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ABSTRACT

Introduction: Parkinson’s disease is a neurodegenerative disorder that impacts motor and non-
motor systems, and consequently influences voice. In later stages of the disease, people with
Parkinson’s disease develop salient hypokinetic dysarthria. However, it is unclear how extensive
the voice impairment is in the non-advanced stages of Parkinson’s disecase. Therefore, the aim of
the current research was to investigate the auditory-perceptual characteristics of voice in people

with Parkinson’s disease (PWPD) in non-advanced stages.

Methods: 29 PWPD and 32 healthy older controls were recruited. For each participant, a
recording of the sentence “We were away a year ago” was acquired. These recordings were
evaluated by two licensed and experienced speech-language pathologists, who provided
perceptual ratings of overall dysphonia severity, breathiness, roughness, and perceived age.

Results: MANCOVA analysis showed that, when controlling for age and intensity, there was a
significant effect of group (p=0.001) on perceptual voice quality. PWPD were perceived to be
significantly older, more breathy and more severely dysphonic than the older healthy controls.

No differences were found for the perceived roughness.

Conclusions: The results suggest that features of hypokinetic dysarthria in voice, specifically
breathiness, are present in non-advanced stages of PWPD and may contribute to listener
perceptions of speaker age. Moreover, the perceptual voice profiles in PWPD showed great
variability, possibly reflecting the heterogeneity of disease impact on individuals. The results of
this study may inform how research targets rehabilitation and maintenance of voice and

laryngeal function in PWPD, specifically those at non-advanced stages.
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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disorder that affects multiple systems
and pathways [1]. People with PD (PWPD) exhibit both motor symptoms, such as bradykinesia,
rigidity, and tremor, and non-motor symptoms, such as apathy, sleep problems, and memory
complaints [1]. One of the suggested mechanisms relating to etiology and disease severity in PD
is age. Levy [2] states that age is related to the disease severity in PD, more so than duration. On
the other hand, there have been mentions of PD as “accelerated aging” [2]. More recently,
Rodriguez et al. [3] explored the possibility of PD as a result of aging in a review. They found
that the neurodegeneration in PD occurs in brain areas that also typically degenerate during a
healthy aging process [3]. Moreover, a similar degenerative process can be observed in PD as
well as healthy aging [3]. Rodriguez et al. [3] concluded that the etiological factors of PD are
multifactorial, which can explain the variability seen in the disease. However, they also suggest

that the etiological factors involved in PD are the same as the factors involved in aging.

The motor and non-motor impairments affecting PWPD are heterogeneous, especially in
the non-advanced stages of the disease [4-6]. However, the profile of voice impairment in PWPD
is largely based on reports from populations who manifest clinically salient levels of dysarthria
resulting in “hypophonia”, which is perceived as low intensity and breathy voice quality [7,8].
While the perceptual characteristics of voice impairment in hypophonic PWPD are well
understood, the prevalence of voice impairment in those PWPD at different stages of disease
progression is less clear. For example, the speech changes that occur prior to clinically salient
hypokinetic dysarthria PD are not well documented [9]. Often, hypokinetic dysarthria has been
proposed as an early marker of PD [10,11]. For example, Orozco-Arroyave et al. [12] found that
it was possible to distinguish PWPD and healthy older adults using analysis of continuous
speech, even in the early- to middle stages, as did Ho et al (1999). In addition, measures of
vowel articulation were significantly impacted in PWPD, even before dysarthria was perceived
[13].

