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Objective To investigate the prevalence of chronic obstructive pulmonary disease (COPD) in stroke patients,
and to assess the difference in swallowing function between stroke patients with COPD (COPD group) and stroke
patients without COPD (control group).

Methods The subjects included 103 stroke patients. They underwent the pulmonary function test and were
assigned to either the COPD group or the control group. Their penetration-aspiration scale (PAS) scores and
functional dysphagia scale scores were compared by performing a videofluoroscopic swallowing study. The
intergroup differences in lip closure, bolus formation, mastication, and the oral transit time, laryngeal elevation,
cricopharyngeal dysfunction, oronasal regurgitation, residue in pyriform sinus and vallecula, pharyngeal transit
time, aspiration, and esophageal relaxation were also compared.

Results Thirty patients were diagnosed with COPD. The COPD group showed statistically higher PAS scores
(4.67+2.15) compared to the control group (2.89+1.71). Moreover, aspiration occurred more frequently in
the COPD group with statistical significance (p<0.05). The COPD group also showed higher occurrence of
cricopharyngeal dysfunction, albeit without statistical significance.

Conclusion This study shows that a considerable number of stroke patients had COPD, and stroke patients with
COPD had higher risk of aspiration than stroke patients without COPD.
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INTRODUCTION

Dysphagia affects 37% to 78% of patients with acute
stroke and is associated with increased risk of aspiration,
pneumonia, disability, and death [1]. Dysphagia, one of
the common complications of stroke, is also known to
occur in chronic obstructive pulmonary disease (COPD).
COPD is known to be caused by smoking, repeated air-
way infections, air pollution, exposure to dust in the
workplace, and genetic factors [2], among which smoking
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is the single most important risk factor [3].

Furthermore, smoking is also a risk factor for cardio-
vascular disease, and it is known to cause cerebral infarc-
tion and cerebral and subarachnoid hemorrhage [4-6].
In addition to smoking, aging is one of the risk factors for
COPD [7], and stroke is also more common in the elderly.
Therefore, the risk of stroke in COPD patients is estimat-
ed to be high, and although attention needs to be paid to
the issues arising when these diseases accompany each
other, to date, there has been no study on this issue.

There are few studies on dysphagia in COPD patients.
In the study by Good-Fratturelli et al. [8] on veterans,
dysphagia was found in approximately 85% of COPD pa-
tients, and penetration or aspiration was observed in 70%
of COPD patients upon a videofluoroscopic swallowing
study (VFSS). In addition, in the study by Cvejic et al. [9],
aspiration was observed in about 60% of COPD patients,
suggesting that aspiration is caused by a lack of interac-
tion between breathing and swallowing [10]. In addition
to aspiration, since COPD is reportedly accompanied by
cricopharyngeal dysfunction [11], the COPD status in
stroke patients is estimated to have a considerable influ-
ence on dysphagia. Stroke and COPD are different causes
of dysphagia. We thought that if stroke and COPD coexist,
amore severe dysphagia is present.

Therefore, in this study, we aimed to examine the prev-
alence of COPD in stroke patients and to determine the
effects on the swallowing function in stroke patients with
COPD through a VFSS.

MATERIALS AND METHODS

Subjects

The subjects included this study were stroke patients
within 3 months of stroke onset. Patients who were
older than 60 years; who were hospitalized and treated
in Dong-Eui Medical Center from January 2014 to June
2014; and from whom informed consent for participat-
ing in this study could be obtained, either from the pa-
tients themselves or from their families, were included
in this study. Patients who had no history of previous
stroke were selected as the study subjects, and cerebral
infarction and cerebral hemorrhage were confirmed by
brain magnetic resonance images and brain computed
tomography scans. Patients who had previously expe-
rienced a stroke were being treated for complications

such as pneumonia, were unmovable because they were
admitted to the intensive care unit, had cognitive func-
tion impairment, as determined by a Korean version of
Mini-Mental State Examination score below 21, or were
intubated with a tracheostomy tube were excluded from
our analysis. Institutional Review Board of the Dong-Eui
Medical Center approved the study protocol (No. DEMC-
2014-01).

Methods

This study was conducted progressively as a patient-
control group study. Through pulmonary function tests,
the subjects were divided into the COPD group and the
normal (control) group, and the baseline differences bet-
ween the two groups were compared. Subsequently, dys-
phagia was evaluated by a VESS.

