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Objective  To investigate the clinical and swallowing characteristics related to respiratory infection in patients with 
parkinsonism.
Methods  One hundred and forty-two patients with parkinsonism who underwent videofluoroscopic swallowing 
studies (VFSS) were enrolled in this study. The initial clinical and VFSS characteristics were compared between 
patients with and without a history of respiratory infection in the past year. A multivariate logistic regression 
model was applied to identify clinical and swallowing characteristics related to respiratory infections.
Results  Patients with respiratory infections were older (74.75±10.20 years vs. 70.70±8.83 years, p=0.037), had 
a higher Hoehn and Yahr (H&Y) stage (stage IV–V, 67.9% vs. 49.1%; p=0.047), and were more likely to have a 
diagnosis of idiopathic Parkinson’s disease (IPD) (67.9% vs. 41.2%, p=0.011) than those without respiratory 
infections. Among VFSS findings, bolus formation, premature bolus loss, oral transit time, pyriform sinus residues, 
pharyngeal wall coatings, and penetration/aspiration were significantly worse in patients with respiratory 
infections (p<0.05). Regarding clinical characteristics, higher H&Y stage (odds ratio [OR], 3.174; 95% confidence 
interval [CI], 1.226–8.216; p=0.017) and diagnosis of IPD (OR, 0.280, 95% CI, 0.111–0.706; p=0.007) were 
significantly related to respiratory infections in the multivariate analysis. Among VFSS findings, pyriform sinus 
residue (OR, 14.615; 95% CI, 2.257–94.623; p=0.005) and premature bolus loss (OR, 5.151; 95% CI, 1.047–25.338; 
p=0.044) were also significantly associated with respiratory infection.
Conclusion  This study suggests that disease severity, diagnosis, pyriform sinus residue, and premature bolus loss 
observed in VFSS are associated with respiratory infection in patients with parkinsonism.
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INTRODUCTION

Oropharyngeal dysphagia is a common and clinically 
relevant symptom in patients with parkinsonism [1]. Par-
kinsonism can be classified into primary and secondary 
phases. In primary cases, it is subclassified into idiopath-
ic Parkinson’s disease (IPD) and atypical parkinsonism 
[2]. Dysphagia in the on-state condition was documented 
in 68% of patients with late-stage Parkinson’s disease (PD) 
[3]. In addition, swallowing dysfunction was observed 
in more than 50% of subjectively asymptomatic patients 
with PD [4]. The prevalence of oropharyngeal dysphagia 
based on subjective outcomes in patients with PD is 35%, 
which increases to 82% considering objective measures 
of swallowing dysfunction [5]. Patients with atypical par-
kinsonism, such as those with progressive supranuclear 
palsy, multiple system atrophy, and corticobasal degen-
eration, are known to develop dysphagia earlier than 
those with IPD [6].

Dysphagia related to parkinsonism is known to be af-
fected by both central and peripheral nervous system 
mechanisms [7-9]. These pathological changes eventual-
ly lead to clinical complications such as insufficient med-
ication intake, malnutrition, dehydration, and aspiration 
pneumonia which is known to greatly affect mortality 
[10]. Therefore, it is essential to evaluate and manage the 
risk of respiratory infections in patients with parkinson-
ism and dysphagia.

Our previous studies using a nationwide database dem-
onstrated that patients with PD had a 2.23-fold higher 
risk of pneumonia and a 4.21-fold higher risk of aspira-
tion pneumonia than non-PD controls [11,12]. We also 
reported significant risk factors for respiratory infections 
such as old age, male sex, region of residence, and sev-
eral comorbidities. Similar results were reported in a na-
tionwide population-based study conducted in another 
country [13]. However, these previous studies only iden-
tified general risk factors for respiratory infection which 
were not specific to parkinsonism, and they did not pro-
vide information on the characteristics of dysphagia in 
their study population.

