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Abstract

Purpose: Individuals with Parkinson disease (PD) present with complex and variable symptoms,
with recent findings suggesting that the etiology of PD extends beyond the involvement of just the
basal ganglia. These symptoms include significant impairments in the speech and swallowing
domains, which can greatly affect quality of life and therefore require therapeutic attention. This
research-based update reviews the neurophysiological basis for swallowing and speech changes in
PD, the effectiveness of various types of treatments, and implications for symptom evaluation and
management.

Conclusion: The mechanisms responsible for swallowing and speech symptoms in PD remain
largely unknown. Dopaminergic medication and deep-brain-stimulation do not provide consistent
benefits for these symptoms suggesting a non-dopaminergic network is involved. Importantly,
evidence suggests that symptoms of dysphagia and hypokinetic dysarthria may be early
indications of PD, so it is critical to investigate the cause of these changes.

Background

Parkinson Disease (PD) is a highly prevalent neurodegenerative disease that affects up to 2%
of adults over the age of 65 (Forsaa, Larsen, Wentzel-Larsen, Herlofson, & Alves, 2008) and
impacts nearly 10 million people worldwide (de Lau et al., 2004). More people are
diagnosed with PD than multiple sclerosis, muscular dystrophy and Amyotrophic Lateral
Sclerosis (ALS) combined, and the prevalence of PD is projected to double in the next 20
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years (Kowal, Dall, Chakrabarti, Storm, & Jain, 2013), affirming this disease as a major
public health concern. As PD is currently incurable and progressive (Beitz, 2014; Braak et
al., 2003), individuals living with PD and their caregivers face great challenges to manage
the features of the disease and maintain their quality of life (Forsaa et al., 2008; Mller,
Assmus, Herlofson, Larsen, & Tysnes, 2013; Opara, Brola, Leonardi, & Btaszczyk, 2012).

PD is characterized by hallmark motor dysfunction and dysregulation, manifesting as gross
motor features including rigidity, bradykinesia, tremor, postural instability, and disturbances
in gait (Berardelli et al., 2018; Shahed & Jankovic, 2007; Sprenger & Poewe, 2013). These
motor impairments contribute to increased risk of falls and limitations in ability to complete
activities of daily living, resulting in a loss of independence and an increased need of
assistance from others, placing burden on caregivers (Hariz & Forsgren, 2011; Yousefi,
Tadibi, Khoei, & Montazeri, 2009).

Although the motor deficits are primarily caused by progressive dopaminergic depletion in
the substantia nigra (Chu & Kordower, 2007; Davie, 2008; Kirik et al., 2002; Kish, Shannak,
& Hornykiewicz, 1988; Lo Bianco, Ridet, Schneider, Deglon, & Aebischer, 2002), the
pathology of PD is complex. Experts now appreciate that this disease involves multiple
neurotransmitter pathways throughout the central and peripheral nervous systems
(Chaudhuri & Schapira, 2009; Schapira, Chaudhuri, & Jenner, 2017) and pathology has been
found in peripheral muscles critical for swallow and voice function (Mu et al., 2012). In a
recent review, Schapira and colleagues illustrated the lengthy and gradual progression of PD
(Figure 1), noting that many features appear up to a decade prior to the presentation of the
hallmark motor symptoms (Schapira et al., 2017). These are often subtle features including
anosmia, mood changes, and autonomic dysfunction and can also involve changes in
communication and swallowing function. Unfortunately, these features are often missed or
attributed to the natural aging process, so these go undiagnosed and untreated in the early
stages of the disease.

Because of the multifaceted nature of the underlying neuropathology associated with PD, the
clinical presentation of this disease is complex and varied. There are genetic and inherited
forms of PD (Bonifati et al., 2002; Guo et al., 2011), as well as idiopathic presentations of
the disease. Each displays its own unique expression and progression of features. These
variations in causation and presentation of symptoms are thought to be associated with
differences in underlying pathology and result in distinctive clinical subtypes or phenotypes
(Klingelhoefer & Reichmann, 2017). The subtypes of PD are described by the presentation
of the primary motor feature: tremor dominant, akinetic or rigid dominant, and mixed
phenotypes (Schiess, Zheng, Soukup, Bonnen, & Nauta, 2000) or tremor-dominant and non-
tremor-dominant (Jankovic et al., 1990). Other PD researchers suggest further subtyping the
disease by variations seen in non-motor symptom presentation such as disturbances in
cognitive function, apathy, sleep, pain, fatigue, depression/anxiety and autonomic function
(Sauerbier, Jenner, Todorova, & Chaudhuri, 2016). Defining these distinct phenotypes
appreciates the heterogeneity and widespread underlying pathology associated with PD and
encourages the possibility of developing subtype-specific treatment approaches. Currently,
however, we do not fully understand the onset, progression, or etiology of many PD deficits,
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including speech and swallowing dysfunction, which complicates the diagnosis and
management of these features.

No specific test exists to diagnose PD. A neurologist comprehensively considers the
individual’s medical history, administers a clinical evaluation and neurologic imaging, trials
medications, and rules out other diseases in order to make a clinical diagnosis. The most
widely used clinical rating scale for PD is the Unified Parkinson’s Disease Rating Scale
(UPDRS) which was developed in the 1980s by Fahn and colleagues (Fahn, Elton, &
UPDRS Program Members, 1987) and then revised and expanded to the Movement disorder
Society-Sponsored Revision of the Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) in 2008 (Goetz et al., 2008). The MDS-UPDRS involves participation by patients/
caregivers and a clinical investigator and was designed to assess the presence and severity of
both motor and non-motor aspects of PD and how these impact activities of daily living. The
MDS-UPDRS has been assessed for validity, reliability, and can be quickly administered
(Goetz et al., 2008). While this assessment tool is commonly used to track the progression
and severity of many motor aspects of PD, it does not gather qualitative data and it does not
adequately incorporate assessments of speech or swallowing function. These limitations
hinder the clinical utility of this assessment to guide goals and treatment plans for dysarthria
and dysphagia in this population.

