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Abstract

Objective: Aspiration pneumonia is thought to be caused by a decline in res-
piratory and swallowing function. We aimed to clarify whether the pectoralis
major muscle and the rectus abdominis muscles are prognostic factors for as-
piration pneumonia and to investigate the relationships between these mus-
cles and nutritional status, swallowing function and sarcopenia, Methods:
Medical records of 139 Japanese patients hospitalized for aspiration pneumo-
nia between December 2010 and December 2014 were reviewed retrospec-
tively. The volume and thickness of the pectoralis major muscle, the cross-
sectional area and thickness of the rectus abdominis muscles, and cross-sec-
tional area of the psoas major muscle were measured using computed tomo-
graphy. Swallowing function, nutritional status, activities of daily living, and
prognosis also were evaluated. Results: The volume [Median: (left) 4713.2
mm?® vs. 4232.6 mm® (right) 4981.7 mm® vs. 4362.6 mm’ p < 0.05] and thick-
ness [Median: (left) 6.9 mm vs. 4.6 mm (right) 7.3 mm vs. 5.7 mm p < 0.01] of
the pectoralis major muscle and thickness of the right rectus abdominis mus-
cles [Median: 7.3 mm vs. 5.8 mm p < 0.05] were significantly larger, while
Mini-Nutritional Assessment Short Form (MNA-SF) [Median: 6.0 vs. 4.0 p <
0.01] and Functional Oral Intake Scale (FOIS) [Median: 3 vs. 1 p < 0.01]
scores were significantly higher in patients who survived. The volume [Me-
dian: (left) 5789.1 mm’ vs. 3706.5 mm® (right) 5650.3 mm” vs. 4003.7 mm® p <
0.01] and thickness [Median: (left) 7.1 mm vs. 5.9 mm p < 0.05] of the pecto-
ralis major muscle and cross-sectional area of the psoas major muscle (left
and right) [Median: (left) 500.1 mm* vs. 432.0 mm’* (right) 563.5 mm? vs.
446.3 mm’ p < 0.01] were significantly larger, while albumin levels [Median:
3.8 g/dl vs. 3.4g/dl p < 0.01] and MNA-SF [Median: 6.0 vs. 5.0 p < 0.01] and
FOIS [Median: 4 vs. 1 p < 0.01] scores were significantly higher in patients
with coexisting diseases. Conclusion: The capacity of the pectoralis major
muscle may be an independent factor in the prognosis of elderly patients with
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aspiration pneumonia as a primary disease.
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Aspiration Pneumonia, Prognosis, Elderly, Nutritional Status, Pectoralis
Major Muscle

1. Introduction

Aspiration pneumonia is a cause of death in the elderly, and an important rea-
son behind patients bedridden. Dysphagia is a cause of aspiration pneumonia,
and can affect sarcopenia in the elderly. Sarcopenia is narrowly defined as the
loss of muscle mass with aging, and more broadly as a loss of muscle mass with
aging, activity, nutrition, and disease [1] [2] [3] [4]. This reduction of muscle
mass occurs systemically, including the respiratory muscles [5]-[11]. Aspiration
pneumonia is thought to be caused by a decline in respiratory and swallowing
functions. In the process of aspiration, coughing acts as a preventative function
by expectorating irritants from the surface of the trachea. Coughing is also in-
volved in the maintenance of respiratory function. Hence, healthy respiratory
muscles may provide protection against aspiration pneumonia.

Many previous studies have suggested a relationship between the area of the
psoas major muscle and prognosis in patients with malignant tumors [12] [13]
[14] [15]. These studies suggest that muscle mass may be a prognostic factor in
certain diseases. The respiratory muscles include the diaphragm, intercostal
muscle, the rectus abdominis muscle, oblique muscle group, and others. Many of
these muscles have small capacity, which may vary considerably due to the slice
planes of their positions. In this study, we evaluated the respiratory muscles us-
ing chest and abdominal computed tomography (CT), and examined their rela-
tionship with prognosis in elderly patients with aspiration pneumonia. The pec-
toralis major muscle and rectus abdominis muscle, which are easily identified on
chest and abdominal CT, were targeted. Furthermore, the area of the psoas ma-
jor muscle was measured, as it has been used as a prognostic factor in previous
studies investigating patients with aspiration pneumonia.

The purpose of this study was to clarify whether the pectoralis major muscle
and rectus abdominis muscle are prognostic factors for aspiration pneumonia
and to investigate the relationships between these muscles and nutritional status,
swallowing function, and sarcopenia, Furthermore, we examined the difference
in prognosis between patients with aspiration pneumonia as a primary or coex-

isting disease.

2. Methods
2.1. Subjects

The medical records of 138 patients living in Japan and hospitalized for aspira-
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tion pneumonia at Kagoshima Red Cross Hospital from December 2010 to De-
cember 2014 were reviewed retrospectively. It was excludes that who didn’t per-
form a chest to abdominal Computed tomography (CT) and/or who didn’t
measure the albumin levels. Seventy-one patients had aspiration pneumonia as a
primary disease while 67 patients had aspiration pneumonia during treatment
for other diseases (except for one who died due to deterioration of the original

disease).

2.2. Muscle Measurements

CT (Toshiba Co., Ltd.; Aquilion) was used to calculate the volume and thickness
of each muscle. The CT images were manipulated on a picture archiving and
communication system (AstroStage Co., Ltd.; Nazca), and area was measured by
tracing each contour of the muscle as a region of interest (ROI). The origin of
the pectoralis major muscle was the anterior surface of the medial half of the
clavicle, sternum, anterior surface of the rib cartilage (second to seventh ribs),
and rectus sheath. Therefore, the volume of the pectoralis major muscle was
measured using a cross-sectional area from the clavicle to the seventh costal car-
tilage, and the sum of the cross-sectional areas and slice width were calculated as

the assessed value (Figure 1(a), Figure 1(b)).

