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Abstract: BackgroundBackground: Subthalamic deep brain stimulation (STN-DBS) reduces antiparkinsonian medications in
Parkinson’s disease (PD) compared with the preoperative state. Longitudinal and comparative studies on this
effect are lacking.
ObjectiveObjective: To compare longitudinal trajectories of antiparkinsonian medication in STN-DBS treated patients to
non-surgically treated control patients.
MethodsMethods: We collected retrospective information on antiparkinsonian medication from PD patients that
underwent subthalamic DBS between 1999 and 2010 and control PD patients similar in age at onset and
baseline, sex-distribution, and comorbidities.
ResultsResults: In 74 DBS patients levodopa-equivalent daily dose (LEDD) were reduced by 33.9–56.0% in relation to
the preoperative baseline over the 14-year observational period. In 61 control patients LEDDs increased over
approximately 10 years, causing a significant divergence between groups. The largest difference amongst
single drug-classes was observed for dopamine agonists.
ConclusionConclusion: In PD patients, chronic STN-DBS was associated with a lower LEDD compared with control patients
over 14 years.

Parkinson’s disease (PD) is a relentlessly progressive neurodegenerative
disorder leading to increasingly disabling motor and non-motor
symptoms (NMS) with a substantial risk for dependency and reduced
life expectancy.1 Levodopa and other dopaminergic therapies can
effectively control motor symptoms,2 but these treatments do not
modify underlying disease progression or normalize life expectancy.3,4

Deep brain stimulation (DBS) of the nucleus subthalamicus
(STN) is effective in reducing levodopa related motor compli-
cations and improving quality of life in moderately advanced
PD with benefits persisting for 5–10 years and even longer.5

Moreover, treatment with STN-DBS allows marked reductions
in levodopa and other antiparkinsonian medications with
LEDDs decreases of around 40% after implantation as reported

in large randomized controlled trials.6 Additionally, observational
long-term studies suggest that the LEDD lowering effect of
STN-DBS ranging between 40% and 60% is sustained for up to
10 years in comparison to the presurgical baseline.7–12 How-
ever, these studies have not serially monitored antiparkinsonian
medication in STN-DBS treated patients and only compared
presurgical baseline with last follow-up data. No long-term
study has compared antiparkinsonian medication of PD patients
with STN-DBS to those without and the longitudinal trajectories
of LEDDs over long periods are unknown.

Hence, in the present study we serially assessed detailed
antiparkinsonian medication in our previously described long-
term cohort of STN-DBS treated PD patients13 and compared
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their medical treatment trajectories to those of a purely
medically managed cohort.

Methods
Cohort
The details of our long-term PD cohort under STN-DBS and
the control group have been reported previously.13 In brief, all
77 PD patients with STN-DBS implanted between 1999 and
2010, more than 10 years before data collection (January 2022),
at our center were screened. Standard (exclusion) criteria for sur-
gery have been used.14 Patients were followed at least annually
from surgery until December 2021 or until death. A control
group of purely medically managed PD patients was extracted
from a registry study (EuroPa),15 a random prospective outpa-
tient sample of PD patients entered in 2004 for whom data on
corresponding long-term medications could be obtained. Base-
line was defined as last visit before surgery for the DBS group
and the index date in the middle of the EuroPa study period for
the control group. Out of the 113 patients entered in the EuroPa
registry at our site we went ahead with data extraction for all that
were similar in age at onset and age at baseline (n = 69; See
Fig. S1 for a flow chart of study participants). This retrospective
study was approved by the local ethics committee of the Medical
University of Innsbruck and performed in accordance with the
declaration of Helsinki.

Data Extraction
Baseline data were retrospectively extracted from clinical records
(hospital discharge letters and outpatient reports). They included
age at onset, age at baseline, sex, comorbidities and detailed
medications. Subsequently, information on medication was
extracted from follow-up visits every 2 years (+/� 6 months).
Source data from all patients were systematically screened by two
authors (PM and CT). LEDDs were calculated through a previ-
ously published and generally accepted conversion formula.16 In
addition to antiparkinsonian medication, information on use of
antidepressant and neuroleptic medication was extracted.

Statistical Analysis
For comparisons between groups, the chi-square test for categor-
ical variables and the Mann–Whitney U test for continuous
variables were used, as non-normal distributions were shown
by the Kolmogorov–Smirnov test. The association between
LEDD and group (DBS and control) over time was investigated
using a generalized additive model to allow for nonlinear associa-
tions (R package mgcv, version 1.8–40). The base model was
given by the formula LEDD � Group + s(Time, by = Group,
k = 3) + s(Patient, bs = ‘re’) + s(Patient, Time, bs = ‘re’) +
DiseaseDuration, where s() are smooth terms with k indicating
the basis dimension, and bs = ‘re’ indicating random effects. The
basis dimension of the smooth term (k = 3) was selected as

the smallest basis dimension which did not statistically improve
the model fit. Age, sex, and voltage stimulations means were
additionally considered as covariates and models’ comparison was
performed using the function compareML (itsadug, v 2.4.1).
SPSS 29.0 (IBM Corp., Armonk, NY, USA) and R software
(version 4.1.0; R Foundation for Statistical Computing, Vienna,
Austria) were used for statistical analyses. The significance level
was set at a 2-sided P-value of <0.05.