Clinical Features of Dysphagiain PD

Clinician-administered swallowing assessments revealed that 82% of individuals with PD
demonstrate signs of dysphagia (Kalf, de Swart, Bloem, & Munneke, 2012). Swallowing
deficits are often significantly debilitating in the later stages of the disease, reducing quality
of life (Han et al., 2011; Plowman-Prine et al., 2009) and contributing to dehydration,
malnutrition, and aspiration pneumonia, the leading cause of death of patients with PD
(Beyer, Herlofson, Arsland, & Larsen, 2001; Mehanna & Jankovic, 2010; Morgante et al.,
2000). Shockingly, the mean survival time after the onset of a complaint of dysphagia is only
15-24 months (Mller et al., 2001). Further, the strongest predictor of mortality for nursing
home residents with PD was a diagnosis of aspiration pneumonia (Fernandez & Lapane,
2002). While dysphagia in PD is often thought of as an end-of-disease complication, signs
of oropharyngeal and esophageal dysphagia can often be seen earlier in the disease when
objective measures are used in assessment (Jones & Ciucci, 2016; Sung et al., 2010;
Volonté, Porta, & Comi, 2002). Signs manifesting from esophagus the gut such as achalasia,
motility dysfunction, and reflux, as well as oropharyngeal swallowing changes, are often the
first to present themselves as a sign of PD (Jones & Ciucci, 2016).

In addition to the serious health complications that results from dysphagia in PD,
swallowing difficulty can diminish quality of life (Plowman-Prine et al., 2009). Dining is a
social activity that revolves around communication and functional swallowing skills.
Individuals with PD and dysphagia often experience reluctance to eat in public due to
embarrassment about drooling, slowness of eating, or fear of choking (Rosenbek & Jones,
2009). Patients may also have difficulty with reach-to-eat movements which can negatively
impact feeding experience (Doan, Melvin, Whishaw, & Suchowersky, 2008). These are all
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important aspects to consider when determining how best to manage the features of the
disease.

Due to the complex sensorimotor sequencing required for swallowing, it is not surprising
that all four phases of the swallow (oral preparatory, oral, pharyngeal, and esophageal) can
be disrupted by PD. PD-related dysphagia presents as repetitive tongue elevations (tongue
pumping), reduced mastication speed and coordination, prolonged oropharyngeal transit
time, decreased control of the bolus with premature spilling into the pharynx, delayed
initiation of the swallow, increased number of swallows necessary to clear the pharynx,
slowed and reduced hyolaryngeal movement, esophageal dysmotility and reflux, and
oropharyngeal residue (Ali et al., 1996; Bird, Woodward, Gibson, Phyland, & Fonda, 1994;
Fuh et al., 1997; Leopold & Kagel, 1996; Potulska, Friedman, Krélicki, & Spychala, 2003;
Stroudley & Walsh, 1991; Sung et al., 2010). It is argued that one of the first patient-reported
signs of dysphagia in individuals with PD could be excessive drooling, occurring in 56% of
patients, (Kalf, Swart, Borm, Bloem, & Munneke, 2009) and is thought to result from
swallowing and sensory impairment (Bagheri et al., 1999; Edwards, Quigley, & Pfeiffer,
1992) There is also a direct correlation between drooling and dysphagia severity; patients
who have more severe dysphagia exhibit greater drooling (Nébrega et al., 2008). Others
highlight that PD-related dysphagia begins with esophageal dysfunction and reflux when
objective measures are taken (Edwards et al., 1992; Noyce et al., 2012; Potulska et al., 2003;
Sung et al., 2010).

Neurophysiological Basis for Dysphagia in PD

While the classic gross motor deficits associated with PD are primarily linked to
dopaminergic loss in the substantia nigra pars compacta area of the brainstem (Kish et al.,
1988; Plowman & Kleim, 2011), the pathophysiology underlying dysphagia in PD is not
well understood. There is not a direct correlation between dysphagia severity and extent of
motor impairment or disease duration (Monte, da Silva-Junior, Braga-Neto, Nobre e Souza,
& Sales de Bruin, 2005; Nilsson, Ekberg, Olsson, & Hindfelt, 1996; Volonté et al., 2002).
Additionally, the pharmacologic interventions used to alleviate gross motor features of PD
that target dopaminergic depletion, do not consistently improve swallow function (Baijens &
Speyer, 2009; Hunter, Crameri, Austin, Woodward, & Hughes, 1997; Menezes & Melo,
2009). These findings indicate that non-dopaminergic neural networks are also involved in
the features of dysphagia observed in PD.

Pharyngeal swallowing is a complex, semi-automatic, repetitive medullary program that can
be altered by voluntary control, to some degree, and relies on involvement of peripheral,
afferent, and central feedback mechanisms (Simons, 2017). In PD-related dysphagia, there is
noted impairment in the dopaminergic basal ganglia system that disrupts the supramedullary
swallow system (Leopold & Daniels, 2010), as well as pathology that exists in the brainstem
that impacts the medullary swallowing central pattern generator (Suntrup et al., 2013). This
swallowing program includes the dorsal motor nucleus of the glossopharyngeal and vagus
nerves as well as the reticular activating system, all of which demonstrate neuronal loss early
in the progression of PD (Braak, Ghebremedhin, Rib, Bratzke, & Del Tredici, 2004;
Hawkes, Del Tredici, & Braak, 2010). There is also evidence that distinct cortical regions in
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the brain such as the supplementary motor area, which is involved in motor programming,
initiation and execution, demonstrate reduced activity measured by
magnetoencephalography (MEG) in individuals with PD during volitional swallowing tasks
compared to healthy controls (Suntrup et al., 2013). In addition to the central nervous
system, pathology in the peripheral nerves and muscles that control communication and
swallowing was also discovered, albeit in post-mortem studies so when this pathology
occurs in unknown (Mu et al., 2012).

The underlying pathology that causes PD-related dysphagia disrupts a combination of
complex, multifaceted systems that incorporate both dopaminergic and non-dopaminergic
neural networks. The underlying pathways and their interactions during this disease process
has not fully been described and needs to be further investigated. Exploring the underlying
neural networks impacted by PD would yield a better understanding of the causes of
dysphagia, allowing for the development of more targeted and effective pharmacological and
behavioral intervention approaches to clinically manage this disease.

