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ABSTRACT: Background: The EARLYSTIM trial dem-
onstrated for Parkinson’s disease patients with early
motor complications that deep brain stimulation of the
subthalamic nucleus (STN-DBS) and best medical treat-
ment (BMT) was superior to BMT alone.
Objective: This prospective, ancillary study on EARLYSTIM
compared changes in blinded speech intelligibility assess-
ment between STN-DBS and BMT over 2 years, and sec-
ondary outcomes included non-speech oral movements
(maximum phonation time [MPT], oral diadochokinesis),
physician- and patient-reported assessments.
Methods: STN-DBS (n = 102) and BMT (n = 99) groups
underwent assessments on/off medication at baseline
and 24 months (in four conditions: on/off medication,
ON/OFF stimulation—for STN-DBS). Words and sen-
tences were randomly presented to blinded listeners,
and speech intelligibility rate was measured. Statistical
analyses compared changes between the STN-DBS and
BMT groups from baseline to 24 months.
Results: Over the 2-year period, changes in speech intel-
ligibility and MPT, as well as patient-reported outcomes,

were not different between groups, either off or on medi-
cation or OFF or ON stimulation, but most outcomes
showed a nonsignificant trend toward worsening in both
groups. Change in oral diadochokinesis was significantly
different between STN-DBS and BMT groups, on medi-
cation and OFF STN-DBS, with patients in the STN-DBS
group performing slightly worse than patients under BMT
only. A signal for clinical worsening with STN-DBS was
found for the individual speech item of the Unified
Parkinson’s Disease Rating Scale, Part III.
Conclusion: At this early stage of the patients’ disease,
STN-DBS did not result in a consistent deterioration in
blinded speech intelligibility assessment and patient-
reported communication, as observed in studies of
advanced Parkinson’s Disease. © 2022 The Authors.
Movement Disorders published by Wiley Periodicals LLC
on behalf of International Parkinson and Movement Dis-
order Society.

Key Words: deep brain stimulation; dysarthria;
Parkinson’s disease; speech; subthalamic nucleus

Similar to subthalamic nucleus deep brain stimulation
(STN-DBS) at the advanced stage of Parkinson’s disease
(PD),1 stimulation in patients with relatively early-stage
motor complications (ie, fluctuations and dyskinesia
present for less than 4 years) has demonstrated robust
improvements in clinical, behavioral, and quality-of-life
outcomes that exceeded the effects of best medical
treatment (BMT) alone over a 2-year period.2 It is cur-
rently assumed that although speech loudness or voice
quality can be improved in patients at an advanced
stage of PD,3-6 a decrease in speech intelligibility within
a year5,6 is a typical marker of worsening functional
communication after STN-DBS.7 Predictive factors of
such worsening have been identified, including longer
disease duration, lower speech intelligibility on medica-
tion before surgery, more medial stimulation location,
and left-lateralized non-optimal parameters.6,8,9 When
designing the EARLYSTIM trial,2 a specific prospective
assessment of speech intelligibility and nonspeech oral
movements was included in the randomized, multicen-
ter, parallel-group trial of PD patients with early motor
complications. To date, changes in such speech out-
comes following earlier STN-DBS have not been
reported. The main objective of the present
EARLYSTIM-SPEECH ancillary study was to identify
whether any changes in speech 24 months after baseline
were specifically identified in patients with STN-DBS
and BMT compared to patients receiving BMT alone.
Well-established standard methodology was applied to
measure changes in speech intelligibility and nonspeech
oral movements as primary outcomes,10 whereas

speech-related items of clinical assessments and patient
self-reported questionnaires were considered secondary
and were taken from the standard assessments of the
EARLYSTIM trial. We expected that for patients with
STN-DBS and BMT, the outcomes would worsen to the
same extent as for those with BMT alone according to
disease progression, while no additional stimulation-
induced worsening was expected.

