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Abstract
The factors affecting the survival of patients with aspiration pneumonia (AP) remain unclear. This study aimed to determine 
whether factors, including oral status, swallowing function, and oral intake level, were related to survival outcomes in older 
patients hospitalized for AP. The study enrolled patients with AP who were admitted to our hospital between February 2017 
and November 2019. Patients were divided into two groups based on the 90-day mortality after the first swallowing function 
evaluation: survivors and deceased. The data were compared between the two groups. A total of 29 patients were diagnosed 
with AP. Of these patients, 13 died within 90 days. The numbers of patients who could not use removable dentures and 
required sputum suctioning and had cough reflex at rest were significantly higher in the deceased than in the survivors. The 
salivary pooling and pharyngeal clearance scores evaluated by videoendoscopy, International Dysphagia Diet Standardisa-
tion Initiative Functional Diet Scale score determined after swallowing function evaluation, and consciousness level were 
significantly worse in the deceased than in the survivors. There were significant differences in patients’ oral status, swallow-
ing function, oral intake level, and consciousness level between the survivors and deceased.
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Introduction

Pneumonia is one of the leading causes of death in Japan. 
In 2019, 95,498 people died from non-aspiration pneumonia 
(non-AP), accounting for 6.9% of total deaths, and 40,354 
people died from aspiration pneumonia (AP), account-
ing for 2.9% of total deaths, according to a report from 

the Ministry of Health, Labor, and Welfare [1]. Teramoto 
et al. [2] reported that the prevalence of AP in commu-
nity-acquired pneumonia and hospital-acquired pneumo-
nia was high and increased with age (from nearly 20% in 
those aged 50–59 years to 80% in patients aged ≥ 70 years). 
Patients with AP exhibit frequent recurrence of pneumo-
nia and higher mortality than non-AP patients [3] because 
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AP is considered to arise through repeated aspiration due to 
declines in swallowing and/or airway protective functions. 
In Japan with its aging population, understanding the patho-
physiology of AP in older adults is a critical medical issue.

The occlusal contact points between the maxilla and 
mandible in the molar regions are lost because of decreased 
numbers of teeth associated with dental caries and periodon-
tal disease. Loss of these contact points reduces chewing 
efficiency and limits food intake. According to a Japanese 
longitudinal study, the percentage of people who had no 
occlusal contact points in the posterior region at all was 
26.3% in their 70 s, compared with 10.9% in their 60 s and 
1.1% in their 50 s [4]. Recent studies have shown that recov-
ery of occlusal support by wearing dentures contributes to 
improvements in not only food intake, but also bolus forma-
tion and propulsion [5, 6]. These findings suggest that older 
adults exhibit worsening oral conditions and increasing risk 
of dysphagia as they continue to age.

Clinical and biological indicators such as age, respira-
tory rate, body temperature, serum total protein level, serum 
albumin level, serum creatinine level, and C-reactive protein 
(CRP) level have been identified as factors related to survival 
in older patients with AP [7–9]. However, there are few stud-
ies on the relationships between survival and oral status, 
swallowing function, and oral intake level [10–13].

This study aimed to determine whether oral status, swal-
lowing function, and oral intake level were related to sur-
vival outcomes in older patients hospitalized for AP.

Materials and Methods

Study Design and Subjects

This was a retrospective study conducted from February 
2017 to November 2019. All participants were inpatients at 
Minamiuonuma City Yukiguni Yamato Hospital and referred 
to the Department of Dentistry after being diagnosed with 
AP by their attending physicians. AP’s diagnosis was based 
on the Clinical Practice Guidelines for Nursing and Health-
care-associated Pneumonia [14]. The patients underwent an 
assessment of oral health status and swallowing function 
by dentists responsible for dysphagia rehabilitation. All of 
these dentists were well trained and had > 5 years of clinical 
experience in dental practice and dysphagia rehabilitation. 
The exclusion criteria were as follows: (1) patients with his-
tory of head and neck cancer and neurologic impairment 
except for dementia (e.g., Parkinson disease, amyotrophic 
lateral sclerosis) because these diseases significantly affect 
swallowing function and can be a confounding factor and (2) 
patients with end-stage cancers or serious life-threatening 
diseases other than AP. The study received approval from the 
Ethics Committee of Minamiuonuma City Yukiguni Yamato 

Hospital (R2-001) and was performed in accordance with 
the Declaration of Helsinki.

