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Background: Difficulty with oral feeding, the most commonly
observed complication of Alzheimer disease (AD) in its final stages,
occurs in 86% of AD patients and may prevent achievement of oral
feeding after aspiration pneumonia. However, no reliable indicators
of discontinuance of oral feeding have yet been identified. We
therefore aimed to identify predictors of discontinuance of oral
feeding in postaspiration pneumonia patients with AD.

Materials and Methods: Relevant clinical and laboratory data of
60 patients with AD admitted to our hospital in Japan for aspiration
pneumonia were retrospectively compared between oral feeding and
discontinuance groups.

Results: The study groups differed in interval since diagnosis of AD,
CURB-65 score, pneumonia severity index score, and proportion of
patients who died (higher in the discontinuance group) and body mass
index (BMI), Mini Mental State Examination (MMSE) score, and
functional independence measure score (lower in the discontinuance
group). According to multivariate logistic regression analysis of all
identified independent variables, only CURB-65 and MMSE scores
and BMI are significant predictors of discontinuance of oral feeding
after aspiration pneumonia in patients with advanced AD.

Conclusions: In patients with advanced AD, discontinuance of oral
feeding after aspiration pneumonia may be predicted by CURB-65
and MMSE scores and BMI.
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T he prevalence of Alzheimer dementia (AD) in Japanese
individuals aged 65 years or above has increased sig-

nificantly from 1.5% in 1985 to 7.2% in 2012.1 Its prevalence
is also increasing in the United States; AD being a leading
cause of death in that country. Population-based studies
have estimated that 600,000 US Americans with AD die per
year.2 AD, a progressive and incurable disease, leads to loss
of cognitive function and subsequent death.3 Difficulties
with oral feeding resulting from loss of interest in eating, or
dysphagia, or both is the most commonly observed com-
plication, occurring in 86% of patients with AD in its final
stages, which can last from 6 months to 2 years.2,3 In
addition, febrile episodes (53% of patients) and pneumonia
(41% of patients) are also common in final stage AD.

Eating problems in patients with final stage AD can be
classified as follows: (i) oral phase dysphagia, including
chewing and tongue movement problems; (ii) pharyngeal
phase dysphagia, in which food or liquid accidentally enters
the airways; and (iii) inability to feed themselves or refusal
to eat.3 Eating problems are crucial, being closely associated
with malnutrition and aspiration pneumonia leading to
death.4 One option for managing eating problems is feeding
by a nasogastric or gastrostomy tube; however, in patients
with advanced dementia there is insufficient reported evi-
dence for benefits of tube feeding in terms of survival,
quality of life, nutritional status, physical function, and
prevention of aspiration.2,3 Rather, tube feeding is asso-
ciated with a higher incidence of new pressure ulcers and
may both increase the risks of complications and necessitate
use of physical restraints.2 Therefore, palliative care is an
important possible management option for patients with
AD and severe eating problems.

A previous study has shown that 41% of hospitalized
Japanese patients with aspiration pneumonia do not achieve
total oral intake within 30 days; predictors of delayed oral
intake include underweight, high pneumonia severity scores,
and presence of comorbidities.5 Another study has shown
that severity of AD is significantly associated with swal-
lowing dysfunction.6 However, the former study included
patients who did not have AD and the latter did not focus
on patients with aspiration pneumonia. Discontinuance of
oral feeding is a crucial issue in patients with advanced AD
and aspiration pneumonia. However, to our knowledge,
multivariate analysis of common parameters affecting dis-
continuance of oral feeding, such as cognitive function test
scores, status of activities of daily living, pneumonia

Received for publication January 25, 2019; accepted April 2, 2019.
From the Divisions of *General Medicine; and †Respiratory Medicine,

National Hospital Organization Shibukawa Medical Center, Shibukawa,
Gunma, Japan.

