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Abstract The purpose of this study was to determine
whether attentional resources are involved in swallowing in
persons with idiopathic Parkinson’s disease, and if so, in
which phase(s) of swallowing. The approach involved a dual-
task, reaction time (RT) paradigm using ten participants with
Parkinson’s disease. Single-task baseline measures were
obtained for durations of the anticipatory phase and oro-
pharyngeal phase of swallowing and RTs were obtained for
nonword auditory stimuli. A dual-task then required partici-
pants to swallow 5 ml of water from an 8-o0z. cup while
listening for a target nonword presented auditorily during the
anticipatory or oropharyngeal phase. Target stimuli were
randomized across baseline and dual-task trials. Durations of
the anticipatory and oropharyngeal phases of swallowing and
RTs during baseline and dual-task trials were determined.
Results showed a nonsignificant change in speed of com-
pletion for both the anticipatory phase and the oropharyngeal
phase of swallowing during dual-task trials. However, there
was a statistically significant increase in RT during the
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anticipatory phase during the dual-task condition. RT during
the oropharyngeal phase remained unaffected. Given a need
for additional research using more complex competing tasks,
these data on attention are consistent with earlier claims of an
automatic, nonresource-demanding, oropharyngeal swal-
lowing mechanism that is preserved for persons with early-
to-mid-stage Parkinson’s disease. Clinical implications of
these data suggest that disruptive environmental stimuli to
individuals with early-to-mid-stage Parkinson’s disease may
alter feeding but have little effect on the oropharyngeal
swallow.

Keywords Deglutition - Deglutition disorders - Attention -
Reaction time - Cognition - Parkinson’s disease

Addressed in a companion article [1] is the argument that
swallowing has historically been regarded in the literature
as “reflexive,” “vegetative,” and ‘“automatic.” There are,
however, aspects of swallowing, including the initiation of
the oropharyngeal swallow, that suggest that it may not be
as automatic as commonly believed [2-5]. Swallowing
may require attentional resources that are shared with other
relevant cognitive and motor behaviors. One difference
between phases of swallowing (i.e., oral phase, pharyngeal
phase, and esophageal phase) may be the change of
demand on cognitive resources. This area of study has not
been well explored, and much of what is known about
attention has been addressed in neuroimaging studies that
attempt to localize cortical activities rather than describe
changes in behavior associated with that activity.
Numerous neuroimaging studies identify cortical acti-
vation in regions associated with attention [2, 4, 6-11];
however, we are aware of only one study that describes
behaviorally the demands of cognitive tasks on swallowing,
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i.e., the functional changes of swallowing relative to cog-
nitive demands [12]. This study suggested bilateral hemi-
sphere cerebral support for swallowing and association of
the left hemisphere’s motor and language systems with
swallowing behavior. However, it remains unclear whether
attentional resources are influential on any or all aspects of
swallowing.

Leopold and Kagel [13, 14] proposed an ‘“anticipatory
phase” of ingestion, although the aforementioned phases of
swallowing were also regarded as ingestion. To simplify,
our work operationally defines the anticipatory phase as
one adjacent, and therefore related, to swallowing that
temporally precedes the oral preparatory and oral propul-
sive phases. The anticipatory phase involves all preparation
and introduction of all nutritional materials to the oral
cavity (e.g., selection of bolus size and type and placement
from hand to mouth). During the oral preparatory phase of
swallowing, the bolus is actively manipulated in the mouth
and masticated; the oral propulsive phase moves the bolus
posteriorly to the pharynx. All three of these phases require
attention and effort for planning and organized movement,
making them more vulnerable to interference with
increased demand on attentional resources. Because these
phases are a consequence of cortical and basal ganglia
patterned activity, they reside outside the central pattern
generator for swallowing [15]. The pharyngeal and
esophageal phases of swallowing seem less likely to be
subjected to attentional influences due to their non-voli-
tionally controlled nature. The role of attention during
swallowing has not been explored in patients, specifically
those with neuromotor or neurocognitive disturbances.

