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Abstract

Backgrounds

Aspiration pneumonia is a dominant form of community-acquired and healthcare-associ-

ated pneumonia, and a leading cause of death among ageing populations. However, the

risk factors for developing aspiration pneumonia in older adults have not been fully evalu-

ated. The purpose of the present study was to determine the risk factors for aspiration pneu-

monia among the elderly.

Methodology and Principal Findings

We conducted an observational study using data from a nationwide survey of geriatric medi-

cal and nursing center in Japan. The study subjects included 9930 patients (median age: 86

years, women: 76%) who were divided into two groups: those who had experienced an epi-

sode of aspiration pneumonia in the previous 3 months and those who had not. Data on

demographics, clinical status, activities of daily living (ADL), and major illnesses were com-

pared between subjects with and without aspiration pneumonia. Two hundred and fifty-nine

subjects (2.6% of the total sample) were in the aspiration pneumonia group. In the univari-

ate analysis, older age was not found to be a risk factor for aspiration pneumonia, but the fol-

lowing were: sputum suctioning (odds ratio [OR] = 17.25, 95% confidence interval [CI]:

13.16–22.62, p < 0.001), daily oxygen therapy (OR = 8.29, 95% CI: 4.39–15.65), feeding

support dependency (OR = 8.10, 95% CI: 6.27–10.48, p < 0.001), and urinary catheteriza-

tion (OR = 4.08, 95% CI: 2.81–5.91, p < 0.001). In the multiple logistic regression analysis,

the risk factors associated with aspiration pneumonia after propensity-adjustment (258 sub-

jects each) were sputum suctioning (OR = 3.276, 95% CI: 1.910–5.619), deterioration of

swallowing function in the past 3 months (OR = 3.584, 95% CI: 1.948–6.952), dehydration

(OR = 8.019, 95% CI: 2.720–23.643), and dementia (OR = 1.618, 95% CI: 1.031–2.539).
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Conclusion

The risk factors for aspiration pneumonia were sputum suctioning, deterioration of swallow-

ing function, dehydration, and dementia. These results could help improve clinical manage-

ment for preventing repetitive aspiration pneumonia.

Introduction
Pneumonia is a leading cause of hospitalisation and mortality among older adults, particularly
those aged�85 years [1, 2]. Although aspiration pneumonia is the dominant form of commu-
nity-acquired pneumonia (CAP) and healthcare-associated pneumonia (HCAP), the lack of
specific and sensitive markers of aspiration complicates clinical and epidemiological investiga-
tions [3, 4]. Several studies have indicated that 7–24% of CAP is due to aspiration [5, 6]. We
have previously reported that approximately 60% of hospitalized patients with CAP can be
diagnosed with aspiration pneumonia [7]. Previous studies have shown that the risk of aspira-
tion pneumonia increases with age, if patients are residing in a nursing home, and if a patient’s
status is complicated with many geriatric disorders [8]. However, given that the average life
span of Japanese women is 86 years, age itself may not be a risk factor for developing
pneumonia.

There are many therapeutic guidelines for CAP and HCAP [9–11]. These guidelines apply
to adult patients, but not specifically to older patients who present with high mortality due to
aspiration pneumonia. HCAP in the United States is mostly characterized by infection with
multidrug-resistant pathogens. However, HCAP and nursing and healthcare-associated pneu-
monia (NHCAP) in Spain and Japan are not related to multidrug-resistant pathogens, and
result in worse clinical outcomes than CAP because of comorbidities related to dysphagia or
aspiration [12, 13]. In addition, the rate of HCAP has increased with advancing age in devel-
oped countries and most of the cases can be diagnosed as aspiration pneumonia [14].

Aspiration pneumonia occurs in older adults with polypathology who have two or more
chronic symptomatic diseases as well as various negative health and functional characteristics
[15]. The increase in the ageing population worldwide means that the risk factors for develop-
ing aspiration pneumonia in older adults receiving nursing care need to be elucidated for the
prevention and efficient clinical management of aspiration pneumonia. The aim of the present
study was to examine the clinically significant risk factors associated with aspiration pneumo-
nia among older adults receiving nursing care.

