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ABSTRACT: BackgroundBackground: It has been suggested that sensory impairments contribute significantly to the motor
deficits secondary to impaired sensorimotor integration in Parkinson’s disease. Speech and swallowing are
likely to become disordered in PD, and there is evidence that impaired upper airway sensation also contributes
to these disorders.
ObjectivesObjectives: The goal of this study was to investigate the relationship between perception of general respiratory
sensation, speech, and swallowing in PD.
MethodsMethods: Thirteen people with PD and 14 age-equivalent controls volunteered to participate. Randomized
blocks of inspiratory resistive loads were delivered, and participants gauged the magnitude of the loads using
a modified Borg scale. The magnitude estimates were then compared to results of speech and swallowing
evaluations using multivariate analysis of variance and a stepwise linear regression model.
ResultsResults: There was a significant overall interaction between the participant group (PD versus control) and
respiratory load (F [10, 300] = 2.138; P = .022). A significant regression equation containing a predictor speech
variable respiratory rating was found (F [1,22] = 6.946), P = .023), with a moderate effect size of R2 = .387.
ConclusionsConclusions: People with PD have blunted perception of respiratory resistive loads when compared with age-
equivalent healthy adults. Results also suggest that blunted ME of resistive loads could contribute to changes
in respiratory drive for speech (i.e., loudness).

Introduction
Parkinson’s disease (PD) is a chronic and progressive disease char-
acterized primarily by motor signs, including resting tremor,
rigidity, and postural reflex impairment. In addition to these
classic motor signs, people with PD exhibit deficits in multiple
sensory modalities, including proprioception, kinesthesia, mech-
anosensation, and olfaction.1–4 It has been suggested that sensory
impairments contribute significantly to the motor deficits sec-
ondary to impaired sensorimotor integration within basal ganglia
structures. Somatosensory deficits are directly associated with a
decline in motor functions such as posture and gait, and much of
the literature supports the hypothesis that there may be a sensory
origin to PD motor signs.3

In addition to gait and postural changes, people with PD often
present with disordered speech (dysarthria), including hypophonia
and disordered swallowing (dysphagia).5 A unifying theme
between these functions is the integral role of the respiratory sys-
tem and upper airway for executing these behaviors. The produc-
tion of phonation and speech are dependent upon both
respiratory and laryngeal subsystems working in a coordinated
and synergistic fashion. The respiratory system provides tracheal
pressure that is requisite to initiating and sustaining vocal fold
vibration, which is highly dependent on the lung volume at
speech initiation.6 Also, expiratory airflow allows for the develop-
ment of intraoral pressures necessary for accurate production of
pressure consonants during speech.7,8 Concerning swallowing, in
order to protect the airway from aspirate material, the ventilatory
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respiratory pattern is inhibited during the swallow (referred to as
the swallow pause). This swallow-breathing pause usually ends
with the resumption of the expiratory phase of the respiratory
cycle, in particular for single swallows of thin liquids, which are
presumed to be protective.9

Another unifying aspect of speech and swallowing is that they
both depend on sensory system input to guide motor output.
For example, motor aspects of swallowing are adjusted based on
the sensation of bolus characteristics such as volume and viscosity.
The amplitude of movement for speech articulators, including
the vocal folds, depends on proprioceptive and kinesthetic infor-
mation from the oral cavity and larynx. Similar to gait and pos-
tural deficits, it has been suggested that sensory perception
deficits may underlie disorders of speech and swallowing in
PD.4,10,11

Given the known sensory deficits in PD, and the integral role
of the respiratory system for execution of speech and swallowing,
it is reasonable to hypothesize that altered respiratory sensation
may occur in PD, which may contribute to the development of
dysarthria and dysphagia. Respiratory sensation can be studied by
applying respiratory resistive loads that increase the work of
breathing, then asking participants to estimate the magnitude of
the load presented.12 Because it requires little training and the
scales used are typically very easy for patients to understand,
magnitude estimation (ME) is a technique that is well suited for
studying sensory perception in PD.13 This methodology has been
used on many different patient populations and is sensitive to dis-
ease state, either in a heightened manner (i.e., anxiety)14 or in a
blunted manner (i.e., children with life-threatening asthma).15

The goal of this study was to compare magnitude estimation
(ME) of respiratory resistive loads in people with PD compared to
age-matched healthy adults (controls). It was hypothesized that the
PD group would exhibit blunted ME of respiratory resistive loads
compared to the controls. A secondary aim was to determine the
relationship between the ME of respiratory resistive loads and clin-
ical speech and swallowing metrics in PD. It was hypothesized that
the blunted ME would be linearly related to severity of speech
and swallowing metrics, providing support to our overall hypothe-
sis, that blunted respiratory sensation contributes to the develop-
ment of speech and swallowing disorders in PD patients.