Baseline Characteristics

Baseline data on age, sex, prehospital residence (home 
or nursing home), survival duration after first evaluation 
of swallowing function, presence or absence of dementia 
diagnosis before hospitalization, and history of AP and cer-
ebrovascular diseases were collected from medical records.

Oral Status

Oral status was evaluated by number of remaining teeth, 
use of dentures, and distribution of occlusal support in the 
molar region using the Eichner index (EI) [15]. A Residual 
root tooth not involved in occlusion was counted as miss-
ing tooth. The EI was determined by existing contact points 
between natural teeth in the maxilla and mandible in the 
bilateral premolar and molar regions and categorized into 
three types: Class A, contact in four occlusal supporting 
zones; Class B, contact in one to three supporting zones or 
contact in the anterior region only; and Class C, no occlusal 
contact at all. The number of teeth and EI was expressed 
both with and without dentures. Patients who corresponded 
to Class B/C and Class A in the EI were classified as the 
denture-required group and denture-non-required group, 
respectively. The denture-required group was further sub-
divided into two groups: denture-usage group and denture-
non-usage group. The denture-non-usage group included 
those who did not own dentures or owned dentures but could 
not use them.

Swallowing Function

Swallowing function was evaluated by the following find-
ings at rest and mealtimes: necessity of sputum suctioning 
at rest and existence of cough reflex and wet hoarseness at 
rest and mealtimes. The 10-item Eating Assessment Tool 
(EAT-10) [16], repetitive saliva-swallowing test (RSST) 
[17, 18], and fiberoptic endoscopic evaluation of swallow-
ing (FEES) were also conducted. These assessments were 
performed by medical staff within the dysphagia rehabilita-
tion team at the hospital. The EAT-10 is a short 10-item 
self-administered questionnaire. Each item is rated on a five-
point scale (0–4), giving a summed score ranging from 0 to 
40 (higher score implies more abnormality). The Japanese 
version of the tool translated by Wakabayashi et al. [19] was 
used in this study. A sum of ≥ 3 is considered abnormal. 
For the RSST, the patient’s hyoid bone and laryngeal move-
ments were palpated, and the number of saliva-swallowing 
movements in 30 s was counted and recorded. For the FEES, 
we adopted the Hyodo scoring method [20]. This method 
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has four parameters: (1) salivary pooling at the vallecula 
and piriform sinuses; (2) glottal closure reflex induction by 
touching the epiglottis or arytenoid with the endoscope; (3) 
swallowing reflex initiation assessed by “white-out” tim-
ing (white-out defined as period when endoscopic image is 
obscured by pharyngeal closure); and (4) pharyngeal clear-
ance after swallowing blue-dyed water. Three milliliters 
of moderately thickened liquid was used as the test mate-
rial in all cases and thus used for scoring. The moderately 
thickened liquid was equivalent to “code 0t” in the Japanese 
Dysphagia Diet 2013, developed by the Japanese Society of 
Dysphagia Rehabilitation Dysphagia Diet Committee [21], 
and is recommended for swallowing function evaluation in 
patients with severe dysphagia. It was equivalent to “level 2” 
or “level 3” in the International Dysphagia Diet Standardisa-
tion Initiative [22]. The four parameters were each scored 
as 0–3 on a 4-point scale: 0, normal; 1, mildly impaired; 2, 
moderately impaired; 3, severely impaired. The Hyodo score 
was expressed as the sum of the scores for the four param-
eters and ranged from 0 to 12. Because the patients in the 
present study were aged, enrolled immediately after onset of 
AP, and had a risk of vasovagal syncope and laryngospasm 
[23], evaluation of the glottal closure reflex by touching the 
epiglottis or arytenoid was not performed in most cases and 
was therefore excluded from the evaluation items. The FEES 
findings were scored by one trained dentist who was blind 
to patient’s clinical information and had > 5 years of clinical 
experience in swallowing rehabilitation.