Methods

Study design, data sources, and study population
We carried out an observational and cross-sectional study, using secondary data from a nation-
wide questionnaire survey conducted by the Japanese Association of Geriatric Health Services
Facilities (JAGHSF) in October 2010. JAGHSF has more than 3500 geriatric health services
facilities (GHSFs) in its membership, which provide medical, nursing, and rehabilitation ser-
vices for elderly under the long-term care insurance in Japan for people aged over 65 years.

The questionnaire survey was conducted at 3800 randomly selected GHSFs and associated
health facilities receiving elderly care. The study subjects were aged 65 years and older, and
lived in 1121 GHSFs at the time of observation. People aged less than 65 years were excluded
from the survey. We collected data on general characteristics of subjects, the duration of years
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from admission, dysfunction and clinical supports, comorbidities, and deterioration of health
condition on subjects in 3 months including standing, moving and walking, and swallowing
function. Data on activities of daily living (ADL) were collected from the data of International
Classification System of Functioning, Disability and Health (ICF) staging, the assessment
method for ADL condition of patients, which was modified by the JAGHSF from the ICF, stan-
dardised by the World Health Organization (WHO) [16, 17]. Using ICF staging [18, 19], the
level of ADL concerning mobility, walking, recognition (orientation, communication, and cog-
nitive oriented function), eating (swallowing and the necessity of eating assistance), toileting,
bathing, and dressing (oral care and washing) were collected.

Aspiration pneumonia was defined as an episode in the 3 months previous to the observa-
tion period, which was diagnosed by geriatricians in each GHSF according to the consensus by
Japanese Study Group by the committee of Japan Respiratory Society on Aspiration Pulmonary
Disease definition as pneumonia in a patient with a predisposition to aspiration because of dys-
phagia or swallowing disorders [20]. Since the swallowing function was not able to assess in all
GHSF using the specialized examination tests, the presence of overt symptoms of dysphagia or
the medical history of aspiration was determined as swallowing disorders in the patients. This
method was allowed by the consensus of JRS [20]. Age was analysed as the continuous variable
and as the stratified age groups with 65–74yrs., 75–89yrs, and�90yrs. The incidence of fever
with caused by acute infectious diseases was determined by the fever of over 37.5°C with the
test on bacterial culture. The dehydration was defined by the ratio of blood urea nitrogen
(BUN) to serum creatinine was greater than twenty.

The subjects were divided into two groups: those with and those without aspiration pneu-
monia. We compared the factors relating to the incidence of aspiration pneumonia as the pri-
mary outcome. The purpose of the present study included finding the clinical risk factors for
the incidence of aspiration pneumonia. We used a propensity scoring method to match age,
sex and ADL in subjects with and without aspiration pneumonia to characterise the probability
of being exposed to the given covariates.

The study was approved by the Institutional Review Boards of the University of Tsukuba.
Written informed consent was obtained from the subjects or their relatives, and we obtained
written permission to evaluate and report the survey data from the JAGHSF. This process was
permitted by the Ethical Review Boards for this observational study using secondary data from
a national survey by the JAGHSF. Investigators kept datasets in password-protected systems
and presented data while maintaining the anonymity of the study participants.

Statistical analysis
Data were reported as percentages for categorical variables and as median with interquartile
range (IQR; 25–75%) for continuous variables. The characteristics of subjects with and without
aspiration pneumonia were compared using the χ2 test or Fisher’s exact test for categorical var-
iables and Mann–Whitney U or Kruskal–Wallis tests for continuous variables. Factors influ-
encing aspiration pneumonia were determined using logistic regression analysis with
independent variables if p was<0.05 and odds ratio (OR)>2.0 by univariate analysis, and a
step-wise selection method was used to select variables and confirmed by the forced entry
method. We carried out pairwise 1:1 propensity score matching, using nearest neighbour
matching method, for reducing the effect of bias by unbalanced covariates and potential con-
founding [21,22]. The propensity score was estimated using multiple logistic regression analy-
sis that included the independent variables of age, sex and ADL level to match subjects with
and without aspiration pneumonia, using stepwise backward elimination procedures with
p<0.10 and confirmed by the forced entry method. We conducted a logistic regression analysis
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on propensity-matched case–control subjects using independent variables if p was<0.05 and
OR>2.0 by univariate analysis, and a stepwise selection method was used to select predictive
variables for aspiration pneumonia.

