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Abstract: Respiratory dysfunctions have been associated with Parkinson’s disease since the first
observations of the disease in 1817. Patients with Parkinson’s disease frequently present respiratory
disorders with obstructive ventilatory patterns and restrictive modifications, as well as limitations
in respiratory volumes. In addition, respiratory impairments are observed due to the rigidity and
kyphosis that Parkinson’s disease patients experience. Subsidiary pulmonary complications can also
appear as side effects of medication. Silent aspiration can be the cause of pneumonia in Parkinson’s
disease. Pulmonary dysfunction is one of the main factors that leads to the morbidity and mortality
of patients with Parkinson’s disease. Here, we performed a narrative review of the literature and
reviewed studies on dyspnea, lung volumes, respiratory muscle function, sleep breathing disorders,
and subsidiary speech and swallow impairments related to pulmonary dysfunction in patients with
Parkinson’s disease.
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1. Introduction
Parkinson’s disease is defined as a progressive neurodegenerative disorder caused by
the depletion of dopamine in the basal ganglia, which is primarily involved in motor control.
Parkinson’s disease is viewed as a multisystem disease that affects systemic dopaminergic
neurons. The motor symptoms include rigidity, tremor, bradykinesia, akinesia, postural
instability, and gait disturbances [1].
The cardinal symptoms of the disease consist of the triad of tremor, rigidity, and
bradykinesia, with bradykinesia being the primary symptom that has an impact on the
daily activity of patients. Additionally, subsidiary dysfunctions include the following:
dysfunctions in the musculoskeletal system such as flexed positions and contractures as
well as dysfunctions in the cardiopulmonary system which can aggravate the primary
symptoms [2].
Studies have reported a possible etiology of Parkinson’s disease to be the primary
anatomical neurodegenerative involvement of structures in the medulla oblongata known
to control respiratory depth and rate [3,4].
This could also be the etiology of the respiratory dysfunctions in the initial stages of
the disease related to lung volumes and ventilatory capacity.
The risk for Parkinson’s disease patients is often an increased risk of morbidity and
mortality due to dysfunctions in the respiratory system including obstructive and restrictive
ventilatory defect patterns and upper airway and intercostal muscle problems, which cause
a reduction in quality of life [5]. Furthermore, a significant number of Parkinson’s disease
patients die due to pneumonia as compared with the general population [6].
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In his 1817 essay “An Essay on the Shaking Palsy”, James Parkinson made the first
observation, “he fetched his breath rather hard,” related to the respiratory problems
involved in the systemic symptoms of Parkinson’s disease [7]. Although there were
early observations regarding the pulmonary aspects associated with Parkinson’s disease,
actually, the scientific world still is uncertain about all the aspects of the disease. The
patterns of ventilatory dysfunction associated with the disease are still unclear and the
obstructive patterns, restrictive patterns, respiratory muscle weakness, and sleep breathing
disorders (all observed symptoms) also have not had, until now, any certain definition or
physiopathological correlations [8].
Regarding the semiology and symptomatology of pulmonary dysfunction, the following symptoms associated with parts of the respiratory system have been observed:
coughing or the impairment of coughing, dyspnea, pneumonia, aspiration, exercise intolerance, speech modifications, hypophonia, atelectasis, hypoxia, hypercapnia, sleep apnea
and subsequent excessive diurnal somnolence, acute respiratory failure, and difficulty extubating. The medication-induced pulmonary dysfunction can be temporary or permanent.
Respiratory problems have been observed and reported later in disease progression related
to the fact that patients decrease their level of activity and have a sedentary lifestyle and
therefore rarely encounter any respiratory distress [9].
Lower airway obstruction is the main characteristic of obstructive lung diseases and a
reduction in lung volume is the main characteristic of restrictive lung diseases, with both
pulmonary and extrapulmonary etiologies. Extrapulmonary disease usually involves a
decrease in lung volume and expansion [5].
Related to speaking and swallowing impairments encountered in Parkinson’s disease,
the complex actions of normal speaking and swallowing imply precise synchronization
with certain upper airway movements. In the case of upper airway obstruction, speaking
and swallowing difficulties follow as a consequence and also present various related
modifications such as hypophonia, sleep disordered breathing with increased somnolence
during the day, acute respiratory failure, and difficulty extubating. In some cases, if the
upper airway musculature is affected, there is also an impairment of the airflow, which can
be objectively revealed through obstructive spirometry [10]. The relationships between the
symptoms are complex, as can be observed in Figure 1.
In a study by Lee et al. on the clinical pulmonary symptomatology of Parkinson’s
disease patients, they reported that 35.8% of patients experienced shortness of breath on
exertion, 17.9% reported a cough, and 13% reported production of sputum [11].
Our study selected articles from PubMed and Google Scholar using appropriate search
terms. Relevant publications in English from 1950 to 2021 were found by searching using
the terms “Parkinson’s disease”, “Parkinson”, and “Parkinson disease” combined with
“respiratory”, “pulmonary”, “lungs”, “pulmonary dysfunction”, “respiratory dysfunction”,
and “ventilatory dysfunction”. Another search combined the terms “Parkinson’s disease”,
“Parkinson”, and “Parkinson disease” and the terms “sleep”, “sleep apnea”, “speech”,
“dyspnea”, “swallowing”, and “levodopa respiratory”. Exclusion criteria included animal
studies and other neurological disorders different from Parkinson’s disease. The articles
obtained from the search were studied, and the relevant matter was analyzed and is
described in this paper in the form of a narrative review.
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the authors observed that patients had abnormal respiratory responses to carbon dioxide
rather than mild hypoxia and did not present abnormal lung volumes and flows.
3. Chest Wall Volume and Asynchrony
