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Deep Brain Stimulation (DBS) has emerged as a safe, effective, and appealing treatment

for Parkinson’s Disease (PD), particularly for improving motor symptoms (e. g., tremor,

bradykinesia, and rigidity). However, concerns have been raised about whether DBS

causes psychological changes, including changes to personality: characteristic and

relatively stable patterns of affect, behavior, cognition, and desire. In this article, after

first presenting some background information about PD and DBS, we examined

evidence obtained from various empirical research methods (quantitative, qualitative,

and mixed methods for evaluating patient valued characteristics) pertaining to whether

DBS causes personality change. General limitations across research methods include

a lack of randomized clinical trials and small sample sizes. We organized our review of

findings according to different layers of personality variables: dispositional traits (including

personality pathology), characteristic adaptations, and narrative identity. Though most

work has been done on dispositional traits, there is not much evidence that dispositional

traits change following DBS. Little work has been done on characteristic adaptations,

but there is somewhat consistent evidence for positive perceived progress toward

goals across a number of domains: routine activities, work, social/relational, and leisure.

Nascent work on narrative identity holds promise for revealing issues around self-image

that may be common following DBS. We listed a number of strategies for advancing

research, highlighting opportunities related to personality conceptualization, personality

assessment, and interdisciplinary scholarship. Finally, we offer practical applications of

our findings for the informed consent process and for ongoing treatment.
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DOES PERSONALITY CHANGE FOLLOW DEEP BRAIN
STIMULATION IN PARKINSON’S DISEASE PATIENTS?

Parkinson’s disease (PD) is a progressive neurodegenerative disorder affecting∼3 per 1,000 people
over age 40 (Pringsheim et al., 2014). Classic symptoms of PD include tremor, bradykinesia,
rigidity, and postural instability (Jankovic, 2008). There has been growing recognition of the
importance of non-motor symptoms in PD (which vary in prevalence across different stages of
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the disease), including sensory processing difficulties, sleep
problems, pain, autonomic changes, anxiety, depression,
diminished initiative, psychotic symptoms, and dementia
(Pandya et al., 2008; Löhle et al., 2009). The primary classic
morphological indicator of PD is the loss of pigmented
neurons in the substantia nigra pars compacta reflecting loss of
dopaminergic neurons; however, neuropathological studies have
documented that the disease involves multiple brain regions and
neurotransmitter systems as it progresses (Braak et al., 2006;
Dickson, 2012) consistent with the diverse symptoms associated
with the disease.

First line treatments for PD involve dopaminergic
medications (i.e., levodopa or dopamine agonists) to address
motor symptoms (Rogers et al., 2017). If medication does
not control motor symptoms or produces intolerable side
effects, deep brain stimulation (DBS) may be considered as
a treatment option. The most common site for DBS in the
treatment of motor symptoms of PD is the subthalamic nucleus
to address most cardinal motor symptoms of PD as well as
reduce medication burden, although the ventral intermediate
nucleus of the thalamus (to address tremor-predominant PD) or
globus pallidus interna (when patients are highly susceptible to
dyskinesias) may also be considered depending on the specific
symptom profile, team preferences, and other factors (Rezai
et al., 2008; Groiss et al., 2009). DBS entails surgical implantation
of electrodes to deliver stimulation to specific brain regions.
The electrodes are connected to a neuropacemaker that can
be programmed by a clinician to deliver electrical stimulation
at different amplitudes, pulse width (i.e., average power), and
frequency. DBS has several advantages over previous ablative
neurosurgical treatments for PD. First, it is reversible (i.e., the
entire system can be explanted) and provides the treatment
team the opportunity to maximize benefit while minimizing
any potential side-effects via virtually unlimited programming
options (Rezai et al., 2008). Finally, the patient is able to turn
the DBS system on and off (Pugh, 2019). The safety and efficacy
of DBS in treating many motor symptoms of PD has been
well-demonstrated [see Deuschl et al. (2006b), Rezai et al. (2008),
Weaver et al. (2009), and Limousin and Foltynie (2019)] with
relatively mild cognitive risks in well-selected patients (Woods
et al., 2002; Voon et al., 2006). However, DBS is not a panacea
for PD and does not directly address all symptoms, particularly
non-motor symptoms (Rezai et al., 2008).