Data were analysed using SPSS version 20 (IBM, Armonk, NY, USA). For all analyses, sig-
nificance levels were two-tailed, and p<0.05 was considered statistically significant.

Results

General and clinical characteristics of subjects
A total of 9930 subjects from 1121 participating geriatric facilities throughout Japan were eligi-
ble for the present study. Two hundred and fifty-nine subjects (2.6%) had an episode of aspira-
tion pneumonia in the 3 months prior to the observation period. The general characteristics,
functional impairment status, clinical assistance requirements, and comorbidities of the sub-
jects were compared between those with and without aspiration pneumonia (Table 1).

The age distribution of subjects was not normal. The median age was 86 years in both
groups with no significant difference between the groups (p = 0.201). Over half of the subjects
in the total sample were aged 75–89 years, and the analysis stratified by age group also showed
no significant difference between those with and those without aspiration pneumonia
(p = 0.197). There were significantly more male subjects with aspiration pneumonia than with-
out (p< 0.001). The subjects in the group with aspiration pneumonia had a higher OR for spu-
tum suctioning [OR = 17.5, 95% CI: 13.16–22.62], daily oxygen therapy (OR = 8.29, 95% CI:
4.39–15.65), feeding support (nasogastric tube or gastrostomy) dependency (OR = 8.10, 95%
CI: 6.27–10.48), and urinary catheterization (OR = 4.08, 95% CI: 2.81–5.91). Regarding comor-
bidities, only dementia, urinary tract infection, and multiple cerebral infarction differed signifi-
cantly between the subjects with and without aspiration pneumonia. The condition of subjects
with aspiration pneumonia deteriorated more regarding standing, moving and walking, and
swallowing compared to subjects without aspiration pneumonia (Table 1).

ADL were assessed using the International Classification of Functioning (ICF) staging
[18,19], which measures mobility, walking, recognition (orientation, communication, and cog-
nitive oriented function), eating (swallowing and the necessity of eating assistance), toileting,
bathing, and dressing (oral care and washing). For all ADL except bathing, subjects with aspira-
tion pneumonia tended to present with lower levels, while subjects without aspiration pneumo-
nia presented with varying levels (Table 2).

Risk factors for aspiration pneumonia among elderly subjects using
multiple logistic regression analysis
The multiple logistic regression analysis adjusted for baseline factors indicated that male sex,
sputum suctioning, daily oxygen therapy, feeding support dependency, urinary catheterization,
deterioration of swallowing function in the past 3 months, fever with acute infectious disease,
dehydration, and dementia were related to the incidence of aspiration pneumonia (Table 3).

In addition, a propensity-score-matched case-control study was conducted among a subsam-
ple of 514 subjects with and without aspiration pneumonia. The logistic regression analysis
showed that sputum suctioning, deterioration of swallowing function in the past 3 months, dehy-
dration, and dementia were associated with the incidence of aspiration pneumonia (Table 4).

Discussion
The present comprehensive study identified that the predictive clinical factors for developing
aspiration pneumonia in older adults receiving nursing care were sputum suctioning,
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Table 1. General and clinical characteristics of study subjects.

Total No.: 9930 With AP Without AP P value OR 95% CI

N = 259 (2.6%) N = 9671 (97.4)

Gender–male, n (%) 99 (38.2) 2292 (23.7) <0.001 1.99 1.54–2.57

Age–median (IQR) 86 (81–92) 86 (80–91) 0.201

65–74 22 (8.5) 909 (9.4) 0.197

75–89 148 (57.1) 5797 (59.9)

�90 89 (34.4) 2965 (30.7)

