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Abstract:
Objective Pneumonia develops in bedridden patients, even in those receiving oral care, and malnutrition is

associated with the development of pneumonia. We examined the effects of nutritional treatment on the pre-

vention of pneumonia.

Patients and Methods We retrospectively examined the effects of nutritional treatment on the prevention of

pneumonia by analyzing the records of bedridden patients (n=68; mean age: 68.0 years) who stayed in a hos-

pital for 2 years or longer.

Results Among the analyzed patients, pneumonia developed in 52 (76%) patients, and the mean frequency

of pneumonia was 1.6 times per year during the first year of stay. In a multivariate analysis, the serum albu-

min level at admission in the pneumonia group was lower than that in the non-pneumonia group. The fre-

quency of pneumonia during the second year of stay was lower than that during the first year of stay. Serum

levels of albumin and total protein (TP) at one year after admission were higher than those at admission in

all analyzed patients, and in all patients (n=52) and elderly (�65 years) patients (n=31) in the pneumonia

group. The proportions of patients with hypoalbuminemia (<3.5 g/dL) and hypoproteinemia (<6.5 g/dL) at

one year after admission were lower than those at admission. The increases in the proportions of patients pre-

senting a reduced frequency of pneumonia were correlated with increases in the proportions of patients pre-

senting increased levels of albumin and/or TP.

Conclusion Nutritional treatment may reduce the frequency of pneumonia by improving malnutrition in

bedridden patients receiving oral care.
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Introduction

The number of patients with pneumonia has been increas-

ing in Japan, and pneumonia is the third leading cause of

death. Aspiration pneumonia is frequent among elderly

adults (1). In particular, nerve dysfunction, which can be

caused by various diseases, such as cerebral infarction, af-

fects both swallowing and the cough reflex and is associated

with the aspiration of oropharyngeal secretions (2), which

contain bacteria (3). Bedridden patients with severely re-

duced activities of daily living (ADL) may lose the ability

to brush their teeth or perform good oral hygiene (4), which

may increase colonization by oral bacteria and induce aspi-

ration pneumonia (2). In addition, aspiration pneumonia is

one of the most common causes of death in bedridden pa-

tients receiving percutaneous endoscopic gastrostomy (PEG)

feeding (5), and pneumonia develops even when patients re-

ceive appropriate oral care (6).

Bedridden patients exhibit several factors that are associ-
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ated with the development of pneumonia and high mortality,

including limitations in ADL, older age and/or the presence

of pre-existing lung and heart disease (7). Langmore et al.

identified several predictors of aspiration pneumonia, includ-

ing feeding and oral care dependency, the number of de-

cayed teeth and reliance on tube feeding, and highlighted

the importance of malnutrition in the development of aspira-

tion pneumonia (8). Low body mass index (BMI), hypoalbu-

minemia and limitations in ADL are also associated with

mortality in patients with senile pneumonia (9). We reported

that low serum levels of albumin are independent risk fac-

tors for pneumonia in elderly bedridden adults (10); these

results are consistent with a report indicating that malnutri-

tion reduces immune responses against infection (11). Tak-

enoshita et al. reported that tube feeding decreases the inci-

dence of pneumonia in patients with severe dementia (12).

However, the relationship between the improvement of mal-

nutrition by nutritional treatment and the reduction in pneu-

monia frequency in bedridden adults has not been studied.

In the present study, we retrospectively examined, by ana-

lyzing patient records, whether nutritional treatment may im-

prove malnutrition and whether the improvement of malnu-

trition may be associated with a reduction in the frequency

of pneumonia in bedridden adults receiving oral care.

Materials and Methods

Design, Settings and Participants

We enrolled patients according to the order of the dis-

charge date and analyzed patient records. The inclusion cri-

teria were as follows: patients who were bedridden, received

oral care and were admitted to Hachinohe National Hospital

to receive rehabilitation and nursing care for two years or

longer after being treated for an acute disease or after re-

ceiving mechanical ventilation between October 2001 and

September 2016.

All patients underwent suctioning of nasopharyngeal se-

cretions, repositioning of the bed, changing of position for

feeding, and changing of urinary catheters, as previously de-

scribed (10). Hachinohe National Hospital Ethics Committee

approved this retrospective study.

Measurements

The observation period, age, sex, type of oral care, causes

of hospitalization, comorbidities, number of deaths during

stay, treatment with drugs to improve the swallowing reflex,

treatment with proton pump inhibitors (PPIs), type of tube

feeding used, use of tracheostomy and mechanical ventila-

tion, use of urinary catheterization, presence of pressure ul-

cers, total energy of nutrition (energy expenditure) and con-

sciousness level were recorded. Consciousness levels were

defined using the Glasgow Coma Scale (13).

We also checked the following daily hospital data re-

corded at the time of patient admission and at one year after

admission, as previously reported (10): BMI; the white

blood cell (WBC) and lymphocyte counts in the peripheral

venous blood; hemoglobin (Hb); and the serum levels of to-

tal protein (TP), albumin, total cholesterol, blood urea nitro-

gen (BUN), creatinine, creatine phosphokinase (CPK), iron,

uric acid and C-reactive protein (CRP).

Pathogens in sputum or aspirates from the tracheostomy

tube were investigated using standard microbiological proce-

dures. These examinations were ordered when pneumonia

developed in each patient.

The frequency of pneumonia was measured and analyzed

by counting the frequency of pneumonia development dur-

ing the first and second years of stay. As we previously re-

ported (10), the low level of albumin at admission was cor-

related with the frequency of pneumonia during the 9

months of stay following admission. Thus, to examine the

relationship between the nutritional condition at one year

and two years after admission and the frequency of pneumo-

nia during the first and second years after admission, the

laboratory data and BMI obtained at admission and at one

year after admission were analyzed.