POTENTIAL PSYCHOLOGICAL EFFECTS
OF DBS

The past 15 years have seen an increasing amount of research
devoted to whether DBS causes psychological changes in PD
patients. Such effects are plausible for at least three reasons.
First, DBS may impact cognitive, emotional, behavioral, and
neuropsychiatic networks because these functional networks are
adjacent to the motor fronto-subcortical networks targeted by
DBS (Alexander et al., 1986; Cummings, 1993; Lanciego et al.,
2012; Mosley et al., 2020). Second, living with technological
equipment in the brain that alters functioning may present

profound challenges to identity (e.g., Hildt, 2006; Schechtman,
2010; Witt et al., 2013). Third, the potential lifestyle changes (e.g.,
occupational, relational) that occur following DBS may relate
to shifting patterns of psychosocial functioning (Deuschl et al.,
2006a).

Excellent review articles touch upon the psychological effects
of DBS, focusing on issues such as impulsivity (Jahanshahi
et al., 2015), psychological variables relevant to neuroethics
(Gilbert et al., 2018), acute and enduring psychiatric and
neuropsychiatric changes (Castrioto et al., 2014; Kurtis et al.,
2017), and measurement of these and other complex changes
(Ineichen et al., 2016). Some of these articles reviewed individual
studies that assessed variables relevant to the field of personality
psychology, such as personality traits (Houeto et al., 2002), and
personality disorders (Castelli et al., 2006), however, none of
the reviews focused primarily on personality changes. Thus, our
central aim is to provide a brief but relatively comprehensive
evaluation of this research. Before doing so, it is important to
frame our review within the context of three relevant issues: (a)
defining personality and (b) offering a putative neurobiological
basis for personality change following DBS.

A MULTILAYER APPROACH TO DEFINING
PERSONALITY

Personality is broadly defined as a person’s characteristic and
relatively stable patterns of affect, behavior, cognition, and desire
(the ABCDs of personality) over time and situation (Revelle
et al., 2011). There have been several efforts to organize the
abundant number of diverse individual differences subsumed
by the field of personality psychology (e.g., McAdams and Pals,
2006; McCrae and Costa, 2008; DeYoung, 2015; Mayer, 2015).
Though the particulars of these approaches are beyond the scope
of this paper, we believe that a brief overview of an influential,
multilayer approach (McAdams and Pals, 2006) will help with
framing and interpreting research on the effects of DBS on
personality. In this approach, at the most basic layer are a
relatively small number of dispositional traits such as the Big
Five [extraversion, agreeableness, conscientiousness, emotional
stability (or neuroticism), and openness] and their lower order
facets: Traits and facets are used to describe and explain the
coherence and stability of ABCD patterns across time and
situation. The second layer, characteristic adaptations, comprise
motivational constructs (e.g., goals, values), developmental
variables (e.g., attachment styles), and social attitudes (e.g., moral
attitudes, prejudice) in which ABCD patterns are contextualized
by time, situation, and/or social roles. The third layer, narrative
identity, includes a person’s self-authored life-stories connecting
ABCD patterns from the past, present, and imagined future into
an integrated whole that may provide a person with a sense of
unity, coherence, and purpose1.

The three layers theoretically apply to both normal and
pathological personality characteristics (McAdams, 2020).
However, whereas assessments of normal personality span the

1We are intentionally excluding the other layers in this framework (evolution,
culture) because they do not focus on individual differences.
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three levels, assessments of pathological personality may not.
Measures of personality pathology focus predominantly on
personality disorders, which are defined as “an enduring pattern
of inner experience and behavior that deviates markedly from
the expectations of the individual’s culture, is pervasive and
inflexible, has an onset in adolescence or early adulthood, is
stable over time, and leads to distress or impairment” (American
Psychiatric Association, p. 645). Even though personality
disorders affect the whole person, and therefore may reflect
dysfunction at the three layers of personality described above,
assessment of personality disorders typically focuses on routine
patterns of ABCDs (i.e., dispositional traits; Nuzum et al., 2019),
and conceptualizations of personality pathology as maladaptive
personality traits are gaining influence (e.g., Pocnet et al., 2018;
Bagby and Widiger, 2020). Thus, existing personality pathology
variables may be viewed as reflecting dispositional traits.