Number of years from admission–y, median (IQR) n = 9831 1 (1–2) 2 (1–3) 0.035

Dysfunction and clinical supports

Hemiplegia/diplegia n = 9698 137 (54.8) 3070 (32.5) <0.001 2.52 1.96–3.24

BPSD n = 9610 155 (62.2) 5407 (57.8) 0.088 1.21 0.93–1.56

Brain dysfunction n = 9622 163 (64.4) 3270 (34.9) <0.001 3.38 2.60–4.39

Hearing dysfunction n = 9673 66 (26.2) 1603 (16.9) <0.001 1.75 1.32–2.33

Visual dysfunction n = 9673 47 (18.7) 737 (7.7) <0.001 2.75 1.98–3.81

Pseudobulbar palsy n = 9632 140 (57.1) 1369 (14.6) <0.001 7.81 6.03–10.12

Sputum Suctioning 102 (27.2) 351 (3.6) <0.001 17.25 13.16–22.62

Daily oxygen therapy n = 9801 12 (4.7) 57 (0.6) <0.001 8.29 4.39–15.65

Nutrition support (nasogastric tube�gastrostomy) n = 9815 111 (43.2) 820 (8.6) <0.001 8.10 6.27–10.48

Cardiac pacemaker n = 9788 4 (1.6) 160 (1.7) 1.000 0.93 0.34–2.54

Urinary Catheterisation n = 9795 35 (13.8) 360 (3.8) <0.001 4.08 2.81–5.91

Clinical backgrounds

Cerebral haemorrhage 27 (10.4) 699 (7.2) 0.054 1.94 1.00–2.24

Multiple cerebral infarction 15 (5.8) 245 (2.5) 0.003 2.37 1.38–4.05

Chronic heart failure 3 (1.2) 122 (1.3) 1.000 0.92 0.29–2.90

Myocardial infarction 2 (0.8) 17(0.2) 0.087 4.42 1.02–19.23

Angina pectoris 1 (0.4) 35 (0.4) 0.614 1.07 0.15–7.82

Arrhythmia 1 (0.4) 13 (0.1) 0.309 2.88 0.38–22.10

Arteriosclerosis obliterans 0 (0.0) 15 (0.2) 0.729 - -

Diabetes mellitus 11 (4.2) 402 (4.2) 1.000 1.02 0.56–1.89

Femoral neck fracture 14 (5.4) 765 (7.9) 0.159 0.67 0.39–1.15

Osteoporosis 2 (0.8) 133 (1.4) 0.453 0.56 0.14–2.27

COPD 2 (0.8) 19 (0.2) 0.103 3.95 0.92–17.06

Asthma 2 (0.8) 22 (0.2) 0.129 3.41 0.80–14.59

Renal failure

Depression 5 (1.9) 192 (2.0) 1.000 0.97 0.40–2.38

Cancer 1 (0.4) 48 (0.5) 1.000 0.78 0.11–5.65

Hypertension (with no dementia) 4 (1.5) 210 (2.2) 0.535 0.71 0.26–1.92

Dementia with Lewy bodies 3 (1.2) 42 (0.4) 0.112 2.69 0.83–8.73

Dementia (other than Lewy bodies) 100 (38.6) 3122 (32.3) 0.037 1.319 1.024–1.700

Parkinson disease 10 (3.9) 248 (2.6) 0.229 1.53 0.80–2.91

Diseases on oral, salivary gland, jaw 0 (0.0) 39 (0.4) 0.627 - -

Disease on stomach and oesophagus 4 (1.5) 152(1.6) 1.000 0.98 0.36–2.67

Disease on small/large intestine 1 (0.4) 42 (0.4) 1.000 0.89 0.12–6.48

Liver, gallbladder, pancreas disease 0 (0.0) 43(0.4) 0.630 - -

Urinary tract infection 8 (3.1) 115 (1.2) 0.015 2.65 1.28–5.48

Deterioration of condition on subjects in 3months

Standing condition n = 8578 58 (23.7) 806 (9.7) <0.001 2.90 2.14–3.92

Condition of moving and walking n = 8512 55 (22.6) 803 (9.7) <0.001 2.72 2.00–3.70

Swallowing function n = 7504 75 (32.8) 412 (5.7) <0.001 8.11 6.05–10.88

(Continued)

Predictors for Aspiration Pneumonia

PLOS ONE | DOI:10.1371/journal.pone.0140060 October 7, 2015 5 / 12



deterioration of swallowing function in the past 3 months, dehydration, and dementia. These
findings could improve the clinical management and prevention of repetitive aspiration pneu-
monia, a leading cause of death in older adults.