Patients and Methods
Study Design

EARLYSTIM-SPEECH, an ancillary study of the
EARLYSTIM trial (ClinicalTrials.gov number:
NCT00354133), was conducted between July 2006
and March 2012. It was based on a standard, parallel-
group design STN-DBS versus BMT; followed the
CONSORT statements (Fig. 1)11; and was in accor-
dance with the Declaration of Helsinki.12 EARLYSTIM
was approved by the local ethical committee for each of
the 15 participating centers (seven in Germany: Berlin,
Cologne, Düsseldorf, Freiburg, Kassel, Kiel, and
Tübingen; eight in France: Grenoble, Lyon, Marseille,
Nantes, Toulouse, Paris, Poitiers, and Rouen), with
patients providing written informed consent before ran-
domization. PD patients at an early disease stage with
fluctuations or dyskinesia for less than 4 years were
randomized to STN-DBS plus BMT or BMT alone in
the EARLYSTIM trial. The detailed study design has
been published previously.2,13,14
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Patients were asked to read aloud words and sen-
tences, to produce sustained vowels, and to repeatedly
vocalize syllables. All patients performed the assess-
ments at baseline, without (off ) and with (on) medica-
tion. Both groups repeated the same protocol at the
second time point of the study, 24 months after
baseline: the BMT group off and on medication; the
STN-DBS group off and on medication, OFF and ON
STN-DBS. The primary outcome of the study was intel-
ligibility assessed by “blinded observers” (hereafter
referred to as “listeners”) with randomized word and
sentence presentation. Secondary outcomes were maxi-
mum phonation time (MPT), oral diadochokinesis, and
clinical scores.

Speech Recordings
Speech intelligibility and nonspeech articulation tasks10

were selected to provide comparability between the two
languages as much as possible, short completion time,
and ease of application by nonprofessionals in multiple
centers. In particular, these tasks did not demand any lin-
guistic or higher cognitive effort and are classically used
for the assessment of motor speech disorders. All patients
performed the assessments at baseline, without (off ) and
with (on) medication. Both groups repeated the same pro-
tocol at the second time point, 24 months after baseline:
the BMT group off and on medication; the STN-DBS
group off and on medication, OFF and on ON STN-DBS.
Speech was digitized (.wav encoded format, 44.1kHz

sampling, 24-bit resolution) using portable devices
(Microtrack 24/92, M-Audio-Avid, Burlington, VT,
USA) similar across all centers, connected with a head-
mounted microphone (AKG, model K440, Vienna,
Austria) that places the microphone at 5 cm from the
mouth. This distance has been controlled for and
ensured by all centers. Recordings were made in quiet,
non-soundproofed rooms at the hospitals. For addi-
tional information, see Supplementary Material
APPENDIX S1.

Speech Intelligibility
Patients were asked to read aloud 10 words and

10 sentences provided by the French15 or German16

adaptations of the intelligibility section of the Frenchay
Dysarthria Assessment, version 1.17 A manual labeling
of the stimuli within the audio files allowed the auto-
matic extraction of the stimuli, one audio file
corresponding to one stimulus. Such preprocessing of
the audio files was required to segment and label all
productions separately, to be further presented in two
speech labs in Aix-en-Provence and Kiel: Two groups
of university students were selected as “blinded lis-
teners” for assessing speech intelligibility in Germany
(Kiel, n = 54) and France (Aix-en-Provence, n = 30) by
listening to the patients’ production from the audio-

recordings. Selection criteria were (1) French- or
German-native speakers, without any history of audi-
tory and/or visual deficit; (2) unfamiliar with speech
modifications associated with any neurodegenerative
disease; (3) naive regarding the aim of the experiment;
and (4) blind to the patients’ characteristics and treat-
ment conditions. Using a specific computerized environ-
ment (PERCEVAL, http://www2.lpl-aix.fr/�lpldev/
perceval/), each stimulus (ie, a word or a sentence) was
heard and literally transcribed using a keyboard by
three different listeners. Because the sentences were all
constructed on the same pattern (same noun + verb;
for examples: in French, “L’enfant parle” [the child
speaks], “L’enfant court” [the child runs]; in German,
“Der Mann hat gesummt” [the man hummed], “Der
Mann hat gebaut” [the man built]), the listeners were
asked to write down only the verb that differed across
sentences. Listeners were asked not to transcribe any-
thing if stimuli were unintelligible. No second listening
was possible. All stimuli were presented randomly via
headphones to listeners whatever the patient, treatment
condition (off or on medication, OFF or ON STN-
DBS), or assessment time (baseline or 24 months). The
outcome measure was the percentage of words and sen-
tences correctly understood, that is, intelligibility rates
(IR).10 Inter-rater reliability kappa was calculated
according to Fleiss.18

