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Muscle Mass Loss Is a Potential Predictor of 90-Day Mortality
in Older Adults with Aspiration Pneumonia

Keisuke Maeda, MD, PhD,* and Junji Akagi, MD, PhD†

OBJECTIVES: To investigate the association between loss
of muscle mass and aspiration pneumonia (AP).

DESIGN: Prospective observational cohort.

SETTING: Acute geriatric hospital.

PARTICIPANTS: Individuals admitted to the hospital for
AP (N = 151; mean age 85.9; 49.7% male).

MEASUREMENTS: Appendicular skeletal muscle index
(ASMI; appendicular skeletal muscle mass divided by
height squared) was used to evaluate muscle mass. Data
on age, sex, body mass index, Mini Nutritional Assess-
ment—Short Form score, Barthel Index score, Charlson
Comorbidity Index score, and pneumonia severity (Japa-
nese version of the CURB-65 (C (confusion), U (blood
urea nitrogen ≥20 mg/dL), R (respiratory rate ≥30 breaths/
min), B (systolic blood pressure <90 mmHg or diastolic
blood pressure ≤60 mmHg), 65 (aged ≥65) severity score
(A-DROP)) were obtained. Outcomes included 30- and
90-day mortality.

RESULTS: Mild, moderate, severe, and extremely severe
AP were observed in 1.3%, 70.2%, 25.8%, and 2.6% of
participants, respectively. On Kaplan-Meier analysis, par-
ticipants in the lowest ASMI quartile for each sex were
more likely to die than those in the other quartiles (log-
lank test P = .005). Multivariate logistic analyses showed
that ASMI and A-DROP were independent predictors of
90-day mortality; only A-DROP was a significant predictor
of 30-day mortality (P < .001). Cox regression analysis
also showed that the first ASMI quartile was independently
associated with mortality (hazard ratio = 2.19; 95% confi-
dence interval = 1.06–4.52; P = .03).

CONCLUSION: Low muscle mass is a potential predictor
of long-term mortality in individuals with AP. Prospec-
tively preventing muscle mass deterioration may be benefi-
cial for recovery from AP in older adults. J Am Geriatr
Soc 2016.
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People in most developed countries are living longer,
and rates of pneumonia are therefore increasing.1

Aspiration pneumonia (AP), which is caused by the aspi-
ration of bacteria from the oral–pharyngeal cavity or
from gastrointestinal fluid into the lung, is a common dis-
ease that results in hospitalization and poor outcomes in
older adults.2,3 Approximately 80% of pneumonia cases
that require hospitalization are reported to be associated
with aspiration; the rate is higher in elderly adults.2 Fur-
thermore, evidence suggests that aspiration pneumonia is
the most-common cause of death in older individuals
with pneumonia,4,5 and an increasing amount of research
regarding AP is therefore being conducted in the field of
geriatric medicine. Associations between the development
of AP and numerous factors commonly observed in older
adults, including older age, male sex, dysphagia, demen-
tia, poor oral health, and malnutrition, have been
explored.6 A recent study of AP based on more than
60,000 individuals in more than 1,000 hospitals in Japan
showed that aging and age-related comorbidities were sig-
nificant risk factors for poor outcomes.7 Pneumonia
severity, aging, male sex, early initiation of physical reha-
bilitation, and comorbid diseases (including but not lim-
ited to malignant tumors, liver failure, and heart and
renal failure) were independent risk factors for 30-day
mortality in individuals with AP.7

Sarcopenia, the loss of skeletal muscle mass and
strength, is recognized as a major complication of several
diseases, such as cancer, liver failure, chronic heart failure,
and chronic renal failure, as well as aging.8 Sarcopenia is
also considered a risk factor for mortality.8 Although loss
of muscle mass was reported to be a predictor of mortality
in individuals with cancer9 or liver failure,10 there are few
reports concerning muscle mass and mortality in individu-
als with AP. Therefore, the aim of this study was to inves-
tigate whether loss of muscle mass is an Independent risk
factor for death in older adults with AP.
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METHODS

Study Design and Setting

This single-center, prospective cohort study was performed
between April 2014 and July 2015 at the Tamana Regional
Health Medical Center (Kumamoto, Japan) a 150-bed hos-
pital that provides medical care for individuals with acute,
subacute, and postacute illness in a city with a population of
approximately 100,000, of which 30.7% are aged 65 and
older. The hospital treats approximately 1,000 older inpa-
tients annually. Written informed consent from individuals
or their guardians was obtained before enrollment. The
study was conducted based on the ethical guidelines of the
Declaration of Helsinki and was approved by the ethics
committee of the hospital (TRHMC-27217).

