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Background: Patients with Parkinson’s disease (PD) exhibit deficits in recognizing and expressing
vocal emotional prosody. The aim of this study was to explore emotional prosody processing
in patients with PD shortly after subthalamic nucleus (STN) deep brain stimulation (DBS).
Methods: Two groups of patients with PD (pre-DBS and post-DBS) and one healthy control
(HC) group were recruited as participants. All participants (PD and HC) were assessed using
the Montreal Affective Voices database 50 Voices Recognition test. All participants were
asked to nonverbally express five basic emotions (happiness, anger, fear, sadness, and neutral)
to test emotional prosody expression. Fifteen native Chinese speakers were recruited as raters.
We recorded the accuracy rate, reaction time, confidence level, and two acoustic parameters
(mean pitch and mean intensity).

Results: The PD groups scored lower than the HC group in recognizing and expressing emotional
prosody. STN DBS had no significant effect on the recognition of emotional prosody but had a
significant effect on fear prosody expression. Pearson’s correlation analysis revealed significant
correlations between performance on emotional prosody recognition tests and performance on
emotional prosody expression tests in both the pre-DBS PD and post-DBS PD groups.
Conclusion: Shortly after STN DBS, the ability to recognize emotional prosody was not
altered, but fear expression was impaired. We identified associations between abnormalities
in emotional prosody recognition and expression deficits both before and after STN DBS,
indicating that the processes involved in recognizing and expressing emotional prosody may
share a common system.

Keywords: Parkinson’s disease, emotional prosody, subthalamic nucleus stimulation, emotional

recognition, emotional expression

Introduction

Deep brain stimulation (DBS) is an established therapy for patients with Parkinson’s
disease (PD) who have failed to respond to or are not suitable for dopaminergic replace-
ment therapy. DBS has been shown to provide a clear benefit for patients with PD by
reducing motor dysfunction. The following three well-established stimulation targets
are currently recognized: the subthalamic nucleus (STN), globus pallidus internus
(GPi), and pedunculopontine nucleus.! Among these regions, the STN and GPi are
the most commonly targeted structures. Comparative studies of these two targets have
shown that both have unique advantages and disadvantages.** When choosing the
most suitable target, factors such as dyskinesia, medication reduction, and nonmotor
symptoms should also be included in addition to motor symptoms.

submit your manuscript

Dove n,u

http:

Neuropsychiatric Disease and Treatment 2017:13 2965-2975 2965
© 2017 Jin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

T2l and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/NDT.S153505
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:xinguangyu301@163.com

Jinetal

Dove

Defects in cognition and vocal expression are two
important nonmotor symptoms, and the administration of
STN DBS to patients with PD has been shown to induce
modifications in symptoms.*>¢ Deficits in cognition and vocal
expression impact emotional recognition and expression in
patients with PD. Emotional expression includes the expres-
sion of emotional faces and voices.” Compared to facial
expression, vocal expression better conveys an individual’s
inner thoughts. In other words, the way we speak is more
important than the content of our speech and emotional
prosody communicates one’s emotional status.

Segmental and suprasegmental changes occur during
the course of pronunciation and affect acoustic parameters,
such as speed, pitch, and intensity, and these changes are
collectively called emotional prosody.>® Using functional-
magnetic resonance imaging (MRI) and stereotactic electro-
encephalography, the neural networks involved in emotional
prosody processing have been shown to operate in three
stages.” In the first stage, inputs resulting from auditory
information activate primary and secondary auditory corti-
cal regions, predominately those in the right hemisphere.!®!!
The second stage is thought to involve projections from the
superior temporal gyrus to the anterior superior temporal
sulcus, which contains voice-sensitive neurons.'>!"> The third
stage mainly concerns the processing of vocal emotional per-
ception, which is mediated by projections from the superior
temporal sulcus to the orbitofrontal cortex and right inferior
frontal gyrus.'®'*!% In addition to brain network structures
in the fronto-temporal lobe, structures in the limbic system,
such as the amygdala, thalamus, and basal ganglia, have been
reported to be involved in emotional prosody processing.'¢"?
Recently, a series of studies aimed at exploring STN DBS in
emotional prosody recognition suggested that the STN is also
a crucial structure for decoding emotional prosody.'"*