Figure 1. Method for measuring the capacity of the pectoralis major muscle and rectus
abdominis muscle. (a) Method for measuring the volume of pectoralis major muscle (*: 6
mm); (b) Method for measuring the volume and the thickness of pectoralis major muscle;
(c) Method for measuring the cross-sectional area and the thickness of rectus abdominis
muscle.
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Thickness of the pectoralis major muscle was measured at the largest part of
the bronchus (Figure 1(b)). Cross-sectional area and thickness of the rectus ab-
dominis muscle were measured on abdominal CT images at the level of the navel
(Figure 1(c)). The cross-sectional area was calculated by tracing the contour of
the right and left rectus abdominis muscle as the ROI, while thickness was
measured at the maximum width. The cross-sectional area of the psoas major
muscle was measured on transverse CT images at the iliac crest level (Figure 2).
All measurements of the pectoralis major muscle, rectus abdominis muscle, and

psoas major muscle were performed on the left and right sides.

2.3. Nutritional Status

Albumin levels were assessed from patients’ serum. The Mini-Nutritional As-
sessment Short Form (MNA-SF) [16] [17] [18] questionnaire was administered
to evaluate subjective and objective nutritional status. From the 6 evaluation
items (food intake, weight loss, mobility, acute disease, psychiatric disorder, and
body mass index [BMI]), the nutritional status was evaluated using a 14-point
scale as follows: 12 to 14 points, good nutritional status; 8 to 11 points, low risk

of nutritional status (at risk); and 0 to 7 points, low nutritional status.

2.4. Swallowing Function

The swallowing function was evaluated using the Functional Oral Intake Scale
(FOIS) [19]. The FOIS is graded as follows: level 7, total oral diet with no restric-
tions; level 6, total oral diet with multiple consistencies without special prepara-
tion, but with specific food limitations; level 5, total oral diet with multiple con-
sistencies, but requiring special preparation or compensations; level 4, total oral
diet of a single consistency; level 3, tube dependent with consistent oral intake of
food or liquid; level 2, tube dependent with minimal attempts of food or liquid;

and level 1, no oral intake.

Iliac crest

Figure 2. Method for measuring the cross-sectional area of the psoas major muscle.
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2.5. Activities of Daily Living

Activities of daily living were evaluated at admission using the Barthel Index
(BI) [20]. The BI determines the independent level of activities of daily living
from 10 items, including feeding, grooming, bathing, dressing, bowel and blad-

der care, and toilet use.

2.6. Prognosis

Primary disease, medical history, number of hospitalization, and the prognosis
at the time of hospital discharge were investigated from patients’ medical

records.

2.7. Statistical Analysis

All statistical analyses were performed using SPSS version 23 (IBM Corpora-
tion).

1) All subjects

The associations between volume and thickness of the pectoralis major muscle,
cross-sectional area and thickness of the rectus abdominis muscle, cross-sectional
area of the psoas major muscle, albumin levels, MNA-SF score, FOIS score, BI
score, age, gender, number of days of hospitalization, and prognosis were ana-
lyzed using Spearman’s rank correlation coefficients. The Mann-Whitney U test
was used to analyze differences in the above variables between patients grouped
based on survival or death.

2) Primary versus coexisting disease

The Mann-Whitney U test was used to perform 2 comparisons: 1) patients
with aspiration pneumonia as a primary versus coexisting disease, and 2) pa-
tients who survived versus patients who died within each primary and coexisting
disease group. In addition, based on the history of cerebrovascular disease in the
primary disease group, comparisons were made between patients who survived
and those who died. Coexisting disease groups included a cerebrovascular dis-
ease group, an orthopedic disease group, an internal disease group by original
disease, a cerebrovascular disease group, and an internal disease group were
compared for survival and death. For the orthopedic disease group is one subject
died so statistical analysis was not performed. The volume and thickness of the
pectoralis major muscle, cross-sectional area and the thickness of the rectus ab-
dominis muscle, cross-sectional area of the psoas major muscle, albumin levels,
MNA-SF score, FOIS score, BI score, age, gender, and number of days of the
hospitalization were compared between groups. In forced entry multiple regres-
sion analysis in each group, the dependent variable was defined as prognosis,
while the independent variables were defined as those with a significant differ-

ence in the group comparison.

2.8. Ethics

Since this study is a retrospective study using medical record information, it
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represents a case of the provision of existing specimens as outlined in the “Ethi-
cal Guidelines for Medical and Health Research Involving Human Subjects
(Ministry of Health, Labor and Welfare and Ministry of Education, Culture,
Sports, Science and Technology in Japan). In accordance with Chapter 12 of the
“Ethical Guidelines for Medical and Health Research Involving Human Sub-
jects”, informed consent procedures were waivered. The present study was ap-
proved by the Ethics Committee of Kagoshima Red Cross Hospital and per-

formed according to the ethical guidelines of the Declaration of Helsinki.

