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This study demonstrates that prandial aspiration occurs in approximately 20% of patients
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ABSTRACT

Rationale: Swallow may be compromised in chronic obstructive pulmonary disease (COPD)
leading to aspiration and adverse respiratory consequences. However, prevalence and

consequences of detectable aspiration in stable COPD are not known.

Objectives: We tested the hypothesis that a significant number of patients with stable COPD
will have detectable aspiration during swallow (prandial aspiration) and that they would
experience more frequent severe acute exacerbations of COPD (AECOPD) over the

subsequent 12 months.

Methods: Patients (n=151) with verified and stable COPD of all severities were recruited at a
tertiary care hospital. Videofluoroscopy was conducted to evaluate aspiration using
Rosenbek’s scale for penetration-aspiration during 100 mL cup drinking. AECOPD was
documented as moderate (antibiotics and/or corticosteroid treatment) or severe (Emergency

Department admission or hospitalisation) over the ensuing 12 months.

Measurements and Main Results: Aspiration was observed in 30/151 patients (19.9%, 18
males, 12 females; mean age 72.4 years). Patients with aspiration had more overall AECOPD
events (3.03 versus 2 per patient; p=0.022) and severe AECOPD episodes (0.87 versus 0.39;
p=0.032). Severe AECOPD occurred in more patients with aspiration (50% of patients versus
18.2%; OR=4.5; Cl 1.9-10.5; p=0.001) and with silent aspiration (36.7% versus 18.2%;
OR=2.6; Cl 1.1-6.2; p=0.045). Aspiration was related to a shorter exacerbation-free period

during the 12-month follow-up period (p=0.038).



Conclusions: Prandial aspiration is detectable in a subset of patients with COPD and was
predictive of subsequent severe AECOPD. Studies to examine if the association is causal are

essential to direct strategies aimed at prevention of aspiration and AECOPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) may impair airway protection during
swallow leading to adverse respiratory outcomes. Factors such as altered laryngopharyngeal
musculature and sensitivity, tachypnoea, hyperinflation, hypoxia, gastro-oesophageal reflux,
pharmaceutical agents and cigarette smoking may predispose patients with COPD to
aspiration [1]. However, it is not clear how often aspiration occurs in stable disease and

whether aspiration may predispose to recurrent acute exacerbations of COPD (AECOPD).

Prandial aspiration refers to aspiration that occurs during swallow, as distinct from retrograde
aspiration (associated with reflux), microaspiration (involving small amounts of
oropharyngeal or gastro-oesophageal contents) or silent aspiration (absence of cough despite
material present below the vocal folds) [2]. Aspiration associated with swallow is particularly
important due to its associated increased risk of pneumonia [3, 4], yet investigations into the
condition in patients with COPD are rare or describe swallowing dysfunction of a different
nature [5-10]. Limited data from small studies involving an array of methodologies to detect
prandial aspiration suggest the condition may occur in up to 25% of patients with stable
COPD [5, 6]. Prevalence of aspiration in COPD and the relationship between aspiration and

exacerbations are not known and warrants investigation.

We hypothesised that a significant number of patients with stable COPD will have detectable
prandial aspiration related to more frequent severe AECOPD. State-of-the-art
videofluoroscopy was used to detect prandial aspiration in patients with stable COPD and

AECOPD events were documented over the subsequent 12 months.



METHODS

Study design, patients, baseline and follow-up study measurements

A prospective observational, cohort study was conducted and all patients provided written
informed consent. The study protocol was approved by the Human Research Ethics
Committee of Monash Health, Melbourne, Australia. STROBE reporting guidelines were
used and the study is registered with the Australian New Zealand Clinical Trials Registry

(ACTRN12620000513910).