Definition of pneumonia

Pneumonia was diagnosed based on the following stan-

dard criteria: fever (body temperature �37.8°C), high CRP

level and infiltrate shadows on chest X-ray and/or computed

tomography (14).

Grouping of patients

The patients were divided into pneumonia (n=52) and

non-pneumonia (n=16) groups. The pneumonia group in-

cluded patients who developed pneumonia during the first

year of stay, and the non-pneumonia group included patients

who did not develop pneumonia during the first year of stay.

Furthermore, the frequency of pneumonia and biochemi-

cal properties during nutritional treatment were analyzed in

all patients (n=68), all pneumonia group patients (n=52) and

all elderly pneumonia group patients (�65 years) (n=31).

Additionally, the data for all patients (n=68), all pneumo-

nia group patients (n=52), all elderly patients (n=44), and all

elderly pneumonia patients (n=31) were analyzed to exam-

ine the relationship between nutritional improvement and the

reduction in the frequency of pneumonia.

The relationship between malnutrition improvement

and decreases in the frequency of pneumonia

To examine the relationship between malnutrition im-

provement and decreases in the frequency of pneumonia, we

analyzed the distribution of the patients. The patients were

divided into nine subgroups according to changes in the val-

ues of serum albumin, serum TP, or BMI (increase, no

change, or decrease) by comparing the values at one year

after admission to the values at the time of admission and

according to changes in the frequency of pneumonia (in-

crease, no change, or decrease) by comparing the frequency

during the second year of stay to the frequency during the

first year of stay.
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Figure.　A schematic diagram outlining the patient selection process.

Nutritional management

The calorific values of the nutritional treatment using tube

feeding, intravenous hyperalimentation and meal ingestion

were defined by calculating energy expenditure by the

Harris-Benedict equation (basal metabolism) multiplied by

an activity factor and a stress factor (15-17) as follows.

Men: The value of energy expenditure = Harris-Benedict

equation [66.4730+13.7516×body weight (kg)+5.0033×

height (cm)-6.7550×age (year)]×activity factor×stress factor.

Women: The value of energy expenditure = Harris-

Benedict equation [655.0955+9.5643×body weight (kg)+

1.8496×height (cm)-4.6756×age (year)]×activity factor×

stress factor.

In the equation used in the present study, the activity fac-

tor was 1.0 because all patients were bedridden. Further-

more, the stress factor was 1.1-1.5 in patients with pressure

ulcers according to the grade of the ulcer or 1.0 in patients

without pressure ulcers.

Statistical analysis

The results are expressed as the mean±SD. Student’s t-
test, Pearson’s chi-squared test or Fisher’s exact test was

used for the comparison of continuous variables between the

two groups. An analysis of covariance (ANCOVA) was per-

formed to examine the association between pneumonia and

the albumin level. We adjusted for potential confounders, in-

cluding age (continuous variable) (1, 8), consciousness level

(continuous variable) (18), tube feeding (no or yes) (5, 8),

mechanical ventilation (no or yes) (19), and pulmonary dis-

ease (no or yes) (7, 20, 21). These variables were addition-

ally entered into models (Models 1-5) (22). A paired t-test

and McNemar’s test were performed to compare variables

between the first and second one-year observation periods

(frequency of pneumonia) and between admission and one

year after admission (BMI and laboratory data). A chi-

square test was performed to examine the relationship be-

tween the improvement in malnutrition (the albumin and TP

levels and BMI) and the reduced frequency of pneumonia.

An ANCOVA was also used when the abovementioned con-

founding factors were considered.

Results

Characteristics of subjects

In the present study, 72 patients were initially enrolled.

The patients were admitted to Hachinohe National Hospital

between October 2001 and September 2016. Of the enrolled

patients, three were excluded because they had recurrent

overt aspiration (n=3), and one was excluded because we

could not confirm whether the patient had received continu-

ous oral care due to a severe condition (n=1) (Figure).

The characteristics of the 68 patients examined in the

study are shown in Table 1. The mean age of all analyzed

patients, patients in the pneumonia group and patients in the

non-pneumonia group was 68.0 years, 66.9 years and 71.6

years, respectively (Table 1). Patients who were admitted to

the hospital between October 2001 and September 2006 re-

ceived oral care using wet gauze (6). In contrast, patients

who were admitted to the hospital between October 2006

and September 2016 received oral hygiene using a tooth-

brush (6). However, the proportions of patients receiving

oral care using wet gauze or a toothbrush in the pneumonia

group did not differ from the proportions in the non-

pneumonia group (Table 1).

The causes of hospitalization among bedridden patients

are shown in Table 1. The proportions of the causes of hos-

pitalization did not differ between the pneumonia and non-

pneumonia groups.

In addition to treatments for these diseases, the patients

were treated with drugs for comorbid conditions (Table 1).
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Table　1.　Patient Characteristics and Nutritional Supply.

