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Abstract.

Background: Deep brain stimulation of the sub-thalamic nucleus (DBS-STN) reduces symptoms in Parkinson’s disease (PD)
patients with motor fluctuations. However, some patients may not feel ameliorated afterwards, despite an objective motor
improvement. It is thus important to find new predictors of patients’ quality of life (QoL) amelioration after DBS-STN. We
hypothesized that personality dimensions might affect QoL after DBS-STN.

Objective: To evaluate associations between personality dimensions and QoL improvement one year after DBS-STN.
Methods: DBS-STN-PD patients (n=303) having answered the “Temperament and Character Inventory” (TCI) before
surgery and the PDQ-39 before and one year after surgery were included, from the cohort study PREDI-STIM. Linear
regression models were used to evaluate associations between TCI dimensions and change in PDQ-39 scores after DBS-STN.
Results: Novelty Seeking and Cooperativeness scores before surgery were positively associated with PDQ-39 scores
improvement after DBS-STN (FDR-adjusted p <0.01). Moreover, paradoxically unimproved patients with deterioration
of their PDQ-39 scores after DBS-STN despite improvement of their MDS-UPDRS-IV scores had lower Cooperative-
ness scores, while paradoxically improved patients with amelioration of their PDQ-39 scores despite deterioration of their
MDS-UPDRS-IV scores had higher Reward Dependence scores.

Conclusion: Some presurgical personality dimensions were significantly associated with QoL amelioration and discrepancy
between motor state and QoL changes after DBS-STN in PD. Educational programs before DBS-STN should take in account
patient personality dimensions to better deal with their expectations.

Keywords: Cooperativeness, DBS-STN, novelty seeking, Parkinson’s disease, quality of life

INTRODUCTION objective and subjective factors such as physical and

psychological health, as well as personal feeling of

Deep brain stimulation of the sub-thalamic nucleus
(DBS-STN) is proposed to Parkinson’s disease (PD)
patients with motor fluctuations and generally leads
to a great improvement of their quality of life (QoL)
[1-4]. Nonetheless, some patients do not feel DBS
benefits despite objective motor improvement [5, 6].
That is why it seems crucial to find some individual
predictive factors of QoL improvement after DBS-
STN in order to assure at best patients’ amelioration
after this invasive therapy.

QoL improvement is an important outcome when
evaluating treatment efficiency. It depends on both

well-being and happiness experienced [7, 8].
Because personality is a very individual charac-
teristic and describes how people think, behave and
manage their life [9], it seems a factor of interest
to predict QoL. To assess personality, several ques-
tionnaires have been developed, based on different
concepts. From them, the Temperament and Char-
acter Inventory (TCI) evaluates personality through
seven dimensions [10]. It is derived from the neuro-
biological and psychological concept of personality
made by Cloninger [9]. The TCI was already used in
several studies assessing PD personality [11] and was
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validated by its stability [9, 12-15]. Moreover, our
preceding study on PD patients with motor fluctua-
tions has shown the adequacy of the TCI personality
questionnaire on predicting QoL in this population
before DBS-STN [16].

Our first objective was thus to identify associa-
tions between presurgical personality dimensions and
QoL improvement one year after DBS-STN. Our
second objective was to seek for characteristics of
PD patients experiencing discrepancy between motor
complications and QoL changes after DBS.

MATERIALS AND METHODS

This study is an ancillary analysis using data col-
lected from the PREDISTIM cohort which principal
objective is to define the predictive factors of the ther-
apeutic response to DBS-STN on the long-term QoL
in PD. PREDISTIM is an ongoing prospective multi-
centric cohort (Protocol 2013-A00193-42) sponsored
by the University Hospital of Lille, conducted in 17
PD expert centers from the clinical research network
in France (NS-Park/F-Crin), approved from the CPP
Nord Ouest-1V Ethical Committee and registered in
the ClinicalTrials.gov website (NCT02360683).

Patients

Briefly, patients undergoing DBS-STN in one of
the participating centers were consecutive included
into the study between 11/2013 and 09/2019. Inclu-
sion criteria are a diagnosis of PD according to the
UKPDSBB, disease duration > 5 years, age between
18 and 75 and indication of DBS-STN. Exclusion
criteria are atypical parkinsonism, severe cogni-
tive impairment (Montreal Cognitive Assessment
(MoCA) score <23), severe psychiatric disorders
(following psychiatric evaluation by a psychiatrist),
levodopa motor response <30% and contra-indica-
tions to surgery.

