, although 
the directionality of this change does not show a consistent 
pattern and other case reports have conflicted.s49,s50,s102 Reso-
lution of suicidal depression has been associated with resump-
tion of DRT or dose escalation as noted above.s49–s51 Selective 
serotonin reuptake inhibitors and serotonin-norepinephrine 
reuptake inhibitors including fluoxetine, sertraline, escitalo-
pram, mirtazapine and venlafaxine have been used to treat PwP 
with SI and after SAs. These medications have been used with 
and without simultaneous changes to DRT.s49–s51,s91,s113 Queti-
apine and clonazepam have also been used in this population.s51 
Case reports have suggested that electroconvulsive therapy may 

relieve suicidality in depressed PwP, even those with a DBS in 
place.s51,s102,s114–s116

dIsCussIoN
In this review, we identified 116 papers summarising the prev-
alence of suicide in PD, demographic profiles of victims, risk 
factors, the effect of PD treatments including DBS and the 
treatment of suicidality in PwP. We identified a relative dearth 
of good quality studies, with the literature primarily limited to 
case reports, abstracts or small studies in which suicidality was a 
secondary outcome or incidental finding. There were few large, 
longitudinal studies and even fewer RCTs.

The current literature is often conflicting. While this is certainly 
attributable at least in part to the complexity of both PD and 
suicidality, a number of other factors may also contribute. First, 
SI or SAs are far more common than suicide and thus easier to 
study but cannot necessarily be extrapolated to understand fatal 
suicidal acts. The lack of consistent operationalisation of these 
terms is also a limitation, along with the lack of validated scales 
to measure suicidality in PwP.

We found that PwP are much more likely to suffer from SI 
than the general population.33 What remains less clear is whether 
PwP are more likely to attempt or die by suicide. Prevalence 
studies vary widely depending on the population. PwP appear to 
have decreased or unchanged suicide risk in the USA, Denmark, 
Finland and Canada, while those in South Korea, England, 
Netherlands and Sweden appear to be at increased risk. Perhaps 
this is related to general cultural differences or differences in the 
standard management of PD and PD depression. Future research 
should also specifically consider the role of gender disparities 
and ethnic variation in PD suicide.

Like in the general population, depressive symptoms clearly 
increase the risk of SI and death by suicide in PwP. However, 
prior SA may be a more significant risk factor for PwP. There 
have been many studies investigating treatment of SI in the 
general population and similar studies are greatly needed in 
the PD population.34 35 At this time, the literature suggests that 
aggressive management of depression is the best approach. 
Importantly, there have been no studies on the impact multi-
disciplinary care or access to psychiatric treatment may have 
on suicidality in PwP. Although somewhat controversial, we 
expected more discussion of assisted-death in the literature 
reviewed. Assisted-death has been studied in other neurode-
generative disorders and dementia36 37 and could be an area for 
future research in PwP.

We were struck by the limited research on access to lethal 
means and suicide risk in PwP. There has been extensive research 
on this issue in the general population.15 38 Elderly men have the 
highest rate of suicide by firearm,39 and the Alzheimer’s Associ-
ation, Veterans Health Administration and others have recom-
mended screening persons with dementia for firearm access.40 
While the effectiveness of restricting access to lethal means in 
PwP has not been studied, given shared risk factors it may be 
prudent to screen PwP similarly and discuss firearm safety early 
in the disease course. Lethal means counselling may be of partic-
ular importance in rural areas, given the outsized role of firearms 
in rural suicides.41

Motor symptoms and other disease-related variables have 
been studied but evidence remains conflicting. The potential 
impact of non-motor fluctuations on suicide risk is an important 
omission from the current body of literature. The impact of DRT 
on suicidality is also unclear. Some studies suggest dopamine 
and dopamine agonist withdrawal may precipitate suicide, while 
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others show an increased risk of suicidality with higher doses of 
DRT. The rate of change and the role of ‘adequate’ versus ‘inade-
quate’ DRT have not been studied and could account for some of 
these discrepancies. Alternatively, DRT may precipitate suicide 
by increasing mobility and activation in PwP whose depressive 
symptoms are still inadequately controlled, similar to what has 
been described with antidepressant initiation in the general 
population. Likewise, the role of DBS is also poorly understood. 
The highest quality study to date found no suicidal behaviours 
and no difference in SI between patients assigned to DBS versus 
best medical therapy. However, multiple lower quality studies 
continue to suggest an association.

Perhaps this variability provides evidence for depressive 
subtypes in PD or a more significant role for apathy, delirium 
or other neuropsychological changes. Impulsivity is especially 
important and understudied in PwP given that ICDs may be 
iatrogenically induced and thus a modifiable risk factor. In the 
general population with major depressive disorder, specific 
depressive symptoms have been correlated with a higher risk of 
suicide including anxiety,42 insomnia43 and feelings of worth-
lessness.44 Severity of depression has also been associated with 
increased risk for suicide in the depressed general population.45 
Association of severity of depression or specific depressive symp-
toms with suicide, SAs or SI has not yet been studied in PwP, 
even though, as noted above, PwP may have different depres-
sive profiles than the general population. In the general popu-
lation, much is known about the specific neuropsychological 
profile seen in suicidal individuals, such as attentional biases 
and executive dysfunction.46 47 This remains an area in need of 
study in PwP. Finally, alterations in immune function and sero-
tonin neurotransmission have been implicated in suicide in the 
general population.25 48 PD is known to cause aberrations in 
these systems; however, the impact of such changes on suicide 
risk has not yet been investigated.49 50

Moving forward, it may be important for PD researchers to 
consider the stress-diathesis model used to explain suicide in 
the general population. This model proposes that suicidality 
develops due to an interaction between stressors and the traits 
which modulate an individual’s reaction to those stressors.51 
While this review highlights the role of stressors in PD suicide, 
the diathesis component of this model has been largely 
neglected. This is important, as there is evidence that an indi-
vidual’s perception of a stressor matters more than the stressor 
itself.52 Personality traits are an important contributor to the 
diathesis component and may be especially important in PwP. 
For instance, introversion and neuroticism are associated with 
PD and with suicidal behaviours in the general population.53 54 
Similarly, there is some evidence that certain factors are protec-
tive against suicide in the general population, such as family and 
moral obligations.52 Protective factors were not directly studied 
in the literature we reviewed, but a better understanding of such 
factors in PwP could inform suicide prevention efforts. Addi-
tional references can be found in the online supplementary file. 
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