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Abstract

Communication difficulties are a ubiquitous symptom of Parkinson’s disease and include changes
to both motor speech and language systems. Communication challenges are a significant driver
of lower quality of life. They are associated with decreased communication participation, social
withdrawal, and increased risks for social isolation and stigmatization in persons with Parkinson’s
disease. Recent theoretical advances and experimental evidence underscore the intersection of
cognition and motor processes in speech production and their impact on spoken language. This
chapter overviews a growing evidence base demonstrating that cognitive impairments interact
with motor changes in Parkinson’s disease to negatively affect communication abilities in myriad
ways, at all stages of the disease, both in the absence and presence of dementia. The chapter
highlights common PD interventions (pharmacological, surgical, and non-pharmacological) and
how cognitive influences on speech production outcomes are considered in each.
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1 Introduction

Although cognitive impairments develop typically later in Parkinson’s disease (PD), the
finding that for some persons, cognitive changes manifest early underscores the importance
of considering the effects of cognition on communication at all stages of the disease
(Aarsland et al., 2021; Postuma et al., 2012). Detailed elsewhere in this book, PD
commonly affects working memory, attention, executive control, and visuospatial domains.
Recently the PD cognitive phenotype has expanded to include impairments in action
semantics (Bocanegra et al., 2015; Fernandino et al., 2013; Roberts et al., 2017), verb
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retrieval (Bocanegra et al., 2015; Herrera and Cuetos, 2012; Salmazo-Silva et al., 2017),
complex syntax processing (Hochstadt, 2009; Johari et al., 2019; Natsopoulos et al., 1993),
spontaneous discourse (Ash et al., 2012; Murray, 2000; Roberts and Post, 2018), and social
cognition (Alonso-Recio et al., 2021; Palmeri et al., 2017; Roca et al., 2010).

Family members, naive listeners, and individuals with PD appear sensitive to these cognitive
changes and their effects on communication abilities (Miller et al., 2006; Whitworth et al.,
1999). In addition to motor symptoms, communication partners report that frequent pauses,
abandoned thoughts, difficulty starting conversation turns, and misalignment between facial
expressions and emotional intent negatively affect communication and quality of life (Miller
et al., 2006). When asked to compare feelings about their communication to before their
diagnosis, persons with PD reported a “loss of control” during communication events,
frustration because of difficulty communicating their intended messages, and feelings of
reduced confidence (Miller et al., 2007). Collectively, these symptoms contribute to a
perceived loss of independence for some individuals with PD (Miller et al., 2007; Schalling
etal., 2017).

Although communication impairments are ubiquitous in PD, referrals for speech-language
therapies (SLT) are underutilized in this population, particularly in early and late-stage
disease (Roberts et al., 2021). One plausible reason for SLT underutilization, that is
supported by survey responses of persons with PD and their care partners, is the limited
availability of evidence-informed behavioral interventions at all stages of the disease that
generalize to everyday communication challenges broadly, beyond speech and voice issues
(Miller et al., 2015).

This chapter overviews a growing evidence base demonstrating that cognitive impairments
can interact with motor changes in PD to negatively affect communication abilities in
myriad ways, at all stages of the disease, both in the absence and presence of dementia.
The chapter highlights common PD interventions (pharmacological, surgical, and non-
pharmacological) and how each takes into consideration the interaction between cognition
and speech production outcomes.

2 Linkages between cognition and speech production in Parkinson’s

disease

Central to contemporary speech production theories is the idea that speakers use auditory,
sensory, and kinesthetic feedback to monitor whether an actualized speech/vocal output
matches the intended production target (Guenther and Hickok, 2015; Nozari and Novick,
2017; Tourville and Guenther, 2011). When misalignments between planned targets and
actual productions occur, or when monitoring and conflict detection processes are impaired,
so-called “error signals” can manifest as misarticulated speech sounds, long pauses, verbal
fillers (“uh” and “uhm?”), disfluent productions (e.g., repeated sounds, syllables, or words),
word choice, grammatical errors, and reformulated/revised productions (Levelt, 1980;
Postma, 2000). These speech manifestations are commonly observed in speakers with PD
during spontaneous, connected speech (Illes et al., 1988; McNamara et al., 1992). Although
less well understood, sensorimotor control appears to involve several cognitive processes
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including decision making, integration of multiple sensory inputs, determining the current
state of a complex system, and goal-directed intention, among other processes that rely
heavily on attention and working memory (Chivukula et al., 2019; McDougle and Taylor,
2019).