3. Results

3.1. Baseline Characteristics

Table 1 shows the patients’ baseline characteristics. The median age was 84 years
(range, 78 - 88 years). The median volume of the pectoralis major muscle was
4529.5 mm’ (range, 3146.2 - 7410.3 mm®) on the left and 4679.0 mm’ (3172.2 -
7004.15 mm’) on the right. The median thickness of the pectoralis major muscle
was 6.6 mm (range, 4.7 - 8.8 mm) on the left and 7.0 mm (range, 5.1 - 8.9 mm)
on the right. The median cross-sectional area of the rectus abdominis muscle
was 222.8 mm’ (range, 142.2 - 325.0 mm’) on the left and 219.3 mm’ (range,
132.0 - 346.6 mm’) on the right. The median thickness of the rectus abdominis
muscle was 5.9 mm (range, 4.7 - 8.4 mm) on the left and 6.7 mm (range, 4.3 - 8.7

mm) on the right.

Table 1. Baseline characteristics (n = 138).

Median (Interquartile range)

All (n=138)

Primary (n=71)

Coexisting (n = 67)

Age (yr)

Volume of left pectoralis majormuscle (mm?)
Volume of right pectoralis majormuscle (mm?)
Thickness of left pectoralis major muscle (mm)

Thickness of right pectoralis major muscle (mm)
Cross - sectional area of left rectus abdominis muscle (mm?)
Cross - sectional area of right rectus abdominis muscle (mm?)
Thickness of left rectus abdominismuscle (mm)
Thickness of right rectus abdominis muscle (mm)
Cross - sectional area of left psoas major muscle (mm?)
Cross - sectional area of right psoasmajor muscle (mm?)
Albumin level (g/dL)

MNA-SF score
FOIS score
BI score

Hospitalized days (day)

84.5 (78.0 - 88.0)
4555.9 (3103.1 - 7487.7)
4704.5 (3148.4 - 7009.3)

6.6 (4.6 - 8.8)

6.9 (5.1 -8.9)
222.7 (142.2 - 325.0)
219.3 (131.8 - 346.5)

5.8 (4.7 - 8.4)

6.7 (4.7 - 8.7)
453.5 (317.8 - 593.7)
496.6 (376.0 - 618.0)

3.5(2.8-4.1)

5.0 (4.0 - 7.0)

1.0 (1.0 - 4.0)

0.0 (0.0 - 0.0)

34.0 (18.0 - 60.0)

87.0 (82.0 - 90.0)
3706.5 (2665.0 - 5716.2)
4003.8 (2512.1 - 5935.1)

5.9 (4.0 - 8.8)

6.7 (4.9 - 8.8)
216.2 (133.0 - 326.7)
201.8 (121.1 - 333.5)

6.0 (4.6 - 8.3)

7.0 (4.6 - 8.7)
432.0 (305.1 - 523.0)
446.3 (316.5 - 566.4)

3.4 (2.8-3.7)

3.0 (4.0 - 6.0)

1.0 (1.0 - 4.0)

0.0 (0.0 - 0.0)

26.0 (13.0 - 50.0)

81.0 (74.0 - 86.0)
5789.1 (4047.9 - 8952.1)
5650.3 (4132.4 - 8294.1)

7.1 (54-9.1)

7.7 (5.5 - 9.5)
229.1 (148.7 - 336.1)
242.0 (153.7 - 365.0)

5.9 (4.9-9.2)

6.6 (5.2 - 8.6)
500.1 (350.8 - 732.3)
564.8 (458.7 - 685.2)

3.7 (3.1-4.2)

6.0 (5.0 - 8.0)

4.0 (1.0 - 5.0)

0.0 (0.0 - 0.0)

44.0 (27.0 - 75.0)
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In the primary disease group, the median age was 87 years (range, 82 - 90
years). The median volume of the pectoralis major muscle was 3706.5 mm’
(range, 2665.0 - 5716.18 mm®) on the left and 4003.7 mm’® (range, 2512.1 -
5935.1 mm®) on the right. The median thickness of the pectoralis major muscle
was 5.9 mm (range, 4.0 - 8.8 mm) on the left and 6.7 mm (range, 4.9 - 8.8 mm)
on the right. The median cross-sectional area of the rectus abdominis muscle
was 216.3 mm® (range, 133.0 - 326.7 mm®) on the left and 201.8 mm’ (range,
121.1 - 333.5 mm®) on the right. The median thickness of the rectus abdominis
muscle was 6.0 mm (range, 4.6 - 8.3 mm) on the left and 7.0 mm (range, 4.6 - 8.7
mm) on the right. In the primary disease group, 47 subjects had a history of ce-
rebrovascular disease (Figure 3(a)).

In the coexisting disease group, the median age was 81 years (range, 74.5 - 86
years). The median volume of the pectoralis major muscle was 5700.4 mm’
(range, 4067.1 - 8751.8 mm®) on the left and 5583.0 mm”® (range, 4144.6 - 8287.6
mm?®) on the right. The median the thickness of pectoralis major muscle was 7.1
mm (range, 5.3 - 9.0 mm) on the left and 7.7 mm (range, 5.5 - 9.4 mm) on the
right. The median cross-sectional area of the rectus abdominis muscle was 229.1
mm’ (range, 148.8 - 336.1 mm®) on the left and 242.1 mm? (range, 152.7 - 364.1
mm?®) on the right. The median thickness of the rectus abdominis muscle was 5.9
mm (range, 5.0 - 9.2 mm) on the left and 6.7 mm (range, 5.3 - 8.7 mm) on the
right. The original diseases in the coexisting disease group included 41 cerebro-

vascular diseases, 12 orthopedic diseases, and 14 internal diseases (Figure 3(b)).