We will classify variables according to the levels of
dispositional traits, characteristic adaptations, and narrative
identity, when possible. We find this potentially useful for at least
three reasons. First, it will illustrate which kinds of variables have
received research attention and which have not, thereby possibly
identifying areas in need of future research. Second, it may reveal
which kinds of variables are more likely to change (for better
or worse) or stay the same following DBS. Third, it may help
improve the informed consent process for DBS; knowledge about
what kind of personality characteristics might change could be
helpful to the patient and the clinical team during discussions
about the potential treatment risks and benefits.

Finally, we note two important exclusions from the multilayer
framework for personality. First, this approach excludes
neuropsychiatric disorders outside of personality disorders
(e.g., depressive disorders, impulse control disorders, psychotic
disorders, substance-related disorders, etc.). Though many
psychiatric conditions entail significant and enduring disruptions
in ABCDs and cannot be cleanly demarcated from personality,
a thorough consideration of which disorders may include
personality components is beyond the scope of this paper, and
thus we chose to focus on personality disorders (and maladaptive
personality traits). Second, the multilayer approach does not
encompass cognitive dysfunction in areas such as attention,
learning, memory, and executive function (Sahakian et al., 2015)
which are known to be related to neural networks associated with
variables related to personality such as initiative/drive, mood,
and emotion regulation. Castrioto et al. (2014) and Kurtis et al.
(2017) cover the effects of DBS on psychiatric and cognitive
conditions comprehensively.

PUTATIVE NEUROLOGICAL BASIS OF
PERSONALITY CHANGE FOLLOWING DBS
IN PD

Without underestimating the psychosocial effects of DBS,
neurobiological changes associated with DBS may be associated
with changes involving any of the personality layers described
above. Though DBS modulation specifically targets basal ganglia
motor regions, the proximity of non-motor fiber networks to

motor networks in the basal ganglia coupled with the intimate
connections between the basal ganglia and limbic areas (Lanciego
et al., 2012) makes it possible that DBS couldmodulate nonmotor
neurobehavioral circuitry and functions as well. DBS for the
treatment of motor symptoms of PD targets nodes along a
motor cortical-basal ganglia-thalamo-cortical loop. The motor
loop runs parallel to other cortico-basal ganglia-thalamo-cortical
loops including a cognitive loop primarily associated with
executive cognitive function (including emotion regulation) and
two limbic loops originating in the orbitofrontal region (which
is broadly associated with emotion) and anterior cingulate
region (which is broadly associated with inhibition/disinhibition)
[see Alexander et al. (1986) and Cummings (1993) for classic
references]. Consequently, DBS stimulation in motor regions of
the basal ganglia might theoretically spread to non-motor fiber
pathways and result in neurobehavioral symptoms related to
emotion regulation, motivation, and disinhibition. Case studies
provide examples of these potential side-effect which are most
often quickly addressed by altering stimulation parameters (e.g.,
Bejjani et al., 1999; Herzog et al., 2003; Wojtecki et al., 2007).
Neuroimaging studies also support the role of the basal ganglia
in emotional behavior and disorders more broadly [see Phillips
et al. (2003a) and Phillips et al. (2003b)]. For example, regions
in the basal ganglia are part of neural networks that have been
linked to the personality trait of neuroticism (DeYoung et al.,
2010), as well as psychiatric disorders relevant to neuroticism
such as depression, anxiety disorders and phobias, and obsessive
compulsive disorder (Kopell and Greenberg, 2008; Tremblay
et al., 2015). Computational modeling has shown that the
subthalamic nucleus is directly linked to impulsivity (Frank et al.,
2007). DBS in the subthalamic has been associated with activation
of regions of the limbic system, which is known to be central in
emotional processing (Ulla et al., 2011). These observations just
scratch the surface of potential effects of DBS on behaviors highly
associated with the construct of personality.

