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Abstract

Background:  This study examined the association between parenteral energy/amino acid doses and in-hospital mortality among inpatients on 
long-term nil per os (NPO) status, using a medical claims database in Japan.
Methods:  Hospitalized patients with aspiration pneumonia, aged 65 and older, and on more than 7-day NPO status were identified in 
a medical claims database between January 2013 and December 2018. Using multivariate logistic regression and regression analyses, we 
examined the association between mean parenteral energy/amino acid doses and in-hospital mortality, and secondarily, the association between 
prognosis (in-hospital mortality, inability to receive full oral intake, readmission, and hospital stay length) and 4 groups of mean amino acid 
doses (no dose: 0 g/kg/day; very low dose: >0, ≤0.3 g/kg/day; low dose: >0.3, ≤0.6 g/kg/day; moderate dose: >0.6 g/kg/day).
Results:  The analysis population included 20 457 inpatients (≥80 years: 78.3%). In total, 5 920 mortalities were recorded. Increased amino 
acid doses were significantly associated with reduced in-hospital mortality (p < .001). With a no dose reference level, the odds ratios (95% 
confidence interval) of in-hospital mortality adjusted for potential confounders were 0.78 (0.72–0.85), 0.74 (0.67–0.82), and 0.69 (0.59–0.81) 
for very low, low, and moderate amino acid doses, respectively. Additionally, patients prescribed amino acid dose levels more than 0.6 g/kg/day 
had shorter hospitalization periods than those prescribed none.
Conclusions:  Increased amino acid doses were associated with reduced in-hospital mortality. Sufficient amino acid administration is 
recommended for patients with aspiration pneumonia requiring NPO status.
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Aspiration pneumonia is a pulmonary system infection associated 
with dysphagia (1) and is strongly suspected to result from the inhal-
ation of oropharyngeal or gastric contents into the respiratory organs 
causing pneumonia. It occurs more frequently in older adults and the 
frequency increases with age (2). Thus, in Japan, where the propor-
tion of older adults (≥65 years) in the population is increasing, the 
incidence of aspiration pneumonia is expected to increase. The mor-
tality rate associated with aspiration pneumonia is high. According 
to statistics published by the Ministry of Health, Labour and Welfare 

(2019), aspiration pneumonia is the sixth leading cause of death in 
Japan, causing mortality in 40 000 people annually (3). In a study 
of 66 000 patients hospitalized for the treatment of aspiration pneu-
monia at acute care hospitals in Japan, mortality at 30 days after 
hospitalization was 11.3% (4). Therefore, in aging populations such 
as those in Japan, identifying appropriate treatments and preven-
tion measures is urgently needed. In addition to the conventional 
administration of antibiotics (5–7), diversified approaches to treat 
aspiration pneumonia have gained attention in recent decades (eg, 
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oral care, dysphagia rehabilitation, physical therapy, and nutritional 
management aimed at promoting recovery and preventing recur-
rence).

Nutrition management plays an important role in the treatment 
of aspiration pneumonia. This is because patients with aspiration 
pneumonia are generally older adults and at risk of malnutrition, 
dysphagia, and anorexia. Decreased skeletal muscle mass associ-
ated with malnutrition is also a risk factor for mortality among 
patients with aspiration pneumonia (8). An observational study 
of patients with aspiration pneumonia reported that early oral in-
take is associated with increased nutrient intake, improvement of 
swallowing function, and early recovery (9). Patients with aspir-
ation pneumonia may, however, develop severe dysphagia and dis-
turbed consciousness and, eventually, be placed on nil per os (NPO) 
status, for various time periods due to an inability to receive oral 
intake (10). In our previous study, 35% of 72 000 patients admitted 
to acute care hospitals for the treatment of aspiration pneumonia 
were placed on NPO status for longer than 7 days after admission 
(11). Although parenteral nutrition is commonly used for nutrition 
management of patients during NPO status, the median doses of 
parenteral energy and amino acid 7 days after hospitalization were 
very low and were 7.7 kcal/kg and 0.32 g/kg, respectively, possibly 
leading to poor prognosis due to malnutrition (11). To the best of 
our knowledge, however, there are no reports regarding the effect of 
prescribed nutrition doses on prognosis in patients with aspiration 
pneumonia placed on NPO status.