While supervisory cognitive processes are integral to psycholinguistic theories of language
processing and production (Garrett, 1989; Hickok, 2012; Levelt, 1980), only recently

have researchers put forward unifying accounts that integrate higher-level (cognitive and
linguistic) and lower level (motor speech and vocal control) processes (Gauvin and
Hartsuiker, 2020; Guenther and Hickok, 2015; Nozari and Novick, 2017). This theoretical
shift is supported by a growing body of experimental evidence that highlights the importance
of attention and working memory in sensorimotor feedback monitoring and conflict
detection processes during speech and voice production generally (Guo et al., 2017; Liu

et al., 2018; Miller et al., 2021; Segawa et al., 2019) and in PD specifically (Gauvin et al.,
2017; Li et al., 2021; McNamara et al., 1992).

PD affects cognitive domains that are integral to supervisory processes in language and
speech production (Aarsland et al., 2021). For example, PD appears to affect temporal
processing in both motor and perceptual domains (Jones and Jahanshahi, 2014, for review),
which is associated with cognitive performances on standardized tests (Singh et al.,

2021) and has the potential to affect speech production (Johari and Behroozmand, 2018).
Moreover, network level disruptions in PD overlap with brain regions central to rule
generalization, speech monitoring, and conflict detection processes (Behroozmand et al.,
2015; Golfinopoulos et al., 2010; Zheng et al., 2010). Neuroimaging studies in PD found
reduced connectivity and perfusion in fronto-striatal and parietal networks responsible for
cognitive control of motor behaviors, and for speech output specifically (Burton et al.,
2004; Kendi et al., 2008). PD-related changes are also seen in neural connectivity involving
brain regions involved in phonological planning and sequencing, thought to be critical

for speech error monitoring and detection (Manes et al., 2018). Taken together, emerging
experimental and theoretical work underscores the importance of considering the cognitive-
motor interface in relation to PD speech and communication outcomes.

3 Overview of communication difficulties in Parkinson’s disease

Herein, is an overview of the communication challenges in PD. Beyond the scope of

this chapter, the reader is directed to comprehensive reviews of motor speech and voice
(Broadfoot et al., 2019; Tjaden, 2008), language (Altmann and Troche, 2011; Bastiaanse
and Leenders, 2009), social cognition (Prenger et al., 2020), and spoken language and
communication (Roberts and Orange, 2013; Smith and Caplan, 2018) consequences of PD.

3.1 Motor speech

Motor speech impairments, consistent with a hypokinetic dysarthria profile, occur in
70%—-90% of speakers with PD (Ramig et al., 2008). Frequently reported motor speech
changes in PD include reduced overall loudness, less variable prosody and loudness, hoarse
vocal quality, weakened vocal strength, shortened breath groups, imprecise articulation
with blurring of consonant boundaries, and excessive speech rate that is complicated by
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longer speech pauses occurring at non-grammatical boundaries (Ho et al., 1998, Tjaden,
2008, Broadfoot et al., 2019, for review). Voice quality impairments appear early in

the disease with articulation and speech fluency changes appearing later in PD (Ho et

al., 1998). Changes with disease progression include reduced lung volume initiation and
termination (Huber and Darling-White, 2017), worsening voice quality (Skodda et al.,
2013), and impaired articulatory precision and speed in connected speech (Skodda et al.,
2013). However, whether disease progression affects prosody is less clear with significant
longitudinal changes in pitch variability seen in women, but not men (Skodda et al., 2009).

Interestingly, motor speech performance is affected by language and cognitive task
demands. Speech timing differences between persons with PD and healthy controls are
reported and are magnified by cognitively demanding speaking tasks (Lowit et al., 2018).
Additionally, Huber and Darling-White (2017) found that participants with PD had greater
challenges coordinating respiratory support and language formulation efforts in a cognitively
demanding spontaneous speaking task compared to a reading task. Furthermore, recent
findings from the second and senior authors’ lab show that attention and working memory
scores significantly predicted syllable repetition rates in 136 participants with early stage

PD (unpublished data). Collectively, these studies highlight the varied speech production
changes associated with PD and underscore the importance of considering cognitive changes
and task demands in the evaluation of motor speech impairments in PD.

