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Introduction: The clinical significance of the number of aspiration risk factors in patients with 

pneumonia is unknown as yet. In the present study, we clarify the significance of the number 

of aspiration risk factors for mortality and recurrence in pneumonia patients.

Methods: This study included 322 patients hospitalized with pneumonia between December 

2014 and June 2016. We investigated associations between the number of aspiration risk factors 

present (orientation disturbance, bedridden, chronic cerebrovascular disease, dementia, sleeping 

medications and gastroesophageal disease) and 30-day and 6-month mortality, and pneumonia 

recurrence within 30 days.

Results: Patients were categorized by number of risk factors present into groups of 0–1, 2, 3, 

and 4 or more. Of a total of 322 patients, 93 (28.9%) had 0–1 risk factors, 112 (34.8%) had 2, 

88 (27.3%) had 3, and 29 (9.0%) had 4 or more risk factors. The percentages of patients with 

recurrence of pneumonia were 13.0%, 33.0%, 43.2%, and 54.2% in the 0–1, 2, 3, and 4 or more 

risk factor groups, respectively. The percentages of patients with 30-day mortality were 2.2%, 

5.4%, 11.4%, and 24.1%, and those of patients with 6-month mortality were 6.6%, 24.5%, 

30.7%, and 50.0%, in the 0–1, 2, 3, and 4 or more risk factor groups, respectively.

Conclusions: The number of aspiration risk factors was associated with increases in both 

mortality and recurrence in pneumonia patients. Therefore, in clinical practice, physicians 

should consider not only the presence of aspiration risks but also the number of aspiration risk 

factors in these patients.

Keywords: aspiration pneumonia, bedridden, dementia, sleeping medications, mortality, 

recurrence of pneumonia

Introduction
Aspiration pneumonia is defined as the misdirection of oropharyngeal or gastric 

content into the lower respiratory tract,1 and accounts for 5.0% to 66.8% of patients 

hospitalized with pneumonia.2,3 In Japan, the rate of patients diagnosed with aspiration 

pneumonia tends to be higher than those in other countries,4 and aspiration pneumonia 

is an important problem for an aging population.5 However, the mortality rate for 

patients with aspiration pneumonia has been decreasing in the USA and Spain.6,7

There have been no sensitive and specific markers for “aspiration risk” or “aspira-

tion pneumonia” in clinical practice so far,8 and the definition and gold-standard tests 

for diagnosing aspiration pneumonia are lacking.1,9 Patients with aspiration confirmed 

by endoscopy and/or video fluoroscopy are reportedly at an 5–7-fold higher risk of 

pneumonia;10 therefore, these methods can be reliable tools for diagnosing aspiration. 

However, these tools cannot be widely used in elderly patients with pneumonia who are 
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in poor general condition or without appropriate hospital facili-

ties. Therefore, studies related to aspiration pneumonia have 

generally been conducted on the basis of patient characteristics 

that are considered to be aspiration risks and/or radiographic 

characteristics.1,4,11,12 In addition, most of the previous studies 

related to aspiration pneumonia have investigated the factors 

associated with aspiration pneumonia, or whether the presence 

of aspiration pneumonia was associated with mortality.1,2,8,13

Two Japanese reports by Maruyama et al and Shindo 

et al showed that a number of risk factors for multidrug-

resistant pathogens were associated with 30-day mortality.14,15 

However, little is known regarding whether the number of 

aspiration risk factors is useful for estimating short- and 

long-term mortalities or recurrence of pneumonia.

In the present study, we investigated the significance of the 

number of aspiration risk factors for mortality and recurrence 

of pneumonia in patients hospitalized with pneumonia.

Methods
Study population
We retrospectively enrolled consecutive patients with com-

munity-onset pneumonia who participated in a previously 

prospective study performed in Tobata Kyoritsu Hospital 

(218 beds, Kitakyusyu City, Japan) between December 2014 

and June 2016 (UMIN 000016179, UMIN 000020371).16 

Patients whose conditions were complicated with other dis-

eases during hospitalization were excluded. This study was 

approved by the ethics committee of Tobata Kyoritsu Hospital 

(No 16-06), and this study did not require written informed 

consent because it was retrospective in nature and contained 

no personal information. The age, sex, comorbid diseases, 

past medical histories, clinical manifestations, and laboratory 

findings of the participants were collected and recorded.