The data sets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

N.A.: participated in the study design, collected and analyzed the data, and
drafted the manuscript. A.Y., S.W., R.S.: participated in the study design.
A.O., T.K., T.O., S.O., A.J.: collected the data and helped to draft the
manuscript. All authors read and approved the final manuscript.

The authors declare no conflicts of interest.
Reprints: Nobuhiro Akuzawa, MD, PhD, Division of General Medicine,

National Hospital Organization Shibukawa Medical Center, 383 Shiroi,
Shibukawa, Gunma 377-0280, Japan (e-mail: akuzawa_nobuhiro@yahoo.
co.jp).

Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in any
way or used commercially without permission from the journal.

ORIGINAL ARTICLE

Alzheimer Dis Assoc Disord � Volume 33, Number 4, October–December 2019 www.alzheimerjournal.com | 339

mailto:akuzawa_nobuhiro@yahoo.co.jp
mailto:akuzawa_nobuhiro@yahoo.co.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


severity, and blood sample data, has not been sufficiently
performed. Therefore, the primary objective of this study
was to investigate predictors of difficulty in oral intake
leading to discontinuance of oral feeding after aspiration
pneumonia in patients with AD, using parameters obtained
at an early stage of hospitalization.

MATERIALS AND METHODS

Patients
For this retrospective study, 60 consecutive patients with

AD (34 men, 26 women) who had been admitted in Shibukawa
Medical Center (Gunma, Japan) for treatment of aspiration
pneumonia fromApril 2016 toMarch 2018 were identified in our
hospital database. All patients had been diagnosed as having AD
before admission by neurologists according to the criteria of the
Diagnostic and Statistical Mental Disorders manual and diag-
nostic guidelines of the National Institute on Aging-Alzheimer’s
Association workgroups for AD.7,8 Diagnoses of aspiration
pneumonia were made according to the Japanese Respiratory
Society guidelines for management of hospital-acquired pneu-
monia in adults and clinical practice guidelines for nursing-
associated and health care-associated pneumonia.9,10 First,
patients who met the following 2 conditions were diagnosed as
having pneumonia: (i) pulmonary alveolar infiltration on plain
radiographs or computed chest tomography; and (ii) 2 of the
following: fever >37.5°C, high C-reactive protein concentration,
and white blood cell count above 9000/mm3. Second, a definite
diagnosis of aspiration pneumonia also required at least one of
the following: (i) accidental aspiration of food or fluid into the
lung before onset of pneumonia witnessed by nursing staff or; (ii)
accidentally swallowed food or fluid proven by intratracheal
aspiration.

None of the study patients underwent artificial ventilation
or received adrenocortical steroids before and after hospital-
ization. All patients received rehabilitation including physical,
occupational, and speech therapy. Swallowing function was
evaluated from the day after hospitalization. This study was
approved by the ShibukawaMedical Center Ethics Committee
and written informed consent for inclusion was obtained from
all enrolled patients and their family members.

Clinical Findings
Study patients were allocated to 1 of 2 groups according

to oral intake status on discharge: able to eat by mouth (oral
feeding group) and unable to consume food orally, leading to
discontinuance of oral feeding (discontinuance group). The
following data were compared between these groups: mean
age, sex, level of nursing care before hospitalization (home or
nursing facility), body mass index (BMI), time since diagnosis
of AD, duration of hospitalization, comorbidities, and regu-
lar medications. Mini Mental State Examination (MMSE)
and Functional Independence Measure (FIM) scores for
assessing daily cognitive and physical ability,11,12 and CURB-
65 and pneumonia severity index (PSI) scores to evaluate the
severity of pneumonia on admission13,14 were compared
between the groups. In addition, various investigation-related
variables, including blood and biochemistry data on admis-
sion, comorbidities, medications, antibiotics administered on
admission, and species of bacteria detected on sputum culture
were compared between the groups.

Statistical Analysis
Continuous data are presented as mean±SD or n (%).