An internal medicine specialist and a rehabilitation me-
dicine specialist participated in the pulmonary function
testing, which was performed by a clinical pathologist.
Forced vital capacity (FVC), forced expiratory volume in
the first second (FEV1), and the FEV1/FVC ratio (the ratio
of FEV1 to FVC) were measured; patients with an FEV1/
FVC ratio below 70% were classified as having COPD [12].

VESS was performed according to a modified version
of Logemann’s protocol [13]. A rehabilitation medicine
specialist directly performed the test in the fluoroscopy
room, and the subjects were seated and asked to swallow
diluted barium during fluoroscopy. Barium was diluted
in water (barium/water, 35/65% weight/volume ratio),

Table 1. The penetration-aspiration scale

Score Description

1  Contrast does not enter the airway

2 Contrast enter the airway, remains above vocal
folds; no residue

3 Contrast remains above vocal folds, visible
residue remains

4  Contrast contacts vocal folds, no residue

5 Contrast contacts vocal folds, visible residue
remains

6  Contrast passes glottis, no subglottic residue
visible

7  Contrast passes glottis, visible subglottic
residue despite patient’s response

8  Contrast passes glottis, visible subglottic
residue, absent patient response
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and the tests were conducted using a volume of 20 mL.
VESS was performed considering the dysphagia level,
general condition, and cooperation level of each patient.
The pulmonary function test and VFSS were performed
on the same day.

VESS was performed, and two rehabilitation medicine
specialists evaluated the video recordings. The levels of
penetration and aspiration on VFESS were observed and
scored based on the penetration-aspiration scale (PAS)
designed by Rosenbek et al. [14] (Table 1) for objectivity.
It was considered that the higher the score, the higher
the aspiration risk. VFSS was used to evaluate the func-
tional dysphagia scale (FDS) [15]. In addition, lip closure,
bolus formation, mastication, and the oral transit time
were measured in the oral phase. Normal oral transit
time was defined as less than 1 second. In the pharyngeal
phase, laryngeal elevation, cricopharyngeal dysfunction,
oronasal regurgitation, residues in the valleculum and
pyriform sinus, the pharyngeal transit time, and the aspi-
ration status were observed. Residues in the valleculum
and pyriform sinus less than 10% were considered nor-
mal, and the normal pharyngeal transit time was defined
as less than 1 second. Aspiration was defined when the
bolus passed through the vocal folds. Furthermore, in the
esophageal phase, the esophageal relaxation status was
examined.

Statistical analysis was performed with SPSS ver. 18.0
(SPSS Inc., Chicago, IL, USA) for Windows statistical
software. The correlation between COPD and the risk of
aspiration in the COPD and control groups was compara-
tively analyzed by the Mann-Whitney U test based on the
PAS and FDS. The correlations of dysphagia differences
in the oral, pharyngeal, and esophageal phases were ana-
lyzed using the Pearson chi-square test. The results are
presented as meantstandard deviation or percent. A p-
value of <0.05 was considered statistically significant.

RESULTS

Demographic characteristics of the study subjects

A total of 120 stroke patients were enrolled in our study.
However, accurate tests could not be performed in 17
patients because of low levels of cooperation during the
pulmonary function tests and VFSS, and hence these pa-
tients were excluded from the study. Among the remain-
ing 103 patients, 53 were males and 50 were females;
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there were 61 patients with cerebral ischemic infarction
and 42 patients with cerebral hemorrhage.

Based on the result of the pulmonary function tests,
the number of patients diagnosed with COPD, as deter-
mined by an FEV1/FVC ratio below 70%, was 30 (29.1%)
and that of control patients was 73 (70.9%). The test was
performed on average 34.9+14.3 days after stroke in the
COPD group and on average 36.5+18.3 days after stroke
in the control group; and the mean ages of patients in
the COPD and control groups were 73.4£6.3 years and
71.945.5 years, respectively. There were no significant dif-
ferences between the two groups (p>0.05). With respect
to the affected region, 15, 10, and 5 patients in the COPD
group developed cortical, subcortical, and brainstem le-
sions; and 43, 19, and 11 patients in the control group de-
veloped cortical, subcortical, and brainstem lesions, re-
spectively; there were no significant differences between
the two groups (p>0.05). In terms of smoking history,
25 patients (83.3%) in the COPD group smoked 33.814
packs/year on average, while 37 patients (50.6%) in the
control group smoked an average of 33.7+5.5 packs/year;
the smoking rate in the COPD group was significantly
higher than that in the control group (Table 2).