Characteristics, interventions, and 

effects
Analyzed patients Pneumonia group Non-pneumonia group p value

Characteristics

Number of patients, n 68 52 16

Age (years, mean±SD) 68.0±14.7 66.9±14.6 71.6±14.7 0.263

Males, n (%)1) 32 (47.1) 26 (50.0) 6 (37.5) 0.381

Oral care using a toothbrush, n (%)2) 60 (88.2) 46 (88.5) 14 (87.5) 0.609

Oral care using wet gauze, n (%)2) 7 (10.3) 6 (11.5) 1 (6.3) 0.474

Cause of hospitalization, n (%)

ALS1) 25 (36.8) 20 (38.5) 5 (31.3) 0.601

Cerebral infarction2) 9 (13.2) 7 (13.5) 2 (12.5) 0.645

Muscular dystrophy2) 9 (13.2) 9 (17.3) 0 (0.0) 0.075

COPD2) 4 (4.4) 2 (3.8) 2 (12.5) 0.233

Others2,3) 21 (30.9) 16 (30.8) 5 (31.3) 0.599

Comorbidities, n

Pulmonary diseases1) 23 (33.8) 20 (38.5) 3 (18.8) 0.145

Cardiovascular diseases1) 22 (32.4) 14 (26.9) 8 (50.0) 0.084

Diabetes mellitus2) 16 (23.5) 13 (25.0) 3 (18.8) 0.442

Hypertension2) 12 (17.6) 8 (15.4) 4 (25.0) 0.295

Atrial fibrillation2) 11 (16.2) 7 (13.5) 4 (25.0) 0.233

Cerebral infarction2) 9 (13.2) 9 (17.3) 0 (0.0) 0.075

Epilepsy2) 8 (11.8) 7 (13.5) 1 (6.3) 0.391

Others1,4) 31 (45.6) 24 (46.2) 7 (43.8) 0.866

Number of death, n2) 2 (2.9) 2 (3.8) 0 (0.0) 1.000

Treatment with drugs to improve the 

swallowing reflex, n (%)2)

9 (13.2) 9 (17.3) 0 (0.0) 0.075

Treatment with ACEIs2) 1 (1.5) 1 (1.9) 0 (0.0) 0.765

Treatment with dopamine analogs2) 7 (10.3) 7 (13.5) 0 (0.0) 0.138

Treatment with cilostazol2) 1 (1.5) 1 (1.9) 0 (0.0) 0.765

Treatment with PPIs2) 7 (10.3) 6 (11.5) 1 (6.3) 0.474

Tube feeding, n (%)2) 61 (89.7) 48 (92.3) 13 (81.3) 0.204

PEG tube feeding2) 47 (69.1) 37 (71.2) 10 (62.5) 0.358

Nasogastric tube feeding2) 14 (20.6) 11 (21.2) 3 (18.8) 0.572

IVH, n (%)2) 2 (2.9) 1 (1.9) 1 (6.3) 0.418

Oral intake with assistance, n (%)2) 5 (7.4) 3 (5.8) 2 (12.5) 0.335

Tracheostomy, n (%)2) 50 (73.5) 38 (73.1) 12 (75.0) 0.578

Mechanical ventilation, n (%)1) 41 (60.3) 30 (57.7) 11 (68.8) 0.429

Urinary catheterization, n (%)1) 34 (50.0) 24 (46.2) 10 (62.5) 0.253

Pressure ulcer, n (%)1) 28 (41.2) 22 (42.3) 6 (37.5) 0.733

Nutrition, K cal, mean±SD 1,066±228 1,021±203 1,214±249 0.002

Consciousness level, mean±SD 12.9±3.5 12.6±3.7 13.8±2.7 0.215

For the comparison of continuous variables between the two groups, Student’s t-test, Pearson’s chi-squared test or Fisher’s exact test 

was used.

1)Pearson’s chi-squared test.

2)Fisher’s exact test.

3)The "Others" category includes cerebral palsy (n=3), Parkinson’s disease (n=3), tuberculous meningitis (n=3), cerebral bleeding 

(n=2), hypoxic encephalopathy (n=2), unresponsive wakefulness syndrome (n=1), brain contusion (n=1), Guillain-Barré syndrome 

(n=1), multiple system atrophy (n=1), syringomyelia (n=1), symptomatic epilepsy (n=1), traumatic cervical spinal cord injury (n=1), 

and brain tumor (n=1).

4)The "Others" category includes bladder stone, cancer, cholecystitis, cholelithiasis, chronic hepatitis, gastroduodenal ulcer, hydro-

cephalus, hyperthyroidism, hypothyroidism, hypoxic encephalopathy, intestinal obstruction, Parkinson’s disease, renal stone, schizo-

phrenia and subdural hematoma.

ACEI: angiotensin-converting enzyme inhibitor, ALS: amyotrophic lateral sclerosis, IVH: intravenous hyperalimentation, PEG: per-

cutaneous endoscopic gastrostomy, PPI: proton pump inhibitor

The proportions of the comorbidities did not differ between

the two groups. Two patients in the pneumonia group died

of pneumonia at 20 and 23 months of observation; however

the mortality rate did not differ between the two groups (Ta-

ble 1).

The proportions of patients receiving treatment with drugs
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Table　2.　Physical Examination and Laboratory Findings at Baseline.

Physical examination and laboratory 

data

All analyzed 

patients 

(n=68)

Pneumonia 

group (n=52)

Non-

pneumonia 

group (n=16)

p value

Physical examinations and laboratory data at admission

Physical examination

BMI (mean±SD) 17.8±3.6 17.6±3.6 18.6±3.6 0.324

Laboratory data

White blood cells (/μL, mean±SD) 8,084±3,788 8,315±4,188 7,331±1,908 0.367

Lymphocytes (/μL, mean±SD) 1,665±657 1,704±662 1,538±642 0.382

CRP (mg/dL, mean±SD) 1.9±4.0 2.3±4.5 0.7±0.8 0.176

Hb (g/dL, mean±SD) 11.7±1.9 11.7±1.9 11.8±1.8 0.812

Serum iron (μg/dL, mean±SD) 50.6±23.8 

(n=36)

53.5±24.8 

(n=27)

42.0±19.1 

(n=9)