When focusing specifically on voice characteristics, initial vocal changes may be subtle
[8, 11, 14-16]. However, voice has been found to be an early sign of PD that can be affected
more than other aspects of speech [17-19]. Rusz et al. [20] noted voice and speech impairments

as measured by acoustic voice analysis in people with early untreated PD. Defazio et al. [15]



found that voice impairments may be more prevalent than articulation disorders in the early
stages of PD, but that they may not yet result in perceived disability. Moreover, Lirani-Silva et
al. [16] found that the acoustic measures of voice differed between PWPD in non-advanced
stages and healthy older adults, but did not find that difference for perceptual measures. On the
other hand, Holmes et al. [21] found both acoustic and perceptual differences. Perceptually, the
voice of PWPD showed reduced variability and loudness and increased harshness and
breathiness [21]. These studies suggest that, while the voice impairments in PWPD may already
be measurable by acoustic analyses in non-advanced stages of the disease, there is no consensus
in the literature if changes in vocal function can be perceived in non-advanced stages of PD.
Moreover, it is unclear if the voice impairments that might be present in non-advanced stages

also reflect a vocal disability.

Another challenge to describing the voice of PWPD in non-advanced stages is that the
perceptual characteristics of voice in PWPD present very similar to the perceptual characteristics
of aging. The hallmark perceptual features of presbyphonia are among other things a reduction in
loudness, an increase in breathiness, hoarseness and vocal instability [22,23]. Similarly,
hypokinetic dysarthria is characterized by a voice that is more quiet, hoarse and breathy [16,24].
As Rodriguez et al. [3] suggested that aging and PD may have similar etiologies, it would be
logical to consider that the voice disorders associated with PD and aging present in a similar
pattern. Therefore, it is possible that the voice changes in PWPD are not distinguishable from the
voice changes related to aging especially in the non-advanced stages of the disease. Lirani-Silva
et al. [16] indeed found that, while there are significant differences in acoustic parameters of
voice, PWPD and healthy older controls did not differ significantly on perceptual measures of

voice.

The inception of laryngeal impairments in PD signals the initiation of a process during
which voice function will decline over a period of years, even when motor complaints remain
fairly stable [9,21,25]. As PWPD reach stages where voice and swallowing impairments affect
activities and participation to a self-perceived critical level, they will often seek services of the
speech-language pathologist. However, at any stage of the disease, interventions should aim for
the best possible level of communication [8]. Given that there are changes in speech and voice

in the early stages of the disease [9,10], it may be beneficial to start speech therapy as soon as



possible after diagnosis. However, there is little evidence regarding voice therapy early on in the
disease process [26]. Therefore, understanding how voice impairment manifests at different
time-points, and specifically in the non-advanced stages, throughout progression is critical for
advancing our knowledge of vocal function decline in PD. In addition, this knowledge is needed
to inform the development of new treatments which may hold potential to moderate motor
decline and/or maintain current functional levels, and thus the quality of life, for extended
periods. The purpose of the current study was to investigate auditory-perceptual characteristics
of voice in PWPD at non-advanced stages. Our hypotheses were that the auditory-perceptual
measures of vocal function would be similar for a group of speakers with PD at non-advanced
stages of the disease when compared to a group of older speakers without PD within a similar

age range.
METHODOLOGY

Participants: This study was approved by a university Institutional Review Board (IRB #
1709-026-1809-CR2). Sixty-one male adult speakers were recruited into two different groups:
PWPD (n = 29), older healthy controls (n=32). The PWPD were in non-advanced stages of PD,
defined in this study as Hoehn & Yahr (HY) levels 1 to 3. The final determination of the HY
level was made by consensus of the 1%t and 2" authors and was based on assessment at the time
of participation in the study. Additional inclusion criteria for participants in the PWPD group
included a diagnosis of PD by a neurologist and no other history of comorbid neurological
disease. Inclusion criteria for healthy older adults consisted of age at least 50 years or above and
no history of diagnosed neurological disease, or vocal complaints. All participants were recruited

via convenience sampling from the local community.

Instrumentation and Procedures: To perform auditory-perceptual assessments, speech
recordings were first acquired using the Computerized Speech Lab (CSL — Pentax Medical,
Montvale, NJ) and a head-mounted condenser microphone (model C520; AKG Acoustics,
Northridge, CA) placed approximately 3cm from the left corner of a participant's mouth. All
recordings took place in a laboratory setting on a university campus. The laboratory consisted of
a sound-treated room with less than 45 dB background noise. Participants were asked to produce

the sentence “We were away a year ago” from the CAPE-V protocol [27] at a self-selected



comfortable pitch and loudness. All recordings were digitized at a 44kHz sampling rate and

saved as a sound file.