The ability to recognize and express vocal emotional
prosody is damaged in some pre-DBS patients.?!*> Accord-
ing to Rusz et al,” the reduced ability to vocally express
emotions is detected even in the early stage of PD. However,
researchers have not clearly determined whether these pro-
cesses are impaired to a greater extent in patients with PD
who underwent STN DBS.?*?° In fact, most of the studies
of emotional prosody processing have only examined one
cognitive feature (either recognition or expression), and these
studies have yielded controversial results. Although deficits
in emotional prosody recognition!!?%% or emotional prosody
expression® have been reported to be more severe after
STN DBS, others have failed to identify abnormalities.?*?
The conflicting results presented in these studies are likely
caused by confounding factors (such as a depressive state and

cognitive impairment in patients with PD) and differences
in methodologies. In addition, further studies are required to
determine whether abnormalities in emotional prosody recog-
nition or expression deficits are associated with STN DBS.
The aim of this study was to explore emotional prosody
processing in patients with PD shortly after STN DBS. This
approach allowed us to evaluate early outcomes in postopera-
tive nonmotor symptoms. In this study, both recognition and
expression tests were performed. In addition, subjective and
objective methods were used to evaluate emotional prosody
expression. According to previous studies, two basic human
emotions, such as disgust and surprise, have relatively low
recognition rates.””** We therefore included the following five
basic human emotions in this study: happiness, sadness, fear,
anger, and neutral. The results of our study will improve our
understanding of the changes that occur in emotional prosody
processing in patients with PD who undergo STN DBS.

Participants and methods

Participants

Two groups of patients with PD (pre-DBS and post-DBS)
and one group of healthy controls (HCs) were recruited as
participants. All three groups were matched for gender,
age, and years of education. The pre-DBS group comprised
16 patients with PD (11 men and five women) who were
candidates for STN DBS, whereas the post-DBS group com-
prised 16 patients (11 men and five women) who had already
undergone bilateral STN DBS for 6 months. Another 16
healthy individuals (11 men and five women) were recruited
as the HC group. All participants agreed to participate in the
study and signed the informed consent form.

The following inclusion criteria were used to recruit
patients with PD: a clinical diagnosis of PD; poor motor
symptom control when using dopaminergic medications; a
good response to a levodopa test; and an absence of cognitive
dysfunction (a Montreal Cognitive Assessment score of >24
and a Mini Mental State Examination score of >26), depres-
sion (diagnosed according to the Hamilton Depression Scale),
anxiety (diagnosed according to the Hamilton Anxiety Scale),
and other psychiatric diseases. The HC group was also tested
using the same scales to exclude cognitive dysfunction or
other psychiatric diseases. In addition, we analyzed the clini-
cal characteristics of two PD groups, such as disease duration,
Unified Parkinson’s Disease Rating Scale 11, Hoehn and Yahr
staging scale, and levodopa equivalent daily dose. Group
differences in demographic and neuropsychological charac-
teristics were analyzed using one-way analysis of variance
(ANOVA). Clinical data were analyzed using independent
two-sample Student’s -tests. Mann—Whitney U tests were
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Table | Demographic and clinical data

Variables HC (n=16) Pre-PD (n=16) Post-PD (n=16) Statistical methods df Statistical values P-values
Gender ratio 5F/11M S5F/11M S5F/11M