Translational Research

Diagnosis

Individuals with PD display a large amount of inherent variability due to age, onset,
phenotype, social situation, medication, and motivation to participate in intervention and
research. This is problematic in that it not only inhibits our ability to assess the underlying
neurobiological mechanisms that cause swallowing problems in PD, but also limits
investigations into treatment outcomes with necessary experimental control (Barbe et al.,
2014; van Rooden et al., 2011). In order to address the confounds inherent in human
research, animal models of communication and swallowing impairment in PD have been
developed. One such well-established model of PD is a genetic knockout of the PinkI gene
in rats (Pink1-/-). Recent research has expanded the use of this model to investigate
neurobiological and behavioral constructs contributing to signs manifested in PD
progression (Cullen et al., 2018; Johnson et al., 2011; Kelm-Nelson, Brauer, & Ciucci, 2016;
Kelm-Nelson, Yang, & Ciucci, 2015). In humans, PinkI genetic variants contribute to early
onset and progressive deficits over time and extensive nigrostriatal dopamine depletion in
the later stages (Guo et al., 2011). Individuals with PD show early, subtle deficits in
swallowing and communication. Early and progressive sensorimotor and oromotor deficits
in the preclinical and early stages of the PinkZ-/-model have been demonstrated (Cullen et
al., 2018; Grant et al., 2015; Johnson et al., 2011; Kelm-Nelson et al., 2015), confirming the
construct validity of this animal model. Ongoing research uses this model to study brain-
behavior relationships, and to develop and test interventions for the treatment of the disease
with necessary experimental control.

In light of the high prevalence of dysphagia in PD, as well as the mortality resulting from
aspiration pneumonia in this population, it is essential that the entire multi-disciplinary
medical team is aware of both the high risk for dysphagia and the fact that many patients
may not be aware of their own swallowing difficulties. While patient questionnaires and
interviews may function as a reasonable “first line” of screening for swallowing impairment,

Perspect ASHA Spec Interest Groups. Author manuscript; available in PMC 2020 February 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Broadfoot et al. Page 6

it is important for the medical team to realize that many patients do not often report
dysphagia. Less than 10% of patients spontaneously report difficulty with swallowing and
when asked by health care professionals, only 50% admit they have problems swallowing
(Robbins, Logemann, & Kirshner, 1986). In a recent meta-analysis to determine prevalence
of dysphagia in PD, clinician-administered swallowing assessments concluded that 82% of
patients exhibited impairments in swallowing (Kalf et al., 2012). In contrast, only 35% of
patients demonstrated dysphagia when patient questionnaires or interviews were used in
diagnosis (Kalf et al., 2012).

Evaluation of swallowing function in individuals with PD should include patient
questionnaires/interviews, as well as both clinical and instrumented assessments. A clinical
evaluation includes collection of a case history with a patient and/or their primary care
givers, an oral mechanism exam, and observation of oral trials of multiple solids and liquids,
particularly those with which the patient reports having difficulty. The clinical assessment
affords the clinician an opportunity to evaluate the functional and cognitive status of the
patient and provides direction for instrumented assessments.

Because of the often-subtle externally appreciable signs of dysphagia in PD, instrumented
assessment is essential for accurate diagnosis of dysphagia and for meaningful description of
swallowing pathophysiology in order to provide appropriate treatment. Imaging studies,
such as videofluoroscopic swallow studies (VFSS) and fiberoptic endoscopic evaluations of
swallowing (FEES) are “gold-standard” assessments, allowing for description of normal or
disordered movement of oral and pharyngeal structures during swallowing, particularly as
they relate to swallowing efficiency and swallowing safety (Giraldo-cadavid et al., 2017;
Langmore, 2017; Pisegna & Langmore, 2016). Spatio-temporal pressure measurements
obtained with high-resolution pharyngeal manometry (HRPM) and bolus flow measurement
obtained with impedance testing provide quantitative description of the pressure differentials
necessary for safe swallowing (Omari et al., 2011).

Swallowing Treatment

Because of the heterogeneity of swallowing impairment in PD, treatment of dysphagia must
be tailored to the individual physiologic deficits presented by each patient. Before deciding
upon a course of treatment, clinicians must be informed by history and physical exam with
attention to potential comorbidities associated swallow impairment, and a combination of
clinical and instrumented swallowing assessments. Treatment goals should be focused
toward helping the patient to meet nutritional and hydrational needs in the safest, most-
efficient, and least-restrictive manner possible, with particular attention paid to patient-
informed quality of life.

The impact of apomorphine and levodopa on swallowing function in PD has been
investigated. While some studies have demonstrated improvements in swallowing outcomes
of reduction of frequency of penetration and aspiration, others have shown little change or
exacerbation (Fuh et al., 1997; Hunter et al., 1997; A. Lim, Leow, Huckabee, Frampton, &
Anderson, 2008; Menezes & Melo, 2009; Warnecke et al., 2016). It has been suggested that
the reduced mortality associated with levodopa treatment in PD is evidence for the positive
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influence of levodopa on swallowing function (Sutton, 2013). Such an interpretation should
be considered cautiously, particularly in light of the fact that research that has directly
investigated swallow function in on- and off-levodopa conditions has been equivocal.

Deep brain stimulation (DBS) involves surgical placement of electrodes in the basal ganglia
(typically in the globus pallidus or the subthalamic nucleus) with subsequent stimulation of
target nuclei. While improvements in motor functions such as gate, tremor, and bradykinesia
have been well-documented, evaluation of the impact of DBS on swallow function has
shown marked variability across studies, described in a thorough review by Troche and
colleagues (Troche, Brandimore, Foote, & Okun, 2013).

The use of expiratory muscle strength training (EMST) has been shown to improve
swallowing kinematics and to reduce frequency of airway invasion in PD (Troche et al.,
2010). The underlying physiologic deficit that is being targeted by EMST is reduced
elevation and anterior excursion of the hyolaryngeal complex. EMST increases submental
muscle activity, which in turn increases hyolaryngeal elevation and excursion, and thus
swallow safety. This intervention is attractive in that it involves a very tangible therapy target
that can be performed in essentially any physical setting. These factors are likely to be
important when considering the fact that adherence to swallow treatment recommendations
is, at best, challenging (Krekeler, Broadfoot, Johnson, Connor, & Rogus-Pulia, 2018).