Videofluoroscopic swallowing studies (VFSS) are the 
gold standard for evaluating swallowing and confirm-
ing dysphagia and are widely used in recognition of their 
reliability [14]. Several studies have reported abnormal 
swallowing features using VFSS in patients with parkin-

sonism [15-17]. However, few studies have investigated 
the relationship between dysphagia and respiratory in-
fections in these patients. In patients with neurodegener-
ative diseases, such as PD and dementia, who underwent 
aspiration during thin-liquid swallowing by VFSS, liquid 
thickening showed no superiority in the prevention of 
pneumonia and caused a higher incidence of dehydra-
tion, urinary tract infection, and fever than the chin-
down posture without liquid thickening in a large ran-
domized trial [18]. Therefore, the clinical and swallowing 
characteristics and the risk of respiratory infection should 
be carefully considered for the proper management of 
dysphagia in patients with parkinsonism. A recent study 
suggested that mastication, lingual motility prior to 
transfer, aspiration, and total shallow time are significant 
prognostic factors in patients with PD with aspiration 
pneumonia [19]. Current research on prognostic factors 
of respiratory infection in patients with parkinsonism is 
insufficient. Therefore, additional research is required to 
clarify these factors thoroughly.

This study aimed to investigate the clinical and swal-
lowing characteristics related to a history of respiratory 
infection in patients with parkinsonism based on the 
hypothesis that certain clinical features and swallowing 
patterns identified through VFSS are associated with the 
risk of respiratory infection.

MATERIALS AND METHODS

Participants
Patients with parkinsonism who were referred for VFSS 

because of dysphagia symptoms from December 2015 to 
November 2018 were retrospectively assessed for eligibil-
ity in this study. The inclusion criteria were: (1) history 
of VFSS to evaluate swallowing function; (2) primary 
parkinsonism, IPD, or atypical parkinsonism as the cause 
of dysphagia; and (3) age 19 years or older at the time of 
VFSS. In this study, the diagnostic criteria for IPD were 
based on the UK Parkinson’s Disease Society Brain Bank 
criteria [20], while atypical parkinsonism subtypes were 
diagnosed according to their specific clinical features and 
respective diagnostic criteria, such as multiple system 
atrophy [21], progressive supranuclear palsy [22], and 
dementia with Lewy bodies [23]. The exclusion criteria 
were: (1) ongoing diet with tube feeding or parenteral 
nutrition only; (2) other diseases that may affect dyspha-
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gia, such as stroke, traumatic brain injury, myopathies, 
and head and neck cancers; (3) secondary parkinsonism, 
such as vascular parkinsonism and drug-induced parkin-
sonism; and (4) insufficient medical records.

This study was conducted in accordance with the ethi-
cal standards of the Declaration of Helsinki and was ap-
proved by the Institutional Review Board (IRB) of Seoul 
National University Hospital (IRB No. H-2111-179-1277). 
The requirement for informed consent was waived owing 
to the retrospective nature of the study.

Data acquisition
Demographic and clinical characteristics and initial 

VFSS findings were evaluated using the Videofluoroscopic 
Dysphagia Scale (VDS) and scores from the Korean Ver-
sion of the Swallowing Disturbance Questionnaire (K-
SDQ) were collected from patients’ medical records [24]. 
Clinical characteristics included age, sex, diagnosis, onset 
of parkinsonism and dysphagia, current diet type, previ-
ously recommended diet, antiparkinsonian medications, 
and Hoehn and Yahr (H&Y) stage at the time of VFSS for 
disease severity. Medication use at the time of the VFSS 
was roughly evaluated by calculating the levodopa equiv-
alent dose (LED) [25]. The diagnosis was classified as ei-
ther IPD or atypical parkinsonism, including multiple sys-
tem atrophy, progressive supranuclear palsy, corticobasal 
degeneration, and dementia with Lewy bodies. Patients 
whose parkinsonism type was undetermined until study 
registration were classified as “not defined.”