Expansion of the rib cage and abdomen involves a synchronized contraction of the
diaphragm and the abdominal and intercostal muscles. The prevalence of restrictive
respiratory disease in Parkinson’s disease patients causing unsynchronized contraction
of the respiratory muscles affecting breathing pattern and chest wall volumes has been
found to vary between 28 and 94%, not taking into account the patients’ pulmonary
symptoms [9,22–24]. The restrictive respiratory pattern in Parkinson’s disease is yet to
be entirely understood considering the association with abnormal action regarding the
accessory respiratory muscles, abnormal ventilatory control, increased chest wall rigidity,
and decreased lung volume due to kyphoscoliosis that are encountered in Parkinson’s
disease [25]. In addition, the adverse effects of ergot-derived therapy have been discovered
to be at least a risk factor, if not a causative factor, for the restrictive pattern of respiratory
function in Parkinson’s disease [22,23].
Florêncio et al. compared 27 Parkinson’s disease patients with healthy subjects and
confirmed the presence of restrictive respiratory disease with reduction in the volume of
the pulmonary rib cage compartment, as well as observed that half of the Parkinson’s
disease patients exhibited paradoxical breathing [26]. Furthermore, different levels of
respiratory muscle dysfunction have been observed in patients with Parkinson’s disease.
In the same study by Florêncio et al., the Parkinson’s disease patients obtained significantly lower absolute values for FVC and FEV1 as compared with the healthy controls.
Regarding respiratory muscle strength, the Parkinson’s disease patients obtained lower
scores for maximal inspiratory pressure and maximal expiratory pressure than the control
group [26,27]. Nonetheless, an improvement regarding the rigidity of the thoracic wall
significantly improved kinesics and coordination at a precise level. A meta-analysis of
the literature demonstrated that non-medical treatment methods in Parkinson’s disease
provide statistically significant amelioration in respiratory strength measures and peak expiratory flow rates [28]. In a systematic review, Rodriguez et al. concluded that respiratory
muscle training might be helpful for enhancing the strength of the respiratory musculature,
swallowing, and phonation capacity [29].
4. Obstruction
Several studies have reported the preponderance of upper airway obstruction among
Parkinson’s disease patients to be between 6.7 and 67% [22,23], resulting in chronic airflow
limitation and, consequently, weakness, bradykinesia, or dysfunctional contraction of the
striated musculature in the region of the upper airway [30], which have been considered to
be major factors contributing to the development of secretion retention, atelectasis, and
aspiration pneumonia. Several studies involving investigative instruments and methods,
including spirometry and optic endoscopy, have confirmed the presence of upper airway
obstruction [22,23,30,31] and have reported the following two primary changes in the respiratory pattern: respiratory flutter and sudden changes in airflow with an irregular pattern
dependent on the glottic and supraglottic structures. Reports from fiberoptic endoscopic
examinations have indicated that dysfunctional movements are also present in the regions
of the glottis and above the glottis level, which affect the opening and closing of the airway [32]. Furthermore, the tonic activation of vocal fold adductors has been observed and
is believed to be connected to a decrease in laryngeal diameter [33]. Changes in the phonatory morphologic components were found to be electromyographically similar to changes
experienced in the motor system, including tremor, bradykinesia, and rigidity [34,35]. Correlations between upper airway obstruction and the cardinal characteristics of Parkinson’s
disease, i.e., tremor [36], bradykinesia [23], and dystonia [1] have been reported in several
studies, raising the possibility of a connection between upper airway obstruction and
peripheral motor dysfunctions primarily caused by the effect on the basal ganglia. As a
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result of the stated dysfunctionalities, respiratory function tests related to upper airway
obstruction have revealed a decreased peak expiratory flow rate and maximal flow at
50% of the forced vital capacity, with an increased ratio of forced expiratory volume in
one second to the peak expiratory flow rate [37]. Dyspnea, but also hypophonia, pitch
changes in the voice, stridor, and wheeze are symptoms that directly follow the upper
airway obstruction present in Parkinson’s disease patients [38]. Lower airway obstruction
has been reported and associated with rigidity, resistance to passive mobilization, and
arthrosis of the cervical spine, which are consistently prevalent in Parkinson’s disease
patients, especially in the later stages of the disease [23].
5. Dyspnea
Dyspnea has been defined by the American Thoracic Society as “a subjective experience of breathing discomfort that consists of qualitatively distinct sensations that vary
in intensity [it] derives from interactions among multiple physiological, psychological,
social, and environmental factors, and may induce secondary physiological and behavioral
responses” [37].
Dyspnea represents a prevalent symptom in the evolution of Parkinson’s disease, with
approximately 40% prevalence in the symptomatology of patients as reported in a study
by Baille et al. [39]. The presence of dyspnea correlates with the severity of the disease,
decreased ventilatory function, motor fluctuations, dysphagia [39] and even neuropsychological symptoms such as anxiety and depression. The actual mechanism that determines
the presence of dyspnea in Parkinson’s disease patients has not yet been discovered but
has been associated with the following factors: upper airway obstruction, restrictive respiratory change, levodopa-induced dyskinesia, and hyperventilation. Moreover, studies
have reported different data related to the frequency of dyspnea in Parkinson’s disease.
Witjas et al. analyzed 50 Parkinson’s disease patients and reported 40% prevalence of
dyspnea [40], while the PRIAMO study with a cohort of 1072 patients reported only 1.5%
prevalence of dyspnea [41].
Since dyspnea can decrease the quality of patients’ lives and is also identified with
a reduction in autonomy in ambulatory elderly patients, more studies on dyspnea in
Parkinson’s disease patients are required to reach a clearer conclusion.
Dyspnea and the subsequent ventilatory dysfunctions are considered to be symptoms
of autonomic dysfunction. The obstructive and restrictive aspects, the potential drug
