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ABSTRACT: Deep brain stimulation (DBS) of the
subthalamic nucleus (STN) significantly improves quality
of life (QoL) in PD. However, QoL fails to improve in a
relevant proportion of patients. We studied clinical
baseline and progression parameters associated with
improvement in QoL after DBS. Data from a German
randomized, controlled study comparing DBS (60
patients) with best medical treatment (59 patients) were
analyzed. Changes in patients’ QoL were assessed
using the Parkinson’s Disease Questionnaire (PDQ-39)
at baseline and at the 6-month follow-up. For the STN-
DBS patients, the changes in PDQ-39 were correlated
with predefined clinical preoperative and progression
parameters. Scores for QoL improved after STN-DBS
for 57% of the patients, and for 43% patients, they did
not improve. Patients with improvement in QoL showed
significantly higher cumulative daily ‘‘off’’ time. Changes
in the PDQ-39 showed a significant positive correlation

with the cumulative daily off time at baseline. Logistic
regression analysis revealed that 1 additional hour off
time at baseline increases the odds for improvement on
PDQ-39 by a factor of 1.33 (odds ratio). In the postop-
erative course, changes in the PDQ-39 significantly cor-
related with the reduction of cumulative daily off time,
an improvement on the UPDRS (UPDRS III off), and
positive mood changes. Among the baseline parame-
ters, the cumulative daily off time is the strongest pre-
dictor for improvement in disease-related QoL after
DBS. Improvement in QoL after STN-DBS is also corre-
lated with changes in motor functions and changes in
depression and anxiety. VC 2011 Movement Disorder
Society
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The beneficial effect of bilateral deep brain stimula-
tion (DBS) of the subthalamic nucleus (STN) on motor
symptoms and on quality of life (QoL) in advanced
PD has been shown by randomized, controlled stud-
ies.1,2 QoL significantly improves in the majority of
patients after STN-DBS, but not in all.3 The reasons
for this may be multidimensional, but their identifica-
tion seems to be important for optimized treatment
results. STN-DBS mainly improves motor functions,
but nonmotor functions, such as anxiety, depression,4

bladder function,5 and ‘‘off’’-period–associated pain,6

are also improved. QoL depends strongly on a lack of
nonmotor symptoms of PD, such as depression and
cognitive impairment, and is influenced by motor symp-
toms, such as the signs and symptoms of postural dis-
ability, gait abnormalities, freezing, unpredictable ‘‘on-
off’’ fluctuations, dyskinesias, and falls.7 In the present
study, we evaluated motor and nonmotor baseline pa-
rameters that can predict the benefit of STN-DBS for
QoL. Moreover, we studied the changes in motor and
nonmotor symptoms responsible for changes in QoL
after STN-DBS. Clinical data of 121 patients from a
randomized, controlled study were analyzed.1 Patients
undergoing DBS for advanced PD were investigated in
a prospective, multicenter trial over 6 months to evalu-
ate postoperative changes in motor functions, cogni-
tion, psychiatric symptoms, and QoL.

Patients and Methods

Patients and Study Design

Our study included 121 patients from a randomized
trial of DBS for PD.1 Complete data for all PDQ-39
parameters were compiled for all patients (apart from
item 28, which was not filled out by some patients
who were single and did not answer the question con-
cerning their partners). We randomized 60 PD patients
into a control group that received best medical treat-
ment (BMT) for 6 months. The other 61 patients in
the study received DBS surgery within 6 weeks after
enrollment and completed the study per protocol.
Inclusion criteria for the trial were a clinical diagnosis
of idiopathic PD for at least 5 years, age younger than
75 years, and PD motor symptoms or dyskinesias that
limited the patient’s daily activities, despite optimal
medical therapy.1 Exclusion criteria were dementia
(Mattis dementia rating scale [MDRS]; sum score,
�130), a major psychiatric illness, or surgical contra-
indications. The study protocol and peri- and postop-
erative procedures have been reported in detail
elsewhere.1,4 The study protocol was approved by the
ethics committee at each participating centere, and all
patients gave written informed consent. All clinical
assessments (except the UPDRS III off assessment and
the levodopa [L-dopa]-challenge test) were performed

under medication on at baseline and after 6 months
with neurostimulation on and medication on.

