
O R I G I N A L  R E S E A R C H

Intramuscular and Intermuscular Abdominal Fat 
Infiltration in COPD: A Propensity Score Matched 
Study

Young-Jee Jeon 1,* 
Sangyoung Han2,* 
Gyung-Min Park2 

Tae Young Lee 3 

Soon Eun Park4 

Hyunho Lee4 

Byung Ju Kang 2

1Department of Family Medicine, Ulsan 
University Hospital, University of Ulsan 
College of Medicine, Ulsan, Republic of 
Korea; 2Department of Internal Medicine, 
Ulsan University Hospital, University of 
Ulsan College of Medicine, Ulsan, 
Republic of Korea; 3Department of 
Radiology, Ulsan University Hospital, 
University of Ulsan College of Medicine, 
Ulsan, Republic of Korea; 4Department of 
Anesthesiology and Pain Medicine, Ulsan 
University Hospital, University of Ulsan 
College of Medicine, Ulsan, Republic of 
Korea  

*These authors contributed equally to 
this work  

Purpose: Low-attenuation muscle area (LAMA) and normal-attenuation muscle area 
(NAMA) indicate lipid-rich and lipid-poor skeletal muscle areas, respectively. 
Additionally, intermuscular adipose tissue (IMAT) indicates localized fat between muscle 
groups. In this study, we aimed to evaluate the intramuscular and intermuscular fat infiltra-
tion in individuals with chronic obstructive pulmonary disease (COPD) by performing 
quantitative assessment of the LAMA, NAMA, and IMAT observed on abdominopelvic 
computed tomography (APCT) images.
Patients and Methods: We performed a cross-sectional study using data of subjects who 
underwent a general health examination with APCT at Ulsan University Hospital between 
March 2014 and June 2019. We classified the subjects into control and COPD groups based 
on age, smoking history, and pulmonary function results. We compared the attenuation and 
body mass index adjusted area of intra-abdominal components between the two groups using 
propensity score matching. We also evaluated these outcomes in COPD subgroups (mild and 
moderate stage subjects).
Results: Overall, 6,965 subjects were initially enrolled, and 250 pairs of control and COPD 
subjects were selected after propensity score matching. The NAMA attenuation (unstandar-
dized β=−1.168, P<0.001) was lower, and the IMAT (unstandardized β=0.042, P=0.006) and 
LAMA (unstandardized β=0.120, P<0.001) indexes were greater in the COPD group than in 
the control group. In subgroup analysis, those with mild and moderate COPD also had high 
IMAT (unstandardized β=0.037, P=0.009 and unstandardized β=0.045, P<0.001) and LAMA 
(unstandardized β=0.089, P=0.002 and unstandardized β=0.147, P<0.001) indexes compared 
to the control subjects. However, the NAMA attenuation (unstandardized β=−1.075, 
P<0.001) and NAMA index (unstandardized β=−0.133, P=0.015) were significantly lower 
in moderate COPD subjects only.
Conclusion: Our study showed that intramuscular and intermuscular abdominal fat infiltra-
tion could be present in subjects with mild COPD, and it might be exacerbated in those with 
moderate COPD.
Keywords: abdominal fat, abdominal muscles, chronic obstructive pulmonary disease, 
computed tomography

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory airway 
disease that causes incompletely reversible airflow limitation related with cough, 
sputum, and progressive dyspnea. Several studies have reported that an increase in 
muscle fat infiltration was observed in COPD patients related with systemic 
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inflammation, metabolic diseases, and comorbidities.1–5 

However, these studies simply evaluated the muscular fat 
infiltration based on the muscle attenuation value deter-
mined using computed tomography (CT); they did not 
fully adjust for the metabolic factors and comorbidities 
that influenced the body composition of the subjects.6

Body fat and muscle composition can be assessed 
using CT scans, which visualize fat and muscle areas 
based on attenuation values. Several studies reported that 
CT-based muscle mass and adipose tissue measurements 
were reliable for the quantitative assessment of body 
composition.7–9 Skeletal muscle areas can be divided into 
low attenuation muscle area (LAMA) and normal attenua-
tion muscle area (NAMA) based on muscle attenuation 
values from the CT scans.10 LAMA is related with more 
intramuscular fat infiltration, and conversely NAMA is 
related with less intramuscular fat infiltration.11 

Intermuscular adipose tissue (IMAT) is the fat beneath 
muscle fascia and between muscle groups; it reflects inter-
muscular fat infiltration.12 We can evaluate the intramus-
cular and intermuscular fatty infiltration through the 
quantitative assessment of LAMA, NAMA, and IMAT. 
In this study, we aimed to evaluate the intramuscular and 
intermuscular fatty infiltration in COPD subjects using the 
LAMA, NAMA, and IMAT after adjustment for the var-
ious confounding factors, including metabolic components 
and underlying diseases.