Lee Silverman Voice Treatment (LSVT® -LOUD) is a therapeutic intervention targeted at
modulating speech and voice function in PD via high-effort recruitment of respiratory
musculature and vocal fold adduction. Sharkawi and colleagues investigated the impact of
LSVT® -LOUD on swallow function (Sharkawi et al., 2002) They hypothesized that
LSVT® -LOUD would improve swallowing function, based on clinician observations that
reported such. In this study of 8 patients, improvements in oral and pharyngeal transit times
and reductions in oral and pharyngeal residue were observed. A study of 20 patients with PD
assessed the influence of the LSVT® -LOUD on cough function and swallow performance
(Miles et al., 2017). Treatment resulted in increased pharyngo-esophageal segment opening
and duration of opening as well as decreased pharyngeal residue. In addition, cough-related
measures of involuntary peak expiratory flow rate and peak expiratory flow rise time were
increased following treatment. In both studies, airway protection was minimally
compromised at baseline, with absent aspiration and mild or absent penetration, resulting in
now observable change in airway protection with treatment. While these initial explorations
of the relationship between LSVT® -LOUD and swallow function are encouraging, larger
studies with more severely dysphagic populations must be conducted in order to further-
validate the intervention. This is particularly relevant when considering the relative burden
of the standard dosage for LSVT® -LOUD, which includes one-hour-long therapy sessions
for four consecutive days in a week for four consecutive weeks in addition to 30 minutes of
home practice on every day that the patient does not receive therapy (Ramig, Halpern,
Spielman, Fox, & Freeman, 2018).

In addition to exercise-, medication-, and surgically-based treatments of swallow
dysfunction in PD, implementation of compensatory maneuvers and diet modifications can
help to improve functional swallow outcomes. Upright positioning with a chin-tuck to chest
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posture is often recommended in order to promote airway protection via anterior positioning
of the larynx and shortening of the pharynx (Logemann, 1998). When necessary, the texture
of solid foods and the viscosity of liquids can be modified to accommodate impairments in
oral and pharyngeal bolus control, reduced oral and pharyngeal sensation, and increased oral
and pharyngeal transit time (Logemann et al., 2008). Prior to diet modification, effectiveness
of such modifications should be evaluated with videofluoroscopy and/or fiberoptic
endoscopic evaluation of swallowing.

Hypokinetic Dysarthria

In addition to the hallmark motor symptoms, 90% of individuals with PD develop a motor
speech disorder known as hypokinetic dysarthria, characterized by impairments in voice as
well as articulation (Duffy, 2013). Hypokinetic dysarthria has been classically defined as, “a
perceptually distinctive motor speech disorder associated with basal ganglia control circuit
pathology,” based on the initial understanding of PD (Duffy, 2013). However, it is now clear
that PD involves many parts of the brain (reviewed earlier) so hypokinetic dysarthria is not
solely a basal ganglia based disorder. Speech symptoms of PD can encompass all the
laryngeal, articulatory, and respiratory subsystems of speech (see Figure 2). The most
predominant changes in hypokinetic dysarthria are typically reduced loudness (i.e.,
hypophonia (Duffy, 2013)) and reduced pitch fluctuations (i.e., the perception of monopitch
(Bowen, Hands, Pradhan, & Stepp, 2013)). Articulatory impairments can also occur,
including decreased vowel space area (McRae, Tjaden, & Schoonings, 2002), dysfluencies
(Goberman, Blomgren, & Metzger, 2010), and speech festination (sudden bursts of
increased speech rate; (Moreau et al., 2007)). Together, these multi-subsystem speech
changes can impact functional communication outcomes, such as speech intelligibility
(Anand & Stepp, 2015; Miller et al., 2007; Tjaden, Sussman, & Wilding, 2014) and
naturalness (Anand & Stepp, 2015), and negatively affect quality of life in PD (Miller,
Noble, Jones, & Burn, 2006a). Dopaminergic therapy is widely accepted as the gold
standard for reduction of global motor symptoms in PD (Ferreira et al., 2013) and is
typically administered as levodopa medication. However, as reviewed below, the
improvement of speech symptoms from dopaminergic treatment is limited.

Assessment of Speech Impairment and Function in PD

Subsystem impairments: Respiratory

Respiratory abnormalities in PD can present in approximately 28% — 85% of patients
(Izquierdo-Alonso, Jimenez-Jimenez, Cabrera-Valdivia, & Mansilla-Lesmes, 1994; Sabaté,
Gonzélez, Ruperez, & Rodriguez, 1996). Studies of respiration in PD have shown specific
impairments that respond to dopaminergic medication and other symptoms which do not. In
particular, decreased vital capacity, increased speech inspiration time, and faster tidal
breathing rate have been reported in speakers with PD compared to controls, and these
features have been shown to improve with dopaminergic medication (De Letter, Santens, De
Bodt, et al., 2007; Solomon & Hixon, 1993; Vercueil, Linard, Wuyam, Pollak, & Benchetrit,
1999). Speakers with PD have also been found to use abdominal breathing to a greater
degree than controls during speech breathing and speak fewer words per breath group with
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longer pauses and these changes remain present regardless of medication status (Darling &
Huber, 2011; Solomon & Hixon, 1993).

Subsystem impairments: Laryngeal

Several studies have established laryngeal abnormalities in PD, and voice symptoms are
often the most prominent speech problem in PD (~70% of patients (Ho, lansek, Marigliani,
Bradshaw, & Gates, 1999; Logemann, Fisher, Boshes, & Blonsky, 1978). A high incidence
of vowel fold bowing is reported in PD (~87% of patients (Blumin, Pcolinsky, & Atkins,
2004)), as well as incomplete glottal phase closure, reduced abductory gestures during
phonation, and abnormalities in the mucosal waveform (Stelzig, Hochhaus, Gall, &
Henneberg, 1999). Vocal tremor can also be a symptom of PD (Logemann et al., 1978), but
there is conflicting evidence for when it may present relative to disease progression
(Holmes, Oates, Phyland, & Hughes, 2000; Perez, Ramig, Smith, & Dromey, 1996) and the
source of the tremor is not clear. Intrinsic laryngeal muscle rigidity appears to be a
widespread symptom of PD (73% — 91.5% of patients (Zarzur, de Campos Duprat, Cataldo,
Ciampi, & Fonoff, 2014; Zarzur, Duprat, Shinzato, & Eckley, 2007), as measured by
abnormal intrinsic muscle firing during voice rest. However, abnormal firing during vocal
rest is not associated with disease severity (Zarzur et al., 2014) and doesn’t indicate the
presence of intrinsic laryngeal muscle tremor, even when vocal tremor is observed clinically
during videolaryngoscopic examination (Zarzur et al., 2014; Zarzur et al., 2007). This
implicates other mechanisms of vocal tremor in PD, such as respiratory and/or vocal tract
tremor.

