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Background. Clinical and ethical implications of personality and mood changes in Parkinson’s disease (PD) patients
treated with subthalamic deep brain stimulation (STN-DBS) are under debate. Although subjectively perceived person-
ality changes are often mentioned by patients and caregivers, few empirical studies concerning these changes exist.
Therefore, we analysed subjectively perceived personality and mood changes in STN-DBS PD patients.

Method. In this prospective study of the ELSA-DBS group, 27 PD patients were assessed preoperatively and 1 year after
STN-DBS surgery. Two categories, personality and mood changes, were analysed with semi-structured interviews.
Patients were grouped into personality change yes/no, as well as positive/negative mood change groups. Caregivers
were additionally interviewed about patients’ personality changes. Characteristics of each group were assessed with
standard neurological and psychiatric measurements. Predictors for changes were analysed.

Results. Personality changes were perceived by six of 27 (22%) patients and by 10 of 23 caregivers (44%). The preopera-
tive hypomania trait was a significant predictor for personality change perceived by patients. Of 21 patients, 12 (57%)
perceived mood as positively changed. Higher apathy and anxiety ratings were found in the negative change group.

Conclusions. Our results show that a high proportion of PD patients and caregivers perceived personality changes
under STN-DBS, emphasizing the relevance of this topic. Mood changed in positive and negative directions. Standard
measurement scales failed to adequately reflect personality or mood changes subjectively perceived by patients. A
more individualized preoperative screening and preparation for patients and caregivers, as well as postoperative sup-
port, could therefore be useful.
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Introduction

Parkinson’s disease (PD) is a progressive neurological
disorder accompanied by various motor impairments
such as tremor, rigidity and akinesia (Jankovic, 2008),
and non-motor impairments, such as autonomic and
sensory impairments and neuropsychiatric distur-
bances (Löhle et al. 2009; Rodriguez-Oroz et al. 2009).

Deep brain stimulation of the subthalamic nucleus
(STN-DBS) can significantly improve PD motor
symptoms (Deuschl et al. 2006), but may also influ-
ence neuropsychological and psychiatric parameters
(Funkiewiez et al. 2004; Witt et al. 2008). This could
be due to an effect of STN-DBS on neuronal regions,
such as the limbic system (Funkiewiez et al. 2004;
Mallet et al. 2007; Ulla et al. 2011; Gilbert, 2012).
Furthermore, studies have shown that patients can
experience postoperative psychological changes, influ-
encing their self-image, working life, socio-familial
relations and identity (Agid et al. 2006; Schüpbach
et al. 2006; Witt et al. 2013). Also, patients are known
to have complained about subjective negative STN-
DBS outcome (Maier et al. 2013) and subjectively
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perceived personality changes (Schüpbach et al. 2006).
As a result, personality and mood changes under
STN-DBS in PD are currently one of the most discussed
clinical side effects and ethical issues of this treatment
method (Glannon, 2009; Müller & Christen, 2010;
Jotterand & Giordano, 2011; Mathews, 2011; Gilbert,
2012; Lipsman & Glannon, 2012; Witt et al. 2013).
However, empirical studies systematically looking at
the effects of STN-DBS on personality are still missing.

As personality is a complex system (Mischel, 2004),
personality changes might be difficult to identify.
One issue might be identifying the most appropriate
tools for assessment. Also, the definition of personality
changes could be different for health professionals
and patients, especially regarding a differentiation be-
tween personality and mood changes. Specific person-
ality disorders or personality change diagnosable
along the guidelines of the Diagnostic and Statistical
Manual of Mental Disorders, fourth edition (DSM-
IV-TR) (APA, 2000) might not be expected as side ef-
fects of STN-DBS in PD patients (Witt et al. 2013), as
a more subtle personality change is likelier that
might be difficult to differentiate from mood change.
The aim of the ELSA-DBS study group therefore was
to examine patients’ perceptions of personality and
mood changes by conducting a prospective mixed-
method study. Additionally, we aimed to characterize
patients perceiving personality changes and mood
changes, by relating neurological and psychiatric
questionnaire data to subjectively perceived outcomes
of STN-DBS, measured with semi-structured inter-
views 1 year after surgery. Emphasis was also put on
quality of life (QoL), an important outcome in clinical
studies, as measured with the Parkinson’s Disease
Questionnaire-39 (PDQ-39; Jenkinson et al. 1997).
Furthermore, as a form of validation, we considered
the caregivers’ views of patients’ personality changes
under STN-DBS, as these reflect a different perspective
(Schüpbach et al. 2006; Carlson et al. 2013), leading to
additional information.

Personality and mood changes were not specified,
as patients’ and caregivers’ individual perceptions
were analysed. We hypothesized that personality and
mood changes under STN-DBS are subjectively per-
ceived by patients and caregivers (hypothesis 1). We
also examined whether changes subjectively perceived
by patients are reflected in changes of quantitative data
under STN-DBS (hypothesis 2). Furthermore, in an ex-
ploratory approach, we searched for predictors con-
cerning these changes, for potential clinical use.

