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Chest wall muscle mass depletion is related
to certain pulmonary functions and diseases
in patients with bronchiectasis

Wang Xiaoyan1,2,3, Xu Yu3, Yang Xiaoyan1,2, Liu Min2,4, Lv Yanwei5 and Dai Huaping1,2

Abstract

Background and objective: Many bronchiectasis patients suffer dyspnea, decreased exercise tolerance, and low body
mass index. Chest wall muscles play a special role in respiratory movement and make up parts of skeletal muscles. This
study aimed to examine the chest wall muscle thickness and their relationship with disease severity in bronchiectasis.

Methods:We retrospectively included 166 patients with bronchiectasis and 62 patients with pneumonia as comparators.
The thickness of chest wall muscle as determined in chest CT, pulmonary function, and Bronchiectasis Severity Index (BSI)
score were recorded. We compared the thickness of the chest wall muscle in two groups and assessed the relationships
among chest wall muscle thickness, pulmonary function, and BSI score.

Results: Chest wall muscle thickness of the anterior midclavicular line and posterior exterior scapula were thinner in
bronchiectasis patients than comparators both above the aortic arch level and at the aortic arch window level. Muscle
thickness of the posterior interior scapula above the aortic arch level was significantly thinner in bronchiectasis patients.
Chest wall muscle thickness at the anterior midclavicular line both the above aortic arch level and at the level of the aortic
arch window were related to diffuse capacity in bronchiectasis patients. Anterior chest wall muscle thickness above the
aortic arch was found to be a risk factor of disease severity.

Conclusion: Anterior chest wall muscles in the upper and middle chest were thinner in bronchiectasis patients than in
comparators, and had relationship with spirometry and diffuse compacity factors. We provide another method to
conveniently assess bronchiectasis severity.
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Non-cystic fibrosis bronchiectasis is a chronic inflammatory
lung disease characterized by permanent bronchial dilata-
tion, mucociliary dysfunction, and progressive structural
damage.1 Representative symptoms are chronic cough,
sputum production, and recurrent exacerbations which are
major causes of morbidity and mortality,2 and they cause
further decline in respiratory function and poor quality of
life.3 In Germany4 and the United States,5 the annual in-
cidence of hospitalization is around 9.4 and 16.5 per
100,000 population, respectively. The disease burden is
continuously increasing.
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Many bronchiectasis patients suffer low bodymass index
(BMI), and the magnitude of this weight discrepancy has a
relationship with disease severity. Chronic respiratory
diseases often involve sarcopenia. Whether this is true
bronchiectasis is unknown. In our clinical practice, we
observed that the chest wall muscles as observed under
chest computed tomography appeared thinner in bronchi-
ectasis patients, but only a few studies have focused on this.
Some studies have shown that pectoralis muscle mass may
be an indicator of sarcopenia and has associations with all-
cause mortality in chronic obstructive pulmonary disease.6

We hypothesized that the mass of chest wall muscles may be
decreased in bronchiectasis patients and chest wall muscle
mass reduction may be related to disease severity. To
simplify the complexity of measuring chest muscle mass
and make it convenient for adoption in clinical settings, we
chose chest wall muscle thickness as an indicator of chest
wall muscle mass.

Method

Study design and subjects

This was a retrospectively case-control study. Participants
were recruited from Beijing Jishuitan Hospital from January
2016 through December 2017.

The inclusion criteria were as follows: a diagnosis of
non-cystic fibrosis bronchiectasis confirmed by high-
resolution computed tomography, age ≥18 years, clinical
stability (without exacerbations in the last 4 weeks), and
completion of all clinical tests. Bronchiectasis was diag-
nosed according to the criteria in the 10th revision of the

International Statistical Classification of Diseases and Re-
lated Health Problems(ICD-10).7

The exclusion criteria were as follows: a history of
cancer, uncontrolled thyroid disease, any other metabolic
disease affecting the mass of muscles, chronic obstructive
pulmonary disease, asthma, primary immotile cilia syn-
drome, and primary immunoglobulin deficiency.

The comparator group comprised patients with
community-acquired pneumonia treated during the same
period without any history of cancer, chronic obstructive
pulmonary disease, asthma or other diseases affecting
muscle mass.

Measurements

Demographic data in this study included gender, age,
smoking history, BMI, underlying diseases, albumin level,
and blood urea nitrogen.

The thickness of chest wall muscle was measured. To
simplify the procedure and render our findings convenient
enough for clinical use, we set three bedding planes as
focused measure levels: a slice above the aortic arch, aortic
arch window (before the appearance of pulmonary artery in
axial direction), and the 12 thoracic vertebra.