One hundred years ago, Sir William Osler said that pneumonia is a friend of the aged.
Indeed, elderly people are considerably more likely to suffer and die from pneumonia, in par-
ticular aspiration pneumonia [23]. Therefore, it is necessary to determine the predictive factors
for aspiration pneumonia in the high-risk subgroup of elderly people receiving nursing care.
Importantly, whereas the majority of previous studies enrolled subjects aged 50–75 years, the
median age of our study subjects was 86 years providing a representative age sample for aspira-
tion pneumonia [24–27].

Japan is an ageing country and, in this study, we were able to determine the significant risk
factors for aspiration pneumonia in an elderly Japanese population. In accordance with previ-
ous studies [24–27], the multiple regression analysis revealed several risk factors for aspiration
pneumonia (Table 3). However, the propensity-adjusted analysis found only four major clini-
cal risk factors (Table 4). In previous studies examining the features of aspiration pneumonia,
the analyzed elderly age group was younger than those of the present study. This study, on the
other hand, revealed the significant risk factors for aspiration pneumonia among frail, older
elderly people and found that age did not present as a significant risk factor among the older
elderly in the present study.

Although patients who required intensive and advanced care were not in a geriatric health
service facility (GHSF), our study subjects included a variety of elderly people with polypathol-
ogy [15] who were receiving standard medical care along with nursing care. The comorbidity
of our subjects varied (Table 1). A recent study on people aged<80 years identified chronic
obstructive pulmonary disease (COPD) as a risk factor for aspiration pneumonia [24]. How-
ever, the present study indicated that comorbid diseases (except multiple cerebral infarction)
did not affect the incidence of aspiration pneumonia (Table 1). Although there was no detailed
examination of ADL in the previous study [25], a decrease in ADL is thought to be a risk factor
for aspiration pneumonia. The present study revealed that decreased standing, moving and
walking ability, as well as impaired swallowing function were observed significantly more often
in subjects with aspiration pneumonia than in those without aspiration pneumonia (Table 2).

We further evaluated the data for the total sample using a multiple logistic regression analy-
sis to establish the factors that influence the incidence of aspiration pneumonia. These factors
were male sex, sputum suctioning, daily oxygen therapy, nutrition support dependency (naso-
gastric tube or gastrostomy), urinary catheterization, deterioration of swallowing function in
the past 3 months, fever with acute infectious disease, dehydration, and dementia (Table 3).

Table 1. (Continued)

Total No.: 9930 With AP Without AP P value OR 95% CI

N = 259 (2.6%) N = 9671 (97.4)

Fall�Trauma 16 (6.2) 961 (9.9) 0.056 0.60 0.36–0.99

Fracture 1 (0.4) 99 (1.0) 0.380 0.38 0.05–2.70

Fever with acute infectious diseases (other than AP) 73 (28.2) 1034 (10.7) <0.001 3.28 2.48–4.33

Fall�Trauma 16 (6.2) 961 (9.9) 0.056 0.60 0.36–0.99

dehydration 46 (17.8) 244 (2.5) <0.001 8.34 5.92–11.76

AP, aspiration pneumonia; BPSD, Behavioural Psychological Symptoms of Dementia; COPD, chronic obstructive pulmonary disease

OR, odds ratio; 95%CI, 95% of confidence interval

doi:10.1371/journal.pone.0140060.t001
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Table 2. Level of ADL according to ICF staging.

Total No.: 9930 With AP Without AP P value

N = 259 (2.6%) N = 9671 (97.4)

Level on General Activities n = 9814 <0.001

1 148 (57.6) 1973 (20.6)

2 50 (19.5) 1229 (12.9)

3 22 (8.6) 1250 (13.1)

4 27 (10.5) 2888 (30.2)

5 10 (3.9) 2217 (23.2)

Level on moving and Moving n = 9804 <0.001

1 120 (46.7) 1900 (19.9)

2 129 (50.2) 5454 (57.1)

3 8 (3.1) 1878 (19.7)

4 0 (0.0) 255 (2.7)

5 0 (0.0) 60 (0.6)

Cognitive function: Orientation level n = 9778 <0.001

1 86 (33.5) 836 (8.8)

2 75 (29.2) 2068 (21.7)

3 56 (21.8) 2507 (26.3)

4 21 (8.2) 17.3 (17.9)