Studies were conducted at Monash Lung and Sleep at Monash Medical Centre, a tertiary care
hospital in Melbourne, Australia. Community-dwelling patients were identified from a
hospital pulmonary function database (>10 pack-year history of smoking, post-bronchodilator
FEV1/FVC<0.7 and FEV1<80% predicted [11]) and invited to participate. They had to have a
diagnosis of COPD by a general practitioner or respiratory physician, stable lung disease in
the preceding 12 weeks and had to be aged 40-80 years. Exclusions are noted in the online

data supplement.

The Airways Questionnaire 20 (AQ20), a short version of the St George’s Respiratory
Questionnaire (SGRQ)[12], was used to evaluate quality of life. The Eating Assessment
Tool-10 (EAT-10) [13] identifies abnormal swallowing symptoms (score of >3). The Oral

Health Assessment Tool (OHAT) was administered to identify oral health issues [14].

Measurements of spirometry and other outcomes are detailed in the online supplement.



Videofluoroscopy

Dynamic fluoroscopic imaging used the Philips MultiDiagnost Eleva with Flat Detector unit
(Eleva, Philips Healthcare, Amsterdam, Netherlands) to record images at 30 frames per
second. Total radiation dose for each patient was <0.3 millisieverts. Images were archived in
de-identified format. During videofluoroscopy patients were positioned in the seated position.
Images were acquired in lateral and oblique positions. Standardised thin oral liquid barium
contrast solution (100 mL) at room temperature at 22% weight-to-volume barium
concentration [15] was prepared from the X-Opaque-HD barium powder (MCI, Melbourne,
Australia) combined with thin fruit juice. Liquid barium was self-administered by each
patient during videofluoroscopy. It is possible that rapid drinking predisposes to aspiration
and therefore two methods of ingestion (normal drinking at ease and rapid drinking) were
evaluated. Patients were allocated in random fashion to either usual cup drinking, then rapid
drinking or the reverse. Instructions were to: “swallow as you normally would” and then,
after a 1-minute recovery interval, “swallow as quickly as possible”. The recovery interval
was designed to allow time for clearance of potential pharyngo-oesophageal residue. The
penetration-aspiration scale (PAS) was used to quantify the presence of penetration-aspiration
as validated by Rosenbek [2]. No or momentary penetration of contrast material was scored
as 1-2. Unsafe penetration was defined as scores of 3-5, aspiration was scored as 6-8, with
silent aspiration (absence of cough) scored as 8. All fluoroscopy data were stored and then
randomly analysed at the completion of the 12-month follow-up period. Two independent
certified speech pathologists blinded to the study generated the PAS scores. PAS scoring was
judged at conclusion of video time frame for individual swallow tasks. The highest score for

the two swallowing methods was used for analyses. Evaluation of images was done using



pause, frame-by-frame, slow motion and reverse options. Intra-observer repeatability (kappa)
of observation was >95% based on 15% of randomly selected studies (n=23). If there was
discrepancy in penetration-aspiration score between observers, agreement was reached by

consensus.

Assessment of AECOPD over 12 months

Episodes of AECOPD in the year prior to study were obtained by patient recall. AECOPD
episodes during the 12 months of study were identified using in-person three-monthly
telephone interviews and methodology as detailed by Bischoff and co-workers [16]. All
episodes were verified by examination of medical records. Attempts were not made to
identify mild AECOPD (worsening of COPD symptoms only) with no health care
intervention. Moderate AECOPD was defined as a history of worsened COPD symptoms
requiring treatment with antibiotics and/or systemic corticosteroids by a general practitioner
without Emergency Department (ED) review or hospital admission. Severe AECOPD was
defined as worsening of COPD symptoms that culminated in ED admission with or without
hospitalisation for AECOPD [11]. Frequent exacerbators were characterised as patients

having >2 exacerbations per year of any severity [17].