Patients gave written informed consent, the study
was conducted according to the good clinical prac-
tice, local regulations and data collection was
compliant with GDPR rules.

Study design and clinical measures

For PREDISTIM, clinical data was collected at
baseline, and then at 1-, 3-, and 5-years post-surgery.
Clinical assessments at each visit included collec-
tion of demographic data, medical and treatment

history, MDS-UPDRS part I-IV [17], part-1II being
performed in OFF and ON state during a standard-
ized acute levodopa challenge, neuropsychological
testing, patient and caregivers’ questionnaires. Along
our ancillary study, only one personality question-
naire was added to evaluation at baseline: the TCI.
Here, only patients evaluated before (VO) and after
one year of DBS-STN (V1) were used in this study.

The MDS-UPDRS-III was evaluated for two con-
ditions at VO: OFF and ON medication; and for
four conditions at V1: ON stimulation ON medica-
tion (stimON-medON), ON stimulation OFF med-
ication (stimON-medOFF), OFF stimulation ON
medication (stimOFF-medON) and OFF stimulation
OFF medication (stimOFF-medOFF).

The total Levodopa Equivalent Dose (LED) was
calculated [18].

The Parkinson’s Disease Questionnaire 39-items
(PDQ-39) is a self-questionnaire evaluating specifi-
cally QoL of PD patients [19] and was assessed at
VO and V1. Its eight sub-scales can be divided into a
Physical Component Score (“Mobility”, “Activities
of Daily Living” and “Bodily Discomfort” sub-
scores) and a Mental Component Score (“Emotional
Well-Being”, “Stigma”, “Social Support”, “Cogni-
tion” and “Communication” sub-scores) of QoL.

The TCI was measured only at VO in order to
serve as predictive factor of QoL improvement after
DBS-STN. It is a self-questionnaire of 226 binary
questions used to assess patients’ personality through
seven dimensions [10]. It includes four temperaments
(which are supposed to be genetically determined
personality traits [9]): Novelty Seeking (NS), Harm
Avoidance (HA), Reward Dependence (RD), and
Persistence (P); and three characters (which are
developmental personality traits evolving through
time and life history [9]): Self-Directedness (SD),
Cooperativeness (C), and Self-Transcendence (ST).
Each of these seven personality dimensions are mea-
sured by an independent score: higher is the score,
higher the individual will present the personality
characteristic associated. NS corresponds to impul-
sive and curious temperament; HA to anxious and
pessimist traits; RD to socially attached and sensi-
tive individuals; P to hardworking and perseverant
personality; and the three characters are associated
to levels of maturity: SD to individual maturity, C to
social maturity, and ST to spiritual maturity. Except
the P, each of these seven dimensions is subdivided
into sub-dimensions: NS and HA are formed by 4
sub-dimensions, RD and ST by 3, and SD and C by 5.
Each of these twenty-four sub-dimensions represents
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a specific aspect of the global dimension, also ranging
in a spectrum of scores.

Statistical analyses

Descriptive analyses were performed. Moreover,
Kruskal-Wallis tests or ANOVA (according to nor-
mality of our data) followed by post-hoc analysis
were done to control for homogeneity across centers
for several variables (age, disease duration, LED at
V0, percentage of PDQ-39 total score and sub-scores
changes at V1, and TCI dimensions).

Impact of DBS-STN at V1

After DBS-STN, changes between VO and V1 in
LED, MDS-UPDRS, PDQ-39, Hamilton Depression
Rating Scale (HAMD), Hamilton Anxiety Rating
Scale (HAMA), Lille Apathy Rating Scale (LARS),
and MoCA were checked (Wilcoxon Signed Rank
Test for Paired Samples).

Associations between TCI dimensions and
PDQ-39 scores at VO

Linear regression models were performed to test
the association between the different PDQ-39 sub-
scores and total score at VO and the seven TCI
dimensions. Models were univariate with only one
explanatory variable (each TCI dimensions) by mod-
els, resulting in seven models per response variable
(each PDQ-39 scores) which were adjusted by age,
sex, disease duration and LED at V0. A False Dis-
covery Rate (FDR) correction was applied for 31
comparisons with calculation of q values (corre-
sponding to FDR adjusted p values). We have chosen
univariate models to study if some TCI personal-
ity dimensions were separately associated with QoL.
Moreover, because studying TCI sub-dimensions as
well as main dimensions seemed of interest, multi-
variate analysis seemed inappropriate since too many
explanatory variables would be used (that is 31 vari-
ables — 7 dimensions plus 24 sub-dimensions) which
can be too much in view of the parsimony rule.

