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Abstract: Background: Aspiration pneumonia (AsP), a phenotype of community-acquired pneumonia
(CAP), is a common and problematic disease with symptomless recurrence and fatality in old adults.
Characteristic factors for distinguishing AsP from CAP need to be determined to manage AsP. No such
factorial markers in oldest-old adults, who are often seen in the primary-care settings, have yet been
established. Methods: From the database of our Primary Care and General Practice Study, including the
general backgrounds, clinical conditions and laboratory findings collected by primary care physicians
and general practitioners, the records of 130 patients diagnosed with either AsP (n = 72) or CAP (n = 58)
were extracted. Characteristic factors associated with the diagnosis of AsP were statistically compared
between AsP and CAP. Results: The patients were older in the AsP group (median 90 years old) than in
the CAP group (86 years old). The body temperature, heart rate, and diastolic blood pressure were lower
in the patients with AsP than in those with CAP. Witnessed meal dysphagia by families and caregivers
was reported only in AsP. Living in a nursing home, comorbidities of cerebral infarction and dementia
(as positive factors) and hypertension (as a negative factor) were considered predictive to diagnose
AsP in a stepwise logistic regression analysis. Conclusions: Among oldest-old adults in primary-care
settings, living in a nursing home and the dysphagia risks are suggested to be characteristic factors for
diagnosing AsP. Age and some relevant clinical information may help manage AsP and also be useful
for families and caregivers.
Keywords: aspiration pneumonia; community-acquired pneumonia; primary care; dysphagia;
nursing home

1. Introduction
Aspiration pneumonia (AsP) is a lung infection induced by pathogens and materials from the
mouth and stomach, and the risk is generally high in older adults [1]. The development of AsP is
a socio-clinical burden, and identifying and understanding AsP is getting crucial in rapidly aging
societies, like Japan [1–4].
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AsP is recognized as a phenotype of community-acquired pneumonia (CAP), and several studies
have indicated that 7–24% of cases of CAP are due to aspiration [5,6]. A Japanese multicenter
prospective study reported that approximately 60% of hospitalized patients with CAP were diagnosed
with AsP [7]. AsP is more severe than non-aspiration pneumonia [4,6], with higher rates of mortality
and recurrence as well as increased lengths of hospital stay compared with CAP [3,6,8]. In some
cases, AsP can prompt the development of necrotizing pneumonia and/or lung abscess, leading to a
prolonged course of antibiotics and surgery [9]. These findings underscore the importance of managing
AsP compared with CAP.
The diagnosis of pneumonia is generally troublesome, especially in older adults [10]. The standard
criteria for a diagnosis of pneumonia are the presence of acute respiratory symptoms and fever
associated with newly identified and modified infiltrates on chest radiography [11,12]. Among older
adults, however, the clinical symptoms and signs of pneumonia are atypical, and chest radiography
abnormalities can be non-specific [13–16]. To make the diagnostic criteria of AsP and the preventative
measures to stop its recurrence is an issue among older adults [17].
In the primary-care settings, oldest-old patients with AsP are often seen by primary care physicians
and general practitioners [18]. Pneumonia, including AsP, appears in the long-term care as provided in
nursing homes, and the patients also visit medical facilities, which is an issue for caregivers [19,20].
Clinically diagnostic markers to determine AsP in such settings have not yet to be elucidated; therefore,
the present study aimed to clarify the characteristic factors for distinguishing AsP from CAP in
primary-care settings in Japan.
2. Materials and Methods
2.1. Study Design, Setting, and Patients
An observational study was conducted using our database from the Primary Care and General
Practice Study (PCGP study), which was approved by the Institutional Review Board of Jichi
Medical University (Approval No. CL 18–150). The PCGP study comprises 20 medical facilities
(community-based hospitals and clinics) across Japan (Supplemental Table S1), and its database was
compiled by the study’s investigators based on a clinical record/chart review conducted at their
practice sites for adult patients with common diseases, including pneumonia, between April 2013
and March 2019. The data of the PCGP study were collected and managed using the Research
Electronic Data Capture (REDCap) electric data capture tools hosted at Jichi Medical University [21,22].
The REDCap is a secure, web-based software platform designed to support the data capture for
research, providing an intuitive interface for validated data capture; audit trails for tracking data
manipulation and export procedures; automated export procedures for seamless data downloads to
common statistical packages; and procedures for data integration and interoperability with external
sources [21,22]. Our database consisted of the clinical process-related data for the diagnosis of each
patient (i.e., demographics, clinical conditions (such as chief complaints, medical history, and physical
manifestations), and laboratory findings). The present study extracted these data from patients with
AsP and CAP and then analyzed the characteristic factors for the patients.
The investigators (primary care physicians and general practitioners) diagnosed AsP based
on each patient’s overall clinical assessment, risk factors for aspiration, and/or chest radiograph
abnormalities [12]. Specialized examinations, such as the swallowing function, were not always
available for evaluating AsP in the practice sites. Using the database of eligible patients, the general
backgrounds, clinical conditions, and laboratory findings were analyzed. Most patients visited the
study site (in an emergency or ambulatory care room). Laboratory blood tests were generally obtained
during hospitalization (thus, not all patients had laboratory findings).
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2.2. Statistical Analyses
Descriptive statistics were presented as proportions for categorical variables and the mean
(standard deviation (SD]) or median (interquartile range (IQR)) for continuous variables. Comparisons
between the AsP and CAP patient groups were assessed using the chi-squared test or Fisher’s exact
test for categorical variables and Student’s t-test or the Mann–Whitney U test for continuous variables,
according to the data distribution (using the Shapiro–Wilk test).
Factors associated with the diagnosis of AsP were also estimated by a logistic regression analysis
with independent variables (age, sex, place to live as nursing homes [19,20], main complaints,
comorbidities, psychical manifestations (these variables were recorded in all patients and thought to
be useful for the diagnosis)) if p was <0.05 and the odds ratio (OR) was >2.0 according to a univariate
analysis in the model. A stepwise selection was used to select variables, which were confirmed by the
forced entry method.
Data were analyzed using the IBM SPSS software program, version 25.0 (IBM Corp., Armonk,
NY, USA). For all of the analyses, significance levels were two-tailed, and p < 0.05 was considered to
indicate significance.
3. Results
3.1. General Backgrounds of Patients with AsP and CAP
Of the 130 total patients, 72 (55.4%) were diagnosed with AsP, and 58 (44.6%) were diagnosed
with CAP at the time of data extraction. Table 1 shows the general background data of the patients
with AsP and CAP.
Table 1. General background data of patients with AsP and CAP.