0.214

Total protein (g/dL, mean±SD) 6.5±0.7 6.4±0.7 6.7±0.7 0.071

Albumin (g/dL, mean±SD) 3.2±0.5 3.1±0.5 3.4±0.6 0.028

Total cholesterol (mg/dL mean±SD) 160±38 157±40 172±31 0.179

BUN (mg/dL, mean±SD) 17.6±12.5 17.7±13.7 17.2±7.3 0.898

Creatinine (mg/dL, mean±SD) 0.41±0.28 0.38±0.26 0.54±0.32 0.045

CPK (mg/dL, mean±SD) 57.8±68.3 

(n=63)

54.7±51.7 

(n=47)

66.8±104.9 

(n=16)

0.545

Uric acid (mg/dL, mean±SD) 3.6±1.9 

(n=67)

3.4±1.7 

(n=51)

4.3±2.4 

(n=16)

0.108

Proportion of patients, n (%)

with>9,000 /μL WBC1) 16 (23.5) 14 (26.9) 2 (12.5) 0.200

with<1,000 /μL lymphocytes1) 8 (11.8) 6 (11.5) 2 (12.5) 0.609

with<6.5 g/dL total protein2) 33 (48.5) 29 (55.8) 4 (25.0) 0.031

with<3.5 g/dL albumin1) 48 (70.6) 42 (80.8) 6 (37.5) 0.002

with anemia2,3) 44 (64.7) 34 (65.4) 10 (62.5) 0.833

with iron deficiency1,3) 17 (47.2) 

(n=36)

12 (44.4) 

(n=27)

5 (55.6) 

(n=9)

0.423

with high CRP1,3) 51 (75.0) 39 (75.0) 12 (75.0) 0.639

with low uric acid2,3) 25 (37.3) 

(n=67)

20 (39.2) 

(n=51)

5 (31.3) 

(n=16)

0.565

For the comparison of continuous variables between the two groups, Student’s t-test, Pearson’s chi-squared test 

or Fisher’s exact test was used.

Serum iron was measured in 26 patients in the pneumonia group and 9 patients in the nonpneumonia group.  

CPK was measured in 47 patients in the pneumonia group and 16 patients in the nonpneumonia group.  Uric 

acid was measured in 51 patients in the pneumonia group and 16 patients in the nonpneumonia group.

1)Fisher’s exact test.

2)Pearson’s chi-squared test.

3)Anemia: <11.3 g/dL Hb in women, <13.5 g/dL Hb in men; iron deficiency: <43 μg/dL Fe in women, <54 μg/

dL Fe in men; high CRP: >0.2 mg/dL; low uric acid: <2.3 μg/dL uric acid in women, <3.6 mg/dL uric acid in 

men.

BMI: body mass index, BUN: blood urea nitrogen, CPK: creatine phosphokinase, CRP: C-reactive protein, Hb: 

hemoglobin, WBC: white blood cells

to improve their swallowing reflex or treatment with PPIs,

tube feeding, intravenous hyperalimentation (IVH), tra-

cheostomy, mechanical ventilation and urinary catheteriza-

tion as well as the proportion of patients with pressure ul-

cers and the consciousness levels of the patients did not dif-

fer between the two groups (Table 1). The proportion of pa-

tients who could self-feed (defined as meal ingestion) did

not differ between the two groups. In contrast, the calorific

values of the nutritional treatment for the patients in the

non-pneumonia group were higher than those for the pa-

tients in the pneumonia group.

Physical examination and biochemical properties at

baseline

The BMI of patients in the pneumonia group tended to be

lower than that of patients in the non-pneumonia group;

however, the difference was not statistically significant (Ta-

ble 2). The serum levels of albumin and creatinine in pa-

tients in the pneumonia group were lower than those in pa-

tients in the non-pneumonia group (Table 2). The serum lev-

els of TP and total cholesterol in the patients in the pneu-

monia group also tended to be lower than those in the pa-

tients in the non-pneumonia group; however, the difference
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Table　3.　Adjusted Mean (95% Confidence Intervals) Se-
rum Albumin Levels among the Pneumonia and Non-
pneumonia Groups.

Pneumonia 

group

Non-pneumonia 

group
p for trend

Crude 3.10 (2.95, 3.24) 3.43 (3.17, 3.69) 0.028

Model 1a) 3.08 (2.95, 3.22) 3.48 (3.23, 3.72) 0.007

Model 2b) 3.09 (2.96, 3.23) 3.45 (3.21, 3.70) 0.012

Model 3c) 3.10 (2.96, 3.23) 3.44 (3.19, 3.68) 0.018

Model 4d) 3.10 (2.96, 3.23) 3.44 (3.19, 3.69) 0.018

Model 5e) 3.10 (2.97, 3.24) 3.41 (3.16, 3.66) 0.038

Values are presented as the estimated mean (95% CI).

a) Adjusted for age (continuous variable).

b) Additionally adjusted for consciousness level (continuous variable).

c) Additionally adjusted for tube feeding (no or yes).

d) Additionally adjusted for mechanical ventilation (no or yes).

e) Additionally adjusted for pulmonary diseases (no or yes).

Table　4.　Pathogens Identified in Patients in the 
Pneumonia Group.

Number of patients

Pathogen isolated 471)

No pathogen isolated 2

No evaluated 3

Gram-positive pathogens

Streptococcus pneumoniae 3

Staphylococcus aureus

MSSA 12

MRSA 7

Gram-negative pathogens

Hemophilus Influenzae 4

Klebsiella pneumoniae 10

Pseudomonas aeruginosa 41

Escherichia coli 10

Acinetobacter species 14

Moraxella catarrhalis 7

Other Gram-negative pathogens 2

1)Two or more species of bacteria were identified in 28 patients.
was not statistically significant (Table 2). The serum CRP

levels in the pneumonia group tended to be higher than

those in the non-pneumonia group (Table 2).

The proportions of patients with low TP (<6.5 g/dL) and

albumin (<3.5 g/dL) values in the pneumonia group were

significantly higher than those in the non-pneumonia group

(Table 2).