3.2. All Subjects

1) Correlation coefficients
Table 2 shows the correlation coefficients of the variables. Prognosis was sig-
nificantly correlated with volume and thickness of the pectoralis major muscle

(left and right), cross-sectional area of the right rectus abdominis muscles,

Internal
22%

Figure 3. Disease rates in each group (primary/coexisting). (a) Classification based on
history of cerebrovascular disease in the primary disease group [Cerebrovascular disease
historygroup (n = 47) vs. None group (n = 24)]; (b) Classification by the disease that re-
sulted in hospitalization in the coexisting disease group [Cerebrovascular diseasegroup (n
= 40) vs. Orthopedic disease group (n = 12) vs. Internal disease group (n = 14)].
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Table 2. Results of the Spearman rank correlation tests.

Age VPM-L VPM-R TPM-L TPM-R ARA-L ARA-R TRA-L TRA-R APSO-LAPSO-RAlbumin MNA-SF FOIS BI HD
Age -
VPM-L -0.218 -
VPM-R -0.189 0.958**  —
TPM-L -0.190* 0.703** 0.689** -
TPM-R -0.075 0.664** 0.691** 0.830**  —
ARA-L -0.192 0.428** 0.406** 0.395** .362** -
ARA-R -0.139 0.487** 0.461** 0.397** .410** 0.848** -
TRA-L -0.133 0.450** 0.411** 0.449** .440** 0.849** 0.817**
TRA-R -0.131 0.395** 0.333** 0.363** .290** 0.804** 0.802** 0.870** -
APSO-L -0.095 0.645** 0.662** 0.463** .505** 0.473** 0.499** 0.458** 0.326* -
APSO-R -0.163 0.608** 0.674** 0.495** .477** 0.423* 0.440** 0.404** 0.276* 0.769**
Albumin -0.231* 0.392** 0.431** 0.436** .477** 0.146 0.283* 0.156 0.178 0.102  0.089 -
MNA-SF-0.274** 0.430** 0.460** 0.416** .377** 0.215 0.299** 0.196 0.105 0.446** 0.397** 0.347** -
FOIS -0.020 0.193* 0.166 0.167 0.139 -0.042 0.040 0.072 0.026 0.286** 0.233* 0.002 0.297**
BI -0.139 0.074 0.088 0.121 0.108 -0.011 0.037 0.034 0.004 0.138 0.027 0.004 0.245** 0.555** -
HD -0.275** -0.029 -0.048 -0.107 -0.138 -0.020 -0.068 -0.049 -0.076 0.046 0.059 -0.018 0.097 -0.058 —0.034 -

VPM: Volume of pectoralis major muscle, TPM: Thickness of pectoralis major muscle, ARA: Cross-sectional area of rectus abdominis muscle, TRA: Thick-

ness of rectus abdominis muscle; APSO: Cross-sectional area of psoas major muscle, ND: Hospitalized days **p < 0.01, *p < 0.05.

thickness of the rectus abdominis muscle (left and right), MNA-SF score, albu-
min levels, gender, and number of days of hospitalization. Both the volume and
thickness of the pectoralis major muscle (left and right) were significantly corre-
lated with the cross-sectional area and thickness of the rectus abdominis muscle
(left and right), cross-sectional area of the psoas major muscle (left and right),
MNA-SF score, and albumin levels. Both the cross-sectional area and thickness
of the rectus abdominis muscle (left and right) were significantly correlated with
the volume and thickness of the pectoralis major muscle (left and right), and
cross-sectional area of the psoas major muscle (left and right). The cross-sec-
tional area of the psoas major muscle (left and right) was significantly correlated
with the volume and thickness of the pectoralis major muscle (left and right),
cross-sectional area and thickness of the rectus abdominis muscle (left and
right), MNA-SF score, and FOIS score.

2) Prognostic factors

Table 3 shows the comparisons of variables between the prognosis groups.
The volume and thickness of the pectoralis major muscle (left and right) and the
thickness of the rectus abdominis muscle were significantly larger, while
MNA-SF and FOIS scores were significantly higher in the patients who survived

compared to those who did not.
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Table 3. Comparison between prognosis groups.

Volume of left pectoralis major muscle (mm?)
Volume of right pectoralis major muscle (mm?)
Thickness of left pectoralis major muscle (mm)

Thickness of right pectoralis major muscle (mm)
Cross-sectional area of left rectus abdominis muscle (mm?)
Cross-sectional area of right rectus abdominis muscle (mm?)
Thickness of left rectus abdominis muscle (mm)
Thickness of right rectus abdominis muscle (mm)
Cross-sectional area of left psoas major muscle (mm?)
Cross-sectional area of right psoas major muscle (mm?)
Albumin level (g/dl)

MNA-SF score
FOIS score
BI score
Hospitalized days (day)

Age (yr)

Survival group (n = 106)
Median (Interquartile range)

4713.2 (3311.6 - 7949.1)*
4981.7 (3391.1 - 7463.5)*
6.9 (5.1 - 9.2)*

7.3 (5.5 - 9.7)**
230.8 (151.5 - 327.8)
226.2 (162.8 - 353.4)
6.0 (5.0 - 8.9)

7.3 (5.4 - 8.9)*
471.9 (333.6 - 616.8)
517.8 (412.7 - 631.4)
3.7 (2.9 - 4.1)*

6.0 (4.0 - 7.0)**

3.0 (1.0 - 4.0)*

0.0 (0.0 - 3.8)

34.5 (19.0 - 60.0)

84.0 (76.0 - 88.0)

Death group (n = 32)
Median (Interquartile range)

4232.6 (2256.2 - 5632.7)*
4362.6 (2331.4 - 5943.6)*
4.6 (3.4 - 8.1)*

5.7 (4.3 - 7.9)*
199.0 (104.8 - 323.9)
191.6 (78.5 - 320.8)
4.9(3.9-7.6)

5.8 (4.2 -7.3)*
392.4 (285.8 - 577.7)
462.1 (291.8 - 602.8)
3.1 (2.8 - 3.7)*

4.0 (3.0 - 6.0)*

1.0 (1.0 - 3.0)**

0.0 (0.0 - 0.0)

32.0 (13.3 - 67.0)

85.5(79.5 - 90.0)

#p < 0.01. *p < 0.05.