Participants

Individuals aged 65 and older who were consecutively
admitted to the hospital for treatment of AP during the
study period were recruited. A multifrequency bioelectrical
impedance analysis (BIA) instrument, which requires
10 minutes rest and the application of an electrical current
to the body, was used to measure muscle mass. Therefore,
individuals who could not undergo BIA because of restless-
ness, connection to medical equipment because of critical
illness within 5 days of admission, having implanted
metallic devices such as pacemakers or an artificial femoral
head, or having erroneous BIA values were excluded.

AP was diagnosed in individuals when the following
three criteria were fulfilled: a new gravity-dependent sha-
dow on chest radiography or computed tomography; two
or more of leukocytosis, fever, purulent sputum, and high
C-reactive protein level; and positive for a simple dyspha-
gia screening, which included a water- or food-swallowing
test administered by trained nurses or having an underly-
ing condition with a high risk of aspiration such as a neu-
rological disorder, being bedridden, an oral disorder, and
gastroesophageal reflux.11

Data Collection

Trained nurses collected information on participant char-
acteristics including age, sex, body mass index (BMI), Mini
Nutritional Assessment Short Form12 (MNA-SF) score for
nutritional status, and Charlson Comorbidity Index13 upon
admission. To assess premorbid activities of daily living,
trained nurses also calculated the Barthel Index14 based on
interviews with the individuals or their caregivers. BIA
measurement for skeletal muscle mass was assessed within
5 days of admission. After urination, measurements were
taken in the supine posture using a multifrequency BIA
instrument (S10; Inbody, Tokyo, Japan), which is the latest
version of a device that has previously been validated.15

Skeletal muscle mass was evaluated using the appendicular
skeletal muscle index (ASMI), calculated as appendicu-
lar skeletal muscle mass in kilograms divided by the square
of height in meters. Severity of pneumonia was assessed
using the Japanese version of the CURB-65 (C (confusion),
U (blood urea nitrogen ≥20 mg/dL), R (respiratory rate
≥30 breaths/min), B (systolic blood pressure <90 mmHg or

diastolic blood pressure ≤60 mmHg), 65 (aged ≥65) sever-
ity score (A-DROP).16 The score was calculated based on
age (men ≥70, women ≥75), dehydration (blood urea
nitrogen ≥21 mg/dL or dehydration), respiratory failure
(percutaneous oxygen saturation ≤90% or arterial oxygen
saturation ≤60 torr), disorientation, and systolic blood
pressure of 90 mmHg or less. Participants were classified
into one of four severity groups (mild, moderate, severe,
extremely severe) according to the A-DROP system.16

Outcomes

The short and long outcomes were 30- and 90-day mortal-
ity, respectively; 30-day mortality is a valid parameter for
pneumonia severity indexes such as the CURB-65, and 90-
day mortality is used as a measure of relationships
between comorbidities.4 Information on any participant
deaths during the follow-up period after hospital discharge
was verified in telephone calls that a social worker made.

Sample Size Calculation

In a previous study17 of 637 individuals with pneumonia
in Japan, 30-day mortality due to AP was 17.1%. If it was
assumed that the lowest quartile of ASMI would have
mortality that was three times as great as in the other
quartiles, at least 152 individuals with AP would be
required to reject the null hypothesis with a power of 0.8
and an alpha error of .05. The sample size was calculated
using the PS: Power and Sample Size Calculation software
version 3.1.2 (Department of Biostatistics, School of Medi-
cine, Vanderbilt University, Nashville, TN).18

Statistical Analysis

Quantitative variables are expressed as the mean � stan-
dard deviations (for parametric values) and median with
interquartile ranges for nonparametric values. Values of
survivors and nonsurvivors were compared using the Stu-
dent t-test and Mann-Whitney U-test. Categorical variables
are expressed as the number of individuals (percentage);
comparisons were made using the chi-square test. Adjusted
odds ratios (ORs) were estimated using logistic regression
analyses for mortality. Pneumonia severity based on
A-DROP was considered as a potential confounder in the
analyses. To analyze time to event for mortality according
to low ASMI, the Kaplan-Meier method was used to dis-
play survival curves and the log-rank test to compare the
statistical significances between the lowest ASMI quartile
and the other quartiles. Stratification of ASMI was sepa-
rately conducted according to sex. Cox proportional haz-
ards regression analysis was also performed to assess
mortality, adjusting for survival days using forward vari-
able selection according to likelihood ratio. All statistical
procedures were conducted using SPSS version 21.0 (IBM
Japan, Tokyo, Japan), and P < .05 was considered statisti-
cally significant.