Two licensed and certified speech-language pathologists each with more than 5 years of
experience in assessment and treatment of dysphonic speakers completed the auditory-perceptual
judgments of speaker age and dysphonia severity. The CAPE-V scale (a visual analog scale
ranging from 0 to 100, where 0 = no deviation from normal expectations and 100 = maximum
deviation from normal expectations) was used to measure ratings of perceived dysphonia
severity, roughness, and breathiness. Raters were also asked to judge the perceived age of each
speaker. The raters were asked to focus on only the voice quality while rating the voice samples

and they were blinded for the group membership of each speaker.

Sixty-one sound files were created, each consisting of two repetitions of the same
sentence with a silent pause of 2 seconds in between for each speaker. Additional sound files
serving as perceptual anchors for age, dysphonia severity, roughness, and breathiness were
selected by the investigators. These anchors were utilized for a perceptual calibration task prior
to any ratings of speakers. Sentence recordings of a 20-year-old speaker, a 70-year-old speaker,
and speakers with mild and severe dysphonia, breathiness and roughness, respectively, were
played for the raters with descriptions by the investigators. All raters were provided with the

same perceptual anchors before starting the evaluation of the samples.

Once the raters understood the task and indicated perceptual calibration of speaker age
and voice quality, the rating task commenced. The samples were rated in a sound-treated room
with less than 45 dB background noise. The raters were asked to indicate a comfortable loudness
to play the samples. All samples were then played at that comfortable loudness level. Sound files
were randomized and then played twice to each rater. The same randomization of files was used
for both raters. After the rater listened to the two repetitions of a speaker, they rated the four
perceived dimensions (age, dysphonia severity, roughness, breathiness). All audio files were

played twice, in random order, to allow for assessment of perceptual intra-rater reliability.

Analyses: The statistical analysis was performed in SPSS (IBM Corp. Released 2017. IBM
SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.). Prior to analyses, outliers
in each data set were removed based on the criteria of the SPSS program (data points falling

outside 1.5x interquartile range). Descriptive statistical analyses were performed, after which the
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different groups were compared using parametric statistics. Because participants were not
expressly matched for age, chronological age was considered as a covariate in the subsequent
statistical analysis. In addition, vocal intensity as a measure of sound pressure level (SPL) was
used as a covariate in the analyses. A MANCOVA was applied to the data sets, with participant
group (PWPD and older healthy adults) as a between-subjects factor, the four variables
(perceived age, dysphonia severity, roughness, and breathiness) as within-subject factors, and
chronological age and vocal intensity as covariates. The inter- and intra-rater reliability was
calculated using intra-class correlation coefficients. The mean score of all raters was used for all

statistical analyses.
RESULTS

The mean chronological age of the PWPD was 68.76 years (SD=8.10 years), while the
mean chronological age of the older healthy participants was 66.28 years (SD=8.54 years). An
independent samples T-test showed that both groups were not statistically different for
chronological age (t[59]=-1.16, p=0.251) or for loudness (t[59]=-1.44, p=0.15). Descriptive data
for each dependent variable across each participant group is reported in Table 1 and the data
trends are illustrated in Figures 1 through 4. There was a clear distinction in the mean perceived
age between the two groups, characterized by a 7 year perceived difference in PWPD and older
healthy, which was noticeably different from the chronological age difference. The perceptual
variables of overall dysphonia severity and breathiness were numerically greater in the PWPD
group compared to the control group, with exception to roughness. Moreover, the spread was
noticeably bigger in the PWPD compared to the older healthy adults, as indicated by larger

standard deviations and interquartile ranges.