Admission data were compared between the oral feeding and

discontinuance groups using the unpaired t test for parametric
data and Mann-Whitney U test for nonparametric data.
Nonparametric data were compared between the 2 groups
using the χ2 test. All P-values were 2 sided; P< 0.05 were
considered to denote statistical significance.

Pearson correlation coefficient was used to analyze
correlations between CURB-65 or PSI scores and independent
variables, including BMI, time since diagnosis of AD, MMSE
and FIM scores, lymphocyte count, and serum albumin (Alb),
total cholesterol (T-Cho), and cholinesterase (ChE), trigly-
ceride (TG) concentrations, hemoglobin A1c (HbA1c), and
lymphocyte count; all of which differed significant (P<0.05)
between the 2 groups. Multivariate stepwise linear regression
analysis using the variables with correlations of P< 0.10 by
univariate analysis was performed to investigate associations
between each variable and CURB-65 or PSI. Interaction or
confounding among independent variables was evaluated by
addition of interaction terms consisting of the product of 2
independent variables to a regression equation that included 2
chosen independent variables.

Multivariate logistic regression analysis of the 11 above-
listed independent variables that differed significantly between the
2 groups was then performed to estimate the risk of inability to
take food orally after aspiration pneumonia. Before logistic
regression analysis, correlations among these 11 independent
variables were investigated in each group. Standard methods
were used to estimate sample size for multiple logistic regression;
at least 10 outcomes were needed for each included independent
variable. Therefore, 3 independent variables were chosen from
the above 11 variables using a round robin algorithm and a
significant model showing the minimum Akaike information
criterion with all variables having P<0.05 was constructed.
Combining 2 independent variables with an absolute value of the
correlation coefficient >0.40 was avoided; only 1 of such 2
variables was selected when choosing 3 independent variables,
even if the significant correlation was observed in only 1 study
group. Three methods proposed by Hosmer and Lemeshow,15

namely LOESS (locally weighted least squares) smoothing
curves, design variables, and fractional polynomials, were used to
determine whether the dependent variable was linear in the logit.
Regarding interaction between independent variables, a logistic
model that contained all covariates as possible confounders was
constructed. Interaction terms (product of 2 independent varia-
bles in all combinations) were analyzed by addition of the
product to the generalized additive model including 2 chosen
variables. It was proven that there were no interactions between
each independent variable. A variance inflation factor was used
to check for multicollinearity on multivariate linear or logistic
regression analysis. A variance inflation factor of >10 indicates
serious multicollinearity, whereas a value >4 may be a cause for
concern. Goodness of fit of the logistic regression model was
evaluated by the area under the curve (AUC) and Hosmer-
Lemeshow test. All statistical analyses were performed with
EZR, a modified version of R commander (version 1.6-3) that
was designed to add statistical functions frequently used in bio-
statistics (R Foundation for Statistical Computing, version 2.13.0,
Vienna, Austria).16

RESULTS

Patients’ Characteristics, Clinical Findings,
and Sputum Culture Results

Relevant characteristics of the patients according to
study group are shown in Table 1. Mean age, sex, place of
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residence before admission, and duration of hospitalization
did not differ significantly between these groups. However,
time since diagnosis of AD (6.5±2.1 vs. 4.7±1.7 y, respectively;
P=0.001), CURB-65 score (3.1±0.9 vs. 2.2±0.9, respectively;
P<0.001), PSI score (121.6±18.4 vs. 107.4±22.0, respectively;
P= 0.012), and proportion of patients who died (60% vs.
0%, respectively; P< 0.001) were significantly higher and the
BMI (17.8±2.1 vs. 19.5±2.5, respectively, P=0.011), MMSE
score (3.3±3.0 vs. 9.5±5.9, respectively; P<0.001), and FIM
score (23.2 ± 9.4 vs. 37.3 ± 21.7, respectively; P< 0.001)
significantly lower in the discontinuance than the oral
feeding group. In addition, serum concentrations of Alb
(2.9 ± 0.6 vs. 3.2 ± 0.4 g/dL, respectively; P= 0.047), ChE
(155.1 ± 50.2 vs. 183.5 ± 45.7 U/L, respectively; P= 0.013),
T-Cho (140.8 ±30.0 vs. 160.8 ± 24.8 mg/dL, respectively;
P= 0.017), TG (63.8 ± 15.0 vs. 81.4 ± 29.3 mg/dL, respec-
tively; P= 0.017), blood HbA1c values (5.62%± 0.35% vs.
5.92%±0.73%, respectively; P=0.020), and lymphocyte count
(641.6±380.8 vs. 911.1±450.5/mm3, respectively; P= 0.019)