Swallowing evaluation was performed at 30 frames per 
second through digital videofluoroscopy. All patients 
underwent VFSS while maintaining their regular medica-
tion regimen on the test day. The study was performed 
by two physiatrists using the revised protocol of the Lo-
gemann study [26,27]. Formal reading was based on the 
agreement of physiatrists with expertise in swallowing 
dysfunction. To evaluate the functional analysis of swal-
lowing using VFSS as an objective quantitative score we 
used the VDS. VFSS findings consisted of 14 VDS subdo-
mains [28], including lip closure, bolus formation, mas-
tication, apraxia, tongue-to-palate contact, premature 
bolus loss, oral transit time, triggering of pharyngeal 
swallow, vallecular residue, laryngeal elevation, pyriform 
sinus residue, coating of the pharyngeal wall, pharyngeal 
transit time, and aspiration.

The SDQ is a self-report questionnaire used to detect 

swallowing problems in patients with PD [29]. In addition, 
it has been reported to be a sensitive and accurate tool for 
identifying dysphagia arising from various etiologies [30]. 
The SDQ consists of 15 questions and the last question 
asks for a history of respiratory infections, such as pneu-
monia or bronchitis, in the past year. In this study, the 
score for the last question was used to divide the patients 
into those with and without a history of respiratory infec-
tion. K-SDQ data was collected from the patient on the 
day of VFSS examination.

Statistical analysis
Clinical characteristics and VFSS findings were com-

pared between patients with and without a history of 
respiratory infection in the past year. With regards to the 
demographic and clinical characteristics, age was found 
to be normally distributed and was analyzed using a 
Student’s t-test. For disease duration, dysphagia dura-
tion, and LED, a Mann–Whitney U-test was performed 
as they did not meet the normality assumption. Other 
items were analyzed using Fisher’s Exact Test. Among the 
VFSS items, premature bolus loss, vallecular and pyri-
form sinus reserve, and aspiration were analyzed using 
the Mann–Whitney U-test, while other VDS items were 
analyzed using Fisher’s Exact Test. The chi-square test 
was used for sex, diagnosis (IPD vs. atypical parkinson-
ism), and H&Y stage (stage I–III vs. stage IV–V). Regard-
ing VFSS findings, the Mann–Whitney U-test was used 
for premature bolus loss, vallecular, and pyriform sinus 
residues, and aspiration. Fisher’s exact test was used for 
other VFSS findings. We used the IBM SPSS version 26.0 
(IBM Corp., Armonk, NY, USA) for statistical analysis, 
and statistical significance was defined as p<0.05.

Furthermore, a multivariate logistic regression model 
was used to identify the clinical and swallowing char-
acteristics related to history of respiratory infection. We 
created a model for each clinical characteristic and VFSS 
finding. Variables in the univariate analysis (p<0.05) were 
selected and entered into the model, and forward selec-
tion was used as the variable selection method.

RESULTS

Of the 260 patients identified with parkinsonism who 
underwent VFSS from December 2015 to November 2018, 
142 were included in this study (Fig. 1). The reasons for 
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the 118 exclusions were no K-SDQ records (n=79, 67%), 
underlying diseases (n=28, 24%), nonoral feeding (n=10, 
8%), and unclear diagnosis (n=1, 1%). Of the 142 patients, 

28 had a history of respiratory infection.
The demographic and clinical characteristics of pa-

tients are shown in Table 1. The mean patient age was 
71.50±9.22 years, 84 (59.2%) were male, the mean disease 
duration was 6.50±4.78 years, and the mean duration of 
dysphagia was 1.63±1.97 years. Sixty-six (46.5%) patients 
had a diagnosis of IPD. Patients with respiratory infec-
tions were older (74.75±10.20 vs. 70.70±8.83, p=0.037), 
had a higher H&Y stage (stage IV–V, 67.9% vs. 49.1%; 
p=0.047), and were more likely to have a diagnosis of IPD 
(67.9% vs. 41.2%, p=0.011) than those without.