In each focused slice, we measured anterior chest wall
muscle thickness at the bilateral midclavicular line (in-
cluding pectoralis major and pectoralis minor muscle),
interior scapula and exterior scapula muscle thickness in
posterior chest wall, and erector spinae muscle thick-
ness(Figures 1, 2 and 3). Then we measured the area of a
cross section of pectoralis muscle from above the aortic
arch(Figure 1).

Figure 1. Above the aortic arch, 1 anterior chest wall muscle thickness at the midclavicular line, 2 interior scapula and 3 exterior scapula
muscle thickness in posterior chest wall, 4 erector spinae muscle thickness. The blue area represents the cross section of pectoralis
muscle from above the aortic arch.
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Bronchiectasis patients underwent pulmonary function
tests in the sitting position according to guidelines.8 Spi-
rometric parameters, static lung volumes, and transfer
factors were recorded. Results were compared with standard
reference values.9

Bronchiectasis Severity Index (BSI)10 scores were used
to classify the severity of bronchiectasis.

Statistical analysis

Statistical analyses were performed in SPSS (version
22,NY,USA). A two-sample independent t test was used to
compare normally distributed data, a Mann Whitney U

test was used to compare non-normally distributed data,
and a Chi-square test was used to compare enumeration
dates. Spearman’s correlation was used to assess cor-
relations between thickness of chest wall muscle and
severity of bronchiectasis, and Pearson’s correlation was
used for correlations between chest wall muscle thick-
ness and pulmonary function test results. Logistic re-
gression analysis was used to confirm whether chest wall
muscle thickness was risk factor in bronchiectasis pa-
tients in the presence of other nutrition-related factors.
BMI, albumin, and BUN were included in Logistic
regression analysis. Statistical significance was set at
P < 0.05 (two-tailed).

Figure 2. Aortic arch window, 1 anterior chest wall muscle thickness at the midclavicular line, 2 interior scapula and 3 exterior scapula
muscle thickness in posterior chest wall, 4 erector spinae muscle thickness.

Figure 3. Twelve thoracic vertebra level, 1 anterior chest wall muscle thickness at the midclavicular line, 4 erector spinae muscle
thickness.
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The studies were approved by local research ethics
committees. Patients provided written informed consent for
their data to be reanalyzed. At no point in this work do we
expose any identifying data for any patient.

Results

Baseline clinical data

We included 166 patients with bronchiectasis and 62 pa-
tients with pneumonia as comparators. Baseline clinical
characteristics are shown in Table 1. There were no dif-
ferences in gender, age, or BMI between these two groups.

2. Comparison of chest wall muscle thickness in bron-
chiectasis and comparators as shown in Table 2 and Figures
4, 5, 6, 7, 8 and 9 indicated that muscles of anterior mid-
clavicular line and posterior exterior scapula were thinner in
bronchiectasis patients than comparators both above the
aortic arch level and at the aortic arch window level.
Muscles of the posterior interior scapula above the aortic
arch level were significantly thinner in bronchiectasis pa-
tients than comparators, but there was no difference in other
lower levels.

3. Chest wall muscle thickness of the anterior mid-
clavicular line both above the aortic arch level and at the
aortic arch window level were related to diffuse capacity in
bronchiectasis patients (Table 3). Chest wall muscle thickness
at the anterior left midclavicular line above the aortic arch
level was related to 75% of forced expiratory flow(FEF75%).
Right erector spinae muscle thickness above the aortic arch
was related to diffuse capacity. Anterior midclavicular line
chest wall muscle thickness at the in aortic arch window level
was related to small airway function, including 25-75% of
forced expiratory flow (FEF25–75%), 50% of forced expi-
ratory flow (FEF50%), and FEF75%. Anterior right mid-
clavicular line chest wall muscle thickness was related to first

second forced expiratory volume accounts for the percentage
of forced vital capacity (FEV1/FVC) and residual volume
accounts for the percentage of total lung capacity(RV/TLC).
Posterior interior scapula chest wall muscle thickness was
related to forced vital capacity (FVC) and RV/TLC.

4. The following areas of chest wall muscle thickness were
significantly closely related to disease severity(BSI): anterior
midclavicular line and posterior left scapula above the aortic
arch level, anterior midclavicular line, posterior right interior
scapula, posterior left exterior scapula, and right erector
spinae muscle at the aortic arch window level (Table 4).