were significantly lower in the discontinuance than oral feeding
group.

Comorbidities, taking of medications, antibiotics used
on admission, and bacterial species detected in sputum
cultures are shown in Table 2. None of these factors differed
significantly between the groups.

Correlations Between CURB-65 or PSI Scores and
Independent Variables on Admission

In the discontinuance group, the CURB-65 score on
admission was not significantly correlated with the following
independent variables: BMI, time since diagnosis of AD,
MMSE score, FIM score, CURB-65 score, Alb, ChE, T-Cho,

TABLE 1. Patients’ Characteristics and Laboratory Data
According to Study Group

Discontinuance
Group (n= 24)

Oral
Feeding
Group
(n= 36) P

Patients’ characteristics
Mean age (y) 86.8± 7.9 88.4± 8.1 0.406
Sex difference (male/

female)
14/10 20/16 1.000

Patients’ place of
residence (patients’
house/nursing
home)

7/17 18/18 0.180

Hospitalization
period (d)

34.0± 26.7 25.1± 18.3 0.349

Duration after
diagnosis of
Alzheimer
disease (y)

6.5± 2.1 4.7 ± 1.7 0.001*

Body mass index
(kg/m2)

17.8± 2.1 19.5± 2.5 0.011*

CURB-65 score on
admission

3.1± 0.9 2.2 ± 0.9 < 0.001*

PSI score on
admission

121.6± 18.4 107.4± 22.0 0.012*

MMSE score on
admission

3.3± 3.0 9.5 ± 5.9 < 0.001*

FIM score on
admission

23.2± 9.4 37.3± 21.7 < 0.001*

Patients’ outcome
at discharge
(dead/alive)

9/15 (60%) 0/36 (0%) < 0.001*

Laboratory data that differed significantly between study groups
Alb (g/dL) 2.9± 0.6 3.2 ± 0.4 0.047*
ChE (U/L) 155.1± 50.2 183.5± 45.7 0.013*
T-Cho (mg/dL) 140.8± 30.0 160.8± 24.8 0.017*
TG (mg/dL) 63.8± 15.0 81.4± 29.3 0.017*
HbA1c (%) 5.62± 0.35 5.92± 0.73 0.020*
Lymphocyte count

(/mm3)
641.6± 380.8 911.1± 450.5 0.019*

*Statistically significant (P< 0.05).
Alb indicates serum albumin; ChE, serum cholinesterase; FIM, func-

tional independence measure; HbA1c, whole blood hemoglobin A1c; MMSE,
Mini Mental State Examination; PSI, pneumonia severity index; T-Cho,
serum total cholesterol; TG, serum triglyceride.