Oral Intake Level

Oral intake level was evaluated by the existence and neces-
sity of liquid thickening, meal assistance, and posture adjust-
ment, as well as the Functional Oral Intake Scale (FOIS) 
score [24]. The FOIS scores ranged from 1 (nothing by 
mouth) to 7 (total oral diet with no restrictions). The FOIS 
score on the day of hospitalization was determined by inter-
views with the patient, their family members, and nurses 
at their nursing home. Recommended diet and viscosity of 
thickened liquid for the patients were determined by com-
prehensive discussions between physicians and dentists 
considering the patient’s general condition, oral status, and 
swallowing function and scored by International Dyspha-
gia Diet Standardisation Initiative Functional Diet Scale 
(IDDSI-FDS) [25]. The IDDSI-FDS scores range from 0 
(no recommend for oral intake) to 8 (no need to adjust food 
type or thicken liquid).

Clinical and Biological Status

The patient’s consciousness level at the first swallowing 
function evaluation was assessed by the number of digits in 
the Japan Coma Scale (JCS) [26]. The scale is composed of 

four main categories: JCS-0, JCS-one, JCS-two, and JCS-
three digit codes corresponding to alert, awake without stim-
uli, arousable with some stimuli (but reverting to previous 
status if stimuli stop), and unarousable by any forceful stim-
uli, respectively. The body mass index, serum total protein 
level, and serum albumin level on the day of hospitalization 
were used as indicators of nutritional status, and the white 
blood cell count and CRP level were used as indicators of 
inflammatory status.

Statistical Analyses

Patients were divided into two groups based on the 90-day 
mortality after the first swallowing function evaluation in 
accordance with previous studies [13, 27, 28]: survivors 
and deceased. In the oral intake level analysis, data were 
compared before and after swallowing function evaluation. 
Data were reported as percentage for categorical variables 
and median with interquartile range (IQR: 25%–75%) for 
continuous or ordinal variables. Non-parametric tests were 
used because the Shapiro–Wilk normality test showed that 
none of the data were normally distributed. The significance 
of differences between the two groups was evaluated by the 
Mann–Whitney U test for continuous or ordinal variables 
and Fisher’s exact test for categorical variables. For each 
test, a value of p < 0.05 was considered significant. All sta-
tistical analyses were conducted using SPSS version 22.0 
software (IBM Japan, Tokyo, Japan).

Results

During the study period, a total of 29 patients were diag-
nosed with AP. No patients met the exclusion criteria. 
The mean age ± standard deviation of the patients was 
89.4 ± 5.0 years, and 14 patients (48.3%) were men. Thirteen 
patients (44.8%) died within 90 days after the first swallow-
ing function evaluation. The median survival in the deceased 
was 30.0 (IQR 22.0–59.0) days. The median duration of 
hospitalization in the survivors was 35.5 (IQR 13.5–52.5) 
days. The median times from day of hospitalization to first 
evaluation of oral status/swallowing function and from first 
evaluation of oral status/swallowing function to FEES were 
4.5 (IQR 3.0–7.5) days and 2.0 (IQR 0.0–5.5) days in the 
survivors, and 5.0 (IQR 3.0–7.5) days and 2.0 (IQR 0.0–7.0) 
days in the deceased, respectively, with no significant dif-
ferences between the two groups (p = 0.740 in the former; 
p = 0.768 in the latter). The patients’ baseline data are shown 
in Table 1. There were no significant differences in baseline 
characteristics between the two groups.

The patients’ oral statuses are shown in Table 2. No 
patients were categorized as Class A in the EI. All patients 
required use of dentures. There were significantly more 
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Table 1  The patients’ baseline 
characteristics

AP aspiration pneumonia, CVD cerebrovascular disease
All p > 0.05, non-significant difference by the Mann–Whitney U test or Fisher’s exact test

Age Sex Prehospital residence Dementia History

AP CVD

Survivors (n = 16)
 1 92 F Home Dementia None None
 2 95 M Nursing home Dementia AP None
 3 94 F Home Dementia AP None
 4 83 M Home None None CVD
 5 98 M Nursing home Dementia None CVD
 6 86 M Nursing home None None CVD
 7 83 M Nursing home Dementia AP CVD
 8 86 M Home Dementia None None
 9 84 M Home Dementia None None
 10 91 F Nursing home Dementia None None
 11 87 M Home Dementia None CVD
 12 93 M Nursing home None None CVD
 13 92 F Nursing home Dementia AP CVD
 14 95 F Nursing home Dementia AP CVD
 15 88 F Home Dementia AP CVD
 16 92 F Nursing home None None CVD