Prior to analysis, one outlying data point was removed from the data set of perceived
breathiness, and two outlying data points were removed from the perceived severity and
roughness. Results from the MANOVA revealed significant differences between the groups (F[4,
51]=5.59, Pillai’s trace = 0.31, p=0.001, partial n>=0.31). Follow-up analysis revealed that
PWPD were perceived as significantly older than the healthy older adults (F[1]=7.242, p=0.009,
partial 1*=0.12), as well as significantly more severely dysphonic (F[1]=17.084, p<0.001, partial
1n?=0.24) and significantly more breathy (F[1]=19.57, p<0.001, partial n>=0.27). However, there



was no significant difference for perceived roughness between the two groups (F[1]=0.32,
p=0.57, partial >=0.006).

INSERT TABLE 1 HERE

INSERT FIGURES 1 -4 HERE

The reliability of the raters in this study was assessed using intra-class correlation
coefficients (ICC). A two way random, consistency, single measures intra-class correlation was
used for the inter-rater reliability, while a two way mixed, consistency, single measures intra-
class correlation was used for the intra-rater reliability. All of the samples were rated twice to
allow intra-rater reliability to be calculated. Cicchetti et al. [28]’s guidelines were used to
interpret the results. The first SLP had an overall excellent intra-rater reliability (ICC=0.87,
95%CI1=0.83-0.90, p<0.001). The second SLP had an overall good intra-rater reliability
(ICC=0.73, 95%CI1=0.66-0.78, p<0.001). Moreover, the overall inter-rater reliability was good
(1CC=0.60, 95%CI1=0.51-0.67, p<0.001).

DISCUSSION

The purpose of the current study was to explore the auditory-perceptual voice quality of
PWPD in the early disease stages and to compare them with older healthy speakers without PD.
In order to do so, two experienced speech-language pathologists rated samples of speakers
representing these two groups. The comparison of these ratings revealed that the voice of PWPD
was perceived to be significantly older, more breathy and more severely dysphonic than the

voice of the older healthy adults.

The results of this study revealed that PWPD, even in the non-advanced stages, are
already perceived as more breathy and with greater dysphonic severity than older healthy
controls. These results are in accordance with what Ho et al. [17] and Holmes et al. [21] found:
voice is already affected early on in the disease process of PWPD. However, interestingly,
Lirani-Silva et al. did not find these perceptual differences in people with non-advanced PD [16].

On the other hand, when looking at the intensity values of the speech samples, the intensity of



the PWPD and healthy older controls did not differ significantly. This could suggest that
intensity is not yet affected in the non-advanced stages of PD. While breathiness and low
intensity are the hallmark characteristics of hypokinetic dysarthria [21,29], it is unclear what
factors predict the emergence of these perceptual features in PWPD, other than the presence of
the disease. There is insufficient literature available to provide a clear understanding of the voice
characteristics in early-stage PD, and additional studies that build on those from this

investigation are needed to inform our knowledge.

Ma et al. [19] summarized the physiological correlates to the found acoustical changes of
voice in PD. A common finding in PWPD was incomplete glottal closure caused by insufficient
vocal fold adduction or bowing [19]. This incomplete closure then results in air leaks, which in
turn explain the breathiness we found in the current study. However, this incomplete closure
could have been not extensive enough yet to reduce subglottal pressure and therefore the
loudness of the vocal signal, which could be why there was no difference in intensity for the
PWPD and the older healthy controls in this research project. Moreover, the vocal folds in
PWPD were found to vibrate more asymmetrically [19]. Along with the breathiness, this
phenomenon could have caused the perceived severity of dysphonia. Sapir [11] explains the
underlying mechanisms to some of these changes. Due to the damage to the basal ganglia,
PWPD may underscale their motor movements and have issues with sensory processing [11],
thus not maintaining the adequate vocal effort for good vocal quality. These concepts can help
explain the found vocal differences in this research.

Throughout the disease process, PD expresses itself variably [6]. PD comprises at least
two clinically different variants: an akinetic (i.e., non-tremor dominant) and a tremulous form
(i.e., tremor-dominant) [6]. Moreover, there is variability in both the motor and non-motor
expression of the disease [6]. Similarly, the hypokinetic dysarthria associated with PD may
present itself in variable ways [11]. There is no straightforward relationship between disease
severity and the extent of dysarthria [30,31]. However, the literature on this topic is not
conclusive as Dias et al. [32] found a relationship between disease severity and speech
impairment. In our current sample, the variability for the PWPD was notably larger than those

for the healthy older adults. This suggested that there was overall greater variability in how the



voices of PWPD were perceived compared to how the voices of the healthy controls were

perceived.