effects (levodopa can determine diaphragmatic dyskinesias), and an abnormal central
control of ventilation are partly responsible for the ventilatory dysfunction in Parkinson’s
disease patients.
6. Implications of Respiratory Characteristics in the Speech of Parkinson’s
Disease Patients
The characteristics of Parkinson’s disease patients’ voices and respiration can have an
important impact on the quality of life of these patients. Voice impairments are prevalent in
60–80% of Parkinson’s disease patients and include a monopitched voice, monoloudness,
a decrease in the intensity of the voice, a decrease in the pitch of the voice, and a harsh,
breathy voice. Patients with Parkinson’s disease present two models of respiratory patterns.
The first model is represented by higher lung volumes at the onset and end of speaking
as compared with normal lung volumes [42] and the second model is represented by
lower lung volumes at the onset and end of speaking as compared with normal lung
volumes [43]. The patterns described amplify the requirement of using active muscle forces.
The higher lung volumes at the onset and end of speaking as compared with normal lung
volumes heighten the necessity of using active inspiratory muscle forces to moderate the
descent of the rib cage when encountering high passive recoil forces. The lower lung
volumes at the onset and end of speaking as compared with normal lung volumes almost
completely depend on active expiratory muscle forces due to the fact that the expiratory
muscles represent the main origin of pressure production for speech at low lung volumes.
Too much dependence on active muscle forces for speech is unhelpful for Parkinson’s
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disease patients, not exclusively because it advances the activity of speech breathing, but
also because decrements in respiratory muscle strength and control as a consequence of
Parkinson’s disease might lead to complications in maintaining and adjusting pressure
during speech.
A study by Stegemöller et al. [44] compared the effects of high- and low-dose singing
interventions in Parkinson’s disease patients. The results surprisingly showed significant
improvements in respiratory outcome measures rather than in all vocal outcome measures.
A previous study by Di Benedetto et al. also showed significant improvements in
respiratory measures for Parkinson’s disease patients who participated in singing therapy.
These findings are important due to the fact that increased respiratory control may enable
more forceful elimination of external material located in the lungs in the case of aspiration
pneumonia which represents one of the main causes of death in patients with Parkinson’s
disease [45].
Furthermore, impairments in speaking and breathing can lead directly to several
of the main characteristics of speech disorder in Parkinson’s disease patients, including
decreased vocal intensity and brief utterances. The investigative evidence has shown
that ongoing intervention procedures that are concentrated on enhancing certain speech
inadequacies enhance both speech and breathing. Actually, concentrating on particular
speech impairments without precisely impacting speech and breathing might lead to
dysfunctional respiratory management and performance [46].
Enhancing the function of expiratory muscles represents an objective for respiratory
rehabilitation as it forms a foundation for the thorax and the diaphragm conferring tolerance to sudden powerful contractions at the time of inspiration and aiding in adjusting
the pressure for speech. Enhancing expiratory muscle strength in Parkinson’s disease
patients can benefit speech breathing and functional speech results by enhancing pressure
generation and control. Expiratory muscle strength rehabilitation has been demonstrated to
help in cough generation [47] and swallowing capacity in Parkinson’s disease patients [48].
7. Implications of Respiratory Characteristics in Swallowing and Aspiration of
Parkinson’s Disease Patients
Dysphagia was first reported by James Parkinson as associated with sialorrhea. Dysphagia is frequently correlated with significant clinical problems that are specifically related
to a decrease in quality of life, which include inadequate medication consumption, malnutrition, dehydration, aspiration, and, consequently, pneumonia, factors that lead to
mortality in patients with Parkinson’s disease.
Parkinson’s disease-related dysphagia may be caused by a decrease in basal ganglia
dopamine activity or other neurotransmitters, but the peripheral mechanisms of the disease
are caused by neuromuscular impairments that also subsequently include alterations in
pharyngeal muscles related to atrophic myofibers [49].
Studies have reported that 80% of patients with Parkinson’s disease develop dysphagia [49]. Usually, swallowing impairment appears at least one year after disease onset,
while patients realize the symptoms of dysphagia after approximately ten years; the typical
survival period after the presentation of subjective dysphagia is 1–2 years [49,50]. Marano
et al. observed that dysphagia is prevalent in approximatively 10% of patients in the
first year after diagnosis and that this prevalence doubles in the first three years after the
diagnosis; these patients are also more inclined to present non-motor symptomatology
(sleep–wake cycle impairments and excessive daytime sleepiness [50]) as compared with
Parkinson’s disease patients who do not present this impairment [51]. Parkinson’s disease patients with dysphagia exhibit dysfunctions in all stages of swallowing. In the oral
stage, swallowing impairments are defined by drooling, piecemeal deglutition, inadequate
mastication, and defective bolus and lingual action management [52]. Impairments in
the pharyngeal stage are represented by a lag and a reduction in the hyolaryngeal excursion, a decrease in pharyngeal peristalsis, a lag in the initiation of the swallowing reflex,
pharyngeal residue, and aspiration [49,53]. Aspiration is present in approximately half
of Parkinson’s disease patients. Studies have described silent penetration and aspira-
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tion in Parkinson’s disease patients [54]. Essentially, aspiration leads to an elevated risk
of aspiration pneumonia, which is a principal cause of mortality in Parkinson’s disease
patients [55].
Gaeckle et al. demonstrated a lag in the beginning of the pharyngeal stage of swallowing and also a decrease in hyolaryngeal elevation, which are both predictors of penetration
aspiration in Parkinson’s disease patients. The study also revealed that the frequency of