It is known that insufficient nutritional intake for inpatients at 
risk of malnutrition causes complications and mortality (12,13). In 
particular, patients with aspiration pneumonia who are placed on 
long-term NPO status are at a higher risk of malnutrition and have 
a worse prognosis than patients who achieve early oral intake (4,9). 
Therefore, increased nutritional prescription may contribute to im-
proved prognosis. The study objective was to examine the associ-
ation between parenteral energy/amino acid doses and in-hospital 
mortality among inpatients with aspiration pneumonia who have 
more than 7-day NPO status, using a medical claims database 
in Japan.

Method

Study Design and Data Source
The data for this retrospective cohort study were extracted from a 
medical claims database managed by Medical Data Vision Co., Ltd 
(MDV, Tokyo, Japan). The database covers approximately 22% of 
acute care hospitals in Japan and included information on approxi-
mately 26 million patients at 376 sites, as of December 2018. The 
MDV database includes information such as the date of hospitaliza-
tion and discharge, age at the time of hospitalization, sex, height, body 
weight, diseases that led to hospitalization, comorbidities, activities of 
daily living, levels of consciousness, procedures during hospitalization, 
prescribed drugs (including various parenteral nutrition solutions and 
prescribed doses), and discharge status. Disease names were coded ac-
cording to the International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision (ICD-10 codes). Medical 
procedures were coded using Japan-specific medical claims codes.

Ethical Statements
Ethical approval was obtained from the Ethics and Conflict of 
Interest Committee of the National Center for Geriatrics and 
Gerontology (No. 1409). This study was registered with the 
University Hospital Medical Information Network Clinical Trial 

Registry (UMIN000041222). Individual patient informed consent 
was not obtained because all individuals’ personal and site infor-
mation used in this study were anonymized and classified as an-
onymously processed information under the Act on the Protection 
of Personal Information of 2003 as amended in 2020. Informed con-
sent was not, therefore, required.

Patient Population
This study included patients aged 65 and older who were hospi-
talized for the treatment of aspiration pneumonia (ICD-10, J69) 
between January 2013 and December 2018 and who were placed 
on NPO status for more than 7 days. The following patients were 
excluded from the study: patients with suspected data entry errors 
for height or body weight values (height <100 cm, ≥200 cm, body 
weight <10  kg, ≥200  kg), patients with missing values for height 
or body weight, and patients with suspected data entry errors for 
prescribed parenteral nutrition solution doses or suspected to be in 
the terminal disease phase (no energy solutions were prescribed up 
to Day 7).

Endpoints
The primary endpoint was in-hospital mortality, and the secondary 
endpoints were prognosis (inability to receive full oral intake, re-
admission, and the length of hospital stay for discharged patients). 
Full oral intake was defined as 3 meals without enteral feeding 
or parenteral nutrition, and the proportion of patients who were 
unable to achieve full oral intake during hospitalization was cal-
culated. Regarding readmission, the proportion of patients hospi-
talized within 30  days of discharge was calculated. The primary 
endpoint was examined among all patients and in 4 groups, as de-
scribed below, and the secondary endpoints were examined in these 
4 groups only.

Association Between Energy or Amino Acid Doses 
and In-Hospital Mortality
We examined the association between the mean doses of parenteral 
energy or amino acid and the frequency of in-hospital mortality. The 
daily doses of parenteral energy or amino acid per kilogram of body 
weight were calculated based on the ideal body weight for each day 
from Days 1 to 7. The daily dose was calculated from all prescribed 
energy and amino acid doses. Energy was calculated based not only 
on nutrition solution administration, but also on the general an-
esthetic/sedative propofol, which is dissolved in a lipid emulsion, 
glucose solutions used for the preparation of drugs, maintenance so-
lutions, and extracellular fluids with added carbohydrates.