Method

This prospective study was conducted at the
Department of Neurology, University of Cologne

(Germany), as part of the research on ethical, legal
and social aspects of DBS (ELSA-DBS study) and
was funded by the German Ministry of Education
and Research (BMBF). All participants gave written
informed consent. The study was approved by the
local ethics committee (09-064) and is registered at
the German Clinical Trials Register (DRKS-ID:
DRKS00003221). The data entries of the primary
outcome parameter (PDQ-39) of all patients, as well
as 20% of the remaining data, were audited externally
by the Center for Clinical Trials Cologne (Zentrum für
Klinische Studien Köln; ZKS Köln; www.zks-koeln.
de), an independent clinical research organization.

Participants and study design

A total of 33 PD patients, receiving STN-DBS during
the course of this study, were recruited together
with 33 caregivers (online Supplementary Fig. S1).
Patients’ inclusion criteria equalled the German
Neurological Society’s inclusion criteria for STN-DBS
surgery (Hilker et al. 2009): patients between 40 and
75 years with medication-refractory motor symptoms
and a good levodopa (L-dopa) response were included.
Patients with dementia and severe psychiatric or ad-
ditional neurological disorders were excluded.
Caregivers with dementia, psychiatric or neurological
disorders were also excluded.

The 33 PD patients were operated on between July
2009 and April 2011 at the Department of Stereotaxy
and Functional Neurosurgery of the University of
Cologne (M.M.). Postoperatively, six patients dropped
out of the study (online Supplementary Fig. S1). One
patient was explanted due to infection related to the
DBS system. In the case of one patient, the caregiver
refused participation, also preventing the patient
from participating, and another patient refused partici-
pation at the 1-year follow-up. A further two patients
dropped out of the study who could not be adequately
neurologically assessed and interviewed and who were
unable to fill out questionnaires, due to cognitive
deterioration. One patient died after an accident
(unrelated to the DBS procedure).

The remaining 27 patients and caregivers were
tested between 6 weeks and 3 days before surgery
(baseline), and 3 months and 1 year post-surgery, by
two trained clinical neuropsychologists (C.J.L., F.M.).

Semi-structured interviews

To gain knowledge about patients’ subjective perspec-
tive on DBS and its impact on their disease, interview
guidelines, in the form of semi-structured interviews,
were developed by the ELSA-DBS study group
(Maier et al. 2013). The interview included domains
such as motor, emotional, social, behavioural and
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cognitive functioning, activities of daily living and
QoL. To analyse feasibility and understanding, the
interviews were pre-tested with five patients, who
were not part of the current study. All interviews
were recorded, transcribed and categorized according
to theory-based content analysis (Mayring, 2008) by
two coders (N.H., C.J.L.). Caregivers were also inter-
viewed using the same questions as those used in the
patient interview, but adapted to the caregivers’ per-
spective. For this study, the categorization of the
semi-structured 1-year follow-up interviews was
used and therefore analysed and enumerated by two
raters (C.J.L., A.Z.). Two categories were analysed in
this study, namely personality changes and mood
changes.

To evaluate potential personality changes, both
patients and caregivers were asked if STN-DBS chan-
ged the patient’s personality. According to patients’
and caregivers’ answers of either ‘yes’ or ‘no’, patients
were then divided into change and no-change groups.
The term ‘personality changes’ was not defined by the
interviewer, so patients’ and caregivers’ definition of
personality, not an expert’s definition, was used, as
not to influence the subjective perception. If their
answer was ‘yes’, patients and caregivers were subse-
quently asked to describe the perceived changes. The
descriptions of perceived ‘personality changes’ were
documented (Table 1).

To evaluate potential mood changes, patients were
asked how their mood was at the time of the 1-year
follow-up and whether it had changed after

STN-DBS surgery, and were, accordingly, sorted into
positive-change and negative-change groups.

Patients’ data were excluded from a further analysis
of mood changes if they were unable to define a
specific direction of change or did not comment on
mood at all.

Additionally, patients were asked if they would redo
surgery again. The answers to this question were also
categorized for this study.

Neurological assessment

Pre- and postoperatively, motor performance was
assessed with the Unified Parkinson’s Disease Rating
Scale Part III (UPDRS-III; Fahn et al. 1987). Pre-
operatively, movement was measured in medication
on- and off-states. The off-state was defined as at
least 12 h without anti-Parkinsonian medication,
whereas the on-state was defined as the patient’s best
response to 1.5 times their morning dose or at least
200mg soluble L-dopa after the off-state. Dopamine
agonists were stopped 72 h prior to the off-state evalu-
ation. Postoperatively, the UPDRS-III was measured
with stimulation on optimized stimulation parameters
and medication in the off-state. Also, the L-dopa
equivalent daily dose (LEDD) was assessed (Diener
& Putzki, 2008).