When looking at the perceptual assessment of age, it is worth noting that the older
healthy controls and the PWPD were perceived as younger than their chronological age. It has
been previously established that age can be assessed perceptually [33,34]. Listeners distinguish
young voices from older voices based on their perceptual characteristics, even when those
elderly voices are not pathological. Elderly voices contain more tremor and voice breaks and are
perceived as more hoarse and lower in pitch, as well as slightly breathy, weaker and strained
[22,23,35,36]. These voice differences can be attributed to a multitude of organic changes: aging
changes the histology of the vocal folds and affects the laryngeal muscles [22]. Moreover,
neuromuscular changes and calcification of the laryngeal cartilages also play a role in the
changed sound [22]. However, Goy et al. [34] also found that the age of older speakers typically
is underestimated. They suggested that this could be caused by a limited presence of acoustic
bases to distinguish older from younger speakers [34]. This may have been the case in the
current speaker sample as well: as only healthy older adults without vocal complaints were
included, they likely did not show salient levels of presbyphonia yet, and therefore would be
perceived as younger. On the other hand, while the PWPD were perceived as younger than their
chronological age, they were also perceived to be significantly older than the older healthy
controls, even after controlling for chronological age of all participants. As perceived breathiness
is one of the characteristics of the aging voice, and the PWPD and older healthy controls differed
on this parameter, it is possible that breathiness caused the raters to judge the PWPD as older
compared to the older and younger healthy controls. However, in the current study, we did not
investigate other perceptual acoustic parameters often considered in older voices. Therefore, the

groups may have differed as a result of parameters that were not assessed in this study.

The voice characteristics of speakers in the non-advanced stages of PD are relevant to
clinical practice. Up to 90% of the PWPD will experience communication difficulties, however,
less than half of the PWPD will be seen by a speech-language pathologist [37,38]. The majority
of the PWPD who do see a speech-language pathologist, receive assessment and treatment
specifically for voice disorders [38]. The literature suggests that referrals of PWPD to speech-

language pathologists occurs in the later stages of the disease when the symptoms become
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prominent and disabling [39]. In earlier stages, the communication disorders may be too subtle
compared to other symptoms of PD to warrant treatment. For example, Schalling et al. [38]
found that most of the PWPD who did not receive speech therapy indicated there was no need
for it. However, in later stages of PD, the speech and voice impairments may be more difficult to
treat due to severity [23]. However, the current study adds to the extant literature in providing
evidence that voice disturbances in PWPD are already present in the non-advanced of the
disease. It may, therefore, be of value to PWPD to initiate exercise-based voice treatment
programs earlier than current clinical practice prescribes. Although studies investigating the
prophylactic application of voice exercise treatments in PWPD are lacking [26], the vast
literature on voice exercise programs for PWPD along with two recent systematic reviews
provide strong evidence that targeted exercise programs can improve muscle function in PWPD

and improve quality of life associated with balance, mobility, and communication [40-42].
LIMITATIONS

There are a number of methodological factors that should be taken into account when
considering the generalization of results from this study. As an initial study in a new line of
investigation, the sample size was small considering the world-wide population of PWPD, and
no a priori power testing was performed There was a lack of gender diversity, as only male
voices were considered. Only perceptual measures were studied in this investigation, and no
acoustic measures were included as variables. Future research may include more variables to
develop a multidimensional profile of voice impairment in PWPD at non-advanced stages.
Another limitation is that vocal intensity was not controlled for completely. While intensity was
controlled for as a covariate in the statistical analyses, all participants were instructed to produce
sentences at their self-perceived “comfortable loudness and pitch”. Moreover, the raters were
allowed to play the samples back on a loudness comfortable for them. Future research should
take these potential methodological concerns into account. Furthermore, only a single repetition
of a sentence was used. PWPD’s speech is variable in the non-advanced stages of the disease .
It, therefore, stands to reason our samples may not have been representative of the variability in
voice quality of PWPD at a specific point in time (the time of recording). We did not include
gender as a factor within the study, choosing only to focus on adult males with PD. In addition,