Age, years, median (IQR)
<65
65–74
75–89
≥90
Male, n (%)
Residence, n (%) (n = 76)
Nursing home (including geriatric facility)
Home
Comorbidity, n (%)
Dementia
Cerebral infarction
Heat failure
Angina/arrhythmia
Hypertension
Diabetes mellitus
Pneumonia history
Asthma
Malignant neoplasm
Insomnia
Fracture
Daily states
Choking easily
Gastrostomy

p Value

AsP

CAP

n = 72

n = 58

OR

95% CI

90 (81–93)
2 (2.8)
7 (9.7)
26 (36.1)
37 (51.4)
34 (47.2)

86 (76–90)
7 (12.1)
6 (10.3)
26 (44.8)
19 (32.8)
30 (51.7)

0.027
0.062

0.724

0.835

0.418–1.669

35 (68.6)
16 (31.4)

9 (36.0)
16 (64.0)

0.013

3.889

1.419–10.660

27 (37.5)
30 (41.7)
3 (4.2)
3 (4.2)
12 (16.7)
3 (4.2)
11 (15.3)
4 (5.6)
8 (11.1)
5 (6.9)
12 (16.7)

9 (15.5)
11 (19.0)
7 (12.1)
3 (5.2)
16 (27.6)
8 (13.8)
5 (8.6)
5 (8.6)
6 (10.3)
0 (0.0)
3 (5.2)

0.006
0.008
0.109
1.000
0.141
0.062
0.293
0.511
1.000
0.065
0.054

3.267
3.052
0.317
0.797
0.525
0.272
1.911
0.624
1.083
3.667

1.388–7.689
1.362–6.837
0.078–1.285
0.155–4.105
0.225–1.223
0.069–1.076
0.624–5.855
0.160–2.437
0.353–3.320
0.982–13.685

15 (20.8)
6 (8.3)

4 (6.9)
0 (0.0)

0.044
0.033

3.553
-

1.109–11.379
-

AsP, aspiration pneumonia; CAP, community-acquired pneumonia; OR, odds ratio; CI, confidence interval; IQR,
interquartile range.