3.3. Primary versus Coexisting Disease

1) Comparison between disease groups

Table 4 shows the comparisons of variables between the disease groups. The
volume and thickness of the pectoralis major muscle (left and right) and the
cross-sectional area of the psoas major muscle (left and right) were significantly
larger, while albumin levels, MNA-SF scores, and FOIS scores were significantly
higher in the coexisting disease group than in the primary disease group. In ad-
dition, the number of days of hospitalization was significantly higher in the
coexisting disease group than in the primary disease group.

2) Prognostic factors

Table 5 shows the comparisons of variables between prognosis groups in each
disease group, respectively. In the primary disease group, the volume and thick-
ness of the pectoralis major muscle (left and right) were significantly larger,
while albumin levels and MNA-SF scores were significantly higher in patients
who survived compared to those who died. In the coexisting disease group, the
thickness of the left pectoralis major muscle was significantly larger and FOIS
scores were significantly higher in patients who survived compared to those who
did not.

3) Cerebrovascular disease history in the primary group

Table 6 shows the comparisons of variables between prognosis groups in the
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Table 4. Comparison between disease groups.

Volume of left pectoralis major muscle (mm?)
Volume of right pectoralis major muscle (mm?)
Thickness of left pectoralis major muscle (mm)

Thickness of right pectoralis major muscle (mm)
Cross-sectional area of left rectus abdominis muscle (mm?)
Cross-sectional area of right rectus abdominis muscle (mm?)
Thickness of left rectus abdominis muscle (mm)
Thickness of right rectus abdominis muscle (mm)
Cross-sectional area of left psoas major muscle (mm?)
Cross-sectional area of right psoas major muscle (mm?)
Albumin level (g/dl)

MNA-SF score
FOIS score
BI score
Hospitalized days (day)

Age (yr)

Primary group (n ="71)
Median (Interquartile range)
3706.5 (2665.0 - 5716.2)**
4003.7 (2512.1 - 5935.1)**
5.9 (4.0 - 8.8)*

6.7 (4.9 - 8.8)

216.3 (133.0 - 326.7)
201.8 (121.1 - 333.5)
6.0 (4.6 - 8.3)

7.0 (4.6 - 8.7)

432.0 (305.1 - 523.0)**
446.3 (316.5 - 566.4)**
3.4 (2.8-3.7)**

5.0 (3.0 - 6.0)**

1.0 (1.0 - 4.0)**

0.0 (0.0 - 0.0)

26.0 (13.0 - 50.0)**
87.0 (82.0 - 90.0)**

Coexisting group (n = 67)
Median (Interquartile range)
5789.1 (4047.9 - 8952.1)**
5650.3 (4132.4 - 8294.1)**
7.1(54-9.1)*

7.7 (5.5 - 9.5)

229.1 (148.8 - 335.2)
241.9 (152.7 - 364.1)
5.9 (5.0 - 9.2)

6.6 (52 -8.7)

500.1 (354.8 - 732.3)**
563.5 (461.1 - 695.2)**
3.8 (3.1 -4.3)**

6.0 (5.0 - 8.0)**

4.0 (1.0 - 5.0)**

0.0 (0.0 - 0.0)

44.0 (27.0 - 75.0)**
81.0 (74.0 - 86.0)**

“*p < 0.01. *p < 0.05.

Table 5. Comparison between prognosis groups within each group of primary and coexisting.

Median (Interquartile range)

Primary group (n=71)

Coexisting group (n = 67)

Survival group (n = 53)

Death group (n = 18)

Survival group (n =

53) Death group (n = 14)

Volume of left pectoralis

. 3 4210.8 (2806.7 - 6525.7)*
major muscle (mm?)

Volume of right pectoralis

. 3 4248.6 (2759.2 - 6567.6)*
major muscle (mm?)

Thickness of left pectoralis
. 6.3 (4.7 - 9.3)*
major muscle (mm)
Thick f right pectorali
ic nfess of right pectoralis 70 (5.2 - 9.5)%
major muscle (mm)
Cross-sectional area of left
- , 242.5 (142.3 - 354.1)
rectusabdominis muscle (mm?)
Cross-sectional area of right
rectusabdominis muscle (mm?)

Thickness of left rectus

213.5 (141.9 - 346.6)

6.0 (4.7-9.3
abdominismuscle (mm) ( )

Thickness of right rectus

7.5(5.5-8.
abdominismuscle (mm) ( 2

Cross-sectional area of left

, ) 434.4 (306.9 - 531.8)
psoas major muscle (mm?)
Cross-sectional area of right

. 2 453.2 (328.1 - 567.5)
psoas major muscle (mm?)