Association between serum albumin and pneumonia

In the multivariate analysis, the serum albumin level

among individuals in the pneumonia group was lower than

that among those in the non- pneumonia group. This asso-

ciation was confirmed, even when potential confounding

factors were included (Model 5, p=0.038) (Table 3).

Identified pathogens

Pathogens were identified in 47 of 49 patients (96%) in

whom microbiological evaluation was performed. Pseudo-
monas aeruginosa was the most frequently identified patho-

gen in patients in the pneumonia group (n=41) (Table 4).

Furthermore, Acinetobacter species, methicillin-susceptible

Staphylococcus aureus (MSSA), Klebsiella pneumoniae and

Escherichia coli were identified in 14, 12, 10 and 10 pa-

tients, respectively. Thus, Gram-negative bacteria were iden-

tified more frequently than Gram-positive bacteria. In addi-

tion, two or more bacteria were identified in more than half

of the patients (n=28, 57%) (Table 4).

Frequency of pneumonia and biochemical proper-

ties during nutritional treatment

In all analyzed patients, the mean frequency of pneumo-

nia was 1.6 times per year during the first year of stay (Ta-

ble 5). Pneumonia developed in 52 (pneumonia group pa-

tients) of the 68 patients (76%, 52/68) analyzed during the

first year of stay and in 31 patients in the pneumonia group

during the second year of stay. In addition, in the non-

pneumonia group, one patient developed pneumonia during

the second year of stay, although no patients in the group

developed pneumonia during the first year of stay. In all

analyzed patients, the frequency of pneumonia during the

second year of stay was significantly lower than that during

the first year of stay (Table 5).

Furthermore, the serum TP and albumin values at one

year after admission were significantly higher than those at

the time of admission (Table 5). The proportions of patients

with low TP and albumin values at one year after admission

were lower than those of patients with these characteristics

at the time of admission (Table 5).

Similarly, in the patients in the pneumonia group, the fre-

quency of pneumonia during the second year of stay was

significantly lower than the frequency during the first year

of stay (Table 6). Furthermore, the serum TP and albumin

values at one year after admission were higher than those at

the time of admission (Table 6). The proportions of patients

with low TP and albumin values at one year after admission

were lower than those of patients with these characteristics

at the time of admission (Table 6).

Among the elderly patients in the pneumonia group, the

frequency of pneumonia during the second year of stay was

significantly lower than the frequency during the first year

of stay (Table 6). Furthermore, the serum TP and albumin

values at one year after admission were higher than the val-

ues at the time of admission (Table 6). The proportions of

patients with low TP and albumin values at one year after

admission were lower than those at the time of admission

(Table 6).

Nutritional condition in dead patients

In one of the two patients who died of pneumonia, the

patient’s BMI markedly decreased from 19.0 kg/m2 at the

time of admission to 14.7 kg/m2 at one year after admission,

and the serum albumin levels continued to be extremely low
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Table　5.　Frequency of Pneumonia and Physical Examination and Laboratory 
Findings for All Analyzed Patients at the First and Second Years of Stay.

Physical examination and laboratory data
First year 

(n=68)

Second year 

(n=68)
p value

Frequency of pneumonia1,2) (/year, mean±SD) 1.6±1.5 0.7±0.9 <0.001

Physical examination and laboratory data2,3)

Physical examination

BMI (mean±SD) 17.8±3.6 18.0±3.2 0.291

Laboratory data

Total protein (g/dL, mean±SD) 6.5±0.7 7.0±0.6 <0.001

Albumin (g/dL, mean±SD) 3.2±0.5 3.4±0.5 <0.001

Total cholesterol (mg/dL mean±SD) 160±38 

(n=68)

160±27 

(n=66)

0.990

Hb (g/dL, mean±SD) 11.7±1.9 11.5±1.9 0.235

Serum iron (μg/dL, mean±SD) 50.6±23.8 

(n=37)

48.9±23.1 

(n=11)

0.489

Uric acid (mg/dL, mean±SD) 3.6±1.9 

(n=67)

3.7±1.8 

(n=61)

0.635

White blood cells (/μL, mean±SD) 8,083±3,788 6,938±2,650 0.011

Lymphocytes (/μL, mean±SD) 1,665±657 1,798±719 0.094

CRP (mg/dL, mean±SD) 1.9±4.0 1.5±2.1 0.488

Proportion of patients, n (%)

with <6.5 g/dL total protein 33 (48.5) 12 (17.6) <0.001

with <3.5 g/dL albumin 48 (70.6) 32 (47.1) 0.001

with anemia 44 (64.7) 43 (63.2) 1.000

with iron deficiency 17 (47.2) 

(n=36)

7 (63.6) 

(n=11)

1.000

with low uric acid 25 (37.3) 

(n=67)

22 (36.1) 

(n=61)

0.804

with >9,000 /μL WBC 16 (23.5) 12 (17.6) 0.424

with <1,000 /μL lymphocytes 8 (11.8) 9 (13.2) 1.000

with high CRP 51 (75.0) 51 (75.0) 1.000

1)The frequency of pneumonia was measured by counting the frequency of pneumonia development 

during the first and second years of stay, separately.

2)For the comparison of variables between the first and second years of stay (frequency of pneumo-

nia) and between the time of admission and one year after admission (BMI and laboratory data), 

paired t-tests and McNemar’s tests were used.

3)Laboratory data and BMI at admission and one year after admission are reported.

(2.2 g/dL at admission and 2.1 g/dL at one year after admis-

sion). In contrast, the serum TP level increased from 5.9 g/

dL at admission to 6.3 g/dL at one year after admission, al-

though the TP levels remained low.

