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A B S T R A C T

Background: Speech disorders, including stuttering and hypophonia, have been reported in patients with
Parkinson's disease (PD) after subthalamic deep brain stimulation (STN-DBS).
Objective: To evaluate the effect of stimulation frequency or electrode contact location on speech disorders in PD
patients with STN-DBS.
Method: In this case-controlled study, we enrolled 50 PD patients with, and 100 PD patients without STN-DBS to
compare their vocal intensities, measured by a sound pressure meter, and perceptual speech ratings, obtained
from the speech sections of the United Parkinson's Disease Rating Scale (UPDRS) and subjective ratings re-
garding the impediment of functional communication by stuttering. For patients with STN-DBS, comparisons
were made between high-frequency (HFS; 130 Hz), low-frequency (LFS; 80 Hz), and off-stimulation. We also
evaluated the effect of electrode contact locations on speech function.
Results: Patients with STN-DBS had decreased vocal intensities and UPDRS scores compared to those without
(p < 0.05). Vocal intensity was significantly lower during HFS than during LFS and off-stimulation (both,
p < 0.05). Stuttering impeded STN-DBS patients’ communication to greater extent than for those without
(p < 0.001). Vocal intensity was lower when active contacts were in the dorsal zone compared to those in the
ventral zone (p < 0.05). Only STN-DBS treatment was a predictive factor for low vocal intensity (OR=9.53,
p=0.04).
Conclusion: High-frequency STN-DBS with dorsal zone contacts can aggravate certain speech problems in PD
patients. Therefore, it is important to balance between motor control and speech impairments in these patients.

1. Introduction

Speech disorders can be a significant problem for patients with
Parkinson's disease (PD). These disorders can arise at any stage of the
disease and vary in severity, however patients at later stages tend to be
more severely affected, which may cause a sharp decline in quality of
life [1]. Speech production can be difficult, stress or rhythm of speech
can be affected, and some patients may stutter [2]. Patients also often
begin to lose the ability to form facial expressions or make other ges-
tures that support communicate, leading to a decline in social skills and
interactions that may worsen as the condition progresses [3].

Deep brain stimulation (DBS) is an advanced treatment for motor
fluctuations and refractory tremors in PD patients, with the subthalamic
nucleus (STN) or globus pallidus internus (GPi) as the main targets

[4,5]. One advantage of STN-DBS is that medication can subsequently
be used at a lower dose, whereas GPi-DBS is more typically used to treat
severe levodopa-induced dyskinesia [4,5]. Although motor symptoms
tend to improve over the course of treatment with DBS, speech dis-
orders do not improve and may become worse as the disease progresses.
While several studies have shown the benefit of DBS of the STN, GPi,
and ventral intermediate nucleus of the thalamus (VIM) on motor
symptoms in PD [6,7], studies on the effects of DBS on voice and speech
are contradictory [8–11], and patients may experience other axial
symptoms, such as freezing of gait (FOG), postural instability, and
difficulties swallowing [5,12].

Dysarthria, a motor speech disorder, can appear at all PD stages and
usually worsens with disease progression [13]. However, a number of
studies have reported that DBS-related dysarthria often arises in PD
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patients who receive STN-DBS, but since these symptoms are not un-
common in PD, they cannot be clearly attributed to the adverse effects
of STN-DBS rather than disease progression [14–16]. PD patients fre-
quently exhibit patterns of distinct speech phenotypes, including stut-
tering and hypophonia [3,17,18]. Stuttering interferes with speech
fluency and is observed in PD patients independent from DBS [17].
However, Toft and Dietrichs reported that stuttering is often ex-
acerbated by DBS and that patients verbally communicate more easily
when stimulation ceases [19]. Moreover, hypophonia, or reduced
speech volume, is a common speech dysfunction in PD patients and
usually presents as hypokinetic dysarthria, which is additionally char-
acterised by monotonous and breathy speech [3,20]. Taken together,
stuttering and hypophonia appear to be directly associated with PD and
may be aggravated by STN-DBS [18].

During STN-DBS treatment, high-frequency stimulation (HFS),
ranging from 130 to 185 Hz, has been shown to effectively improve
motor problems, such as rigidity, bradykinesia, and tremor [21]. De-
spite these positive outcomes, speech impairment appears to increase
directly with stimulation, and may also lead to a deterioration in axial
symptoms, including FOG, postural instability, falls, and problems with
swallowing [5,12]. Therefore, an alternative approach is required to
prevent this exacerbation of axial symptoms following STN-DBS. Re-
searchers have suggested that low-frequency stimulation (LFS;
60–80 Hz) may reduce the risk of these symptoms occurring [22,23]. To
date, little research has been carried out to assess the impact of LFS on
axial symptoms, and all studies were reported with small sample sizes
[24–27].

While the pathophysiology is not fully apparent, previous studies
have suggested that LFS is able to alleviate speech problems and other
axial symptoms [28,29]. Evidence is still lacking, though, to support
altering DBS settings to improve stuttering and hypophonic speech,
therefore, the objective of this study was to determine the effects of
stimulation frequency and electrode contact location on vocal intensity
and perceptual speech rating in STN-DBS patients.