Deceased (n = 13)
 1 92 M Home None None CVD
 2 91 F Nursing home Dementia None None
 3 87 M Nursing home Dementia None None
 4 84 F Home Dementia None CVD
 5 94 F Home Dementia None CVD
 6 93 F Nursing home Dementia None CVD
 7 93 F Nursing home Dementia AP CVD
 8 80 M Nursing home None AP CVD
 9 91 F Nursing home Dementia None CVD
 10 82 M Home Dementia None CVD
 11 94 F Nursing home Dementia None None
 12 80 F Nursing home Dementia AP None
 13 93 M Nursing home Dementia None None
p-value 0.597 0.282 0.372 0.435 0.336 0.628

Table 2  Comparison of oral 
status between the survivors and 
deceased

All data are presented as median (interquartile range) or number (%)
*p < 0.05, significant difference by the Mann–Whitney U test or Fisher’s exact test

Oral status Survivors (n = 16) Deceased (n = 13) p-value

Number of remaining teeth 0.0 (0.0–7.0) 3.0 (0.0–14.5) 0.206
Eichner index –
 Class A 0 (0.0) 0 (0.0)
 Class B or C 16 (100.0) 13 (100.0)

Be able to use dentures 7 (43.7) 1 (7.7) 0.038*
Number of teeth with dentures 16.5 (2.5–28.0) 3.0 (0.0–17.0) 0.086
Eichner index with dentures 0.007*
 Class A 7 (43.7) 0 (0.0)
 Class B or C 9 (56.3) 13 (100.0)
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patients in the survivors who were able to use their dentures 
compared with the deceased (p = 0.038), and the number 
of teeth after wearing their dentures tended to be higher 
(p = 0.086). There were significant differences in the ratio of 
Class A and Class B/C in the EI between the survivors and 
deceased (p = 0.007).

The patients’ swallowing functions are shown in Table 3. 
The numbers of patients who required sputum suction-
ing (p = 0.001) and had cough reflex (p = 0.030) at rest 
were significantly higher in the deceased than in the sur-
vivors. Many patients in both groups were unable to fol-
low our instructions and perform the EAT-10 and RSST. 
Only 3 of 16 (18.8%) patients in the survivors and 1 of 13 
(7.7%) patients in the deceased were able to perform the 
EAT-10. All patients in both groups scored more than the 
cut-off value of 3 in the EAT-10. The RSST could be per-
formed by 10 of 16 (62.5%) patients in the survivors and 
6 of 13 (46.2%) patients in the deceased. In the RSST, 8 
of 10 (80.0%) patients in the survivors and 5 of 6 (83.3%) 
patients in the deceased scored less than the cut-off value 
of 3. In both groups, most patients required posture adjust-
ment during the FEES. The median reclining angle was 60.0 
(IQR 47.5–72.5) degrees in the survivors and 50.0 (IQR 
40.0–60.0) degrees in the deceased, with no significant dif-
ference between the two groups. The salivary pooling score 
(p = 0.004), pharyngeal clearance score (p = 0.003), and total 
score (p = 0.000) were significantly higher in the deceased 
than in the survivors.

The comparison of oral intake levels between the survi-
vors and the deceased are shown in Table 4. The number 

of patients who used a thickener before swallowing func-
tion evaluation was significantly higher in the deceased than 
in the survivors (p = 0.029). After the swallowing function 
evaluation, the numbers of patients judged to require meal 
assistance (p = 0.018) and posture adjustment (p = 0.018) 
were significantly higher in the deceased than in the survi-
vors. There were no patients with tube feeding at the time 
of hospitalization (FOIS score: ≥ 4) in both groups. There 

Table 3  Comparison of 
swallowing function between 
the survivors and deceased

EAT-10 10-item Eating Assessment Tool, RSST repetitive saliva-swallowing test, FEES fiberoptic endo-
scopic evaluation of swallowing
All data are presented as median (interquartile range) or number (%)
*p < 0.05, significant difference by the Mann–Whitney U test or Fisher’s exact test

Swallowing function Survivors (n = 16) Deceased (n = 13) p-value

Findings at rest
 Sputum suctioning 5 (31.3) 12 (92.3) 0.001*
 Cough reflex 0 (0.0) 4 (30.8) 0.030*
 Wet hoarseness 5 (31.3) 6 (46.2) 0.330