Albumin level (g/dl) 3.6 (2.8 -3.7)*
MNA-SF score 5.0 (3.0 - 6.5)**
FOIS score 1.0 (1.0 - 4.0)
BI score 0.0 (0.0 - 2.5)

Hospitalized days (day) 26.0 (13.0 - 46.5)

Age (yr) 86.0 (82.5 - 89.0)

2902.2 (1954.2 - 5100.6)*

3122.1 (1894.7 - 4898.0)*

43 (3.1-7.8)
54 (3.8 - 6.8)*
181.9 (50.6 - 265.5)
187.8 (73.1 - 259.8)
4.8 (4.0 - 7.5)
47(39-82)
358.9 (255.3 - 484.1)

414.4 (292.1 - 511.4)

3.0 (2.6 - 3.3)*
3.5 (3.0 - 5.0)**
1.0 (1.0 - 3.3)
0.0 (0.0 - 0.0)
28.0 (10.8 - 61.0)
88.0 (81.8 - 90.0)

6138.4 (4051.2 - 9387.3)

6529.0 (3891.3 - 8386.8)

7.6 (5.7 - 8.9)"

7.8 (5.7-9.9)

222.7 (151.5 - 311.2)

242.6 (178.8 - 371.8)

6.1 (5.1-9.3)

7.3 (5.3 -9.6)

505.9 (386.9 - 752.1)

578.1 (481.0 - 744.3)

3.9(3.1-43)
6.0 (5.0 - 8.0)
4.0 (1.0 - 5.0)*
0.0 (0.0 - 5.0)
45.0 (27.5 - 74.5)
81.0 (75.0 - 86.0)

4863.8 (3745.2 - 7873.3)
5291.8 (4061.5 - 7326.8)
54 (3.4-93)
6.5(3.4-8.9)
232.0 (140.7 - 360.2)
242.0 (113.2 - 362.8)
4.9 (3.7-7.6)

6.6 (4.3 -7.0)
495.1 (305.1 - 632.4)

532.3 (267.0 - 651.0)

3.5(3.0 - 4.4)
6.0 (4.0 - 8.0)
1.0 (1.0 - 1.8)*
0.0 (0.0 - 0.0)
38.0 (18.8 - 87.3)
83.0 (73.0 - 90.3)

Primary group; **p < 0.01, *p < 0.05. Coexisting group; *p < 0.01 'p < 0.

05.
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Table 6. Cerebrovascular disease history in primary group.

Cerebrovascular disease history group (n = 47)

None group (n = 24)

Death (n=9)

Survival (n = 38)

Death (n = 10)

Survival (n = 14)

Volume of left pectoralis

major muscle (mm?)

Volume of right pectoralis

major muscle (mm?)

Thickness of left pectoralis

major muscle (mm)

Thickness of right pectoralis

major muscle (mm)

Cross-sectional area of left
rectus abdominis muscle

(mm?)

Cross-sectional area of right
rectus abdominis muscle

(mm?)
Thickness of left rectus

abdominis muscle (mm)
Thickness of right rectus
abdominis muscle (mm)
Cross-sectional area of left
psoas major muscle (mm?)
Cross-sectional area of right
psoas major muscle (mm?)

Albumin level (g/dl)
MNA-SF score
FOIS score

BI score

Hospitalized days (day)

Age (yr)

2886.8 (1927.0 - 4232.1)*

2379.8 (1689.5 - 4159.2)*

6.9 (4.7 - 9.5)

5.9 (3.6 -9.3)

233.6 (1094 - 327.9)

199.3 (77.0 - 283.9)

4.0 (2.5-8.7)

53(3.4-8.7)

317.7 (244.1 - 456.6)

446.3 (294.5 - 544.8)

3.0 (2.7-3.2)
4.0 (2.0 - 5.0)
1.0 (1.0 - 4.0)
0.0 (0.0 - 0.0)
13.5 (4.3 - 48.5)

88.0 (86.5 - 90.5)*

4210.9 (2713.2 - 6236.1)*

4542.7 (2663.7 - 6579.4)*

6.0 (4.6 - 8.3)

7.4 (4.9 - 8.7)

232.6 (133.0 - 331.0)

185.6 (131.3 - 349.4)

5.9(3.9-9.2)

6.9 (4.6 - 8.8)

409.0 (251.5 - 617.7)

436.5 (259.7 - 623.9)

3.6 (2.7 - 3.7)
5.0 (3.0 - 7.0)
1.0 (1.0 - 3.0)
0.0 (0.0 - 0.0)
26.0 (13.0 - 50.0)

86.0 (84.0 - 89.0)*

4252.5 (1971.6 - 5324.6)
4153.0 (2180.5 - 5308.8)
4.7 (3.1 - 5.4)

4.6 (3.9 - 6.9)

179.2 (50.6 - 216.27)*

118.6 (46.1 - 201.8)

46(38-6.8)"
5.8 (3.8-6.5)
452.5 (349.7 - 547.7)

414.4 (292.1 - 620.0)

29(2.5-3.3)"
35(3.0-43)"
1.0 (1.0 - 3.3)
0.0 (0.0 - 37.5)
50.5 (16.0 - 73.5)

83.5(78.5 - 90.0)

4024.9 (3074.9 - 7548.7)
3801.8 (3163.2 - 7198.7)
8.0 (5.7 - 11.8)

7.8 (6.3 -12.3)

252.3(178.1 - 372.0)"

219.2 (187.1 - 353.5)

6.6(5.4-9.4)"
7.8 (6.2-9.8)
469.3 (346.5 - 491.1)

497.9 (383.4 - 564.9)

36(3.0-3.9)1
50(40-6.3)"
1.0 (1.0 - 4.5)

0.0 (0.0 - 6.3)

27.5 (8.5 - 38.5)

86.0 (75.0 - 91.8)

Cerebrovascular disease history group; *p < 0.05 None group; 'p < 0.05.

cerebrovascular disease history group and the non-cerebrovascular disease his-
tory group, respectively. In the cerebrovascular disease history group, the vo-
lume of the pectoralis major muscle (left and right) was significantly larger,
while age was significantly lower in patients who survived compared to those
who did not. In the non-cerebrovascular disease history group, the thickness of
the pectoralis major muscle (left and right) and the thickness of the left rectus
abdominis muscle were significantly larger, whilst albumin levels and MNA-SF
scores were significantly higher in patients who survived compared to those who
did not.