Statistical analysis

Primary outcomes were proportion of patients with detectable aspiration, total number of
AECOPD events and patients with at least one episode of severe AECOPD. Secondary
outcomes were moderate and combined moderate-severe AECOPD events, and changes from
baseline in lung function, FEno, AQ20 and EAT-10 scores. Sample size was based on an

estimated prevalence of aspiration of 25% in COPD [6]. We assumed that the number of



patients with aspiration and severe AECOPD would be twice those without aspiration. To

achieve statistical power of 80% with p<0.05, the study required 134 patients.

Data were analysed using statistical software package SPSS version 24+. Univariate and
multivariate analyses were used to examine whether aspiration could be linked to COPD
severity (FEV; or FEV1/FVC ratio), body mass index, baseline respiratory rate, dysphonia,
comorbidities, long-term oral corticosteroids, sedatives, OHAT scores and EAT-10 scores.
Appropriate regression analyses were conducted to identify variables that may confound the
association between aspiration and AECOPD events. Factors evaluated were age, gender,
BMI, FEV;, FEV1/FVC ratio, previous exacerbation history, comorbidities and medications.
We calculated 95% confidence intervals (CI). Survival analysis was conducted using the
Kaplan-Meier method with log-rank testing. All reported tests were two-tailed and

significance was set at p<0.05.



RESULTS

Patients and aspiration

Overall, 221 patients were screened for inclusion in the study (Figure 1) and 60 were
excluded (42 declined participation; 18 did not meet entry criteria). The remaining 161
patients entered the study of whom 10 patients (2 with aspiration) failed to complete 12
months of follow-up (6 declined follow-up, 4 died: 2 pneumonia, 1 post-operative
complications, 1 bowel obstruction). Characteristics of these 10 patients are included in
online supplementary Table S1. Baseline patient demographic data for 151 patients (mean
age 70.6 £ 5.0 years; mean + SD) who completed studies over 12 months are shown in Table
1 and Figure 1. Aspiration (PAS scores 6-8) was detected in 30/151 patients (19.9%). Silent
aspiration (PAS score 8) was found in 22/151 patients (14.6%) and in the majority of those
patients in whom aspiration was detected (22/30 patients, 73.3%). Penetration plus aspiration
(PAS scores 3-8) was detected in 48/151 patients (31.8%) and penetration only (PAS scores

3-5) in 18 patients (11.9%).

Patients with aspiration were slightly older (72.4+4.3 versus 70.2+5.1, p=0.02, Table 1).
Univariate and multivariate analyses found no evidence linking aspiration to COPD severity
(FEV: or FEV1/FVC ratio), body mass index, AQ20 scores, baseline respiratory rate,
dysphonia, comorbidities, long-term oral corticosteroids, sedatives, OHAT scores and EAT-
10 scores. Interestingly, penetration plus aspiration (PAS scores >2) were detected more
frequently in diabetes mellitus despite the limited number of patients with a history of the

condition (n=25; 14/25 with penetration and aspiration; p=0.01).



Aspiration occurred in 19/30 patients during normal drinking and in 15/30 patients during
rapid drinking and aspiration was observed in 4/30 patients with both methods. Overall PAS

scores were 2.39+2.12 for normal drinking and 2.45+1.93 for rapid drinking (P=0.81).



Table 1. Baseline characteristics of 151 patients enrolled in studies of aspiration in COPD

Aspiration not detected (n=121)

Aspirationt detected (n=30)

Age (years, range)

Gender (M/F)

Body Mass Index (kg/m?)

FEV; (% predicted)

FEV,/FVC ratio (%)

TLC (% predicted)

RVITLC (%)

FEno (ppb)

S,0; (%)

Respiratory rate (breaths/min)

Comorbidities (n, %)
Cardiovascular disease
Chronic kidney disease
Gastro-oesophageal reflux disease
Obstructive sleep apnoea
Diabetes
Anxiety-depression

Medication (n, %)

70.245.1 (60.1-80.6)

74147
29.4+58
49.2+15.3
53.1+13.9
129.2+22.0
58.4+8.8
24.5+23.8
95.3+1.8
17.9+4.0

99 (82)
7 (6)

