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Abstract
The aim of this study was to examine relationships between the presence vs. absence of an aspiration-related airway protec-
tive response (i.e., coughing or throat clearing) with aspiration amount, trial volume, disease diagnosis, and disease duration 
in people with neurologic disease. A secondary analysis was completed of flexible endoscopic evaluations of swallowing 
(FEES) in people with neurologic disease. Thin liquid boluses with endoscopically confirmed aspiration were included. 
Aspiration amount was measured for each trial using the visual analysis of swallowing efficiency and safety (VASES). Statis-
tical analyses were used to (1) compare aspiration amount between swallows with vs. without an airway protective response 
and (2) examine if trial volume, disease duration, and disease diagnosis were related to the presence of airway protective 
responses when controlling for aspiration amount. 422 aspirated swallows across 86 FEES were analyzed. Of the 59 people 
who aspirated more than once, 66.1% exhibited variability in the presence vs. absence of an airway protective response. 
Statistical analyses revealed airway protective responses were significantly related to aspiration amount (p < 0.001; Marginal 
R2 = 0.46) and disease duration (p = 0.036, L.R. = 4.35) but not trial volume (p = 0.428) or disease diagnosis (p = 0.103). 
The participants in this study were less likely to cough or throat clear when having smaller amounts of aspiration or longer 
disease durations. Future research is needed to examine if aspiration amount is related to airway protective responses in 
healthy adults and across other patient populations.
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Introduction

Pneumonia is a highly prevalent medical morbidity [1–4] 
that is significantly associated with aspiration of foods, liq-
uids, and secretions during swallowing [5–12] and is a lead-
ing cause of death in many neurologic diseases [3, 4, 13–16]. 
When aspiration does occur, airway protective behaviors 
such as coughs and throat clears are often elicited to clear 
aspirate material out of the lower airway [17] in order to 
maintain a healthy and homeostatic pulmonary environment 

[18]. Ineffective or absent airway protective behaviors are 
significantly associated with the development of pneumonia 
and pneumonia-related mortalities in people with neurologic 
disease [8, 19–24]—highlighting the importance of having 
robust sensorimotor responses following aspiration events.

Silent aspiration occurs when foods, liquids, or secre-
tions enter the subglottis and do not elicit an airway protec-
tive response. Silent aspiration is common in people with 
neurologic disease and accounts for more than half of all 
aspiration events [25–29]. Recent work by Miles and col-
leagues found that silent aspiration accounted for 60% of 
all aspirated swallows within a heterogenous sampling of 
hospitalized dysphagic adults, and that the presence of an 
airway protective response in this patient population varied 
from trial to trial within individuals [25]. This finding sug-
gests that swallowing-specific factors (e.g., bolus consist-
ency, bolus temperature, chemical composition, speed of 
bolus transit, etc.) may influence the presence or absence 
of a cough response across trials and within individuals. 
In this same study, Miles found that the presence of silent 
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vs. non-silent aspiration was significantly affected by bolus 
viscosity, such that aspiration of thick liquids was less likely 
to elicit a cough compared to thin liquids.

Aspiration is thought to be relatively rare in healthy adults 
[30–37]. When aspiration does occur it tends to be of a trace 
amount, and typically does not elicit an airway protective 
response [30, 31, 34, 38–41]. Conventional thinking would 
suggest that aspiration of any amount should elicit an airway 
protective response. This is because the subglottis is inner-
vated by the recurrent laryngeal nerve, which when stimu-
lated produces an airway protective response such as a cough 
or throat clear [42]. However, musculoskeletal structures 
containing sensory receptors on their mucosal surfaces are 
known to become more sensitive as the size of the stimulated 
surface area increases. This relationship between size of sur-
face area stimulated and sensory sensitivity is known as the 
theory of spatial summation [43]. Translating this theory to 
swallowing, it would stand to reason that larger amounts of 
aspiration would be more likely to elicit an airway protective 
response when compared to smaller amounts of aspiration. 
Conversely, smaller amounts of aspiration would be less 
likely to elicit an airway protective response compared to 
larger amounts of aspiration. While this has not been empiri-
cally tested in swallowing research, findings in the reflex 
cough testing literature have demonstrated that increasing 
intensity of cough stimuli results in a higher likelihood of a 
cough response being present, as well as a greater number of 
coughs and a greater urge-to-cough, in both healthy adults 
[44–48] and disordered populations [45, 49, 50].