Primary outcome parameter

The PDQ-39 (Jenkinson et al. 1997), measuring disease-
related QoL, was the primary outcome parameter
in the ELSA-DBS study (range 0–100). Standardized
scores of the summary index were used.

Standardized psychiatric and cognitive assessments

Current affective state was assessed at baseline and
at the 1-year follow-up with the Beck Depression
Inventory-II (BDI-II; Beck et al. 1996; range 0–63),
Apathy Evaluation Scale (AES; Lueken et al. 2006;
range 18–72), the state subtest of the State-Trait
Anxiety Inventory (STAI-state; Laux et al. 1981; range
20–80), the Self-Report Manic Inventory (SRMI;
Bräunig et al. 1996; Krüger et al. 1997; range 0–48)
and the Barratt Impulsiveness Scale (BIS-11; Patton
et al. 1995). Higher scores correspond to higher de-
pression, apathy, anxiety, mania and impulsivity.

As a quantitative measure of personality changes,
the Hypomanic Personality Scale (HPS; Eckblad &
Chapman, 1986; Meyer et al. 2000; range 0–48) was
used, where higher values correspond to a more over-
active and gregarious personality style characterized
also by positive affect, extraversion and openness to
experience (Meyer, 2002).

Table 1. Descriptions of subjectively perceived personality changes

Ratings Changes

Patients’ ratings
1 Different awareness of life
2 More fun, more laughing
3 Quieter, more brooding
4 A change to the ‘positive’
5 More serious, less motivated
6 Quieter

Caregivers’ ratings
1 More aggressive, less even-tempered
2 Obsessive, overestimation of self
3 Behaves like a teenager
4 More sensitive, more depressed
5 Quieter, more apathetic
6 More selfish
7 Overestimation of self, aggressive, lazy, more

apathetic
8 More selfish, fixates mind on things
9 Quieter, more withdrawn
10 More open, more talkative
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Cognition was analysed at baseline and at the 1-year
follow-up with the Mini Mental Status Examination
(MMSE; Folstein et al. 1975) and at baseline with the
Mattis Dementia Rating Scale (MDRS; Mattis, 1988).

Assessment of caregivers

Depression of caregivers was measured with the BDI-II
at all assessment points. Cognition was measured at
baseline and the 1-year follow-up with the MMSE.

Surgical procedure

During DBS surgery, stereotactic computed tomogra-
phys (CTs) and stereotactic 1.5 T magnetic resonance
images were used to determine the coordinates of the
target structure. Additionally, microelectrode record-
ings and macroelectrode test stimulation determined
the optimal area for implantation. To verify the target
coordinates for the electrodes, STN-typical local field
potentials and microelectrode activity were derived
during surgery through microelectrode recordings.
Electrodes were implanted bilaterally in the STN.
Intra-operative and also postoperative two-planar
stereotactic X-rays with markers were conducted,
whilst the patient was still in the stereotactic frame,
to confirm electrode locations. The electrodes were
then connected to a pulse generator. At 3 to 5 days
after surgery, STN stimulation was first activated, com-
bined with a stepwise reduction of anti-Parkinsonian
medication during an average hospitalization period
of 10 days. Fig. 1 shows the location of the electrodes,
colour-coded according to ratings of personality
changes and mood changes. The individual anterior
commissure–posterior commissure coordinates of the
patients’ electrodes were localized using STP3 software
(Stryker Leibinger, Germany).

Statistical analysis

The data were analysed with SPSS version 20.0 (IBM,
USA). Descriptive statistics were analysed for patients
and caregivers separately and baseline and 1-year
follow-up values were compared with paired-samples
t tests. Also, patient and caregiver baseline depression
ratings were compared with a paired-samples t test.

For hypothesis 1, the semi-structured interviews
were analysed concerning two categories: ‘personality
changes’ and ‘mood changes’. Patients were grouped
according to subjectively perceived personality (change
and no-change groups) and mood changes (negative-
change and positive-change groups).

For hypothesis 2, repeated-measures analyses of
variance (rmANOVAs), with group as the between-
subjects variable and standard neurological and psy-
chiatric data over time as within-subjects variables,
were performed. The within-subjects effect (time),

between-subjects effect (group) and interaction effect
(time×group) were examined. Additionally, the two
groups were compared at baseline and at 1-year

(a) Patients’ ratings of personality changes

(b)

(c)

Caregivers’ ratings of personality changes

Patients’ ratings of mood changes

Fig. 1. Individual colour-coded anterior commissure–
posterior commissure coordinates of the patients’ electrodes,
localized using STP3 software (STP3; Stryker Leibinger,
Germany). (a) Patients’ ratings of personality changes
(red=personality change yes, green=personality change no).
(b) Caregivers’ ratings of personality changes (red=
personality change yes, green=personality change no).
(c) Patients’ ratings of mood changes (red=negative mood
change, green=positive mood changes).
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follow-up using standard neurological and psychiatric
data, with independent-samples t tests.