5. Pectoralis muscle thickness showed a strong rela-
tionship with cross section area (Pearson’s correlation 0.82,
P = 0). There was a difference in pectoralis muscle area
between bronchiectasis patients and pneumonia controls
(25.53 ± 12.97 vs 29.49 ± 10.57, P = 0.041).

6. Thinner pectoralis muscle thickness is a risk factor for
bronchiectasis severity after adjustment for BMI, albumin,
and BUN (Table 5).

Discussion

The chest wall muscle was thinner in non-CF bronchiectasis
patients than in comparators, especially the anterior part of
upper and middle chest. To the best of our knowledge, no
study has investigated the effect of chest skeletal muscle in
bronchiectasis or established any clinically significant re-
lationships. The chest wall muscle depletion level was
related to disease severity and some important pulmonary
function factors, such as FEV1, small airway function, and
diffuse capacity. This indicates that we should pay special
attention to chest wall muscle mass in non-cystic fibrosis
bronchiectasis patients. Assessing the thickness of chest
wall muscles in CT patients is simple and convenient. It is
possible to use this indicator in daily clinical settings.

Table 1. Baseline characteristics of bronchiectasis versus comparators.

Bronchiectasis Comparator

Characteristics (n = 166) (n = 62) p value

Gender(male:female) 70:96 (42.2% vs 57.8%) 24:38 (38.7% vs 61.3%) 0.65
Age(years)(mean±SD) 70.14 ± 11.02 70.61 ± 13.74 0.85
Smokers 64(38.5%) 20(32.3%) 0.67
Underlying diseases 0.11
Hypertension 68(41.0%) 38(61.3%)
Diabetes mellitus 16(9.6%) 16(25.8%)
CHD 44(26.5%) 10(16.1%)

BMI(Kg/m2) 22.91 ± 4.87 24.70 ± 3.95 0.079
Albumin(g/L) 39.41 ± 4.94 40.16 ± 3.64 0.45
Urea nitrogen(mmol/L) 5.31 ± 2.52 6.14 ± 3.39 0.16

SD: standard deviation; CHD: coronary heart disease; BMI: body mass index.
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Bronchiectasis is a chronic respiratory disease. We found
chest muscle thickness to be lower in bronchiectasis patients
than in comparators, which suggested that bronchiectasis
patients may suffer from sarcopenia. Various techniques

were used to evaluate the skeletal muscle mass and to di-
agnose sarcopenia. X-ray absorptiometry (DXA) is a ref-
erence method for assessing body composition11 but it has
seen limited use because it involves extra radiation exposure

Table 2. Compares chest wall muscle thickness between bronchiectasis and comparators.

Characteristics Bronchiectasis Comparator p value

Above the aortic arch(mm)
Anterior right midclavicular line 15.94 ± 7.25 19.71 ± 6.77 0.013*
Anterior left midclavicular line 15.27 ± 6.45 19.10 ± 4.91 0.003**
Posterior right exterior scapula 22.58 ± 6.59 26.03 ± 4.56 0.009*
Posterior right interior scapula 16.59 ± 5.18 19.59 ± 6.08 0.010*
Posterior left exterior scapula 19.15 ± 6.50 23.06 ± 5.36 0.037*
Posterior left interior scapula 15.33 ± 4.64 17.50 ± 4.59 0.028*
Right erector spinae muscle 22.87 ± 6.23 23.75 ± 5.23 0.48
Left erector spinae muscle 23.22 ± 6.28 24.85 ± 5.21 0.20

Aortic arch window
Anterior right midclavicular line 7.88 ± 4.17 10.05 ± 3.96 0.014*
Anterior left midclavicular line 7.51 ± 4.01 9.70 ± 4.13 0.012*
Posterior right exterior scapula 18.54 ± 6.05 21.85 ± 5.38 0.008*
Posterior right interior scapula 12.40 ± 4.36 13.97 ± 4.18 0.087
Posterior left exterior scapula 17.53 ± 5.38 20.45 ± 5.99 0.014*
Posterior left interior scapula 11.72 ± 4.33 13.22 ± 3.73 0.090
Right erector spinae muscle 19.43 ± 4.67 20.01 ± 4.53 0.55
Left erector spinae muscle 19.18 ± 5.11 20.07 ± 4.59 0.40

Twelve thoracic vertebra level
Anterior right midclavicular line 5.79 ± 2.60 4.77 ± 2.47 0.060
Anterior left midclavicular line 6.32 ± 2.64 5.56 ± 2.32 0.16
Right erector spinae muscle 24.87 ± 6.46 25.88 ± 5.66 0.44
Left erector spinae muscle 24.79 ± 6.46 26.73 ± 5.76 0.14

*p＜0.05；**p＜0.005.