Hoehn & Yahr staging was not consistently reported in medical records from community
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neurologists. All staging was conducted by the authors, with confirmation by the 2nd author who
has more than 20 years of experience in assessing PWPD. Finally, both the inter- and intra-rater
reliability was fairly low, despite having trained both speech-language pathologists prior to the
evaluation task. Therefore, the current data has to be interpreted with caution. In follow-up

research, more extensive training should be considered.
CONCLUSION

The aim of the current research was to determine the auditory-perceptual voice
characteristics in early-stage PWPD. The voice of PWPD was perceived as more severely
dysphonic, more breathy and older than the voice of healthy controls. This suggests that voice

problems in PD are apparent in early, non-advanced stages of the disease process.
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Table 1. Means and standard deviations (SD) for perceptual variables in each participant group.
Perceived age is reported in years. Perceived dysphonia severity, roughness, and breathiness
are based on a scale of 0 (no deviation from normal) to 100 (maximum deviation from normal).

Older Participants with PD
Variable name Healthy (n=28)
Participants (n=32)
Chronological Mean (SD) 66.28 (8.54) 68.76 (8.10)
Age Median (IQR) 67.00 (58.25-75.00) 68.00 (64.50-76.00)
H&Y H&Y stage 1 n/a 1
H&Y stage 2 n/a 10
H&Y stage 3 n/a 18
Time since PD Mean (SD) n/a 4y1lm (3y3m)
diagnosis Median (IQR) n/a 2y11m (2ylm-5y11m)
Average Mean (SD) 70.24 (3.00) 71.44 (3.50)
intensity (dB)  Median (IQR) 70.40 (67.58-72.70) 72.47 (68.96-73.99)
Perceived age Mean (SD) 44.80 (9.18) 51.68 (12.11)
Median (IQR) 43.50 (38.56-52.25) 51.75 (42.75-63.13)
Perceived Mean (SD) 19.37 (9.37) 31.29 (14.549)
Dysphonia Median (IQR) 19.50 (13.06-26.13) 33.25 (18.75-44.50)
Severity
Perceived Mean (SD) 19.90 (11.08) 21.78 (13.91)
Roughness Median (IQR) 19.50 (10.19-26.81) 21.50 (12.50-29.00)
Perceived Mean (SD) 7.27 (8.56) 23.59 (19.14)
Breathiness Median (IQR) 3.00 (0.00-14.00) 18.50 (4.25-45.25)

Note. PD = Parkinson’s Disease,
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Figure Legends

Figure 1. Boxplots of the perceived age of both groups. The upper line of the colored box
represents the third quartile (percentile 75), the middle line represents the median, while the
lower line represents the first quartile (percentile 25). The ends of the whiskers designate the
minimum and maximum values within 1.5x the interquartile range.

Figure 2. Boxplots of the perceived dysphonia severity among both groups. The upper line of the
colored box represents the third quartile (percentile 75), the middle line represents the median,
while the lower line represents the first quartile (percentile 25). The ends of the whiskers
designate the minimum and maximum values within 1.5x the interquartile range.

Figure 3. Boxplots of the perceived roughness among both groups. The upper line of the colored
box represents the third quartile (percentile 75), the middle line represents the median, while the
lower line represents the first quartile (percentile 25). The ends of the whiskers designate the
minimum and maximum values within 1.5x the interquartile range.

Figure 4. Boxplots of the perceived breathiness among both groups. The upper line of the
colored box represents the third quartile (percentile 75), the middle line represents the median,
while the lower line represents the first quartile (percentile 25). The ends of the whiskers
designate the minimum and maximum values within 1.5x the interquartile range.
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Figure 3
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