Describing changes in behavior with increased cognitive
demands is one method for exploring the role of attention in
swallowing. Although it might appear that motor disorders
are not related to cognitive impairment, motor control is a
cognitive process. By attempting to separate motor pro-
cesses from any concomitant or underlying cognitive deficit,
the impact of cognitive demands on the motor system will
emerge. One approach to determine the impact of attention
on swallowing would be to assess swallowing in those who
may have cognitive (broadly), attentional (specifically), and/
or sensorimotor constraints, especially those that may affect
swallowing. In the latter case, cognitive requirements of
swallowing might be increased and there would be greater
likelihood of seeing increased response latencies to sec-
ondary stimuli. In light of these considerations, the present
investigation evaluated a possible role of attention in swal-
lowing in individuals with Parkinson’s disease.

Parkinson’s disease (PD) is a progressive, neurological
impairment of the sensorimotor system. Classically, it has
been characterized by motor deficits with “the senses and
intellects being uninjured” [16, p. 1]. However, in recent
years it has been determined that persons with PD also

have cognitive declines, which challenge the sensorimotor
system even if such declines do not surface as frank
dementia or the sensorimotor disturbances are not manifest.
If the swallowing system in these patients were taxed by
cognitive deficits, sensorimotor deficits, or both, it would
seem that adding experimental demands on attention before
or during swallowing might exaggerate current deficits
and/or reveal additional deficits. Classic models of atten-
tion, which view attention as a limited cognitive resource,
as sharable across tasks, and as differentially able to be
allocated, are consistent with this prediction [17-22]. The
capacity model has been used to explain reaction time (RT)
effects in dual-task paradigms [17]. Capacity-sharing the-
ory suggests that simultaneous tasks share a limited pool of
available mental resources. One task requiring a great
amount of mental resources will leave limited resources for
the processing of a second task, and performance on that
second task will be degraded, assuming the two tasks are
competing for the same resources. The present study
explores whether sensorimotor deficits are affected by
increased demands on attention, and if so, in which phases
of the swallow they occur. The findings of this study will
be relevant for dysphagia treatments in individuals with
either or both cognitive and motor dysfunction.

Methods
Demographics

This study was submitted for review and was approved by
the Institutional Review Board of the participating insti-
tution. Participants with PD were recruited with symptoms
consistent with minimal disability in the early-to-middle
stages (Hoehn and Yahr stages 1, 2, and 3) of the disease
[23], according to the criteria set forth by the United
Kingdom Parkinson’s Disease Society’s brain bank diag-
nostic criteria for PD [24]. Neither dosing nor scheduling
of medications was altered for the experiment. Participants
verbally confirmed stability on their current medication
regimen prior to administration of the experimental pro-
tocol. Participants were instructed to be in the “on” phase
of their medication regimen during experimental proce-
dures. Appointment times were scheduled to accommodate
for this experimental control.

Screening

All participants had their hearing in both ears screened with
pure tone stimuli through headphones at 30 dB HL for
500 Hz and 1, 2, and 4 kHz in a distraction-free room that
was not sound-treated. The stimuli were presented at 85 dB
SPL in free field as measured by a portable sound-level
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meter with an A-weighted scale at ear level and a distance
of 1 m from the speakers. All sound calibration took place
with continuous, prerecorded white noise normalized based
on 100% peak level.

Participants were screened for cognitive impairment
using COGNISTAT (The Northern California Neurobe-
havioral Group, Inc., 1995) [25]. Participants who scored
with at least two impaired ability domains on COGNI-
STAT were excluded [26].

Participants were screened for depression using the
Beck Depression Inventory (BDI) [27, 28] because of the
known effects of reduced RTs [29] of those with this
condition. Participants identified with depression were not
excluded from the investigation but were considered as
possible outliers a priori for statistical analyses.

Experimental Design

As stated in the previous article [1], this study used a
within-subjects design. Auditory stimuli presented for
single- and dual-task discrimination and the anticipatory
and oropharyngeal phases of swallowing served as inde-
pendent variables. Durations of the anticipatory and oro-
pharyngeal phases of swallowing and RT were the
dependent variables.