Other factors that may influence the presence of an airway 
protective response include trial volume, disease diagnosis, 
and disease duration. Leder and colleagues found that silent 
aspiration risk increased with larger trial volumes (i.e., the 
amount of liquid given to an individual to sip and swallow) 
when comparing 5 and 90 mL liquid bolus trials [51]. In 
contrast, Miles and colleagues found that silent aspiration 
risk was not influenced by trial volume in a study comparing 
5 and 50 mL liquid bolus trials [25]. Therefore, it remains 
unclear if and what trial volumes influence airway protec-
tive responsiveness. Additionally, it should be noted the trial 
volume does not necessarily equate to sip size (the amount 
of liquid dispensed from a cup into the oral cavity during 
a drinking task), bolus volume (the amount of bolus pro-
pelled from the oral cavity into the pharynx during a single 
swallow), or aspiration amount (the amount of bolus pass-
ing below the level of the vocal folds and into the subglottic 
space, trachea, and lungs). Therefore, if a relationship does 
exist between trial volume and airway protective respon-
siveness, then it is important to discern if this is due to trial 
volume or is explained by other factors such as aspiration 
amount.

Disease factors such as disease diagnosis and dis-
ease duration could also influence the presence of airway 

protective behaviors in response to cough-inducing stimuli 
such as aspiration. For example, recent research has dem-
onstrated that people with progressive supranuclear palsy 
exhibit increased perception of cough stimuli than people 
with Parkinson’s disease during reflex cough testing [52]. 
Therefore, understanding how factors such as disease 
diagnosis and disease duration influence the presence of 
aspiration-related coughs and throat clears is critical for 
identifying mechanisms of silent aspiration in people with 
dysphagia. This in turn is important for ultimately develop-
ing targeted cough and swallowing screeners, evaluations, 
and treatments.

The primary aim of this study was to assess the relation-
ship between aspiration amount with the presence of air-
way protective responses, specifically coughing and throat 
clearing, in people with progressive neurologic disease. It 
is important to understand if a relationship exists between 
aspiration amount and airway protective responses in people 
with progressive neurologic disease given the high preva-
lence of silent aspiration in this patient population [25–29] 
and its impact on long-term health outcomes [9, 10, 53]. 
We hypothesized that the presence of an airway protective 
response would be associated with greater amounts of aspi-
ration. If this hypothesis holds true, then this would provide 
clinical evidence for the need to routinely report aspira-
tion amount when observing the presence of aspiration on 
endoscopic and fluoroscopic swallowing assessments. As 
a secondary aim, we sought to explore the relationship 
between trial volume, disease diagnosis, and disease dura-
tion with the presence of aspiration-related airway protec-
tive responses. We hypothesized that, after controlling for 
aspiration amount, trial volume would not be related to the 
presence of an airway protective response. We also hypoth-
esized that disease diagnosis and disease duration would be 
related to the presence of an airway protective response, but 
the directionality of this relationship was unknown given the 
paucity of current research.

Methods

A secondary analysis was completed of data originally col-
lected for prospective research purposes. The university’s 
institutional review board approved study procedures and 
informed consent was obtained for all the participant records 
included in this secondary analysis. Records were of outpa-
tient adults with neurologic disease undergoing a flexible 
endoscopic evaluation of swallowing (FEES) for suspected 
dysphagia. FEES was used to address the current research 
question given that current literature suggests FEES is 
more sensitive at visualizing aspiration when compared to 
videofluoroscopy [54]. Only swallowing trials demonstrat-
ing aspiration on thin liquids were included in the present 
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study. Furthermore, records were included if participants 
had a neurologic medical diagnosis from a licensed neu-
rologist. Records available for this analysis included people 
with a diagnosis of Parkinson’s disease (PD), progressive 
supranuclear palsy (PSP), multiple systems atrophy, and 
SCA, though other neurodegenerative diagnoses (e.g., amyo-
trophic lateral sclerosis, stroke) would have been included if 
available. Records were excluded if participants had multiple 
co-existing neurologic diseases; a history of head and neck 
cancer; chronic obstructive pulmonary disease; lung cancer; 
or surgeries of the head, neck, thorax, or spine.