Findings at mealtime
 Cough reflex 4 (25.0) 5 (38.5) 0.353
 Wet hoarseness 2 (12.5) 6 (46.2) 0.055

Be able to take the tests
 EAT-10 3 (18.8) 1 (7.7) 0.383
 RSST 10 (62.5) 6 (46.2) 0.307

FEES score
 Salivary pooling 1.0 (0.0–2.0) 3.0 (1.5–3.0) 0.004*
 Swallowing reflex initiation 2.0 (1.0–2.0) 2.0 (1.0–2.0) 0.718
 Pharyngeal clearance 0.0 (0.0–1.0) 2.0 (1.0–3.0) 0.003*
 Total score 3.0 (2.0–4.0) 6.0 (4.5–7.5) 0.000*

Table 4  Comparison of oral intake level between the survivors and 
deceased

FOIS Functional Oral Intake Scale, IDDSI-FDS International Dys-
phagia Diet Standardisation Initiative Functional Diet Scale
All data are presented as median (interquartile range) or number (%)
*p < 0.05, significant difference by the Mann–Whitney U test or Fish-
er’s exact test

Oral intake level Survivors (n = 16) Deceased (n = 13) p-value

Before swallowing function evaluation
 Liquid thickening 7 (43.7) 11 (84.6) 0.029*
 Meal assistance 8 (50.0) 11 (84.6) 0.058
 Posture adjust-

ment
10 (62.5) 7 (53.8) 0.463

 FOIS 5.0 (4.0–6.0) 4.0 (4.0–4.5) 0.086
After swallowing function evaluation
 Liquid thickening 13 (81.3) 13 (100.0) 0.153
 Meal assistance 8 (50.0) 12 (92.3) 0.018*
 Posture adjust-

ment
8 (50.0) 12 (92.3) 0.018*

 IDDSI-FDS 3.5 (3.0–4.0) 1.0 (0.0–2.5) 0.000*
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was no difference in the median FOIS scores between 
the two groups, while the median IDDSI-FDS score was 
significantly lower in the deceased than in the survivors 
(p = 0.000).

The comparison of oral intake levels before and after 
swallowing function evaluation are shown in Table 5. Sig-
nificantly more patients were judged to need a thickener 
in the survivors (p = 0.033) and posture adjustment in the 
deceased (p = 0.037) after assessment of swallowing func-
tion compared with before the assessment.

The patients’ clinical and biological statuses are shown 
in Table 6. In the survivors, 6 (37.5%), 8 (50.0%), and 2 
(12.5%) of 16 patients showed JCS-0, JCS-one, and JCS-
two digit codes, respectively. In the deceased, 8 (61.5%) 
and 5 (38.5%) of 13 patients showed JCS-one and JCS-two 
digit codes, respectively. No patients showed JCS-three digit 

codes in both groups. The JCS-digit code was significantly 
higher in the deceased than in the survivors (p = 0.013). 
There were no significant differences in nutritional and 
inflammation indicators.

Discussion

In this study, we investigated factors related to survival out-
comes in older patients hospitalized for AP. There were sig-
nificant differences in the patients’ oral status, swallowing 
function, oral intake level, and conscious level between the 
survivors and the deceased.