Maximum Phonation Time
Patients were instructed to take a deep breath and

sustain the vowel /a/ thrice at a comfortable pitch and
loudness for as long and as steadily as they could. The
MPT (in seconds), which is an efficient indicator of the
coordination between the respiratory and laryngeal sys-
tems, was estimated as the average of the durations of
each production per patient from the audio
recordings.10

Oral Diadochokinesis
A syllable alternating motion rate, or articulatory

diadochokinesis,10,19,20 was completed by patients
while repeating the syllables /ba, /da/, and /ga/ sepa-
rately in 30 seconds, as fast as possible at comfortable
pitch and loudness. The syllables chosen allowed the
assessment of three major supralaryngeal articulatory
organs, that is, the lips (/ba/), the tongue tip (/da/), and
the tongue dorsum (/ga/). These three syllables are com-
posed of voiced consonants (/b/, /d/, and /g/), which,
unlike their unvoiced pairs (/p/, /t/, and /k/), involve
vibration of the vocal folds while being pronounced.
This task allows the calculation of a single
“diadochokinesis index” (ddki) from the audio record-
ings per patient, defined as the ratio between the speech
proportion during the 30 seconds and the number of
expirations required to complete the task. Thus, ddki
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accounted for both speech duration and fragmentation,
as well as the control of the breathing cycle across
speech production.

Clinical and Patient Self-Reported Outcomes
As reported previously,2 patients underwent clinical

evaluation using the Unified Parkinson’s Disease Rating

Scale (UPDRS),21,22 and speech/voice impairment was
estimated using items 5 (activities of daily living, on
medication and ON STN-DBS only) and 18 (motor
examination, off and on medication, ON STN-DBS
only). Patients self-reported changes in their quality of
life during the last month by completing the 39-item
Parkinson’s Disease Questionnaire (PDQ-39),23 on
medication/ON STN-DBS; items 34 (speech) and 35

FIG. 1. EARLYSTIM-SPEECH study CONSORT flow diagram. [Color figure can be viewed at wileyonlinelibrary.com]
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(communication) allowed for the self-estimation of the
impact of speech/communication impairment in quality
of life. Scoring of individual items is detailed in the leg-
end of Table 1. At baseline, groups were also assessed
using the Mattis Dementia Rating Scale and the Beck
Depression Inventory (Table 1).24,25 These data were
retrospectively obtained from the standard
EARLYSTIM assessments.

Statistical Analyses
For speech and nonspeech articulation tasks, linear

mixed effect models26-28 were estimated to compare the
differences from baseline to 24 months between the
BMT and STN-DBS groups, either off or on medication
and on or off STN-DBS, and including random inter-
cepts for center and patient. The dependent variables
were the IR, MPT, and log-transformed ddki at
24 months (log transformation enhanced the normality
of the distribution of the residuals). Intelligibility (logit)
models were estimated separately for the French and

German languages. MPT and ddki (linear) models were
estimated pooling all data, because no effect of lan-
guage was expected29; however, a sex variable was
added for these models. All n nonsignificant interac-
tions were removed using a backward stepwise proce-
dure based on model comparison. To test for the group
effect, the final model obtained was compared to the
same model without the group factor (BMT, STN-
DBS). Model comparisons used a parametric bootstrap
method, based on 10,000 simulations, which uses the
obtained data via resampling to find a better approxi-
mation of the reference distribution for the computa-
tion of the P-values of test hypotheses.30,31 This
provides a better control for type 1 error. The nominal
statistical significance level was set at 0.05, not cor-
recting for multiple testing. For clinical (UPDRS) and
self-reported quality of life (PDQ-39) assessments, non-
parametric Wilcoxon rank-sum test for the differences
between BMT and STN-DBS groups was performed to
compare the differences from baseline to 24 months.
The nominal statistical significance level for each P-