Procedures

FEES was completed with participants seated comfort-
ably in an upright position. FEES equipment consisted of 
a 3.0 mm diameter flexible distal chip laryngoscope (ENT-
5000; Cogentix Medical, New York, USA) and video system 
with integrated LED light source LCD display (Cogentix 
Medical, DPU-7000A). The flexible laryngoscope was 
passed transnasally without the use of topical anesthetic or 
vasoconstrictor. Swallowing trials began 1–2 min following 
scope insertion to allow for acclimation to the endoscopic 
procedure. Swallowing tasks varied across participants 
depending on the study-specific FEES protocol for which 
the participant was being examined. Thin liquids were the 
only consistency included in the present analysis since pre-
vious research has demonstrated that bolus consistency can 
influence cough response [25]. Trial volumes included 5 mL, 
10 mL, 15 mL, patient preferred volume (PPV), and 90 mL. 
Only boluses with endoscopically observed aspiration were 
included. Trials requiring compensatory strategies (e.g., chin 
tuck, breath hold, supraglottic swallow) were excluded.

Data Analysis and Outcomes

The amount of aspiration seen during FEES was rated 
using the visual analysis of swallowing efficiency and 
safety (VASES) [55, 56]. VASES is a standardized, reli-
able, and valid method for estimating the presence and 
amount of pharyngeal residue, penetration, and aspiration 
during FEES. VASES ratings of aspiration involve using a 
100-point scale to estimate the amount of subglottic surface 
area covered with aspirate residue, expressed as a percentage 
(%) of the subglottic shelf surface area. Aspiration amount 
was rated according to the VASES methodology. Specifi-
cally, aspiration amount was judged prior to coughs or throat 
clears (if visualized) or during VASES’ ‘after the swallow’ 
temporal boundary. Aspiration had to be directly visualized 
(i.e., no inferences) below the glottis. Penetration-aspiration 
scale (PAS) [57] scores were used to characterize the pres-
ence/absence of airway protective response (coughs and/or 
throat clears), with PAS 6 and PAS 7 indicating the presence 

of an airway protective behavior in response to aspiration, 
and with a PAS 8 indicating the absence of an airway protec-
tive behavior in response to aspiration. Swallows with PAS 
scores 1–5 were not included in the present analysis.

Video clips were de-identified and blindly analyzed by 
a pair of raters trained in VASES. All videos were viewed 
in real time with audio, with additional slow-motion frame-
by-frame analysis as needed. Rating discrepancies were 
resolved by a third expert rater. Discrepant ratings for aspi-
ration amount were defined as paired ratings that differed 
by > 10%, or when one rating indicated the absence of sub-
glottic residue (0/100), while the other rating indicated the 
presence of subglottic residue (> 0/100). Discrepant ratings 
were defined as PAS score that did not match.

Statistical Analysis

A binomial multilevel model was used to assess the rela-
tionship of aspiration amount on the presence/absence of 
an airway protective response. Airway protective response 
was treated as the outcome variable, with silent aspiration 
(PAS 8) treated as the referent group. Aspiration amount was 
treated as a fixed effect and participant as a random effect. 
Marginal R2 was used as a measure of effect size for aspira-
tion amount [58].

A second binomial multilevel effects model was used 
to assess the relationship of trial volume on the presence/
absence of an airway protective response after control-
ling for aspiration amount. Only 5 mL, 10 mL, 15 mL, and 
90 mL volumes were included in this sub-analysis. Trial 
volume and aspiration amount were treated as fixed effects 
and participant was a random effect. Likelihood ratio tests 
compared this full model to a model containing aspiration 
amount as the only fixed effect to determine if trial volume 
significantly predicted the presence of an airway protective 
response above and beyond aspiration amount. Likelihood 
ratios were used as a measure of effect size from the model 
comparison.