72 (60)
20 (17)
18 (15)
27 (22)

72.4+4.3* (65.7-78.8)

18/12
27.7+6.4
45.3+15.3
51.0+11.1
129.0+20.5
60.5+8.2
2244221
94.7+2.8
18.7+4.7

28 (93)
1(3)

17 (57)
3 (10)
7 (23)
8 (27)



ICS/LABA only 15 (12) 2 (7)

ICS/ILABA/LAMA 94 (78) 27 (90)
Systemic corticosteroids (long term) 36 (30) 12 (40)
Antibiotics (long term) 28 (23) 7 (23)
Oxygen therapy 21 (17) 7 (23)
Influenza vaccination 41 (34) 11 (37)
Pneumococcal vaccination 11 (9) 4 (13)
Antihypertensives 96 (79) 26 (87)
Antianxiety/Antidepressant 47 (39) 13 (43)
Angiotensin-converting enzyme inhibitors 26 (22) 7 (23)
Reflux medications 79 (65) 17 (57)
AQ20 score 9.61+4.2 10.9£3.9
AQ20 score >8; n (%) 79 (65) 23 (77)
EAT-10 score 2.3£3.9 2.9+4.6
OHAT score 2.2+2.1 3.1£2.7
Resting saliva pH 6.5+0.5 6.4+0.7

Data shown as mean + SD unless otherwise indicated; * P <0.02; tAspiration score of 6-8 on the penetration-aspiration scale [2]; LABA, long-acting beta
agonists; LAMA, long-acting, muscarinic antagonist; ICS, inhaled corticosteroids; AQ20, Airways Questionnaire-20; EAT-10, Eating Assessment Tool;

OHAT, Oral Health Assessment Tool.



Aspiration and AECOPD

In the year prior to study, 55 patients (out of 151; 36.4%) had at least one AECOPD event of
any severity. There were prior events in 13/30 patients (43.3%) with aspiration and 42/121 in
the group with no aspiration (34.7%; p=0.402). The number of patients with at least one
severe AECOPD episode in the prior year was 11/30 (36.7%) in the aspiration group and

24/121 (19.8%) in the no aspiration group (p=0.057).

All patients could be contacted by phone (occasionally after repeated attempts) after 3, 6, 9
and 12 months to administer the AECOPD questionnaire and all reported AECOPD events
were verified by examination of medical records. Overall, 334 AECOPD moderate and
severe episodes were recorded in the study group over 12 months of follow-up. There were
91 events recorded in patients with aspiration (n=30) and 243 events in the no aspiration
group (n=121; 3.03 events per patient in the aspiration group versus 2.0 per patient; p=0.022).
Patients with aspiration had a total of 26 severe AECOPD events noted in 30 patients versus
48 severe events in 121 patients with no aspiration (0.87 events per patient versus 0.39;

p=0.032; Figure 2A, left panel).

Individually 112 patients experienced at least one episode of AECOPD of any severity over
the 12 months of follow-up, 24/30 patients with aspiration (80%) and 88/121 (72.7%) if
aspiration was absent (p=0.491). However, more patients with aspiration had severe
AECOPD (15/30; 50%) versus individuals with no aspiration (22/121; 18.2%; OR=4.5; CI
1.9-10.5; p=0.001; Figure 2A, right panel). Similarly, severe AECOPD was more frequent in
patients with silent aspiration (36.7% versus 18.2%; OR=2.6; Cl 1.1-6.2; p=0.045).
Aspiration was related to a shorter exacerbation-free period in the 12-month follow-up period

(p=0.038; Figure 2B).



Appropriate regression analyses were conducted to identify variables that may confound the
association between aspiration and AECOPD events. Factors evaluated were age, gender,
AQ20 score, BMI, FEV;, FEV1/FVC ratio, previous exacerbation history, comorbidities and
medications. None of these variables altered the association of aspiration with AECOPD.
Subgroup analyses of severity and prior history of AECOPD are shown in Figure 3 and

online supplementary Table S2.