Differences in VFSS findings between patients with and 
without a history of respiratory infection are presented in 
Table 2. Abnormal findings in bolus formation (85.7% vs. 
61.4%, p=0.015), premature bolus loss (67.9% vs. 56.1%, 
p=0.025), oral transit time (28.6% vs. 11.4%, p=0.035), 
pyriform sinus residue (64.3% vs. 39.5%, p=0.010), pha-
ryngeal wall coatings (67.9% vs. 43.9%, p=0.034), and 
aspiration (96.4% vs. 86.8%, p=0.027) were significantly 

Table 1. Demographic and clinical characteristics of patients

Variable Patient (n=142)
No history of respiratory 

infection (n=114)
History of respiratory  

infection (n=28)
p-value

Age (yr) 71.50±9.22 70.70±8.83 74.75±10.20 0.037* 
Sex 0.140

    Male 84 (59.2) 64 (56.1) 20 (71.4)

    Female 58 (40.8) 50 (43.9) 8 (28.6)

Diagnosis 0.011* 
    IPD 66 (46.5) 47 (41.2) 19 (67.9)

    Atypical parkinsonism

        MSA 30 (21.1) 28 (24.6) 2 (7.1)

        PSP 22 (15.5) 18 (15.8) 4 (14.3)

        CBD 2 (1.4) 2 (1.8) 0

        DLB 2 (1.4) 2 (1.8) 0

        Not defined 20 (14.1) 17 (14.9) 3 (10.7)

Duration, disease (yr) 5.00 (6) 5.00 (6) 5.50 (6) 0.744

Duration, dysphagia (yr) 1.00 (3) 1.00 (3) 1.00 (3) 0.423

Hoehn and Yahr stage 0.047* 
    I–III 66 (46.5) 58 (50.9) 8 (28.5)

    IV–V 75 (52.8) 56 (49.1) 19 (67.9)

    Not defined 1 (0.7) 0 1 (3.6)

LED (mg) 686.00 (580.00) 680.00 (590.00) 760.00 (562.50) 0.806

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
IPD, idiopathic Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; CBD, corti-
cobasal degeneration; DLB, dementia with Lewy bodies; LED, levodopa equivalent dose.
*p<0.05.

260 Patients underwent VFSS
from December 2015

to November 2018

142 Included patients

114 No history of
respiratory infection

28 History of
respiratory infection

118 Excluded from study
79 No K-SDQ records (67%)
28 Underlying disease (24%)
10 Nonoral feeding (8%)
1 Unclear diagnosis (1%)

Fig. 1. Patient’s selection flowchart. VFSS, videofluoro-
scopic swallowing studies; K-SDQ, Korean Version of the 
Swallowing Disturbance Questionnaire.
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more frequent in patients with respiratory infections than 
in those without.

Regarding clinical characteristics, H&Y stage (stage I–
III vs. stage IV–V; odds ratio [OR], 3.174; 95% confidence 
interval [CI], 1.226–8.216; p=0.017) and diagnosis of 
IPD (atypical parkinsonism vs. IPD; OR, 0.280; 95% CI, 
0.111–0.706; p=0.007) were significantly related with re-
spiratory infection in the multivariate analysis (Table 3). 
Regarding VFSS findings, pyriform sinus residue (>50% 

vs. none; OR, 14.615; 95% CI, 2.257–94.623; p=0.005) and 
premature bolus loss (>50% vs. none; OR, 5.151; 95% CI, 
1.047–25.338; p=0.044) were also significantly associated 

Table 2. Differences in videofluoroscopic swallowing study findings between patients with and without the history of 
respiratory infection

No history of respiratory 
infection (n=114)

History of respiratory 
infection (n=28)

p-value

Lip closure (intact/inadequate+none) 100/14 (12.3) 21/7 (25.0) 0.133

Bolus formation (intact/inadequate+none) 44/70 (61.4) 4/24 (85.7) 0.015*

Mastication (intact/inadequate+none) 45/69 (60.5) 7/21 (75.0) 0.192

Apraxia (none/mild+moderate+severe) 104/10 (8.8) 23/5 (17.9) 0.176

Tongue to palate contact (intact/inadequate+none) 74/40 (35.1) 16/12 (42.9) 0.513

Premature bolus loss (none/<10%/10%–50%/>50%) 50/35/24/5 (56.1) 9/4/11/4 (67.9) 0.025*

Oral transit time (≤1.5 s/>1.5 s) 101/13 (11.4) 20/8 (28.6) 0.035*

Triggering of pharyngeal swallow (normal/delayed) 65/49 (43.0) 12/16 (57.1) 0.207