3.2 Connected speech

Working memory and attention show modest to robust associations with a broad range

of verbal impairments in PD including word retrieval for nouns (Cotelli et al., 2007) and
verbs (Péran et al., 2003), processing of complex syntax structures (Lieberman et al., 1992),
reduced information content in connected speech (Roberts and Post, 2018), and increased
disruptions in speech fluency (Goberman et al., 2010). In connected speech elicited from
picture descriptions and other structured tasks, people with PD produce significantly longer
pauses, uncorrected lexical and verb tense errors, and sentences with grammatical errors
when compared to healthy controls (Ash et al., 2012; Lee et al., 2019; Murray, 2000;
Roberts, 2014). Spoken discourse in PD, even in the absence of dementia, is marked by
fewer information content units and fewer main event structures (Murray, 2000; Roberts and
Post, 2018). Discourse impairments are exaggerated in the face of PD-cognitive impairment
and worsen over time (Ash et al., 2017). Higher episodic memory task demands also

affect language production in individuals with PD compared to healthy controls with fewer
information content units and higher speech disfluency rates found in a story retelling task
compared to a picture description task for persons with PD (Roberts, 2014). On whole,

this literature confirms (1) that communication impairments in PD extend beyond the motor
domain and (2) that cognitive task demands influence performance on both speech and
language output measures.

3.3 Conversation

Conversation is defined as talk in a social interaction between two or more speakers.
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Conversation difficulties can be a sensitive marker of motor, cognitive, and language
impairments in day-to-day interactions. Individuals with PD report significant challenges
carrying out conversations (Miller, 2017; Wolff and Benge, 2019). Additionally, increased
fatigue and the presence of cognitive and emotional issues are associated with lower
communication participation in everyday activities in PD (Barnish et al., 2017; McAuliffe
et al., 2017). The suggestion that motor and cognitive impairments in conversations are
intertwined is supported by Wolff and Benge’s (2019) finding that everyday language
difficulties in persons with PD are associated with increased motor dysfunction and
increased severity of cognitive impairment.

Using robust Conversation Analysis methods, multiple researchers report that conversations
including a person with PD are marked by increased episodes of overlapping talk (both
partners talking simultaneously) compared to controls, often caused by longer pauses and
quieter voice volume (Griffiths et al., 2012; Rinne and Roberts, 2019). Overlapping talk is a
frequent source of breakdowns in conversation exchanges in PD (Griffiths et al., 2012, Rinne
and Roberts, 2019). However, sources of conversation breakdowns are not limited to motor
symptoms. Semantic and word-retrieval issues (e.g., use of incorrect words, non-specific
vocabulary, and reformulated utterances) also caused conversation breakdowns in PD
(Saldert et al., 2014; Saldert and Bauer, 2017). In a recent study of conversations between
persons with PD without dementia and their family members, two-thirds of conversation
breakdowns occurred for reasons unrelated to articulation difficulties or quiet voice volume,
such as difficulties with topic initiation and maintenance, word retrieval challenges, syntax
errors, and pausing at non-linguistic boundaries (Rinne and Roberts, 2019).

These behaviors, which reflect the joint motor and cognitive challenges resulting from PD,
lead to maladaptive communication behaviors within family conversations and can result in
the person with PD withdrawing from conversation (Griffiths, 2013; Griffiths et al., 2012,
2015; Saldert and Bauer, 2017; Saldert et al., 2014). Conversation difficulties in PD are
complicated by social cognition impairments including difficulty perceiving and interpreting
emotional and prosodic social cues (Dara et al., 2008; Pell et al., 2014; Schwartz and Pell,
2017).

Flattened facial expressions (i.e., hypomimia) and reduced spontaneous limb movements,
common motor symptoms of PD, can also negatively affect the ability to communicate
non-verbally through gestures (Gomez-Gomez et al., 2020; Prenger et al., 2020).

These literatures converge on the point that motor impairments do not account fully

for difficulties in everyday conversations for persons with PD, even in the absence of
measurable cognitive impairment. This underscores a limitation of current therapies for
communication impairments, which focus almost exclusively on motor symptom affects and
only rarely consider the intersection of motor speech and cognition changes in PD.
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4 Parkinson’s disease treatments and speech, language, and

communication

The effect of mainstream PD treatments such as carbidopa-levodopa (L-dopa) and deep
brain stimulation (DBS) on limb motor and gait symptoms are well established, but the
effects on speech outcomes are less understood. Behavioral interventions, typically as a
component of SLTs, are the mainstay intervention for communication impairments in PD.
However, while studies of high intensity therapies that incorporate motor learning principles
demonstrate efficacy for improving voice loudness, articulation, and respiratory support in
persons with PD, there are limited clinical trials of SLT for those with advanced disease and
those with cognitive impairments (Broadfoot et al., 2019; Xu et al., 2020, for review). In the
sections that follow, we provide a brief overview of pharmacologic, surgical, and behavioral
interventions that affect speech and communication impairments in PD.