Clinical Evaluation/Data Analysis/Statistics

QoL was assessed by the disease-specific Parkinson’s
Disease Questionnaire (PDQ-39)8 and the generic SF-36
questionnaire.9 Outcome parameters were the PDQ-39
summary index (SI) and the physical (PCS) and mental
health composite scores (MCS) of the Short-Form Health
Survey (SF-36). In each group, 1 outlier was excluded, so
60 patients from the STN-DBS group and 59 patients
from the BMT group were included in the following anal-
yses. The differences between the follow-up 6 months af-
ter STN-DBS (x2) and baseline scores collected
immediately before the electrode implantation (x1) were
calculated for each outcome parameter (x2–x1). For the
disease-specific PDQ-39, the Reliable Change Index
(RCI) was computed by multiplying the standard error of
the difference (standard deviation of test distribution at
baseline multiplied by the square root of 2-2r with r ¼
retest-reliability of the test instrument; r ¼ 0.9) by 1.65,
which gave the RCI for a critical change threshold with a
P value of 5% (one tailed). This threshold was considered
to be indicative of a change in QoL and was used for
splitting the patient sample into two groups of
‘‘improved’’ or ‘‘non-improved.’’10 The STN-DBS group
was compared with the BMT group, regarding the num-
ber of patients whose QoL scores improved or did not
improve based on RCI criteria applied to the PDQ-39,
using a chi-squared test.
Changes in QoL scores were correlated with the fol-

lowing baseline parameters: age, disease duration,
baseline MDRS total score, baseline psychiatric scores
(Beck Depression Inventory [BDI], Beck Anxiety In-
ventory [BAI], Montgomery-Asberg Depression Rating
Scale [MADRS]), baseline motor scores (UPDRS III
total score on/off, cumulative daily off-time, and
UPDRS VI dyskinesia score on), L-dopa equivalence
dosage (LED) at baseline, and an L-dopa challenge test
(% effect) at baseline (Spearman’s correlation).
Further, baseline characteristics were compared

between the improved and nonimproved groups in
terms of PDQ-39 using the Mann-Whitney U-test. P
values <0.05 (two-tailed) were regarded as significant.
We did not correct the level of significance for multiple
correlations/comparisons because of the exploratory
character of this analysis with multiple hypotheses. To
evaluate changed motor and nonmotor parameters
associated with improvement in QoL, we correlated
changes in QoL scores with changes (x2–x1) in the fol-
lowing parameters: MDRS total score, psychiatric
scores (BDI, BAI, and MADRS), motor scores (UPDRS
III total score off, cumulative daily off-time, and
UPDRS VI dyskinesia score on), and LED (Spearman’s
correlation). P values <0.05 (two tailed) were regarded
as significant. In a second step, baseline parameters and
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the changes in scores that had an impact on changes in
QoL, as revealed by the first-step analyses (less strictly
selected: p � 0.10, one tailed), were included in a logis-
tic regression analysis as independent variables with the
dichotomous variable improved/nonimproved corre-
sponding to the changes in the PDQ-39 as the depend-
ent variable. Statistical analysis was performed using
the SPSS 17 software package (SPSS, Inc., Chicago, IL).

Results

Mean scores at baseline and mean change scores of
QoL scales of the STN-DBS goup and the BMT group
are given in Table 1. RCI analysis showed a threshold
of 10.9 points for the PDQ-39, indicative of a change
in QoL. According to this RCI analysis of the PDQ-
39, 57% (35 of 60 STN-DBS patients) showed
improvement in QoL values 6 months after STN-DBS.
For 43% (25 of 60 STN-DBS patients), an unchanged
or worse PDQ-39 total score, as compared with the
baseline, was evident, indicating no benefit of STN-
DBS on QoL. In the BMT group, QoL scores
improved in 7% (4 of 59 patients) and did not
improve in 93% (55 of 59 patients). The number of
improvers, based on the RCI criteria, was higher in
the STN-DBS group, compared with the BMT group
(v2, 35.6; P < 0.000, two tailed) (Fig. 1).
Splitting patients into improvers and nonimprovers

in regard to PDQ-39 summary score after STN-DBS, as
assessed by the RCI analysis, the Mann-Whitney U test
revealed that improvers had longer cumulative daily
off-time (mean, 6.9 hours; SD 3.4 for improvers versus
mean 4.3 hours, SD 2.5 for nonimprovers).
The PDQ-39 change score also was significantly cor-