Lastly, binomial multilevel models were used to assess 
the relationship of disease diagnosis and disease duration on 
the presence of an airway protective response, after control-
ling for aspiration amount. This sub-analysis was originally 
limited to records containing information on disease dura-
tion from symptom onset and records for participants with 
a singular diagnosis of either PD, PSP, multiple systems 
atrophy, or SCA. However, because statistical models would 
not converge when including people with multiple systems 
atrophy due to a limited sample size (n = 4), people with 
multiple systems atrophy were ultimately excluded in this 
sub-analysis. Disease diagnosis, disease duration, and aspi-
ration amount were treated as fixed effects with participant 
as a random effect. Three model comparisons were made. 
First, a full model containing disease duration and aspiration 
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amount fixed effects was compared to a model containing 
only aspiration amount. Second, a full model containing 
disease diagnosis and aspiration amount fixed effects was 
compared to a model containing only aspiration amount. 
And lastly, a full model containing disease duration, disease 
diagnosis, and aspiration amount fixed effects was compared 
to a model containing only aspiration amount. Likelihood 
ratios were used as a measure of effect size from each model 
comparison.

All analyses were performed in R version 3.6.3 [59]. 
All multilevel models were run using the lme4 package. A 
familywise alpha was set at p < 0.05. A Holm-Bonferroni 
adjustment was used to correct for three model comparisons. 
Unadjusted p values are reported, with text denoting which 
comparisons reached statistical significance after correcting 
for multiple comparisons. As a soft interpretation guideline, 
likelihood ratio (LR) effect sizes were considered “small” if 
|2|≤ LR <|5|, “moderate” if |5|≤ LR <|10|, and “large” if ≥|10| 
[60]. Predicted probabilities were calculated for each signifi-
cant statistical model using the ggmeans function. Predicted 
probabilities were used to estimate the probability of having 
an airway protective response as a function of each predictor 
variable. Predicted probabilities for trial volume were com-
pleted by adjusting for mean aspiration amount. Predicted 
probabilities for disease diagnosis were calculated by adjust-
ing for mean aspiration amount and mean disease duration. 
Predicted probabilities for disease duration were calculated 
by adjusting for mean aspiration amount and the weighted 
average for each disease diagnosis.

Results

Demographics

A total of 422 swallowing trials with aspiration from 86 
participants were included in the analysis (Tables 1, 2). One 
hundred fifty-one swallows exhibited an airway protective 
response and 271 swallows exhibited no airway protective 
response. Of the 86 participants who aspirated, 59 (68.6%) 
aspirated more than once. Of the 59 participants who aspi-
rated more than once, four (6.7%) exhibited an airway pro-
tective response for all aspiration events, 16 (27.1%) never 

exhibited an airway protective response, and 39 (66.1%) 
exhibited airway protective responses on some but not all 
aspiration events.

Aspiration Amount

Aspirated swallows with no airway protective response 
exhibited a median aspiration amount of 9% (interquartile 
range: 6–16), indicating that 9% of the subglottic shelf was 
covered with subglottic (aspirate) residue. Aspirated swal-
lows with an airway protective response had a median aspi-
ration amount of 22% (interquartile range: 12–45) (Fig. 1). 
This difference in aspiration amount represented a large, sig-
nificant relationship between aspiration amount and the pres-
ence of an airway protective response (p < 0.001, marginal 
R2 = 0.467; L.R. = 116.7), such that swallows with a greater 
amount of aspiration were more likely to have an airway 
protective response compared to swallows with a smaller 
amount of aspiration (Table 3). There was a 19% probability 
(95% CI 0.13–0.27) that an aspiration amount of 10% would 
elicit an airway protective response, a 70% probability (95% 
CI 0.56–0.80) that an aspiration amount of 30% would elicit 
an airway protective response, an 88% probability (95% CI 
0.75–0.94) that an aspiration amount of 40% would elicit 

Table 1  Descriptive statistics 
of VASES rating of aspiration 
amount

min minimum, SD standard deviation, max maximum

VASES rating of aspiration amount (%)

Min 25th percen-
tile

50th percen-
tile

Mean (SD) 75th percen-
tile

Max

All swallows (n = 422) 1 7 13 18.7 (17.9) 23 92
Response (n = 151) 4 12 22 29.8 (22.1) 45 92
No response (n = 271) 1 6 9 12.5 (11.2) 16 45

Table 2  Descriptive Statistics of Participant Demographics

PD Parkinson’s disease, PSP Progressive Supranuclear Palsy, MSA 
Multiple Systems Atrophy, Ataxia Cerebellar Ataxia, SD standard 
deviation

Sex (count) Age (years) Disease duration 
(months)