The median age of patients with AsP was 90 (IQR, 81–93) years old, which was higher than that in
the patients with CAP (86 (IQR, 76–90) years old). There were no marked differences in sex distribution
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between patients with AsP and CAP. Approximately 67% of patients with AsP were residents in a
nursing home (including a geriatric facility), with a high OR (3.889; 95% confidence interval (CI),
1.419–10.660) compared to the patients with CAP. In terms of comorbidities, patients with AsP showed
a higher prevalence of dementia (OR, 3.267; 95% CI, 1.388–7.689) and cerebral infarction (OR, 3.052;
95% CI, 1.362–6.837) than those with CAP. Other comorbidities showed no significant differences
between the groups. The risk of experiencing fracture tended to be high among patients with AsP (OR,
3.667; 95% CI, 0.982–13.685) compared to those with CAP. Choking easily was reported in 20.8% of
patients with AsP (OR, 3.553; 95% CI, 1.109–11.379). Only patients with AsP had a gastrostomy.
3.2. Clinical Conditions of Patients with AsP and CAP
Table 2 shows the clinical conditions (collected at the first visit to the study site) of patients
with AsP and CAP. Approximately 70% of patients with AsP and 90% of those with CAP visited an
emergency room, either by ambulance or at a time outside of the clinic’s office hours. High proportions
of patients with AsP (40.3%) and CAP (37.9%) visited the study sites on the same day as the onset.
Table 2. Clinical conditions, taken at the first visit to the study site, in patients with AsP and CAP.

Type of visits to study sites, n (%) (n = 84)
Emergency
Ambulatory care
Time until visiting the study site from the onset, n (%) (n = 116)
Same day as the onset
1 day
2–3 days
≥4 days
Main complaints, n (%)
Dyspnea
Fever
Vomiting
Sputum
Consciousness disturbance
Anorexia
Wheezing
Low SpO2
Others
Other complaints, n (%)
Aspiration during meals
Physical manifestations, n (%)
Body temperature (n = 108)
Heart rate (n = 81)
Respiration rate (n = 66)
Systolic blood pressure (n = 102)
Diastolic blood pressure (n = 102)
SpO2 (n = 79)

AsP
n = 72

CAP
n = 58

38 (69.1)
17 (30.9)

26 (89.7)
3 (10.3)

29 (40.3)
15 (20.8)
10 (13.9)
6 (10.0)

22 (37.9)
13 (22.4)
13 (22.4)
8 (14.3)

11 (15.3)
54 (75.0)
3 (4.2)
12 (16.7)
6 (8.3)
7 (9.7)
3 (4.2)
6 (8.3)
5 (6.9)

7 (12.1)
37 (63.8)
1 (1.7)
14 (24.1)
5 (8.6)
4 (6.9)
1 (1.7)
0 (0.0)
5 (8.6)

0.622
0.182
0.628
0.378
1.000
0.754
0.628
0.033
0.751

17 (23.6)

0 (0.0)

<0.001

37.5 (0.9)
87.0 (24.8)
25.0 (12.1)
124.9 (24.3)
70.0 (15.4)
90.2 (8.7)

37.9 (0.9)
99.4 (24.1)
26.1 (10.3)
130.3 (26.0)
77.8 (18.1)
90.2 (6.3)

0.033
0.028
0.719
0.276
0.020
0.994

p Value
0.057

0.857

AsP, aspiration pneumonia; CAP, community-acquired pneumonia; SpO2 , Oxygen saturation.