In an exploratory approach, to examine potential
preoperative predictors, binary logistic regression
analysis (forwards LR method) was calculated, with
the groups as dependent variables and the standard
neurological and psychiatric data as predictors.

To indicate statistical significance, p<0.05 was
chosen.

Results

Patients: baseline characteristics and clinical
changes

Mean age of the 27 patients was 61.1 (S.D. =9.1) years at
baseline, with an average of 11.15 (S.D.=4.14) years of
education. Average disease duration of PD was 12.7
(S.D.=6.7) years. The primary outcome, QoL, as mea-
sured with the PDQ-39, improved significantly under
STN-DBS [baseline: 37.59 (S.D. =13.46), 1-year follow-
up: 30.74 (S.D. =14.07), t26=2.51, p=0.019].

At baseline the mean MDRS score was 140.95
(S.D.=4.67) and the mean MMSE score was 28.52
(S.D.=1.83), which did not change significantly between
baseline and the 1-year follow-up [28.76 (S.D. =1.39),
t24 =−0.862, p=0.397]. Also, the mean BDI-II score
did not change significantly between baseline and
the 1-year follow-up [12.59 (S.D. =8.72) and 10.19
(S.D.=6.59), t26=1.41, p=0.168], but was on average
below the cut-off of 13 for mild depression. Clinical
improvement with respect to PD-related motor symp-
toms was observed: the UPDRS-III scores significantly
improved by 41% under STN-DBS [baseline off-state:
43.4 (S.D. =13.8); 1-year follow-up off-state with stimu-
lation on: 25.6 (S.D.=13.9); n=21, t20=6.53, p<0.001].
The LEDD significantly decreased under STN-DBS
[baseline: 831.5 (S.D. =425.91), 1-year follow-up: 359.23
(S.D.=264.46), t25 =6.08, p 40.001].

The question of whether patients would do surgery
again was answered with ‘yes’ by 25 patients, and with
‘no’ by only two patients.

Caregivers: baseline characteristics and clinical
changes

Mean age of the 27 caregivers was 56.26 (S.D. =14.91)
years at baseline. Of the caregivers, 24 were spouses,
one caregiver was the daughter-in-law of the patient
and two caregivers were adult children of a patient.
Except for three, all caregivers knew the patient
before the onset of the disease. The mean MMSE
score was 28.91 (S.D. =0.94) at baseline and did not
change between baseline and the 1-year follow-up
[29.00 (S.D.=0.63), t10 =−0.25, p=0.810 for n=11]. The
mean BDI-II score did not change significantly

between baseline and the 1-year follow-up [11.59 (S.
D. =9.75) and 12.00 (S.D. =9.80), t21=−0.46, p=0.653 for
n=22] and was therefore on average below the cut-off
of 13 for mild depression. Of interest as well is that
patients and caregivers did not differ significantly
with respect to their baseline depression score
[patients: 13.24 (S.D.=8.65), caregivers: 10.76 (S.D.=
9.47), t24=1.0, p=0.330].

Personality changes

Of 27 patients questioned whether a ‘personality
change’ had occurred postoperatively, six (22.2%)
patients affirmed this, whereas 21 did not (77.8%)
(Fig. 2). In comparison, 10 of the 23 caregivers
(43.5%) perceived a postoperative ‘personality change’
in the patients. Of these 10 patients, three had also
rated themselves as changed. Therefore, in the case of
three patients who perceived a personality change,
this was not reflected by their caregivers. Four care-
givers were not able to be interviewed at the 1-year
follow-up. Table 1 depicts patients’ and caregivers’
descriptions of perceived personality changes, ranging
from ‘more open, more talkative’ to ‘quieter, more
apathetic’.

The following citations illustrate the subjectively
perceived ‘personality changes’ by a patient and a
caregiver:

Citation 1: Patient X (male, married)
Interviewer (I): ‘Have you noticed a change of mood
since the operation?’
Patient (P): ‘It has become more fun for me.’
I: ‘What does that mean?’
P: ‘I can afford not to go by the rules, which my wife
does not like. I have to admit that. And I can take part
in the social aspects of life a lot more. [. . .]’
I: ‘In your opinion, has your personality changed
since the operation?’
P: ‘Yes. The awareness of living and being connected
to life has changed. So the most difficult things in life
don’t always seem the most difficult.’

Citation 2: Caregiver X (female, spouse of patient X)
I: ‘Would you say that your husband has changed his
personality through the stimulation?’
Caregiver (C): ‘Yes, absolutely! He is so very positive,
but overestimates himself. Getting him to behave in a
way I can cope with is very difficult.’
I: ‘OK, so he overestimates himself. Which other per-
sonality traits have emerged that perhaps weren’t so
distinctive before the operation?’
C: ‘He is now so very obsessive with certain things.
When we are sitting down, reading or watching TV,
he suddenly wants to do this or that. But he then has
to do it at that exact moment. And during discussions,
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he cannot concentrate that well anymore or his
thoughts just drift. [. . .] I am reminded of my pupils
who were always looking for excuses. But maybe
I am too sensitive. . .’