PD (n = 59) Males = 45
Females = 14

Mean = 70.0
SD = 8.9
Range = 48–88

Mean = 112.2
SD = 81.6
Range = 6–368

PSP (n = 13) Males = 10
Females = 3

Mean = 70.2
SD = 6.5
Range = 53–81

Mean = 58.3
SD = 45.1
Range = 12–138

MSA (n = 4) Males = 3
Females = 1

Mean = 58.5
SD = 2.9
Range = 56–65

Mean = 67.5
SD = 20.6
Range = 37–82

Ataxia (n = 10) Males = 6
Females = 4

Mean = 53.6
SD = 11.0
Range = 36–67

Mean = 186.6
SD = 130.4
Range = 92–468
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an airway protective response, a 96% probability (95% CI 
0.88–0.99) that an aspiration amount of 50% would elicit an 
airway protective response, and a 99% probability (95% CI 
0.94–1.00) that an aspiration amount of 60% would elicit an 
airway protective response (Fig. 2).

Trial Volume

Eighty-five 5 mL trials, fifty-seven 10-mL trials, thirty-two 
15 mL trials, and eighty-three 90 mL trials were analyzed. 
Median aspiration amount for 5  mL trial volumes was 
13% (range: 4%–92%), for 10 mL trial volumes was 10% 
(range: 2%–88%), for 15 mL trial volumes was 15% (range: 
2%–83%), and for 90 mL trial volumes was 11% (range: 
1%–65%). Trial volume was not significantly related to the 
presence of an airway protective response after controlling 
for aspiration amount, p = 0.428, L.R. = 2.770 (Table 4).

Neurologic Disease Diagnosis and Duration

There was a small, significant relationship between dis-
ease duration and the presence of an airway protective 
response after controlling for aspiration amount, p = 0.036, 
L.R. = 4.351. For every month of having a neurologic diag-
nosis (i.e., having longer disease durations), people were 
1% less likely to have airway protective response (p = 0.040; 
O.R. = 0.99; Table 5). When adjusting for this sub-analysis’ 
mean aspiration amount of 18.9%, there was a 48% probabil-
ity (95% CI 0.32–0.65) that a person with a disease duration 
of 60 months would exhibit an airway protective response, 
a 42% probability (95% CI 0.29–0.57) that a person with a 
disease duration of 120 months would exhibit an airway pro-
tective response, and a 30% probability (95% CI 0.29–0.57) 
that a person with a disease duration of 240 months would 
exhibit an airway protective response (Fig. 3).

Fig. 1  Differences in aspiration 
amount, expressed as a percent-
age of the subglottis shelf 
surface area, between swallows 
with (bottom; PAS 6 and 7) and 
without (top; PAS 8) an airway 
protective response

Table 3  Effects of Aspiration Amount on Airway Protective 
Response

Unadjusted p values are presented in the table above, with “*” denot-
ing a significant p value after correcting for multiple comparisons; σ2 
is the within-person residual variance; τ00 participant is the between-per-
son variance in intercepts; intraclass correlation coefficient (ICC) is 
the proportion of variance explained by between-person differences; 
marginal R2 is the variance explained only by the fixed effects (i.e., 
aspiration amount); conditional R2 is the variance explained by both 
the fixed and random effects

Predictors Odds ratios 95% CI p

Airway protective response
(intercept) 0.08 0.04–0.15  < 0.001
Aspiration amount (%) 1.12 1.09–1.16  < 0.001*
Random effects
 σ2 3.29
 τ00 participant 1.21
 ICC 0.27
 Nparticipant 84
 Observations 364

Effect size
 Marginal R2 0.467
 Conditional R2 0.610
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Disease diagnosis was not significantly related to the 
presence of an airway protective response, p = 0.103, 
L.R. = 4.535 (Table 6). Furthermore, the combination of 
disease duration and disease diagnosis was not significantly 
related to the presence of an airway protective response after 
controlling for aspiration amount, p = 0.081, L.R. = 6.782 
(Table 7).