Association Between Amino Acid Doses and 
Prognosis
We also examined the association between prognosis and the admin-
istered parenteral amino acid doses on Days 1–7 among 4 groups. 
Patients were divided into 4 groups according to the mean amino acid 
dose on Days 1–7: no dose (0 g/kg/day), very low dose (>0, ≤0.3 g/
kg/day), low dose (>0.3, ≤0.6 g/kg/day), and moderate dose (>0.6 g/
kg/day). Parenteral amino acid doses were analyzed in these groups 
because this parameter was found to be associated with in-hospital 
mortality in the overall analysis described above. For each group, the 
patient characteristics described below were extracted, and changes 
in the parenteral energy and amino acid doses during NPO status 
were calculated based on the ideal body weight for each day from 
Days 1 to 30 during the hospitalization stay.
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Baseline Characteristics
The following patient characteristics were extracted from the MDV 
database: age on Day 1, sex, height, body weight, number of hospital 
beds, treatment year, comorbidities, dementia, Parkinson’s disease, 
cancer, Barthel Index (14), Japan Coma Scale (15), intensive care 
unit admission, and oxygen inhalation on Day 1.  In addition, the 
following characteristics were extracted from Days 1 to 7: nutrition 
support team intervention, dysphagia rehabilitation, other types of 
rehabilitation (for cardiovascular diseases, cerebrovascular diseases, 
disuse syndrome, motor disease, and respiratory disease), and mean 
parenteral energy and amino acid administration.

Patients were divided into age groups of 65–69  years, 
70–79 years, 80–89 years, and 90 years or older. Body mass index 
(BMI) was calculated based on height and body weight and clas-
sified into the following groups: <16, 16 to <18.5, 18.5 to <22.5, 
22.5 to <25, and ≥25, according to the World Health Organization 
classification. The study sites were divided by the number of hos-
pital beds into groups of <200, 200 to <500, and ≥500 beds. The 
Charlson Comorbidity Index was calculated for comorbidities using 
the algorithm developed by Quan et al. (16) and divided into 0, 1–2, 
and ≥3. Activities of daily living were represented by Barthel Index 
values ranging from 0 (full assistance) to 100 (full independence) 
(14) and divided into 0, 5–20, 25–40, 45–60, 65–95, and 100. The 
level of consciousness was represented by the Japan Coma Scale 
with 0 (alert), 1-digit number (not fully alert but awake without any 
stimuli), 2-digit number (arousable with stimulation), and 3-digit 
number (unarousable) (15). Missing values in the Barthel Index and 
the Japan Coma Scale were handled as missing.

Statistical Analysis
Frequencies and percentages were summarized for categorical vari-
ables, and continuous variables were summarized by median and 
interquartile ranges (first quartile [Q1], third quartile [Q3]).

To examine the association between energy or amino acid doses 
and in-hospital mortality, a multivariate logistic model was used 
with in-hospital mortality as the response variable, and mean par-
enteral energy or amino acid doses on Days 1–7 as the explana-
tory variable adjusted for the baseline patient characteristics (age, 
sex, BMI, number of hospital beds, treatment year, Charlson 
Comorbidity Index, dementia, Parkinson’s disease, cancer, Barthel 
Index, Japan Coma Scale, intensive care unit admission status 
[Day 1], oxygen inhalation [Day 1], nutrition support team inter-
vention [Days 1–7], dysphagia rehabilitation [Days 1–7], other types 
of rehabilitation [Days 1–7], mean dose of amino acid or mean dose 
of energy [Days 1–7]). Modeling for multivariate logistic regression 
analyses was conducted after confirming the variance inflation factor 
(Supplementary Table 1). The odds ratios of all variables are also 
presented (Supplementary Table 2). A theoretical curve was plotted 
for adjusted odds ratios with 95% lower or upper control limits 
where the energy doses were shown in 1 kcal/kg/day increments 
up to 0–20 kcal/kg/day. Similarly, a theoretical curve was shown in 
0.1 g/kg/day increments up to 0–1.2 g/kg/day.

Regarding the statistical testing for baseline characteristics and 
each of 4 endpoints among groups classified by amino acid doses, 
the Chi-square test or Kruskal–Wallis test was used. To examine the 
association between amino acid doses and in-hospital mortality, in-
ability to receive full oral intake, or readmission, multivariate lo-
gistic regression analysis was performed. For evaluation of the length 
of hospital stay among amino acid doses group, a multivariate re-
gression analysis was performed. Multivariate logistic regression 

analyses and regression analyses were adjusted for the same pa-
tient baseline characteristics described above, and unadjusted and 
adjusted results were presented (Supplementary Table 3). Based on 
the number of days from Day 1 to the day of in-hospital mortality, 
the hazard ratios were calculated using the Cox proportional hazard 
model. All analyses were adjusted for the same patient baseline char-
acteristics described above. Discharged patients and patients hospi-
talized for at least 90 days were censored. The adjusted odds ratios, 
estimates, hazard ratios, and 95% confidence intervals (CIs) for each 
group were calculated using the no-dose as the reference level.