2. Methods

2.1. Study design & participants

This case-controlled study was performed at an outpatient clinic of
the Chulalongkorn Center of Excellence for Parkinson's Disease and
Related Disorders, King Chulalongkorn Memorial Hospital. The parti-
cipants were classified into two groups: PD patients treated with DBS
(PD-DBS) and PD patients treated with medications (PD-MED) who
were consecutively enrolled into the study. Inclusion criteria included a
PD diagnosis in accordance with the criteria established by the UK
Parkinson's Disease Society Brain Bank Clinical Diagnostic Criteria, and
aged between 18 and 70 years. Exclusion criteria were a diagnosis of
any other condition that may affect speech, including deafness, con-
genital stuttering, cognitive abnormalities, or psychiatric issues. The
PD-DBS group included all PD patients who had undergone STN-DBS
treatment at the center from 2008 to 2018 and were following regular
clinic appointments. The PD-MED group included PD patients who had
regular clinic appointments and continued to take their anti-PD medi-
cations on a regular basis. To increase statistical power, patients were
recruited at a 2:1 ratio (PD-MED: PD-DBS) [30]. Overall, 100 PD-MED
patients and 50 PD-DBS patients were enrolled. Neurostimulator sys-
tems were bilaterally implanted into the brains of PD-DBS patients
using the model 3389 DBS™ lead (Medtronic, Minneapolis, MN, USA),
and computed tomography with a slice thickness of 3mm permitted the
identification of the DBS locations in the STN (Fig. 1). The severity of
PD was classified based on the Unified Parkinson's Disease Rating Scale
(UPDRS), while the Hoehn and Yahr (HY) score was calculated during
the ‘on’ period by movement disorder neurologists (OP and RB). We
also collected demographic and patient characteristic data, including
the levodopa equivalent dose (LED) and DBS locations and settings. The

Human Subject Ethics Committee of the Faculty of Medicine, Chula-
longkorn University approved this research. Furthermore, informed
consent was obtained from all participants prior to participation, based
on guidelines of the Declaration of Helsinki.

2.2. Speech assessment

Every patient underwent an assessment of speech and voice dis-
orders. To ensure consistency in clinical interpretation in both parkin-
sonism and speech evaluation without significant interrater variability,
a board-certified neurologist (OP) and a PD nurse specialist (KB) con-
ducted all clinical assessments, and patient's and/or caregiver's concern
of communication impediment recorded, to ensure clarity and agree-
ment within the results. The assessments were performed in a sound-
proof venue during the on-state phase. The PD-DBS patients were
evaluated using their regular optimal medication and regular STN-DBS
settings, while PD-MED participants were evaluated using their regular
optimal medication. According to ICD-10, dysarthria is characterised by
poor articulation of phonemes due to problems associated with the
muscles that help produce speech, thus making it very difficult to
pronounce words. Similar to previous studies observing stuttering [31],
participants, who were mainly elderly people with varying educational
levels, were asked to read passages from primary school books to pre-
vent any influence from educational differences. These passages were
approved by the Ministry of Education of Thailand as a standard
learning tool for Thai vowels and consonants. To determine any ab-
normalities in phonation patterns, participants were requested to carry
out sustained phonations, making long and short vowel sounds. Stut-
tering was considered significant when patients or their caregivers re-
ported it as an impediment to communication. Hypophonia was de-
termined using a digital sound pressure meter (Benetech™, USA) that
obtained vocal intensity or loudness, with the microphone situated
15 cm from the patient's mouth. Environmental noise levels during
normal conversations are approximately 60 dB, and the vocal intensity
of normal speech is approximately 70 dB at a distance of 1 ft. Therefore,
a vocal intensity of less than 70 dB may lead to communication diffi-
culties. Perceptual speech ratings were recorded by physicians and
patients using recognised rating scales. Physicians assessed symptom
severity using the speech sections of the UPDRS (UPDRS-2/item 5 and
UPDRS-3/item 18), and patients completed the Voice Handicap Index

Fig. 1. Electrode orientation on each STN target. Each quadripolar electrode
contained four 1.5mm contacts separated by 0.5mm. These contacts are tra-
ditionally numbered from ventral to dorsal zones as 0, 1, 2, 3 for the left
hemisphere and 8, 9, 10, 11 for the right hemisphere. Each contact was further
classified into two ventral zone contacts, “ventral” (number 1, number 9) and
“most ventral” (number 0, number 8), and two dorsal zone contacts, “dorsal”
(number 2, number 10) and “most dorsal” (number 3, number 11). The des-
ignations were made on the basis of their locations.
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(VHI) to identify speech disorders and voice abnormalities in terms of
physical, functional, and emotional dysfunction. Vocal intensities and
perceptual speech ratings were measured in the PD-DBS group during
HFS (130 Hz), LFS (80 Hz), and off-stimulation. The effects of electrode
contact location on voice/speech were also analysed. The off-stimula-
tion condition was assessed 30min after stimulation cessation.