Age (years) 61.75£7.50  61.63£8.31 61.93+5.95 ANOVA 2 0.39% 0.993
Education (years) 8.7543.19 8.941+3.23 8.63+2.58 ANOVA 2 0.043 0.957
MMSE 28.19+0.91 28.06+0.85 28.13+0.89 ANOVA 2 0.080 0.923
MOCA 27.00+0.97  26.19+1.05 26.56%1.15 ANOVA 2 2364 0.106
Disease duration (years) NA 8.06+2.29 7.56+1.90 Independent sample t-test 30  0.672 0.507
H&Y NA 2.50+0.73 2.441+0.51 Mann—-Whitney U 2 127 0.965
LEDD NA 391.84+193.11 380.47+200.41 Independent sample t-test 30 0.163 0.871
UPDRS llI NA 29.56£15.15 28.75%13.79 Independent sample t-test 30  0.159 0.875

Note: Data given are mean * SD.

Abbreviations: ANOVA, analysis of variance; F, female; HC, healthy control; H&Y, Hoehn and Yahr staging scale; LEDD, Levodopa equivalent daily dose; M, male; MMSE,
Mini Mental State Examination; MOCA, Montreal Cognitive Assessment; NA, not applicable; PD, Parkinson’s disease; UPDRS, Unified Parkinson’s Disease Rating Scale.

used if the normality assumptions were not satisfied. The
demographic characteristics, neuropsychological character-
istics, and clinical data are shown in Table 1.

Neurosurgery

Under local anesthesia, patients were placed in a stereotactic
head frame (Leksell Model F head frame). Then, a 1.5 T scan-
ner (Siemens Espree) was used to perform stereotactic MRI
to identify the anterior commissure (AC) and posterior com-
missure (PC). We obtained a 3 mm thick axial image parallel
to the AC—PC plane. Coronal and sagittal images orthogonal
to the axial images were also acquired. Similar to the findings
described by Benabid et al,?** the anatomical target coordi-
nates for the STN were 4 mm inferior, 3 mm posterior, and
12 mm lateral to the midpoint of the AC—PC line. Because
individual differences in STN morphology were observed
across the patients, the target was adjusted to the center of the
STN. The entry points were determined based on MRI images
and the target coordinates. DBS 3389 electrodes (Medtronic,
Minneapolis, MN, USA) were placed using intraoperative
microelectrode recording. Patients remained awake to test the
temporary efficacy of the procedure using a temporary exter-
nal stimulator (Programmer 8840), to obtain verbal feedback,
and to avoid unwanted adverse effects. An intraoperative
MRI (iMRI) was then performed to confirm the accuracy of
the electrode placement.?! Once the iMRI showed that the
electrodes were positioned in the center of and at an appro-
priate depth within the STN, a pulse generator (Medtronic)
was placed in the chest area under the clavicle using a routine
procedure; otherwise, the coordinates were adjusted and the
second round of MRI scans was performed to ensure the
appropriate location of the electrodes. In our center, we initi-

We regularly set a pulse width of ~60 uS, a frequency
of ~130 Hz, and a voltage of ~1.5 V. The follow-up DBS
programming procedures were performed 1 month, 3 months,
6 months, and 1 year later. At these time points, subjects were
still undergoing active programming adjustment. In addition,
DA medications were still changing. Unlike some centers,
the dose reduction occurs more slowly in our center.

We used a single contact of the quadripolar electrode,
and monopolar stimulation was performed in all patients.
The stimulation characteristics are shown in Table 2.

Procedure

The experimental procedure consisted of three main experi-
ments. The first experiment focused on the recognition of
emotional prosody, the second experiment was concerned
with recording expressions of emotional prosody expres-
sion, and the third experiment was performed to subjectively
and objectively evaluate perceptions of emotional expres-
sion. All experiments were conducted in a quiet, softly lit
room. During the course of the experimental procedures,
the patients in the pre-DBS group were on-dopa whereas
the patients in the post-DBS group were on-dopa and
on-stimulation.