5 19 (7.4) 2407 (25.3)

Cognitive function: Communication level n = 9801 <0.001

1 95 (37.0) 1221 (12.8)

2 90 (35.0) 2016 (21.1)

3 28 (10.9) 2006 (21.0)

4 27 (10.5) 2202 (23.1)

5 17 (6.6) 2099 (22.0)

Cognitive function: level of cognitive activities n = 9771 <0.001

1 61 (23.9) 611 (6.4)

2 132 (51.8) 3277 (34.4)

3 31 (12.2) 1636 (17.2)

4 18 (7.1) 1782 (18.7)

5 13 (5.1) 2210 (23.2)

Having meals: level of dysphagia n = 9784 <0.001

1 107 (42.0) 734 (7.7)

2 82 (32.2) 1292 (13.6)

3 34 (13.3) 1467 (15.4)

4 14 (5.5) 1645 (17.3)

5 18 (7.1) 4391 (46.1)

Level of toileting n = 9766 <0.001

1 50 (19.5) 504 (5.3)

2 164 (63.8) 3343 (35.1)

3 33 (12.8) 2165 (22.7)

4 5 (1.9) 1550 (16.3)

5 5 (1.9) 1960 (20.6)

Level of bathing n = 9746 <0.001

1 5 (2.0) 131 (1.4)

2 199 (78.0) 3625 (38.2)

3 48 (18.8) 4889 (51.5)

4 2 (0.8) 579 (6.1)

(Continued)
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However, these variables are potentially interdependent with health status indicators and dis-
ease conditions; therefore, we also examined the clinically significant risk factors associated
with the development of aspiration pneumonia among elderly, propensity-matched subjects
receiving nursing care. Although propensity score matching has several limitations [21,22], we
conducted a multiple regression analysis among the propensity-adjusted subjects to reduce the
imbalance between those with and without aspiration pneumonia, especially for ADL levels.
This analysis was important for investigating the clinical risk factors in an older elderly popula-
tion receiving nursing care and found that sputum suctioning, dysphagia, dehydration, and
dementia were significant risk factors for recurrent aspiration pneumonia in this population
(Table 4). People living in GHSFs receive standard care from qualified staff, thus, sputum suc-
tioning indicates impairment in saliva swallowing and mis-swallowing of airway secretions

Table 2. (Continued)

Total No.: 9930 With AP Without AP P value

N = 259 (2.6%) N = 9671 (97.4)

5 1 (0.4) 267 (2.8)

Level of self-care: oral care n = 9748 <0.001

1 178 (69.5) 2009 (21.2)

2 44 (17.2) 1985 (20.9)

3 20 (7.8) 2583 (27.2)

4 4 (1.6) 970 (10.2)

5 10 (3.9) 1945 (20.5)

Level of self-care: level of dressing n = 9748 <0.001

1 190 (74.2) 2673 (28.2)

2 43 (16.8) 2288 (24.1)

3 13 (5.1) 1664 (17.5)

4 7 (2.7) 1623 (17.1)

5 3 (1.2) 1244 (13.1)

ICF staging was based on the International Classification System of Functioning, Disability and Health by the WHO [18, 19]. Each item was scored from 1

to 5, with decreasing score values (lower digit items presented difficult conditions).

doi:10.1371/journal.pone.0140060.t002

Table 3. Factors influencing aspiration pneumonia by logistic regression analysis.

Coefficient SE P value Odds ratio 95% CI

Constant −14.567 1.422

Gender 0.537 0.171 0.002 1.710 1.223–2.391

Sputum suctions 1.499 0.221 <0.001 4.477 2.901–6.909

Daily oxygen therapy 1.744 0.560 0.002 5.719 1.908–17.145

Nutrition support (nasogastric tube or gastrostomy) 1.213 0.210 <0.001 3.362 2.227–5.077

Urinary Catheterisation 0.615 0.255 0.016 1.850 1.122–3.052

Deterioration of swallowing function 1.565 0.188 <0.001 4.783 3.310–6.911

Fever with acute infectious diseases (other than aspiration pneumonia) 0.703 0.183 <0.001 2.020 1.410–2.894