4.1 Pharmacological interventions

While there is strong evidence supporting the benefits of L-dopa, on limb motor and gait
symptoms, evidence regarding the effects of dopaminergic medications on speech is limited
(Pinho et al., 2018; Rusz et al., 2016). Individual studies report positive effects of L-dopa
ON-state for speech symptoms and acoustic features including increased voice intensity (De
Letter et al., 2006; Ho et al., 2008); longer maximum phonation time in females (Cavallieri
et al., 2021); faster speech rates (Ho et al., 2008) increased articulatory movement and
precision (Thies et al., 2021); and improved fundamental frequency, harmonic to noise ratio
and jitter (Fabbri et al., 2017; Sanabria et al., 2001). However, recent meta-analyses and
reviews emphasize the highly variable effects of dopamine replacement therapy on acoustic
and perceptual speech measures (Pinho et al., 2018). For example, Plowman-Prine et al.
(2009) showed no significant effect of medication state on 35 perceptually-rated aspects of
speech and voice quality (e.g., resonance, harshness). Additionally, changes in speech rate
in L-dopa ON state are not a consistent finding in the literature (De Letter et al., 2006;
Skodda et al., 2011). Researchers investigating L-dopa effects on speech prosody (e.g., pitch
variation, loudness variation) also report high within-subject variability with no significant
effect of L-dopa status (De Letter et al., 2007; Plowman-Prine et al., 2009; Skodda et al.,
2011).

Findings relative to L-dopa effects on speech disfluency are mixed. While previous
investigators reported a reduction in speech disfluencies in ON state, the effect was limited
to those participants with the most severe disfluencies in OFF state (Im et al., 2019). In
other studies, increases in speech disfluencies in ON state are reported (Louis et al., 2001)
with the suggestion that longer-term exposure to L-dopa in higher doses may contribute

to increased disfluencies and stuttering-like behavior in persons with PD (Tykalova et al.,
2015).

These mixed findings highlight the need for further research into the interactions between
PD medication states and speech production in PD. Unresolved issues include whether the
combined effect of dopaminergic replacement and DBS therapies affect speech symptoms
differently than either intervention alone (Tripoliti et al., 2014). Additionally, more research
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is needed to understand how (and whether) speech symptoms manifest differently as a
function of medication scheduling and L-dopa wearing-off across dosing cycles (De Letter
et al., 2006; De Letter et al., 2010). Studying this phenomenon, in relation to cognitive
performance, is particularly intriguing given the potential role of cognition on speech
output, and the complex and often paradoxical, relationship between cognitive performance
and dopaminergic replacement therapies (Cools et al., 2010; Hanna-Pladdy et al., 2015;
MacDonald and Monchi, 2011; McGuigan et al., 2019).

While L-dopa is the primary pharmacologic agent used in PD, additional research

into the relationship between speech outcomes and other medications used to manage
cognitive symptoms in persons with PD (e.g., cholinesterase inhibitors) is also warranted.
Improvements in word retrieval, following commands, and comprehension of spoken
language have been reported in persons with PD-related dementia in response to
rivastigmine compared to placebo (Schmitt et al., 2010). However, investigation of
medication effects on speech, beyond L-dopa, are scant.

4.2 Deep brain stimulation (DBS)

Deep brain stimulation (DBS) of the subthalamic nucleus (STN), globus pallidus interna
(GPi) and ventral intermediate nucleus of the thalamus (V1M) are established treatments
for PD motor symptoms. However, the benefits of DBS on speech symptoms are less

clear, and highly variable with both improvements and declines noted across patients

and behaviors (Aldridge et al., 2016; Skodda, 2012). Described by some as “stimulation-
induced dysarthria,” a systematic review by Skodda (2012) reported prevalence rates of
dysarthria following STN-DBS as high as 70% at three-years post-surgery with an average
prevalence of 9.3%. Documented declines following STN-DBS include reduced articulatory
precision and also symptoms of spastic dysarthria (Aldridge et al., 2016; Tsuboi et al.,
2017; Wertheimer et al., 2014). However, researchers also reported improvements in speech
rate, phonation duration for maximum effort tasks, reduced glottic tremor, and improved
intelligibility (Klostermann et al., 2008; Tripoliti et al., 2011). Still yet, other investigators
reported equivocal findings between STN-DBS ON versus OFF stimulation in vocalic
transitions measured by F2 slopes (second formant frequency, significantly correlated with
intelligibility), although at an individual level, high heterogeneity was observed (Martel-
Sauvageau and Tjaden, 2017).