Figure 4. Chest CT in bronchiectasis patients, above the aortic arch.
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Figure 5. Chest CT in bronchiectasis patients, aortic arch window.

Figure 6. Chest CT in bronchiectasis patients, twelve thoracic vertebra level.

Figure 7. Chest CT in comparators, above the aortic arch.
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and considerable expense. DXA requires dedicated machines
and is not available in many hospitals. Chest computed to-
mography (CT) is widely used in routine clinical practice.
Bronchiectasis patients often undergo chest CT during the
course of disease. Chest CT–derived chest wall muscle
thickness is a reproducible measure of muscle mass, and it can
be observed without additional radiation exposure or cost.

Muscle integrity reflects general well-being and nutri-
tional status. In chronic obstructive disease (COPD),
muscle mass and cross-sectional area are correlated with
the severity of lung disease.12 Pectoralis muscle area has
been found to be adversely associated with disease severity
as measured by GOLD stage, lower resting oxygen saturation,
BODE score, quality of life score, and exercise capacity.12 One

recent report indicated that lower erector spinae muscle mass is
associated with poor dyspnea score, higher BMI, worse em-
physema, low FEV1, and high mortality in COPD patients.13

Among cancer patients, lower pectoralis muscle area was found
to be associated with increased mortality.14 Consistent with
pectoralis musclemass studies in COPD and cancer patients, we
found chest wall muscle thickness to be related to pulmonary
function, and pectoralis muscle thickness above the aortic arch
was found to be a risk factor for bronchiectasis severity.

In previous studies, quantitative assessments of the
pectoralis muscle area were obtained from a single axial
slice above the aortic arch. We also chose the slice above the
aortic arch as one of our studied positions. Because few
studies pay attention to muscle mass reduction or sarcopenia

Figure 8. Chest CT in comparators, aortic arch window.

Figure 9. Chest CT in comparators, twelve thoracic vertebra level.
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in bronchiectasis, we included several other slices in order
to identify sample most indicative of chest wall thickness.
To make the measurement process simpler and more con-
venient, we chose chest wall muscle thickness as our re-
search object. Several other studies have already measured
muscle thickness. Emmanuel Vivier and his colleagues15

measured diaphragm and pectoral thicknesses by ultrasound
and found pectoral atrophy to be associated with prolonged
weaning from mechanical ventilation and longer ICU stays.
Muscle thickness measured on a computed tomography image
was used to assess transversal psoas muscle thickness (TPMT)

at the level of the umbilicus16. Abdominal muscle thickness
has beenmeasured in cystic fibrosis patients,16 and the training
effect on respiratory muscles has been assessed.17

We chose pneumonia patients as comparators in our
study. It would be more persuasive to choose healthy people
as controls. But the pneumonia patients included in our
study didn’t have any other underlying diseases which
would influent they skeletal muscles significantly. As shown
in the results, chest muscle thickness of middle-upper part
was thinner in bronchiectasis patients compared with sick
pneumonia patients. Wemay speculate that the chest muscle

Table 3. Correlation between chest wall muscle thickness and pulmonary function test in bronchiectasis patients.

Chest wall muscle thickness Pulmonary function factors Correlation index p value

Above the aortic arch(mm)
Anterior right midclavicular line DLCO 0.387 0.046*
Anterior left midclavicular line FEF75% 0.382 0.049*

DLCO 0.507 0.007*
Right erector spinae muscle DLCO 0.387 0.046*

Aortic arch window
Anterior right midclavicular line FEV1/FVC 0.390 0.044*

FEF25-75% 0.499 0.008*
FEF25% 0.421 0.029*
FEF50% 0.500 0.008*
FEF75% 0.520 0.008*
RV/TLC �0.517 0.007*
DLCO 0.598 0.001**

Anterior left midclavicular line FEF25-75% 0.499 0.008*
FEF50% 0.475 0.012*
FEF75% 0.591 0.001**
DLCO 0.729 0.000**

Posterior right interior scapula FVC 0.509 0.007*
FEV1 0.511 0.008*
FEF25-75% 0.441 0.021*
FEF25% 0.638 0.000**
FEF50% 0.467 0.014**
RV �0.570 0.002**
RV/TLC �0.599 0.001**
VC 0.508 0.007*

Posterior left exterior scapula FVC 0.388 0.045*
FEF25% 0.499 0.019*
RV/TLC �0.467 0.016*