TABLE 2. Comorbidities, Medications, Antibiotics, and Species of
Bacteria in Sputum Cultures According to Study Group

Discontinuance
Group (n= 24)

Oral Feeding
Group
(n= 36) P

Comorbidities
Hypertension 9 18 0.430
Diabetes mellitus 3 6 0.729
Renal diseases 2 4 1.000
Heart diseases 2 5 0.691
Cerebrovascular

diseases
2 3 1.000

Pulmonary diseases 0 0 1.000
Medications
Antihypertensive agents

Angiotensin-
converting enzyme
inhibitor

0 1 1.000

Angiotensin II
receptor blocker

1 8 0.072

Calcium channel
blocker

8 15 0.594

α-Blocker 0 2 0.512
Digestive medicine

Proton pump
inhibitor

7 11 1.000

H2-antagonist 3 2 0.380
Gastrointestinal
prokinetic agent

3 5 1.000

Antidementia medicine
Cholinesterase
inhibitor

6 7 0.751

Memantine 0 1 1.000
Antibiotics used on admission
Sulbactam/ampicillin 15 23 1.000
Tazobactam/

piperacillin
5 3 0.247

Ceftriaxone 3 6 0.729
Meropenem 1 4 0.639

Bacteria detected in sputum cultures
Streptococcus

pneumoniae
3 1 0.292

Klebsiella pneumoniae 1 3 0.643
Pseudomonas

aeruginosa
3 2 0.380

Escherichia coli 0 2 0.512
Methicillin-resistant

Staphylococcus
aureus

2 0 0.156

Proteus mirabilis 1 0 0.400
Moraxella catarrhalis 0 1 1.000
Candida albicans 2 2 1.000
Only indigenous

bacteria
12 12 0.058
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TG, HbA1c, or lymphocyte count (Table 3A). However, in the
oral feeding group the CURB-65 score on admission was sig-
nificantly correlated with FIM score (r=−0.413; P=0.012) and
BMI (r=−0.341; P=0.040) (Table 3A). Serum ChE (r=−0.580;
P=0.003) and T-Cho (r=−0.438; P=0.032) concentrations in
the discontinuance group and FIM score (r=−0.496; P<0.001),
MMSE score (r=−0.421; P=0.011), and blood HbA1c value
(r=−0.336; P=0.045) in the oral feeding group were sig-
nificantly associated with PSI score (Table 3B).

Next, multivariate regression analysis was performed
based on the above findings (Table 3C). The statistical sig-
nificance of associations with CURB-65 score could not be
calculated in the discontinuance group, whereas, in the oral

feeding group, FIM (β=−0.405; P= 0.010) and BMI
(β= 0.331; P= 0.032) were significantly correlated with
CURB-65 score. PSI score was significantly correlated with
a serum ChE concentration (β=−0.580; P= 0.003) in the
discontinuance group and FIM score (β=−0.496; P= 0.002)
in the oral feeding group.

Multivariate Logistic Regression Analysis to
Determine Predictors of Discontinuance of Oral
Feeding

Multivariate logistic regression analysis revealed that
CURB-65 score, BMI, and MMSE score may be predictors
of discontinuance of oral feeding in patients with advanced

TABLE 3. Correlations Between CURB65/PSI Scores and Independent Variables

Independent Variables Correlation Efficient (P)

A. Univariate analysis of correlations between CURB-65 score and independent variables with P< 0.10
Discontinuance group
Serum ChE −0.395 (0.056)

Oral feeding group
FIM score −0.413 (0.012*)
BMI −0.341 (0.040*)

B. Univariate analysis of correlations between PSI score and independent variables with P< 0.10
Discontinuance group
Serum ChE −0.580 (0.003*)
Serum T-Cho −0.438 (0.032*)
BMI −0.395 (0.056)

Oral feeding group
FIM score −0.496 (< 0.001*)
MMSE score −0.421 (0.011*)
HbA1c −0.336 (0.045*)
Age 0.295 (0.081)

C. Results of multivariate linear regression analysis
Factors associated with CURB-65 score in the discontinuance group (regression equation having statistical significance was not obtained)
Factors associated with CURB-65 score in the oral feeding group (R, 0.53; R2, 0.28; adjusted R2, 0.24; ANOVA P= 0.004*)
Independent variables B (95% CI) β t VIF P
Intercept 0.458 (−1.746 to 2.663) 0.423 0.675
FIM −0.017 (−0.030 to −0.004) −0.405 −2.741 1.000 0.010*
BMI 0.120 (0.011-0.230) 0.331 2.243 1.000 0.032*