Discussion

This study examined how aspiration amount, trial volume, 
disease duration, and disease diagnosis were related to the 
presence of an aspirated-related airway protective response 
in people with neurologic disease. Results from this study 
found that the presence of an aspiration-related airway pro-
tective response (cough or throat clear) was significantly 
related to aspiration amount and disease duration, but not 
trial volume or disease diagnosis. Specifically, the probabil-
ity of the presence of a cough or throat clear increased as 
aspiration amount increased or with shorter duration of their 
neurologic diagnosis. The presence of a cough or throat clear 
in response to aspiration was found to be variable within 
the majority of people who aspirated on more than one 
swallow—a finding consistent with previous work by Miles 
and colleagues in hospitalized patients with dysphagia [25].

The large, significant relationship between aspiration 
amount and the presence of an airway protective response 
following aspiration is a clinically important finding for 
both evaluation and treatment purposes. From an evalua-
tion standpoint, knowing that aspiration amount is signif-
icantly related to the presence of a cough or throat clear 

provides valuable insight regarding when silent versus non-
silent aspiration may be expected. For example, the present 
data suggest that a cough response would not be typically 
expected in a person with PD, SCA, or PSP if aspiration of 
a thin liquid trial covered less than 10% of the subglottic 
shelf. This is because an aspiration amount of 9% or less has 
less than a 19% probability of triggering a cough response. 
However, a cough response would be typically expected in 
these patient populations if 40% or more of the subglottic 
shelf was covered with aspirate residue. This is because an 
aspiration amount of 40% has at least an 88% probability 
of triggering an airway protective response. Understanding 
that the presence of a cough or throat clear is highly depend-
ent on aspiration amount in people with neurologic disease 
may assist clinicians in determining if sensory dysfunction 
is impaired and contributing to compromised airway pro-
tection. However, future research is needed to more com-
prehensively determine how aspiration amount and airway 
protective responses relate to each other in healthy adults, 
in other populations with dysphagia, and across a variety of 
bolus properties.

Understanding that the presence of an airway protective 
response is related in part to aspiration amount is also impor-
tant for accurately tracking therapeutic changes over time. 
In practice, clinicians and researchers often use maximum 
PAS scores to characterize level of swallowing impairment. 
The PAS describes the depth of and reaction to penetration 
and aspiration but does not provide information related to 
the amount of penetration and aspiration. Higher PAS scores 
typically suggest worse airway protective function. However, 
without supplementing the PAS with ratings of aspiration 
amount, clinicians and researchers could be misguided in 

Fig. 2  Predicted probability 
slope of airway protective 
response as a function of aspira-
tion amount
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their diagnostic impressions when tracking changes over 
time. For example, if a patient’s maximum PAS score 
increased from a seven (aspiration with an ineffective cough 
response) to an eight (silent aspiration) over the course of 
therapy, then a patient’s airway protective function may 
appear to have worsened. However, this change in PAS may 
represent an improvement in swallow function due in part to 
decreases in aspiration amount. For example, the aspiration 
amount may have decreased from 40% pre-therapy (which 
has a high likelihood of eliciting a cough response/PAS 7) 
to 5% post-therapy (which has a low likelihood of eliciting a 
cough response/PAS 8). This post-therapy reduction in aspi-
ration amount would be a significant marker for improved 
swallow function and would likely explain why the patient 
had an absent cough response.

The present study also examined how trial volume, dis-
ease duration, and disease diagnosis were related to airway 

protective response. As hypothesized, no significant relation-
ship was observed between the presence of an airway protec-
tive response and trial volume after adjusting for aspiration 
amount in these participants with neurologic disease. Dis-
ease duration was found to have a small but significant rela-
tionship with the presence of an airway protective response 
after controlling for aspiration amount. Specifically, as dis-
ease duration increased, the likelihood of producing a cough 
or throat clear in response to aspiration decreased. The 
cause for this decline in airway protective responsiveness is 
unknown, but may be related to sensory changes at both the 
peripheral [61, 62] and central [63] nervous system levels.