Experiment |: emotional prosody
recognition

All participants (PD and HC) were assessed using the
Montreal Affective Voices (MAV) database 50 Voices
Recognition test.?? The test consisted of 50 nonverbal affect

Table 2 Stimulation parameters for post-PD group

. . . . . Sides Voltage (V Pulse (us Frequency (Hz

ate stimulation 2 weeks after hospital discharge. The active ge (V) (us) quency (Hz)

" lati tact i | din the d lateral ¢ of Left 2.25+0.41 71.2518.85 141.88+19.74
stimuiation contact 15 placed In the dorso-fateral part o g, 2.1620.49 70.63+9.29 144.38+21.59
the STN in each hemisphere. Before applying stimulating -

. Note: Data given are mean + SD.

pulses, all four contacts of bilateral electrodes were tested.  Abbreviation: PD, Parkinson’s disease.
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bursts that corresponded to the emotions, such as happiness,
anger, fear, sadness, and neutral, and recorded from 10
different actors (five males and five females). These voices
were played randomly and one at a time. Then, the partici-
pants were asked to carefully listen to each voice at a com-
fortable volume while wearing headphones and to identify
the correct emotion categories using a five forced-choice
response format. Although the reaction time (RT) was not
limited, the participants were also encouraged to make their
choices quickly. The recognition test provided scores with
a maximum value of 10 for each single emotion and yielded
a score with a maximum of 50 for all five emotions. Before
the test, the participants were asked to describe each type
of emotion to obtain a better understanding of the prosody
recognition test.

All 50 recognition trials were run in E-Prime 2.0 software.
Each trial sequence consisted of 1) the presentation of a
fixation cross at the center of a computer screen for 1,000 ms,
2) an audio presentation of an exemplar over a loudspeaker
along with the simultaneous display of an image, and 3) a dis-
play that presented the five forced-choice response formats.

Experiment 2: emotional prosody

expression

Similar to the MAV database used in experiment 1, all
participants were asked to nonverbally express five basic
emotions (including happiness, anger, fear, sadness, and
neutral). A high-quality microphone was placed ~15 cm
from the participant’s mouth. Voices were recorded using
the Adobe Audition 3.0 software (Adobe, Inc., San Jose, CA,
USA) and edited into sound files in waveform audio format
format. The length of the sound files corresponding to each
type of emotion was | second. Before each recording, a
6 second blank section was recorded for subsequent noise-
reduction processing. All recordings were performed under
the same conditions, using consistent recording parameters (a
sampling rate of 48,000 Hz, mono channel, and a resolution
ratio of 16 bits). To ensure that the participants understood
the task, an instruction was provided, such as “What do you
say when you feel happiness, sadness, fear, anger, and a
neutral emotion?”

Experiment 3: emotional prosody
perception

Both subjective and objective methods were used to deter-
mine whether the materials recorded in experiment 2 con-
veyed the intended emotions.

In the subjective method, 15 native Chinese speakers
(eight males and seven females) were recruited to validate
the recorded materials. They were all graduate students at
the People’s Liberation Army General Hospital with normal
hearing and no diseases. The students lived in China, and
their native language was Chinese. The average age was
27.26 years (SD =1.53). The average number of years of
education was 20.33 (SD =1.13). All participants in this
experiment volunteered to participate in the study without
payment, and they were blind to the patients’ diagnoses.
All recorded materials were divided into three groups (such
as two PD groups and one HC group). Each voice was
randomly played and one at a time. The participants in this
experiment were asked to sit in front of a computer screen
and carefully listen to each recording at a comfortable volume
level while wearing headphones. Then, they were asked to
distinguish the correct emotion category using a five-choice
format (happiness, anger, fear, sadness, and a neutral emo-
tion). In addition, they were required to rate their confidence
level (CL) regarding their choices (zero points, none; one
point, very little; two points, a little; three points, mild; four
points, high; and five points, very high). The accuracy rates
and RTs of the participants were also calculated. All trials
testing perception were performed using the E-Prime 2.0
software. Inter-rater reliability was assessed by calculating
Cronbach’s alpha.