Factors associated with PSI score in the discontinuance group (R, 0.55; R2, 0.34; adjusted R2, 0.31; ANOVA P= 0.003*)
Intercept 154.454 (10.327-133.038) 14.957 < 0.001*
Serum ChE −0.212 (−0.344 to −0.080) −0.580 −3.339 1.000 0.003*

Factors associated with PSI score in the oral feeding group (R, 0.50; R2, 0.25; adjusted R2, 0.22; ANOVA P= 0.002*)
Intercept 126.214 (112.974-139.453) 19.373 < 0.001*
FIM −0.504 (−0.812 to −0.196) −0.496 −3.329 1.000 0.002*

ANOVA indicates analysis of variance; B, nonstandardized regression coefficient; β, standardized regression coefficient; BMI, body mass index; ChE,
cholinesterase; FIM; functional independence measure; HbA1c, hemoglobin A1c; MMSE, mini mental state examination; R, multiple correlation coefficient;
R2, coefficient of determination; T-Cho; total cholesterol; VIF, variance inflation factor.

*P< 0.05. Data are presented as correlation coefficient (P value).

TABLE 4. Results of Logistic Regression Analysis to Determine Independent Variables Affecting Discontinuance of Oral Feeding

Partial Regression Coefficient VIF P Odds Ratio 95% CI of Odds Ratio

Intercept 7.187 0.031* 1322.64
CURB-65 score 1.748 1.867 0.004* 5.740 1.770-18.600
BMI −0.569 1.782 0.009* 0.566 0.369-0.867
MMSE score −0.296 1.073 0.010* 0.744 0.595-0.930

Model χ2 test: P< 0.001.
Percentage of correct classifications: 81.67%.
AUC: 0.918 (95% CI, 0.852-0.984).
AIC: 49.66.
AIC indicates Akaike information criterion; AUC, area under the curve; BMI, body mass index; MMSE, mini mental state examination; VIF, variance inflation factor.
*P< 0.05.
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AD (Table 4). Specifically, CURB-65 score showed an odds
ratio of > 1.0 (5.740; P= 0.004), whereas for BMI and
MMSE score odds ratio was <1.0 (0.566; P= 0.009 and
0.744; P=0.010, respectively); 81.67% were correctly classified
and the AUC 0.918. The P-value for the Hosmer-Lemeshow
goodness of fit test was 0.779, indicating no evidence of poor fit.