With respect to disease duration, patients of the
no-change group were significantly longer affected
by PD than patients of the change group [14.10
(S.D.=6.60) v. 7.83 (S.D.=4.79), t25=2.15, p=0.041].

Results of the rmANOVAs concerning subjec-
tive perceived personality changes are depicted in
Table 2. As reflected by a significant effect of time for
the UPDRS-III, motor symptoms improved signifi-
cantly, while no significant effect of group or interac-
tion was found. The LEDD showed a significant
decrease over time, whilst no significant effects for
group or interaction were found. Concerning dopa-
mine agonists, no significant effects for time, group
or interaction were found. Also, no significant effects
of group or interaction were discovered for QoL.
However, there was a tendency for QoL to improve
over time.

A significant effect of time was identified for the
SRMI, suggesting an increase in mania scores at the
1-year follow-up. Again, no group difference or

interaction effect was registered. Finally, a significant
group effect was revealed for the HPS, showing that
patients of the change group had an overall higher
score on the HPS compared with patients of the
no-change group. No significant effect of time or inter-
action was found for the HPS. Moreover, no significant
effect of time, group or interaction was identified re-
garding depression (BDI-II), apathy (AES), anxiety
(STAI-state) or impulsivity (BIS-11).

In the binary logistic regression analysis, baseline
scores of the UPDRS-III, BDI-II, AES, STAI-state,
SRMI, BIS-11 and HPS were covariates, whilst the per-
sonality change grouping (no-change and change) was
the dependent variable. The baseline hypomania trait
was a significant predictor for the patients’ ratings of
personality changes, explaining 32.8% of the variance
(Nagelkerke R2) and correctly classifying 74.1% of the
patients (p=0.031; 95% confidence interval 1.02–1.43).
This shows that the higher the preoperative hypo-
mania personality score, the higher the risk
of perceiving a personality change. No significant pre-
dictors for personality changes rated by caregivers
were found, when using the same covariates and
caregivers’ personality ratings as the dependent vari-
able.

%
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Fig. 2. Group enumerations of subjectively perceived personality and mood changes at the 1-year follow-up. Values are given
as percentages, showing the quantity of participants of one particular answering category in respect to the whole group.
Numbers of participants are given in parentheses.
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Mood changes

Mood changes were noted by 21 patients in the inter-
views, of which 12 (57.1%) described a positive change
in mood, whereas nine (42.9%) rated it as negatively
changed (Fig. 2).

Results of the rmANOVAs concerning subjective
perceived mood changes are presented in Table 3.
As shown by a significant effect of time for the
UPDRS-III, motor symptoms improved significantly,
while no significant effect of group or interaction was

found. Also, the LEDD and the dopamine agonists
showed a significant decrease over time; however,
no significant effects for group or interaction were
found. No significant effects were discovered for
QoL. As shown regarding a significant effect of time
for the AES, apathy significantly worsened. Also a
significant effect for group was found for the AES,
with overall higher apathy scores in the negative-
change group. Moreover, the group effect was signifi-
cant for anxiety, also showing higher ratings in the
negative-change group. Also, a significant effect for

Table 2. ANOVA: personality changes

Change Baseline 1-year follow-up df Fa pb

UPDRS-IIIc Yes 36.80 (10.85) 19.40 (10.16) 1,19 Within-subjects=30.34 0.000
No 43.94 (11.96) 27.50 (14.58) Between-subjects=1.73 0.204

Interaction=0.025 0.877

LEDDc Yes 647 (221.57) 317 (281.77) 1,24 Within-subjects=17.87 0.000
No 875.43 (454.30) 369.29 (266.45) Between-subjects=0.917 0.348

Interaction=0.793 0.382

Agonists Yes 168.33 (87.50) 105.83 (134.40) 1,25 Within-subjects=4.05 0.055
No 214.71 (194.90) 142.90 (151.69) Between-subjects=0.373 0.547

Interaction=0.019 0.890

PDQ-39 Yes 32.82 (15.61) 26.05 (12.68) 1,25 Within-subjects=4.17 0.052
No 38.95 (12.88) 32.08 (14.45) Between-subjects=1.25 0.275

Interaction=0.000 0.989

BDI-II Yes 13.00 (6.00) 10.00 (7.18) 1,25 Within-subjects=1.59 0.220
No 12.48 (9.47) 10.24 (6.60) Between-subjects=0.002 0.962

Interaction=0.034 0.856

AES Yes 34.00 (11.31) 34.33 (7.42) 1,25 Within-subjects=2.62 0.118
No 34.05 (9.34) 38.33 (9.17) Between-subjects=0.247 0.623

Interaction=1.92 0.179

STAI-statec Yes 39.67 (6.71) 39.83 (11.30) 1,24 Within-subjects=0.000 0.991
No 40.95 (12.46) 40.85 (11.54) Between-subjects=0.069 0.795