TABLE 1 Baseline characteristics

STN-DBS (n = 99) BMT (n = 102) P-value*

Age (y) 52.4 � 6.9 52.3 � 6.0 0.913

Sex (women/men), n 24/75 32/70 0.260

Disease duration (y) 7.2 � 2.9 7.6 � 2.6 0.305

LED dose (mg/d) 938 � 426 976 � 403 0.517

UPDRS22,23 motor III

UPDRS III, off medication 33.5 � 11.0 32.0 � 10.5 0.324

UPDRS III, on medication 12.9 � 7.79 11.9 � 7.13 0.344

UPDRS III speech item 18, off medication 1.14 � 0.67 1.10 � 0.71 0.754

UPDRS III speech item 18, on medication 0.55 � 0.63 0.60 � 0.62 0.546

UPDRS II item 5, on medication, best condition 0.60 � 0.74 0.54 � 0.61 0.786

UPDRS II Item 5, on medication, worst condition 1.29 � 0.81 1.20 � 0.83 0.526

PDQ-3924

Summary index 29.1 � 13.1 30.0 � 11.0 0.599

Item 34 (difficulties with speech) 1.29 � 1.03 1.51 � 1.00 0.154

Item 35 (ability to communicate properly) 1.00 � 1.01 1.06 � 1.06 0.747

Mattis Dementia Rating Scale25 140.1 � 0.3 140.8 � 0.3 0.998

Beck Depression Inventory26 9.71 � 5.3 10.0 � 5.3 0.672

All values are mean � standard deviation (SD), unless otherwise indicated. The specific subset of patients involved in our study was comparable to the entire population of the
EARLYSTIM trial with regard to the PDQ-39 summary index, which was the primary outcome of the primary analysis.2 Details of the LED calculation were reported in the
supplementary material of the primary analysis.2 The maximal score of the motor examination (UPDRS III, from items 18 to 31) of the UPDRS is 108. The scoring of the
speech item 18 (from “motor examination” UPDRS III) ranges from 0 (normal), 1 (slight loss of expression, diction, and/or volume), 2 (monotone, slurred but understandable),
3 (marked impairment, difficult to understand), and 4 (unintelligible). The scoring of the speech item 5 (from “activities of daily living” UPDRS II) ranges from 0 (normal), 1
(mildly affected—no difficulty being understood), 2 (moderately affected—sometimes asked to repeat statements), 3 (severely affected—frequently asked to repeat statements),
and 4 (unintelligible most of the time). The maximal score (worst) of the summary index of the PDQ-39 is 100. Communication items 34 and 35 of the PDQ-39 are scored as
0 (never), 1 (occasionally), 2 (sometimes), 3 (often), or 4 (always). The patients are required to answer whether they have had difficulty with their speech (item 34, “Due to hav-
ing Parkinson’s disease, how often during the last month have you had difficulty with your speech?”) and/or felt unable to communicate (item 35: “Due to having Parkinson’s
disease, how often during the last month have you felt unable to communicate with people properly?”).
Abbreviations: STN-DBS, subthalamic nucleus deep brain stimulation; BMT, best medical treatment; LED, levodopa equivalent dose; UPDRS, Unified Parkinson’s Disease Rat-
ing Scale; PDQ-39, Parkinson’s Disease Questionnaire.
*t Test was used for the summary scores of PDQ-39 and UPDRS-III, Wilcoxon rank-sum test for their single items, and χ2 test for the dichotome item.
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value was α = 0.05, not correcting for multiple testing.
For additional information, see Supplementary Material
APPENDIX S1.

Results
Participants

The majority of patients of the EARLYSTIM trial
participated in the EARLYSTIM-SPEECH study: Of
the 124 patients assigned to the STN-DBS group, 101
completed the EARLYSTIM-SPEECH per protocol; of
these, 99 patients performed the speech intelligibility/
nonspeech oral movement tasks both at baseline and
after 24 months. Of the 127 patients originally assigned
to the BMT group, 103 completed the EARLYSTIM-
SPEECH per protocol, and 102 patients of this group
were successfully recorded both at baseline and after
24 months (Fig. 1, including details of reasons for
exclusion). Baseline characteristics did not differ signifi-
cantly between the two patient groups in terms of age,
sex, PD duration, medication (levodopa equivalent dose
[LED]), total motor and speech item scores of the
UPDRS, and PDQ-39 summary index, which was the
primary outcome parameter of the EARLYSTIM trial.
Notably, no disabling dysarthria clinically estimated
using the speech scores of the UPDRS was present at
baseline in the BMT or STN-DBS groups (Table 1).
Twenty-four months after surgery, LED in the BMT
group increased up to 1214 � 438 mg, whereas it
decreased to 545 � 438 mg in the STN-DBS group. For
operated patients, mean STN-DBS parameters were as