Definitions of pneumonia
Pneumonia was diagnosed when the patient met all 3 of the 

following criteria: 1) at least 1 relevant clinical symptom(s) 

(fever, cough, sputum production, chest pain); 2) new infil-

trates on chest radiograph and/or computed tomography; and 

3) at least 1 of the designated relevant laboratory findings 

(white blood cell count $10,000/µL or increased level of 

serum C-reactive protein).

Aspiration risk
In the Japanese Respiratory Society (JRS) Guidelines for 

the Management of Pneumonia in Adults 2017,17 orientation 

disturbance, bedridden, acute cerebrovascular disease, chronic 

neurological disorders (dementia, cerebral infarction sequelae, 

Parkinson disease, etc), iatrogenic causes (sleeping medication, 

tube feeding, tracheotomy, etc), and gastroesophageal disor-

ders are described as risk factors that predispose aspiration, 

although there are no gold-standard definitions of aspiration 

pneumonia. In the present study, the following 6 risk factors 

were defined as the risk factors for aspiration according to the 

(JRS) Guidelines: orientation disturbance, European Coopera-

tive Oncology Group-performance status (ECOG-PS) 418 (bed-

ridden), chronic cerebrovascular disease including cerebral 

infarction sequelae and/or Parkinson disease (chronic neuro-

logical disorders), dementia (chronic neurological disorders), 

sleeping medications (iatrogenic causes), and gastroesophageal 

disease. Acute cerebrovascular disease, tube feeding, and 

tracheotomy were excluded as aspiration risks because of the 

small number of such cases. In addition, a patient was defined 

as having an aspiration risk when the patient had 1 or more of 

the previously mentioned risk factors in order to evaluate the 

significance of the presence of aspiration risk.

Outcomes
In this study, 6-month mortality due to all causes was evalu-

ated as primary outcome, and 30-day mortality on admission 

and recurrence of pneumonia within 30 days (defined as the 

emergence of a new episode of pneumonia after remission of 

the preceding episode16) were also evaluated. The recurrence 

of pneumonia within 30 days and 6-month mortality were 

assessed by reviewing the patients’ medical records and/or 

interviews. The choice of antibiotics was entirely up to the 

attending physicians.

Statistical analyses
The STATA 14 software program (StataCorp LP, College 

Station, TX, USA) was used for the statistical analyses, and 

Fisher’s exact test for tables (2×2) and the Mann–Whitney 

U test were applied as appropriate. P,0.05 was considered 

statistically significant. The odds ratio (OR) for each outcome 

for aspiration risk scores of 2, 3, and 4 or more compared with 

an aspiration risk score of 0–1 was calculated. In addition, a 

multivariate analysis was used to identify the most significant 

variable for the 6 aspiration risk factors. The receiver oper-

ating characteristics (ROC) curves and the areas under the 

curve (AUCs) were analyzed according to the number of 

aspiration risk factors and each outcome.

Results
Patient characteristics
Among 328 hospitalized patients with community-onset 

pneumonia during the study period, 322 patients were 

ultimately included in this study (Figure 1). The clinical 

characteristics of these 322 patients are summarized in 
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Table 1. The average age was 83.4±12.2 years old, and 57.9% 

of patients were female. Among all patients, 286 (88.8%) 

were classified as having an aspiration risk (1 or more). The 

numbers of patients experiencing recurrence of pneumonia 

within 30 days, 30-day mortality, and 6-month mortality were 

95 (31.4%), 25 (7.8%), and 63 (23.2%), respectively.

Numbers of patients in risk factor groups
Of the total 322 patients, 93 (28.9%) were in the 0–1 risk 

factor group; 112 (34.8%) had 2 risk factors; 88 (27.3%) had 

3 risk factors; and 29 (9.0%) were in the 4 or more group. 

Detailed characteristics of patients by number of aspiration 

risk factors in each category are presented in Table 2.