All statistical analyses were conducted using SAS version 9.4 
(SAS Institute Inc., Cary, NC) at a 2-sided significance level of 5%.

Results

Baseline Patient Characteristics
Among all patients included in this study, 20 457 did not meet 
any exclusion criteria (Figure 1). Patient characteristics are given in 
Table 1. Among the 20 457 patients included, 78.3% were 80 years 
or older, 55.0% were men, and 52.7% had a BMI of less than 
18.5. Among these patients, 69.8% required full assistance (Barthel 
Index = 0), 62.0% had disturbed consciousness (Japan Coma Scale 
≥1), and 69.1% were on oxygen inhalation. The median (first quar-
tile [Q1], third quartile [Q3]) of the mean parenteral energy dose 
was 5.9 (3.7–8.3) kcal/kg/day on Days 1–7, and the amino acid 
dose was 0.20 (0.00–0.45) g/kg/day. The overall number of mortal-
ities was 5 920 (28.9%).

Association Between Energy and Amino Acid Doses 
and In-Hospital Mortality
Figure 2 shows the relationship between and adjusted odds ratios 
(95% CI) for in-hospital mortality and mean energy/amino acid 
doses on Days 1–7. There was a significant association between in-
creased amino acid dose and reduced in-hospital mortality (Wald 
test, p < .001), but no association was noted between increased en-
ergy doses and in-hospital mortality (Wald test, p = .19).

Patient Characteristics and Changes in Prescribed 
Nutrition Doses According to Amino Acid Dose
The patient characteristics of each amino acid group are given in 
Table 1. The median of the mean amino acid dose from Days 1 to 
7 was 0.22 (0.14–0.26) g/kg/day for the very low dose, 0.46 (0.37–
0.52) g/kg/day for the low dose, and 0.69 (0.64–0.77) g/kg/day for 
the moderate dose. Figure 3 shows the changes in parenteral energy 
and amino acid doses during NPO status in each group.

Prognosis According to Amino Acid Doses
The distribution of each endpoint is given in Table 2 (A). The per-
centage of in-hospital mortality was 32.8% for no dose, 28.1% for 
very low dose, 26.3% for low dose, and 24.0% for moderate dose 
(Chi-square test, p < .001).

The results of multivariate logistic regression and regression 
analyses in which each endpoint was adjusted for background pa-
tient characteristics are given in Table 2 (B). The odds ratios (95% 
CI) of in-hospital mortality with a reference of no dose were 0.78 
(0.72–0.85) for very low dose, 0.74 (0.67–0.82) for low dose, and 
0.69 (0.59–0.81) for moderate dose. There was no statistically sig-
nificant difference in the risks of inability to receive oral intake or 
readmission in each group. The estimates (95% CI) of the length of 
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hospital stay, adjusted for background patient characteristic with a 
reference of no dose, were as follows: very low dose, 1.31 (−0.25 to 
2.87); low dose, −0.25 (−2.02 to 1.52); and moderate dose, −4.53 
(−7.30 to −1.76). Cox proportional hazard analysis showed that the 
hazard ratios (95% CI) adjusted for no dose were 0.80 (0.74–0.86), 
0.81(0.75–0.89), and 0.88 (0.76–1.01) for very low, low, and mod-
erate doses, respectively.

Discussion

This is the first large-scale study to examine the hypothesis that 
an increased amount of prescribed parenteral energy or amino 
acid reduces the risk of in-hospital mortality in patients with as-
piration pneumonia who have a greater than 7-day NPO status. 
An association was found between increased amino acid doses and 
reduced in-hospital mortality, but no association was found be-
tween increased energy doses and in-hospital mortality. Among 4 
groups of patients administered various amino acid doses, the odds 
of in-hospital mortality in the very low dose (>0, ≤0.3  g/kg/day), 
low dose (> 0.3, ≤0.6 g/kg/day), and moderate dose (>0.6 g/kg/day) 
groups were significantly lower than that in the no-dose group. The 
length of hospital stay was significantly shorter in the moderate-dose 
group than in the no-dose group.