PD AND MEDICATIONS FOR PD MAY
AFFECT PERSONALITY

A diagnosis of PD has been associated with a personality profile
characterized by low levels of impulsivity, flexibility, and novelty-
seeking, as well as high levels of industriousness, cautiousness,
and harm avoidance [see Poletti and Bonuccelli (2012),
Santangelo et al. (2017), and Cerasa (2018)]. Neuropsychiatric
symptoms associated with the underlying neuropathological
changes of PD, such as depression, anxiety, and apathy (Pandya
et al., 2008), are commonly seen with estimates ranges from
30–40% for depression or anxiety to 17–70% for apathy
(Chaudhuri et al., 2006; Aarsland et al., 2009). Such changes
may affect personality ratings, especially those including negative
emotions. Consequently, changes in personality over the course
of DBS treatment may be difficult to disentangle from the
underlying disease.

Pharmacological treatments for PD may also cause changes
in personality and psychiatric symptoms. Levodopa and
dopamine agonists are associated with impulsivity and

Frontiers in Psychology | www.frontiersin.org 3 July 2021 | Volume 12 | Article 643277

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Wilt et al. Personality Change Following DBS

reward-seeking behaviors (Lhommée et al., 2017), as well
as impulse control disorder symptoms, including increased
gorging of sweets, gambling/increased spending, increased
hobbyism, and hypersexuality in some patients (Weintraub
et al., 2010). In addition, dopaminergic medications can
improve symptoms of apathy. Reductions in dopaminergic
medications following successful DBS therapy have been
associated with increased symptoms of apathy (Rossi et al.,
2018). Relatedly, anti-depressants and anti-anxiety medications
are frequently prescribed to alleviate psychological symptoms
associated with PD. Changes in psychotropic medications and/or
ongoing psychotropic medication management in patients
may make it difficult to pinpoint the unique effects of DBS on
psychiatric symptoms.

Disentangling the potential impact of underlying disease
and potential medication effects on personality is further
complicated by including the variable of time. As noted, PD
is a progressive neurodegenerative disorder associated with
the development and/or worsening of symptoms over time
which may result in ongoing changes in medications. As motor
symptoms increase, patients’ relationships with family members
and their ability to engage in important activities (e.g., work,
drive) can be impacted which may contribute to personality
changes (e.g., decreased feelings of confidence, sadness associated
with various losses). Thus, assessment of personality changes
in patients who are undergoing DBS therapy is complicated
and requires a clear understanding of the underlying disease,
typical neurobehavioral symptom onset timeline, and role of
different treatments on relevant variables associated with the
broad construct of personality.

REVIEW OF EMPIRICAL RESEARCH

Against this complicated backdrop, we examine empirical
evidence pertaining to personality change following DBS. We
evaluate the types of methods used to study this question, and
we summarize and integrate research findings across personality
characteristics. Finally, we list a number of strategies for
advancing research.

Inclusion Criteria and Search Strategy
We included articles that met the following criteria: (a) meta-
analyses and primary studies including PD patients who had
undergone DBS that (b) assessed personality characteristics
encompassed by the multilayer framework (McAdams and Pals,
2006) described previously. To compile our list of articles, we
(a) relied on previous knowledge of the relevant research, (b)
conducted searches on Google Scholar including (but not limited
to) the terms “Deep Brain Stimulation,” “DBS,” “Parkinson’s
Disease,” “personality,” and “personality change” (both in
isolation and combination), and (c) used connectedpapers.com
to discover relevant papers that cited (or were cited by) articles
we decided to include in the review.

Methods for Assessing Personality
Changes Following DBS
Supplementary Table 1 gives detailed descriptions of studies
(and their relevant results) included in our review, grouped

according to primary methods. Most research used quantitative
methods, while qualitative methods are growing increasingly
common. There is an emerging trend for studies to assess patient
valued characteristics using a mixed-methods approach. Across
methods, most studies relied only on self-reports, though a few
assessed caregiver or clinician perspectives.