In the objective method, two acoustic parameters (mean
pitch and mean intensity) of the recorded materials were
analyzed to explore whether the parameters are useful for
distinguishing emotional speech across the three groups.
A total of 240 emotional speech materials were included.
Emotional speech was analyzed using the Praat speech analy-
sis software package (available at: www.praat.org [Phonetic
Sciences, University of Amsterdam, the Netherlands]).* For
the entire duration of each speech material, the following
two acoustic parameters were included: mean pitch in hertz
and mean intensity in decibels. An author (GX) verified the
results of automatic analysis to ensure the accuracy of the
automatic procedure.

Ethical aspects
The ethics committee of the People’s Liberation Army
General Hospital approved the research protocol.

Statistical analysis

Total MAV scores were analyzed using ANOVA. In addi-
tion, MAV subscores were assessed using ANOVA with
a 3x5 design (between-subject factors: pre-DBS, post-DBS,
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and HC; within-subject factors: happiness, anger, fear,
sadness, and neutral). Analogous statistical analyses were
designed to evaluate the accuracy rate of the perception
of vocal expressions. Two 3x5 designs (between-subject
factors: pre-DBS, post-DBS, and HC; within-subject factors:
happiness, anger, fear, sadness, and neutral) were performed
for the variables RT and CL in the perception of vocal
expression. For the objective method, mean pitch and mean
intensity were separately compared using an ANOVA with
a 3x5 design (between-subject factors: pre-DBS, post-DBS,
and HC; within-subject factors: happiness, anger, fear, sad-
ness, and neutral). Post hoc least significant difference (LSD)
tests were applied to identify differences between groups.
Tests for normality and homogeneity of variance were also
performed before each variance analysis. The data were
analyzed using ¥ tests instead of ANOVA if the normality
and homogeneity of variance assumptions were not satis-
fied. Post hoc Mann—Whitney U tests were used to identify
differences between groups.

The correlations between performance on tests of recog-
nition and expression in each group were assessed using the
Pearson correlation test. Additional Pearson’s correlation
tests were performed to analyze correlations between perfor-
mance on expression tests and the two acoustic parameters
(mean pitch and mean intensity). Spearman’s correlation tests
were used if the normality assumptions were not satisfied.

All statistical analyses were performed using the SPSS
17.0 software package. P-value =0.05 was considered
statistically significant.

>

ek

100 - J ¥

Recognition score (%)

Results

Emotional prosody recognition

One-way ANOVA revealed a significant difference in total
MAYV scores among the three groups (F[2,44] =11.018,
P<0.001). Post hoc LSD tests revealed significantly higher
total MAV scores in the HC group than in the pre-DBS
(P<<0.001) and post-DBS (P<<0.001) PD groups (Figure 1A).
ANOVA revealed significant effects of the factors “group”
(F[2,99]=3.861, P=0.023) and “emotion” (F[4,99] =39.133,
P<0.001) but did not identify a significant interaction
between these two factors. Post hoc LSD tests revealed
significantly lower MAV subscores for the neutral emotion
in the pre-DBS and post-DBS PD groups than in the HC
group (P<<0.001) (Figure 1B). There were no other signifi-
cant differences observed between any two pairs of groups
(all P>0.05).

Emotional prosody expression

In our analyses of accuracy rates, one-way ANOVA revealed
significant differences among the three groups (£[2,44] =
68.736, P<<0.001). Post hoc LSD tests showed significant dif-
ferences between each pair of groups (Figure 2A). ANOVA
revealed a significant main effect of the factors group
(F[2,224]=8.140, P<<0.001) and emotion (F[4,224] =22.064,
P<0.001; Figure 2B) but did not reveal a significant interac-
tion between these two factors. Post hoc LSD tests revealed
that prosody expressions of neutral emotions and anger were
less well-recognized by the pre-DBS PD group than the HC
group (P<<0.05). Fear expression was less well-recognized
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Figure | Emotional prosody recognition task for the HC group (blue), the pre-PD group (green), and the post-PD group (purple).
Notes: (A) Total score for all emotions and (B) sub-scores for single emotions. Data given are mean + SD. **Significant if P-value <0.01.