More patients were unable to use removable dentures 
in the deceased compared with the survivors. This result 
suggests that the ability to use dentures and the recovery 
of occlusal support may be related to the survival of older 
patients with AP. In a study on healthy older adults aged 
50–79 years, 96.4% of those who lost occlusal support had 
dentures [4]. However, 12 of 13 patients in the deceased 
were unable to use dentures at the time of hospitalization 
in the present study. Because the patients had lost multiple 
teeth and corresponded to Class B or C in the EI, they might 
have used dentures in the past. We speculate that they would 
have been unable to use their dentures before hospitalization 
because of impairment in the cognitive and/or oral func-
tions allowing use of their dentures. Central nervous system 
(CNS) diseases, such as cerebrovascular disease, reduce the 
neuroplastic capacity of the orofacial sensorimotor function 
[29], and severe dementia leads to orofacial apraxia [30]. 
These findings suggest that it is difficult for older adults with 
CNS diseases, including dementia, to adapt to changes in 
their oral conditions, such as wearing and using dentures. 
Taji et al. [31] investigated the relationship between mental 
status in dementia patients and denture acceptance using the 
Mini-Mental Status Examination (MMSE). They reported 
that the MMSE score for patients who did not accept den-
tures was significantly lower than that for those who did 
accept and wear dentures, suggesting that the severity of 
dementia affects denture acceptance. In the present study, 
although there were no differences in age or prevalence of 
cerebrovascular disease and dementia, we could not con-
sider the severity of these diseases because the sample size 
was small. Additionally, most patients could not follow our 
instructions and perform any cognitive ability tests due to 
their characteristics. We need to consider these limitations 
in the present study. There are many cases where patients 
with advanced dementia cannot wear dentures or remove the 
dentures themselves and consequently need the cooperation 
of caregivers for use of their dentures. It is also necessary 
to consider the possibility that use of dentures was discon-
tinued at the discretion of their caregivers, including their 
family members.

Table 5  Comparison of oral intake levels before and after swallowing 
function evaluation

All data are presented as median (interquartile range) or number (%)
*p < 0.05, significant difference by the Mann–Whitney U test or Fish-
er’s exact test

Before swallowing 
function evalu-
ation

After swallowing 
function evalu-
ation

p-value

Survivors (n = 16)
 Liquid thicken-

ing
7 (43.7) 13 (81.3) 0.033*

 Meal assistance 8 (50.0) 8 (50.0) 0.638
 Posture adjust-

ment
10 (62.5) 8 (50.0) 0.361

Deceased (n = 13)
 Liquid thicken-

ing
11 (84.6) 13 (100.0) 0.240

 Meal assistance 11 (84.6) 12 (92.3) 0.500
 Posture adjust-

ment
7 (53.8) 12 (92.3) 0.037*

Table 6  Comparison of clinical and biological status between the sur-
vivors and deceased

JCS Japan Coma Scale, BMI body mass index, TP serum total protein 
level, Alb serum albumin level, WBC white blood cell count, CRP 
C-reactive protein level
All data are presented as median (interquartile range)
*p < 0.05, significant difference by the Mann–Whitney U test

Survivors (n = 16) Deceased (n = 13) p-value

JCS -digits 1.0 (0.0–1.0) 1.0 (1.0–2.0) 0.013*
BMI (kg/m2) 18.3 (15.6–21.0) 16.7 (15.5–18.1) 0.196
TP (g/dL) 6.2 (5.9–6.5) 6.3 (6.0–6.9) 0.428
Alb (g/dL) 3.0 (2.8–3.3) 3.2 (2.5–3.6) 0.676
WBC (×  102/μL) 78.0 (42.0–109.5) 86.0 (69.0–132.0) 0.380
CRP (mg/L) 6.0 (1.5–7.7) 3.4 (0.7–8.3) 0.539
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We evaluated the swallowing function using the FEES. 
Compared with the survivors, the salivary pooling score, 
pharyngeal clearance score, and total score in the Hyodo 
scoring method were significantly higher in the deceased. 
Chiba et al. [32] reported that a total score exceeding 6 
for the four parameters (range: 0–12) in the Hyodo scor-
ing method was a predictive factor for aspiration. In the 
present study, the glottal closure reflex was not included 
in the evaluation parameters. Therefore, the total score 
may increase by 0–3 points depending on the patient’s 
function. Furthermore, although a non-thickened liquid is 
used as the test food in the conventional Hyodo method, a 
thickened liquid was used in our study. A thickened liquid 
was reported to have a lower risk of aspiration than a non-
thickened liquid [33]. If a non-thickened liquid had been 
used as a test food, the scores would have been worse. 
Based on these findings, it is considered that the deceased 
with a median total score of 6 had severe swallowing dis-
orders and a high risk of aspiration. Therefore, pneumonia 
may have been worsened by these factors, which may have 
contributed to the survival of older AP patients.