The results of this study showed that the prescribed energy doses 
were markedly low from Days 1 to 7 (median energy dose of 5.9 

kcal/kg/day), which is lower than the recommended dose of ≥20 
kcal/kg/day (17). Furthermore, an increase in the energy dose did 
not contribute to decreased in-hospital mortality among this study 
population. A previous observational study of patients with pneu-
monia, however, reported that increased intake of energy until Day 
7 was associated with reduced mortality (18). Our results may have 
differed from those from this study due to differences in patient 
characteristics; patients included in our study had been placed on 
long-term NPO status without oral intake, whereas patients in the 
previous study were predominantly able to orally ingest food. Severe 
pneumonia, low daily living activities, low levels of consciousness, 
and low BMI have been reported as risk factors for long-term NPO 
status in patients with aspiration pneumonia (4,11). As our target 
study population included patients with long-term NPO status, the 
mortality rate was higher compared to the aforementioned study, 
because a greater proportion of patients with high disease severity 
was included in the current study.

The results of multicenter, randomized, clinical trials investigating 
the effects of different calorie intakes on prognosis in critically ill pa-
tients have reported that low calorie intakes do not affect mortality 
(19,20). It has, however, been reported that infectious complications 
increase when the energy dose is insufficient for a long time period 
and the deficit exceeds 10 000 kcal (21). Our study did not investi-
gate mortality outside of hospitals and associations with long-term 
insufficient energy doses. Additionally, as we used real-world data 

Figure 1.  Patient flow. NPO = nil per os.
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Table 1.  Patient Characteristics

Total

Amino Acid

p†

No Dose* Very Low Dose* Low Dose* Moderate Dose*

  n = 20 457 n = 7 795 n = 4 809 n = 5 791 n = 2 062

Age, years 65–69 697 (3.4) 225 (2.9) 177 (3.7) 205 (3.5) 90 (4.4) <.001
70–79 3 752 (18.3) 1 263 (16.2) 925 (19.2) 1 179 (20.4) 385 (18.7)  
80–89 9 855 (48.2) 3 735 (47.9) 2 338 (48.6) 2 844 (49.1) 938 (45.5)  
≥90 6 153 (30.1) 2 572 (33.0) 1 369 (28.5) 1 563 (27.0) 649 (31.5)  

Sex Male 11 247 (55.0) 4 107 (52.7) 2 952 (61.4) 3 337 (57.6) 851 (41.3) <.001
Female 9 210 (45.0) 3 688 (47.3) 1 857 (38.6) 2 454 (42.4) 1 211 (58.7)  

Body mass index, kg/m2 <16 5 067 (24.8) 1 779 (22.8) 1 230 (25.6) 1 538 (26.6) 520 (25.2) <.001
16–18.5 5 714 (27.9) 2 173 (27.9) 1 326 (27.6) 1 628 (28.1) 587 (28.5)  
18.5–22.5 6 925 (33.9) 2 727 (35.0) 1 636 (34.0) 1 880 (32.5) 682 (33.1)  
22.5–25 1 829 (8.9) 714 (9.2) 422 (8.8) 511 (8.8) 182 (8.8)  
≥25 922 (4.5) 402 (5.2) 195 (4.1) 234 (4.0) 91 (4.4)  

Number of hospital beds <200 2 862 (14.0) 1 187 (15.2) 679 (14.1) 751 (13.0) 245 (11.9) <.001
≥200, <500 13 191 (64.5) 4 958 (63.6) 3 174 (66.0) 3 736 (64.5) 1 323 (64.2)  
≥500 4 404 (21.5) 1 650 (21.2) 956 (19.9) 1 304 (22.5) 494 (24.0)  

Treatment year 2013 2 170 (10.6) 701 (9.0) 515 (10.7) 675 (11.7) 279 (13.5) <.001
2014 2 883 (14.1) 1 076 (13.8) 703 (14.6) 792 (13.7) 312 (15.1)  
2015 3 379 (16.5) 1 281 (16.4) 756 (15.7) 954 (16.5) 388 (18.8)  
2016 3 841 (18.8) 1 532 (19.7) 896 (18.6) 1 047 (18.1) 366 (17.7)  
2017 4 097 (20.0) 1 575 (20.2) 970 (20.2) 1 189 (20.5) 363 (17.6)  
2018 4 087 (20.0) 1 630 (20.9) 969 (20.1) 1 134 (19.6) 354 (17.2)  

Charlson Comorbidity 
Index

0 10 008 (48.9) 3 732 (47.9) 2 362 (49.1) 2 912 (50.3) 1 002 (48.6) <.001
1–2 7 959 (38.9) 3 043 (39.0) 1 851 (38.5) 2 233 (38.6) 832 (40.3)  
≥3 2 490 (12.2) 1 020 (13.1) 596 (12.4) 646 (11.2) 228 (11.1)  