Recurrence of pneumonia within 30 days, 
according to the number of aspiration 
risk factors
A total of 303 patients were included in the analysis of 

this outcome because 10 of 322 patients did not admit 

remission of the first pneumonia and 9 patients lacked 

the outcome evaluation. The numbers of patients with 

recurrence of pneumonia within 30 days according to the 

aspiration risk factor group were 12 of 92 (13.0%), 35 of 

106 (33.0%), 35 of 81 (43.2%), and 13 of 24 (54.2%) for 

the 0–1, 2, 3, and 4 or more risk factor groups, respectively 

(Figure 2A). The ORs in the 2, 3, and 4 or more risk factor 

groups compared with the 0–1 risk factor group were 3.29, 

5.07, and 7.88, respectively. An increase in the number 

of aspiration risk factors was associated with an increase 

in the rates of pneumonia recurrence within 30 days. In 

addition, the ORs of univariate and multivariate analyses 

were similar.

Thirty-day mortality according to the 
number of aspiration risk factors on 
admission
A total of 322 patients were included in the analysis of this 

outcome. The numbers of patients with 30-day mortality, 

by risk factor group were 2 of 93 (2.2%), 6 of 112 (5.4%), 

10 of 88 (11.4%), and 7 of 29 (24.1%) for the 0–1, 2, 3, and 

4 or more risk factor groups, respectively (Figure 2B). The 

ORs in the 2, 3, and 4 or more risk factor groups compared 

with the 0–1 risk factor group were 2.58, 5.83, and 14.5, 

respectively. An increase in number of aspiration risk fac-

tors was associated with an increase in the rates of 30-day 

mortality. The calculated ORs of univariate and multivariate 

analyses were similar.

Six-month mortality according to the 
number of aspiration risk factors
A total of 271 patients were included in the analysis of this 

outcome because 25 patients died within 30 days of admis-

sion, and 26 lacked the outcome evaluation. The numbers 

of patients with 6-month mortality according to aspiration 

risk factor group were 5 of 76 (6.6%), 24 of 98 (24.5%), 

23 of 75 (30.7%), and 11 of 22 (50.0%), for the 0–1, 2, 3, 

Figure 1 Entry flow chart.

Table 1 Characteristics of 322 patients with pneumonia

Characteristics Patients with pneumonia

Age (years), mean ± SD 83.4±12.2
Female; n (%) 187 (58.1)
ECOG-PS 4; n (%)a 105 (32.6)
Hospitalization for $2 days in the  
preceding 90 days; n (%)

80 (24.8)

Comorbidity; n (%)
Malignancy 73 (22.7)
Chronic cerebrovascular disease 186 (57.8)
Chronic cardiovascular disease 182 (56.5)
Chronic respiratory disease 124 (38.5)
Gastroesophageal disease 57 (17.7)
Chronic liver disease 18 (5.6)
Chronic kidney disease 14 (4.3)
Diabetes mellitus 47 (14.6)
Dementia 240 (74.5)
Orientation disturbance; n (%) 11 (3.4)
Albumin ,3.0 g/dL; n (%) 106 (32.9)

Radiographic findings; n (%)
Multilobar involvement ($2) 107 (33.2)
Pleural effusion 87 (27.0)
Sleeping medications 63 (19.6)
Tube feeding 21 (6.5)
ACE inhibitor drugs 19 (5.9)

PSI score; n (%)
I–III 63 (19.6)
IV 143 (44.4)
V 116 (36.0)
30 days mortality 25 (7.8)
Recurrence of pneumonia within  
30 daysb

95 (31.4)

6-month mortalityc 63 (23.2)

Notes: aECOG-PS4 cannot move at all or perform personal care, all day spent in 
bed or chair. bRecurrence of pneumonia was evaluated in 303 patients. c6-month 
mortality was evaluated in 271 patients.
Abbreviations: ACE, angiotensin-converting enzyme; ECOG-PS, European 
Cooperative Oncology Group-performance status; PSI, pneumonia severity index.
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and 4 or more risk factor groups, respectively (Figure 2C). 