2.3. Statistical analysis

Independent t-tests, Mann-Whitney U tests, and Chi-square tests
were used to compare the clinical backgrounds and voice/speech
functions of patients in the PD-DBS and PD-MED groups. The compar-
isons of voice/speech functions between the three conditions (HFS, LFS,
and off-stimulation) were made with a repeated-measures ANOVA. To
identify predictors for low vocal intensity (less than 70 dB), we con-
ducted a binary logistic regression using the prevalence of low vocal
intensity as the dependent variable and participant-related parameters
as independent variables. The logistic model was conducted using the
enter method in order to select the most predictive variables of low
vocal intensity, and the predictors are reported as odds ratios (ORs). All
analyses were performed using SPSS Version 22 software (Chicago, IL,
USA), and p < 0.05 was considered significant.

3. Results

3.1. Demographic data

Demographic data of all participants are shown in Table 1 and
Supplementary Table 1. There were no significant differences between
PD-DBS and PD-MED groups in demographic information, including
gender, age, duration of disease, current LED, and HY scores
(p > 0.05). However, the mean vocal intensity of PD-DBS patients was
significantly lower than that of PD-MED patients (p < 0.05) and the
VHI scores of PD-DBS patients were significantly higher than those of
PD-MED patients (p < 0.05). The three subscale scores of the VHI
(physical, emotional, and functional) were also significantly higher in
the PD-DBS group than in the PD-MED group (p < 0.05 for all three
sections). In addition, the speech sections of the UPDRS scores for daily
living activities (UPDRS-2) and motor function (UPDRS-3) were sig-
nificantly lower in the PD-DBS group than in the PD-MED group
(p < 0.001). The percentage of patients whose stuttering impeded
communication was higher in the PD-DBS group (36%) compared with

the PD-MED group (8%, p < 0.001).
In the PD-DBS group, all patients received bilateral STN-DBS. Prior

to surgery, the mean disease duration was 147.07 months
(SD ± 54.55) and the mean duration since the surgical procedure was
45.78 months (SD ± 38.81). The mean pre-operative LED
(1353.56mg, SD ± 372.14) was significantly higher than the post-
operative LED (867.30mg, SD ± 463.87, p < 0.05). There were also
no significant differences in the mean pre-operative UPDRS-3 score
during the ‘on’ period of PD-DBS group and the ‘on’ period of PD-MED
group with regards to the total UPDRS-3 scores (29.08 points,
SD ± 11.02 vs. 27.78 points, SD 9.69), the speech sections of the
UPDRS-2 scores (1.10 points, SD ± 0.65 vs. 1.04 points, SD ± 0.89),
and the speech sections of the UPDRS-3 scores (1.00 points, SD ± 0.45
vs. 1.11 points, SD ± 0.91) (p=0.461, p=0.675, p=0.421, respec-
tively). Additionally, the mean pre-operative UPDRS-3 score during the
‘on’ period (29.08 points, SD ± 11.02) was numerically, but not sig-
nificantly (p > 0.05), higher than the post-operative UPDRS score
during the ‘on’ period (28.04, SD ± 12.97). The monopolar setting was
the most widely applied and constituted 76% and 72% of the left- and
right-sided STN lead positions, respectively. In left-sided STN, the
ventral zone contacts were set as the active cathodes for 20 (40%) of the
PD-DBS participants, while the remainder used dorsal zone contacts. In
right-sided STN, 26 (52%) of the PD-DBS participants had active ventral
zone contacts, while the remainder had dorsal zone contacts. During the
experiments, PD-DBS participants were stimulated with a constant
voltage. The mean amplitude in the right-sided STN and left-sided STN
was 2.99 V (SD ± 1.14) and 3.01 V (SD ± 0.98), respectively. The
mean pulse width in the left-sided STN and right-sided STN was
75.00 μs (SD ± 21.44) and 75.62 μs (SD ± 18.56), respectively. The
mean frequency for all STNs was 127.81 Hz (SD ± 13.83). The per-
centage of patients in the PD-DBS group for whom the caregivers' as-
sessment indicated that stuttering impeded communication were 36%
during HFS, 12% during LFS, and 8% during the off-stimulation.

3.2. Differences between HFS, LFS, and off stimulation

In the evaluation process, all PD-DBS patients were stabilised at HFS
settings. However, during LFS, two patients exhibited tremors and were
unable to continue with the off-stimulation. Comparative data between
HFS, LFS, and off-stimulation shows that vocal intensity was lowest
during HFS (p < 0.001), followed by LFS (p=0.006), and highest
during off-stimulation (Table 2 and Supplementary Fig. 1). However,

Table 1
Comparison of demographic data of all 150 Parkinson's disease patients.

Item PD-DBS (N=50) PD-MED (N=100) p-value

Age (years) 60.79 ± 9.46 63.37 ± 9.64 0.128ᵝ
Male gender 34 (68%) 53 (53%) χ2 (1, N = 150)= 3.079, p=0.079ᵠ
Disease duration (months) 149.27 ± 54.68 134.24 ± 43.59 0.122ᵝ
Current LED (mg) 867.30 ± 463.88 889.13 ± 389.39 0.769ᵝ*
Current HY score during the ‘on’ period (points) 3.16 ± 1.00 2.99 ± 1.13 0.371ᵝ
Current total UPDRS-3 scores during the ‘on’ period (points) 28.04 ± 12.97 27.78 ± 9.69 0.891ᵝ
The speech sections of the UPDRS-2 scores/item no.5 during the ‘on’ period (points) 2.44 ± 0.95 1.04 ± 0.89 < 0.001ᵝ*
The speech sections of the UPDRS-3 scores/item no.18 during the ‘on’ period (points) 2.34 ± 0.96 1.11 ± 0.91 < 0.001ᵝ
Vocal intensity during the ‘on’ period (dB)