penetration and aspiration was directly proportional to the volume of the liquid bolus and
the number of times swallowing was performed [56].
8. Sleep Disorder Breathing and Daytime Somnolence for Parkinson’s
Disease Patients
Non-motor symptoms are prevalent in Parkinson’s disease patients and it has also
been recognized that non-motor symptoms play an important negative role in the overall
functioning and quality of life of Parkinson’s disease patients. The most representative
symptoms for this category are sleep disturbances, daytime sleepiness, cognitive dysfunction, and mood disturbances [12].
Sleep disturbances are non-motor symptoms of patients with Parkinson’s disease and
include sleep fragmentation, insomnia, restless legs syndrome, acute respiratory failure,
and REM sleep behavior disorder.
Recent studies have indicated that obstructive sleep is a potentially important comorbidity in Parkinson’s disease. One study reported that its prevalence is variable and could
not conclude that its prevalence was higher than in the general population [57]. A couple
of physiopathological processes, i.e., oxidative stress and inflammation, are common in the
development of both sleep apnea and Parkinson’s disease; therefore, it is possible that there
is a connection between the diseases [58,59]. The most plausible reason for sleep apnea
in Parkinson’s disease is the central dysfunction of the respiratory structures from the
brainstem in addition to a peripheral airway implication. Furthermore, the data from these
findings support the possibility that upper airway motor dysfunction may also be involved,
but the most enlightening information comes from the discovery that obstructive sleep
apnea could become an aggravating factor for the non-motor symptoms of Parkinson’s
disease, especially considering that in the general population, obstructive sleep apnea has
been correlated with sleepiness, cognitive and psychomotor dysfunctions [60]. Sleep apnea
has been categorized into three types which include central sleep apnea with inadequate
activation of the respiratory muscles, obstructive sleep apnea which involves obstruction
of airflow despite accurate activation and effort of the respiratory muscles, and a mixed
type of sleep apnea representing a combination of the other two types [61].
The main treatment for preventing all the abovementioned symptoms is standard
positive airway pressure therapy; however, it results in a variable and incomplete response
in obstructive sleep apnea patients [62]. In addition, it has been reported in the literature
that Parkinson’s disease is correlated with obstructive sleep apnea, increased sleepiness,
and decreased global cognitive function [63]. In a 12-month study by Kaminska et al.,
standard positive airway pressure therapy in Parkinson’s disease patients with obstructive
sleep apnea showed beneficial results in non-motor symptoms globally, subjective sleep
quality, cognitive function, and anxiety [64].
9. The Effects of Treatment of Parkinson’s Disease on Respiratory Function
An effective antiparkinsonian treatment for the respiratory system has not yet been
entirely elucidated. Levodopa treatment is able to moderately enhance the quality of
breathing by ameliorating the obstructive and restrictive pulmonary impairments, but
without impact or even a negative consequence for ventilatory capacity due to generating
diaphragmatic dyskinesias. Tambasco et al. demonstrated that levodopa treatment enhanced the respiratory function of patients and, subsequently, respiratory discomfort was
decreased [65]. There were no associations between levodopa and respiratory improvements found in the primary stages of the disease, but in the evolutive stages, medication
could account for sustaining the maximum inspiratory oral pressure and sniff nasal in-
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spiratory pressure [66] and could have a beneficial effect on the restrictive pattern of the
respiratory impairments by aiding the coordination rather than improving the strength [66].
Paradoxically, antiparkinsonian treatment might produce dyspnea. Dyspnea might appear
as a subsequent symptom of the antiparkinsonian treatment, but the underlying cause
could be represented by the pleuropulmonary fibrosis caused by treatment with bromocriptine [67] or by diaphragmatic dyskinesias as adverse effects induced by treatment with
levodopa [68–70]. Improvements in upper airway obstruction due to dopamine treatment
have been further highlighted by the acute respiratory events that tend to happen when
the therapy is stopped [71,72], for example, neuroleptic malignant-like syndrome, and also
sustained by the beneficial response to apomorphine [73,74].
10. Conclusions
Parkinson’s disease is commonly correlated with pulmonary impairments. From the
initial stages of the disease, respiratory characteristics are considered to be and have been
investigated as representing components of the main neurodegenerative disease instead
of a distinct disorder. Accordingly, the existence of respiratory symptomatology should
be considered by physicians as representing Parkinson’s disease in progress or not wellcontrolled. Although the role of antiparkinsonian treatment in the respiratory function of
these patients is still questionable, the treatment should be considered to present a possible
role for improving pulmonary activity, including a possible detrimental contribution to
muscle incoordination and exacerbation of shortness of breath in patients with dyskinesias.
Although the relationships involving the etiology, functionality, physiopathology,
and treatment regarding respiratory problems and Parkinson’s disease are not entirely
elucidated, the impact on patient’s lives is significant. Consequently, the recognition and
prevention of respiratory impairments are clinically valuable.
Author Contributions: Conceptualization, A.D.A., A.Z.S. and O.C.A.; methodology, A.D.A., A.Z.S.
and O.C.A.; software, A.D.A., A.Z.S. and O.C.A.; validation, A.D.A., A.Z.S., O.C.A. and A.E.G.; formal
analysis, A.D.A., A.Z.S. and O.C.A.; investigation, A.D.A., A.Z.S. and O.C.A.; resources, A.D.A.,
A.Z.S., and O.C.A.; data curation, A.D.A., A.Z.S. and O.C.A.; writing—original draft preparation,
A.D.A., A.Z.S., A.E.G., D.D.A. and O.C.A.; writing—review and editing, A.D.A., A.Z.S., A.E.G.,
D.D.A. and O.C.A.; visualization, A.D.A., A.Z.S., A.E.G., D.D.A. and O.C.A.; supervision, A.D.A.,
A.Z.S., A.E.G., D.D.A. and O.C.A.; project administration, A.Z.S. and A.E.G.; funding acquisition,
A.D.A., A.Z.S., A.E.G., D.D.A. and O.C.A. All authors have read and agreed to the published version
of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.
7.
8.