related with the cumulative daily off time. Higher
scores are associated with greater improvement on the
PDQ-39 (Table 2). The changes in PCS are negatively
correlated with the UPDRS dyskinesia score on at
baseline, so fewer dyskinesia are associated with
greater QoL improvement. Among the progression pa-
rameters, a change in the BAI, BDI, MADRS, UPDRS
III off, and the cumulative daily off time each signifi-

cantly correlated with a change in Qol (improvement
of psychiatric scales and improvement of motor func-
tion are associated with improvement of QoL).
Changes in QoL were negatively correlated with
changes in UPDRS VI, so a reduction of dyskinesias
after STN-DBS worsens QoL (Table 3).
In a logistic regression analysis with the dichoto-

mous variable improved/nonimproved corresponding
to the RCI for the PDQ-39, the cumulative daily off
time at baseline was accepted as the explanatory vari-
able in the model (odds ratio [OR], 1.33; confidence
interval [CI], 1.06–1.67 [1 additional hour of off time
at baseline increases the odds for improvement on
PDQ-39 by the factor of 1.33]). Among the change
scores for the PDQ-39, the change in the BDI and the
change in the dyskinesia score were accepted (BDI:
OR, 1.27; CI, 1.07–1.51; change in dyskinesias: OR,
0.77; CI, 0.62–0.96 [1 additional point of improve-
ment in the BDI score increases the odds of QoL
improvement by the factor of �1.3; 1 additional point
of improvement in the dyskinesia score decreases the
odds of QoL improvement by the factor of �0.8]).

Discussion

Most of the PD patients’ QoL scores improved consid-
erably after STN-DBS.1,2,11,12 We found that the disease-
specific PDQ-39 identified no improvement in QoL for
43% of our patients. Smeding et al. reported a relevant
lower rate of patients (21%) whose scores did not
improve on the PDQ-39 after STN-DBS.3 The different
rates resulting from the studies can most likely be
explained by the different definitions for improvement
(or lack of improvement) in QoL. Moreover, results
depend on the test instruments used for the measurement

TABLE 1. Mean Scores (SD) At Baseline and Mean
Change Scores (SD) of the PDQ-39 Summary Index

(PDQ-39 SI) and the Physical/Mental Composite Scores
of the SF-36 (SF-36 PCS/ SF-36 MCS)

STN

Baseline

STN

Change

BMT

Baseline

BMT

Change

PDQ-39 SI 41.1 (13.8) �11.8 (11.9) 39.9 (15.8) �0.2 (9.0)
SF-36 PCS 30.3 (7.9) 6.8 (7.9) 30.7 (8.1) 0.2 (6.4)
SF 36 MCS 41.7 (10.4) 4.1 (11.5) 41.2 (10.0) 0.0 (8.5)

Abbreviations: standard deviation; PDQ-39, Parkinson’s Disease
Questionnaire; SF-36, Short-Form Health Survey; PCS, physical health
composite score; MCS, mental health composite score; STN, subthalamic
nucleus; BMT, best medical treatment.

FIG. 1. For the PDQ-39 summary score, improvers and nonimprovers
are shown in percent of cases of the STN-DBS group (blue) and the
BMT group (grey). Groups differed significantly (P < 0.001, two tailed).
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of QoL. The PDQ-39 has a focus on disease-specific fac-
tors that influence QoL, whereas the SF-36 is a generic
questionnaire with emphasis on assessing physical and
mental domains. With our definition of improvement,
QoL improved in only 7% of the BMT group, which

corresponds to a significantly lower number, compared
with the DBS group. Using the RCI analysis, we chose a
more conservative method to detect change in QoL after
STN-DBS, because previous studies report a lower
threshold for a clinically important difference in QoL.

TABLE 2. Spearman Correlations of Changes in QoL With Baseline Parameters

Value at

Baseline (SD)

Changes in PDQ-39

Summary Index

Changes in SF-36 Physical

Composite Score (PCS)

Changes in SF-36 Mental

Composite Score (MCS)

Age (years) 59.7 (7.2) r ¼ �0.226† r ¼ �0.153 r ¼ �0.153
P ¼ 0.083 P ¼ 0.283 P ¼ 0.284

Disease duration (years) 13.0 (6.2) r ¼ �0.108 r ¼ �0.010 r ¼ �0.024
P ¼ 0.423 P ¼ 0.948 P ¼ 0.874

MDRS total score 139.7 (3.6) r ¼ 0.117 r ¼ 0.083 r ¼ 0.036
P ¼ 0.372 P ¼ 0.564 P ¼ 0.803