The  ORs in the 2, 3, and 4 or more risk factor groups 

compared with the 0–1 risk factor group were 4.61, 6.28, 

and 14.2, respectively. An increase in the number of the 

aspiration risk factors was associated with an increase in the 

rates of 6-month mortality. The OR results of univariate and 

multivariate analyses were similar. On the other hand, the 

6-month mortality in patients with recurrence of pneumonia 

(50.6%) was significantly higher (P,0.0001) than in patients 

without recurrence of pneumonia (9.8%).

Table 2 The number of aspiration risk factors in each category

Characteristics Risk 0–1 
(n=93)

Risk 2 
(n=112)

Risk 3 
(n=88)

Risk 4 

(n=29)

Age (years), mean ± SD 75.8±16.7 86.6±8.6 86.7±7.7 85.8±6.9
Female; n (%) 48 (51.6) 67 (59.8) 56 (63.6) 16 (55.2)
Hospitalization for $2 days in the 
preceding 90 days; n (%)

16 (17.2) 30 (26.8) 23 (26.1) 11 (37.9)

Comorbidity; n (%)
Malignancy 19 (20.4) 23 (20.5) 23 (26.1) 8 (27.6)
Chronic cardiovascular disease 40 (43.0) 68 (60.7) 58 (65.9) 16 (55.2)
Chronic respiratory disease 35 (37.6) 50 (44.6) 26 (29.5) 13 (44.8)
Chronic liver disease 5 (5.4) 4 (3.6) 7 (8.0) 2 (6.9)
Chronic kidney disease 1 (1.1) 5 (4.5) 4 (4.5) 4 (13.8)
Diabetes mellitus 14 (15.1) 14 (12.5) 10 (11.4) 9 (31.0)
Albumin ,3.0 g/dL 19 (20.4) 35 (31.3) 38 (43.2) 14 (48.3)

Radiographic findings; n (%)
Multilobar involvement ($2) 32 (34.4) 36 (32.1) 30 (34.1) 9 (31.0)
Pleural effusion 16 (17.2) 28 (25.0) 31 (35.2) 12 (41.4)
Tracheotomy 0 (0.0) 0 (0.0) 1 (1.1) 1 (3.4)
Tube feeding 2 (2.2) 4 (3.6) 10 (11.4) 5 (17.2)
ACE inhibitor drugs 3 (3.2) 6 (5.4) 6 (6.8) 4 (13.8)

PSI score; n (%)
I–III 42 (45.2) 15 (13.4) 5 (5.7) 1 (3.4)
IV 34 (36.6) 55 (49.1) 43 (48.9) 11 (37.9)
V 17 (18.3) 42 (37.5) 40 (45.5) 17 (58.6)

Aspiration risk factors in this study; n (%)
Orientation disturbance 2 (2.2) 5 (4.5) 1 (1.1) 3 (10.3)
ECOG-PS4a 1 (1.1) 19 (17.0) 58 (65.9) 27 (93.1)
Chronic cerebrovascular disease 12 (12.9) 68 (60.7) 78 (88.6) 28 (96.6)
Dementia 28 (30.1) 98 (87.5) 85 (96.6) 29 (100.0)
Sleeping medications 5 (5.4) 20 (17.9) 23 (26.1) 15 (51.7)
Gastroesophageal disease 9 (9.7) 14 (12.5) 19 (21.6) 15 (51.7)

Note: aECOG-PS4 cannot move at all or perform personal care, all day spent in bed or chair.
Abbreviations: ACE, angiotensin-converting enzyme; ECOG-PS, European Cooperative Oncology Group-performance status; PSI, pneumonia severity index.

Figure 2 The ratio of each outcome and odds ratio according to the number of aspiration risk factors.
Note: (A) Recurrence of pneumonia within 30 days, (B) 30-day mortality, (C) 6-month mortality.
Abbreviations: OR, odds ratio; Ref, reference.
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Prognostic accuracy for each outcome 
according to the number of aspiration 
risk factors
The relationship between the rates of mortality due to pneumo-

nia or recurrence, and the presence of aspiration risk factors is 

shown in Figure 3A, C, and E. In addition, the ROC curve for 

each outcome by the number of aspiration risk factors is shown 

in Figure 3B, D, and F. There were significant differences 

in the recurrence of pneumonia within 30 days and the 

6-month mortality between patients with 1 or more aspiration 

risk factors and those without any such factors (0). However, 

no significant differences were found in the 30-day mortality 

between these 2 groups. The AUCs using ROC curves for the 

recurrence of pneumonia within 30 days and the 30-day and 

6-month mortalities were 0.67 (95% CI, 0.61–0.73), 0.72 (95% 

CI, 0.61–0.82), and 0.68 (95% CI, 0.62–0.75), respectively.