9.

Jankovic, J. Parkinson’s disease: Clinical features and diagnosis. J. Neurol. Neurosurg. Psychiatry 2008, 79, 368–376. [CrossRef]
Monteiro, L.; Souza-Machado, A.; Pinho, P.; Sampaio, M.; Nobrega, A.C.; Melo, A. Swallowing impairment and pulmonary
dysfunction in Parkinson’s disease: The silent threats. J. Neurol. Sci. 2014, 339, 149–152. [CrossRef] [PubMed]
Braak, H.; Del Tredici, K.; Rüb, U.; de Vos, R.A.; Jansen Steur, E.N.; Braak, E. Staging of brain pathology related to sporadic
Parkinson’s disease. Neurobiol. Aging 2003, 24, 197–211. [CrossRef]
Kazemi, H.; Johnson, D.C. Encyclopedia of the Human Brain; Ramachandran, V.S., Ed.; Academic Press: San Diego, CA, USA, 2002.
Mehanna, R.; Jankovic, J. Respiratory problems in neurologic movement disorders. Parkinsonism Relat. Disord. 2010,
10, 628–638. [CrossRef]
Weiner, P.; Inzelberg, R.; Davidovich, A.; Nisipeanu, P.; Magadle, R.; Berar-Yanay, N.; Carasso, R.L. Respiratory muscle
performance and the Perception of dyspnea in Parkinson’s disease. Can. J. Neurol. Sci. 2002, 1, 68–72. [CrossRef] [PubMed]
Parkinson, J. An essay on the shaking palsy. 1817. J. Neuropsychiatry Clin. Neurosci. 2002, 2, 223–236. [CrossRef]
Storch, A.; Schneider, C.B.; Wolz, M.; St¨urwald, Y.; Nebe, A.; Odin, P.; Mahler, A.; Fuchs, G.; Jost, W.H.; Chaudhuri, K.R.; et al.
Nonmotor fluctuations in Parkinson disease: Severity and correlation with motor complications. Neurology 2013,
9, 800–809. [CrossRef]
De Pandis, M.F.; Starace, A.; Stefanelli, F.; Marruzzo, P.; Meoli, I.; De Simone, G.; Prati, R.; Stocchi, F. Modification of respiratory
function parameters in patients with severe Parkinson’s disease. Neurol. Sci. Suppl. 2002, 2, 69–70. [CrossRef]