Results
As reported in the original publication of our long-term series,
74 patients in the DBS group and 61 patients in the control group
had been included13 and followed for up to 16 years (see Fig. S1
and S2). Patient characteristics are summarized in Table 1.

The mean longitudinal LEDD trajectories for the DBS and con-
trol groups and their differences are shown in Fig. 1A,B. Baseline
LEDDs were significantly higher in the DBS group in comparison
to the control group, but dropped by 56% upon initiation of stimu-
lation. Thereafter, the average LEDD was significantly lower in the
DBS group compared to the controls. In the DBS group relative
LEDD changes ranged from 33.9 to 56.0% below presurgical
values, while in the control group LEDD rose by up to 50% com-
pared to baseline over the study period (Fig. 1A, B). The average
LEDD trajectory for the DBS group was approximately linear over
the observation period, whereas for the controls it rose for the first
10 years and then gradually declined.

The biggest difference regarding LEDD was seen at the 10-year
visit with a mean LEDD of 600 mg (IQR: 400–988 mg) in the
DBS cohort and 1316 mg (IQR: 963–1475 mg) in the control
cohort (P < 0.001). Compared to baseline values, after 10 years
LEDDs were approximately 600 mg (IQR: 175–900 mg; 49.6%
decrease) lower in the stimulated patients and 395 mg (IQR: 13–
688 mg; 43.9% increase) higher in the control patients.

In the DBS group, mean stimulations voltages steadily rose
from around 2.8 V and plateaued at around 3.4 V (Appendix S1
and Fig. S3). Mean stimulations voltages, age and sex did not sig-
nificantly improve the model’s prediction of LEDD and were
thus not included as covariates in the model.

Assessment of the different PD medication classes showed a
significantly lower number of patients taking dopamine agonists
(DA) after stimulation in the DBS cohort (Fig. 1C,D). Also,
COMT-Inhibitors and apomorphine were less frequently used
in the stimulated patient cohort. There was no significant
difference between the groups regarding use of antidepressants
(range: 23.0–66.7% in DBS cohort; Fig. S4) or neuroleptics
(range: 11.8–29.7% in DBS cohort; Fig. S5).

Discussion
In the present study, we retrospectively analyzed trajectories
of antiparkinsonian medications in PD patients with chronic
subthalamic neurostimulation versus patients under medical
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management alone. In line with previous uncontrolled long-
term studies6–12 we found that LEDDs are reduced by 56% after
commencement of stimulation in comparison to the presurgical
baseline and remained stable thereafter. While previous long-
term follow-up studies had no control groups, we have also
shown that LEDD in medically managed patients continue to
increase such that LEDD trajectories diverge until 10 years of
follow-up (�15–25 years into the disease) with a maximal rela-
tive LEDD change in relation to baseline of up to 96.6% in favor
of the DBS cohort. Beyond 10 years LEDD in the control group
plateaued or even decreased until last follow-up. In clinical prac-
tice, reductions of antiparkinsonian medications in the very late
stages of PD are often necessary to address neuropsychiatric com-
plications such as hallucinations, confusion, but also falls (eg, due
to orthostatic hypotension) and may also serve to reduce poly-
pharmacy in elderly frail patients.17

It would be tempting to speculate that subthalamic DBS has a
disease-modifying property indicated by the divergent LEDD
trajectories of the two groups, as LEDD has been used in past
clinical trials as a surrogate for such effects.18–20 However, this is
not conclusive from our data as (1) LEDDs differed between the
two groups at baseline and (2) the divergent trajectories were
only observed up to 10 years of follow-up.

The evaluation of the different subclasses of antiparkinsonian
medications showed a significant reduction for DA compared to
baseline and the control cohort. Previous longitudinal studies
showed a reduction mostly for MAO-B inhibitors and COMT
inhibitors.7,21 In addition to a site-policy of lowering or stopping
DA therapy with surgery (for successful intraoperative clinical
testing), it has to be considered DA use generally decreased dur-
ing the study period, because of growing concerns around the
induction of impulse control disorders.22 Contrary to what might

TABLE 1 Group characteristics as % (n) or median (25th–75th percentile)