Dementia  5 153 (25.2) 2 000 (25.7) 1 181 (24.6) 1 436 (24.8) 536 (26.0) .376
Parkinson’s disease  1 347 (6.6) 505 (6.5) 314 (6.5) 400 (6.9) 128 (6.2) .654
Cancer  2 049 (10.0) 742 (9.5) 492 (10.2) 583 (10.1) 232 (11.3) .117
Barthel Index 100 483 (2.4) 176 (2.3) 112 (2.3) 143 (2.5) 52 (2.5) <.001

65–95 270 (1.3) 76 (1.0) 70 (1.5) 92 (1.6) 32 (1.6)  
45–60 561 (2.7) 194 (2.5) 133 (2.8) 177 (3.1) 57 (2.8)  
25–40 469 (2.3) 180 (2.3) 116 (2.4) 130 (2.2) 43 (2.1)  
5–20 1 915 (9.4) 737 (9.5) 482 (10.0) 521 (9.0) 175 (8.5)  
0 14 283 (69.8) 5 558 (71.3) 3 329 (69.2) 3 997 (69.0) 1 399 (67.8)  
NA 2 476 (12.1) 874 (11.2) 567 (11.8) 731 (12.6) 304 (14.7)  

Japan Coma Scale 0 7 765 (38.0) 2 912 (37.4) 1 788 (37.2) 2 249 (38.8) 816 (39.6) <.001
1–3 7 108 (34.7) 2 603 (33.4) 1 719 (35.7) 2 073 (35.8) 713 (34.6)  
10–30 3 913 (19.1) 1 539 (19.7) 911 (18.9) 1 079 (18.6) 384 (18.6)  
100–300 1 670 (8.2) 740 (9.5) 391 (8.1) 390 (6.7) 149 (7.2)  
NA 1 (0.0) 1 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  

Intensive care unit 
admission‡

Yes 1 627 (8.0) 661 (8.5) 400 (8.3) 441 (7.6) 125 (6.1) <.01

Oxygen inhalation‡ Yes 14 133 (69.1) 5 553 (71.2) 3 318 (69.0) 3 923 (67.7) 1 339 (64.9) <.001
Nutrition support team 
intervention§

Yes 702 (3.4) 209 (2.7) 168 (3.5) 223 (3.9) 102 (4.9) <.001

Dysphagia rehabilitation§ Yes 3 551 (17.4) 1 274 (16.3) 938 (19.5) 1 020 (17.6) 319 (15.5) <.001
Other types of 
rehabilitation§,‖

Yes 8 723 (42.6) 3 195 (41.0) 2 131 (44.3) 2 516 (43.4) 881 (42.7) <.01

Energy, kcal/kg/day¶, 
median (Q1–Q3)

 5.9 (3.7–8.3) 3.5 (2.6–4.6) 5.5 (4.4–6.8) 7.9 (6.8–9.4) 10.8 (9.5–13.1) <.001

Amino acid, g/kg/day¶, 
median (Q1–Q3)

 0.20 (0.00–0.45) — 0.22 (0.14–0.26) 0.46 (0.37–0.52) 0.69 (0.64–0.77) <.001

Notes: Q1 = first quartile; Q3 = third quartile. All numbers are expressed with number (%) unless otherwise stated.
*Classification according to the mean dose of parenteral amino acid on Days 1–7: no dose (0 g/kg/day), very low dose (>0, ≤0.3 g/kg/day), low dose (>0.3, 

≤0.6 g/kg/day), and moderate dose (>0.6 g/kg/day).
†Chi-square tests for all analyses except for energy and amino acids whose tests were Kruskal–Wallis tests.
‡On Day 1.
§On Days 1–7.
‖This rehabilitation is for cardiovascular disease, cerebrovascular disease, disuse syndrome, motor disease, or respiratory disease.
¶Mean from Days 1 to 7.
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and administration of energy doses were generally insufficient in 
our study, we could not fully examine the effects of sufficient energy 
doses on prognosis. In the future, it may be necessary to examine the 
effect of energy dose administration on prognoses other than mor-
tality and the effect of long-term insufficient and sufficient energy 
dose administration on prognosis.