Figure 3 The ratio for each outcome according to the aspiration risk.
Notes: (A) Recurrence of pneumonia within 30 days. (B) The receiver operating characteristics for recurrence of pneumonia. (C) 30-day mortality. (D) The receiver 
operating characteristics for 30-day mortality. (E) 6-month mortality. (F) The receiver operating characteristics for 6-month mortality.
Abbreviations: AUC, areas under the curve; NS, not significant.
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Multivariate analysis for 6 aspiration 
risk factors
We evaluated whether the 6 aspiration risk factors we 

used in this study (orientation disturbance, bedridden on 

ECOG-PS 4, chronic cerebrovascular disease, dementia, 

sleeping medications, and gastroesophageal disease) are 

independent risk factors for pneumonia patients with aspira-

tion risk. In this analysis, we defined patients with “abnormal 

swallowing ability” as pneumonia patients with aspiration 

risk using the modified water test,19 which was performed 

before discharge. We evaluated the 6 aspiration risk factors 

using multivariate analysis for the 268 of 322 patients in 

whom the modified water test was performed. As a result, 

ECOG-PS 4 (OR: 3.31; 95% CI: 1.83–6.00, P,0.001), 

dementia (OR: 5.26, 95% CI: 2.30–12.03, P,0.001), 

and sleeping medications (OR: 2.08, 95% CI: 1.04–4.14, 

P=0.038) were significant independent risk factors for 

pneumonia patients with aspiration risk.

Discussion
The present study investigated the clinical significance 

of the number of aspiration risk factors for mortality and 

the recurrence of pneumonia in clinical practice for patients 

with community-onset pneumonia. The results of this study 

indicated that the number of aspiration risk factors is asso-

ciated with the rate of short-term (30 days) and long-term  

(6 months) mortalities, as well as the rate of pneumonia 

recurrence within 30 days.

Aspiration pneumonia generally occurs as a result of 

multifocal risk factors,4 and various studies have reported 

aspiration risk factors and their relation to the mortality 

and/or recurrence of pneumonia.1,2,8,13 However, there have 

been only a few reports evaluating the relationship between 

mortality and the recurrence of pneumonia, and the number 

of aspiration risk factors. In addition, the clinical signifi-

cance of the number of aspiration risk factors in patients  

with pneumonia is unknown as yet. We clarified that the 

number of aspiration risk factors we used was related to an 

increase in the rate of short- and long-term mortalities, and 

the recurrence of pneumonia in the present study. A recent 

report by Kawai et al showed a significant relationship 

between an increase in the number of aspiration risks and an 

increase in the incidence of pneumonia among patients who 

had received treatment for head and neck cancer.20 In addi-

tion, Weiss et al reported that an increase in the amylase 

level of bronchoalveolar lavage fluid, which is 1 marker for 

aspiration, was significantly related to increased number 

of aspiration risk factors (swallowing dysfunction, altered 

consciousness, cardiac arrest, difficult intubation, and peri-

intubation vomiting).21 Aspiration risk factors are cross-

associated among themselves and exhibit collinearity with 

each other,4 and the results of our study may demonstrate 

a positive association between the combination of vari-

ous aspiration risk factors and an increase in mortality and 

recurrence of pneumonia in patients with community-onset 

pneumonia.