Stimulation parameters appear to impact speech outcomes post STN-DBS. In a double-blind
study, Tripoliti et al. (2008) found that when compared to low voltage stimulation (2V),
high voltage stimulation (4V) resulted in deterioration of speech intelligibility but not voice
loudness. This finding is consistent with other recent studies reporting that lower frequency
stimulation is associated with better speech outcomes (Knowles et al., 2018). Contact site
also appears to play a role in speech outcomes with better intelligibility outcomes for
posterior STN electrode placement (Tripoliti et al., 2008) compared to medial and anterior
placements (Mossner et al., 2020; Tripoliti et al., 2008).

While beyond the scope of this chapter, cognitive changes can also occur post-DBS, and
have the potential to mediate speech, language and communication outcomes (Arten and
Hamdan, 2020; Foley et al., 2017; Mikos et al., 2010). A recent longitudinal study of
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25 patients following STN-DBS found that patients whose speech intelligibility and/or
naturalness deteriorated over the 2-year follow-up period had lower baseline scores on
cognitive measures of working memory and inhibition (Tanaka et al., 2020). By contrast,
the PD group whose speech remained stable over 2 years, and who realized greater ON-
stimulation benefit for speech symptoms (e.g., increased voice loudness, increased loudness
variability, and lower perceptual ratings of asthenia), had higher baseline cognitive scores
(Tanaka et al., 2020).

Findings from studies of spontaneous discourse post-DBS further hint at a relationship
between DBS cognitive changes and speech/language outcomes. Recent studies reported
that STN-DBS ON-stimulation state was associated with higher word and clause production
rates, a measure of language formulation speed (Ehlen et al., 2020); increased proportion

of open class words, a measure of word retrieval (Ehlen et al., 2020; Tiedt et al., 2021);

and shorter pause durations at non-linguistic boundaries indicating more efficient language
planning (Ehlen et al., 2020; Klostermann et al., 2008). However, these improvements

may be offset by an increased proportion of language production errors in STN-DBS
ON-stimulation (Ehlen et al., 2020) and by reductions in lexical complexity reported in
VIM-DBS ON-stimulation state (Tiedt et al., 2021).

Collectively, this literature underscores the complexity of DBS stimulation effects on speech
and spoken language production. While more work is needed, these data provide preliminary
evidence of possible associations between cognition and communication outcomes broadly
post-DBS, which may be an important consideration for pre- and post-surgical counseling
and assessment.

4.3 Transcranial magnetic stimulation

Transcranial Magnetic Stimulation (TMS) is a non-invasive stimulation intervention that
may improve motor and non-motor symptoms of PD (Wu et al., 2008). Multiple mechanisms
are implicated in these improvements including improved cortical excitability, normalization
of neural network activity, and increased dopamine release (Wu et al., 2008). Using
repetitive TMS (rTMS), Dias et al. (2006) randomized people with PD to undergo 10
sessions of either 15Hz rTMS of the left dorsolateral prefrontal cortex or sham stimulation
of the same area during a 2-week period. Results indicated that people with PD had no
significant improvements in loudness or fundamental frequency. However, both groups
showed improvement in voice-related qualify of life, irrespective of stimulation group,
suggestive of a placebo effect. Brabenec and colleagues found improvements in articulatory
accuracy and rhythmicity of speech when the right posterior superior temporal gyrus (STG)
was targeted at low frequency (1Hz) stimulation levels (Brabenec et al., 2019). A follow up
study by the same group compared a randomized sham stimulation group to a group with
PD undergoing 1Hz rTMS of the right STG for 10 total sessions across 2 weeks (Brabenec
et al., 2021). They found improved intrinsic connectivity within the targeted stimulation
area, caudate nucleus, and orofacial sensorimotor cortex when the right STG was targeted
and noted corresponding improvements in intelligibility and prosody post-treatment for both
groups (Brabenec et al., 2021). However, only the treatment group maintained these changes
post-stimulation.
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Interventions targeting neural connectivity hold promise for treating PD-related speech
deficits. Previous studies showed that altered connectivity between the right caudate nucleus
and left sensorimotor cortex differentiated healthy controls from persons with PD, while
decreased connectivity between the left STG and left putamen distinguished persons