• PD-DBS: on medication and on stimulation

• PD-MED: on medication

68.87 ± 6.99 77.60 ± 7.07 < 0.001ᵝ*

VHI functional score (points) 23.12 ± 8.44 14.2 ± 9.42 < 0.001ᵝ*
VHI physical score (points) 20.74 ± 8.48 14.44 ± 5.26 < 0.001ᵝ*
VHI emotional score (points) 19.34 ± 9.58 10.45 ± 2.83 < 0.001ᵝ*
Stuttering impeding conversation during the ‘on’ period

• PD-DBS patients were assessed during HFS stimulation

• PD-MED patients were assessed during on medication

18 (36%) 8 (8%) χ2 (1, N = 150)= 1.405, p=0.236ᵠ

ᵠ: Chi-square test; ᵝ: Independent t-test; *: Statistically significant; PD-DBS patients were assessed during HFS stimulation; Value in parentheses are shown as
percentage; dB: decibel unit; PD-MED: Parkinson's disease patients treated with medications; PD-DBS: Parkinson's disease patients treated with subthalamic nucleus
deep brain stimulation; HFS: High frequency stimulation; LED: Levodopa equivalent dosage; HY: Hoehn & Yahr score; UPDRS: The Unified Parkinson's Disease Rating
Scale; VHI: Voice Handicap Index.
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UPDRS speech sections scores were significantly higher during HFS
compared to LFS and off-stimulation (p < 0.001 for both sections 2
and 3), but between LFS and off-stimulation no statistically significant
difference was seen. The significant difference on vocal intensity, but
not the UPDRS speech section scores, between LFS and off-stimulation
may be related to better sensitivity of objective nature of vocal intensity
measurement.

3.3. Association between speech abnormalities and active contact location

Table 3, Fig. 1 and Supplementary Fig. 1 demonstrate that speech
disorders were influenced by the active contact location in PD-DBS
patients. In the left STN, the vocal intensity was lower when active
contacts were made in the dorsal zone rather than the ventral zone.
Compared to active dorsal contacts, active ventral contacts were asso-
ciated with higher intensity during HFS, LFS, and the off-stimulation
(p=0.033, p=0.002, and p=0.008, respectively). These findings
were almost replicated in the right STN, with active ventral contacts
showing significantly higher intensity during HFS and LFS (p=0.018
and p=0.021, respectively).

3.4. Determining the predictors for lower volume intensities

A logistic regression analysis was conducted to identify predictors
for low vocal intensity (Table 4) using the following variables: PD-DBS
group, age, female sex, disease duration, current HY score during the
‘on’ period, and current total UPDRS-3 scores during the ‘on’ period.
Results from the logistic regression indicated that there was a moderate
relationship (34.7%) between these predictors and low vocal intensity.
The overall prediction success was 74.1%. The enter method criterion
demonstrated that only STN-DBS (OR, 9.53) was a strong predictive
factor for low vocal intensity (p=0.04).

4. Discussion

The present study compared the influence of DBS frequency on
stuttering, as the primary outcome, and vocal intensity as a secondary
outcome. Our findings demonstrate that the PD-DBS group exhibited
lower volume intensity values and increased stuttering compared to the
PD-MED group. Moreover, they show that in comparison to LFS, HFS
decreased vocal intensity and increased stuttering when measured
subjectively using conversational communication and objectively using
a sound pressure meter. These results provide evidence that HFS con-
tributes to the deterioration of speech in PD patients. Future studies
should evaluate if the vocal intensity is enhanced following a reduction
in stimulation frequency.

Previous studies have demonstrated that DBS negatively affects
speech functions, therefore, to further understand these side effects, we
examined the differences in volume intensity and stuttering between PD
patients undergoing DBS and those taking conventional medication.
Our results suggest that STN-DBS contributes to speech problems and
that PD patients treated with STN-DBS are 9.53 times more likely to
have a lower vocal intensity than those who were not. Furthermore, our
findings are consistent with those of a previous review suggesting that
the causes of speech problems were the consequence of disease

progression, STN-DBS, or medication reduction [32]. However, two
previous meta-analyses did not find a relationship between medication
reduction and verbal fluency decline following DBS [33,34].

The role of the STN, as part of the basal ganglia, is to control motor
functions through the basal ganglia-thalamocortical motor circuit,
which is active during the development of stuttering [35]. Similar to
results from a previous study [19], our findings also show that stut-
tering might be improved by decreasing stimulation frequency. This
suggests that stimulation of the STN or nearby structures may worsen
stuttering [19]. Our findings are consistent with earlier reports that
indicate that lesions of the basal ganglia-thalamocortical motor circuit
play a role in the development of stuttering [19,36]. Moreover, our
results support earlier findings that LFS in STN-DBS can improve a
number of symptoms, including swallowing, axial symptoms, and FOG
[23].