Studies related to aspiration pneumonia have often 

been conducted on the basis of patient characteristics 

that are thought to be aspiration risks and/or radiographic 

characteristics.1,4,11,12 The definitive criteria recognized for 

aspiration pneumonia are still lacking,1,9 although the 6 aspi-

ration risks used in this study were based on the pneumonia 

guidelines published by the JRS recently. Therefore, we 

verified the adequacy of these 6 aspiration risks using the 

results of a modified water test before discharge. Among 

the 6 risk factors we used in this study, ECOG-PS 4 (OR: 

3.31; P,0.001), dementia (OR: 5.26; P,0.001), and sleep-

ing medications (OR: 2.08; P=0.038) were identified as 

independent risk factors in multivariate analysis (Table 3). 

Conversely, orientation disturbance and comorbidity (chronic 

cerebrovascular disease and gastroesophageal disease) did 

not demonstrate significant differences for aspiration risk in 

this study. Similar to our results, Manabe et al reported in a 

study with a larger number of elderly patients that comorbid 

diseases did not affect the incidence of aspiration pneumonia, 

and that activity of daily living might be important for aspi-

ration pneumonia.13 These results might also be influenced 

by the higher percentage of advanced-age patients in the 

study. On the contrary, it is widely known that confusion 

and comorbidities such as cerebrovascular diseases and 

gastroesophageal diseases are associated with aspiration 

pneumonia.8,22 We also think these are important factors for 

aspiration, although there were no significant differences 

for these factors in this study. Therefore, we believe that 

Table 3 The evaluation of 6 risk factors using multivariate 
analysis

Variables Multivariate analysis

Odds ratio 95% CI P-value

Orientation disturbance 0.52 0.10–2.62 0.425
Chronic cerebrovascular disease 1.51 0.86–2.68 0.153
Dementia 5.26 2.30–12.03 ,0.001
ECOG-PS 4 3.31 1.83–6.00 ,0.001
Sleeping medications 2.08 1.04–4.14 0.038
Gastroesophageal disease 1.15 0.56–2.35 0.709

Abbreviation: ECOG-PS, European Cooperative Oncology Group-performance 
status.
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the 6 factors we used in this study can be essential factors 

for studies of aspiration pneumonia. Further investigations 

are necessary to elucidate adequate or better aspiration risk 

factors for evaluating several risks in patients with aspira-

tion pneumonia.

The presence of aspiration risk factors showed significant 

differences in 6-month mortality and 30-day recurrence of 

pneumonia; in addition, the 6-month mortality in patients with 

30-day recurrence of pneumonia was significantly higher than 

that in patients without 30-day recurrence of pneumonia. The 

Adult Pneumonia Study Group in Japan also showed that the 

presence of pneumonia recurrence was associated with a poor 

prognosis.23 We, therefore, believe that the existence of any 

aspiration risk factors is itself an important factor influencing 

the long-term prognosis in elderly patients with pneumonia. 

Whereas, the presence of risk factors was not significantly 

associated with the 30-day mortality in our study. A recent 

systematic review of aspiration risk factors by Komiya et al 

showed that aspiration pneumonia was related to short- (not 

requiring the intensive care unit) and long-term mortality, 

and recurrent pneumonia,24 but they also demonstrated that 

the results in each study varied widely with respect to short-

term mortality, which was strongly influenced by differences 

in study size, population, and the definition of aspiration 

pneumonia used;24 our results for short-term mortality were 

also influenced by these factors. Therefore, selection and use 

of better aspiration risk factors for predicting mortality and 

recurrence of pneumonia might lead to better prognosis in 

pneumonia patients with aspiration risks, and further studies 

are expected.

There are several limitations associated with the present 

study. First, no unified definition of aspiration pneumonia 

has yet been established. However, aspiration risks used in 

this study were considered to be established based on the JRS 

guidelines; therefore, we believe that our findings are signifi-

cant and reliable. Second, this study was a single-center trial, 

although the number of enrolled patients was relatively large.

In conclusion, our results may indicate that the number 

of aspiration risk factors is associated with an increase in 

mortality and the recurrence of pneumonia, especially among 

elderly patients. Consideration of not only the presence 

of aspiration risks, but also the number of aspiration risk 

factors, is important for better clinical practice in patients 

with pneumonia. Further prospective multicenter studies are 

necessary to confirm our results. In addition, better aspiration 

risk factors are expected to provide increased understanding, 

and strategic and effective care for pneumonia patients with 

aspiration risks.
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