follows: 2.74 � 0.70 V (amplitude), 65.57 � 13.75 μs
(pulse width), 143.12 � 26.83 Hz (frequency), and
1246.93 � 317.08 Ω (impedance). For these subsets of
the EARLYSTIM-SPEECH study, values were compa-
rable with those reported for the EARLYSTIM trial.

Speech Intelligibility
Inter-rater reliability kappa for the listeners of each

country was calculated,18 with P = 0.35 and P = 0.45
for the French (n = 30) and the German (n = 54)
groups, respectively, corresponding to a fair-to-
moderate agreement.32 No statistically significant dif-
ferences between the BMT and STN-DBS groups were
noted from baseline to 24 months (Table 2) regarding
IR of whatever the status of medication (off, on) or
stimulation (OFF, ON).

MPT and Oral Diadochokinesis
The MPT did not differ significantly for the change

between baseline and 24 months (Table 2). This was
also the case for diadochokinesis, except in condition
OFF stimulation/on medication, where the mean differ-
ence between groups was significant (P = 0.04), the
STN-DBS group performing worse. Regarding this
comparison, the medication change in levodopa equiva-
lents between both groups was significant (P < 0.0001)
between baseline and 2 years, reduced in the STN
group (>300 mg), and increased in the BMT group
(>200 mg).

TABLE 3 Changes in clinical (UPDRS) and patient self-reported (PDQ-39) assessments between baseline and 24-months follow-up

Baseline
Within-treatment change from

baseline to 24 months

Outcome Condition of assessment BMT group
STN-DBS
group BMT group

STN-DBS
group

UPDRS III —motor score Off medication/ON STN-DBS 32.0 � 10.5 33.5 � 11.0 �1.00 � 9.98 �17.03 � 11.13**

On medication/ON STN-DBS 11.9 � 7.13 12.9 � 7.79 +1.11 � 6.35 �2.82 � 8.11**

UPDRS III—item 18 Off medication/ON STN-DBS 1.10 � 0.71 1.14 � 0.67 +0.04 � 0.73 �0.08 � 0.80

On medication/ON STN-DBS 0.60 � 0.62 0.55 � 0.63 +0.03 � 0.76 +0.31 � 0.74*

UPDRS II—item 5 “Best” functional condition 0.54 � 0.61 0.60 � 0.74 +0.05 � 0.62 +0.07 � 0.89

“Worst” functional condition 1.20 � 0.83 1.29 � 0.81 +0.14 � 0.97 �0.33 � 0.85**

PDQ-39—summary index On medication/ON STN-DBS 30.0 � 11.0 29.1 � 13.1 +0.59 � 11.9 �7.12 � 13.8**

PDQ-39—item 34 On medication/ON STN-DBS 1.51 � 1.00 1.29 � 1.03 +0.06 � 0.94 +0.41 � 1.27

PDQ-39—item 35 On medication/ON STN-DBS 1.06 � 1.06 1.00 � 1.01 +0.03 � 0.98 +0.05 � 1.38

Baseline and within-treatment changes from baseline to 24 months are presented as mean � standard deviations. Negative and positive changes refer to improvement and wors-
ening at 24 months, respectively. Wilcoxon rank-sum statistics were performed to compare the difference from baseline to 24 months between the BMT and the STN-DBS
groups; the statistical significance was set as *P < 0.05 and **P < 0.0001.
Abbreviations: BMT, best medical treatment; STN-DBS, subthalamic nucleus deep brain stimulation; UPDRS, Unified Parkinson’s Disease Rating Scale; PDQ-39, Parkinson’s
Disease Questionnaire on self-reported quality of life.
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Clinical and Patient Self-Reported Outcomes
The UPDRS motor score improved significantly more