According to the literature, STN-DBS via ventral contacts enhances
positive emotions in comparison to stimulation via dorsal contacts [37].
Moreover, when the active contact is positioned in the ventral zone of
the STN, it is possible for the current to pass into the associative and
limbic regions, resulting in a number of related psychological problems
linked to cognition [37,38]. However, while dorsal contact stimulation
enhances motor functions in PD-DBS patients better than ventral con-
tact stimulation [37], our study revealed that though both active con-
tact locations reduce the vocal intensity, this is especially marked when
contacts are made in the dorsal zone, in agreement with a previous
study [39]. This phenomenon may result from the stimulation
spreading into the adjacent internal capsule, which contains cortico-
bulbar fibres [39]. In addition, a previous study has demonstrated that
the decline in both mental status and verbal learning scores, six months
post-surgery, can be attributed to the dorsal location of electrodes in the
left hemisphere [39]. In the right hemisphere, laterally positioned
electrodes were associated with a decline in verbal short-term memory
[39]. Additionally, STN-DBS is linked to more severe declines in swal-
lowing and speech function, which can again be attributed to anato-
mical location, with stimulation effects spreading to the corticobulbar
tracts adversely affecting swallowing and speech [40,41].

This study used a case-controlled approach to objectively assess
speech outcomes under different DBS settings. In the PD-DBS group,
participants were assessed under three DBS settings within a single day
to eliminate variations over time and the assessments were consistently
performed during the ‘on’ period. This study investigated clinical vocal/
speech outcomes in PD patients undergoing bilateral STN-DBS using
both objective measurements and perceptual rating scales. Our results
demonstrate that objective tools may be more sensitive than subjective
tools for clinical assessments [42]. While previous studies reported that
subjective measurement may lead to inaccurate vocal intensity inter-
pretations [31,42], our study provides evidence of better sensitivity
with objective assessment. As speech problems can be linked to emo-
tional symptoms such as social withdrawal, depression, and loss of
confidence, the potential to detect speech problems amongst DBS pa-
tients earlier may help physicians to adjust medications and/or stimu-
lation settings to improve a patient's quality of life before social and/or
emotional problems occur [3,43,44].

This study has certain limitations. Firstly, we could not assess the
effect of LFS on speech problems in patients with pre-existing oral

Table 2
Comparison of speech parameters of 50 Parkinson's disease patients treated with subthalamic nucleus deep brain stimulation (PD-DBS) in three conditions with High
frequency stimulation (HFS), low frequency stimulation (LFS), and off-stimulation.

Item HFS LFS Off-stimulation p-value

Vocal intensities 68.87 ± 6.99 74.97 ± 6.72 76.94 ± 7.38 < 0.001X*

The speech sections of the UPDRS-2 scores/item no.5 2.44 ± 0.95 1.58 ± 0.70 1.60 ± 0.88 < 0.001X*

The speech sections of the UPDRS-3 scores/item no.18 2.34 ± 0.96 1.58 ± 0.64 1.70 ± 0.84 < 0.001X*

X: One-way Repeated-measured ANOVA; *: Statistically significant; UPDRS: The Unified Parkinson's Disease Rating Scale.
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tremor, since we excluded two patients with severe tremors during the
LFS and off-stimulation, LFS did not improve the tremors in these two
patients. Similarly, a previous study reported that some patients re-
ceiving DBS for medication-refractory tremor did not show tremor
improvement with LFS compared to HFS [23]. Secondly, the lack of a
formal speech-language pathology assessment may have influenced the
interpretation of the patients’ speech difficulties. However, speech as-
sessment was conducted by a board-certified neurologist (OP) and a PD
nurse specialist (KB) due to their established experience in UPDRS as-
sessment, and, in a recent systematic review on speech outcomes fol-
lowing STN-DBS, the authors have highlighted a variety of designs and
methodologies for speech assessment, including chart review, patient
self-perception, neurologist and nurse assessment, speech intelligibility,
and acoustic analysis [11]. Additionally, we mainly diagnosed the ef-
fect of STN-DBS on hypophonia and stuttering features without eva-
luations of other types of dysarthria, and clinical assessment based on
subjective tools, including the speech sections of the UPDRS may have
led to inaccurate speech problem interpretations. Finally, this study was
not conducted in an advanced speech laboratory. However, all patients
were evaluated in a soundproof room with a digital sound pressure
meter and a microphone for objective assessment.

This study investigated the association between speech impairment
in PD patients and DBS. Our results revealed that stuttering can be
exacerbated by STN-DBS and that vocal intensity is reduced to a greater
extent during HFS than during LFS. In addition, while active contacts in
dorsal zone areas are associated with better motor outcomes and active
ventral contacts influence both neuropsychiatric and cognitive out-
comes, vocal intensity was significantly lower in patients with active
dorsal zone contacts compared to patients with active contacts in
ventral zone areas for both HFS and LFS settings, with similar results in
both hemispheres, suggesting that an active electrode location in dorsal
zone areas, rather than ventral zone areas, may influence speech de-
terioration. Overall, our findings demonstrate the importance of bal-
ancing symptom control with speech problems and other side effects
when considering electrode location and stimulation settings in patients
undergoing STN-DBS.

Author contributions

1) Research project: A. Conception, B. Organization, and C.
Execution.