Associations between MDS-UPDRS and
PDQ-39 scores at V1

These associations were tested using linear regres-
sion models adjusted by age, sex, disease duration,
and LED at V1. The PDQ-39 scores at V1 served
as response variables (the total and eight PDQ-39
sub-scores) and the MDS-UPDRS (part-I, part-IT
stimON-medON, part-IIT stimON-medON and part-
IV) scores at V1 as explanatory variables. Models

were univariate with only one explanatory variable
by models, resulting in four models per response
variable. An FDR correction was applied for 4 com-
parisons.

Associations between TCI dimensions at VO and
PDQ-39 changes at V1

Percentages of changes from VO to V1 were
calculated from the PDQ-39 total and sub-scores.
Linear regression models were performed. The
response variables corresponded to each calculated
percentages of PDQ-39 change. The explanatory
variables corresponded to each TCI dimensions and
sub-dimensions. As explained above, models were
univariate with only one explanatory variable by
models, resulting in thirty-one models per response
variable, adjusted by age, sex, disease duration and
LED at VO, to account for any potential center effect.
The same FDR correction was applied with q values
calculation for 31 comparisons.

PD population was also divided into two groups
according to the Minimal Clinically Important Dif-
ference (MCID) of PDQ-39 total score change [20]:
an “improvement” (difference of PDQ-39 total score
between V1 and VO <—4.72) and a “no improvement”
group (difference of PDQ-39 total score between
V1 and VO0>-4.72). TCI dimensions and sub-
dimensions scores were compared in these groups
(two-sample Mann-Whitney tests with FDR correc-
tion for 31 comparisons).

Differences between groups of responding
patients

As supplementary exploratory analysis, we have
chosen to study discrepancy between motor compli-
cations (MDS-UPDRS-1V) and QoL (PDQ-39 total)
evolution. From the two PDQ-39 groups above and
two similar MDS-UPDRS-IV groups (an “improve-
ment” group based on MCID [21] (difference of
MDS-UPDRS-1V score between V1 and V0<-0.9)
and a “no improvement” group (difference of MDS-
UPDRS-1V score between V1 and VO >-0.9)), PD
patients were divided into three final groups of
responding patients: a “paradoxically unimproved”
group (MDS-UPDRS “improvement” group and
PDQ-39 “no improvement” group), a “realistic”
group (MDS-UPDRS and PDQ-39 “improvement”
groups or MDS-UPDRS and PDQ-39 “no improve-
ment” groups) and a “paradoxically improved”
group (MDS-UPDRS “no improvement” group and
PDQ-39 “improvement” group). Each group were
compared two by two in terms of TCI dimensions and
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Table 1
Description of TCI dimensions and clinical characteristics at VO and V1
VO Vi P CI of the

(mean & SD) (mean £ SD) difference
Age 60.0+7.4 / / /
Disease duration 10.1 £3.9 / / /
Novelty Seeking 16.7£5.0 / / /
Harm Avoidance 17.4+6.5 / / /
Reward Dependence 154+£3.5 / / /
Persistence 54417 / / /
Self-Directedness 34.4+6.0 / / /
Cooperativeness 33.8+4.7 / / /
Self-Transcendence 12.3+£5.8 / / /
LED 1348.6 +740.2 689.6 +480.3 9 x 10733 535.7; 674.0
HAMD 5244.1 4.6+4.1 4 % 10702+ 0.0;1.5
HAMA 5945.1 47442 2 x 10703 0.5;2.0
LARS 279457 252483 1 x 10706+ -3.0;-1.0
MoCA 271422 259428 1 x 1071 1.0;1.5
MDS-UPDRS I 109+5 93452 5 x 10700 1.0;2.5
MDS-UPDRS II OFF' 18.7+7.6 15.1+85 9 x 10712 3.5;5.5
MDS-UPDRS II ON* 6.5+59 8.1+5.8 8 x 10705+ -2.5;-1.0
MDS-UPDRS III OFF' 43+16.2 21.8+12.9 3 x 10740%* 19.0;22.5
MDS-UPDRS III ON*¥ 125+7.8 10.84+7.9 3 x 10702+ 0.0;2.5
MDS-UPDRS IV 8.8+33 41+37 3 x 10733 45,55
PDQ-39 Total 31.3+11.4 26.8+13.5 3 x 1071 3.4;6.0
PDQ-39 Mobility 36.7+20.4 32.6+22.7 2 x 10703 1.3;6.3
PDQ-39 ADL 37.7418.1 29.2420 5 x 10713 8.3;12.5
PDQ-39 Emotional Well-being 32+17.7 31.1+19.2 0.30 —0.00004; 4.2
PDQ-39 Stigma 3324223 23.1420.3 5 x 10715 9.4;15.6
PDQ-39 Social support 11.7415.9 14418 1 x 10702+ -8.3:0.0
PDQ-39 Cognition 283+17.1 24+17.2 6 x 10705 3.1;6.3
PDQ-39 Communication 2494179 28.1421 3 x 10703 -8.3;0.0
PDQ-39 Bodily discomfort 46.3+21.1 32.5+214 9 x 10719%+ 12.5;20.8