Brain Sci. 2021, 11, 595

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.

9 of 11

Cardoso, S.R.X.; Pereira, J.S. Analysis of breathing function in Parkinson’s disease. Arq. Neuropsiquiatr. 2002, 1, 91–95.
[CrossRef] [PubMed]
Lee, M.A.; Prentice, W.M.; Hildreth, A.J.; Walker, R.W. Measuring symptom load in idiopathic Parkinson’s disease. Parkinsonism
Relat. Disord. 2007, 13, 284–289. [CrossRef]
Diederich, N.J.; McIntyre, D.J. Sleep disorders in Parkinson’s disease: Many causes, few therapeutic options. J. Neurol. Sci. 2012,
314, 12.e9. [CrossRef]
Troche, M.S.; Huebner, I.; Rosenbek, J.C.; Okun, M.S.; Sapienza, C.M. Respiratory-swallowing coordination and swallowing
safety in patients with Parkinson’s disease. Dysphagia 2011, 26, 218–224. [CrossRef] [PubMed]
Hammer, M.J.; Murphy, C.A.; Abrams, T.M. Airway somatosensory deficits and dysphagia in Parkinson’s disease. J. Parkinsons
Dis. 2013, 3, 39–44. [CrossRef] [PubMed]
Tuppy, M.; Barna, B.F.; Alves-Dos-Santos, L.; Britto, L.R.; Chiavegatto, S.; Moreira, T.S.; Takakura, A.C. Respiratory deficits in a
rat model of Parkinson’s disease. Neuroscience 2015, 297, 194–204. [CrossRef]
Zhang, L.Y.; Liu, W.Y.; Kang, W.Y.; Yang, Q.; Wang, X.Y.; Ding, J.Q.; Chen, S.D.; Liu, J. Association of rapid eye movement sleep
behavior disorder with sleep-disordered breathing in Parkinson’s disease. Sleep Med. 2016, 20, 110–115. [CrossRef]
Fernandes-Junior, S.A.; Carvalho, K.S.; Moreira, T.S.; Takakura, A.C. Correlation between neuroanatomical and functional respiratory changes observed in an experimental model of Parkinson’s disease. Exp. Physiol. 2018, 103, 1377–1389. [CrossRef] [PubMed]
Gourine, A.V.; Kasymov, V.; Marina, N.; Tang, F.; Figueiredo, M.F.; Lane, S.; Teschemacher, A.G.; Spyer, K.M.; Deisseroth, K.;
Kasparov, S. Astrocytes control breathing through pH-dependent release of ATP. Science 2010, 329, 571–575. [CrossRef] [PubMed]
Wenker, I.C.; Kréneisz, O.; Nishiyama, A.; Mulkey, D.K. Astrocytes in the retrotrapezoid nucleus sense H+ by inhibition
of a Kir4. 1–Kir5. 1-like current and may contribute to chemoreception by a purinergic mechanism. J. Neurophysiol. 2010,
104, 3042–3052. [CrossRef]
Onodera, H.; Okabe, S.; Kikuchi, Y.; Tsuda, T.; Itoyama, Y. Impaired chemosensitivity and perception of dyspnoea in Parkinson’s
disease. Lancet 2000, 356, 739–740. [CrossRef]
Seccombe, L.M.; Giddings, H.L.; Rogers, P.G.; Corbett, A.J.; Hayes, M.W.; Peters, M.J.; Veitch, E.M. Abnormal ventilatory control
in Parkinson’s disease—Further evidence for non-motor dysfunction. Respir. Physiol. Neurobiol. 2011, 179, 300–304. [CrossRef]
Izquierdo-Alonso, J.L.; Jimenez-Jimenez, F.J.; Cabrera-Valdivia, F.; Mansilla-Lesmes, M. Airway dysfunction in patients with
Parkinson’s disease. Lung 1994, 172, 47–55. [CrossRef]
Sabaté, M.; González, I.; Ruperez, F.; Rodriguez, M. Obstructive and restrictive pulmonary dysfunctions in Parkinson’s disease. J.
Neurol. Sci. 1996, 138, 114–119. [CrossRef]
Sathyaprabha, T.N.; Kapavarapu, P.K.; Pal, P.K.; Thennarasu, K.; Raju, T.R. Pulmonary functions in Parkinson’s disease. Indian J.
Chest Dis. Allied Sci. 2005, 47, 251–257. [PubMed]
Pal, P.K.; Sathyaprabha, T.N.; Tuhina, P.; Thennarasu, K. Pattern of subclinical pulmonary dysfunctions in Parkinson’s disease
and the effect of levodopa. Mov. Disord. 2007, 3, 420–424. [CrossRef] [PubMed]
Florêncio, R.B.; da Nobrega, A.J.S.; Lima I´, N.D.F.; Gualdi, L.P.; Cabral, E.E.; Fagundes, M.L.L.C.; Aliverti, A.; Resqueti, V.R.; de
Fregonezi, G.A. Chest wall volume and asynchrony in stroke and Parkinson’s disease subjects: A case-control study. PLoS ONE
2019, 14, e0216641. [CrossRef] [PubMed]
Hoehn, M.M.; Yahr, M.D. Parkinsonism: Onset, progression and mortality. Neurology 1967, 17, 427–442. [CrossRef]
McMahon, L.; Blake, C.; Lennon, O. Nonpharmacological interventions for respiratory health in Parkinson’s disease: A systematic
review and meta-analysis. Eur. J. Neurol. 2021, 28, 1022–1040. [CrossRef]
Rodríguez, M.Á.; Crespo, I.; Del Valle, M.; Olmedillas, H. Should respiratory muscle training be part of the treatment of
Parkinson’s disease? A systematic review of randomized controlled trials. Clin. Rehabil. 2020, 34, 429–437. [CrossRef]
Vincken, W.G.; Gauthier, S.G.; Dolfuss, R.E.; Hanson, R.E.; Darauay, C.M.; Cosio, M.G. Involvement of upper airway muscles in
extrapyramidal disorders: A cause of airflow limitation. N. Engl. J. Med. 1984, 311, 438–442. [CrossRef] [PubMed]
Herer, B.; Arnulf, I.; Housset, B. Effects of levodopa on pulmonary function in Parkinson’s disease. Chest 2001, 119, 387–393. [CrossRef]
Vincken, W.G.; Darauay, C.M.; Cosio, M.G. Reversibility of upper airway obstruction after levodopa therapy in Parkinson’s
disease. Chest 1989, 96, 210–212. [CrossRef]
Hovestadt, A.; Bogaard, J.M.; Meerwaldt, J.D.; van der Meche, F.G.A. Pulmonary function in Parkinson’s disease. J. Neurol.
Neurosurg. Psychiatry 1989, 52, 329–333. [CrossRef] [PubMed]
Guindi, G.M.; Bannister, R.; Gibson, W.P.; Payne, J.K. Laryngeal electromyography in multiple system atrophy with autonomic
failure. J. Neurol. Neurosurg. Psychiatry 1981, 44, 49–53. [CrossRef] [PubMed]
Estenne, M.; Hubert, M.; De Troyer, A. Respiratory-muscle involvement in Parkinson’s disease. N. Engl. J. Med. 1984, 311,
1516–1517. [PubMed]
Neu, H.C.; Connolly JJJr Schwertley, F.W.; Ladwig, H.A.; Brody, A.W. Obstructive respiratory dysfunction in parkinsonian
patients. Am. Rev. Respir. Dis. 1967, 95, 33–47.
Parshall, M.B.; Schwartzstein, R.M.; Adams, L.; Banzett, R.B.; Manning, H.L.; Bourbeau, J.; Calverley, P.M.; Gift, A.G.; Harver, A.;
Lareau, S.C.; et al. An official American Thoracic Society statement: Update on the mechanisms, assessment, and management of
dyspnea. Am. J. Respir. Crit. Care Med. 2012, 185, 435–452. [CrossRef]
Shill, H.; Stacy, M. Respiratory complications of Parkinson’s disease. Semin. Respir. Crit. Care Med. 2002, 23, 261–266. [CrossRef]

Brain Sci. 2021, 11, 595

39.
40.
41.