Interaction=0.002 0.966

SRMI Yes 9.00 (8.03) 13.50 (16.03) 1,25 Within-subjects=4.85 0.037
No 5.14 (1.12) 6.43 (5.53) Between-subjects=2.77 0.108

Interaction=1.96 0.173

BIS-11 totalc Yes 66.00 (4.00) 65.17 (4.07) 1,23 Within-subjects=0.636 0.433
No 60.00 (7.76) 63.16 (7.25) Between-subjects=1.87 0.184

Interaction=0.1.87 0.184

HPSc Yes 15.50 (7.82) 16.50 (8.85) 1,24 Within-subjects=2.02 0.168
No 7.15 (5.41) 8.75 (6.40) Between-subjects=7.77 0.010

Interaction=0.108 0.746

Values are given as mean (standard deviation).
ANOVA, Analysis of variance; df, degrees of freedom; UPDRS-III, Unified Parkinson’s Disease Rating Scale Part III; LEDD,

levodopa equivalent daily dose; PDQ-39, Parkinson’s Disease Questionnaire-39; BDI-II, Beck Depression Inventory; AES,
Apathy Evaluation Scale; STAI, State-Trait Anxiety Inventory; SRMI, Self-report Manic Inventory; BIS-11, Barratt
Impulsiveness Scale; HPS, Hypomanic Personality Scale.

a Values by repeated-measures ANOVA with group (change v. no-change) as the between-subjects variable.
b A p value of<0.05 was taken as statistically significant.
c Missing values.
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time was seen in the HPS, showing an increase of
hypomanic personality traits for the whole group.

No significant effect of time, group or interaction
was identified regarding depression (BDI-II), mania
(SRMI) or impulsivity (BIS-11).

With respect to disease duration, patients of the
negative-change group were significantly longer affec-
ted by PD than patients of the positive-change group
[14.67 (S.D. =5.43) v. 8.5 (S.D.=4.30), t19 =−2.91, p=0.009].

With the binary logistic regression analysis, baseline
scores of the UPDRS-III, BDI-II, AES, STAI-state, SRMI,

BIS-11 and HPS were covariates, whilst the mood-
change grouping (negative-change and positive-
change) was the dependent variable. No significant
predictors were found.

Discussion

This prospective mixed-methods study analysed per-
sonality and mood changes under STN-DBS, subjec-
tively perceived by patients as well as caregivers. To
the best of our knowledge, this approach has not

Table 3. ANOVA: mood changes

Change Baseline 1-year follow-up df Fa pb

UPDRS-IIIc Positive 41.10 (14.41) 21.40 (12.42) 1,14 Within-subjects=28.49 0.000
Negative 45.67 (10.09) 35.00 (17.40) Between-subjects=1.96 0.184

Interaction=2.52 0.135

LEDD Positive 968.91 (510.93) 288.82 (245.66) 1,18 Within-subjects=29.48 0.000
Negative 709.78 (352.20) 405.56 (260.77) Between-subjects=0.275 0.606

Interaction=4.30 0.053

Agonists Positive 275.67 (166.29) 147.25 (133.24) 1,18 Within-subjects=8.42 0.009
Negative 154.22 (189.37) 106.22 (158.96) Between-subjects=1.60 0.222

Interaction=1.75 0.202

PDQ-39 Positive 35.13 (14.07) 26.26 (11.07) 1,19 Within-subjects=1.98 0.176
Negative 38.43 (14.48) 38.31 (16.06) Between-subjects=2.18 0.156

Interaction=1.88 0.186

BDI-II Positive 11.83 (8.07) 7.75 (5.56) 1,19 Within-subjects=1.01 0.327
Negative 14.89 (10.62) 14.67 (5.12) Between-subjects=3.81 0.066

Interaction=0.815 0.378

AES Positive 30.42 (9.35) 32.83 (8.22) 1,19 Within-subjects=8.74 0.008
Negative 37.00 (9.53) 43.22 (4.92) Between-subjects=6.38 0.021

Interaction=1.70 0.208

STAI-state Positive 37.83 (11.99) 36.67 (10.81) 1,19 Within-subjects=0.001 0.979
Negative 45.33 (11.53) 46.67 (10.68) Between-subjects=5.21 0.034

Interaction=0.155 0.698

SRMI Positive 8.00 (7.02) 11.83 (11.69) 1,19 Within-subjects=2.00 0.174
Negative 4.00 (3.78) 3.78 (4.02) Between-subjects=3.6 0.073

Interaction=2.52 0.129

BIS-11 totalc Positive 62.45 (7.17) 63.91 (3.88) 1,18 Within-subjects=3.54 0.076
Negative 61.67 (5.92) 66.00 (4.15) Between-subjects=0.114 0.739