Mann-Whitney tests: *p <0.05; **p < 0.01; CIL, confidence interval of the difference in means at 95% confidence
level; VO, baseline; V1, one year after DBS-STN; fMDS-UPDRS medOFF (VO) vs. stimON-medOFF (V1);
fMDS-UPDRS medON (V0) vs. stimON-medON (V1); ADL, Activities of Daily Living.

cognitive and behavioral (HAMD, HAMA, LARS,
and MoCA) changes after DBS-STN (two-sample
Mann-Whitney tests). FDR adjusted p values (q val-
ues) were calculated for 7 comparisons for the TCI
dimensions analysis and for 4 comparisons for the
cognitive and behavioral changes analysis.

All analyses were conducted on R Studio Software
Version 1.1.456 and a threshold of bilateral statis-
tical significance of 0.05 was used. As explained
above, FDR corrections were applied and interpre-
tations were made carefully according to strength of
the results.

RESULTS

Three hundred and three PD patients were
enrolled in this study (204 men (67.3%) and 99
women (32.7%)) (Table 1). Statistical testing did
not show relevant significant differences across cen-
ters: only age and disease duration shown significant

differences between centers in the Kruskal-Wallis
testing (p = 0.003 and p = 0.03, respectively) which no
more reached significance during the post-hoc anal-
ysis; LED at VO, percentage of PDQ-39 changes at
V1 and TCI dimensions were not different between
centers (p > 0.05). In any case, age, disease duration,
sex and LED were used as adjustment variables in the
linear regression models to control for any potential
center effect.

Impact of DBS-STN at VI (Table 1)

One year after DBS-STN, PD patients had a sig-
nificant decrease in their dopaminergic treatments
(LED). HAMD, HAMA, and MoCA scores signif-
icantly decreased after DBS, while LARS scores
slightly increased.

All parts of the MDS-UPDRS scores improved
significantly after DBS-STN except the part-II-ON
which worsened.
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Table 2
Significant associations between TCI dimensions at VO and percentages of PDQ-39 change at V1 (n=303)
Percentage of PDQ-39 evolution TCI coefficients P q R2 CI
dimensions
% PDQ-39 Total NS -1.02 0.04* 0.46 0.07 -2.01;-0.03
HA4 -2.41 0.03* 0.46 0.07 -4.62;-0.21
C3 -4.48 0.03* 0.46 0.07 -8.47;-0.49
% PDQ-39 Mobility NS1 -9.42 0.0006** 0.02 * 0.05 —-14.75; —-4.08
NS4 -7.34 0.047* 0.29 0.02 —-14.55;-0.13
C -3.11 0.01** 0.12 0.03 -5.60; -0.62
Cl —-13.17 0.004** 0.04 * 0.04 -22.15;-4.19
C4 -9.30 0.004** 0.04 * 0.04 —-15.65; -2.96
% PDQ-39 ADL C3 -10.24 0.047* 0.978 0.02 -20.30; -0.18
% PDQ-39 Emotional Well-Being HA -2.30 0.02* 0.37 0.04 —4.29; -0.32
HA4 -7.54 0.01** 0.35 0.05 —-13.34;-1.74
P 8.18 0.04* 0.40 0.04 0.46; 14.89
% PDQ-39 Stigma RD -2.39 0.03* 0.40 0.01 -4.53;-0.24
RD3 -5.84 0.04* 0.40 0.01 —11.41;-0.28
ST3 4.20 0.03* 0.40 0.01 0.40; 8.01
% PDQ-39 Social Support ST 1.80 0.02* 0.31 0.02 0.29; 3.31
ST3 5.30 0.02* 0.31 0.02 0.92; 9.68
% PDQ-39 Cognition NS -2.56 0.009** 0.262 0.03 -4.45; -0.66
SD 1.63 0.04* 0.26 0.02 0.07; 3.19
SD1 6.84 0.02* 0.26 0.02 0.98; 12.70
Cl 7.72 0.04* 0.26 0.02 0.30; 15.13
C2 6.56 0.04* 0.26 0.02 0.27; 12.85
% PDQ-39 Communication HA4 -5.55 0.04* 0.70 0.00 -10.95; -0.15
% PDQ-39 Bodily Discomfort NS -1.90 0.01** 0.34 0.02 -3.37;-0.43
NS1 -3.78 0.03* 0.34 0.02 -7.20;-0.35
C3 -6.50 0.03* 0.34 0.02 —12.45;-0.56