42.
43.
44.
45.
46.
47.
48.

49.
50.
51.

52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

63.
64.
65.
66.
67.

10 of 11

Baille, G.; Chenivesse, C.; Perez, T.; Machuron, F.; Dujardin, K.; Devos, D.; Defebvre, L.; Moreau, C. Dyspnea: An underestimated
symptom in Parkinson’s disease. Parkinsonism Relat. Disord. 2019, 60, 162–166. [CrossRef]
Witjas, T.; Kaphan, E.; Azulay, J.P.; Blin, O.; Ceccaldi, M.; Pouget, J.; Poncet, M.; Chérif, A.A. Nonmotor fluctuations in Parkinson’s
disease: Frequent and disabling. Neurology 2002, 59, 408–413. [CrossRef]
Barone, P.; Antonini, A.; Colosimo, C.; Marconi, R.; Morgante, L.; Avarello, T.P.; Bottacchi, E.; Cannas, A.; Ceravolo, G.; Ceravolo,
R.; et al. The PRIAMO study: A multicenter assessment of nonmotor symptoms and their impact on quality of life in Parkinson’s
disease. Mov. Disord. 2009, 24, 1641–1649. [CrossRef]
Huber, J.E.; Darling, M. Effect of Parkinson’s disease on the production of structured and unstructured speaking tasks: Respiratory
physiologic and linguistic considerations. J. Speech Lang. Hear. Res. 2011, 54, 33–46. [CrossRef]
Bunton, K. Patterns of lung volume use during an extemporaneous speech task in persons with Parkinson’s disease. J. Commun.
Disord. 2005, 38, 331–348. [CrossRef] [PubMed]
Stegemöller, E.L.; Radig, H.; Hibbing, P.; Wingate, J.; Sapienza, C. Effects of singing on voice, respiratory control and quality of
life in persons with Parkinson’s disease. Disabil. Rehabil. 2017, 39, 594–600. [CrossRef] [PubMed]
Di Benedetto, P.; Cavazzon, M.; Mondolo, F.; Peratoner, A.; Biasutti, E. Voice and choral singing treatment: A new approach for
speech and voice disorders in Parkinson’s disease. Eur J. Phys. Rehabil. Med. 2009, 45, 13–19.
Sadagopan, N.; Huber, J.E. Effects of loudness cues on respiration in individuals with Parkinson’s disease. Mov. Disord. 2007, 22,
651–659. [CrossRef] [PubMed]
Pitts, T.; Bolser, D.; Rosenbek, J.; Troche, M.; Okun, M.S.; Sapienza, C. Impact of expiratory muscle strength training on voluntary
cough and swallow function in Parkinson disease. Chest 2009, 135, 1301–1308. [CrossRef] [PubMed]
Troche, M.S.; Okun, M.S.; Rosenbek, J.C.; Musson, N.; Fernandez, H.H.; Rodriguez, R.; Romrell, J.; Pitts, T.; Wheeler-Hegland,
K.M.; Sapienza, C.M. Aspiration and swallowing in Parkinson disease and rehabilitation with EMST: A randomized trial. Am.
Acad. Neurol. 2010, 75, 1912–1919. [CrossRef]
Suttrup, I.; Warnecke, T. Dysphagia in Parkinson’s Disease. Dysphagia 2015, 31, 24–32. [CrossRef]
Motolese, F.; Gupta, D.; Marano, M. Excessive daytime sleepiness and dysphagia in Parkinson’s disease, from the assessment of a
risk to a pathophysiological landscape. J. Neurol. Sci. 2020, 413, 116882. [CrossRef]
Marano, M.; Gupta, D.; Motolese, F.; Rossi, M.; Luccarelli, V.; Altamura, C.; Di Lazzaro, V. Excessive daytime sleepiness is
associated to the development of swallowing impairment in a cohort of early stage drug naïve Parkinson’s disease patients. J.
Neurol. Sci. 2020, 410, 116626. [CrossRef]
Nóbrega, A.C.; Rodrigues, B.; Melo, A. Silent aspiration in Parkinson’s disease patients with diurnal sialorrhea. Clin. Neurol
Neurosurg. 2008, 110, 117–119. [CrossRef] [PubMed]
Rodrigues, B.; Nóbrega, A.C.; Sampaio, M.; Argolo, N.; Melo, A. Silent saliva aspiration in Parkinson’s disease. Mov. Disord. 2011,
26, 138–141. [CrossRef] [PubMed]
Müller, J.; Wenning, G.K.; Verny, M.; McKee, A.; Chaudhuri, K.R.; Jellinger, K.; Poewe, W.; Litvan, I. Progression of dysarthria and
dysphagia in postmortem-confirmed Parkinsonian disorders. Arch. Neurol. 2001, 58, 259–264. [CrossRef] [PubMed]
Kalf, J.G.; Munneke, M.; van den Engel-Hoek, L.; de Swart, B.J.; Borm, G.F.; Bloem, B.R.; Zwarts, M.J. Pathophysiology of diurnal
drooling in Parkinson’s disesase. Mov. Disord. 2011, 26, 1670–1676. [CrossRef] [PubMed]
Gaeckle, M.; Domahs, F.; Kartmann, A.; Tomandl, B.; Frank, U. Predictors of Penetration-Aspiration in Parkinson’s Disease
Patients with Dysphagia: A Retrospective Analysis. Ann. Otol. Rhinol. Laryngol. 2019, 128, 728–735. [CrossRef]
Gros, P.; Mery, V.P.; Lafontaine, A.L.; Robinson, A.; Benedetti, A.; Kimoff, R.J.; Kaminska, M. Obstructive sleep apnea in
Parkinson’s disease patients: Effect of Sinemet CR taken at bedtime. Sleep Breath. 2016, 20, 205–212. [CrossRef]
Taylor, J.M.; Main, B.S.; Crack, P.J. Neuroinflammation and oxidative stress: Co- conspirators in pathology of Parkinson’s disease.
Neurochem. Int. 2013, 62, 803–819. [CrossRef]
Olanow, C.W. The pathogenesis of cell death in Parkinson’s disease. Mov. Disord. 2007, 22, S335.e42. [CrossRef]
Davies, C.R.; Harrington, J.J. Impact of obstructive sleep apnea on neurocognitive function and impact of continuous positive air
pressure. Sleep Med. Clin. 2016, 11, 287–298. [CrossRef]
Jones, B.E. Paradoxical sleep and its chemical/structural substrates in the brain. Neuroscience 1991, 40, 637–656. [CrossRef]
Ferini-Strambi, L.; Baietto, C.; Di Gioia, M.R.; Castaldi, P.; Castronovo, C.; Zucconi, M.; Cappa, S.F. Cognitive dysfunction in
patients with obstructive sleep apnea (OSA): Partial reversibility after continuous positive airway pressure (CPAP). Brain Res.
Bull. 2003, 61, 87–92. [CrossRef]
Mery, V.P.; Gros, P.; Lafontaine, A.L.; Robinson, A.; Benedetti, A.; Kimoff, R.J.; Kaminska, M. Reduced cognitive function in
patients with Parkinson disease and obstructive sleep apnea. Neurology 2017, 88, 1120–1128. [CrossRef]
Kaminska, M.; Mery, V.P.; Lafontaine, A.L.; Robinson, A.; Benedetti, A.; Gros, P.; Kimoff, R.J. Change in cognition and other
non-motor symptoms with obstructive sleep apnea treatment in Parkinson disease. J. Clin. Sleep Med. 2018, 14, 819–828. [CrossRef]
Tambasco, N.; Murgia, N.; Nigro, P.; Paoletti, F.P.; Romoli, M.; Brahimi, E.; Filidei, M.; Simoni, S.; Muzi, G.; Calabresi, P. Levodoparesponsive breathing discomfort in Parkinson’s disease patients. J. Neural Transm 2018, 125, 1033–1036. [CrossRef] [PubMed]
Baille, G.; Perez, T.; Devos, D.; Deken, V.; Defebvre, L.; Moreau, C. Early occurrence of inspiratory muscle weakness in Parkinson’s
disease. PLoS ONE 2018, 13, e0190400. [CrossRef]
Bhatt, M.H.; Keenan, S.P.; Fleetham, J.A.; Calne, D.B. Pleuropulmonary disease associated with dopamine agonist therapy. Ann.
Neurol. 1991, 30, 613–616. [CrossRef] [PubMed]