4) Grouping by original disease in coexisting disease group

Table 7 shows the comparisons of variables between prognosis groups divided
according to the original disease. Both the cerebrovascular disease group and the
internal disease group showed significant differences in FOIS scores for patients
who survived and those who did not. Additionally, in the orthopedic disease

group, FOIS scores tended to have a higher median in patients who survived
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Table 7. Grouping by original disease in coexisting disease group.

Volume of left pectoralis
major muscle (mm?)
Volume of right pectoralis
major muscle (mm?)
Thickness of left pectoralis
major muscle (mm)
Thickness of right pectoralis
major muscle (mm)
Cross-sectional area of left
rectus abdominis muscle (mm?)
Cross-sectional area of right
rectus abdominis muscle (mm?)
Thickness of left rectus
abdominis muscle (mm)
Thickness of right rectus
bdominis muscle (mm)
Cross-sectional area of left
psoas major muscle (mm?)
Cross-sectional area of right
psoas major muscle (mm?)

Albumin level (g/dl)
MNA-SF score
FOIS score
BI score
Hospitalized days (day)

Age (yr)

Cerebrovascular disease (n = 40) Internal disorders (n = 14) Orthopedic disease (n = 12)

Death Survival Death Survival Survival
Death (n=1)

(n=6) (n=34) (n=6) (n=28) (n=11)
5382.4 6370.1 4556.3 5841.8 42546 5611.7
(2837.2 - 15655.4) (4278.3 - 9568.2) (3617.0 - 6306.5) (3481.2 - 10732.5) (3629.6 - 7881.9)
5505.4 6703.8 5056.0 5642.5 5078.2 4992.6
(3081.2 - 15320.2) (4011.8 - 8764.3) (3870.0 - 6259.8) (3311.7 - 11268.4) (4393.3 - 8064.0)
7.1 8.0 4.0 6.5 6.9
(3.4-9.5) (5.8 -10.8) (3.3-7.5) (5.9-7.1) >4 (5.0 - 8.1)

7.1 7.9 5.2 7.8 8.9 5.3
(4.4 -12.9) (6.3 -10.8) (4.7 - 8.1) (5.8-9.7) ’ (4.3 - 8.8)
307.0 222.7 193.8 248.6 502 195.3
(1743 -461.7)  (151.5-311.2)  (134.4 - 368.5) (115.9 - 413.2) (148.4 - 284.8)
242.4 231.6 259.7 346.3 418 201.1
(112.6 - 417.8)  (196.9 -404.1)  (123.8 - 370.8) (209.1 - 429.7) (126.8 - 288.4)
6.2 5.9 6.0 7.4 10 6.3
(4.0-9.1) (5.1 -8.4) (4.5-8.1) (4.6 - 11.0) ’ (5.0-9.4)

6.8 7.3 6.2 6.8 14 8.3
(4.0 - 8.2) (5.9-8.7) (4.5-7.8) (5.0-11.9) ’ (5.0 - 10.5)
468.8 522.5 472.0 463.3 495.0 500.1
(272.8-1206.1)  (337.1-758.3)  (292.6 - 676.7) (412.7 - 715.6) (388.1 - 845.6)
515.2 543.2 529.5 594.2 564.9 619.7
(247.9-13104)  (455.6 - 660.5)  (259.9 - 736.6) (503.1 - 782.6) (497.6 - 884.2)
4.4 (3.5-4.9) 4.0 (3.3-4.4) 3.1(2.9-3.3) 3.7 (2.9-4.1) 3.8 3.5(2.8-4.2)
7.0 (6.0 - 8.0) 7.0 (5.8 - 8.3) 5.5 (3.8 - 6.5) 7.0 (4.3 - 9.5) 4.0 6.0 (4.0 - 6.0)
1.0 (1.0 - 1.0)*  4.0(1.0-5.00*  2.5(1.0-4.3)" 5.0 (4.0 - 6.0)" 1.0 4.0 (4.0 - 5.0)
0.0 (0.0 - 0.0) 0.0 (0.0 - 0.0) 0.0 (0.0 - 3.8) 7.5 (0.0 - 67.5) 0.0 0.0 (0.0 - 1.25)
57.0 (34.0 - 103.0) 54.5 (28.8 -95.0) 23.0 (6.0 -116.8) 40.5(29.0 - 55.3) 21 32.0 (22.0 - 48.0)
79.0 (73.0 - 88.0) 79.5(71.5-83.3) 83.5(79.0-92.8) 85.5(80.3 - 88.0) 91.0 84.0 (78.0 - 91.0)

Cerebrovascular disease group; *p < 0.05 Internal disorders group; 'p < 0.05.

compared to the one patient who died.

5) Forced entry multiple regression analysis

In the primary disease group, a regression equation of Y = —0.058 — 0.015x1 +
0.056x2 + 0.124x3 + 0.029x4 — 0.009x5 (x1: thickness of the left pectoralis major
muscle, x2: thickness of the right pectoralis major muscle, x3: albumin level, x4:
MNA-SF, x5: FOIS) was obtained. The thickness of the right pectoralis major
muscle had a high influence on the dependent variables (p < 0.05). In the coex-
isting disease group, a regression equation of Y = 0.238 + 0.020x1 — 0.012x2 +
0.033x3 - 0.001x4 + 0.100x5 was obtained. The FOIS scores had a high influence
on the dependent variables (p < 0.05).