Abbreviations: HC, healthy control; PD, Parkinson’s disease.
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Figure 2 Emotional prosody expression task for the HC group (blue), the pre-PD group (green), and the post-PD group (purple).
Notes: (A) Total score for all emotions and (B) subscores for single emotions. Data given are mean * SD. *Significant if P-value <0.05. **Significant if P-value <0.01.

Abbreviations: HC, healthy control; PD, Parkinson’s disease.

by the post-DBS PD group than the pre-DBS and HC groups.
No other significant differences were observed between pairs
of groups (P>0.05).

RT and CL were analyzed using j* tests because the
normality and homogeneity of variance assumptions were
not satisfied. Significant differences in the distributions
of RT (* [2] =22.266, P<<0.001; Figure 3A) and CL
(*[21=828.151, P<<0.001; Figure 4A) were observed among
the three groups. Post hoc Mann—Whitney U tests were used
to identify differences in RT (Figure 3B) and CL (Figure 4B)

among the groups. The following additional analogous sta-
tistical analyses were performed to compare the performance
of the three groups on tests of each emotional category as
measured by RT and CL: the 2 test for three groups and the
post hoc Mann—Whitney U test for each pair of groups.
For mean pitch, we observe main effects for the factors
group (F[2,224]=4.195, P=0.016; Figure 5A) and emotion
(F14,224]1=4.285, P=0.002; Figure 5B). These results were
significantly different. However, for the mean intensity,
the results for the factors group (F[2,224]=1.216, P=0.298;
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Figure 3 RT in the emotional prosody expression task for the HC group (blue), the pre-PD group (green), and the post-PD group (purple).
Notes: (A) All emotions and (B) single emotions. Data given are mean * SD. *Significant if P-value <0.05. **Significant if P-value <0.01.

Abbreviations: HC, healthy control; PD, Parkinson’s disease; RT, reaction time.
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Figure 4 CL in the emotional prosody expression task for the HC group (blue), the pre-PD group (green), and the post-PD group (purple).
Notes: (A) All emotions and (B) single emotions. Data given are mean * SD. **Significant if P-value <0.01.

Abbreviations: CL, confidence level; HC, healthy control; PD, Parkinson’s disease.

Figure 6A) and emotion (F[4,224]=10.484, P<<0.001;
Figure 6B) were not significantly different. Post hoc LSD
tests were performed to compare each pair of emotional
categories.

Correlations

Pearson’s correlation tests revealed a significant correlation
between performance on emotional prosody recognition
tests and performance on emotional prosody expression tests
in the PD group (=0.802, P<<0.001) and the pre-DBS PD
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2 400

0-

(r=0.913, P<<0.001) and post-DBS PD (r=0.898, P<<0.001)
groups (Figure 7). The results are shown in Table 3. A weak
correlation was observed between performance on emo-
tional prosody expression tests and acoustic parameters,
including the mean pitch and mean intensity. The results are
shown in Table 4.

Discussion
The aim of this study was to confirm whether STN DBS
influences emotional prosody processing in patients with PD.
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Figure 5 Pitch in the emotional prosody expression task for the HC group (blue), the pre-PD group (green), and the post-PD group (purple).
Notes: (A) All emotions and (B) single emotions. Data given are mean * SD. *Significant if P-value <0.05.

Abbreviations: HC, healthy control; PD, Parkinson’s disease.
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Figure 6 Intensity in the emotional prosody expression task for the HC group (blue), the pre-PD group (green), and the post-PD group (purple).
Notes: (A) All emotions and (B) single emotions. Data given are mean * SD. *Significant if P-value <0.05. **Significant if P-value <0.01.
Abbreviations: HC, healthy control; PD, Parkinson’s disease.