Posterior left interior scapula FVC 0.466 0.014*
FEF25-75% 0.389 0.045*
FEF25% 0.480 0.011*
RV/TLC �0.493 0.010*
VC 0.466 0.014*
DLCO 0.484 0.010*

Right erector spinae muscle RV/TLC �0.392 0.048*
VC 0.393 0.043*

DLCO: gas transfer factor measurement; FEF75%: forced expiratory flow at 75% pf the vital capacity; FEV1: forced expiratory volume in one second; FVC:
forced vital capacity; FEF25-75%: forced expiratory flow from 25% and 75% of vital capacity; FEF25%: forced expiratory flow at 25% pf the vital capacity;
FEF50%: forced expiratory flow at 50% pf the vital capacity; RV: residual volume; TLC: total lung capacity; VC: vital capacity.
*: p＜0.05；**p＜0.005.
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thickness in healthy controls would be thicker than sick
pneumonia patients.

As a retrospective study, it was hard to reconfirm
complications in pneumonia group, but the pneumonia
patients included as comparators were in-patients. We
completed thorough examinations for in-patients in clinical
practice. The diagnosis and complications were convictive.

Our study has some limitations. Because this is a ret-
rospective study, there are some inherent limitations such as
recall bias and selection bias. However, we tried to use

comparative objective factors. The main factors used in the
study were thickness of the chest wall muscle, pulmonary
function test, and disease severity. The thickness of chest wall
muscle was remeasured on computed tomography of the
chest. Pulmonary function test and BSI were recorded in the
digital medical records. All patients included were contin-
uously brought into the study. We did not assess whole-body
muscle mass, and more test methods should be used to ensure
the accuracy of chest wall muscle mass measurement. Dual-
energy x-ray absorptiometry (DXA) is considered the gold
standard technique in clinical practice to estimate fat-free
body mass,11 but it is not available in many hospitals and can
be costly. Bio-electrical impedance analysis (BIA) and
skinfold thickness measurement (STM) are more readily
available to health care teams, but there are no good coef-
ficients obtained in truck fat-free mass assessment with BIA
and DXA. Measuring chest wall muscle thickness may be
less conventional, but it is helpful in clinical practice. Our
study also involved a relatively small sample. Prospective
multi-center studies may confirm the significance of mea-
suring the chest wall muscle thickness. What’s more, we
didn’t included other parts of chest wall muscle mass in our
study, e.g. intercostal muscle measurement. We intent to
measure the intercostal muscle in our future work.

Table 4. Correlation between chest wall muscle thickness and disease severity (BSI) in bronchiectasis patients.

Characteristics Correlation index p value

Above the aortic arch(mm)
Anterior right midclavicular line �0.552 0.005**
Anterior left midclavicular line �0.562 0.004**
Posterior right exterior scapula �0.081 0.706
Posterior right interior scapula �0.337 0.107
Posterior left exterior scapula �0.466 0.025*
Posterior left interior scapula �0.514 0.012*
Right erector spinae muscle �0.402 0.051
Left erector spinae muscle �0.264 0.213

Aortic arch window
Anterior right midclavicular line �0.575 0.003**
Anterior left midclavicular line �0.508 0.011*
Posterior right exterior scapula �0.181 0.397
Posterior right interior scapula �0.438 0.032*
Posterior left exterior scapula �0.513 0.010*
Posterior left interior scapula �0.293 0.164
Right erector spinae muscle �0.498 0.013*
Left erector spinae muscle �0.363 0.081

Twelve thoracic vertebra level
Anterior right midclavicular line �0.099 0.645
Anterior left midclavicular line �0.321 0.126
Right erector spinae muscle �0.104 0.629
Left erector spinae muscle �0.138 0.521

*p＜0.05；**p＜0.005.

Table 5. Logistic regression of bronchiectasis severity,
considering anterior chest muscle thickness and other nutrition
related factors.

p Value

Average anterior chest muscle
thickness above the aortic arch

0.038

BMI 0.445
Albumin 0.792
Urea nitrogen 0.214

Average anterior chest muscle thickness above the aortic arch = (chest
muscle thickness of anterior right midclavicular line above the aortic arch +
that of anterior left midclavicular line)/2; BMI: body mass index.
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Conclusion

Anterior chest wall muscle thickness of the upper and
middle chest in bronchiectasis patients was lower than in
comparators, and it was related to spirometry and diffuse
compacity factors. We here provide another method of
conveniently assessing bronchiectasis severity.
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