Brain Sci. 2021, 11, 595

68.
69.
70.
71.
72.
73.
74.

11 of 11

Weiner, W.J.; Goetz, C.G.; Nausieda, P.A.; Klawans, H.L. Respiratory dyskinesias: Extrapyramidal dysfunction and dyspnea. Ann.
Intern. Med. 1978, 88, 327–331. [CrossRef]
Ko, P.W.; Kang, K.; Lee, H.W. Levodopa-induced respiratory dysfunction confirmed by levodopa challenge test: A case report.
Medicine 2018, 97, e12488. [CrossRef]
Lim, A.; Leow, L.; Huckabee, M.L.; Frampton, C.; Anderson, T. A pilot study of respiration and swallowing integration in
Parkinson’s disease: “on” and “off” levodopa. Dysphagia 2008, 23, 76–81. [CrossRef] [PubMed]
Fink, M.; Klebanoff, L.; Lennihan, L.; Fahn, S. Acute respiratory failure during drug manipulation in patients with Parkinson
disease. Neurology 1989, 39, 578.
Riley, D.E.; Grossman, G.; Martin, L. Acute respiratory failure from dopamine agonist withdrawal. Neurology 1992, 42, 1843–1844.
[CrossRef] [PubMed]
de Bruin, P.F.; de Bruin, V.M.; Lees, A.J.; Pride, N.B. Effects of treatment on airway dynamics and respiratory muscle strength in
Parkinson’s disease. Am. Rev. Respir. Dis. 1993, 148, 1576–1580. [CrossRef] [PubMed]
Wei, L.; Chen, Y. Neuroleptic malignant-like syndrome with a slight elevation of creatine-kinase levels and respiratory failure in a
patient with Parkinson’s disease. Patient Prefer. Adherence 2014, 8, 271–273. [PubMed]