We explored performance on emotional prosody recognition
and expression tests by comparing selected parameters, such
as the accuracy rate, RT, CL, and acoustic parameters, among
pre-DBS, post-DBS, and HC groups (n=16 in each group).

Emotional prosody recognition, particularly the recognition
of neutral emotions, was impaired to a greater extent in
patients with PD than in HCs. These changes were attributed
to the characteristic pathological changes that occurred in
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Figure 7 Correlation between emotional prosody recognition and emotional prosody expression for the HC (A), Pre-PD (B), and Post-PD (C) groups.
Abbreviations: HC, healthy control; PD, Parkinson’s disease.
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Table 3 Correlation between emotional prosody recognition
and expression

Groups Pearson’s r P-values
HC (n=16) 0.802 0.000
Pre-PD (n=16) 0913 0.000
Post-PD (n=16) 0.898 0.000

Abbreviations: HC, healthy control; PD, Parkinson’s disease.

specific brain areas, such as the amygdala, thalamus, and
prefrontal cortex.**** However, when we compared emo-
tional prosody recognition between the pre-DBS and post-
DBS groups, we did not observe a significant reduction in
patients with PD at 6 months after STN-DBS, consistent with
the findings reported by Albuquerque et al** and McIntosh
et al** and inconsistent with the finding reported by Péron
et al.?® The discrepancies between these results likely result
from the use of different methodologies (eg, the study design
and case selection protocol) and the presence of confounding
factors (such as cognitive impairment and a depressive state).
The mean interval between DBS surgery and emotional
assessments in the study performed by Péron et al was 35
(SD =19.7, range 3—72) months, which is not what would
normally be described as “shortly” after surgery. However,
the interval was 12 months in the study by Albuquerque et al,
3 months in the study by Mclntosh et al, and 6 months in
the present study. The prevalence of dementia was reported
to steadily increase after DBS surgery in parallel with PD
progression and could represent an early event.*! In addi-
tion, according to Péron et al, a higher Montgomery-Asberg
Depression Rating Scale scores in the PD groups indicated
the presence of more severe depression in patients with PD
than in HC. However, we did not observe differences in
neuropsychological characteristics among the three groups
(Table 1).

Although the visual recognition of fear emotion was
impaired by STN DBS in previous studies, no studies have
explored emotional prosody expression processing in patients
with PD who underwent STN DBS. Unlike emotional pros-
ody recognition in this study, we provide the first evidence
that the accuracy rate of identifying fear prosody expressions
was altered after STN DBS. Notably, all three groups were

Table 4 Correlation between emotional prosody expression and
acoustic parameters

Groups Pitch Intensity

Pearson’sr P-values Pearson’sr P-values
HC (n=16) 0.353 0.180 0.603 0.013
Pre-PD (n=16)  0.347 0.188 0.011 0.967
Post-PD (n=16) 0.103 0.705 0.578 0.019

Abbreviations: HC, healthy control; PD, Parkinson’s disease.

matched for demographic characteristics and the two PD
groups were matched for clinical characteristics, indicating
that neither demographic characteristics nor clinical char-
acteristics explain the observed difference. Dopamine has
been suggested to affect emotional processes.*>** However,
a significant difference in the use of dopamine replacement
therapy was not observed between the two PD groups,
suggesting that dopamine also does not explain the altered
emotional expression observed in these patients. Thus, we
propose that the modifications in the perception of emotional
prosody expression that were identified in this study may be
linked to a disturbance in the limbic territory of the STN.
Intraoperative microelectrodes placed during DBS surgery
recorded neuronal activity that was evoked by emotive audi-
tory stimulation in the ventral nonoscillatory regions of the
right STN, suggesting that the right ventral STN is potentially
associated with the altered emotional effects on patients with
PD after STN DBS observed in this study.*