in the STN-DBS group than in the BMT group both in
the off (P < 0.0001) and on medication (P < 0.0001)
conditions (Table 3). The between-group comparison
of the changes in the UPDRS speech item 18 was found
to be significantly worse (P = 0.012) for on medication
and ON stimulation conditions in the STN-DBS group.
In contrast, there was no significant difference between
groups off medication (P = 0.171). The “patient-
reported” speech item 5 of UPDRS II in the worst func-
tional condition differed between groups on medication
(P = 0.001), in favor of STN-DBS patients displaying a
lower (better) score on average. There was no signifi-
cant difference between groups with regard to the best
functional condition (P = 0.830). Changes in PDQ-39
scores from baseline to 24 months are also summarized
in Table 3. The between-group comparison of the
changes from baseline to 24 months differed signifi-
cantly (P < 0.0001) for the PDQ-39 summary index in
favor of the STN-DBS group. The changes in the PDQ-
39 single speech and communication items were not
significantly different between the two groups (item 34:
P = 0.089; PDQ-39 item 35: P = 0.816).

Discussion

Speech worsening after STN-DBS for PD may be
attributed to disease progression, surgical lesions, stim-
ulation itself, or a combination of these factors.
Research over more than two decades related to speech
outcomes after STN-DBS in advanced patients with PD
has so far provided variable results due to different
assessments, protocols, tasks, and stimulation-related
parameters; furthermore, cohorts were relatively small
and heterogeneous regarding the duration of disease or
severity dysarthria.33 Some speech dimensions can be
improved by STN-DBS at optimal parameters5,6 or can
be worsened by suboptimal stimulation.5 Misplacement
of electrodes or wrongly chosen stimulation parameters
may also compromise speech.3 Nevertheless, STN-DBS
with or without medical treatment at advanced disease
stages has been reported to deteriorate speech
intelligibility,6,9 particularly in patients presenting with
dysarthria before surgery.34

The EARLYSTIM-SPEECH study included speech
intelligibility as the primary outcome and parameters of
nonspeech oral movements and clinical and patient self-
reported scores as secondary outcomes. Speech intelligi-
bility was assessed by naive listeners, and over the
2-year period, changes in speech intelligibility were not
different between the STN-DBS and BMT patient
groups, either off or on medication or OFF or ON stim-
ulation. Much care was taken to measure this as objec-
tively as possible, and the blinding and randomization

was well controlled. In addition, parameters of non-
speech oral movements were used to monitor the effects
of STN-DBS and BMT on speech organ functioning in
PD. These parameters capture typical motor deficiencies
of oral production in PD, such as the MPT and articu-
latory diadochokinesis used in our study, and have
proven sensitivity in earlier studies (eg, Pinto and
colleagues,10 Lowit and colleagues,19 Rusz and col-
leagues29). Overall, few differences were found between
our patient groups. In particular, changes in MPT were
not significantly different between patient groups, either
off or on medication or OFF or ON stimulation. Oral
diadochokinesis was significantly different between
groups on medication only, when STN-DBS was turned
OFF. In this treatment condition, there was significant
worsening in STN-DBS patients, which was compen-
sated when stimulation was turned ON. The most
likely explanation for this worsening was the significant
reduction in dopaminergic medication down to 545-mg
levodopa equivalent daily dose after 24 months in the
STN-DBS group.2

Our additional approach to capture stimulation-
related changes was to take also at hand further sec-
ondary outcomes that address speech and communica-
tion issues, namely the individual items of PDQ-39
(items 34 and 35) and UPDRS II (item 5) self-assess-
ments (patient perspective), and the clinical assessment
(physician perspective) of the UPDRS III (item 18).
Interesting differences in opposite directions could be
observed: The two items of the PDQ-39 on patient-
reported speech and communication did not show sig-
nificant differences between groups, and UPDRS item
5 (patient-reported) improved even slightly in the STN-
DBS patient group compared to the BMT group. On
the contrary, the between-group comparison of the
changes in the UPDRS speech item 18, on medication
and ON STN-DBS, was statistically significant
(P = 0.012) in favor of the BMT group. To quantify
the meaning of this finding statistically, the “relative
effect”35 was determined, which is 0.59 (95% confi-
dence interval: 52.1; 66.4). A relative effect of 0.59 cor-
responds statistically to a “small,” although significant
effect, as a value of 0.50 would have been attributed to
chance alone. In addition, the psychometric quality of
these individual items has its limitations and is not com-
parable with a comprehensive patient- or expert-
assessed multidimensional speech questionnaire. Our
clinical interpretation of the changes induced by STN-
DBS at this disease stage is that they are still question-
able and, when they occur, they seem to be small. Any-
way, these results contrast strongly with the results of
speech performance in patients with advanced PD. At
these later stages, speech intelligibility assessments36,37