In the other patient who died of pneumonia, the patient’s

BMI decreased from 23.2 kg/m2 at admission to 21.6 kg/m2

at one year after admission, and the serum albumin level

was extremely low at both time points (2.9 g/dL at the ad-

mission and 2.7 g/dL at one year after admission). Further-

more, the serum level of TP decreased from 8.6 g/dL at ad-

mission to 5.6 g/dL at one year after admission.

Relationship between nutritional improvement and

the reduction in the frequency of pneumonia

In the patients in the pneumonia group, there was a sig-

nificant relationship between improvement in the serum

level of albumin measured at one year after admission and a

decreased frequency of pneumonia during the second year

of stay (Table 7). A high proportion of patients presenting

both an increased serum albumin level and a decreased fre-

quency of pneumonia was observed in the pneumonia group

(Table 7).

Similarly, among the elderly patients in the pneumonia

group, there was a significant relationship between improve-

ments in the albumin level and a decreased frequency of

pneumonia (Table 7).

In addition, in the patients in the pneumonia group, there

was a significant relationship between improvement in the

TP level measured at one year after admission and a de-

creased frequency of pneumonia during the second year of

stay (Table 7). In elderly patients in the pneumonia group, a

relationship between improvement in the TP level and a de-

creased frequency of pneumonia was observed; however,

this difference was not statistically significant, probably due

to the small sample size (Table 7).

In all analyzed patients and in all elderly patients in the

two groups (the pneumonia and non-pneumonia groups),

there was a significant relationship between improvement in

the serum level of albumin measured at one year after ad-

mission and a decreased frequency of pneumonia during the
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Table　6.　Characteristics, Frequency of Pneumonia, Physical Examination or 
Laboratory Findings Related to the Nutritional Condition of All or Elderly Pa-
tients in the Pneumonia Group during the First and Second Years of Stay.

All patients in the pneumonia group (n=52) First year Second year p value

Frequency of pneumonia1) (/year, mean±SD) 2.1±1.3 0.9±1.0 <0.001

Physical examination and laboratory data2,3)

Physical examination

BMI (mean±SD) 17.6±3.6 17.7±3.0 0.551

Laboratory data

Total protein (g/dL, mean±SD) 6.4±0.7 7.0±0.6 <0.001

Albumin (g/dL, mean±SD) 3.1±0.5 3.4±0.5 <0.001

Total cholesterol (mg/dL mean±SD) 157±40 

(n=52)

161±27 

(n=50)

0.459

Proportion of patients, n (%)

with <6.5 g/dL total protein 29 (55.8) 10 (19.2) <0.001

with <3.5 g/dL albumin 42 (80.8) 27 (51.9) 0.001

Elderly patients in the pneumonia group (n=31) First year Second year p value

Characteristics

Age (years, mean±SD) 76.6±8.1 - -

Males, n (%) 12 (38.7) - -

Frequency of pneumonia1,3) (/year, mean±SD) 2.0±1.5 0.9±1.0 <0.001

Physical examinations and laboratory data2,3)

Physical examination

BMI (mean±SD) 17.6±3.2 17.9±3.0 0.299

Laboratory data

Total protein (g/dL, mean±SD) 6.2±0.6 6.8±0.7 <0.001

Albumin (g/dL, mean±SD) 3.0±0.5 3.3±0.5 <0.001

Total cholesterol (mg/dL, mean±SD) 156±39 

(n=31)

165±27 

(n=29)

0.257

Proportion of patients, n (%)

with <6.5 g/dL total protein 21 (67.7) 9 (29.0) 0.004

with <3.5 g/dL albumin 28 (90.3) 18 (58.1) 0.006

1)The frequency of pneumonia was measured by counting the frequency of pneumonia develop-

ment during the first and second years of stay, separately.

2)Laboratory data and BMI at admission and one year after admission are reported.

3)For the comparison of variables between the first and second years of stay (frequency of pneu-

monia) and between admission and one year after admission (BMI and laboratory data), paired t-

tests and McNemar’s tests were used.

second year of stay (Table 8).

Furthermore, in all patients in the two groups, there was a

significant relationship between improvement in the level of

TP and a decreased frequency of pneumonia (Table 8).

In all elderly patients in the two groups, a relationship

was observed between improvement in the levels of TP and

a decreased frequency of pneumonia; however, this differ-

ence was not statistically significant (Table 8).

In addition, in the multivariate analysis, an increased albu-

min level measured at one year after admission was associ-

ated with a decreased frequency of pneumonia during the

second year of stay in all analyzed patients (Table 9).

The relationship between the improvement in BMI

and reduction in the frequency of pneumonia

We examined the relationship between improvement in

the BMI and a decreased frequency of pneumonia because

BMI is an important factor that represents the nutritional

status (23) and because we found that the BMI values of the

pneumonia group tended to be lower in comparison to the

non-pneumonia group. However, in patients in the pneumo-

nia group, there was no association between improvement in

BMI measured at one year after admission and a decreased

frequency of pneumonia during the second year of stay (p=

0.632, Fisher’s test).

Discussion

We demonstrated that 76% of all analyzed bedridden pa-

tients receiving oral care developed pneumonia with a mean

frequency of 1.6 times per year during the first year of stay.

Gram-negative bacteria were identified more frequently than

Gram-positive bacteria. The frequency of pneumonia during

the second year of stay was lower than that during the first
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Table　7.　Relationship between Improvement in the Serum Levels of Albumin and 
Total Protein and the Decreased Frequency of Pneumonia in Patients in the Pneumonia 
Group.