RESULTS

One hundred sixty-eight individuals with AP aged 65 and
older consecutively admitted to the hospital were assessed
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for eligibility. Seventeen were excluded (restlessness, n = 6;
connection to medical equipment, n = 4; implanted metal-
lic devices, n = 5; erroneous BIA values, n = 2). None
refused enrollment. Therefore, 151 individuals with AP
were ultimately included in the study, all of whom com-
pleted 90 days of observation.

Seventy-six (50.3%) of the participants were female.
The mean age of participants was 85.9 � 7.9, and mean
BMI was 19.6 � 3.4 kg/m2. According to their MNA-SF
scores, 78 (51.7%) participants were malnourished, 61
(40.4%) were at risk of malnutrition, and 12 (7.9%) had
normal nutritional status. Many participants had poor
mobility (median Barthel index 35 (interquartile range
(IQR) 0–85)). Median Charlson Comorbidity Index was 2
(IQR 1–4). The A-DROP showed that two (1.3%) partici-
pants had mild AP, 106 (70.2%) moderate, 39 (25.8%)
severe, and four (2.6%) extremely severe. Most partici-
pants of both sexes had low ASMI scores (women
4.3 � 0.9 kg/m2; men 5.5 � 1.1 kg/m2); the cutoff values
for low ASMI in Asian adults19 are 7.0 kg/m2 for men and
5.7 kg/m2 for women.

Fourteen (9.3%) participants died within 30 days and
30 (19.9%) within 90 days. Univariate analyses of sur-
vivors and participants who died showed significant differ-
ences in the distribution of pneumonia severity for 30-day
(P < .001) and 90-day (P = .01) mortality (Table 1).
Participants who died were more likely to have severe
pneumonia according to the A-DROP classification. Partic-
ipants who died within 90 days were likely to be less
active before developing AP according to the Barthel Index
(90-day survivors: median 40 (IQR 5–90); deceased partic-
ipants: median 5 (IQR 0–65) (P = .02) (Table 1). Table 2
shows the results of logistic regression analyses for 30-
and 90-day mortality. A-DROP (OR = 2.85, 95%
confidence interval (CI) = 1.41–5.76, P = .004) and ASMI
(adjusted OR = 0.64, 95% CI = 0.41–0.99, P = .047)

were independent predictive factors for 90-day mortality,
although only A-DROP was significantly associated with
30-day mortality. Kaplan-Meier curves showed that the
lowest ASMI quartile of the study population according to
sex had a poor survival ratio (log-rank test, P = .005) (Fig-
ure 1). The Cox regression model created using forward
selection showed that the lowest ASMI quartiles (hazard
ratio (HR) = 2.19, 95% CI = 1.06–4.52, P = .03),
A-DROP (HR = 2.30, 95% CI = 1.29–4.11, P = .005),
and Barthel Index (HR = 0.98, 95% CI = 0.97–0.998,
P = .02) were independent predictive factors for 90-day
mortality (chi-square 22.59, P < .001).

DISCUSSION

The relationship between skeletal muscle mass and mortal-
ity in older adults with AP was investigated in this
prospective cohort study, and two main findings regarding
the prognosis for hospitalized older adults with AP were
as follows: low ASMI was an independent predictor of 90-
day mortality after adjusting for pneumonia severity, and
A-DROP (the Japanese version of the pneumonia severity
classification) predicted 30- and 90-day mortality in indi-
viduals with AP.

Low ASMI was a potential predictor of 90- but not
30-day mortality. A study of 2,287 individuals with
community-acquired pneumonia4 found that most older
adults died from causes unrelated to pneumonia within
90 days of presentation and that age (HR = 1.28), malig-
nant tumors (HR = 2.76), and cognitive impairment
(HR = 2.82) were independently associated with such mor-
tality unrelated to pneumonia. (The study did not distin-
guish between aspiration and nonaspiration pneumonia,
but pneumonia in older adults is generally considered to
be related to aspiration.2) The current study findings sup-
port those results because conditions involving loss of