Vallecular residue (none/<10%/10%–50%/>50%) 51/20/32/11 (55.3) 9/4/10/5 (67.9) 0.116

Laryngeal elevation (normal/impaired) 19/95 (83.3) 2/26 (92.9) 0.250

Pyriform sinus residue (none/<10%/10%–50%/>50%) 69/28/15/2 (39.5) 10/10/4/4 (64.3) 0.010*

Coating of pharyngeal wall (no/yes) 64/50 (43.9) 9/19 (67.9) 0.034*

Pharyngeal transit time (≤1.0 s/>1.0 s) 93/21 (18.4) 21/7 (25.0) 0.434

Aspiration (none/supraglottic penetration/subglottic 
aspiration)

15/51/48 (86.8) 1/9/18 (96.4) 0.027*

Values are presented as number (% of abnormal findings).
*p<0.05.

Table 3. Adjusted odds ratios for respiratory infection in 
clinical characteristics

Multivariable analysis
Odds ratio

(95% confidence  
interval)

p-value

Hoehn and Yahr stage

I–III Reference

IV–V 3.174 (1.226–8.216) 0.017*

Diagnosis

Idiopathic Parkinson’s 
disease

Reference  

Atyplical parkinsonism 0.280 (0.111–0.706) 0.007*

*p<0.05.

Table 4. Adjusted odds ratios for respiratory infection in 
videofluoroscopic swallowing study findings

Multivariable analysis
Odds ratio

(95% confidence  
interval)

p-value

Pyriform sinus residue (%)

    None Reference

    <10 2.614 (0.917–7.454) 0.072

    10–50 1.807 (0.455–7.173) 0.401

    >50 14.615 (2.257–94.623) 0.005*

Premature bolus loss (%)

    None Reference

    <10 0.600 (0.158–2.287) 0.455

    10–50 1.840 (0.602–5.623) 0.285

    >50 5.151 (1.047–25.338) 0.044*

Oral transit time (s)

    <1.5 Reference

    ≥1.5 2.672 (0.854–8.364) 0.091

*p<0.05.
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with respiratory infection in the multivariate analysis 
(Table 4).

DISCUSSION

This study aimed to investigate clinical and swallowing 
characteristics related to a history of respiratory infec-
tions in patients with parkinsonism. In this study, clinical 
characteristics, including diagnosis and disease severity, 
and VFSS findings, including pyriform sinus residue and 
premature bolus loss, were associated with respiratory 
infections. Prolonged oral transit time showed a border-
line significance in the multivariate analysis (OR, 2.672; 
95% CI, 0.854–8.364; p=0.091). An intriguing finding 
might be that oral phase-related abnormalities are risk 
factors for respiratory infection in this population. In ad-
dition, unlike previous studies, this study is more robust 
because both clinical and swallowing characteristics 
were considered to reveal risk factors for respiratory in-
fection in patients with parkinsonism, although separate 
models were developed for each characteristic owing to 
the limited study population.

H&Y stage and diagnosis were significant risk factors 
for respiratory infection in the multivariate logistic re-
gression model for clinical characteristics. In this model, 
patients with a greater disease severity showed an ap-
proximately three-fold higher risk of respiratory infection 
than those in mild to moderate disease stages. Our re-
sults are in line with previous findings that subjective and 
objective dysphagia are correlated with disease severity 
[5], and respiratory infection is a major cause of death 
in patients with PD [31,32]. Patients with IPD showed a 
higher risk of developing respiratory infection than those 
with atypical parkinsonism. This result should be inter-
preted cautiously because the present study was a cross-
sectional study of patients with parkinsonism who un-
derwent VFSS because of dysphagia symptoms or signs. 
It is well known that dysphagia appears earlier in patients 
with atypical parkinsonism than in patients with PD [1]. 
The median latencies of dysphagia have been reported 
to be 42–67 months in patients with atypical parkinson-
ism and 130 months in those with PD [33]. The average 
disease duration in our study population was 3.93 years, 
3.95 years, and 8.21 years in patients with multiple sys-
tem atrophy, progressive supranuclear palsy, and IPD, 
respectively. Therefore, it is necessary to comprehen-

sively consider the characteristics of each diagnosis when 
evaluating the risk of respiratory infection in patients 
with parkinsonism after VFSS.