Number (%) of patients

p value3)
Decreased 

ALB1,2)

No change 

in ALB2)

Increased 

ALB2)

All pneumonia group patients (n=52)

Changes in the frequency of pneumonia

Increase 1 (1.9) 2 (3.8) 1 (1.9) 0.003

No change 2 (3.8) 1 (1.9) 5 (9.6)

Decrease 2 (3.8) 1 (1.9) 36 (69.2)

Elderly pneumonia group patients (n=31)

Changes in the frequency of pneumonia

Increase 1 (3.2) 1 (3.2) 1 (3.2) 0.008

No change 1 (3.2) 1 (3.2) 2 (6.5)

Decrease 1 (3.2) 1 (3.2) 22 (71.0)

Number (%) of patients

p value3)
Decreased 

TP2,4)

No change 

in TP2)

Increased 

TP2)

All pneumonia group patients (n=52)

Changes in the frequency of pneumonia

Increase 2 (3.8) 0 (0.0) 2 (3.8) 0.016

No change 2 (3.8) 1 (1.9) 5 (9.6)

Decrease 3 (5.8) 3 (5.8) 34 (65.4)

Elderly pneumonia group patients (n=31)

Changes in the frequency of pneumonia

Increase 1 (3.2) 0 (0.0) 2 (6.5) 0.269

No change 1 (3.2) 0 (0.0) 3 (9.7)

Decrease 2 (6.5) 2 (6.5) 20 (64.5)

1)ALB: serum albumin levels.

2)The term "Decreased" means that the values of TP and ALB at one year after admission were lower than 

those measured at the time of admission. The term "No change" means that the values of TP and ALB at one 

year after admission did not differ from those measured at the time of admission. Similarly, the term "In-

creased" means that the values of TP and ALB at one year after admission were higher than those measured 

at the time of admission.

3)Statistical analysis was performed using the chi-square test.

4)TP: serum total protein levels.

year of stay, and the serum levels of TP and albumin at one

year after admission were higher than those at admission in

all analyzed patients, and in the patients in the pneumonia

group. The proportions of patients with low TP and albumin

levels at one year after admission were lower in comparison

to the time of admission. The increase in the proportion of

patients presenting a reduced frequency of pneumonia was

correlated with the increases in the proportion of patients

presenting increased albumin and/or TP levels. These find-

ings suggest that nutritional treatment may improve malnu-

trition in patients and may prevent pneumonia in bedridden

patients receiving oral care.

We demonstrated that the serum level of albumin in the

pneumonia group was lower in comparison to the non-

pneumonia group. The proportions of patients with low al-

bumin and TP values in the pneumonia group were signifi-

cantly higher than those in the non-pneumonia group. Fur-

thermore, in the multivariate analysis, the serum albumin

level among individuals in the pneumonia group was lower

than that among individuals in the non-pneumonia group.

These findings are consistent with those in our previous

study (10).

We found that the increase in the proportions of patients

presenting a reduced frequency of pneumonia was correlated

with the increase in the proportions of patients presenting

increased albumin and/or TP levels. In contrast, we could

not determine the relationship between the proportions of

patients presenting a reduced frequency of pneumonia and

the increase in the proportion of patients presenting in-

creased BMI values, which is also an important marker of

the nutritional status (23). These findings suggest that albu-

min and TP may be more sensitive than BMI for showing

the relationship between the nutritional status and pneumo-

nia development.

In the two patients who died of pneumonia, the BMI and

serum albumin values were decreased during the observation
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Table　8.　Relationship between Improvement in the Serum Levels of Albumin and 
Total Protein and the Decreased Frequency of Pneumonia in All Patients and All El-
derly Patients in the Pneumonia and Non-pneumonia Groups.

Number (%) of patients

p value3)
Decreased 

ALB1,2)

No change 

in ALB1,2)

Increased 

ALB1,2)

All patients (n=68)

Changes in the frequency of pneumonia

Increase 2 (2.9) 2 (2.9) 1 (1.5) <0.001

No change 7 (10.3) 3 (4.4) 13 (19.1)

Decrease 2 (2.9) 2 (2.9) 36 (52.9)

Elderly patients (n=44)

Changes in the frequency of pneumonia

Increase 2 (4.5) 1 (2.3) 1 (2.3) 0.001

No change 5 (11.4) 2 (4.5) 9 (20.5)

Decrease 1 (2.3) 1 (2.3) 22 (50.0)

Number (%) of patients

p value3)
Decreased 

TP4)

No change 

in TP

Increased 

TP

All patients (n=68)

Changes in the frequency of pneumonia

Increase 3 (4.4) 0 (0.0) 2 (2.9) 0.004

No change 5 (7.4) 3 (4.4) 15 (22.1)

Decrease 3 (4.4) 3 (4.4) 34 (50.0)

Elderly patients (n=44)

Changes in the frequency of pneumonia

Increase 2 (4.5) 0 (0.0) 2 (4.5) 0.053

No change 4 (9.1) 1 (2.3) 11 (25.0)

Decrease 2 (4.5) 2 (4.5) 20 (45.5)

1)ALB: serum albumin levels.

2)The term "Decreased" means that the values of TP and ALB at one year after admission were lower than 

those measured at the time of admission. The term "No change" means that the values of TP and ALB at one 

year after admission did not differ from those measured at the time of admission. Similarly, the term "In-

creased" means that the values of TP and ALB at one year after admission were higher than those measured 

at the time of admission.

3)Statistical analysis was performed using the chi-square test.

4)TP: serum total protein levels.

Table　9.　Multivariate Analysis between the Changes in Serum Albumin Level 
and the Frequency of Pneumonia in All Patients.