Procedures

Procedures are described in detail in the companion article
[1]. Briefly, the testing area was split between a table setup
and a floor setup. Participants were seated at a table con-
taining a hand-lift sensor that was flush with the front edge
of the table, a cup-lift sensor that was 12 in. from the front
of the table and on which sat a disposable drinking cup
with a cup module, and a 17-in. computer monitor
approximately 18 in. from the participant. Two satellite
computer speakers connected to the data computer’s audio
output were placed on either side of the computer monitor
at a distance of approximately 36 in. from the participant’s
ear.

On the floor in front of the participant, and out of his/her
view, were a foot sensor and a foot pedal used to measure
RT. Each was placed in front of the participant’s dominant
lower extremity. With the participant’s dominant lower
extremity at a 90° flexion, the foot sensor was placed under
the participant’s foot. The front edge of the foot pedal was
placed 6 in. from the tip of the participant’s shoe. Both the
foot sensor and the foot pedal were securely taped to the
floor.

The oropharyngeal swallow was marked by surface
electromyography (sEMG) using the KayPENTAX digital
swallowing workstation™ (model 7100, KayPENTAX,
Lincoln Park, NJ) and the Workstation’s Swallowing
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Signals Lab (model 7120). After the participant’s sub-
mandibular area was prepared with an alcohol swab,
electrode gel was placed on the electrode surfaces of a
self-adhering patch containing three electrode disks. The
prepared patch then was placed over the digastric-mylo-
hyoid-geniohyoid muscle complex.

Two experimental conditions were used in this study:
baseline and dual-task. The baseline condition consisted of
two sets of 19 trials each: (1) nonword discrimination trials
and (2) swallowing trials. The dual-task condition con-
sisted of one set of 19 trials that combined the baseline’s
nonword discrimination and swallowing trials. In sum-
mary, a total of three sets of 19 trials each (i.e., 57 trials
total) was completed by each participant. The initial three
trials for each trial condition (i.e., baseline nonword dis-
crimination trials, baseline swallowing trials, and dual-
task) were expected to abate learning for the task [30] and
were planned to be eliminated from analyses. Elimination
of these nine trials left 16 trials for each condition to be
analyzed for each participant. The two baseline (single-
task) conditions were counterbalanced across participants;
however, baseline trials were presented only prior to the
dual-task trials. This order was necessary to reduce the any
learning effect that might be present for the dual-task
condition.

Auditory Stimuli

Auditory stimuli were created as two lists of non-words in
the context of consonant-vowel-consonant (CVC), with
the same lead (CV—) but different codas (—C). Each word,
created by the principal investigator (PI), was phonotacti-
cally legal and monosyllabic. Each list comprised 11 dis-
tracter stimuli and one target stimulus, counterbalanced
across trials and between participants.

Baseline (Single-Task) Trials

During the baseline swallow trials, each participant moved
his/her hand from the hand sensor to reach for the cup
containing 5 ml of water after a visual “go” cue from the
computer was presented. After grasping the cup and
bringing it to his/her mouth, the participant swallowed the
water. During the baseline RT (nonword discrimination)
trials, non-words were presented to the participants with
the instruction to tap the foot pedal with their dominant
foot as quickly as possible when the target word was
heard, ignoring nontarget words and keeping his/her foot
on the floor. The same target word was randomly pre-
sented four times during the 16 analyzed trials. Distracter
words were randomly presented across the 12 remaining
trials. A similar paradigm was used in prior studies [31,
32].
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Dual-Task Trials

The dual task required a participant to tap the foot pedal as
quickly as possible with his/her dominant foot when the
target nonword was heard. Targets were presented ran-
domly as the participant brought the cup of water to his/her
mouth and swallowed the water. Four target stimuli were
presented, two during the anticipatory phase of swallowing
and two during the oropharyngeal phase of swallowing.
These target trials were manually presented by the PI (MB)
using the data computer. Presentation of the stimuli was
randomized within condition and between participants.