with PD and speech impairments from those without speech impairments (Manes et al.,
2018). Further research around stimulation targets and dosing, as well as the impact on
functional communication and participation, need to be done before non-invasive brain
stimulation techniques can be implemented as mainstream interventions for PD-related
speech impairments. However, preliminary studies suggest the potential of such treatments
either in isolation or in combination with behavioral interventions (Li et al., 2021).

4.4 Behavioral interventions

Voice loudness and speech clarity are often the primary targets of interventions

for communication difficulties in Parkinson’s disease. The overwhelming majority of
interventions in PD are high-intensity interventions based in motor learning principles.
While several systematic reviews report positive benefits of speech-language interventions
for persons with PD, their efficacy is largely limited to voice loudness and “weakened” voice
quality (Atkinson-Clement et al., 2015; Xu et al., 2020) leaving individuals with potentially
unmet functional communication needs and communication participation limitations.

Lee Silverman Voice Treatment (LSVT LOUD®).—Consistent with principles of
neural plasticity, therapeutic activities in LSVT LOUD include high effort exercises intended
to increase vocal intensity by targeting respiratory and laryngeal systems. LSVT LOUD is
implemented through clinician modeling, immediate direct and self-evaluative feedback, and
recalibration of muscular and respiratory effort in a variety of speaking contexts. Cognitive
aspects of speech production are not directly targeted. Nonetheless, LSVT LOUD proposes
to re-calibrate the internal model of adequate speech loudness and muscular effort through
repeated practice and internalization of the concept of “thinking loud” to minimize the
cognitive effort required to maintain vocal effort during contextualized speaking tasks.
Although LSVT LOUD claims to be low cognitive effort, there are no systematic, well-
controlled studies of LSVT LOUD in persons with moderate to advanced disease or in those
with PD-related cognitive impairment. As a result, it remains unclear whether treatment
effects are consistent across a broad range of PD severity levels and symptom profiles.

Of the published speech interventions, LSVT LOUD has the more robust body of

evidence including randomized control studies with no treatment, respiratory treatment, and
alternative LSVT treatment format conditions. Results from efficacy studies and systematic
reviews of LSVT LOUD show increased loudness and improved Voice Handicap Index
scores for more structured speaking tasks following treatment, that is sustained for up to

24 months post-treatment in those with mild to moderate PD (Ramig et al., 2001, 2018;
Scobie et al., 2021). Additionally, Bryans et al. (2021) using a within subject design found
post-treatment increases in communication participation and effectiveness following LSVT
LOUD that were maintained for upwards of 6-months in a cohort with a wide distribution
of motor severity scores. These results suggest communication impairments in PD may be
helped through treatments like LSVT LOUD that target loudness and intelligibility.
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SPEAK OUT!® —SPEAK OUT! and its group-based companion program, The LOUD
Crowd®, target “speaking with intent” within the context of structured exercises and
communication activities. The program includes a variety of structured and semi-structured
treatment activities, with layered cognitive demands, that attempt to simulate “real-world”
communication. The program claims to optimize “goal-directed basal ganglia-cortical
circuits” to make up for impairments in automatic control of speech and voice (Behrman
etal., 2020).

SPEAK OUT! builds on previous studies of clear speech techniques (Lam and Tjaden,
2016; Lam et al., 2012; Tjaden et al., 2013) and voice facilitation approaches described by
Boone et al. (2005). In contrast to LSVT LOUD, rather than focusing on vocal intensity

in isolation, SPEAK OUT! proposes to target increased loudness, improved articulatory
precision, and deliberate speech rate through increasing the person with PD’s focus on
attending to a goal-directed speech target while speaking with intent (Behrman et al., 2020).
Therapeutic techniques include direct instruction and metacognitive strategies (Behrman et
al., 2020).