Table 1. Univariate Analysis of Factors Associated with 30- and 90-Day Mortality

Factor

30-Day Mortality 90-Day Mortality

Survived,

n = 137

Died,

n = 14 P-Value

Survived,

n = 121

Died,

n = 30 P-Value

Age, mean � SD 85.9 � 7.7 85.9 � 9.7 .97 85.5 � 7.8 87.7 � 7.9 .18
Sex, n (%)
Female 69 (50.4) 7 (50.0) >.99 62 (51.2) 14 (46.7) .69
Male 68 (49.6) 7 (50.0) 59 (48.8) 16 (53.3)
Body mass index, kg/m2, mean � SD 19.6 � 3.4 19.4 � 3.7 .89 19.7 � 3.3 18.9 � 3.5 .26
Mini Nutritional Assessment Short
Form score, median (IQR)

7 (5–9) 8 (5.25–9) .86 8 (6–9) 7 (5–9) .19

Barthel index score, median (IQR) 35 (0–85) 20 (0–65) .40 40 (5–90) 5 (0–65) .02
Charlson Comorbidity Index score, median (IQR) 2 (2–4) 2 (1–2) .21 2 (1–3) 3 (2–4) .15
Japanese version of pneumonia severity scale, n (%)
Mild 2 (100.0) 0 (0.0) <.001 2 (100.0) 0 (0.0) .01
Moderate 102 (96.2) 4 (3.8) 90 (84.9) 16 (15.1)
Severe 32 (82.1) 7 (17.9) 28 (71.8) 11 (28.2)
Extremely severe 1 (25.0) 3 (75.0) 1 (25.0) 3 (75.0)
Appendicular Skeletal Muscle Mass
Index, kg/m2, mean � SD
Female 4.3 � 0.9 4.4 � 0.9 .68 4.4 � 0.9 3.8 � 0.9 .06
Male 5.5 � 1.1 5.4 � 1.0 .91 5.5 � 1.1 5.2 � 0.9 .30

SD = standard deviation; IQR = interquartile range.
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muscle mass (sarcopenia or cachexia) are known to be
associated with aging,8 cancer, and cognitive impair-
ment.20 Individuals with AP with low muscle mass may be
unable to expectorate aspirates or secretions sufficiently as
a result of lack of respiratory muscle strength. Inspiratory
pressure is also known to be correlated with low muscle
mass.21 Furthermore, systemic inflammation caused by AP
may elevate muscle protein catabolism, which depletes
muscle mass and leads to further muscle decline and

weakness;22 this extensive loss of protein may ultimately
lead to death. The inability of low ASMI to predict 30-day
mortality may be because death within 30 days of presen-
tation is strongly linked to other pneumonia-related
causes.4

The pneumonia severity classification system
A-DROP,16 which was developed based on mortality in
individuals with community-acquired pneumonia, pre-
dicted 30- and 90-day mortality in individuals with AP. A
few studies have investigated whether the validated sever-
ity assessment tools of pneumonia, including A-DROP and
CURB-65, could be adapted to AP. One study found that
CURB-65 was a poor predictor of 30-day mortality in
individuals with AP (area under the receiver operating
curve = 0.66),5 and another study found that CURB-65
and the Pneumonia Severity Index were not reliable prog-
nostic tools for AP.23 Although A-DROP is similar to
CURB-65 in parameters and mortality prediction,24 there
are some noteworthy differences related to age and respi-
ratory factors. A-DROP accounts for age in each sex (men
≥70, women ≥75) and for respiratory dysfunction using
oxygen saturation, whereas CURB-65 incorporates respira-
tory ratio. Sarcopenia may explain the different outcomes
that these two methods predict. Aging is the primary cause
of low skeletal muscle mass,8 and oxygen saturation less
than 90% is a valid indication of respiratory dysfunction
in older adults,25 but respiratory ratio does not appear to
be a reliable measure of oxygen desaturation.25 Individuals
with low ASMI because of weakened respiratory muscles
might not always have a high respiratory ratio.

The implementation of muscle mass maintenance
strategies before acute illness develops may be effective for
recovery from AP. One strategy is rehabilitation nutri-
tion,26 which combines adequate protein intake and physi-
cal exercise to maintain or improve muscle mass and
function in older adults.26 Because sarcopenia may be a
risk factor for dysphagia,27,28 rehabilitation nutrition may
also prevent the development of AP or assist in recovering
from it.

There are some limitations to this study. First, not all
individuals with AP were included in the study, because
diagnostic methods for AP may not be accurate after the
disease develops. Because silent aspiration during sleep is
commonly detected even in healthy adults,29 and one-quar-
ter of nonaspirators determined using video fluorography
(the criterion standard for assessing swallowing function
and aspiration of food during meals) revealed food aspira-
tion during meal time,30 it is sometimes difficult to distin-
guish aspiration-induced pneumonia from other forms of
the disease. Second, it is unclear whether the BIA instru-
ment has been validated for ill older adults, because most
validation studies have been conducted with healthy
adults. Third, the BIA measurement was not adjusted for
edema or dehydration, despite the BIA method directly
measuring intra- and extracellular water using electrical
impedance. Last, because this was an observational cohort
study, unknown confounding factors might exist.