Measures and Instrumentation

Measures consisted of time points during each of the
baseline and dual-task trials. A maximum of eight addi-
tional time points were measured. These included (1) onset
of the experimental trials, (2) onset of the random delay
following a 3-s visual countdown, (3) onset of a green
“go” signal presented on the computer monitor, (4) the
participant’s hand being lifted from the hand sensor on the
table (onset of the anticipatory phase), (5) the cup being
lifted from its sensor, (6) the tilt circuit in the recess of the
cup triggering the critical angle (i.e., the angle between the
side of the cup facing the table when it was tilted imme-
diately before 5 ml of water flowed over the rim and the
table surface (completion of the anticipatory phase and
onset of the oropharyngeal swallow), (7) the auditory
stimulus, either target or distracter nonword, and (8) foot
pedal depression. All of the aforementioned measures were
electronically recorded. Offset of the SEMG signal was
manually determined using the Workstation’s software.

A notebook computer (data computer), controlled by the
PI, was responsible for the management of a timer, com-
mencement cue, presentation of auditory stimuli, and real-
time data acquisition for this study. Use of the Workstation
with a custom interface box and the Workstation’s Swal-
lowing Signals Lab allowed for all data presentation and
acquisition. The experiment used Presentation® software
ver. 0.50 (Neurobehavioral Systems, Inc., Albany, CA),
programmed to allow for simultaneous experimenter-
delivered stimuli, data acquisition, and voltage pulse gen-
eration captured by the Workstation. The sampling rate was
1,000 Hz for all signals.

Data Reduction

After all data were collected, the database was inspected. A
total of 57 trials were completed for each participant—19
trials for each of three trial types (i.e., baseline swallowing,
baseline RT, and dual-task). The first three trials were
immediately removed from all analyses to control for any

practice effects [30]. Box plots and stem and leaf plots
were used to determine outliers. Based on group data,
outliers greater than two SDs were removed from the data
set for final analyses.

All trials were automatically coded as good, bad, or void
based on programming code associated with each of the
sensor signals and their consequent data recording. Good
trials were those in which all sensors were successfully
triggered and the sSEMG data were successfully recorded.
Bad trials were trials in which the participant made an error
(i.e., did not react to a target trial, or anticipated the response
to a target with an RT less than 100 ms). Voided trials were
those in which at least one electronic sensor was not trig-
gered or the sSEMG signal was not recorded. No feedback
was provided to the participant at any time; however,
immediate feedback for the trial’s status type was presented
to the PI following each trial. Bad and void trials were
immediately repeated without informing the participant.

Statistical Analysis

Intrarater reliability for sSEMG offset was calculated by
selecting a random sample of 25% of the total number of
SsEMG tracings from each participant. A repeated-measures
analysis of variance (RMANOVA) was used to determine
differences between trials within participants and between
conditions controlling for trials. Mauchly’s test of sphe-
ricity was used with all analyses, applying the Greenhouse—
Geisser correction when applicable. Significance was set to
o < 0.05 for all comparisons. Statistics were computed
using SPSS v16.0 for Windows (rel. 16.0.2) (SPSS, Inc.,
Chicago, IL).

Results
Demographics

Ten individuals with PD participated in the study. All ten
participants were Caucasian, with one Hispanic, and nine
non-Hispanic. Within this sample of seven males and three
females, all participants were right-handed except for one
male. The average age for was 61.8 years (SD = 10.1
years, range = 45-73 years).

The motor subsets of the Unified Parkinson’s disease
rating scale (UPDRS) were used to describe motoric
function and stage each participant. Participants were
evaluated between 30 and 45 min following their dosage of
medication (i.e., during the “on” phase of their medication
regimen) by a nurse practitioner. The ten participants
recruited for this study ranged between stage 1 and stage 3
of the disease [23]. Individually, there was one participant
who was evaluated as being in stage 1, one participant in
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stage 1.5, five participants in stage 2, and three participants
in stage 3 (median = stage 2). Table 1 summarizes the
individual scores on the UPDRS and associated Hoehn and