DISCUSSION
In a previous study of 66,661 older Japanese patients

with aspiration pneumonia, 59% of them achieved total oral
intake within 30 days of hospitalization.5 In the present
study, 36 of 60 consecutive patients with AD and aspiration
pneumonia (60%) who were admitted to our hospital had
achieved total oral intake by discharge (oral feeding group),
consistent with the previously reported data.5 Time since
diagnosis of AD was longer and CURB-65 score, PSI score,
and in-hospital mortality significantly higher in the dis-
continuance than the oral feeding group, whereas BMI,
MMSE score, and FIM score were significantly lower in the
discontinuance than the oral feeding group. On admission,
Alb, ChE, T-Cho, TG, and HbA1c were significantly lower
in the discontinuance than oral feeding group. Interestingly,
serum Alb, ChE, and T-Cho concentrations and blood
lymphocyte count are well-known indicators of nutritional
status17,18; thus, our findings suggest that patients were more
severely malnourished in the discontinuance than the oral
feeding group. Next, we focused on identifying correlations
between severity of aspiration pneumonia and clinical var-
iables that differed significantly between the discontinuance
and oral feeding groups. Interestingly, multivariate stepwise
linear regression analysis revealed associations between both
CURB-65 and PSI scores, but not MMSE scores, with FIM
scores in the oral feeding group. The FIM includes 13 items
evaluating motor dysfunction (FIM motor scores) and 5
items evaluating cognitive dysfunction (FIM cognition
scores).12 FIM motor scores correlate with Barthel Index
scores whereas FIM cognition scores correlate with MMSE
scores19; therefore, total FIM scores (FIM motor+FIM
cognition scores) reflect overall condition in patients with
AD, including both physical and cognitive impairments.
MMSE scores do not include evaluation of motor dys-
function. Thus, our findings suggest an association between
severity of pneumonia and physical ability or activity in
patients with AD who can consume food orally. A recent
study revealed that impaired cortical control of swallowing
leads to reduced hypolaryngeal elevation in patients with
early AD.20 Therefore, low FIM scores may be associated
with swallowing dysfunction, contributing to increasing the
severity of aspiration pneumonia. Moreover, in the oral
feeding group, both FIM scores and BMI were significantly
correlated with CURB-65 scores. Individuals with BMI of
<20 kg/m2 reportedly have a 34% greater risk of dementia
than those with a healthy BMI.21 Interestingly, there is a
correlation between high serum adiponectin concentrations,
which facilitate fatty acid breakdown, and low BMI in older
persons with mild dementia22; additionally, lower BMIs are
associated with cerebrospinal markers of AD in patients
with mild AD.23 Also, loss of muscle mass leading to low
BMI is a potential predictor of mortality in older adults
with aspiration pneumonia.24 Thus, a low BMI may reflect
progression of AD and therefore be a risk factor for severe
aspiration pneumonia in patients with early or middle
stage AD in the oral feeding group. However, neither FIM
score nor BMI was associated with CURB-65 or PSI score

in the discontinuance group according to multivariate linear
regression analysis. Rather, ChE concentration was negatively
correlated with PSI score in that group. A previous study found
significantly negative correlations between serum ChE concen-
tration and severity of pneumonia as determined by both CURB-
65 and PSI scores.25 Low serum ChE concentrations denote poor
nutritional status and malnutrition causes immune dysfunction26;
the latter may therefore be the mechanism for more severe
aspiration pneumonia. In addition, low serum ChE concen-
trations lead to increases in serum acetylcholine concentration,
which may induce immunosuppression given that acetylcholine
has immunosuppressive effects on macrophages or other immune
cells; this regulatory pathway mainly involves a link between
neurotransmitters in blood and macrophages.27 Taken together,
these findings suggest that low ChE concentrations can lead
to potent immunosuppression by increasing serum acetylcholine.
Malnutrition also increases acetylcholine esterase activity in the
cerebellum, striatum, and hypothalamus in rat models.28 Another
study has shown that malnutrition induces significant decreases
in muscarinic receptors in the hippocampus of rats by
protein-energy malnutrition.29 Thus, these findings suggest
that malnutrition per se may relate to progression of AD
and that serum ChE concentrations are an important nutrition-
related variable in patients with advanced AD.

In the present study, multivariate logistic regression
analysis revealed associations between the 3 independent
variables of CURB-65 score, BMI, and MMSE score and
discontinuance of oral feeding in patients with AD and
aspiration pneumonia. Interestingly, Momosaki et al5 also
reported similar results: they found that delayed initiation of
oral intake in patients with aspiration pneumonia is asso-
ciated with being underweight and high scores for pneu-
monia severity. In addition, in the present study we found
that CURB-65 score is also associated with discontinuance
of oral feeding. The question now arises: why did CURB-65
score, not PSI score, correlate with discontinuance of oral
feeding? One possible explanation is the contribution of the
patients’ age to CURB-65 scores: PSI scores includes
the patient’s age whereas CURB-65 scores only allot 1 point
for patients aged 65 years or above. In the present study,
patients’ ages did not differ significantly between the 2 groups;
thus, the fact that evaluation of severity of pneumonia did
not involve age in this study may have played a key role
in determining our findings. Another group of researchers
attempted to improve predictability of 30-day mortality when
using CURB-65 by adding items unrelated to patients’ ages
and found that this resulted in improved accuracy of pre-
diction, suggesting the importance of variables other than age
when evaluating pneumonia severity.30 Our data also suggest
that preventing worsening of aspiration pneumonia may lead
to preservation of the ability to consume food orally, which
relates to the importance of preventing aspiration pneumonia
in nonhospitalized individuals with AD.