BDI summary score 11.5 (5.7) r ¼ 0.234† r ¼ 0.066 r ¼ 0.232
P ¼ 0.075 P ¼ 0.651 P ¼ 0.104

BAI summary score 23.1 (11.4) r ¼ �0.009 r ¼ �0.247 r ¼ 0.245
P ¼ 0.949 P ¼ 0.094 P ¼ 0.097

MADRS 8.6 (5.3) r ¼ 0.068 r ¼ �0.064 r ¼ 0.240
P ¼ 0.606 P ¼ 0.653 P ¼ 0.090

UPDRS III total score (on) 18.8 (9.2) r ¼ 0.209† r ¼ 0.099 r ¼ 0.172
P ¼ 0.109 P ¼ 0.487 P ¼ 0.227

UPDRS III total score (off) 47.7 (13.2) r ¼ 0.193† r ¼ �0.163 r ¼ 0.170
P ¼ 0.143 P ¼ 0.259 P ¼ 0.239

Cumulative daily off-time 5.7 (3.3) r ¼ 0.372*,† r ¼ �0.254 r ¼ 0.131
P ¼ 0.012 P ¼ 0.114 P ¼ 0.421

UPDRS VI dyskinesia score (on) 6.7 (5.4) r ¼ �0.213† r ¼ �0.349* r ¼ �0.241
P ¼ 0.102 P ¼ 0.012 P ¼ 0.088

L-dopa equivalence dosage (LED, mg) 1232.3 (536.6) r ¼ 0.017 r ¼ �0.184 r ¼ �0.034
P ¼ 0.895 P ¼ 0.197 P ¼ 0.815

L-dopa challenge test (% effect) 61.3 (14.2) r ¼ 0.201† r ¼ 0.251 r ¼ 0.160
P ¼ 0.126 P ¼ 0.078 P ¼ 0.267

*P values �0.05 (two-tailed) were regarded as significant.
†For the logistic regression analysis, baseline parameters were less strictly selected with P � 0.10 (one tailed).
Abbreviations: QoL, quality of life; SD, standard deviation; PDQ-39, Parkinson’s Disease Questionnaire; SF-36, Short-Form Health Survey; MDRS, Mattis
Dementia Rating Scale; BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory; MADRS, Montgomery-Asberg Depression Rating Scale; LED, L-dopa
equivalence dosage.

TABLE 3. Spearman Correlation of Changes in QoL With Change Scores of Progression Parameters

Mean

Change (SD)

Changes in PDQ-39

Summary Index

Changes in SF-36 Physical

Composite Score (PCS)

Changes in SF-36

mental composite score (MCS)

MDRS total change score 1.7 (4.7) r ¼ �0.002 r ¼ �0.028 r ¼ 0.057
P ¼ 0.990 P ¼ 0.844 P ¼ 0.691

BDI change score 1.9 (6.6) r ¼ 0.397*,† r ¼ 0.202 r ¼ 0.372*
P ¼ 0.002 P ¼ 0.164 P ¼ 0.009

BAI change score 11.0 (10.6) r ¼ 0.313*,† r ¼ 0.022 r ¼ 0.313*
P ¼ 0.029 P ¼ 0.887 P ¼ 0.041

MADRS change score 1.0 (6.7) r ¼ 0.327*,† r ¼ 0.241 r ¼ 0.340*
P ¼ 0.014 P ¼ 0.095 P ¼ 0.017

UPDRS III off change score 21.4 (14.2) r ¼ 0.285*,† r ¼ 0.351* r ¼ 0.074
P ¼ 0.029 P ¼ 0.012 P ¼ 0.612

Change in cumulative daily off time 4.8 (3.5) r ¼ 0.370*,† r ¼ �0.187 r ¼ �0.094
P ¼ 0.037 P ¼ 0.323 P ¼ 0.620

Change in UPDRS VI dyskinesia score on 3.7 (4.4) r ¼ �0.222† r ¼ �0.283* r ¼ �0.362*
P ¼ 0.090 P ¼ 0.047 P ¼ 0.015

Change in LED 639.6 (550.0) r ¼ �0.064 r ¼ �0.150 r ¼ 0.016
P ¼ 0.632 P ¼ 0.298 P ¼ 0.914