Table 1 Summary of UPDRS scores for each participant with Par-
kinson’s disease

Participant with PD

Subtest 12 3 456 7 8 9 10
Speech 11 1 01 1 1 2 2
Facial expression 11 211 2 22 2

Tremor at rest: face,lips, 0 0 0 0 0 0 0 O 0 0
chin

Hands

Right 00 002000 0 0

Left 02 0O0O0O0 40 0 0
Feet

Right 00 O0O0OO0O0OO0OTO 0 0

Left 00 0O0O0O0Z20 0 0
Action tremor

Right 00 O0O0OO0O0OO0OTO0 0 0

Left 00 O0O0OO0OO0O30 0 0
Rigidity

Neck 02 1 00 2 0 NA 22
Upper extremity

Right 20 210310 3 3

Left 12 1 2 2 2 3
Lower extremity

Right 00 1 0O0T1O0O0 2

Left 01 O0O0O0T1 20 2
Finger taps

Right 10 101112 2 1

Left 02 012131 3.1
Hand grips

Right 1 0 201111 2 1

Left 02 01 11 31 2 1
Hand pronate/supinate

Right 1 0 200112 2 1

Left 0 1 11132 2 1
Leg agility

Right 1 0 1 001 11 2 1

Left 00 0O0O0T1 21 31
Arise from chair 0O0 010012 1 0
Posture 00 11010 2 0 1
Gait 1 0 00O0O0T1 2 1 1
Postural stability o0 020112 1 1
Body bradykinesia 1 1 1101 3 2 2 2
Hoehn & Yahr stage 1 152 2 2 2 2 3 33

Each subtest is based on a 5-point scoring system from “0” (i.e.,
absent, none, normal) to “4” (i.e., marked, severe, can barely per-
form) from the following references [49, 50]

N/A not assessed
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Yahr staging for each participant. All participants reported
no difficulty consuming a regular oral diet with thin
liquids.

Screening Results

All participants either passed the hearing screening (n = 5)
or had the sound level adjusted relative to their pure-tone
average, with no less than 35 dB SL to compensate for
external noises (e.g., computer fan, hall noise) (n = 5).
Scores from the BDI suggested no depression in any par-
ticipant. One participant presented with a mild mood dis-
order (score = 13) and one participant presented with
borderline depression (score = 17). Composite score
results from COGNISTAT were within normal limits for
all participants. In sum, no participant showed evidence of
a depressive, neurological, or cognitive disorder.

Data Used in Analyses

This study involved three conditions: (1) baseline (single-
task) swallow, (2) baseline (single-task) RT trials to audi-
tory stimuli, and (3) dual-task trials combining swallowing
with RT trials. A total of 16 baseline swallow trials with
single swallows of 5 ml of water and 16 baseline RT trials
containing four randomly delivered auditory target trials
among 12 distracter trials were completed. The dual-task
consisted of 16 trials containing four randomly delivered
auditory target trials among 12 distracter trials during
which the participant completed a single 5 ml volume of
water per trial.

Of the 16 possible trials during the baseline swallowing
condition, 10 had complete data for each participant and
were used in the final analyses. Of the four possible target
trials during the baseline RT trials, three had complete data
and were used in the final analyses. The dual-task condition
contained four trials divided into two sets of two trials for
each of the two phases of swallowing in which they were
presented. Data from the dual-task condition yielded one
trial from each of the two phases of swallowing, with
complete data for all but one participant. Due to equipment
failure, no dual-task oropharyngeal data were recorded for
one participant. Data loss was due to a sensor malfunction
or unreadable SEMG tracing discovered after all of the data
were collected.

Baseline Data
Swallowing
The average time for the anticipatory phase of swallowing

was 2,572 ms (SD = 703 ms, range = 1,463-4,426 ms).
There was no significant difference between trials
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(F = 0.546, df = 2.633, P = 0.633) for anticipatory phase
time. Participants repeated their performance consistently
across trials. The average time for the oropharyngeal phase
of swallowing was 2,790 ms (SD = 1,449 ms, ran-
ge = 503-7,355 ms). There was no significant difference
between trials (F = 0.796, df = 3.53, P = 0.523). Partic-
ipants repeated their performance consistently across trials.
Phase durations by trial are presented in Fig. 1.