Impairments of voice in PD often include decreased vocal prosody, reduced loudness, and
perception of breathiness. These impairments have been reflected in speech acoustics. Mean
speaking fundamental frequency (#: the acoustic correlate of vocal pitch) has been reported
as both higher (Canter, 1963) or not different (Zwirner, Murry, & Woodson, 1991) in PD
relative to controls. Differences between male and female speaking £, have been observed as
well (Holmes et al., 2000; Skodda & Schlegel, 2008), but these may be influenced by other
factors such as aging. Reduced variability of £, (the acoustic correlate of vocal prosody) has
been reported in several studies (Bowen et al., 2013; Flint, Black, Campbell-Taylor, Gailey,
& Levinton, 1992; Holmes et al., 2000; Skodda, Rinsche, & Schlegel, 2009) and presents
both on and off dopaminergic medication (Bowen et al., 2013). Variability in 7 has also
been found to differ between male and female speakers, but results are inconsistent and do
not relate to PD progression (Holmes et al., 2000; Skodda & Schlegel, 2010). However, £
variability has shown sensitivity to early stages of PD (5 years pre-diagnosis (Harel,
Cannizzaro, & Snyder, 2004)). Measures reflecting vocal quality, such as intensity (the
acoustic correlate of loudness) and harmonics-to-noise ratio (HNR; the acoustic correlate of
breathiness (Skodda, Grénheit, Mancinelli, & Schlegel, 2013)) also show deterioration in
PD. Reduced intensity (Canter, 1963; Holmes et al., 2000; Illes, Metter, Hanson, & Iritani,
1988) and HNR (reflecting increased breathiness (Shrivastav & Sapienza, 2003)) are found
in PD relative to controls. Similar trends are found for perceptual measures of loudness and
breathiness (Holmes et al., 2000; Logemann et al., 1978) and may present more frequently
in late-stage compared to early-stage PD (Holmes et al., 2000). In support of this, a
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longitudinal study by Rusz et al. found that reduced speech intensity correlated with
increased symptoms of bradykinesia (Rusz, Tykalové, Klempit, Cmejla, & RiZicka, 2016).

Prior work shows little-to-no benefit of both short-term or long-term dopaminergic
medication on acoustic measures of mean £, variability of £, and mean speech intensity
(Skodda, Visser, & Schlegel, 2010). Perception of vocal prosody following dopaminergic
medication has been found to both improve (De Letter, Santens, Estercam, et al., 2007) or
show no changes (Plowman-Prine et al., 2009). Acoustic measures of prosody, as variability
in 75, show either small benefits from dopaminergic medication (Bowen et al., 2013; De
Letter, Santens, De Bodt, et al., 2007) and no benefits (Ho, Bradshaw, & lansek, 2008;
Skodda, Grénheit, & Schlegel, 2011; Skodda et al., 2010). Similarly, speech intensity shows
both improvement (Kompoliti, Wang, Goetz, Leurgans, & Raman, 2000; Viallet et al., 2002)
or no change (Goberman, Coelho, & Robb, 2002; Ho et al., 2008; Jiang, Lin, Wang, &
Hanson, 1999) with dopaminergic medication. However, at the laryngeal level, there is
evidence for decreased laryngeal rigidity following dopaminergic treatment (Jiang et al.,
1999). One study also reported that vocal fold bowing and vocal onset and offset
impairments in PD were more pronounced when patients were off medication compared to
on medication (Ludlow, Connor, & Bassich, 1987).

Subsystem impairments: Articulatory and Resonatory

Aurticulatory impairments are common in PD (occurring in 38.5% — 49% of patients (Ho,
Bradshaw, lansek, & Alfredson, 1999; Logemann et al., 1978)) and show high variability.
Measures of vowel space area in PD show conflicting results in the literature (Goberman &
Elmer, 2005; Sapir, Ramig, Spielman, & Fox, 2010; Skodda, Flasskamp, & Schlegel, 2011;
Tjaden, Lam, & Wilding, 2013). However, novel metrics such as articulatory acoustic-
acoustic vowel space (AAVS; (Whitfield & Goberman, 2014)) and vowel articulation index
(\VVAI; (Skodda, Gronheit, & Schlegel, 2012)) have shown sensitivity to tracking articulatory
changes in PD compared to controls. These measures, which incorporate information about
vowel space, show reduced values in PD relative to controls (Skodda et al., 2013; Skodda,
Flasskamp, et al., 2011; Whitfield & Goberman, 2014). In addition, AAVS shows promise
for tracking within-speaker increases in speech clarity in PD (Whitfield & Goberman, 2014)
and VAI shows significant reductions as PD progresses (Skodda, 2012).