*P values �0.05 (two tailed) were regarded as significant.
†For the logistic regression analysis, baseline parameters were less strictly selected with P � 0.10 (one tailed).
Abbreviations: SD, standard deviation; PDQ-39, Parkinson’s Disease Questionnaire; SF-36, Short-Form Health Survey; MDRS, Mattis Dementia Rating Scale;
BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory; MADRS, Montgomery-Asberg Depression Rating Scale; LED, L-dopa equivalence dosage.
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Improvement in QoL after STN-DBS is influenced by
the factors of motor functioning (cumulative off time,
UPDRS III on/off, UPDRS dyskinesia score on). The cu-
mulative daily off time proved to be the strongest, most
important predictor. This is plausible, because it was
assessed by using the PDQ-39, which has the advan-
tages of a tool for disease-specific measurement. The
change in QoL after STN-DBS is not only correlated
with cumulative daily off time values at baseline, but
also with its change 6 months after STN-DBS. More-
over, the high impact of the daily off time, which is
regarded to be one of the most relevant parameters of
motor functioning in advanced PD, is supported by an
OR of 1.3 in the logistic regression analysis for the di-
chotomy improved/nonimproved. In the motor domain,
changes in the UPDRS III score in the off state were sig-
nificant and positively correlated with QoL changes af-
ter STN-DBS. Together with the predictor cumulative
daily off state, these values might indicate that among
improvers, preoperative motor functions cannot be
restored by medication in an optimal way. STN-DBS
quantitatively mimics the effect of L-dopa, so the best
predictor of changes in motor function after STN-DBS
is the efficiency of a preoperative L-dopa test.14 The ef-
ficiency of an L-dopa test at baseline in our study only
shows a tendency to a positive correlation with changes
in QoL, but is the strongest predictor for improvement
in QoL in the study by Smeding et al.3 In conclusion,
the cluster of predictors in the motor domain character-
ize a patient as an improver when good L-dopa
response is present, but motor symptoms are not suffi-
ciently controlled by medication, expressed in a high
cumulative off-time over the day.
Changes in PCS score showed a significantly negative

correlation with the dyskinesia scores in the on state,
indicating that lower dyskinesia scores at baseline are
associated with greater improvement in QoL. Further,
both subscores of the SF-36 showed a significantly nega-
tive correlation between the change in dyskinesias and
the improvement of QoL (less improvement in dyskine-
sias after STN-DBS is associated with greater QoL
improvement). This result is surprising and contrary to
our hypothesis that patients with strong dyskinesias in
the on state should experience a marked benefit in QoL
through DBS. One reason might be that higher dyskine-
sia scores reflect an advanced stage of disease progres-
sion, making it much harder to see improvement in QoL
after STN-DBS in these patients. Another reason points
to the fact that patients with peak-dose dyskinesias often
report nonmotor fluctuations during on periods, and in
these periods, patients can experience an elevated mood
that is associated with alertness and euphoria.15 These
patients might overrate their QoL in the on periods, a
phenomenon that disappears after reducing medication
after STN-DBS. These data also might indicate that
patients with a fast postoperative reduction of L-dopa

(that reduces dyskinesias) have a lack of QoL improve-
ment because of the lack of its psychotropic effects.
However, a change in L-dopa equivalence dosage is not a
significant predictor for an improvement in QoL.
Changes in the psychiatric scales (BAI, BDI, and

MADRS) also correlated with changes in both PDQ-
39 and MCS. Nonmotor symptoms may contribute to
QoL improvement, as symptoms of depression in PD
account for 40% to 60% of the variability in QoL.7

This strong connection between QoL and depression
is also reflected in the present study, where the two
change values of depression and the change of the
anxiety scale were significantly correlated.
As indicated, our study only showed one important

baseline parameter that predicts improvement in QoL af-
ter STN-DBS. Despite the large number of very homoge-
neously investigated patients, our cohort may not be
large enough to detect small effects. If they exist, their
clinical significance may be questionable. We included a
lot of clinical baseline and progression parameters in our
analysis. Nevertheless, there might be additional individ-
ual factors, such as subtle personality traits, social net-
works, family background, and job-related issues, but,
possibly, also subtle differences in electrode location that
were not investigated in the present study and yet might
be relevant for improvement in QoL after STN-DBS.
Additionally, the exact time course of changes in QoL af-
ter STN-DBS is not known, and the time interval of 6
months might be too short to find predictors. Further
studies are needed to assess the time course of changes in
QoL after STN-DBS.
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