Pulmonary function and FEy, measurements

After 6 months all indices were unchanged between patients with and without aspiration (data
not shown). Hyperinflation has been proposed as a factor favouring aspiration [18, 19], but
both TLC and RV/TLC were not predictive. FEno levels >25ppb was detected in 31/151

patients (20.5%) and >50ppb in 7/151 (4.6%) and there was no association with aspiration.

EAT-10 scores and other patient characteristics

EAT-10 scores >3 at baseline was noted in 8/30 aspiration group (26.7%) versus 37/121
(30.6%) if aspiration was absent. EAT-10 scores >9 have been proposed as a marker of
aspiration [8] but were not predictive (data not shown). Other baseline characteristics
including oral health risk measurements and presence of dysphonia (23/151; 15.2%) were not

associated with aspiration.



DISCUSSION

We hypothesised that prandial aspiration occurs in COPD contributing to severe episodes of
AECOPD. Our findings establish that aspiration, measured via ‘gold standard’
videofluoroscopy, is found in approximately 20% of patients and that individuals with
evidence of aspiration have an increased propensity to severe AECOPD. Further research is
needed to establish whether this association is causative, to define pertinent mechanisms and

to investigate practical strategies to diagnose, manage and prevent aspiration in COPD.

Eating and swallowing are important aspects of everyday living. During normal swallow the
larynx serves as a valving mechanism to provide protection from aspiration of liquid or solid
material [20]. Laryngeal penetration occurs when there is entry of material into the laryngeal
vestibule at or above the true vocal folds that can be cleared by supraglottic and subepiglottic
compression [21, 22], expiration [23], or cough. Aspiration is defined as progression of
penetrated material below the true vocal folds. Studies in healthy individuals have indicated
that prandial aspiration is rare across all age groups [24-26]. However, in COPD penetration
and aspiration with swallow may take place more frequently and could be of prognostic

significance due to its association with pneumonia [3, 4].

Uncertainty surrounds the prevalence of prandial aspiration in stable COPD. Our previous
[6] and other small studies [5] have suggested that aspiration is detectable in approximately
25% of stable COPD and two retrospective studies noted aspiration in up to 40% [7, 8].
However, several other investigations failed to detect any evidence of aspiration in this
patient group [19, 27-29]. These differences are likely to reflect methodological variations
including poorly characterised, small patient study groups, confounding by comorbidities

16



(such as neurological and swallow impairment) and use of small volume or solid contrast

materials and high liquid viscosity that may preclude detection of aspiration.

The current study recruited a larger cohort of patients with COPD compared to previous
smaller studies [5, 6, 8, 10, 19, 27-29]. Patients had stable, verified disease at baseline,
conditions that may predispose to prandial aspiration were excluded and the volume of
contrast material was optimised for accurate imaging by means of videofluoroscopy. In this
context our findings confirm that aspiration can be detected in up to one fifth of patients with
stable COPD, confirming previous small studies [5, 6]. However, since testing was only
performed on one occasion, it is possible that the recorded prevalence of 20% is an
underestimation and it will also be important to assess in further studies whether aspiration is

persistently detectable.

Up to 30% of AECOPD events have no discernible cause and other mechanisms such as
aspiration may play a role [30-32]. Our previous case-control study hinted at adverse
outcomes and more frequent severe AECOPD events in patients who had detectable prandial
aspiration [6]. The current study therefore examined whether aspiration is associated with
more frequent ED or hospital admission for AECOPD over a 12-month period. The study
findings provide affirmative data with increases in overall as well as individual severe
AECOPD episodes in patients with aspiration. Importantly, there was a 4-fold increase in
odds ratio linking aspiration with severe episodes of AECOPD in individual patients
indicating that this association was not the result of a few ‘super-exacerbators’. These
observations provide evidence that aspiration itself, or as a marker for other predisposing
factors such as older age and sarcopenia, is associated with a key adverse outcome in COPD.
For that reason, aspiration merits consideration in diagnostic and management approaches

aiming to prevent severe AECOPD, perhaps more so in patients who have a history of



frequent severe events. Future research examining aspiration and differentiating the causes of
AECOPD in detail will help to ascertain the extent to which the association is causal and to

explain how aspiration contributes to AECOPD.