Adjusted linear regression models: *p <0.05; **p <0.01; q, FDR adjusted q value; significant p value in bold; CI, confidence interval at
95% confidence level; NS, Novelty Seeking; HA4, Fatigability; C3, Helpfulness; NS1, Exploratory excitability; NS4, Disorderliness; C,
Cooperativeness; C1, Social acceptance; C4, Compassion; HA, Harm Avoidance; P, Persistence; RD, Reward Dependence; RD3, Dependence;
ST3, Spiritual acceptance; ST, Self-Transcendence; SD, Self-Directedness; SD1, Responsibility; C2, Empathy.

Total PDQ-39 scores significantly improved after
one year of DBS-STN as well as the “Mobility”,
“Activities of Daily Living”, “Stigma”, “Cogni-
tion”, and “Bodily Discomfort” sub-scores, whereas
the “Emotional Well-Being” sub-score did not sig-
nificantly change. The “Social Support” and “Com-
munication” sub-scores significantly worsened after
surgery.

Associations between TCI dimensions and
PDQ-39 scores at VO

TCI dimensions were mainly associated with
the Mental Component Score of the PDQ-39 at
V0. Indeed, the linear regression models between
TCI dimensions and PDQ-39 sub-scores at VO
showed that HA and ST scores were significantly
and positively associated with PDQ-39 total score
(g=1x 1078 R*=0.16;and g=9 x 107>,R?=0.07,
respectively) whereas SD scores were significantly
and negatively associated with PDQ-39 total score
(g=2x 1077, R?>=0.14)).

Associations between MDS-UPDRS and PDQ-39
scores at VI

At V1, the MDS-UPDRS part-I and part-II
stimON-medON were positively associated with
PDQ-39 total and 8 sub-scores (¢<0.01). The
MDS-UPDRS part-III stimON-medON and part-
IV were positively associated with PDQ-39 total
score (g<10™*), most of the Physical Component
Score (“Mobility” and “Activities of Daily Living”)
(p<1073) and part of the Mental Component Score
(“Emotional Well-Being”, “Stigma”, and “Com-
munication”) (¢<0.05). The “Bodily Discomfort”
was associated only with the MDS-UPDRS part-IV
(g<1073).

Associations between TCI dimensions at VO and
PDQ-39 changes at VI (n=303)

There were significant associations between TCI
dimensions and PDQ-39 sub-scores change at V1
(Table 2). We mainly considered TCI dimensions
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Table 3
Differences of TCI dimensions scores between PDQ-39 total improvement groups at V1 (n=303)
Mean &+ SD
TCI p q PDQ-39 total PDQ-39 total
dimensions “improvement” “no improvement”
group (n=150) group (n=153)

HA4 0.03* 0.29 0; 1.0 54+£20 47+24
C 0.01* 0.47 0;2.0 344+£45 332447
C3 0.006** 0.78 0,0.9 6.6+12 62+1.3

Mann-Whitney tests: *p <0.05; **p <0.01; q, FDR adjusted p value; CI, confidence interval of the
difference at 95% confidence level; HA4, Fatigability; C, Cooperativeness; C3, Helpfulness.