Interaction=0.876 0.362

HPS Positive 12.17 (7.90) 13.33 (9.49) 1,19 Within-subjects=6.43 0.020
Negative 6.33 (3.67) 9.33 (4.47) Between-subjects=2.61 0.123

Interaction=1.25 0.278

Values are given as mean (standard deviation).
ANOVA, Analysis of variance; df, degrees of freedom; UPDRS-III, Unified Parkinson’s Disease Rating Scale Part III; LEDD,

levodopa equivalent daily dose; PDQ-39, Parkinson’s Disease Questionnaire-39; BDI-II, Beck Depression Inventory; AES,
Apathy Evaluation Scale; STAI, State-Trait Anxiety Inventory; SRMI, Self-report Manic Inventory; BIS-11, Barratt
Impulsiveness Scale; HPS, Hypomanic Personality Scale.

a Values by repeated-measures ANOVA with group (positive v. negative) as the between-subjects variable.
b A p value of <0.05 was taken as statistically significant.
c Missing values.
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before been systematically investigated. Also, predic-
tors concerning patients’ personality and mood
changes were analysed. Our study sample showed a
vast improvement of motor symptoms under
STN-DBS, in accordance with large multi-centre trials
(Deuschl et al. 2006; Follett et al. 2010; Schuepbach
et al. 2013). Also, at the 1-year follow-up, 25 of 27
patients stated that they would redo the surgery,
thereby showing that despite some undesirable side ef-
fects, the benefits of surgery dominate.

Personality changes

The data confirm our first hypothesis, showing that
personality changes are subjectively perceived by
patients and caregivers. The evidence that 22% of
patients perceive an influence on their personality
under STN-DBS can be seen as a finding of ethical rel-
evance. The impact of this result is increased by the
fact that nearly 50% of the caregivers perceive a per-
sonality change in a patient.

Looking at the descriptions of personality changes
by patients and caregivers, one could argue that they
do not follow a standard psychiatric definition of per-
sonality change, which is a difficult issue also for pro-
fessionals (Mischel, 2004; Witt et al. 2013). Being
quieter, more aggressive or even happier might not
be changes that would be analysed as ‘personality
changes’ by established psychiatric tests. However,
they are nevertheless of obvious interest to patients’
families and all those concerned with follow-up care
of STN-DBS patients. The citations of the 1-year follow-
up interviews show how such changes can endanger
relationships and family life. Not meeting standard cri-
teria for personality change does therefore not count
against the ethical relevance of our results and this
should be a serious call for the medical community
to further investigate this topic.

Furthermore, it should be noted that the impact of
the pre-morbid personality (Glosser et al. 1995; Poletti
& Bonuccelli, 2012), dopaminergic deficits (Tomer &
Aharon-Peretz, 2004) and PD medication (Bódi et al.
2009) on personality changes in non-stimulated PD
patients has been noted in previous studies. The per-
sonality changes could thus be due not only to the
STN-DBS, but to medication reduction or disease pro-
gression, or are attributable to changed motor and
social behaviour (Specht et al. 2011). However, research
has linked personality to brain regions, such as the
medial orbitofrontal cortex (extraversion) and the me-
dial temporal lobe and basal ganglia (neuroticism)
(DeYoung et al. 2010), which might be stimulated
by DBS through the basal-ganglia cortex loops
(Benarroch, 2008; Obeso et al. 2008). This could show
a neurological basis for a possible influence of

STN-DBS on ‘personality’, as described by patients
and caregivers.

Furthermore, the question remains whether a
personality change approaches or perhaps further
estranges a patient from his pre-morbid personality.

According to our interview data in Table 1, patients
were not described as ‘returning to their former selves’,
but as having changed furthermore, in positive and
negative directions. The citations show how patients
can be influenced by these personality changes, how
they disrupt relationships and family life, and how re-
markably different the changes are perceived by
patient and caregiver. The patient in this case is
happy about his new look on life, whereas his wife
has trouble coping with him. Discrepancies between
patients’ and caregivers’ view on DBS outcome has
also been shown in other studies (Schüpbach et al.
2006).

Concerning the characterization of patients from
each group through quantitative data (hypothesis 2),
solely the HPS, a quantitative measure of a hypomanic
personality trait, supports the interview statements by
differentiating between the yes-change and no-change
groups. QoL as well as motor symptoms show an over-
all improvement in time, which is a finding similar to
other studies (Deuschl et al. 2006). The significant
time effect of mania might show an inducement of
mania state through STN-DBS, which could be per-
ceived as positive by some patients and negative by
others (Schüpbach et al. 2006).

It is important to note that patients in the yes-change
group were characterized by a significantly shorter dis-
ease duration. One might speculate that the disease
progressed faster in these patients (Rajput et al. 2009),
thereby influencing different neurological correlates.
Furthermore, self-awareness could be dissimilar in
both groups (Leritz et al. 2004; Maier et al. 2012).