It is not clear whether dopaminergic therapy consistently improves symptoms of articulation
in PD, but some studies report benefits of medication. Benefits to lip muscle rigidity (Cahill
et al., 1998; Leanderson, Meyerson, & Persson, 1971) and mandibular mobility (Svensson,
Henningson, & Karlsson, 1993) have been shown, which would positively impact
articulation. In contrast, another study found no overall improvements of articulatory
measures with short-term and long-term dopaminergic treatment (Skodda et al., 2010). One
study found that speakers with PD demonstrated significantly more dysfluencies after 3-6
years of dopaminergic medication compared to off medication and controls (Tykalova et al.,
2015), yet other studies have found no differences with medication (De Letter, Santens, De
Bodt, Boon, & Van Borsel, 2006; Goberman & Blomgren, 2003). Examining the same
speakers during a 6-year course of dopaminergic medication, greater levodopa dosage led to
slight improvements in stop consonant articulation (Rusz et al., 2016).
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Speech rate, although not purely articulatory, has also been examined in PD. While some
studies have found no differences in speaking rate between speakers with PD and controls
(Lowit, Brendel, Dobinson, & Howell, 2006), other work reports slower syllable repetition
(Dworkin & Aronson, 1986; Ludlow et al., 1987) or faster connected speech (Skodda &
Schlegel, 2008) in speakers with PD. A possible explanation for the variability in speech rate
is that the underlying cause is not purely resulting from motor symptoms of PD. Difficulty in
monitoring the timing of speech movements in PD could explain the combination of slower,
typical, and faster speech (Ackermann, Konczak, & Hertrich, 1997; Ludlow et al., 1987).
There is also evidence that slower speech rate can result from interactions with cognitive
decline (Lowit et al., 2006). Further, studies show both no differences (De Letter et al., 2006;
Goberman, Coelho, & Robb, 2005) and increased rate (Ho et al., 2008) with dopaminergic
medication. Individual speakers also may reduce their speaking rate when on medication
compared to off (Spencer, Morgan, & Blond, 2009). Therefore, changes in speech rate in PD
may result from several different mechanisms that include motor changes to articulators.

In some individuals with PD, resonance impairments can present in the form of
velopharyngeal incompetence (Hoodin & Gilbert, 1989b; Robbins et al., 1986). Resonatory
impairments in PD are reported less frequently in PD, but have been considered as a deviant
feature of speech in hypokinetic dysarthria (Duffy, 2013). Perceptually, hypernasality has
been reported in as few as 10% of patients (Logemann et al., 1978) and as many as 65% of
patients (Novotny et al., 2016). In a study using acoustic analyses, 27% of patients with PD
demonstrated excessive nasal energy in the speech signal (Novotny et al., 2016). Increased
nasal airflow (Hoodin & Gilbert, 1989a; Logemann et al., 1978) and decreased oral pressure
have also been found during speech in PD (Solomon & Hixon, 1993), suggesting incomplete
closure of the velopharyngeal port. The magnitude of nasal airflow in PD further increases
when speaking at a speed compatible with fluent speech (Hoodin & Gilbert, 1989a). The
effect of dopaminergic medication on resonatory impairment in PD has not been
characterized, but perception of hypernasality is unrelated to motor symptom severity
(Novotny et al., 2016).

Functional speech outcomes

Speech intelligibility, measured both by listener perceptions (Stipancic, Tjaden, & Wilding,
2015; Tjaden et al., 2014) and patient self-reports (Miller, Noble, Jones, & Burn, 2006b), is
found to decline in PD. Problems with speech intelligibility are common: studies report that
65% to 70% of speakers with PD are below a typical range (Coates & Bakheit, 1997; Miller
et al., 2007). Importantly, patient self-reports of voice changes do not always correlate with
listener’s perceived intelligibility (Miller et al., 2007). There is evidence that speech
intelligibility may worsen with disease duration (Miller et al., 2007; Skodda et al., 2013),
and perceptual measures have suggested a greater intelligibility decline in males relative to
female speakers (Midi et al., 2008).

Studies of speech intelligibility as a function of dopaminergic treatment show conflicting
results in the literature. Prior work has shown amelioration of categorical ratings of speech
intelligibility by speech language pathologists (De Letter, Santens, Estercam, et al., 2007)
and untrained listeners (Nakano, Zubick, & Tyler, 1973) with levodopa, but no group
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differences were found on and off medication in visual-analog-scale ratings of speech
intelligibility, naturalness, and vocal quality by experienced listeners (Spencer et al., 2009).
Dyskinesias due to dopaminergic medication effects may also affect individuals’ self-
perceived speech intelligibility (Nakano et al., 1973).

Treatments that impact speech in PD

As reviewed earlier, the speech symptoms of PD are very heterogeneous and do not show
clear improvements with dopaminergic medication. One possible explanation for that speech
symptoms may be specific to PD phenotype (reviewed above). This is supported by prior
work reporting greater communication and speech problems (Hariz & Forsgren, 2011; Wu et
al., 2016) in postural instability and gait dominant PD (PIGD) compared to tremor dominant
PD (TD) speakers. However, speech intelligibility does not appear to be associated with PD
phenotype (Miller et al., 2007). Given the wide range of speech problems, individual
variability, and minimal benefit of dopaminergic medication, individually targeted
treatments are necessary to improve communication.

Surgical therapy through deep brain stimulation (DBS) has shown to substantially improve
global motor symptoms in PD (Deuschl et al., 2006; Fasano, Daniele, & Albanese, 2012;
Limousin et al., 1998), but its effect on speech symptoms is less clear. Following
subthalamic nucleus (STN) DBS implantation, 9.3% of patients are reported to develop
speech problems resulting from the DBS (Kleiner-Fisman et al., 2006). However, these
impairments may vary by speech subsystem. Speech problems at the laryngeal level can
improve with STN DBS implantation. For instance, a case study found that STN DBS
resulted in improvements in vocal HNR (Sidtis, Cameron, Bonura, & Sidtis, 2012) and
abductory movement for an individual with vocal fold immobility resulting from PD
(Arocho-Quinones, Hammer, Bock, & Pahapill, 2017). Vocal intensity during a sustained
vowel has also shown increases with right STN DBS stimulation (the same effects were not
seen with the left STN DBS; (Wang, Metman, Bakay, Arzbaecher, & Bernard, 2003)). In
further support of positive impacts of DBS on voice, one study found improvements in vocal
motor control in speakers with PD when their DBS was on compared to off (through
attenuation of abnormally large vocal responses to altered auditory feedback; (Behroozmand
etal., 2019)). Resonatory features may also improve: one study found increased oral
pressure and velopharyngeal closure in a subset of participants with PD with STN DBS
(Hammer, Barlow, Lyons, & Pahwa, 2011). Instead, articulatory changes with STN DBS
show conflicting results in the literature. Positive effects of STN DBS have also been found
on severity of the categorical speech ratings (Limousin et al., 1998; Rousseaux et al., 2004)
and the strength of oral articulators (Pinto, Gentil, Fraix, Benabid, & Pollak, 2003).
However, worsening of stuttering symptoms (Burghaus et al., 2006; Toft & Dietrichs, 2011)
and reductions in vowel space (Sidtis, Alken, Tagliati, Alterman, & Van Lancker Sidtis,
2016) following DBS implantation have also been observed. Speech intelligibility has been
consistently reported to reduce with STN DBS. Studies using both categorical speech ratings
(Gervais-Bernard et al., 2009; Piboolnurak et al., 2007; Romito, Scerrati, Contarino, &
lacoangeli, 2003; Thobois et al., 2002) and measures of intelligibility (Tripoliti et al., 2011;
Yorkston, Beukelman, & Traynor, 1984) report negative effects of STN DBS that increase in
frequency with the number of years post-implantation (Gervais-Bernard et al., 2009;
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Piboolnurak et al., 2007; Thobois et al., 2002; Tripoliti et al., 2011). While some patients
can ameliorate speech symptoms of DBS by turning it off, individuals with bilateral STN
DBS implantation may not see improvement in speech symptoms even when the DBS
stimulation is off (Aldridge, Theodoros, Angwin, & Vogel, 2016; Robertson et al., 2011,
Tripoliti et al., 2011). Taken together, these studies suggest the interaction of DBS with
speech symptoms is not well understood.