Methods
The University of Florida Institutional Review Board approved
this study, and all participants provided written and verbal
informed consent to participate. The study was a prospective
experimental study with two participant groups. There were
13 adults with PD (PD group) diagnosed by a fellowship-trained
movement disorders neurologist, according to strict UK brain
bank criteria. Also, there were 14 age-equivalent adults without
a history of PD (control group). Participants were recruited from
the University of Florida Center for Movement Disorders and
Neurorestoration (UF CMDNR; PD group) and spouses or
caregivers that accompanied patients to appointments at the

center (control group). Exclusion criteria were: (1) neurologic
disease other than PD (PD group); (2) any neurologic disease
(control group); history of cancer in the head, neck, or lungs;
(4) currently smoking, or smoking within the previous five years;
(6) history of breathing disorders or diseases (e.g., COPD, lung
cancer); (7) history of severe cognitive deficits (dementia); and
(8) severe neuropsychological disorder (i.e., severe depression:
31 or greater on the BDI II).

Baseline Depression and Apathy
There is a significant impact of emotion on respiratory perceptual
ratings.12 Baseline depression and apathy scores were measured
using two validated scales, the Beck Depression Index - II (BDI
II) and Marin Apathy Index (MAI).

Baseline Pulmonary Function
Tests
In order to ensure that differences in respiratory sensation were
not related to group differences in pulmonary function, we per-
formed pulmonary function tests on all study participants. The
forced expired volume in the first second (FEV1) of a forced vital
capacity (FVC) exhalation was measured using a digital spirome-
ter (Spirovision 3 + m, Futuremed). The FEV1, FVC, and ratio
of FEV1/FVC were expressed as a percent-predicted value.

Inspiratory Resistive Load
Presentation
Participants were seated facing away from the experimental appa-
ratus. A facemask was placed securely over the face and con-
nected to a non-rebreathing valve (Hans Rudolph, 2700 series),
in line with a differential pressure transducer. The inspiratory
port of the valve was connected to the resistive loading manifold,
which consisted of five differential resistors ranging from 2.5 to
40 cmH2O of resistive pressure, separated by stoppered ports.
There was also a “no-load” condition where no resistive pressure
was applied. Removal of the stoppered ports applied the load
(Fig. 1). The pressure transducer measured mouth pressure and
airflow, which was digitized and recorded to a desktop computer
using LabChart software.

Participants were familiarized with the loads in a practice ses-
sion before the experimental protocol, and the load extremes
(i.e., no-load and maximum load) were presented as anchors for
a modified Borg Scale, which was used as the measure of magni-
tude estimation. During the experiment, the resistive loads were
applied in a randomized block design, with each loaded breath
separated by at least three unloaded breaths. Two blocks were
completed with each load presented between three and five times
within each block. Therefore, there were a total of 15 to 25 loaded
breaths (3–5 loads by five presentations) per block. Following each
loaded breath (including the no-load condition), participants
provided an estimate of the perceived difficulty of inhaling
against the load using a modified Borg scale (Supporting Table 1).
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The ME and load resistance were then plotted on a log-log linear
scale, generating a sensitivity slope (ME slope), that represents sen-
sitivity to increases in resistive load.16

Speech and Swallowing
Functions
For PD participants, the most recent speech and swallowing eval-
uation performed in our clinic were reviewed. These measures
of speech and swallowing were selected from the active clinical
protocol at the UF CMDNR. This protocol was developed
according to the recommended speech evaluation tasks for dysar-
thria as described by Duffy (Motor Speech Disorders: Substrates, Dif-
ferential Diagnosis, and Management, 2nd Edition, 2005). Four
speech-language clinicians, with between four and nine years of
experience, completed speech evaluations. Evaluations were per-
formed independently, and any difficult or questionable evalua-
tions were discussed at a monthly consensus meeting. Speech
evaluations consisted of several tasks that target seven speech sub-
system domains, defined in Supporting Table 2. The outcome
data consisted of maximum phonation duration on the vowel
“ah” (in seconds), and ratings across the seven speech domains.
The severity ratings were made on a Likert scale ranging from

zero (no dysfunction) to seven (anarthric; Supporting Table 3).
The motor speech diagnosis (dysarthria type) was also recorded.

Swallowing evaluations were completed under videofluoro-
scopy with patients viewed in the lateral plane. The evaluation
included multiple swallows of thin liquid barium, pudding-thick
barium, and a cracker or cookie coated with barium. For this
study, we recorded the worst observed penetration-aspiration
score (PAS) during the study. The PAS is a validated scale docu-
menting penetration or aspiration of bolus material (Supporting
Table 4).17 The PAS served as our metric of swallowing safety.