Contrary to our original hypothesis, disease diagno-
sis was not found to be significantly related to aspiration-
related airway protective responsiveness. Descriptively, the 
median predicted probability of having an airway protective 
response was nearly double that for people with progressive 

Table 4  Effects of trial volume and aspiration amount on airway protective responses

5 mL trial volume reference group in the full model; unadjusted p values are presented in the table above, with “*” denoting a significant p 
value after correcting for multiple comparisons; σ2 is the within-person residual variance; τ00 participant is the between-person variance in inter-
cepts; intraclass correlation coefficient (ICC) is the proportion of variance explained by between-person differences; marginal R2 is the variance 
explained only by the fixed effects (i.e., aspiration amount); conditional R2 is the variance explained by both the fixed and random effects

Airway protective response

Comparison between full model and aspiration-amount only model

Significance test p value 0.428
Likelihood ratio 2.770

Predictors Odds ratios 95% CI p

Full model (intercept; 5 mL) 0.17 0.07–0.45  < 0.001
Aspiration amount (%) 1.11 1.11–1.16  < 0.001*
 10 mL 0.52 0.18–1.47 0.217
 15 mL 0.48 0.15–1.51 0.212
 90 mL 0.52 0.20–1.36 0.183

Random effects
 σ2 3.29
 τ00 participant 0.78
 ICC 0.19
 Nparticipant 74
 Observations 231

Effect size
 Marginal R2 0.469
 Conditional R2 0.571

Predictors Odds ratios 95% CI p

Pairwise comparisons
 5 mL–10 mL 1.91 1.13–3.25 0.217
 5 mL–15 mL 2.06 1.15–3.69 0.212
 5 mL–90 mL 1.93 1.17–3.17 0.182
 10 mL–15 mL 1.07 0.55–2.06 0.911
 10 mL–90 mL 1.00 0.61–1.66 0.988
 15 mL–90 mL 0.93 0.51–1.70 0.912
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supranuclear palsy compared to people with Parkinson’s 
disease. While it is possible that the lack of a statistically 
significant finding related to disease diagnosis may be a 
true negative finding, this finding may also be due to a lack 
of statistical power in the presence of heightened hetero-
geneity, as well as small sample sizes for participants with 

spinocerebellar ataxia and progressive supranuclear palsy. 
Therefore, a sensitivity power analysis was performed to 
estimate the smallest effect size detectable with 80% power 
an alpha of 0.05, and the data from this study. This revealed 
the present study was powered to detect a minimum effect 
size of ≥ 5.98 between the SCA and PD groups, ≥ 10.27 

Table 5  Effects of disease duration and aspiration amount on airway protective response

Unadjusted p values are presented in the table above, with “*” denoting a significant p value after correcting for multiple comparisons; σ2 is the 
within-person residual variance; τ00 participant is the between-person variance in intercepts; intraclass correlation coefficient (ICC) is the proportion 
of variance explained by between-person differences; marginal R2 is the variance explained only by the fixed effects (i.e., aspiration amount); 
conditional R2 is the variance explained by both the fixed and random effects

Airway protective response
Model comparison between full model and aspiration-amount only model

Significance test p value 0.036*
Likelihood ratio 4.351

Predictors (full model) Odds ratios 95% CI p

Full model
(intercept) 0.16 0.07–0.40  < 0.001
Aspiration amount (%) 1.12 1.08–1.16  < 0.001*
Disease duration (months) 0.99 0.99–1.00 0.040*
Random effects
 σ2 3.29
 τ00 participant 0.85
 ICC 0.21
 Nparticipant 73
 Observations 323

Effect size
 Marginal R2 0.516
 Conditional R2 0.615

Fig. 3  Predicted probability of airway protective response across disease diagnoses adjusting for a mean disease duration of 10.5 years and a 
mean aspiration amount of 18.9%



J. A. Curtis et al.: The Role of Aspiration Amount on Airway Protective Responses

1 3

between the SCA and PSP groups, and ≥ 5.52 between 
the PD and PSP groups. Therefore, this sensitivity power 
analysis revealed that our data and study design was under-
powered to detect smaller effects of medical diagnosis on 
airway protective response. Therefore, additional research is 
needed with larger sample sizes across diagnoses to deter-
mine whether an effect exists with high certainty.