Table 2. Demographic and clinical characteristics of all
subjects in the case-control study

Characteristic ((1:1211’:0])) ((11(1)1:1;1;))1

Age (yr) 73.446.3  71.9%5.5
Gender (male:female) 14:16 39:34
Stroke side (right:left) 13:17 32:41
Stroke type (ischemichemorrhagic)  18:12 43:30
Location of lesion

Cortex 15 (50.0) 43 (59.0)

Subcortex 10 (33.0) 19 (26.0)

Brainstem 5(17.0) 11 (15.0)
Days after stroke 34.9+14.3 36.5%18.3
Smoking 25 (83.0)* 37 (50.0)*
Smoking amount (pack/yr) 33.8+4 33.745.5

Values are presented as meantstandard deviation or
number (%).

COPD, chronic obstructive pulmonary disease.

*p<0.05.
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Differences in VFSS between the COPD and control groups
As determined by VFSS, the aspiration risk was signifi-
cantly higher among stroke patients in the COPD group as
compared to stroke patients in the control group based on
the PAS score (4.67+2.15 vs. 2.89+1.71; p<0.05) (Table 3).
There were no significant differences in the FDS score
between the two groups (22.30+£10.31 vs. 20.11+8.15; p=
0.216). No statistically significant differences were ob-
served between the two groups in terms of lip closure,
bolus formation, status of mastication impairment, and
oral transit time during the oral phase. Moreover, in the
pharyngeal phase, there were no statistically significant
differences between the two groups in terms of laryngeal
elevation, cricopharyngeal dysfunction, oronasal regur-
gitation, residues in the valleculum and pyriform sinus,
and pharyngeal transit time. However, there were statisti-
cally significant differences in the aspiration status, 12
patients (40.0%) in the COPD group experienced aspira-
tion, compared to 9 patients (12.3%) in the control group
(p=0.002). Furthermore, there was no significant differ-
ence between the two groups in terms of the esophageal
relaxation status in the esophageal phase (p>0.05) (Table 3).

DISCUSSION

We investigated the COPD prevalence in stroke pa-
tients, its association with smoking, and its impact on
dysphagia. The COPD prevalence among subjects in this
study was 29.1%, and it was found to be highly associated
with the high smoking rate in the COPD group. In addi-
tion, the aspiration risk in the COPD group was higher
than that in the control group, and this was thought to
be related with deterioration of the respiratory function
causing worsening of dysphagia, especially aspiration
risk.

COPD manifests in the form of bronchitis and emphy-
sema, and its clinical symptoms include cough, sputum,
and dyspnea on exertion. It also causes arterial wall
thickening and endothelial dysfunction, and it is thus a
risk factor for myocardial and cerebral infarction. Fur-
thermore, it can cause systemic symptoms such as in-
flammation, skeletal muscle weakness, and osteoporosis
[16]. As the average life span of humans has increased
in recent years, the prevalence of COPD has increased
simultaneously. According to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) diagnosis

Table 3. Differences in VESS between the COPD and control groups

COPD (n=30) Control (n=73) p-value

Penetration-aspiration scale score 4.67+2.15 2.89+1.71 0.000*
Functional dysphagia scale score 22.30+10.31 20.11+8.15 0.216
Oral phase

Impaired lip closure 7(23.3) 18 (24.6) 0.887

Impaired bolus formation 9(30.0) 26 (35.6) 0.585

Impaired mastication 9 (30.0) 19 (26.0) 0.681

Delayed oral transit time 16 (53.3) 28 (38.3) 0.180
Pharyngeal phase

Impaired laryngeal elevation 19 (63.3) 32 (43.8) 0.503

Cricopharyngeal dysfunction 17 (56.6) 28 (38.3) 0.089**

Oronasal regurgitation 1(3.3) 0(0.0) 0.117

Residue in valleculae 8(26.6) 21 (28.7) 0.829

Residue in pyriform sinus 13 (43.3) 27 (36.9) 0.548

Delayed pharyngeal transit time 19 (63.3) 45 (61.6) 0.872

Aspiration 12 (40.0) 9(12.3) 0.002*
Esophageal phase

Impaired esophageal relaxation 5(16.6) 9(12.3) 0.543

Values are presented as meantstandard deviation or number (%).
VESS, videofluoroscopic swallowing study; COPD, chronic obstructive pulmonary disease.