Aspiration may cause incremental lung damage and could contribute to the excess decline in
lung function noted in COPD [17, 33]. We assessed whether a greater decline in function
was measurable 6 months after detection of aspiration (review after 12 months was not
feasible due to logistic constraints). No differences in any parameters were noted, a not
unexpected result given relatively small patient numbers, individual variations in lung
function decline and the short period of study. FEno, as one measure of airway inflammation,

was also evaluated at baseline and after 6 months with no detectable differences.

It would be useful to identify clinical or other parameters predictive of aspiration but in this
respect our findings were disappointing. Although patients with aspiration had a higher age
than those without aspiration, this finding is of doubtful clinical significance given a
difference in mean age of only approximately two years (Table 1). Notably, aspiration was
not linked to lower FEV; measurements or higher lung volumes (TLC) nor was there an

association with respiratory rate at rest.

How and why aspiration occurs in COPD is not understood. Our data indicate that reduced
laryngopharyngeal sensitivity may be important since the majority of patients had silent
aspiration (Rosenbek PAS score 8 noted in more than 70% of individuals with aspiration)
implying a degree of airway sensory impairment in this group. Absence of an effective cough
reflex may thus reflect a reduced ability to sense aspirated material and to generate
appropriate cough and other protective responses to clear the airway. We therefore posit that
a dysfunctional ‘middle airway’, perhaps due to reduced timing of laryngeal vestibular

closure and sensory mechanisms in COPD [5, 34], may underlie defective protection against



aspiration.  Finally, an interesting finding was more frequent penetration-aspiration in
patients with a history of diabetes mellitus, a condition linked with sarcopenia [35], laryngeal

sensory disruption [36], diabetic neuropathy, and abnormal oral bacterial loads [37].

The current investigations have several caveats. First, it was a single tertiary centre study
with a limited number of patients. Next, an age-matched healthy control group was not
studied. Original design of the study had included this group but the investigators were
unable to obtain ethics approval due to local restrictions on radiation exposure for research
purposes in healthy individuals. Moreover, there is ample evidence that aspiration is rare in
healthy persons [24-26] and comparison of patients with COPD, with and without aspiration,
has yielded helpful information. Thirdly, AECOPD events were not assessed during the event
itself but documented three-monthly by patient self-report using a healthcare-based
questionnaire combined with medical record confirmation that has been shown to have
acceptable accuracy in this context [16]. Fourthly, low-dose systemic glucocorticoids
(10mg/day or less) were used in approximately 30% of patients. Although not recommended
by current GOLD guidelines, similar high levels of oral glucocorticoid use have been
reported in other countries [38, 39]. This medication may impact muscle function leading to
AECOPD even though no association with aspiration or AECOPD was detected. Finally,
other gquantitative assessments such as intranasal pressure measurement for quantification of
respiratory phase during swallow [6, 18], hand grip strength to assess associations with
sarcopenia and a standardised instrument for frailty or age-related susceptibility may have

provided additional useful information.

In conclusion, prandial aspiration can be detected in a subgroup of patients with COPD. The
presence of aspiration is associated with severe AECOPD requiring ED or hospital

admission. It is unclear why aspiration occurs and how this may predispose to severe



episodes of acute deterioration. Future research should aim to verify causative links, improve
understanding of mechanistic aspects, examine early and accurate diagnosis and design
appropriate studies testing effective approaches to prevent aspiration. Finally, the findings
reinforce the importance of swallow-breathing strategies [40] in COPD educational and

rehabilitation programs.