This study used FEES to estimate aspiration amount, 
which presents unique advantages and limitations. First, 
FEES has been found to be the most sensitive assessment 
technique to evaluate pharyngeal functional swallowing 
outcomes (pharyngeal residue, penetration, and aspiration) 
[54]. This makes it an ideal imaging exam to answer the 
present research question. However, the potential influence 
of transnasal laryngoscopy on the up- or down-regulation 
of airway protective responses is unknown. We attempted 
to mitigate this by not using topical nasal anesthetics or 
vasoconstrictors. Despite this, it is possible the present find-
ings may not generalize to swallowing conditions without 
a flexible endoscope in place. Furthermore, the axial view-
ing plane of FEES is such that some amount of aspiration 

along the posterior edge of the subglottis or deep within 
the trachea may have been missed. Additionally, because 
endoscopic whiteout typically obliterates visualization of a 
portion of the pharyngeal phase of swallowing, some aspi-
ration events may have been missed ‘during’ the swallow. 
Therefore, future research may consider exploring how aspi-
ration amount is related to airway protective response using 
other imaging techniques such as videofluoroscopy whereby 
the posterior and inferior tracheal margins, and the entire 
pharyngeal phase of swallowing, are visualized. However, 
prior to completing such research, it would be important 
to first examine how bolus area as measured during vide-
ofluoroscopy relates to stimulated subglottic surface area. 
It would also be important to examine the effect of liquid 
type (water vs. barium/radiopaque liquids) on airway pro-
tective response, given that the chemosensory properties of 
liquids may differentially elicit airway protective responses. 
For example, capsaicin, citric acid, and fog activate dif-
ferent sensory receptors during reflex cough testing [64], 
and differences in the frequency of silent aspiration have 
been observed when swallowing water vs. milk (without 

Table 6  Effects of disease diagnosis, and aspiration amount on airway protective response

Cerebellar ataxia is the referent group for disease diagnosis in the full model; unadjusted p values are presented in the table above, with “*” 
denoting a significant p value after correcting for multiple comparisons; σ2 is the within-person residual variance; τ00 participant is the between-
person variance in intercepts; intraclass correlation coefficient (ICC) is the proportion of variance explained by between-person differences; 
marginal R2 is the variance explained only by the fixed effects (i.e., aspiration amount); conditional R2 is the variance explained by both the fixed 
and random effects

Airway protective response
Model comparison between full model and aspiration-amount only model

Significance test p value 0.103
Likelihood ratio 4.535

Predictors (full model) Odds ratios 95% CI p

Full model (intercept; ataxia) 0.04 0.01–0.16  < 0.001
Aspiration amount (%) 1.12 1.08–1.15  < 0.001*
Parkinson’s disease (PD) 2.14 0.54–8.59 0.281
Progressive supranuclear palsy (PSP) 6.55 1.15–37.44 0.035
Random effects
 σ2 3.29
 τ00 participant 0.71
 ICC 0.18
 Nparticipant 73
 Observations 323

Effect size
 Marginal R2 0.510
 Conditional R2 0.597

Predictors Odds ratios 95% CI p

Pairwise comparisons
 Ataxia–PD 2.14 0.54–8.59 0.281
 Ataxia–PSP 6.55 1.15–37.44 0.035
 PD–PSP 3.05 1.63–5.72 0.074
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controlling for aspiration amount) [34]. The present study 
also only examined the effects of aspiration amount on 
aspiration-related coughs and throat clears using thin liquid 
boluses. Therefore, future research should expand on the 
present findings by determining if similar relationships exist 
with boluses of other consistencies (e.g., purees and solid 
boluses), chemical compositions, and temperatures. Future 
research may also examine how speed of bolus transit and 
central sensory processing influence the presence or absence 
of a cough or throat clear.

Conclusions

Silent aspiration and the presence of an airway protective 
response were found to be highly dependent on the amount 
of liquid aspirated in participants with neurologic disease. 
Silent aspiration also appears to be influenced, albeit to a 

lesser extent, by the duration that a person has been liv-
ing with a neurologic disease. Therefore, clinicians and 
researchers should consider including measures of aspi-
ration amount and disease duration when documenting 
the presence of aspiration and when using other validated 
scales such as the PAS. Future research is needed to exam-
ine how the present findings generalize to healthy adults 
and other patient populations.
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Airway protective response
Model comparison between full model and aspiration-amount only model

Significance test p value 0.081
Likelihood ratio 6.782

Predictors Odds ratios 95% CI p

Full model (intercept; ataxia) 0.08 0.01–0.46 0.005
Aspiration amount (%) 1.12 1.08–1.15 < 0.001*
Symptom duration (months) 1 0.99–1.00 0.145
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 τ00 participant 0.65
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Effect size
 Marginal R2 0.520
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