*p<0.05, **p<0.1.

www.e-arm.org 221



Gun Woong Park, et al.

standard in the United States, 25% of elderly people aged
over 75 years develop COPD [17]. In Korea, the COPD
prevalence among people 45 years or older in 2011 was
12.0%, and the corresponding rate was 30.7% among
elderly people aged over 60 years [18]. In this study, be-
cause of assessment of stroke patients aged above 60
years, the COPD prevalence was found to be approxi-
mately 29.1%, which is similar to the above-mentioned
results. Although a higher COPD prevalence was ex-
pected in stroke patients, since smoking is known to be
the most important risk factor for stroke as well as for
COPD, no large differences compared to the prevalence
in the normal elderly population were observed. How-
ever, we speculate that this may be due to the difficulty
in confirming the accurate prevalence as the number of
patients in this study was small, and because patients in
whom pulmonary function tests could not be performed
were excluded from our analysis.

On the other hand, dysphagia is a common complica-
tion after stroke, and previous studies have reported that
dysphagia occurs in 51%-73% of acute stroke patients
[19,20]. Various dysphagia symptoms appear secondary
to brainstem and cerebral lesions in stroke [21], and these
include loss of sensation, impairment of tongue move-
ments, and loss of mastication function in the oral phase,
and delayed swallowing reflex, decreased laryngeal el-
evation or closure of the epiglottis, and cricopharyngeal
dysfunction in the pharyngeal phase. It is known that
dysphagia is observed in approximately 85% of COPD
patients on VFSS [8]. In this study, the aspiration risk and
aspiration status were significantly higher in the COPD
group than in the control group. But, FDS score did not
show a statistically significant difference between the two
groups.

The aspiration risk was especially high in stroke pa-
tients with COPD in this study, and this is similar to the
results reported in previous studies on general COPD
patients. Shaker et al. [10] explained the reason for the
high aspiration risk in these patients as follows: COPD
has the potential to disrupt the coordination of breathing
and swallowing because of tachypnea, an increased ten-
dency to swallow during inspiration, reduced duration
of apnea, and changes in the mechanics of swallowing.
Patients with COPD tend to swallow during inspiration
and swallowing is often followed by inspiratory activity.
Inspiration just before or just after a swallow is likely to

222 www.e-arm.org

increase the risk of inhaling pharyngeal contents because
of negative intrathoracic pressure [22].

Caution is needed since aspiration during dysphagia
may cause pneumonia, hinder rehabilitation treatment,
and deteriorate patients’ conditions. According to a pre-
vious report, aspiration pneumonia is responsible for
34% of deaths among acute stroke patients, and it is the
third most common cause of death secondary to stroke
[23]. The probability of pneumonia in stroke patients in
whom aspiration is observed on VESS is reportedly 6-20
times higher than that in those in whom aspiration is not
observed on VFSS [23]. In this study, the VFSS showed
that stroke patients with COPD had a mean PAS score
of 4.67+2.15, which was significantly higher than that in
stroke patients without COPD. Moreover, the actual as-
piration rate in the COPD group was 40.0%, which was
significantly higher than that in the control group (12.3%).
This difference was thought to be due to the breathing
and swallowing difficulties mentioned above which ac-
company COPD. Since the aspiration risk is elevated
due to dysphagia caused by stroke, the fact that COPD
patients start inhaling during swallowing is thought to be
the reason why aspiration is more frequently observed in
these patients than in stroke patients without COPD.

On the other hand, according to the study by Stein et al.
[11], COPD patients have cricopharyngeal dysfunction.
In this study, although there was no statistically signifi-
cant difference in cricopharyngeal dysfunction between
the two groups, the proportion of patients with crico-
pharyngeal dysfunction was higher in the COPD group
than in the control group. The cricopharyngeal muscle
contracts between the inhalation stage and swallowing,
and it relaxes when the food passes through. This pre-
vents regurgitation of food from the stomach or esopha-
gus during the inhalation stage. Thus, dysfunction of the
cricopharyngeal muscle causes dysphagia and makes
passage of food through the upper esophageal sphincter
difficult, often resulting in a small amount of aspiration.
More aspiration may ensue as this action is repeated,
which in turn may damage the esophageal epithelial cells
and lung parenchyma. In previous studies on this topic,
dysfunction of the cricopharyngeal muscle was observed
in 80% of COPD patients [11]. However, the cause of cri-
copharyngeal dysfunction in patients with COPD is not
yet known. Belsey [24] suggested that gastroesophageal
reflux disease (GERD) leads to cricopharyngeal dysfunc-
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tion, a mechanism that protects the larynx from aspira-
tion of gastric acid. Since it can be speculated that COPD
may cause increased gastroesophageal reflux due to flat-
tening of the diaphragm, the presence of COPD may lead
to progressive cricopharyngeal dysfunction. In this study,
however, it could not be verified whether the patients
with COPD developed GERD or not. The VESS confirms
the presence of reflux in only a minority of patients with
symptomatic reflux disease [25]; hence, it would be useful
to verify the presence of GERD in patients with COPD by
performing continuous pH monitoring to determine the
degree of cricopharyngeal dysfunction more accurately.