Nonword Discrimination RT

The average RT in the target trials was 921 ms (SD =
426 ms, range = 2,190 ms). Individually, the average RT
across all participants for Trial 1 was 1,071 ms (SD = 562
ms), Trial 2 was 786 ms (SD = 356), and Trial 3 was 905
ms (SD = 313). There was no significant difference
between trials (F = 3.128, dFF = 2, P = 0.068). Partici-
pants repeated their performance consistently across trials.

Dual-Task Data

There were two possible RT target trials for the anticipa-
tory phase of swallowing and two possible RT target trials
for the oropharyngeal phase of swallowing. From the two
target trials in the anticipatory phase, only the first trial
contained a full set of data for all ten participants. This was
the only trial used in the final analyses. The two target trials
in the oropharyngeal phase, however, contained data for
just nine of the ten participants because one participant had
incomplete data for both RT target trials. A choice was
made prior to the analyses to use only the first RT target

Fig. 1 Baseline average

anticipatory phase and

oropharyngeal phase 7900
swallowing times

4000 4

3000 4

2000

trial in the oropharyngeal phase because the first of the two
target trials was used for anticipatory phase RT analysis.
Each of these trials was inspected for outliers using
descriptive statistics. No outliers were present for each set
of target trials data.

Swallowing

During target trials, participants demonstrated an average
anticipatory phase duration of 2,597 ms (SD = 770 ms,
range = 1,497-3,975 ms) and an average oropharyngeal
phase duration of 2,395 ms (SD = 1,381 ms, range =
784-5,159 ms).

Non-Word Discrimination RT

The average RT for targets presented in the anticipatory
phase of swallow was 1,364 ms (SD = 820 ms, ran-
ge = 402-3,144 ms), and the average RT for targets pre-
sented in the oropharyngeal phase of swallowing was
1,580 ms (SD = 1,434 ms, range = 368-5,033 ms).

Comparison Between Baseline and Dual-task
Swallowing

The durations for each of the two phases of swallowing
were analyzed for differences. With an average increase of
25 ms from baseline to dual-task, there was no significant
difference in anticipatory phase duration (F = 0.023,
df =1, P =0.884). Additionally, with an average

Average Duration (in ms)

1000 <

Anticipatory Phase

Oropharyngeal Phase

7 B L) 10 1 2 3 4 5 ] 7 B 9 10
Trial Number
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Fig. 2 Average duration of sa00
anticipatory and oropharyngeal 5250
phases of swallowing between 5000
baseline and dual-task 4750
4500
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O 3000
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3 —i
Q 2500 ' : E
% 2250 : :
o 2000
=
< 1750
1500
1250
1000
750
500
250

Baseline Swallow (AP)

decrease of 395 ms from baseline to dual-task, there was
no significant difference for oropharyngeal swallow dura-
tion (F = 3.802, df = 1, P = 0.087). Figure 2 depicts the
changes in swallowing phase times between baseline and
dual-task trials.

Non-word Discrimination RT

RTs were analyzed for differences between baseline and
the dual-task within the same phase. There was a signifi-
cant increase of 443 ms in RT from baseline to dual-task
during the anticipatory phase of swallowing (F = 6.898,
df =1, P = 0.028). However, there was no significant
difference in the increase of 659 ms in RT from baseline to
dual-task during the oropharyngeal phase of swallowing
(F=2087, df=1, P=0.187). Figure 3 depicts the
changes in RT between baseline and dual-task trials rela-
tive to phase of swallowing.

Discussion

As in the companion article [1], the goal of this research was
to determine whether the presence of a motor impairment
affects attentional resources involved in swallowing. The
motor act of swallowing combined with the motor RT
interference task used during this study suggests a shared
pool of resources. Further dividing swallowing into the
anticipatory phase and the oropharyngeal phase, we
hypothesized the anticipatory phase to take a greater amount
of attention due to its demand for greater attention,
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Dual-task Swallow (AP)

Baseline Swallow (OP) Dual-task Swallow (OP)

Trial Type

organization, and planning relative to the oropharyngeal
phase of swallowing, which has more of an automatic nature.