Interestingly, BMI and MMSE scores were also asso-
ciated with discontinuance of oral feeding in our study.
Weight loss is reportedly associated with rapid disease
progression in patients with mild cognitive impairment;
however, this association has not been shown for patients
with AD.31 Another study reported leveling off of BMI after
the onset of clinical AD.32 However, when dementia pro-
gresses, severe weight loss can become a serious problem
that leads to protein-energy malnutrition33 and decreased
skeletal muscle index associated with poor swallowing
function.34 Consistent with this, our data suggest that a low
BMI can be a predictor of impaired swallowing function in
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patients with advanced dementia. Also of note, MMSE
score, not FIM score, was significantly associated with dis-
continuance of oral feeding, which suggest that various
factors other than physical disability, including swallowing
dysfunction, may contribute to the discontinuance of oral
feeding. For example, appetite change has been reported in
nearly half of patients with mild AD and changes in eating
habits and food preferences are characteristically marked in
patients with moderate AD.35 Certainly, swallowing dis-
turbance is a critical problem in patients with severe AD;
additionally, such patients may also be unable to feed
themselves or refuse to eat.2 Our findings suggest that
MMSE score may reflect potential eating problems such as
inability or refusal to eat resulting from cognitive dysfunc-
tion and that such eating problems may have a greater
impact on discontinuance of oral feeding than has been
recognized hitherto in patients with AD. The above findings
indicate that difficulties with oral feeding in patients with AD
and aspiration pneumonia may be determined by a combination
of factors that reflect cognitive and swallowing dysfunction as
well as the severity of pneumonia on admission.

Limitations
This study is limited by comprising relatively few

patients from a single institution, possible selection bias, and
its retrospective cross-sectional design. We mainly used uni-
variate and multivariate regression analysis to investigate
associations between independent variables and the severity
of aspiration pneumonia, and multivariate logistic regression
analysis to investigate associations between independent
variables and discontinuance of oral feeding. Therefore, the
relationships between these variables are unclear. In addition,
we employed the independent variable “time since diagnosis
of AD”, which is an approximation rather than a precise
measure of duration of AD. We did not include data on
swallowing function tests in the present study, because these
tests had been performed in too few patients. Similarly, we
did not have the data to evaluate parameters such as patients’
ability to follow caregivers’ instructions, alertness, cognitive
fluctuations, or previous history of aspiration pneumonia, all
of which may affect discontinuance of oral feeding. Con-
cerning logistic regression analysis, we assigned only 3 inde-
pendent variables to avoid overfitting and therefore we may
have overlooked other independent variables that are asso-
ciated with discontinuance of oral feeding; nevertheless, our
analysis showed a decent percentage of correct classifications
(81.67%) and AUC (0.918). Large prospective cohort studies
are needed to further explore interactions and relationships
between independent variables.

CONCLUSIONS
The severity of aspiration pneumonia in patients with

AD was most strongly and negatively correlated with
serum ChE concentrations in the discontinuance group
and with the FIM score in the oral feeding group. CURB-
65 score, BMI, and MMSE score were significantly asso-
ciated with discontinuance of oral feeding, suggesting that
simple and well-known scoring systems for severity of
pneumonia and cognitive function, together with BMI,
may be useful in predicting difficulty with oral feeding
during hospitalization and that preventing deterioration of
aspiration pneumonia may be important in preserving the
ability of patients with advanced AD to consume food
orally.
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