Quantitative Methods

Quantitative research on personality change comes from (a)
meta-analyses and (b) primary studies employing retrospective,
cross-sectional, prospective, and randomized clinical trial
(RCT) designs. This research has some general limitations. Meta-
analyses focused mainly on clinical measures of psychiatric
symptoms rather than scales assessing normal range personality.
Most retrospective, cross-sectional, and prospective studies
included small sample sizes, limiting power to detect small- to
moderate effect sizes. And there has been one RCT to date, which
decreases the confidence with which causal claims can be made.
Additionally, quantitative studies focused almost exclusively on
dispositional traits (using a wide variety of measures) rather than
characteristic adaptations and narrative identity.

Though quantitative research using standardized scales
has generated the most knowledge about personality change
following DBS, there are at least two limitations to this method
that may be particularly relevant to DBS patients. First, there is
no opportunity for patients to elaborate on the personal relevance
of the characteristics that are assessed. Relatedly, standardized
scales, because they assess predetermined constructs rather
than patient-defined variables, may not capture some of the
personality characteristics that are viewed as most salient to the
lived experience of patients (Nisenzon et al., 2011; Kubu and
Ford, 2012). Thus, standardized scales might not fully assess the
rich, idiosyncratic, and nuanced experience of patients.

Qualitative Methods

Given the relatively rare and unique experience of undergoing
DBS for PD, it is important to gain a more personalized account
of perceptions of personality change. Qualitative assessments
have the potential to redress the limitations noted above.
Asking open-ended questions gives patients opportunities to
identify important characteristics that standardized assessments
exclude and provides time for elaborating regarding why
those characteristics are relevant to the patient’s life. The
five qualitative studies in Supplementary Table 1 employed
semistructured interviews and coding techniques to identify
salient themes relevant to personality change: Together, these
studies revealed perceived personality changes that could be
categorized across dispositional traits, characteristic adaptations,
and narrative identity.

The strengths noted above should be balanced against
the limitations inherent in qualitative methods, such as the
biases of the research team, as well as limited replicability
and generalizability (Creswell and Poth, 2016). Researcher bias
is inherent to qualitative methods; for instance, researchers
may prefer a certain theoretical framework and tend to code
for characteristics consistent with that framework. Limited
replicability is due in part to intensive coding that makes
only small sample sizes feasible. In turn, small sample sizes

Frontiers in Psychology | www.frontiersin.org 4 July 2021 | Volume 12 | Article 643277

https://connectedpapers.com
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Wilt et al. Personality Change Following DBS

limit the types of claims that can be made; for instance,
most qualitative studies in Supplementary Table 1 showed that
patients perceived personality changes in positive and negative
directions but did not generate claims regarding whether positive
or negative changes were more likely. The limited generalizability
is because open-ended responses lack the standardization of
scales that allows for making valid comparisons of results across
multiple samples.

Patient Valued Characteristics: A Mixed Methods

Approach

An emerging trend in DBS research, the use of quantitative
measures of patient-valued characteristics [see, e.g., Kubu et al.
(2019)], attempts to blend the strengths and mitigate the
limitations of quantitative and qualitative research. Patients
(and sometimes their caregivers) are consulted about what
constitutes important values, goals, and/or traits, which may
be rated on quantitative scales over the course of treatment
(Kubu and Ford, 2012). Thus, this method may have the
potential to capture what patients care about qualitatively and
produce replicable and generalizable quantitative data. Other
areas of research are beginning to incorporate patients’ lived
experiences into protocols to determine what patients value
(Ghosh et al., 2021). Few studies have used mixed methods
to study patient valued characteristics, and all focused on
characteristic adaptations.

Summary of Findings
Research has assessed a wide range of personality variables
(see Table 1). Only a few studies at most address any one
variable, and thus all claims below may be viewed as preliminary.
Most research involved relatively small sample sizes, and thus
only the strongest effects are likely to have been detected.
Furthermore, the lack of RCTs hampers causal inferences; though
the focal outcome variables of RCTs will likely always be more
directly clinically relevant (e.g., neuropsychiatric symptoms)
than personality changes, future research may assess personality
in conjunction with focal outcomes. With these caveats in mind,
we turn to a review of extant findings.