25

20

Reward Dependence
15
1

10
1

w0 -

Paradoxically unimproved  Realistic Paradoxically improved

Groups of responding patients
Mann-Whitney tests: *q < 0.05 between the “paradoxically unimproved™ and “paradoxically improved”

groups

Fig. 1. Differences in Reward Dependence scores between groups
of responding patients.

having the strongest association with PDQ-39 sub-
scores (presenting only significant FDR adjusted p
value that is ¢ <0.05) to avoid making assumption
about lower associations.

The NS1 sub-dimension and some C sub-dimen-
sions (C1 and C4) were significantly and negatively
associated with the PDQ-39 “Mobility” sub-score
change.

PD patients were separated into the PDQ-39 total
“improvement” (n=150) and the “no improvement”
(n=153) groups according to the MCID [20]. Among
the “no improvement” group, 63% of patients had
a no clinically relevant amelioration (that is a delta
PDQ-39 total score between the MCID of —4.72 and
0) and 37% were not ameliorated (that is a delta
PDQ-39 total score superior to 0). Uncorrected sig-
nificant differences of HA4, C and C3 scores were
found between the “improvement” group and the “no
improvement” group which did not maintain signifi-
cance with FDR correction (Table 3).

40

36
|

Cooperativeness

25

20

Paradoxically unimproved  Realistic Paradoxically improved

Groups of responding patients

Mann-Whitney tests: *q < 0.05 between the “paradoxically unimproved” and “paradoxically improved”

or “realistic” groups

Fig. 2. Differences in Cooperativeness scores between groups of
responding patients.

Differences between groups of responding
patients (n=264)

For this second exploratory objective, because of
missing data in the MDS-UPDRS-IV, only 264/303
PD patients were used to form the three groups of
responding patients according to their PDQ-39 and
MDS-UPDRS-IV changes: 97 patients were in the
“paradoxically unimproved” group, 149 in the “real-
istic” group, and 18 in the “paradoxically improved”
group.

Reward Dependence scores were significantly
higher in the “paradoxically improved” group com-
pared to the “paradoxically unimproved” group
(g=0.04 and CI=[1.0; 4.0]) (Fig. 1). Cooperative-
ness scores were significantly lower in the “paradoxi-
cally unimproved” group compared to the “realistic”
and “paradoxically improved” groups (¢=0.03 and
CI=[1.0; 3.0]; ¢=0.04 and CI=[1.0;5.0], respec-
tively) (Fig. 2).
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Concerning the HAMA, HAMD, LARS, and
MoCA changes, there were no significant differences
between groups.

DISCUSSION

In this study, presurgical TCI personality dimen-
sions such as higher Cooperativeness and Novelty
Seeking sub-dimensions were associated with QoL
improvement after one year of DBS-STN in PD
population. This favorable outcome affected mainly
the physical component of QoL (“Mobility” evolu-
tion). Secondly, patients with lower Cooperativeness
scores were more paradoxically unimproved after
DBS-STN: their objective motor complications
improvement was not translated into QoL improve-
ment; while patients with higher Reward Dependence
scores were more paradoxically improved after DBS-
STN: they had QoL improvement despite the absence
of motor complications reduction.

According to the literature [1-3, 22, 23], this
study reported an improvement in MDS-UPDRS and
PDQ-39 scores after one year of DBS-STN and a
significant reduction of dopaminergic treatments. A
slight amelioration of depression and anxiety was also
shown after DBS, whereas apathy and global cog-
nition slightly deteriorated while remaining below
the threshold of apathy (LARS scale) and cogni-
tive deficit (MoCA). Thus, DBS did not affect much
behavior of our PD patients which globally did not
develop either anxio-depressive state or apathy or
cognitive decline.

First, we confirm the results of our previous study
showing that personality dimensions are associated
with different QoL sub-scores before DBS-STN in
PD [16].

Second, we found associations between personal-
ity dimensions and QoL improvement after one year
of DBS-STN. Some Cooperativeness and Novelty
Seeking sub-dimensions (C1 (Social Acceptance),
C4 (Compassion), and NS1 (Exploratory Excitabil-
ity)) were strongly related to the physical component
of QoL (“Mobility”): PD patients with high Coop-
erativeness and Novelty Seeking before DBS-STN
had the best QoL improvement (physical component)
after DBS-STN.