Our study also confirmed that increases in parenteral amino acid 
doses were associated with decreased in-hospital mortality. Parenteral 
nutrition guidelines for older adults (age >65 years) state that the ma-
jority of this population with diseases require at least 1.0–1.2 g/kg/day 
of amino acid doses (17). It has also been suggested that higher amino 

acid doses (1.2–2.0 g/kg/day) are required in malnourished older adults 
to improve the nitrogen balance and restore lean body mass (22,23). 
In our study, 78.3% of patients investigated were on NPO status for 
more than 7 days and aged 80 and older, 52.7% had a BMI less than 
18.5, and 69.8% had a Barthel Index score = 0 (full assistance). These 
results indicate that our study included a greater proportion of mal-
nourished patients or patients at a high risk of malnutrition. With as-
piration pneumonia, acute inflammation causes muscular atrophy of 
the respiratory, skeletal, and swallowing systems (24). Disuse muscle 
atrophy associated with bed rest can also develop in patients with re-
duced daily living activities, which may lead to reduced skeletal muscle 
mass and progression of sarcopenia (25). Decreased skeletal muscle 
mass due to malnutrition is a risk factor for mortality in patients with 
aspiration pneumonia (8), and patients with aspiration pneumonia who 
are on long-term NPO status may, therefore, require higher amino acid 
doses than recommended in the parenteral nutrition guidelines for older 
adults (1.0–1.2 g/kg/day). In this study, however, only 2 062 of 20 457 
patients (~10%) were prescribed amino acid more than 0.6 g/kg/day, 
and it was not possible to conduct a detailed evaluation of patients pre-
scribed amino acid at higher dose levels (eg, up to ~2.0 g/kg/day). In the 
future, it would be informative to investigate the optimal amino acid 
dose in terms of efficacy and safety in a prospective study.

Limitations of the Study
This study has several limitations. First, using a medical claims data-
base in this study may have led to data entry errors, missing values, 
and accuracy problems, which were not possible to control. The 
disease differentiation accuracy in our study was inferior to that of 
prospective studies. Several published studies in which aspiration 
pneumonia was identified using the ICD-10 code (J 69)  (4,26,27) 
and other disease codes for scoring the Charlson Comorbidity Index 
(28) have already been conducted, and these disease codes have been 
previously validated. Second, the pneumonia severity classification 
(A-DROP) (29), an index for predicting prognosis, could not be 
used in this study because some information was unavailable in the 
database. However, of the 5 items used in the A-DROP classifica-
tion (age, dehydration, respiratory failure, disturbed consciousness 
[orientation], hypotension [pressure]), we obtained information on 
3 of these items: age, disturbed consciousness (Japan Coma Scale), 
and respiratory failure (oxygen inhalation). We used these items as 

Figure 3.  Changes in parenteral energy and amino acid doses (median) 
during nil per os status.

Figure 2.  Theoretical curves of adjusted odds ratio for in-hospital mortality based on multivariate logistic regression analysis with respect to mean parenteral 
energy and amino acid doses on Days 1–7.
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adjustment variables along with other patient background factors 
that may affect patient prognosis. Third, there is no information on 
unused and wasted infusion solution doses and, therefore, the ac-
tual administered parenteral nutrition doses may have been lower 
than the prescribed doses calculated in this study. Fourth, the study 
included patients admitted to institutions participating in diagnosis 
procedure combination/per-diem payment system (mostly acute care 
hospitals); our results may not be generalizable to patients admitted 
to long-term care hospitals in Japan. Finally, patients in this database 
included only those who received inpatient or ambulatory treatment 
at the institution where they were admitted for the treatment of as-
piration pneumonia; thus, cases of readmission in other institutions 
may be underestimated. These limitations should be noted when 
interpreting the results of the present study.

Conclusions

This study examined the association between energy or amino acid 
doses up to 7 days after hospitalization and prognosis among patients 
with aspiration pneumonia who were placed on more than 7-day NPO 
status. An increased amino acid dose was associated with reduced 
in-hospital mortality. In addition, patients who were prescribed amino 
acid dose levels more than 0.6 g/kg/day had shorter hospitalization 
periods than those prescribed no amino acid. These results indicate 
that special attention should be given to the management of parenteral 
nutrition to avoid insufficient administration of amino acids. Further 
studies may clarify the optimal energy and amino acid doses to im-
prove the prognosis of patients with aspiration pneumonia.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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