By far the most work has been done at the level of
dispositional traits. Given the popularity of assessing the Big
Five in general (John et al., 2008), it is somewhat surprising
that comparatively more research used inventories relevant to
Cloninger’s personality theory (Cloninger et al., 1993), such as
the Temperament Character Inventory (Cloninger et al., 1994)
and Tridimensional Personality Questionnaire (Cloninger et al.,
1991). Outside of those approaches, several studies examined
other affective (e.g., positive and negative affect, anxiety, and
apathy) and behavioral (e.g., aggressiveness, hypersexuality,
and impulsiveness) traits, and meta-analyses and a couple of
other studies assessed personality pathology. Perhaps the most
consistent finding is that, across normal range traits (Cloninger’s
traits, Big Five traits, and other affective/behavioral traits) and
personality pathology, many studies found no evidence of change
or mixed evidence regarding change, with an occasional study
reporting only an increase or decrease in a given trait. Thus,

there is very little evidence that any dispositional traits change
following DBS.

Though research on characteristic adaptations is relatively
sparse, this work shows somewhat consistent associations
between DBS and improvements in abilities to carry out a
variety of role-specific behaviors across a number of domains:
routine, work, social/relational, and leisure. These findings
point to the possibility that perhaps personality changes
following DBS may be more common at level of characteristic
adaptations than dispositional traits. We are hesitant to
make stronger claims until more research has been done on
characteristic adaptations.

Very little work has tapped constructs relevant to narrative
identity. Findings from two qualitative studies suggest that issues
around self-image and self-estrangement may be common for
DBS patients: Some patients perceived improvements in these
areas, whereas others perceived deficits.

WAYS FORWARD

In addition to calling for larger sample sizes and RCTs that
assess personality variables (while recognizing the challenges of
instituting those design features for the population in question),
we offer six suggestions for advancing research. First, we
suggest taking a step back from studies that typically rely
on one personality inventory (or one qualitative method) to
assess personality change; rather, it may be fruitful to frame
research within integrative personality frameworks that define
and describe interrelations between different parts of personality,
such as traits, contextualized roles, and identity (e.g., McAdams
and Pals, 2006; McCrae and Costa, 2008; Mayer, 2015). Doing
so may help to organize current findings and identify aspects of
personality that have previously been overlooked. Second, it is
clear that dispositional traits assessed by quantitative instruments
have received the most research attention, so we encourage
future studies on more contextualized aspects of personality
and identity while taking into account the patient’s opinions
on valued personality characteristics. Third, most research has
relied on the patient’s perceptions of personality alone or, in
the case of personality pathology, a clinician’s rating; because
the patient, caregivers, and clinicians all provide invaluable
viewpoints, we encourage studies assessing personality from
multiple perspectives (Goering et al., 2017). Fourth, as DBS for
PD spans multiple areas of expertise in scholarship and practice
(e.g., medicine, surgery, neuroscience, clinical neuropsychology,
psychopathology, personality, and neuroethics just to name a
few), interdisciplinary scholarship is a necessity (Kubu and Ford,
2012; Kubu et al., 2019). Fifth, and related to the prior four
points, we believe that perhaps the most crucial advances will
come from interdisciplinary efforts to design and validate new
assessments capable of measuring complex personality changes
across various constructs and multiple raters (Kubu and Ford,
2012; Ineichen et al., 2016). Sixth, integration of research on DBS
and personality change for other conditions, such as epilepsy
(Gilbert, 2012), primary dystonia (Hariz et al., 2011), Tourette’s
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TABLE 1 | Summary of findings organized by layers of personality and variables.