Albumin (ALB)

Decrease of ALB No change of ALB Increase of ALB p for trend

Crude 0.09 (-0.64, 0.82) -0.14 (-1.05, 0.77) -1.16 (-1.50, -0.82) 0.003

Model 1a) 0.16 (-0.60, 0.92) -0.09 (-1.05, 0.87) -1.18 (-1.53, -0.83) 0.003

Values are presented as the estimated mean (95% CI).
a)Adjusted for age (continuous variable), consciousness level (continuous variable), tube feeding (no 

or yes), mechanical ventilation (no or yes), pulmonary diseases (no or yes).

time, and the serum albumin level remained extremely low

in both patients (2.1 g/dL and 2.7 g/dL, respectively) at one

year after admission. The serum TP levels of these patients

were also low (<6.5 g/dL). Thus, severe malnutrition was

observed in patients who died of pneumonia.

In the present study, the calorific values of the nutritional

treatment were defined by the energy expenditure (calcu-

lated by the Harris-Benedict equation; basal metabolism)

multiplied by an activity factor and a stress factor (15-17).

We found that the calorific values in patients in the non-

pneumonia group were higher than those in the pneumonia

group. The precise reasons are uncertain; however, in the

non-pneumonia group, the BMI values, which were used to

calculate basal metabolism, were increased by 1 kg/m2 in
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comparison to those in the pneumonia group. In contrast,

the activity and stress factors in both groups might be simi-

lar because all patients were bedridden and the proportion of

patients with pressure ulcers did not differ between the two

groups. Furthermore, age reduces the energy expenditure by

reducing basal metabolism (15); however, the patients in the

non-pneumonia group tended to be older than those in the

pneumonia group. These findings suggest that higher body

weight might have been associated with higher calorific val-

ues in the patients in the non-pneumonia group.

Carbohydrates, proteins and lipids were contained in the

nutritional formulations used in tube feeding, the infusion

solution used in IVH, and in the food. Thus, continuous nu-

tritional treatment based on the patient conditions might be

effective in improving the serum levels of albumin and TP.

The patients were enrolled according to the order of dis-

charge date to prevent any selection bias. Patients are usu-

ally discharged from the hospital within 6 months of admis-

sion; however, patients with some diseases, such as

amyotrophic lateral sclerosis (ALS) or muscular dystrophy,

especially those receiving mechanical ventilation, stayed for

more than two years. The enrolled patients were admitted to

receive rehabilitation and nursing care after being treated for

an acute disease or after receiving mechanical ventilation.

Thus, the stable conditions of the analyzed patients might

have been associated with the low mortality in the present

study.

The patients who were analyzed in the present study had

several types of disease that caused hospitalization as well

as comorbidities, including ALS, cerebral infarction and dia-

betes mellitus. The patients also had characteristics, such as

hypoalbuminemia, limitations in ADL, oral care dependency

and tube feeding. Furthermore, more than 60% of the pa-

tients received mechanical ventilation. The diseases and fac-

tors observed in the patients are associated with the develop-

ment of pneumonia (1-8, 18-21, 24). Thus, the combination

of these diseases and factors might be associated with the

high frequency of pneumonia development (76%) in the pre-

sent study in comparison to the frequency observed in eld-

erly subjects without dementia and disability with silent

cerebral infarction (20%) or without silent cerebral infarc-

tion (5%) (25).

In the present study, the proportion of the elderly patients

(�65 years) was 65% among all analyzed patients and 60%

among the pneumonia group patients. In the elderly patients

in the pneumonia group, we observed a reduction in the fre-

quency of pneumonia and increases in the levels of albumin

and TP, and we found a significant relationship between im-

provement in the albumin levels and a decreased frequency

of pneumonia. Thus, nutritional treatment may also be effec-

tive for preventing pneumonia in elderly patients.

Malnutrition, exhibited by characteristics such as hypoal-

buminemia and body weight loss, is an important risk factor

for infection, including pneumonia and wound infection (26)

as it reduces the immune response against infection (11).

Furthermore, low BMI and hypoalbuminemia are associated

with mortality in patients with senile pneumonia (9). Albu-

min has effects on host defense mechanisms against bacte-

rial infection through the complement function and the pro-

duction of defensin (27, 28). Thus, nutritional treatment

might partially reduce the malnutrition-related risk factors

for pneumonia development by improving defense mecha-

nisms against bacterial infection.

Chronic inflammation has also been suggested to reduce

serum albumin levels (10, 29). In the present study, we ob-

served that the patients’ CRP values tended to be decreased

at one year after admission. Thus, the improvement of in-

flammation might also be associated with the elevation of

serum albumin levels.

In addition, deficiencies in other substrates, including vi-

tamin D and zinc (30, 31), have been associated with the

development of respiratory tract infections and pneumonia;

however, we did not measure the serum levels of these com-

ponents. Further studies are required.

We previously reported that the proportion of patients

with hypoalbuminemia was higher among bedridden patients

with pneumonia than among those without pneumonia (10).

However, Sergi et al. reported that hypoalbuminemia was

observed in 55% of elderly outpatients with low BMI, al-

though the frequency of pneumonia was not examined (32).

These findings suggest that malnutrition treatment may also

be important for preventing pneumonia in elderly people

with better ADLs because a high proportion of elderly out-

patients may have hypoalbuminemia.

The present study was associated with some limitations.

We performed a retrospective, single center study, and the

sample size was relatively small. Thus, prospective multicen-

ter studies are required to confirm the preventive effects of

malnutrition treatment. In addition, the size of the non-

pneumonia group was very different from that of the pneu-

monia group. Patients who stayed in the hospital for two

years or longer were enrolled according to the order of the

discharge date, and after analyzing the patient records, we

found that pneumonia developed in more than 76% of the

patients. As a result, the size of the non-pneumonia group

decreased in comparison to that of the pneumonia group.

In conclusion, nutritional treatment may improve malnu-

trition and may prevent pneumonia in bedridden patients re-

ceiving oral care.
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