Emerging evidence of SPEAKOUT!, from early stage low to medium quality studies,
suggest that post-treatment gains include increased speech volume, improved prosody
(variation in intensity and frequency), improved cepstral peak prominence, and reductions
in voice handicap (Behrman et al., 2020; Boutsen et al., 2018; Levitt et al., 2015; Levitt
and Walker-Batson, 2018). However, not all studies have demonstrated superiority of the
treatment over a control condition (Parveen, 2020). Further research on the wider effects of
SPEAK OUT! and LOUD Crowd beyond mild to moderate PD and dysarthria is warranted.
Currently, there are no published comparative studies of LSVT LOUD versus SPEAK OUT!
to guide clinical decision-making regarding the selection of treatment for an individual
with PD. Given the overlaps in approach, and claims of distinctive mechanisms, this is an
important next step to optimize care for persons with PD.

SpeechVive™.—For some patients with Parkinson’s, cognitive and sensory deficits may
be a barrier to participating in high intensity exercise programs or intentionally monitoring
their own speech volume and output. While not specifically designed for persons with

PD who have cognitive impairments, the SpeechVive device has the benefit of increasing
speech intensity without volitional effort and thus has potential to lessen the cognitive load
associated with treatment participation. The SpeechVive is a wearable device that elicits
increased speech volume through the Lombard effect. The Lombard effect refers to the
non-volitional increase in speech effort and consequently increased loudness, in ambient
noise conditions (Zollinger and Brumm, 2011). The Lombard effect in PD was first tested
in PD by Adams and Lang (1992), who found that individuals consistently increased speech
volume when attempting to speak over 90dB-SPL ambient white noise.

The SpeechVive device, initially developed by Dr. Jessica Huber, is housed in a casing
similar to a hearing aid. It detects when the patient speaks and plays “multi-talker babble
noise” designed to trigger the Lombard effect and increase the patient’s speech volume
(Richardson et al., 2014; Stathopoulos et al., 2014). This results in increased speech volume
without interfering with the patient’s ability to hear other speakers, as the noise plays only
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when the patient is speaking. On its own, studies showed that leveraging the Lombard effect
in PD improved subglottic pressure and voice intensity through more efficient respiratory
and laryngeal system activity (Stathopoulos et al., 2014). When embedded within a
structured treatment program SpeechVive demonstrated reliable increases in speech volume
in persons with PD (Huber et al., 2019; Richardson et al., 2014). Additionally, longer

voice onset time (VOTSs) and higher percent voicing after treatment with the SpeechVive
device were observed (Huber et al., 2019, Richardson et al., 2014). Those with greater
improvements in percent voicing also experience improved intelligibility (Huber et al., 2019,
Richardson et al., 2014). While this is a low-cognitive effort treatment approach that requires
considerably fewer in-person SLT sessions compared to other behavioral interventions in
PD, its efficacy in a cognitively impaired cohort requires further study.

Other behavioral interventions.—Other emerging interventions hold promise for
persons with PD. Preliminary data for targeted strengthening of respiratory muscles
through resistive expiratory muscle training suggest that post-training, participants with PD
demonstrate improved maximum expiratory pressure, subglottic pressure, speech loudness
and increased maximum phonation time (Reyes et al., 2020; Rodriguez et al., 2020).
Embedded within a therapeutic arts model, recent studies of structured group-based and
individual chorale/singing therapy programs suggest that these programs may be effective
in improving acoustic, perceptual, quality of life voice, and intelligibility measures in PD
(Barnish and Barran, 2020; Han et al., 2018; Higgins and Richardson, 2019; Tamplin et al.,
2019).

While interventions in PD are still largely motor-symptom focused, there is an emerging
movement toward developing conversation-based interventions in PD that address everyday
communication through the training of targeted conversation strategies (Forsgren et al.,
2013). Although the development of these therapies lags far behind those that target motor
symptoms.

5 Summary

Theoretical frameworks and experimental evidence are converging on the idea that cognitive
changes in PD likely play a role in the manifestation of communication difficulties in PD.
Moreover, the literature makes clear that early and sub-dementia cognitive changes are
associated with myriad communication changes that span motor and language domains.

The fact that this chapter exists is evidence of a shift in our understanding of PD and

its effects on communication beyond the motor-speech domain. In keeping with this shift,
the last decade has seen an increased interest in the effects of pharmacologic and surgical
interventions on speech outcomes and substantial expansions of behavioral treatments for
speech and communication impairments in PD. Optimizing clinical care for persons with PD
depends on continuing this trajectory and advancing research into the cognitive mechanisms
that support speech production, the impact of PD treatments on speech/communication
outcomes, and systematic, well-controlled trials of interventions for a broad range of
communication challenges.
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