STN-DBS (n = 74) Controls (n = 61) P-value

Baseline characteristics

Female 32.4% (n = 24) 32.8% (n = 20) 0.56

Age at baseline, years 62.6 (56.7–68.8) 63.4 (55.4–70.0) 0.53

Age at onset, years 49.2 (41.0–55.0) 50.9 (46.1–57.1) 0.095

Disease duration 11.9 (9.3–15.8) 8.4 (5.3–15.1) 0.014

No. of comorbiditiesa 0 (0–0) 0 (0–0.5) 0.97

LEDD Baseline (mg) 1210 (930–1563) 900 (600–1325) <0.001

LEDD post-DBS (mg)b 532 (288–900) <0.001

H&Y baseline 2.0 (2.0–2.5) 2.0 (1.5–2.0) 0.001

Baseline intake of medication

Levodopac 100% (n = 74) 80.3% (n = 49) <0.001

Dopamine-Agonistsc 82.4% (n = 61) 67.2% (n = 41) 0.041

COMT-Inhibitorsc 41.9% (n = 31) 29.5% (n = 18) 0.14

MAO-B-Inhibitorsc 13.5% (n = 10) 3.3% (n = 2) 0.038

Amantadinec 36.5% (n = 27) 19.7% (n = 12) 0.032

Apomorphinec 2.7% (n = 2) 4.9% (n = 3) 0.50

Neurolepticsc 17.6% (n = 13) 13.1% (n = 8) 0.48

Antidepressantsc 31.1% (n = 23) 26.2% (n = 16) 0.54

Follow-up characteristics

Duration of follow-up, years 9.6 (6.1–12.0) 8.2 (4.2–13.1) 0.61

Duration from Baseline until end of study period, years 16.4 (13.8–19.7) 17.7 (17.7–17.7) 0.094

LEDD 10 years after Baseline (mg) 600 (400–988) 1316 (963–1475) <0.001

Note: Metric and ordinal variables are given in medians (25th–75th percentile). LEDD for the 10 year FU is given as an example; for a graphical depiction of LEDDs over
time please see Fig. 1, and for the values over time please Appendix S1.
aAccording to the Charlson comorbidity index.
bPost DBS refers to a visit undertaken �3 (range 2–4) months after DBS implantation.
cData indicates the relative proportion of patients taking this class of substances, total amount in brackets.
Abbreviations: COMT-Inhibitors, catechol-O-methyltransferase Inhibitors; H&Y, Hoehn and Yahr stages; LEDD, levodopa equivalent daily dose; MAO-B-Inhibitors,
monoamine-oxidase type B inhibitors; STN-DBS, subthalamic nucleus deep brain stimulation.
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be expected, amantadine was not significantly reduced after
initiation of stimulation. Similar findings were also made by a
long-term study on medication use before and after STN-DBS.7

Beyond changes in LEDD the relative use of antidepressants
and neuroleptics in our cohorts followed a similar pattern as
previous studies21 with no significant differences between the
two cohorts.

There are a number of limitations that need consideration.
First, this is a retrospective and single center study such that
patient numbers are smaller and the control cohort might not
fully represent DBS candidates. However, they were carefully
selected according to age at onset and age at baseline and were
also not different regarding sex distribution and comorbidities at
baseline. Furthermore, we investigated potential confounders
including age, sex, disease duration, and stimulation amplitudes.
With a mean age at surgery of 63 at mean disease durations of
12 years our cohort compares well to typical DBS patients in
other long-term cohorts.13 Also, baseline LEDD was higher
in DBS patients, a fact that is in line with a recent study in the

PPMI cohort finding faster LEDD increase in early PD patients
as a predictor of future DBS treatment.23 For these reasons and
as LEDD was investigated mainly in relation to change versus
baseline compared with the control group, we did not adjust
analysis for baseline LEDD. Missing data due to dropouts with
increasing follow-up time (e.g., �50% at 8 years of FU) rendered
the model fit increasingly less precise. This is readily visible with
widening confidence interval in Fig. 1A,B in the later years.

In conclusion, we found that antiparkinsonian medication was
significantly reduced in our DBS patients versus the control patients,
who remained on medications only. This effect was sustained until
last follow-up.

Author Roles
(1) Research Project: A. Conception, B. Organization,
C. Execution; (2) Statistical Analysis: A. Design, B. Execution,

Figure 1. Raw individual trajectories of levodopa equivalent daily dose (LEDD) in the deep brain stimulation (DBS) and control group,
with group means and 95% confidence intervals represented by bold lines and gray areas, respectively. The distribution of baseline
LEDD for the controls and DBS group, respectively, are displayed on the left side as boxplots (A). Estimated difference in average LEDD
between DBS and control patients over time, starting with the first post-DBS visit for the DBS group. The interval significantly different
than 0 is indicated by the vertical and horizontal red lines (B). Usage of different antiparkinsonian drugs in the two cohorts over time;
Percent users on the x-axis, the size of each circle is proportionate to the mean LEDD for that medication class in relation to the
baseline values (C, D).
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