CONCLUSIONS

Low skeletal muscle mass in individuals with AP predicted
90-day mortality, and the A-DROP severity scoring system

Table 2. Logistic Regression Analyses of 30- and
90-Day Mortality

Factor

30-Day Mortality 90-Day Mortality

Adjusted OR (95% Confidence Interval)

P-Value

Age 0.96 (0.89–1.04) .35 1.02 (0.97–1.08) .43
Sex 0.67 (0.20–2.31) .53 1.03 (0.45–2.38) .93
Body mass index 0.99 (0.81–1.20) .90 0.92 (0.81–1.05) .24
Mini Nutritional
Assessment Short
Form

1.01 (0.81–1.25) .96 0.90 (0.77–1.05) .18

Barthel Index 0.99 (0.98–1.01) .48 0.99 (0.98–1.00) .09
Charlson
Comorbidity Index

0.82 (0.53–1.25) .35 1.20 (0.95–1.53) .13

Japanese version of
pneumonia severity
scalea

7.24 (2.64–19.82) <.001 2.85 (1.41–5.76) .004

Appendicular
Skeletal Muscle
Mass Indexb

1.10 (0.61–1.99) .75 0.64 (0.41–0.99) .047

Odds ratio (OR) adjusted for pneumonia severity.
aPer one-class more severe pneumonia severity.
bAdjusted OR calculated by adjusting for sex and pneumonia severity.

Figure 1. Survival of individuals with with aspiration pneu-
monia. The dashed line represents individuals in the lowest
quartile of the study population categorized according to
Appendicular Skeletal Mass Index (ASMI) according to sex;
the solid line represents the population in the remaining three
quartiles. Individuals in the lowest ASMI group had a signifi-
cantly lower survival rate than those in the higher groups;
P = .005 (log-rank test).
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is a useful assessment tool for mortality in individuals with
AP. Further research is necessary to determine whether
preventing the development or advancement of decline in
muscle mass will decrease AP mortality.

ACKNOWLEDGMENTS

Conflict of Interest: The editor-in-chief has reviewed the
conflict of interest checklist provided by the authors and
has determined that the authors have no financial or any
other kind of personal conflicts with this paper.

Author Contributions: KM: concept and design, data
acquisition, data interpretation, drafting the manuscript.
JA: concept and design, data interpretation, critical revi-
sion of the manuscript. Both authors revised the manu-
script critically for important intellectual content and
approved the final version.

Sponsor’s Role: None.

REFERENCES

1. Morrison RS, Meier DE. Clinical practice. Palliative care. N Engl J Med

2004;350:2582–2590.
2. Teramoto S, Fukuchi Y, Sasaki H et al. High incidence of aspiration pneu-

monia in community- and hospital-acquired pneumonia in hospitalized

patients: A multicenter, prospective study in Japan. J Am Geriatr Soc

2008;56:577–579.
3. Maeda K, Koga T, Akagi J. Tentative nil per os leads to poor outcomes in

older adults with aspiration pneumonia. Clin Nutr 2016;35:1147–1152.
4. Mortensen EM, Coley CM, Singer DE et al. Causes of death for patients

with community-acquired pneumonia: Results from the Pneumonia Patient

Outcomes Research Team cohort study. Arch Intern Med 2002;162:1059–
1064.

5. Lanspa MJ, Peyrani P, Wiemken T et al. Characteristics associated with

clinician diagnosis of aspiration pneumonia: A descriptive study of afflicted

patients and their outcomes. J Hosp Med 2015;10:90–96.
6. van der Maarel-Wierink CD, Vanobbergen JN, Bronkhorst EM et al. Risk

factors for aspiration pneumonia in frail older people: A systematic litera-

ture review. J Am Med Dir Assoc 2011;12:344–354.
7. Momosaki R, Yasunaga H, Matsui H et al. Effect of early rehabilitation

by physical therapists on in-hospital mortality after aspiration pneumonia

in the elderly. Arch Phys Med Rehabil 2015;96:205–209.
8. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al. Sarcopenia: European consen-

sus on definition and diagnosis: Report of the European Working Group

on Sarcopenia in Older People. Age Ageing 2010;39:412–423.
9. Shachar SS, Williams GR, Muss HB et al. Prognostic value of sarcopenia

in adults with solid tumours: A meta-analysis and systematic review. Eur J

Cancer 2016;57:58–67.
10. Montano-Loza AJ. Muscle wasting: A nutritional criterion to prioritize

patients for liver transplantation. Curr Opin Clin Nutr Metab Care

2014;17:219–225.