and other subjective/perceptual measures5,38 usually
show an undisputable deterioration over such a long
observation period.
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Why does STN-DBS cause no or only minimal deteri-
oration of speech at this disease stage? Unlike other
studies comparing STN-DBS and BMT (eg, Tripoliti
and colleagues9), one crucial difference is that the PD
patients in our EARLYSTIM-SPEECH study had a
much shorter disease duration; they were less affected
by the disease itself, experienced less dyskinesia and
motor fluctuations, and did not present with disabling
dysarthria at baseline (Table 1).2 This may be the most
important factor contributing to the benign speech out-
come after early STN-DBS. A possibility for speech
deterioration is that unintended lesions during surgery
may cause worsening of speech, as it has been shown
for some neuropsychological outcomes.39 This is
unlikely in our study, as we would have observed more
pronounced differences between the two groups. Fur-
thermore, the stimulation strength has been identified
as one of the factors deteriorating speech.3 It is well
known that stimulation parameters need to be
increased to alleviate the progressive worsening of
symptoms at later disease stages. In parallel, speech
impairment changes from typical PD dysarthria to a
specific dysarthria combining both disease and STN-
DBS-induced features, with perceptual and acoustic
characteristics that are not only hypokinetic but also
spastic, ataxic, or even flaccid.5 This confirms a current
diffusion toward the cortico-bulbar tract3,5 and/or the
cerebello-thalamo-cortical fibers.9,40 Thus, stimulation
strength could be a factor, but the total electrical energy
delivered in 1 second (V2 � μs � Hz/Ohm) was found
to be lower (61.9) for EARLYSTIM41 than for studies
with more advanced patients.42,43 This may be another
important factor why stimulation-induced deterioration
of speech was lower in our patient group compared to
more advanced patients.
Our study has limitations. Methodological issues

impeded strict calibration of sound pressure levels for
the majority of recordings. As a normalized loudness
calculation was not possible, we decided not to con-
sider any loudness measure in our analyses, which
explains why we did not include assessment of
hypophonia and monoloudness in the present study.
Also, our tasks were not designed for monopitch calcu-
lation. Extended speech assessments would have been
desirable, and we acknowledge that several other
acoustic variables could have been calculated, as rec-
ommended in most recent guidelines.44 However, our
protocol was designed to be performed quickly by non-
experts of speech, and the EARLYSTIM protocol
included numerous assessments of other important
functions resulting in time constraints. But, consistent
with a previous trial,10 our study was based on vali-
dated methodology and had as its main objective the
evaluation of the three specific and predetermined
parameters of intelligibility, MPT, and oral
diadochokinesis. In the future, correlation analysis in

the STN-DBS group between the location of the active
stimulated contact and outcomes of speech intelligibility
and nonspeech oral movements would be interesting.
The strength of our study is the large patient popula-
tion (more than 200 PD patients) compared in a pro-
spective study and randomized to a powerful
intervention or BMT with a rigid design over a 2-year
period, which is unprecedented in the literature so far.

Conclusion

This largest interventional study of speech intelligibil-
ity and nonspeech oral movements to date has com-
pared STN-DBS against medication-only treatment in
PD patients with early fluctuations. We showed that
STN-DBS maintained these outcomes at the same level
as BMT, as well as patient-reported outcomes, but
unlike the neurologist speech evaluation. Weighting the
result, our overall clinical conclusion is that at this early
disease stage—in contrast to later disease stages—
neither changes in objectively measured nonspeech
movement parameters and speech intelligibility nor lim-
itations of self-assessed communication caused by STN-
DBS can be found. Longer-term results from the
EARLYSTIM-SPEECH study will provide insight into
whether progressive deterioration of speech in STN-
DBS at earlier stage PD is different or similar to that
observed in patients with advanced PD.
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