The clearest evidence for attention was seen by an increase
in dual-task compared to baseline RT in the secondary task
during the anticipatory phase of swallowing. RTs were slo-
wed during dual-task performance because the motor
demands of swallowing were sufficiently great that additional
cognitive support (i.e., attention) was required to achieve it
competently during this phase. These findings are consistent
with data from the physical therapy literature suggesting that
motor tasks previously thought to be automatic or over-
learned, such as walking, are subject to the influence of
attention [33—40]. Those data indicate that the introduction of
an additional task to walking (i.e., a dual-task) can affect gait,
speed, and posture not only in patients with PD and Alzhei-
mer’s disease, but also in healthy individuals—young and
elderly. A similar change from baseline to dual-task in RT
was not observed during the oropharyngeal phase of swal-
lowing. Finally, both phase durations were largely invariant
when comparing baseline and dual-task conditions.

Our results are consistent with the capacity-sharing
model of attention in order to understand the role of
attention in swallowing. This model views attention as
limited, sharable across tasks, and differentially able to be
allocated [17-20, 22]. The capacity model is one that has
been used to explain RT effects in dual-task paradigms
[17]. In greater detail, capacity-sharing theory suggests that
simultaneous tasks share a limited pool of available
attentional resources. If one task requires a great amount of
those resources, limited resources will be available for
processing in a second task. One result would be
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p=.028

Fig. 3 Average reaction times 5300
during baseline trials and dual- 5250 -
task target trials during the 5000 1
anticipatory and oropharyngeal 4750 -
phases of swallowing 4500 4
4250 o
4000 <
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§ 2750 4
=
= 2500 4 1/’_
2
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[+
8 2000 +
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1250 4 v
1000 4 i
"
750 - A
500 4
250
o

Baseline AT

degradation in the quality of performance of the second
task. As it applies to this investigation, a second result
might be a delay in response to the secondary task because
resource allocation is thought to affect not only perfor-
mance quality but also response speed [41-43]. In our
participants with PD, swallowing required a great amount
of resources, thus limited resources were available for the
participant’s time to respond to the nonword stimulus via
foot pedal depression, suggesting that our participants with
PD had subtle motoric difficulties, requiring that they
allocate considerable attention to the anticipatory phase of
swallowing. When an additional task was added (i.e., the
dual-task RT), resources were insufficient to maintain
normal response times to the secondary task, in this case
response time to the auditory target.

The first explanation assumes a sufficient number of
total resources. As an alternate explanation within the
capacity-sharing model, participants may have had a lim-
ited amount of total resources available. During completion
of the dual-task condition, the resources required over-
loaded the participants, even if motoric swallowing diffi-
culties were not present. Therefore, they allocated available
resources to the primary task—swallowing and secondary
task performance (RT) suffered as a result. A third expla-
nation is that both motoric and resource limitations con-
tributed to the present pattern of results.

All of these possibilities are interesting to entertain, but
this study was not constructed to differentiate among them.
Differentiation of these scenarios should be pursued with
studies designed to evaluate bidirectional trading effects

Dual-task RT (AP Swallow)

Trial Type

Dual-task RT (OP Swallow)

because they provide the most meaningful evidence that
resources are both shared between the concurrent tasks and
that task demands are sufficient to demonstrate the con-
current costs. Such evidence also argues against the pos-
sibility of a third variable that is shared between the two
tasks, from which other computations are derived, such as
an impairment of short-term memory. The present data
suggest that motoric difficulties with swallowing contrib-
uted to the results because evidence of motor difficulties in
the extremities (i.e., rigidity, tremor, fine motor coordina-
tion evaluated using the UPDRS) was seen in the partici-
pants studied. Although resource limitations also may have
been present, general cognitive capabilities were normal in
these participants with PD, and no evidence was seen that
might point to general resource limitations.