2) Statistical Analysis: A. Design, B. Execution, and C. Review and
Critique.

3) Manuscript: A. Writing of the first draft and B. Review and
Critique.

Onanong Phokaewvarangkul: 1ABC, 2AB, and 3A
Kamolwan Boonpang:1AB and 3B
Roongroj Bhidayasiri: 1ABC, 2C, and 3B

Financial disclosure/conflict of interest relevant to the manuscript

None.

Funding sources for study

The study was funded by the Chulalongkorn Academic
Advancement Fund into its 2nd Century Project of Chulalongkorn
University (2300042200), a Center of Excellence grant from
Chulalongkorn University (GCE 6100930004-1), and the International
Research Network grant of the Thailand Research Fund (IRN59W0005).

Acknowledgements

The authors would like to thank the patients who participated in
this study, their families, and the staff at Chulalongkorn Centre of
Excellence for Parkinson's Disease and Related Disorders, King
Chulalongkorn Memorial Hospital and Thai Red Cross Society.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.parkreldis.2019.07.020.

Declaration of interest

None.

References

[1] L. Hartelius, P. Svensson, Speech and swallowing symptoms associated with
Parkinson's disease and multiple sclerosis: a survey, Folia Phoniatrica Logop. 46
(1994) 9–17.

[2] C.P. Herd, C.L. Tomlinson, K.H. Deane, M.C. Brady, C.H. Smith, C.M. Sackley, et al.,
Speech and language therapy versus placebo or no intervention for speech problems
in Parkinson's disease, Cochrane Database Syst. Rev. 8 (2012) CD002812.

[3] L. Spurgeon, C.E. Clarke, C. Sackley, Subjective experiences of speech and language
therapy in patients with parkinson's disease: a pilot study, Rehabil. Res. Pract.
(2015) 839895.

[4] A.L. Benabid, Deep brain stimulation for Parkinson's disease, Curr. Opin. Neurobiol.
13 (2003) 696–706.

[5] M.C. Rodriguez-Oroz, J.A. Obeso, A.E. Lang, J.L. Houeto, P. Pollak, et al., Bilateral
deep brain stimulation in Parkinson's disease: a multicentre study with 4 years
follow-up, Brain 128 (2005) 2240–2249.

[6] F.M. Weaver, K.A. Follett, M. Stern, P. Luo, C.L. Harris, K. Hur, et al., Randomized
trial of deep brain stimulation for Parkinson disease: thirty-six-month outcomes,
Neurology 79 (2012) 55–65.

[7] J.D. Putzke, R.E. Wharen Jr., Z.K. Wszolek, M.F. Turk, A.J. Strongosky, R.J. Uitti,
Thalamic deep brain stimulation for tremor-predominant Parkinson's disease, Park.
Relat. Disord. 10 (2003) 81–88.

[8] C. Gross, A. Rougier, D. Guehl, T. Boraud, J. Julien, B. Bioulac, High-frequency
stimulation of the globus pallidus internalis in Parkinson's disease: a study of seven
cases, J. Neurosurg. 87 (1997) 491–498.

[9] K.E. Lyons, S.B. Wilkinson, A.I. Troster, R. Pahwa, Long-term efficacy of globus
pallidus stimulation for the treatment of Parkinson's disease, Stereotact. Funct.
Neurosurg. 79 (2002) 214–220.

[10] M.I. Hariz, P. Krack, F. Alesch, L.E. Augustinsson, A. Bosch, R. Ekberg, et al.,
Multicentre European study of thalamic stimulation for parkinsonian tremor: a 6
year follow-up, J. Neurol. Neurosurg. Psychiatry 79 (2008) 694–699.

[11] D. Aldridge, D. Theodoros, A. Angwin, A.P. Vogel, Speech outcomes in Parkinson's
disease after subthalamic nucleus deep brain stimulation: a systematic review, Park.
Relat. Disord. 33 (2016) 3–11.

[12] R.J. St George, J.G. Nutt, K.J. Burchiel, F.B. Horak, A meta-regression of the long-
term effects of deep brain stimulation on balance and gait in PD, Neurology 75
(2010) 1292–1299.

[13] S. Pinto, R. Cardoso, J. Sadat, I. Guimaraes, C. Mercier, H. Santos, et al., Dysarthria
in individuals with Parkinson's disease: a protocol for a binational, cross-sectional,
case-controlled study in French and European Portuguese (FraLusoPark), BMJ Open
6 (2016) e012885.

[14] T. Tsuboi, H. Watanabe, Y. Tanaka, R. Ohdake, N. Yoneyama, K. Hara, et al.,
Distinct phenotypes of speech and voice disorders in Parkinson's disease after
subthalamic nucleus deep brain stimulation, J. Neurol. Neurosurg. Psychiatry 86
(2015) 856–864.

[15] E. Tripoliti, L. Zrinzo, I. Martinez-Torres, E. Frost, S. Pinto, T. Foltynie, et al., Effects
of subthalamic stimulation on speech of consecutive patients with Parkinson dis-
ease, Neurology 76 (2011) 80–86.

Table 4
Predictors and Odd ratios Exp(B) of low vocal intensity (less than 70 dB).