The EARLYSTIM study (Schuepbach et al. 2013)
showed that shorter disease duration leads to good
QoL results under STN-DBS. In this study, however,
patients with longer disease duration perceived fewer
personality changes than patients with shorter disease
duration. Therefore we suggest careful monitoring of
the patients, especially those with shorter disease dur-
ation, post-surgically and to help them and their care-
givers adapt to the new situation more easily, if
complications, such as personality changes, should
occur.

However, patients subjectively perceiving person-
ality changes could not be characterized by any other
standard quantitative measure used in this study,
meaning that the standard test instruments do not
pick up all topics that matter to patients and care-
givers. Additional measures, perhaps focusing more
on personality changes, should therefore be used in
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deciding on STN-DBS treatment and outcome for PD
patients.

Also, the HPS might be a relevant preoperative
rating scale, as it predicts subjectively perceived per-
sonality changes. This result shows that patients
with a high baseline hypomania trait score should be
monitored closely by a psychologist or psychiatrist,
that medication should be adapted carefully and
stimulation in the ventral parts of the STN should
be avoided, as not to enhance hypomania through
stimulation (Mallet et al. 2007). These measures could
protect the patients and their environment, as hypo-
mania could lead to social difficulties such as patients
losing money through gambling or destroying their
family life (Schüpbach et al. 2006; Maier et al. 2014).

Mood changes

Concerning mood changes, hypothesis 1 was also
confirmed. About the same amount of patients per-
ceived mood as positively or negatively changed.

Hypothesis 2 seems confirmed to some degree, as
apathy and anxiety ratings differed significantly be-
tween the two groups. Patients with negative mood
changes had overall higher apathy and anxiety ratings.
Whereas anxiety is not influenced by STN-DBS, apa-
thy, which tends to worsen in STN-DBS patients
(Funkiewiez et al. 2004), also increased in our patients.
According to other studies, depression as well as anxi-
ety reduce under STN-DBS (Funkiewiez et al. 2004;
Houeto et al. 2006), which was not the case in our
cohort. However, patients in the negative-change
group had a significantly longer disease duration,
which probably influenced their perception of symp-
toms and might have led to more negative mood.
However, no significant interaction effects were
shown, leading to the conclusion that STN-DBS does
not really have an influence on mood, but that negative
mood is not improved under STN-DBS. A possible
agonist withdrawal syndrome as an underlying factor
for mood changes was not confirmed by our data
(Thobois et al. 2010), as no significant differences be-
tween the groups were found concerning the reduction
of the LEDD or dopamine agonists. Also, research has
shown that apathy and depression are predictors for a
subjective negative outcome of STN-DBS (Maier et al.
2013). Therefore, enhancing mood preoperatively, for
instance through psychotherapy (Macht et al. 2007;
Dobkin et al. 2011) or medication, could lead to a
more positive STN-DBS outcome for patients. This
should be further analysed.

Strengths and limitations

Strengths of this study are that it was externally
audited and prospective, as well as following a

novel, multidimensional and highly up-to-date ap-
proach. Additionally, the use of both semi-structured
interviews and quantitative data might reveal dif-
ferent aspects of the outcome of STN-DBS in PD
(Keel et al. 2002). Limitations of this study are the
relatively small study cohort, in part due to the unfor-
tunate large number of drop-outs. A reason for this
could be the demanding amount of data collected
and the confrontation of patients and caregivers with
very personal interviews. The per-protocol analysis
excluding data of drop-outs is a potential bias. Also,
it remains unclear which factor, STN-DBS, medication
reduction or disease progression, underlies the
subjectively perceived personality and mood changes.
Comparative studies, medication versus DBS, are
therefore needed. Also, the classification in ‘personality
changes’ or ‘no personality changes’ is simplified;
however, it depicts patients’ and caregivers’ individual
subjective perception of personality changes under
STN-DBS. Furthermore, of the quantitative data
used as a comparison to subjectively perceived person-
ality, only the HPS is a measure of personality trait.
This was used due to accounts of hypomania as a
side effect of STN-DBS (Mallet et al. 2007; Ulla et al.
2011). Further studies comparing interview data
with more general personality measurements are
needed.

Conclusion

We conclude that patients, as well as caregivers, per-
ceive changes of personality under STN-DBS. Also,
mood-shifts in positive and negative directions were
described. Some changes are reflected by standard
measurement scales, but it is unclear in what way
STN-DBS really influences these changes. The rel-
evancy of this ethical difficulty is thereby suggested.
Knowing that some patients perceive a personality
change could be of clinical use, as it could be helpful
for preoperative illustrations of STN-DBS outcome
(Wilson et al. 2001). Perhaps the HPS would be a useful
preoperative screening method. Also preoperative and
postoperative rehabilitation could be adapted to the
needs of patients and caregivers (Macht et al. 2007;
Witt, 2013). A more individualized preoperative
screening of mood and preparation with patients and
caregivers, as well as postoperative support and ad-
vice, could be helpful in coping with these subjectively
perceived changes.

Supplementary material

For supplementary material accompanying this paper
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