The inconsistent findings of the effect of DBS on speech are not surprising considering the
evidence that multiple neural mechanisms and neurotransmitters are affected in PD
(Schapira et al., 2017). In addition, specific PD symptoms (Tsuboi et al., 2015), speech
intelligibility prior to surgery, and surgical procedures can affect speech outcomes with DBS
(Tripoliti et al., 2014). DBS implantation was initially developed to target motor symptoms
(Limousin et al., 1995). However, due to the observed effects, subjective speech assessments
during surgical procedures have become increasingly common. This recent shift might
explain discrepancies in prior findings regarding the relationship between DBS and speech
changes. Regardless, it is important to recognize that for some patients with PD the DBS
implantation may result in motor symptom relief at the cost of deterioration in
communication.

Behavioral speech therapy is currently the most effective treatment for improving speech in
PD and, similar to gait therapies (Lim et al., 2005), has focused on leveraging external
cueing. Speech therapy has shown improvements in both acoustic and auditory-perceptual
measures when using external cues for vocal loudness (Lee Silverman Voice Treatment or
LSVT® -LOUD; (Ramig et al., 2001; Sapir et al., 2002)) or when asking patients to speak
with intent (SPEAK OUT!®; (Boutsen, Park, Dvorak, & Cid, 2018)).

LSVT® -LOUD has shown significant improvements in speech intensity both immediately
following speech therapy and at follow-up examinations up to 2 years later. When examining
the intensity of running speech immediately following treatment, LSVT® -LOUD shows
average gains of 4 — 5 dB (Ramig, Halpern, Spielman, Fox, & Freeman, 2018; Ramig et al.,
2001). LSVT® -LOUD has also shown larger effects compared to a therapy targeting
increased movement in the orofacial and articulatory system (LSVT® -ARTIC; (Ramig et
al., 2018)). Thus far, LSVT® -LOUD is also the only treatment to report follow-up
information. Approximately 2 — 3 dB increases in speech intensity were found to remain
when speakers were examined at 7 months and 2 years post-treatment (Ramig et al., 2018;
Ramig et al., 2001). However, these changes in speech intensity at follow-up are quite small.
Minor changes in speech intensity can certainly have meaningful perceptual consequences,
but it is important to consider that speech intensity measurement error is at least 2.5 dB
(based on mouth-to-microphone distance uncertainties and inherent error in sound level
meters; (Svec & Granqvist, 2018)). Therefore, treatment effects observed below 2.5 dB are
difficult to interpret. Vocal prosody, measured through fluctuations in voice £, is also
relevant for speech intelligibility. For example, enhancing £, contours of speakers with PD
showed improvements in the accuracy of listener detection of vowels (Bunton, 2006) and
treatment focused on rate and intonation in PD has resulted in increased speech intelligibility
(Martens et al., 2015). LSVT® -LOUD has resulted in average increases in the standard
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deviation of £, (reflecting vocal prosody) of 0.35 to 0.58 semitones immediately post-
treatment and 0.39 to 0.65 semitones at a 2-year follow-up (Ramig et al., 2001).

SPEAK OUTI® therapy for PD involves using cues to speak with intent. SPEAK OUT!®
reports average increases of 7.0 — 8.2 dB for connected speech (Boutsen et al., 2018) directly
post-treatment. These gains are larger than those reported for similar tasks in LSVT® -
LOUD post-treatment, however, follow-up information is not yet available for SPEAK
OUT!® to determine the degree of maintenance of voice changes. In addition to intensity
gains, SPEAK OUT!® has shown significant average increases of 10 Hz in £, (vocal pitch)
range following treatment which corresponded to improved clinical ratings (Boutsen et al.,
2018). This change in 7, range was not reported in semitones (which allows for comparison
across different speakers), so it cannot be interpreted with respect to the LSVT® -LOUD
outcomes.

When examining the effects of behavioral therapies on speech, patient self-reports and
listener perception of intelligibility are also important to consider. LSVT® -LOUD and
SPEAK OUTI® have both demonstrated improvements in patient self-reported voice
complaints (Boutsen et al., 2018; Ramig et al., 2018). Clinical ratings of speech intensity,
intonation, and speech intelligibility pre- and post- SPEAK OUTI® therapy have all shown
improvements (Boutsen et al., 2018). Similarly, listener ratings of voice quality are
significantly better following LSVT® -LOUD (Sapir et al., 2002). There is also support for
increased speech intelligibility post-treatment for both SPEAK OUT!I® (Boutsen et al.,
2018) and LSVT® -LOUD (Cannito et al., 2012), although the methodologies for
intelligibility measures contained various limitations (e.g., small numbers of listeners).

Overall, it is apparent that behavioral treatments of speech in PD are beneficial to patients
and reduce speech difficulties in the short-term, but the effects lessen over time and are
inherently limited due to the limited understanding of the neurophysiological mechanisms
resulting in speech problems. Additionally, more work is needed to characterize how
comprehensive acoustic measures of speech during treatment relate to an individual’s speech
intelligibility using robust methods (Miller, 2013).