Predictors
Odd ratios/Exp(B)

PD-DBS patients 9.534*
Age -
Female gender -
Disease duration -
Current HY score during the ‘on’ period -
Current total UPDRS-3 scores during the ‘on’ period -
Model summary
Hosmer and Lemeshow test χ2(8)= 10.441, p=0.235
Nagelkerke R square 0.347

*; statistically significant; PD-DBS: Parkinson's disease patients treated with
subthalamic nucleus deep brain stimulation; HY: Hoehn & Yahr score; UPDRS:
The Unified Parkinson's Disease Rating Scale.

O. Phokaewvarangkul, et al. Parkinsonism and Related Disorders 66 (2019) 110–116

115

https://doi.org/10.1016/j.parkreldis.2019.07.020
https://doi.org/10.1016/j.parkreldis.2019.07.020
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref1
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref1
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref1
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref2
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref2
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref2
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref3
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref3
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref3
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref4
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref4
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref5
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref5
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref5
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref6
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref6
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref6
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref7
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref7
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref7
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref8
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref8
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref8
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref9
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref9
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref9
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref10
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref10
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref10
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref11
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref11
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref11
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref12
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref12
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref12
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref13
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref13
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref13
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref13
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref14
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref14
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref14
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref14
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref15
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref15
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref15


[16] Y. Tanaka, T. Tsuboi, H. Watanabe, Y. Kajita, Y. Fujimoto, R. Ohdake, et al., Voice
features of Parkinson's disease patients with subthalamic nucleus deep brain sti-
mulation, J. Neurol. 262 (2015) 1173–1181.

[17] M. Picillo, G.B. Vincos, F. Sammartino, A.M. Lozano, A. Fasano, Exploring risk
factors for stuttering development in Parkinson disease after deep brain stimulation,
Park. Relat. Disord. 38 (2017) 85–89.

[18] T. Tsuboi, H. Watanabe, Y. Tanaka, R. Ohdake, M. Hattori, K. Kawabata, et al.,
Early detection of speech and voice disorders in Parkinson's disease patients treated
with subthalamic nucleus deep brain stimulation: a 1-year follow-up study, J.
Neural Transm. 124 (2017) 1547–1556.

[19] M. Toft, E. Dietrichs, Aggravated stuttering following subthalamic deep brain sti-
mulation in Parkinson's disease–two cases, BMC Neurol. 11 (2011) 44.

[20] F.L. Darley, A.E. Aronson, J.R. Brown, Differential diagnostic patterns of dysarthria,
J. Speech Hear. Res. 12 (1969) 246–269.

[21] C. Sidiropoulos, R. Walsh, C. Meaney, Y.Y. Poon, M. Fallis, E. Moro, Low-frequency
subthalamic nucleus deep brain stimulation for axial symptoms in advanced
Parkinson's disease, J. Neurol. 260 (2013) 2306–2311.

[22] L. di Biase, A. Fasano, Low-frequency deep brain stimulation for Parkinson's dis-
ease: great expectation or false hope? Mov. Disord. 31 (2016) 962–967.

[23] T. Xie, M. Padmanaban, L. Bloom, E. MacCracken, B. Bertacchi, A. Dachman, et al.,
Effect of low versus high frequency stimulation on freezing of gait and other axial
symptoms in Parkinson patients with bilateral STN DBS: a mini-review, Transl.
Neurodegener. 6 (2017) 13.

[24] H. Brozova, I. Barnaure, R.L. Alterman, M. Tagliati, STN-DBS frequency effects on
freezing of gait in advanced Parkinson disease, Neurology 72 (2009) 770–771.

[25] C. Moreau, L. Defebvre, A. Destee, S. Bleuse, F. Clement, J.L. Blatt, et al., STN-DBS
frequency effects on freezing of gait in advanced Parkinson disease, Neurology 71
(2008) 80–84.

[26] V. Ricchi, M. Zibetti, S. Angrisano, A. Merola, N. Arduino, C.A. Artusi, et al.,
Transient effects of 80 Hz stimulation on gait in STN DBS treated PD patients: a 15
months follow-up study, Brain Stimul. 5 (2012) 388–392.

[27] T. Xie, J. Vigil, E. MacCracken, A. Gasparaitis, J. Young, W. Kang, et al., Low-
frequency stimulation of STN-DBS reduces aspiration and freezing of gait in patients
with PD, Neurology 84 (2015) 415–420.

[28] C. Moreau, O. Pennel-Ployart, S. Pinto, A. Plachez, A. Annic, F. Viallet, et al.,
Modulation of dysarthropneumophonia by low-frequency STN DBS in advanced
Parkinson's disease, Mov. Disord. 26 (2011) 659–663.

[29] T. Xie, U.J. Kang, P. Warnke, Effect of stimulation frequency on immediate freezing
of gait in newly activated STN DBS in Parkinson's disease, J. Neurol. Neurosurg.
Psychiatry 83 (2012) 1015–1017.

[30] T. Sturmer, H. Brenner, Degree of matching and gain in power and efficiency in

case-control studies, Epidemiology 12 (2001) 101–108.
[31] A.K. Ho, J.L. Bradshaw, T. Iansek, Volume perception in parkinsonian speech, Mov.