A second experimental question investigated whether
there is a disparity in the demand for attention between
different phases of swallowing (i.e., anticipatory versus
oropharyngeal). Compared to the anticipatory phase, the
commonly considered “reflexive” oropharyngeal phase
was not predicted to require as much cognitive involve-
ment, and, therefore, fewer attentional resources would be
necessary. This study supports this prediction in that there
was a significant difference in dual-task RTs when com-
pared to baseline RTs in the anticipatory phase of swal-
lowing but not in the oropharyngeal phase. Although there
was a considerable time delay in dual-task RT compared to
baseline RT during the oropharyngeal phase, there was also
large variability in the data that resulted in statistically
nonsignificant findings.
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The statistical equivalence of baseline to dual-task
swallowing durations in the oropharyngeal phase was
unanticipated. The literature is clear that hallmark char-
acteristics of PD include stiffness, slowness, speech dis-
turbance, and dysphagia, even in the early stages [16, 23,
44-46], especially in cognitively demanding tasks [47, 48].
None of the participants were known to have dysphagia.
They did, however, present with general motor deficits
based on results of the UPDRS. Given this fact, it can be
concluded that the oropharyngeal phase of swallowing was
unaffected by the dual-tasks used. Considering that sec-
ondary-task RTs increased significantly in the anticipatory
phase, it appears that priority was given to the process of
swallowing and resources were available and utilized from
the less important or perhaps irrelevant secondary task.
Further support for the interference-resistant nature of
swallowing was found in the previous study presented in
the companion article [1]. One way to assess this in future
studies would be to alter the instructions of the task so as to
place different proportions of effort on each of the two
tasks (i.e., swallowing and nonword discrimination) or by
experimentally manipulating the difficulty of the two tasks.
For now, we may draw the conclusion that swallowing is
prioritized over those exogenous influences on attention
offered by the task in this study.

Limitations

Data from the present investigation suggest that the
“reflexive,” “vegetative,” and/or “automatic” (i.e., over-
learned) nature of swallowing does appear to require cog-
nitive (i.e., attentional) resources in individuals who have
compromised motor systems, despite normal cognitive
function. Conclusions about swallow’s apparent homeo-
stasis, however, may be premature. The present task
demanded enough attention to show a trade-off in resour-
ces between baseline RTs and those during the dual task in
the anticipatory phase while the oropharyngeal phase
remained statistically unchanged. Replication of this study
with a larger sample size comparing nonimpaired controls
with patients with PD will be necessary. Likewise, this task
will need to be replicated in groups of individuals with
motor impairments, given the supposition that shared
groups of mental resources influence behaviors [17-20,
22]. This should include patients with neuromuscular
impairments in the absence of cognitive dysfunction (e.g.,
muscular dystrophy, Guillain—-Barré syndrome, multiple
sclerosis). The high variability in the data may be attributed
to combining participants with stage 1, stage 2, and stage 3
PD in one group and not accounting for delayed initiation
of the pharyngeal swallow via instrumental examination. It
is suggested that further study may consider a more
homogeneous sample based on disease staging. Finally,
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combining the oral preparatory, oral propulsive and pha-
ryngeal phases of swallowing appears to be an artificial
grouping. This grouping was necessary because of the
limitation of reliably identifying these phases separately
while swallowing liquid boluses and using SEMG. Even in
combination with SEMG, use of fiber-optic endoscopy will
not allow for viewing the oral cavity at the same time as the
pharyngeal swallow, adding nothing more to the experi-
mental approach. Moreover, the number of trials completed
in the three experimental conditions makes videofluoros-
copy unfeasible. Exploration of other instrumentation and
experimental controls will be necessary to parse the oral
preparatory, oral propulsive and pharyngeal phases with
greater detail.

Summary

The present findings suggest that attention is involved in
the anticipatory phase of swallowing, at least in patients
with PD. Despite large demands on attention, swallowing
appears to be resilient. There may be a time or an everyday
task, however, when there will be shift in attention great
enough to impact swallowing physiology. Clinicians
should be alerted that caution with swallowing safety
should continue in patients with cognitive impairments.
Likewise, patients with motor impairments, in the absence
of measurable cognitive decline, should not be overlooked.
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