Legends for figures

Figure 1. Consort diagram of patient participation in the study.

Figure 2A, 2B. A: Aspiration was associated with severe episodes of AECOPD. Left panel:
severe AECOPD events were more frequent in patients with aspiration (ratio 0.87; n=30
patients) than if no aspiration (ratio 0.39; n=121 patients). Right panel: number (%) of
patients with at least one severe episode was greater in patients with aspiration (50%) than if
no aspiration (18%). (-) aspiration not detected, (+) aspiration detected. B: Kaplan-Meier
analysis of patients with no aspiration (open diamonds) and aspiration (closed) who were
exacerbation-free over 12 months of follow-up. Difference between groups analysed using

log-rank testing.

Figure 3. Subgroup analyses of history and types of AECOPD associated with aspiration or

no aspiration. Prior, 12 months prior to study; Current, 12 months of current study.
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Patients with COPD evaluated for study (n=221)

Patients excluded (n=60)
* Failed to meet study criteria (n=18)
* Declined participation (n=42)

Eligible patients with COPD (n=161)

Patients excluded from analysis (n=10)
* Declined follow-up (n=6)
* Died (n=4)

Patients eligible for 1 year data analysis (n=151)

No aspiration (n=121)

Aspiration (n=30)

No exacerbation (n=33)

| Exacerbation (n=88) |

No exacerbation (n=6)

Exacerbation (n=24)

Antibiotics and/or oral
corticosteroids (n=66)

ED/Hospitalised
(n=22)

Antibiotics and/or oral
corticosteroids (n=9)

ED/Hospitalised
(n=15)

Figure 1. Consort diagram of patient participation in the study.
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Figure 2A. Aspiration was associated with severe episodes of AECOPD. Left panel: severe AECOPD events were more frequent in patients
with aspiration (ratio 0.87; n=30 patients) than if no aspiration (ratio 0.39; n=121 patients). Right panel: number (%) of patients with at least
one severe episode was greater in patients with aspiration (50%) than if no aspiration (18%). (-) aspiration not detected, (+) aspiration
detected.
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Figure 2B. Kaplan-Meier analysis of patients with no aspiration (open diamonds) and aspiration (closed) who were exacerbation-free over 12
months of follow-up. Difference between groups analyzed using log-rank testing.
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months prior to study, Current, 12 months of current study; lines indicate 95% confidence intervals.
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Study design, patients, baseline and follow-up study measurements

Studies were conducted at Monash Lung and Sleep at Monash Medical Centre, a tertiary care
hospital in Melbourne, Australia. Community-dwelling patients were identified from a
hospital pulmonary function database (>10 pack-year history of smoking, post-bronchodilator
FEV1/FVC<0.7 and FEV1<80% predicted [1]) and invited to participate. They had to have a
diagnosis of COPD by a general practitioner or respiratory physician, stable lung disease in
the preceding 12 weeks and had to be aged 40-80 years. Participation was restricted to those
with no known neurological disease, no significant head or neck surgery impacting swallow,
no abnormal cranial nerve function on examination, no history of head or neck cancer and no
current smokers. Medication use and relevant health history information including
comorbidities associated with COPD were obtained from patient history, hospital medical

records and medical practitioners.

Measurements of spirometry, gas transfer, lung volumes by body plethysmography and
exhaled nitric oxide (FEno) (MGC Diagnostics Medisoft® and Aerocrine NIOX NO

monitoring systems) were obtained as per American Thoracic Society and European



Respiratory Society guidelines [2-6]. Measurements were made at baseline and repeated after

6 months. Patients were instructed to withhold inhaled medications prior to assessments.

Transcutaneous oximetry (Nellcor™ PMI10N, Covidien) was used to measure peripheral
capillary oxygen saturation (S,02). Readings were performed at rest and 5 minutes.

Respiratory rate was recorded at rest and one minute after drinking.