Disord. 15 (2000) 1125–1131.
[32] A. Hojlund, M.V. Petersen, K.S. Sridharan, K. Ostergaard, Worsening of verbal

fluency after deep brain stimulation in Parkinson's disease: a focused review,
Comput. Struct. Biotechnol. J. 15 (2017) 68–74.

[33] H.L. Combs, B.S. Folley, D.T. Berry, S.C. Segerstrom, D.Y. Han, A.J. Anderson-
Mooney, Cognition and depression following deep brain stimulation of the sub-
thalamic nucleus and globus pallidus pars internus in Parkinson's disease: a meta-
analysis, Neuropsychol. Rev. 25 (2015) 439–454.

[34] T.D. Parsons, S.A. Rogers, A.J. Braaten, S.P. Woods, A.I. Troster, Cognitive sequelae
of subthalamic nucleus deep brain stimulation in Parkinson's disease: a meta-ana-
lysis, Lancet Neurol. 5 (2006) 578–588.

[35] M.R. DeLong, Primate models of movement disorders of basal ganglia origin, Trends
Neurosci. 13 (1990) 281–285.

[36] R. Moretti, P. Torre, R.M. Antonello, L. Capus, M. Gioulis, S. Zambito Marsala, et al.,
Speech initiation hesitation' following subthalamic nucleus stimulation in a patient
with Parkinson's disease, Eur. Neurol. 49 (2003) 251–253.

[37] I. Greenhouse, S. Gould, M. Houser, G. Hicks, J. Gross, A.R. Aron, Stimulation at
dorsal and ventral electrode contacts targeted at the subthalamic nucleus has dif-
ferent effects on motor and emotion functions in Parkinson's disease,
Neuropsychologia 49 (2011) 528–534.

[38] I. Greenhouse, S. Gould, M. Houser, A.R. Aron, Stimulation of contacts in ventral
but not dorsal subthalamic nucleus normalizes response switching in Parkinson's
disease, Neuropsychologia 51 (2013) 1302–1309.

[39] M.K. York, E.A. Wilde, R. Simpson, J. Jankovic, Relationship between neu-
ropsychological outcome and DBS surgical trajectory and electrode location, J.
Neurol. Sci. 287 (2009) 159–171.

[40] S. Skodda, Effect of deep brain stimulation on speech performance in Parkinson's
disease, Parkinsons Dis. (2012) 850596.

[41] S. Mirza, U. Yazdani, R. Dewey Iii, N. Patel, R.B. Dewey Jr., S. Miocinovic,
Comparison of globus pallidus interna and subthalamic nucleus in deep brain sti-
mulation for Parkinson disease: an institutional experience and review, Parkinsons
Dis. (2017) 3410820.

[42] R. Bhidayasiri, P. Martinez-Martin, P, Clinical assessments in Parkinson's disease:
scales and monitoring, Int. Rev. Neurobiol. 132 (2017) 129–182.

[43] L.O. Ramig, C. Fox, S. Sapir, Speech treatment for Parkinson's disease, Expert Rev.
Neurother. 8 (2008) 297–309.

[44] M. Walshe, N. Miller, Living with acquired dysarthria: the speaker's perspective,
Disabil. Rehabil. 33 (2011) 195–203.

O. Phokaewvarangkul, et al. Parkinsonism and Related Disorders 66 (2019) 110–116

116

http://refhub.elsevier.com/S1353-8020(19)30310-4/sref16
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref16
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref16
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref17
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref17
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref17
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref18
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref18
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref18
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref18
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref19
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref19
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref20
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref20
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref21
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref21
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref21
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref22
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref22
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref23
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref23
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref23
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref23
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref24
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref24
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref25
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref25
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref25
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref26
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref26
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref26
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref27
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref27
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref27
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref28
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref28
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref28
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref29
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref29
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref29
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref30
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref30
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref31
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref31
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref32
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref32
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref32
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref33
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref33
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref33
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref33
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref34
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref34
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref34
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref35
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref35
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref36
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref36
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref36
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref37
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref37
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref37
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref37
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref38
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref38
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref38
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref39
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref39
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref39
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref40
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref40
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref41
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref41
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref41
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref41
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref42
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref42
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref43
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref43
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref44
http://refhub.elsevier.com/S1353-8020(19)30310-4/sref44

	Subthalamic deep brain stimulation aggravates speech problems in Parkinson's disease: Objective and subjective analysis of the influence of stimulation frequency and electrode contact location
	Introduction
	Methods
	Study design &#x200B;&&#x200B; participants
	Speech assessment
	Statistical analysis

	Results
	Demographic data
	Differences between HFS, LFS, and off stimulation
	Association between speech abnormalities and active contact location
	Determining the predictors for lower volume intensities

	Discussion
	Author contributions
	Financial disclosure/conflict of interest relevant to the manuscript
	Funding sources for study
	Acknowledgements
	Supplementary data
	Declaration of interest
	References