11. Kohno S, Imamura Y, Shindo Y et al. Clinical practice guidelines for nurs-

ing- and healthcare-associated pneumonia (NHCAP) [complete translation].

Respir Investig 2013;51:103–126.
12. Rubenstein LZ, Harker JO, Salva A et al. Screening for undernutrition in

geriatric practice: Developing the Short-Form Mini-Nutritional Assessment

(MNA-SF). J Gerontol A Biol Sci Med Sci 2001;56A:M366–M372.

13. Charlson ME, Pompei P, Ales KL et al. A new method of classifying prog-

nostic comorbidity in longitudinal studies: Development and validation. J

Chronic Dis 1987;40:373–383.
14. Mahoney FI, Barthel DW. Functional evaluation: The Barthel Index. Md

State Med J 1965;14:61–65.
15. Kim M, Kim H. Accuracy of segmental multi-frequency bioelectrical impe-

dance analysis for assessing whole-body and appendicular fat mass and

lean soft tissue mass in frail women aged 75 years and older. Eur J Clin

Nutr 2013;67:395–400.
16. Miyashita N, Matsushima T, Oka M et al. The JRS guidelines for the man-

agement of community-acquired pneumonia in adults: An update and new

recommendations. Intern Med 2006;45:419–428.
17. Komiya K, Ishii H, Umeki K et al. Impact of aspiration pneumonia in

patients with community-acquired pneumonia and healthcare-associated

pneumonia: A multicenter retrospective cohort study. Respirology

2013;18:514–521.
18. Dupont WD, Plummer WD Jr. Power and sample size calculations. A

review and computer program. Control Clin Trials 1990;11:116–128.
19. Chen LK, Liu LK, Woo J et al. Sarcopenia in Asia: Consensus report of the

Asian Working Group for Sarcopenia. J Am Med Dir Assoc 2014;15:95–
101.

20. Maeda K, Akagi J. Cognitive impairment is independently associated with

definitive and possible sarcopenia in hospitalized older adults: Prevalence

and impact of comorbidities. Geriatr Gerontol Int 2016 [Epub ahead of

print].

21. Ro HJ, Kim DK, Lee SY et al. Relationship between respiratory muscle

strength and conventional sarcopenic indices in young adults: A prelimi-

nary study. Ann Rehabil Med 2015;39:880–887.
22. Wilmore DW. Catabolic illness. Strategies for enhancing recovery. N Engl

J Med 1991;325:695–702.
23. Heppner HJ, Sehlhoff B, Niklaus D et al. Pneumonia Severity Index (PSI),

CURB-65, and mortality in hospitalized elderly patients with aspiration

pneumonia. Z Gerontol Geriatr 2011;44:229–234. (in German).

24. Shindo Y, Sato S, Maruyama E et al. Comparison of severity scoring sys-

tems A-DROP and CURB-65 for community-acquired pneumonia.

Respirology 2008;13:731–735.
25. Mower WR, Sachs C, Nicklin EL et al. A comparison of pulse oximetry

and respiratory rate in patient screening. Respir Med 1996;90:593–599.
26. Wakabayashi H, Sakuma K. Rehabilitation nutrition for sarcopenia with

disability: A combination of both rehabilitation and nutrition care manage-

ment. J Cachexia Sarcopenia Muscle 2014;5:269–277.
27. Maeda K, Akagi J. Sarcopenia is an independent risk factor of dysphagia

in hospitalized older people. Geriatr Gerontol Int 2016;16:515–521.
28. Wakabayashi H. Presbyphagia and sarcopenic dysphagia: Association

between aging, sarcopenia, and deglutition disorders. J Frailty Aging

2014;3:97–103.
29. Gleeson K, Eggli DF, Maxwell SL. Quantitative aspiration during sleep in

normal subjects. Chest 1997;111:1266–1272.
30. Clayton J, Jack CI, Ryall C et al. Tracheal pH monitoring and aspiration

in acute stroke. Age Ageing 2006;35:47–53.

JAGS 2016 MUSCLE LOSS AND ASPIRATION PNEUMONIA 5