Dehydration 1.426 0.244 <0.001 4.163 2.583–6.711

Dementia 0.435 0.164 0.008 1.545 1.121–2.129

SE, standard error; 95%CI, 95% of confidence interval

doi:10.1371/journal.pone.0140060.t003
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among patients. This particular risk factor may not have been recognized in previous studies in
community-dwelling settings given the limited sputum suctioning. Furthermore, family care-
givers often have difficulty recognizing the possible causes of aspiration pneumonia. However,
recent research has suggested that impairment of saliva swallowing and mis-swallowing of air-
way secretions are major causes of aspiration pneumonia in elderly people [26]. These risk fac-
tors indicate the need for conventional swallowing assessments to determine dysphagia
[27,28]. However, conventional swallowing assessments focus on feeding ability and not mis-
swallowing of saliva and airway secretions (except during meals). In addition to meal dyspha-
gia, mis-swallowing of saliva and airway secretions during the night are significant risk factors
for developing aspiration pneumonia [29–32].

In this study, dehydration was shown to be an important risk factor for aspiration pneumo-
nia. Although dehydration is a known risk factor for pneumonia, previous studies have not
indicated that it is a risk factor for aspiration pneumonia in particular. The elderly subjects in
this study received standard care in their facilities as well as rehabilitation services. In this set-
ting, dehydration indicates impairment of oral intake and feeding. Thus, dehydration may be a
good indicator of nutrition status in elderly people.

Our study also showed that dementia is a risk factor for the development of aspiration pneu-
monia. Studies have recently reported that elderly dementia patients (mean age of 86 years)
inevitably develop dysphagia and have a high risk of aspiration pneumonia and related mortal-
ity in the hospital [33]. Even in special facilities that provide total care for elderly people,
dementia may not be totally controlled by clinical staff. Therefore, it is reasonable to assume
that dementia is a significant risk factor for aspiration pneumonia.

These results are important for elderly people receiving nursing care. Several risk factors
can cause repetitive and recurrent aspiration pneumonia especially in older people, and the
mortality of recurrent aspiration pneumonia is high in older adults [14,34]. A discussion
regarding the feasibility of intensive therapy with or without mechanical ventilation as well as
prior selection of antibiotics is needed. In light of this, the Japanese NHCAP guidelines discuss
the feasibility of intensive therapy of aspiration pneumonia.

The present study had some limitations. Although aspiration pneumonia in the present
study was clinically diagnosed based on the consensus by the Japanese Respiratory Society
(JRS) committee of the Japanese Study Group on Aspiration Pulmonary Diseases [20], we were
not able to assess swallowing function using functional assessments (e.g., the water swallowing
test, repetitive saliva swallowing test, or simple-swallowing provocation test) for all patients
residing in a GHSF. However, the presence of overt symptoms of dysphagia and a medical his-
tory of aspiration were considered as swallowing disorders in the patients. This method was
approved by consensus from the JRS. The observational period for assessing the incidence of
aspiration pneumonia was 3 months; however, the incidence of aspiration pneumonia might
increase if the observation period were extended. These limitations suggest the necessity of a

Table 4. Factors influencing aspiration pneumonia using logistic regression analysis in propensity-matched case–control study.

Coefficient SE P value Odds ratio 95% confidence interval

Constant −9.347 1.386

Sputum suctioning 1.187 0.275 <0.001 3.276 1.910–5.619

Deterioration of swallowing function 1.276 0.311 <0.001 3.584 1.948–6.592

Dehydration 2.082 0.552 <0.001 8.019 2.720–23.643

Dementia 0.481 0.230 0.036 1.618 1.031–2.539

SE, standard error; OR, odds ratio; 95%CI, 95% of confidence interval

doi:10.1371/journal.pone.0140060.t004
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universal consensus for the aspiration pneumonia diagnostic criteria and additional investiga-
tions for evaluating the risk factors of aspiration pneumonia in a rapidly ageing population.

Conclusion
Our comprehensive, observational study established that the predictive clinical risk factors for
aspiration pneumonia in older adults receiving nursing care were: sputum suctioning, deterio-
ration of swallowing function, dehydration, and dementia. The results could be incorporated
into clinical practice to prevent and reduce repetitive aspiration pneumonia. The results war-
rant further investigation in a prospective cohort study.
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