Because the STN is small in size, intraoperative place-
ment of electrodes in this nucleus must be precise. Accord-
ing to Witt et al, the best path to implant electrodes is from
outside the caudate nuclei, because this path avoids the risk
of causing a global cognitive deficit or affecting working
memory performance after STN DBS.* A series of advanced
technologies, such as the multichannel microelectrode tech-
nique, 7 T high-field MRI, and iMRI, have been adopted
at our center. The application of these techniques not only
helps us to more accurately position electrodes during the
preoperative and intraoperative stages but also allows us to
explore the functions of different areas within this nucleus
and other structures in the brain network.

In addition to evaluating the accuracy rate of prosody
expression, we recorded the RT and CL of the raters. In the
perception test, Cronbach’s alpha was always >0.90 and the
raters were blinded to the diagnoses. Hence, the results of
the perception test had high inter-rater reliability. Compared
to the HC group, the PD groups required longer times to
identify the recorded vocal materials and felt less confident
in their choices.

Objective methods were also included; for example, we
analyzed two acoustic parameters (mean pitch and mean
intensity) of the recorded materials to explore whether the
parameters are useful for distinguishing emotional speech
in the three groups. The speech of the patients with PD
displayed a lower volume, a nonemotional pitch, and an
abnormal speech rate. Several acoustic parameters are rec-
ommended for use in patients with an early PD diagnosis
and while monitoring disease progression.® Although no
significant differences in mean intensity were observed
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among the groups, a significant difference in the mean pitch
was observed among the groups. In addition, we identi-
fied weak correlations between performance on emotional
prosody expression tests and acoustic parameters. Future
studies should include additional acoustic parameters when
evaluating the abilities of PD and HC groups to distinguish
prosody expression.

Another novel finding in this study was the significant
correlation between performance on emotional prosody
recognition tests and performance on emotional prosody
expression tests in both the pre-DBS and post-DBS PD
groups. A “shared models” hypothesis is therefore suggested.
According to this hypothesis, an emotion can stimulate same
emotional state when an individual recognizes the emotion
expressed by others because a large number of similar brain
areas are activated when observing and imitating emotional
expression. 47

We acknowledge that this study has certain limitations.
First, a rather small number of participants were included
and other factors, such as age, gender, dopamine replacement
therapy, and disease stages, were not investigated. This study
is explorative in nature, and multiple comparisons should be
performed in further studies. Second, a restricted number of
emotional categories were used. Changes in other emotional
categories may have been missed in our post-STN DBS
group. Third, only two acoustic parameters were included.
We are prepared to examine additional acoustic parameters
including pitch and intensity variations and verbal or non-
verbal sentences in further studies.?*** Fourth, we used posed
prosody expressions rather than spontaneous expressions
in these tests. The mechanisms underlying the responses to
these two types of expressions may differ. Fifth, functional
imaging was not conducted and we were therefore unable
to correlate behavioral results with activity in specific brain
areas. Sixth, we did not investigate the changes in emotional
prosody in the same pre-DBS and post-DBS patients but
examined them in different patient groups. We acknowledge
that a better comparison would be to use the same pre- and
post-DBS patients. However, consistent with the findings
reported by McIntosh et al** and Péron et al,® we did not
observe differences in the neuropsychological characteristics,
demographic characteristics, or clinical data among the two
groups (Table 1), although different patients were included
in each group.

Conclusion
Based on the results of our study, the ability to recognize
emotional prosody was not altered but fear expression was

impaired shortly after STN DBS. Abnormalities in emotional
prosody recognition and expression deficits were associated
with time points both before and after STN DBS, indicating
that emotional prosody recognition and expression may share
common neuronal mechanisms. More acoustic parameters
that can distinguish prosody expression between PD and HC
groups should be analyzed in future studies.
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