The most frequent complaint was fever in both patients with AsP (75.0%) and those with CAP
(63.8%); however, there were no significant differences between the groups among the complaints,
except for a low SpO2 in patients with AsP. Witnessed aspiration during meals was reported in 23.6%
of patients with AsP but in 0% of those with CAP. Regarding patients’ physical manifestations, body
temperature, heart rate, and diastolic blood pressure were significantly lower in patients with AsP
than in those with CAP.
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3.3. Laboratory Findings of Patients with AsP and CAP
Laboratory findings of the first blood tests are shown in Table 3, although the laboratory findings
were reported in only a limited number of patients. No factors showed significant differences between
the groups.
Table 3. Laboratory findings (available in limited patients) of the first blood tests in patients with AsP
and CAP.
Parameters, Mean (SD)

AsP
n = 72

CAP
n = 58

p Value

WBC, count/µL (n = 70)
CRP, mg/dL (n = 70)
AST, U/L (n = 42)
ALT, U/L (n = 42)
LD, mg/dL (n = 31)
BUN, mg/dL (n = 51)
Creatinine, mg/dL (n = 52)

12,212.5 (6802.3)
8.1 (7.6)
28 (17.2)
21 (19.1)
222.6 (66.7)
25 (14.6)
1.2 (2.2)

11,983 (4901.0)
11.5 (9.7)
55.8 (126.0)
26.5 (28.8)
250 (137.7)
26.6 (18.1)
1.4 (2.0)

0.876
0.111
0.299
0.438
0.487
0.735
0.795

AsP, aspiration pneumonia; CAP, community-acquired pneumonia; SD, standard deviation. WBC, white blood cell;
CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LD, lactate dehydrogenase;
BUN, blood urea nitrogen.

3.4. Characteristic Factors of AsP Using a Logistic Regression Analysis
When factors related to the diagnosis of AsP were estimated (Table 4), living in a nursing home,
cerebral infarction, and dementia were positive factors of the diagnosis of AsP. Hypertension showed a
negative association with the diagnosis of AsP.
Table 4. Characteristic factors associated with AsP in a logistic regression analysis.

Living in nursing home
Cerebral infarction
Dementia
Hypertension

p Value

OR

95% CI

0.003
0.001
0.016
0.029

4.166
5.002
3.360
0.319

1.641–10.574
1.925–13.003
1.257–8.982
0.115–0.888

AsP, aspiration pneumonia; OR, odds ratio; CI, confidence interval.