Data Analysis
Three statistical models were used to analyze the data. First, in
order to determine if participant characteristics including age and
pulmonary function (FVC, FEV1/FVC), depression, apathy, and
ME sensitivity slope differed between the PD and control groups,
we utilized a one-way analysis of variance (ANOVA) with inde-
pendent variable group (PD vs control) and dependent variables
ME slope, age, FCV, and FEV1/FVC, BDI, and MAI. Next, in
order to determine whether the ME of each respiratory resistive
load differed between the PD and control groups, we used a mul-
tivariate analysis of variance (MANOVA) with independent vari-
ables resistive load applied (2.5, 5, 10, 25, and 40 cm H20) and

FIG. 1. Schematic of the inspiratory load application method. Each of the 3 configurations (A, B, and C) represent a different applied load,
with no-load (0) in part A, 2.5cmH2O load in part B, and 25 cmH2O load in Part C.
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group (PD vs control) and dependent variables, including the
magnitude estimation (ME) and airflow rate (L/s) during the
applied inspiratory load.

In order to address the second aim that focused on the rela-
tionship between speech and swallowing metrics and respiratory
sensation, we used a stepwise linear regression model with
dependent variable ME slope, and predictor variables maximum
phonation duration, severity ratings across the seven speech
domains, and PAS. Our alpha level was set at P < .05 for all sta-
tistical models used.

Results
Participant characteristics, including sex; age; predicted FEV1,
FVC, and FEV1/FVC %; depression (BDI); apathy (MAI); and
ME slope are shown in Table 1. Results of the one-way
ANOVA showed a significant difference between the PD and
control group for ME slope (F [1,25] = 17.327; P < .000; Fig. 2);
however, there were no significant group differences between
other variables in the model.

Results of the MANOVA revealed a significant overall inter-
action between participant group (PD vs control) and respiratory
load (F [10, 300] = 2.138; P = .022). Tests of between-subjects
tests showed the interaction effect was only significant for ME
(F [5] = 3.399; P = .006; Fig 3, panel A). While the interaction
effect was not significant for airflow (F [5] = .209; P = .958),
there were significant main effects for group (F [1] = 4.887;
P = .029) and load (F [5] = 9.569; P < .000) on airflow (Fig 3,
panel B).

Multiple linear regression was calculated to determine
whether there was a relationship between ME slope, maximum
phonation duration, the seven speech domains, and swallowing
safety (PAS). A significant regression equation containing the
predictor variable respiratory rating was found (F [1,22] = 6.946;
P = .023), with an R2 of .387. The predicted ME slope was
equal to .280 -.031(respiratory rating), showing the ME slope
decreased by .031 for every 1-unit increase in severity rating of
the respiratory domain (Fig. 4).

Discussion
The goal of the current study was to determine whether respira-
tory sensation was blunted in PD as compared to age-equivalent
healthy control participants. We also sought to investigate
whether there was a relationship between respiratory load ME
and the functions of speech and swallowing in PD patients. It
was hypothesized that the PD group would exhibit blunted ME
of respiratory resistive loads compared to the controls. Further, it
was hypothesized that the blunted ME would be linearly related
to severity of speech and swallowing metrics, providing support
to our overall hypothesis: that blunted respiratory sensation con-
tributes to the development of speech and swallowing disorders
in patients with PD. TA
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As can be appreciated in Fig. 3, panel A, there were significant
differences between the PD and control groups’ ME at the low
(0, 2.5, and 5 cm H20) and high resistive loads (25 and 40 cm
H20), leading to an overall blunting of the ME slope for the
PD group (Fig. 2). These findings support reports of changes
in airway sensation in PD patients. Hammer and colleagues
found decreased laryngeal sensitivity to air-puffs targeting the
arytenoids.4 Similarly, PD patients demonstrated a blunted urge
to cough to various concentrations of capsaicin compared to

controls, which was blunted further in PD patients with dyspha-
gia.18 Results of the current study expand our understanding of
airway sensation in PD, indicating that in addition to reduced
sensation related to the larynx and cough, there is also reduced
perception of general airway somatosensation evoked with resis-
tive loads. This understanding is important, because the ability to
perceive and process sensory information related to airway func-
tion is necessary to produce overlaid somatosensory respiratory
functions, such as speech and swallowing.19–22 The neuropathol-
ogy of such changes or deficits could exist in multiple locations,
either in the periphery or central nervous system. Mu and
Sanders found aggregates of alpha-synuclein protein in the sen-
sory nerve terminals of people with PD premortem, suggesting
that possibly the initial sensory stimulus is inadequately trans-
duced to sensory afferents.23 Another possibility is that there is
over-gating of sensory information by the thalamus, whereby the
thalamus inhibits throughput of sensory signals to the primary
sensory cortex.24 Indeed, changes in sensory processing of both
discriminative and affective components of a sensory stimulus
could contribute to these findings, as the neuropathology of PD
is known to extend beyond the basal ganglia.25,26 With the cur-
rent methodology, it is not possible to pinpoint which, if any, of
these possibilities are correct. However, there are studies under-
way utilizing methods that can begin to address this important
question.