In the present multivariate regression model, premature 
bolus loss and pyriform sinus residue were significant 
risk factors for respiratory infection, and oral transit time 
was also borderline significant. Previous studies compar-
ing VFSS findings in patients with PD and controls have 
shown that pyriform sinus residue may be associated 
with respiratory infections [34]. Premature bolus loss, 
which may cause pre-swallow aspiration, is also a typical 
finding in dysphagia in PD [35]. In addition, hypokinesia 
and bradykinesia cause decreased motor function of the 
tongue and delayed oral transit time in PD [36,37]. There-
fore, oral phase-related abnormalities could have a great 
impact on the risk of respiratory infection in patients with 
parkinsonism. A recent study also reported that lingual 
motility and swallow time are significant prognostic fac-
tors for aspiration pneumonia in patients with PD [19].

Aspiration was a significant factor in the univariate 
analysis, but it was excluded in the final multivariate 
analysis model. One of the possible reasons may be that 
our study investigated factors associated with respiratory 
infection as a broader category, while the previous study 
focused specifically on aspiration pneumonia [19]. In 
addition, it has been reported that the likelihood of de-
veloping pneumonia was low in PD patients with liquid 
aspiration, regardless of liquid thickening [18]. Chronic 
dysphagia in slowly progressing degenerative diseases is 
presumed to have distinct characteristics from acute dys-
phagia, such as that caused by a stroke. Therefore, factors 
such as disease progression and oral function play a more 
significant role in PD and require different approaches 
for managing dysphagia.

Although the following factors were not selected in the 
final model of our study, several previous studies have 
reported that older age, male sex, and aspiration shown 
in VFSS are common risk factors for respiratory infection 
[11-13]. In our study, age was significant in the univariate 
analysis but not in the multivariate model. The interac-
tion between age, disease severity, and diagnosis may 
affect our results since disease severity usually increases 
with age, and the age of disease onset varies depending 
on the type of parkinsonism. The statistical power which 
was limited by the number of participants may also affect 
the results. Previous studies have also shown that many 
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comorbidities increase the risk of pneumonia in patients 
with PD [11-13]. Although underlying medical conditions 
were not included in the present study, major comorbidi-
ties known to increase the risk of pneumonia, such as 
chronic heart disease, chronic kidney disease, and de-
mentia, should be considered together.

This study had several limitations. First, although our 
study included 142 participants, only two to three factors 
could be input in the model because only 28 participants 
had a history of respiratory infection. A lack of statistical 
power may lead to a type 2 error, but our results suggest 
several significant risk factors for respiratory infection 
in patients with PD, some of which were not covered in 
previous studies. Second, the presentation of respiratory 
infections was identified using a questionnaire. As this 
relies on the patient’s memory, its diagnostic accuracy 
could be limited. Finally, because this was a retrospective 
study, there could be other potential confounders and 
inaccurate records. The VFSS test was conducted while 
the patient was taking their regular medication. However, 
the time elapsed between drug administration and the 
VFSS test was not recorded. This makes it challenging 
to determine the on/off medication state of the patient, 
which is a further limitation of the retrospective nature 
of the study. The impact of levodopa on the swallowing 
function in PD patients has been a subject of debate. A 
recent review has suggested that levodopa might improve 
swallowing efficiency without effect on swallowing safety 
in PD patients [38]. Therefore, our findings should be 
verified prospectively in future studies.

In conclusion, this study suggests that disease severity, 
diagnosis, pyriform sinus residue, and premature bolus 
loss observed in VFSS are associated with respiratory 
infection in patients with parkinsonism. These charac-
teristics should be considered when evaluating the risk 
of respiratory infection in patients with dysphagia with 
parkinsonism. Further prospective studies are required 
to validate our results.
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