4. Discussion
The present study examining oldest-old adults with pneumonia in the primary-care settings
revealed that living in a nursing home and having comorbidities with risks of dysphagia, such as
cerebral infarction and dementia, were preferentially characteristic factors that could distinguish AsP
from CAP. Hypertension had a negative association with the diagnosis of AsP. As there have been
few studies of clinical markers to determine AsP for oldest-old adults, the findings will aid in the
management of AsP in such adults with suspected pneumonia.
Living in a nursing home can be a situation that is associated with the development of
AsP [2,4–7,19,20,23], as such homes provide nursing care for geriatric syndrome and other disabilities.
It is also important to note that pneumonia among patients who live in a nursing home is considered
nursing- and healthcare-associated pneumonia (NHCAP), mainly being caused by drug-resistant
bacteria [24,25]. Patients with NHCAP are typically older and show a poorer prognosis than those
with CAP [26]. In the present study, the data of bacteriological tests, including the assessment of
drug-resistant pathogens, were unavailable, so an etiological approach will be necessary to prevent
recurrent pneumonia, such as AsP [27].
In the present study, dementia and cerebral infarction were found to be factors associated with
AsP. Risk factors for aspiration are recognized to include an impaired consciousness, weakness,
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and swallowing dysfunction [2,23]. Dysphagia frequently occurs as the result of cerebral vascular
disease and/or degenerative diseases of the cerebral nervous system, including dementia [28]. A study
reported that patients with silent cerebral infarction had a higher risk of developing pneumonia than
those with normal findings of head computed tomography [29]. A study examining patients living in
a geriatric facility also suggested dementia as a risk factor for the development of AsP [30]. These can
partly support the results of the present study.
To narrow down the characteristic factors among many variables with potential collinearity,
a stepwise logistic regression analysis was used to extract the variables in the present study. The selection
of the variables was reasonable in the methodology; however, this method could have been too strict,
and real-world unselected information might also contribute to clinical practice. Therefore, some clinical
information characterized by comparative statistics (i.e., an older age and low body temperature, heart
rate, and diastolic blood pressure, as well as witnessed meal dysphagia) may aid in the management of
AsP and help families and caregivers prevent AsP.
AsP involves misdirection of the oropharyngeal or gastric contents into the larynx and lower
respiratory tract, and the aspiration of oropharyngeal secretions increases with age [2,4–7,23].
When primary care physicians and general practitioners vaguely think that AsP develops equally
(regardless of age) among older adults, it may be of value to suggest that the risk of AsP can still
increase with age even among oldest-old adults.
On the other hand, physical functions are seemingly relevant indicators related to aging rather
than chronological age among older people [31]. Regarding the physical manifestations, the body
temperature, heart rate, and diastolic blood pressure in patients with AsP could be lower than in
patients with CAP. It is usable to focus attention on these manifestations for AsP, as primary care
physicians and general practitioners tend to rely on the physical manifestations in daily practice. A fever
is often absent in older adults with pneumonia; consequently, the heart rate does not increase [9,32].
In previous studies, the systolic heart function did not decrease with age [33], whereas the diastolic
ability did decrease [34,35]. A low blood pressure is used as a marker in CURB-65 and A-DROP, which
are the pneumonia severity indexes recommended by the British Thoracic Society [36] and the Japanese
Respiratory Society [12], respectively. Lowering blood pressure as late-life physical dynamics indicates
a potentially poor health with comorbidities [37,38]. This earlier knowledge may be associated with
our present findings that hypertension was a negative factor of AsP in the logistic regression analysis
and a low diastolic blood pressure appeared in AsP. The physical manifestations are thus indicative to
be carefully evaluated in order to aptly manage AsP. Aging-prone pathophysiology more observed in
older adults with AsP than those with CAP may merit further research. A comparison of the physical
manifestations in those with AsP to healthy older people might be needed.
Aspiration is generally not witnessed, and even healthy people passively aspirate oropharyngeal
secretions while asleep at night [39,40]. However, in the present study, witnessed meal dysphagia
was reported by family members and caregivers in patients with AsP, whereas meal dysphagia
was not reported for any patients with CAP. Meal dysphagia is influenced by a decreased food
bolus-forming ability [41]. Insufficient food-bolus formation and chewing owing to missing teeth,
as well as deterioration in tongue movements, increase the risk of aspiration [41–43]. In Japan, older
adults who live in nursing homes receive 24-h supervision by caregivers. Particularly during mealtimes,
caregivers carefully watch older adults or help them to eat. On the other hand, community-dwelling
older adults living at home may eat meals alone during the daytime more often than residents in
nursing homes. Paying close attention to older adults during meals is suggested to be useful for the
prevention and early detection of meal aspiration leading to AsP.
Several limitations associated with the present study warrant mention. This study used the
comparative design by cases extracted from the dataset. While the set was made using real-world
data, the study might include information bias, as the preconception by study investigators when
the diagnosis was not blinded. The variables of the database were not always similarly formatted
for all patients and those with pneumonia. For example, although having gastro-esophageal reflux,
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a risk factor of AsP, was not detected in the study, this might simply have been due—at least in
part—to the unformatted collection of data. Furthermore, the laboratory, bacteriological, and chest
radiographic findings were not always recorded in all patients. Indeed, even though chest radiography
was not performed in the study sites of the primary-care physicians and general practitioners who first
diagnosed the patients, the diagnosis of pneumonia was confirmed in referred/hospitalized hospitals
using radiography in all patients with AsP and CAP, following the guidelines [12]. However, a previous
study indicated that the detection failure rate of chest radiographs was approximately 30% among
patients with NHCAP [44], underscoring the importance of considering patients’ overall characteristics
in the diagnosis of pneumonia. Given these limitations, further investigations with a well-formatted
prospective design will be required to confirm the present findings.
In conclusion, among oldest-old adults in the primary-care setting, it is relevant to know their
living situation (e.g., in a nursing home) and the presence of underlying diseases with risks of dysphagia
(e.g., cerebral infarction and dementia) to diagnose AsP. Some clinical information (i.e., an older age and
low body temperature, heart rate, and diastolic blood pressure, as well as witnessed meal dysphagia)
may also aid in the management of AsP and help families and caregivers prevent AsP. As societies
around the world age, these findings should be further investigated to aid in the management of
pneumonia among oldest-old adults in the primary-care settings.
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