Neurophysiological basis of speech symptoms in PD

Speech symptoms in PD are largely attributed to the motor production in the laryngeal,
respiratory, articulatory, and resonatory subsystems. However, there is also evidence for a
deficit in sensorimotor integration (i.e., how sensory information is used for consequent
motor actions) during speech production. Lewy-bodies, abnormal alpha-synuclein protein
clusters, have been found in PD in the vocal tract (specifically, the tongue, larynx, and upper
esophagus (Mu et al., 2015)) and are hypothesized to affect sensory axons in those regions.
Changes to sensation in the vocal tract has implications for speech production given that
reaching desired speech targets partially relies on somatosensory feedback (how self-
produced speech feelsin the vocal tract) (Houde & Nagarajan, 2011; Lametti, Nasir, &
Ostry, 2012; Larson, Altman, Liu, & Hain, 2008; Tourville & Guenther, 2011). This is
supported by prior work demonstrating decreased somatosentation to bursts of air applied to
laryngeal musculature in PD compared to controls (Hammer & Barlow, 2010). Speech is

Perspect ASHA Spec Interest Groups. Author manuscript; available in PMC 2020 February 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Broadfoot et al.

Page 15

also affected by the integration of sensory information through auditory feedback (how self-
produced speech soundsto a speaker) (Houde & Nagarajan, 2011; Tourville & Guenther,
2011; Villacorta, Perkell, & Guenther, 2007), which may also be impacted by PD. In
loudness perception tasks, individuals with PD did not differ from control subjects in their
ability to make judgments about the loudness of external sounds (Abur, Lupiani, Hickox,
Shinn-Cunningham, & Stepp, 2017; Dromey & Adams, 2000). However, when asked to
make loudness judgments about a both active productions and passive playback of their own
voice, individuals with PD significantly overestimated their vocal loudness compared to
controls (Ho, Bradshaw, & lansek, 2000). These studies collectively suggest that the
recognition of the speech as a self-produced sound may differentially impact perception in
PD. Given the role of auditory feedback in speech production, it is possible that impairments
in the perception of speech are associated with the disordered production of speech in PD.

In line with this possibility, speakers with PD have been found to have impaired responses to
experimental tasks which modify auditory feedback during speech production. These tasks
involve unexpected or predictable changes, in near real-time, to how a speaker hears their
own speech while speaking. In typical speakers, unexpected changes in speech feedback
result in a quick, reflexive, response to the change (Burnett, Freedland, Larson, & Hain,
1998). When predictable changes are made in speech feedback, typical speakers respond
gradually by learning from the changing feedback and adjusting their consequent speech
productions (Houde & Jordan, 1998). Using measures involving the laryngeal subsystem,
larger responses to unexpected changes (Liu, Wang, Metman, & Larson, 2012; Mollaei,
Shiller, Baum, & Gracco, 2016) and variable responses to predictable changes (Abur et al.,
2018; Mollaei et al., 2016) are seen in PD compared to controls. In contrast, using measures
in the articulatory domain, smaller responses to both unexpected (Mollaei et al., 2016) and
predictable changes (Mollaei, Shiller, & Gracco, 2013) are found in PD relative to controls.
Thus, impairments in integrating auditory feedback of measures from the laryngeal and
articulatory subsystems are seen in PD, but the responses are differentially impaired by
subsystem. This suggests a separate basis for speech subsystem deficits in PD. It is also of
note that both unexpected and predictable changes to auditory feedback show abnormal
responses in PD. If solely the basal ganglia were involved, it is likely that deficits would
only be present when new speech commands were being generated in response to
predictable changes. Yet, during unexpected changes, larger responses are seen for measures
of the laryngeal subsystem (Liu et al., 2012) and reduced responses are seen in measures of
articulation (Mollaei et al., 2016). These deviant responses to unexpected changes in
auditory feedback suggest that multiple neural regions play a role in speech motor control
differences in PD.

Finally, although there are reports that speech impairments progress posterior to anterior in
the oral cavity in PD (Logemann & Fisher, 1981; Logemann et al., 1978), recent work
presents contrasting evidence (Read, Miller, & Kitsou, 2018). In terms of subsystem
involvement, difficulties at the laryngeal level are found more frequently in early stage PD
compared to articulatory symptoms (Ho, Bradshaw, et al., 1999), but some laryngeal
symptoms may present only in late-stage PD (Holmes et al., 2000). Also, acoustic measures
of articulation have shown sensitivity to the progression of PD, whereas measures of voice
have not (Skodda et al., 2013). Collectively, these findings further imply that speech
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symptoms at the laryngeal and articulatory levels may have different underlying causes. It is
likely that speech symptom progression is also affected by PD phenotype, specific motor
symptom severity, and treatment factors (e.g., implantation of DBS and dopaminergic
medication status).

Conclusion

In sum, the specific neural mechanisms responsible for symptoms of dysphagia and
hypokinetic dysarthria in PD remain unknown. The presentation of these symptoms can be
highly variable across individuals, however there is also evidence that some speech and
swallowing changes might be early indications of PD (Harel et al., 2004; Jones & Ciucci,
2016). Given the inconsistency of findings in terms of the benefit of dopaminergic
medication for hypokinetic dysarthria and dysphagia, it is likely that non-dopaminergic
networks are involved in the presentation of these types of impairments. In general,
pharmacological and DBS treatments do not provide clear improvements for swallowing or
speech symptoms in PD. Behavioral therapies are currently the most effective treatment for
symptom management of both dysphagia and hypokinetic dysarthria, but the degree of
maintenance of therapy effects post-treatment is unclear. Thus, more work is needed to
clarify the bases of these symptoms in order to create more individualized and targeted
therapies for speech and swallowing difficulties in PD.
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Figure 1. Time cour ses of the onset of the motor and non-motor features of Parkinson Disease.
a) A schematic representation of the potential timeline the non-motor features of PD may

manifest. b) A depiction of the rates of development and progression of the motor and non-
motor features in relation to the decline in dopaminergic neuronal function (Schapira et al.,
2017).
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Figure 2. Impact of Parkinson disease on speech subsystems.
The specific impact of Parkinson disease on each speech subsystem is listed by speech

component, affected subsystem, and estimated prevalence in the patient population.
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