Layer of personality Variables Associations between DBS and variables

Dispositional traits

Cloninger’s Personality Theory Traits

Novelty-seeking -/0: Lhommée et al. (2017) - Quant/P

0: Houeto et al. (2006) - Quant/P; Pham et al. (2015) - Quant/P

0/+: Fassino et al. (2010) - Quant/P

Harm avoidance 0: Houeto et al. (2006) - Quant/P; Fassino et al. (2010) - Quant/P; Pham et al. (2015)

- Quant/P

+: Lhommée et al. (2017) - Quant/P

Reward dependence -/0: Lhommée et al. (2017) - Quant/P

0: Houeto et al. (2006) - Quant/P; Fassino et al. (2010) - Quant/P; Pham et al. (2015)

- Quant/P

Persistence -: Pham et al. (2015) - Quant/P

0: Houeto et al. (2006) - Quant/P; Fassino et al. (2010) - Quant/P

Self-directedness 0: Houeto et al. (2006) - Quant/P; Fassino et al. (2010) - Quant/P; Pham et al. (2015)

- Quant/P

Cooperativeness 0: Houeto et al. (2006) - Quant/P; Fassino et al. (2010) - Quant/P; Pham et al. (2015)

- Quant/P

Self-transcendence -: Pham et al. (2015) - Quant/P

0: Houeto et al. (2006) - Quant/P

0/+: Fassino et al. (2010) - Quant/P

Big Five Traits

Extraversion -/0: Boel et al. (2016) - Quant/RCT

Agreeableness -/0: Boel et al. (2016) - Quant/RCT

Conscientiousness 0: Boel et al. (2016) - Quant/RCT

Neuroticism 0: Pham et al. (2015) - Quant/P; Boel et al. (2016) - Quant/RCT

Openness -/0: Boel et al. (2016) - Quant/RCT

Affective/Behavioral Traits

Negative affective traits -/+: Gilbert (2018) - Qual; Thomson et al. (2019) - Qual

0/+: Thomson et al. (2019) - Qual

Positive affective traits -/+: Gilbert (2018) - Qual; Thomson et al. (2020) - Qual

Aggressiveness 0: Temel et al. (2006) - Quant/MA

Anxiety 0: Castelli et al. (2006) - Quant/P

Apathy 0: Temel et al. (2006) - Quant/MA; Appleby et al. (2007) - Quant/MA

+: Denheyer et al. (2009) - Quant/Ret; Gilbert (2012) - Qual

Hypersexuality 0: Temel et al. (2006) - Quant/MA; Appleby et al. (2007) - Quant/MA

Hypomania +: Lewis et al. (2015) - Quant/P

Impulsivity 0: Lewis et al. (2015) - Quant/P

0/+: Pham et al. (2015) - Quant/P

+: Hälbig et al. (2009) - Quant/CS

Personality Pathology

General personality pathology
0: Temel et al. (2006) - Quant/MA; Appleby et al. (2007) - Quant/MA;

-/+: Houeto et al. (2002) - Quant/Ret

Personality disorders: obsessive-compulsive, paranoid -: Castelli et al. (2006) - Quant/P

Personailty disorders: avoidant, dependant,

passive-aggressive, self-frustrating, schizotypal,

schizoid, histrionic, narcisssistic, borderline, and

antisocial

0: Castelli et al. (2006) - Quant/P

“-”evidence for negative association; “0”: no evidence for directional association; “+”: evidence for positive association; when -, 0, or + are separated by “/”, the study provided

mixed evidence for associations [e.g., Lhommée et al. (2017) provided evidence for negative and null associations between DBS and novelty-seeking]; References are followed by “-

Method/Design”; “Quant”= Quantitative methods; “Qual” = Qualitative methods; “PVC”= Patient valued characteristics (mixed methods); “MA”=Meta-analysis; “Ret”= Retrospective

design; “CS” = Cross-sectional design; “P” = prospective design; “RCT” = Randomized clinical trial.

Syndrome (Schoenberg et al., 2015), OCD (de Haan et al., 2013,
2015), and others will help to identify DBS effects that generalize
and those that are unique to PD.

In conclusion we offer two ways in which the findings of this
review may be applied. First, we advocate for interdisciplinary
work applying findings regarding personality change to improve
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the informed consent process; patient expectations and goals
regarding personality change can be assessed and compared
to the current state of knowledge, which may lead to
enhanced communication and collaboration among patients and
interdisciplinary treatment teams and ultimately better decisions
about whether to pursue DBS. Further, the findings may help
treatment teams to assess and manage patient expectations
throughout the course of treatment; guiding patients to endorse
and then maintain realistic expectations regarding personality
change may guard against overly negative and potentially
harmful reactions to unmet expectations.
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