Cooperativeness is a character reflecting social
maturity and described as a tendency to consider
and accept others [24, 25]. PD patients with higher
Cooperativeness probably better listen to their rel-
atives and believe them, which can help them to

remember their past difficulties and to realize the
strong motor improvement they benefit from DBS-
STN. Indeed, it is usual that PD patients forget
their past difficulties after DBS and need a reminder
from their relatives or caregivers to become aware
of their improvements [26]. In literature, low Coop-
erativeness was associated with treatment-resistance
in depressive patients [27], and high Cooperativeness
was also linked with good QoL or life satisfaction in
different populations [28-30]. Also, this hypothesis
makes sense because Cooperativeness mostly impact
physical QoL improvement after DBS, only part of
QoL that can be assessed by patients’ relatives. There-
fore, relatives probably have a more objective feeling
on these improvements which may contrast with
patients’ subjective one. Moreover, it is interesting
to compare personality-QoL associations before and
after DBS. Before, Self-Directedness (representing
the individual maturity) was associated with better
QoL [16]; whereas, after, Cooperativeness (social
maturity) becomes associated with better QoL. This
may reflect that, before surgery, PD patients were
used to their disease and to their relatives’ comments
because of adaptive process through chronic dis-
ease; whereas, after DBS, PD patients are confronted
to abrupt changes [31] and motor improvement are
often obvious. Thus, their relatives can appreciate
these improvements and inform the patients, helping
them to become more aware of these changes. Hence,
before surgery, in case of a slowly evolving chronic
disease, PD patients may rely more on their personal
resources (individual maturity) to adapt and have a
better QoL [16]; whereas, after DBS, they focus more
on the external comments (social maturity) to adapt
to the abrupt changes. It would thus be interesting to
see the impact of Cooperativeness on QoL after long-
time of DBS, when PD patients would have become
used to these changes, with the PREDISTIM 5-year
QoL evaluation.

Novelty Seeking is a temperament representing a
tendency to respond positively and with excitation
to new stimuli [24, 25]. It reflects good adaptability
to new situations and motivation facing change. PD
patients with higher Novelty Seeking may thus better
adapt to the abrupt changes caused by DBS-STN and
so really feel the strong motor improvement they ben-
efit from the stimulation. In literature, higher Novelty
Seeking was also associated with better global QoL
and physical health in patients with schizophrenia
[32].

Interestingly, Novelty Seeking and/or Coopera-
tiveness are two personality dimensions potentially
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implicated in placebo responses [33-35]. Therefore,
these two personality dimensions may enhance the
part of placebo effect induced by DBS-STN [36].
For example, the sub-dimension C3 (Helpfulness)
reflects solidarity and good level of team work which
may enhance placebo effect [37].

Moreover, our study has shown good associa-
tions between the more objective evaluation of PD
symptoms (MDS-UPDRS) and the subjective eval-
uation of PD QoL (PDQ-39). Mainly, the objective
motor examination, MDS-UPDRS-III, as well as the
motor complications assessed by the MDS-UPDRS-
IV, were mostly associated with physical components
of the PDQ-39 evaluation, assuring that both scales
are reliable and evaluate PD patients in the same
way [38]. Nonetheless, some PD patients (43.6%)
had a feeling of evolution after DBS-STN that differs
from the objective motor complications examina-
tion (MDS-UPDRS-IV). Indeed, eighteen patients
(6.8%) felt “paradoxically improved” after DBS: they
felt improvement of their QoL, whereas the MDS-
UPDRS-IV showed no improvement of their motor
complications. Also, ninety-seven patients (36.7%)
felt “paradoxically unimproved” after DBS: they did
not feel any improvement of their QoL, whereas the
MDS-UPDRS-IV showed an improvement of their
motor complications. This dissociation between real-
ity of PD symptoms improvement after DBS and PD
patients’ feelings has already been shown in several
studies [5, 6] and can be explained by differences
between patients’ expectations and reality, difficul-
ties of psychosocial adjustment, mood and behavioral
changes [26, 31, 39, 40], etc. Moreover, we have
decided to focus our analysis on discrepancy between
QoL evolution and MDS-UPDRS-IV change since
DBS preferentially improves motor complications.