Because the aspiration risk in stroke patients with
COPD was found to be high in this study, we believe that,
in general, these patients should be treated not only for
dysphagia but also for COPD. A bronchodilator or in-
haled steroids can be used to improve the breathing
function, and, if necessary, the breathing and swallowing
functions can be restored to the normal state by oxygen
treatment to lower hypoxemia. As a rehabilitation treat-
ment, increasing muscular strength and endurance of the
diaphragm through treatment of swallowing disorders, as
well as training of the respiratory muscles and improving
the ventilation, can allow smooth oxygen delivery to the
tissues, improve the energy and quality of life of the pa-
tient, and delay development of fatigue of the respiratory
muscles, thereby preventing development of respiratory
failure. Although the treatment effects were not exam-
ined in this study, these treatments can be expected to
reduce dysphagia and aspiration, as well as the incidence
of ensuing aspiration pneumonia. Diverse future studies
related to this issue might be helpful in determination of
the most appropriate treatment.

We believe that the easiest and most effective way to
reduce aspiration risk in stroke patients with COPD is by
smoking cessation, as a result of which the incidence of
COPD can be drastically reduced. Importantly, smoking
cessation can also simultaneously reduce the incidence
of stroke. As seen in general COPD patients, the COPD
group showed a high smoking rate in this study. The
smoking rate of 83.3% in the COPD group was significant-
ly higher than the smoking rate of 50.6% in the control
group. This finding is similar to the results reported in a
previous study, in which 70% of patients diagnosed with
COPD were smokers [26]. In addition, smoking promotes
atherosclerosis by acting on the cardiovascular system,

and it increases the risk of brain infarction by causing
platelet aggregation and vascular occlusion. Smoking
also causes cerebral and subarachnoid hemorrhage be-
cause of rupture of aneurysms or a damaged small intra-
parenchymal artery [27]. Therefore, lowering the smoking
rate is important in preventing both COPD and stroke.
According to a previous study, the stroke risk of a smoker
decreases to the level of a non-smoker if the smoker stops
smoking for 5 years [28]. However, according to another
report, although the smoking cessation rate in elderly
people, who have a relatively high risk of stroke, is higher
than that in young people, doctors generally did not ad-
vise elderly patients to stop smoking [29]. Thus, we be-
lieve that it is necessary to lower the incidence of COPD
and stroke by more active smoking cessation initiatives.

There are a number of limitations to this study. First,
since we only selected the subjects having a good gen-
eral condition and who cooperated well, it was difficult
to identify the accurate COPD prevalence among stroke
patients because of the limited number of subjects; it was
also difficult to compare the severity of COPD or stroke
between the groups. Future large-scale studies on the
correlation between COPD and stroke can be expected
to be helpful for the treatment of dysphagia. Second,
although we examined the aspiration risk, we did not as-
sess its correlation with the incidence of actual aspiration
pneumonia owing to difficulties in long-term observa-
tion. Third, we did not examine the degree of improve-
ment in aspiration and dysphagia with COPD treatment;
however, we intend to investigate this aspect in the fu-
ture. Finally, we did not examine the impact on other
functional disorders besides dysphagia in stroke patients
with COPD. Since deterioration of the breathing function
can influence the general condition of patients, it would
be helpful if the impact of COPD on stroke recovery is de-
termined in future studies.

In conclusion, we found that a considerable number
of stroke patients had COPD, and that COPD increased
the risk of dysphagia, particularly the aspiration risk, in
stroke patients. The risk of COPD complications was es-
pecially high in aspirating stroke patients; and therefore,
we believe that it is necessary to evaluate the status of
respiratory disease, such as COPD, through pulmonary
function tests in all stroke patients. If proper COPD treat-
ment is performed upon diagnosis, this may aid in the
functional recovery after stroke, including improvement
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in the symptoms of dysphagia. However, additional stud-
ies are needed on this topic.
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