4. Discussion

We investigated whether the capacity of the pectoralis major muscle and rectus
abdominis muscle were prognostic factors for aspiration pneumonia. In all pa-
tients, prognosis was associated with the volume and thickness of the pectoralis

major muscle (left and right), the thickness of the right rectus abdominis muscle,
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MNA-SF score, and FOIS score. In the primary disease group, the capacity of the
pectoralis major muscle (volume and thickness) was the most relevant factor for
prognosis, whereas FOIS score was most relevant in the coexisting disease group.
Furthermore, between the primary and coexisting disease groups, there were
significant differences in volume of the pectoralis major muscle (left and right),
thickness of the left pectoralis major muscle, cross-sectional area of the psoas
major muscle (left and right), nutritional status, swallowing function, number of
days of hospitalization, and age. These results suggested the potential presence of
sarcopenia in the primary disease group.

In this study, muscle mass and nutritional status were found to be related to
prognosis in patients with aspiration pneumonia. Ebihara et al [21] reported
that the patient’s cough power after aspiration is related to prognosis in patients
with aspiration pneumonia. Moreover, in a previous study on prognosis of
community-acquired pneumonia in the elderly, the variable most relevant to
prognosis was nutritional status [22]. In the present study, prognosis in patients
with aspiration pneumonia was related to the pectoralis major muscle and the
rectus abdominis muscle, which are involved in cough and nutritional status.
Potential sarcopenia in the primary disease group was prominent, especially
since capacity of the pectoralis major muscle was most relevant to prognosis. For
the psoas major muscle, a significant difference was observed between the pri-
mary and the coexisting disease groups, but a relationship with prognosis was
not observed within all subjects, the primary disease group, or the coexisting
disease group. These results suggest that the pectoralis major muscle may be a
more suitable prognostic factor for aspiration pneumonia.

Muscle mass, nutritional status, swallowing function, number of days of hos-
pitalization, and age were significantly different between the primary and coex-
isting disease groups. The greater number of days of hospitalization in the coex-
isting disease group was considered to be due to the occurrence of aspiration
pneumonia during treatment for other diseases. However, the effects of potential
sarcopenia in the primary disease group should also be considered. Wakabayashi
et al. reported that 88% to 91% of patients with hospital-associated decondition-
ing were malnourished [23] [24]. Additional reports have described the associa-
tion between low nutritional status and sarcopenia in the elderly [11] [25] [26]
[27]. Sarcopenia develops from aging and malnutrition due to decreased swal-
lowing function, resulting in decreased muscle mass and degeneration of muscle
fibers, which are related to decrease coughing power [28]. Furthermore, presby-
phagia [29] [30] [31], or age-related changes in swallowing function, may also
have had an influence in the primary disease group. In the coexisting disease
group, the FOIS score was the most relevant factor for prognosis. We suggest
that many primary diseases can induce aspiration pneumonia. Our results
showed that evaluation of swallowing function was the most important factor for
prognosis in the coexisting disease group. Swallowing function was most related

to prognosis in the analysis of each original disease within the coexisting disease

DOI: 10.4236/aar.2017.66011

113 Advances in Aging Research


https://doi.org/10.4236/aar.2017.66011

K. Sakaguchi, S. Hara

group.

Thickness of the pectoralis major muscle was determined to be an indepen-
dent factor for prognosis in the primary disease group. The percentage of do-
mestic handedness in the Japanese population is 90.5% right-handed, 4.2%
double dominant, and 5.3% left-handed [32]. In our study, there were many
right-handed patients, so handedness may have influenced the difference in
pectoralis major muscle thickness. Moreover, with regard to sarcopenia in the
primary disease group, it is suggested that decreased muscle capacity on the do-
minant side may have affected prognosis. However, we did not evaluate the dif-
ference in lateral muscle strength, including grip and arm strength. Further stu-
dies are needed to investigate the associations between lateral muscle strength,
pectoralis major muscle volume, sarcopenia, and aspiration pneumonia in the
elderly.

In primary disease group, notice to Sarcopenia and to improve malnutrition
earlier is required. Our study suggests prophylaxis of sarcopenia before hospita-
lization leads to a good prognosis in aspiration pneumonia. In addition, in coex-
isting disease group, it should be noticed that swallowing function. It is sug-
gested that early evaluation and training of swallowing function leads to a good
prognosis. Furthermore, in elderly people, nutritional status was also evaluated;
it is required to improve malnutrition if necessary.

Our study had several limitations. First, the sample size was small, and we did
not perform physical examinations, such as skeletal muscle mass measurement,
grip strength measurement, and the timed up and go test, which are required for
diagnosis of sarcopenia [2] [3] [4] [33]. Moreover, respiratory function tests,
such as blood gas analysis, are necessary to explain the association between res-
piratory function and thickness or volume of the pectoralis major muscle. Fur-
ther studies are needed to clarify the associations between each additional varia-
ble and to perform comparisons of the studied variables between patients with

aspiration pneumonia and healthy elderly subjects.

5. Conclusion

It is suggested that in elderly patients with aspiration pneumonia as the primary
disease, the capacity of the pectoralis major muscle may predict prognosis. In
addition, it is conceivable that in patients with aspiration pneumonia as a coex-

isting disease, swallowing function can be used to predict prognosis.
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