In addition to blunted ME slopes, the PD participants demon-
strated reduced inspiratory airflow rates at all loads applied
(Fig. 3, panel B). Given the relationship between airflow, resis-
tance, and pressure (pressure = resistance x airflow), this would
indicate the PD group had reduced mouth pressure during the

FIG. 3. Results for the magnitude estimation (panel A) and airflow (panel B) across the six resistive loads. Bars represent standard error.
Healthy older adults (HOA) are the control group. PD is Parkinson’s disease group.

FIG. 2. Statistically significant differences in magnitude
estimation (ME) slope between the control group (control) and
Parkinson’s disease group (PD); bars represent standard error.
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applied resistances when compared to the control group. Thus, it
is possible that the ME differences between the PD and control
groups were directly related to perceptual differences stemming
from different mouth pressures. This hypothesis can reasonably
explain the reduced ME ratings at the higher 25 and 40 cm H20
loads; however, it cannot explain increased ME ratings at the
lower 0, 2.5, and 5 cm H20 loads. That is, if the differences were
explained based on differences in mouth pressure, the expected
direction would be reduced rather than increased ME ratings at
the low inspiratory loads. Thus, it is unlikely differences in air-
flow and mouth pressure thoroughly explain the overall blunted
ME slope in PD participants.

There is evidence that altered or abnormal processing of sen-
sory information affects the generation and modulation of limb
movement27,28 as well as voice and speech production4,21,22 in
PD. There have been several studies that show exaggerated pitch
compensation in response to perturbed fundamental frequency
(F0) in people with PD, as compared to control participants.20–22

These research groups concluded that abnormal sensorimotor
integration of F0 could relate to an abnormal weighting of audi-
tory feedback in the setting of reduced laryngeal somatosensory
feedback, leading to a greater degree of pitch compensation in
PD. Results of the current study showed a moderate effect size
(R2 = .387) for the relationship between the severity rating of
the respiratory domain and the ME slope, indicating that other
factors other than just sensory perception of respiratory stimuli
may influence respiratory drive for speech in PD. Specifically,
the ME slope decreased by approximately .031 for every 1-point
increase in respiratory domain severity. Thus, it may be that
reduced somatosensory information from the respiratory system
contributes to the reduced respiratory support for speech that

commonly occurs in PD. These patients may also experience
reduced laryngeal somatosensation,4 and thus, two potentially
faulty feedback mechanisms (respiratory and laryngeal) may co-
occur, leading to reduced maximum loudness and general mono-
loudness that is seen in patients with PD. This hypothesis cannot
be sufficiently addressed with the current methodology, and the
effect size was only moderate, so future studies should be
designed to explore combined measures of laryngeal and respira-
tory sensation, and detailed motor speech outcomes.

The study’s results failed to find a significant relationship
between the measure of swallowing safety, PAS, and the ME
slope. This finding may reflect differences in sensorimotor integra-
tion between swallowing and speech, or the lack of specificity of
the PAS metric. Regarding the former possibility, while the sen-
sory receptors in the oral cavity, oropharynx, and hypopharynx
are primarily important for initiating the cascade of events that lead
to adequate airway protection during swallowing, the sensors that
transduce information regarding respiration and inspiratory loads
(joint receptors and airway stretch receptors) are more important
for attaining the requisite lung volume and subglottal pressure nec-
essary for speech. Thus, ME of respiratory resistive loads would
not necessarily reflect somatosensory changes elsewhere in the
upper airway that could result in changes to swallowing safety.
Also, the PAS is a functional measure of swallowing safety and not
one of swallowing physiology. It may be that more detailed mea-
sures of swallowing physiology would reveal a relationship to
respiratory sensation. Thus, it would be prudent in future studies
to look at more specific swallowing timing and bolus flow mea-
sures, or the respiratory pattern surrounding the swallow, in order
to better understand the potential relationship between respiratory
sensation and swallowing physiology.

Conclusions
Results of this study support the hypothesis that people with PD
have blunted perception of respiratory resistive loads as compared
with age-equivalent healthy adults. Results also suggest that
blunted ME of resistive loads could contribute to changes in respi-
ratory drive for speech (i.e., loudness); however, future studies are
needed to adequately understand this relationship. A large-scale
study is currently underway that utilizes these methods in order to
glean a comprehensive understanding of those mechanisms, which
may contribute to dysarthria and dysphagia in PD.
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