The Airways Questionnaire 20 (AQ20), a short version of the St George’s Respiratory
Questionnaire (SGRQ) [7], was used to evaluate quality of life. It is a validated measure of
disease severity and healthcare utilization in COPD [8, 9] with scores >8 predictive of
exacerbations [10]. The Eating Assessment Tool-10 (EAT-10) [11] identifies abnormal
swallowing symptoms (score of >3) and higher scores (>9) may be predictive of increased
risk of aspiration in COPD populations [12]. Patients completed the AQ20 and EAT-10 at

baseline, 6 months and 12 months.

Baseline assessments of voice function employing auditory perceptual evaluation and a
numerical rating scale (0 = no problem/disruption; 1 = mild disruption to voice production; 2
= moderate with frequent episodes; and 3 = severe voice disruption) were performed. The
Oral Health Assessment Tool (OHAT), a valid screening instrument was administered at
baseline to identify oral health issues in eight categories: lips, tongue, gums and tissues,
saliva, natural teeth, dentures, oral cleanliness and dental pain [13]. Resting pH of
unstimulated saliva was also measured as per manufacturer’s instructions (GC Australasia

Dental) using pH reference >6.4 [14].



Table S1. Baseline characteristics of 10 patients who did not complete 12-month follow-up

Patient characteristics (n=10)

Age (years, range)

Gender (M/F)

Body Mass Index (kg/m?)

FEV1 (% predicted)

FEV/FVC ratio (%)

TLC (% predicted)

RV/TLC (%)

FEno (ppb)

S,0; (%)

Respiratory rate (breaths/min)

Comorbidities (n)
Cardiovascular disease
Chronic kidney disease
Gastro-oesophageal reflux disease
Obstructive sleep apnoea
Diabetes

Anxiety-depression

71.0£11.5 (41.2-78.8)

5/5
28.6+6.4
48.3+£17.4
50.4+16.3
134.6+24.3
61.4+8.5
31.2+20.7
93.5+6.6
20.4+25

w O r b~ O ©



Medication (n)
ICS/LABA only
ICS/LABA/LAMA
Systemic corticosteroids (long term)
Antibiotics (long term)
Oxygen therapy
Influenza vaccination
Pneumococcal vaccination
Antihypertensives
Antianxiety/Antidepressant

Angiotensin-converting enzyme inhibitors

A P BB O W WO N OB

Reflux medications
AQ20 score 10.1+5.6
AQ20 score >8 (n) 6
EAT-10 score 4.146.2
OHAT score 2.0+24
Resting saliva pH 6.4+0.5

Data shown as mean + SD unless otherwise indicated; LABA, long-acting beta agonists; LAMA, long-acting, muscarinic antagonist; ICS, inhaled

corticosteroids; AQ20, Airways Questionnaire-20; EAT-10, Eating Assessment Tool; OHAT, Oral Health Assessment Tool.



Table S2. Subgroup analyses of history and types of AECOPD associated with aspiration or no aspiration in 151 patients

Aspiration not detected ~ Aspirationt detected  Odds Ratio (95% CI) P Value
(n=121) (n =30)
All exacerbations previous year >1; n (%) 42 (34.7) 13 (43.3) 1.44 (0.64-3.24) 0.402
Hospital/ED exacerbations (severe) previous year >1; n (%) 24 (19.8) 11 (36.7) 2.34 (0.98-5.57) 0.057
All moderate/severe exacerbations current study; n (%) 88 (72.7) 24 (80) 1.5 (0.56-4.00) 0.491
Hospital/ED exacerbations current study; n (%) 22 (18.2) 15 (50) 4.5 (1.92-10.55) 0.001
Hospital/ED exacerbations >2 current study; n (%) 13 (10.7) 6 (20) 2.08 (0.72-6.02) 0.216

tAspiration score of 6-8 on the penetration-aspiration scale [15]; ED, Emergency Department; AECOPD, acute exacerbation of COPD
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