Wearing of dentures contributes to improvements in not 
only the oral preparatory phase (food processing) and oral 
propulsive phase (stage II transport and bolus aggrega-
tion), but also the pharyngeal phase of deglutition [5, 6, 
34, 35]. Yamamoto et al. [5] reported that the absence 
of dentures in edentulous patients altered the anatomical 
structure and functional movements in the oral cavity and 
pharynx, resulting in poor bolus transport in the feeding 
sequence. Yoshikawa et al. [35] reported that the food 
bolus more frequently penetrated the larynx in individuals 
not wearing complete dentures than in those wearing such 
dentures. In this study, more patients were unable to wear 
dentures in the deceased. Therefore, it is possible that not 
wearing dentures indirectly increased the risk of aspira-
tion of foods and saliva and thus exacerbated pneumonia. 
The degree of cognitive decline may also have affected the 
pharyngeal phase of the deglutition. Although cognitive 
ability tests needed to be performed to elucidate these rela-
tionships in more detail, the patients in this study could 
not do it due to their characteristics.

The RSST and questionnaires such as the EAT-10 are 
widely used in clinical fields for dysphagia rehabilitation 
in Japan because they are easy to carry out and useful as 
screening methods because of their high sensitivity and 
specificity for dysphagia [18, 36]. Nevertheless, only a few 
patients were able to perform these tests due to the fact that 
most patients declined their cognitive function. The results 
of this study suggest that the survival of older AP patients 
is associated with findings related to swallowing, that is, 
sputum suctioning and cough reflex at rest. These findings 
can be observed by caregivers and patients’ family mem-
bers other than medical staff who specialize in dysphagia 

rehabilitation. Thus, it may be useful to evaluate older AP 
patients in not only hospitals but also nursing homes and 
their own homes.

Steele et  al. [25] reported a strong correspondence 
between IDDSI-FDS and FOIS score and that FOIS scores 
of 4 and 5 correspond to an IDDSI-FDS range of 2 to 6. 
However, deceased patients in the present study showed 
a median IDDSI-FDS of 1, despite a median FOIS of 4, 
and many patients required further adjustment of posture 
and meal assistance. Therefore, the oral intake level did 
not match the actual swallowing function. Habitual intake 
of food that exceeds the capacity may worsen AP. Most 
patients in the survivors were also found to require a thick-
ener after swallowing function evaluation. These results 
suggest that older adults may not have the opportunity to 
undergo evaluations of swallowing function and oral sta-
tus unless they get AP and further suggest the importance 
of early assessment for such patients and instructions for 
appropriate food type and intake conditions at home and 
in nursing homes.

Hu et al. [37] reported that approximately half of the 
patients who died from aspiration exhibited depressed 
consciousness. Nishino et al. [38] reported that increasing 
depth of anesthesia with nitrous oxide caused progressive 
reduction in the number of swallows induced by superior 
laryngeal nerve stimulation. Teramoto et al. [39] reported 
that all mice anesthetized with pentobarbital exhibited 
nasopharyngeal contents aspiration, while unanesthetized 
mice did not show abnormal swallowing. These results 
suggest that depressed consciousness aggravates dys-
phagia. Therefore, the lower swallowing function in the 
deceased in this study may partly result from the depressed 
level of consciousness.

Ryu et al. [9] reported that serum total protein level, 
serum albumin level, and CRP level were prognostic fac-
tors for mortality in AP patients. However, there were no 
differences in these values between the two groups in the 
present study. The mean age of the patients in the former was 
74.4 ± 12.4 years, while the patients in the present study had 
a mean age of 89.4 ± 5.0 years. This difference in patient age 
between the studies may have affected the results.

There are some limitations of the present study. First, the 
sample size was small. A study with a larger sample size to 
further verify the results will increase the reliability of the 
conclusions. Second, only number of teeth and occlusal sup-
port were analyzed for evaluation of the oral status. A future 
study is required to investigate the relationships between 
survival and other oral statuses such as oral hygiene, tongue/
orofacial movement, and masticatory function. Third, the 
glottal closure reflex, an indicator for pharyngeal and laryn-
geal sensory function, was not evaluated in the FEES to pre-
vent complications such as vasovagal syncope and laryngo-
spasm [23]. A further study employing the cough test with 
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citric acid, as a less invasive method for predicting sensory 
function [40], is recommended to explore the relationship 
between survival and risk of silent aspiration.

Conclusion

We investigated the relationships between survival and 
oral status, swallowing function, and oral intake level 
in older patients hospitalized for AP. These factors were 
related to the survival outcomes in these patients.
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