Here, paradoxically unimproved PD patients had
lower Cooperativeness scores than realistic and para-
doxically improved ones. This result seems to be
congruent with our previous observation that lower
Cooperativeness scores before surgery lead to less
improvement of QoL after DBS-STN. Moreover,
paradoxically improved PD patients had higher
Reward Dependence scores than the paradoxically
unimproved ones. Reward Dependence temperament
is associated with sensitive, dependent and social
individuals [41]. It is a system facilitating condi-
tioning to reward stimuli [25] and therefore may
be associated with placebo effect. Indeed, some
studies have found associations between higher
Reward Dependence scores and better outcomes
after interpersonal therapy [42] or antidepressants

[43]. Moreover, treatment adhesion was shown to
be related to higher Reward Dependence tempera-
ment in a weight-loss therapy, probably thanks to
better collaborative relationship with the clinicians
[44]. Nonetheless, these differences between realis-
tic, paradoxically improved or unimproved patients
could not be explained by differences in cognitive or
behavioral changes after DBS-STN.

This study has some limits. Being the first study on
this subject, only analyses of associations between
QoL outcomes and personality dimensions were
done. Thus, our results are not predictive but rather
suggestive. Hence, they should be used in order to
prevent disappointment of PD patients after DBS-
STN (not to select PD patients for DBS) acting in two
ways: 1) by supporting them upstream and explain-
ing them at best what they should expect of DBS, and
2) by preparing and encouraging their relatives to be
really present with the patients after the operation to
enhance their cooperation (which seems to facilitate
their positive outcomes). Additionally, our models
explaining less than ten percent of the variance (R?)
of QoL improvement after DBS-STN, we are aware
that personality dimensions are not enough to guar-
anty PD patients’ QoL improvement after stimulation
and that other variable are needed to explain at best
QoL outcome after surgery. However, our focus being
concentrated on personality dimensions’ evaluation,
we did not look for other potential predictive variables
as it will be the aim of the main PREDI-STIM study.
Finally, only personality dimensions before DBS
were evaluated (there was no re-evaluation of person-
ality after stimulation), and it remains possible that
some personality dimensions evolve after DBS. Even
if temperaments are not supposed to change with
time [9], personality in PD patients seems to evolve
with the disease course particularly with the intro-
duction of dopaminergic treatments [45]. DBS could
also impact personality as shown by some studies
[46-50]. In any case, our aim was to find “predic-
tive” factors of QoL improvement after DBS. Thus,
even if personality changes after stimulation, it is not
supposed to affect our results. Lastly, our three groups
of responding PD patients (“paradoxically unim-
proved”, “realistic” and “paradoxically improved”)
were done according to their motor complications
improvement (reflected by MDS-UPDRS part-1V)
since it is the main purpose of DBS-STN action.
Nonetheless, improvements of non-motor symptoms
(pain, fatigue etc.) were not accounted in these anal-
yses, although non-motor symptoms can benefit of
DBS-STN [51] and are best predictors of QoL in PD
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[52], because we were interested in more objective
assessments than MDS-UPDRS parts I and II. More-
over, we are aware that using MCIDs to classify into
groups of “improvement” or “no improvement” may
not precisely reflect the evolution of patients after
DBS, mainly since at this stage of motor fluctua-
tions a change of 0.9 points in the MDS-UPDRS
part-IV may not be sufficient to be clinically sig-
nificant. Nonetheless, the choice of this MCID was
done accordingly with literature. Ultimately, we are
aware that there are other models of personality that
could have been explore in this study to depict a more
complete exploration of personality associated with
QoL. Nonetheless, the TCI being a long question-
naire, we thought that using a multilayer approach
(through different personality investigations) would
have been too complex in clinical practice and too
tiring for the PD patients.

In conclusion, PD patients with higher Coopera-
tiveness and Novelty Seeking scores at baseline seem
to have the best QoL outcome after one year of DBS-
STN in the physical component of QoL. A tendency
of being more trustful towards relatives and more
motivated by changes could explained the ability
of these PD patients to feel a better QoL improve-
ment following the abrupt changes after surgery.
Moreover, PD patients with low Cooperativeness
were more paradoxically unimproved after DBS,
whereas PD patients with high Reward Dependence
were more paradoxically improved after DBS. There-
fore, systematic TCI examination could be proposed
as standard evaluation before DBS. Subsequently,
according to PD patients’ scores at the Novelty
Seeking and Cooperativeness dimensions, specific
educational programs should be proposed to patients
with higher risk of QoL unimprovement after DBS to
prepare them at best for the stimulation. For this, we
are now looking for cut-off scores for these dimen-
sions.
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