Patients and Methods
Study Design and Subjects
The present study was a cross-sectional study based on 
data collected from the health examination results of sub-
jects who underwent self-referred abdominopelvic com-
puted tomography (APCT) evaluation as part of 
a general health examination at the Health Promotion 
Center in Ulsan University Hospital, Ulsan, Korea, 
between March 2014 and June 2019. Among those with 
multiple health checkups, the first health examination was 
considered to be the index health examination and was 
used for data collection. We excluded individuals under 45 
years of age and those who had missing data for their 
baseline characteristics.13,14 COPD subjects were identi-
fied based on smoking history (≥10 pack-years) and the 
ratio of the forced expiratory volume in the first 1 second 
(FEV1) to the forced vital capacity (FVC) (FEV1/FVC; < 
0.7) criteria.15,16 The rest of the study population was 
defined as controls (Figure 1). Additionally, subjects in 

the COPD group were further classified into subgroups 
based on their FEV1 value (mild stage: FEV1 ≥ 80%; 
moderate stage: 50% ≤ FEV1 < 80%; severe stage: 30% 
≤ FEV1 < 50%). The baseline characteristics and abdom-
inal compositions for these different subgroups were eval-
uated. This study was approved by the Institutional 
Review Board of Ulsan University Hospital (No. 2020– 
08-013), which waived the requirement for informed con-
sent requirement due to the anonymization of data and 
cross-sectional design of the study.

Clinical and Laboratory Measurements
The clinical and laboratory information were collected 
from the clinical data warehouse platform in conjunction 
with the electronic medical records at the Ulsan University 
Hospital. The clinical information was obtained from 
a systemized self-report questionnaire (age, sex, smoking 
status, alcohol consumption, exercise grade, and underly-
ing comorbidities including cardiovascular disease, hyper-
tension, diabetes, and hyperlipidemia) issued before the 
health examination. Smoking status was classified as 
non-, ex-, or current smoking; alcohol consumption grade 
was determined according to the self-reported drinking 
(irrelevant to dose) frequency per week (none, 1–2 
drinks/week, and ≥ 3 drinks/week); and exercise grade 
was determined according to the self-reported moderate 
to high-intensity exercise frequency per week (none, 1–2 
sessions/week, and ≥ 3 sessions/week). Height and weight 
were measured in light clothing, without shoes, on 
a digital scale. Body mass index (BMI) was calculated as 
the subject’s weight in kilograms divided by the squared 
height in meters. Blood pressure was measured at the right 
upper arm in the sitting position after resting for longer 
than 5 minutes using an automatic manometer. A venous 
blood sample was taken from each subject’s antecubital 
vein in the early morning after overnight fasting and then 
analyzed in the central and certified laboratory of the 
Ulsan University Hospital. Laboratory information 
included total cholesterol, triglyceride, high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), fasting plasma glucose, and glycosylated 
hemoglobin (HbA1c).

Pulmonary Function Tests
Spirometric testing was conducted by experienced pul-
monary technicians using Vmax 2130 (Sensormedics, 
Yorba Linda, CA, USA) and Vmax Encore 20 
(CareFusion Respiratory Care Inc., Yorba Linda, CA, 
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USA) spirometers based on the recommendations of the 
American Thoracic Society/European Respiratory Society 
for standardization of spirometry.17 The collected spirome-
try parameters were FVC, FEV1, and FEV1/FVC. 

Predicted spirometry values (%) were calculated using 
a formula based on the pulmonary function test parameter 
scores of Korean representative samples with the same 
age, weight, and height.18

Figure 1 Distribution of the study subjects and propensity score matching. 
Abbreviations: COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.
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APCT Scan Technique
All study subjects received an abdominopelvic exam using 
the SOMATOM Definition FLASH CT scanner (Siemens 
Healthcare, Erlangen, Germany). The CT scanner had 
a single source helical scan, 128×0.6mm beam collimation, 
0.6 pitch, and 100 kVp tube voltage dose modulation (CARE 
Dose4D, Siemens Medical Solutions, Erlangen, Germany). 
The gantry rotation time was 0.5 second, and the recon-
structed slice thickness and increment were all 3mm. 
Enhanced CT images were acquired 80 second after intrave-
nous injection of the contrast agent (Xenetix 350, Guerbet, 
Roissy, France) and the expiration of the breath-hold state.

CT-Based Body Composition Assessment
We analyzed the abdominal fat and muscle compositions 
presented by APCT using the Asan-J software, which was 
made on the basis of ImageJ (NIH, Bethesda, MD, 
USA).19,20 Asan-J software exhibits high performance 
and accuracy in the analysis of abdominal muscle and fat 
on CT images.21 In each subject, the average value of two 
consecutive axial CT images at the third lumbar vertebra 
level was analyzed for area and attenuation of all fat 
(subcutaneous, visceral and intermuscular) and muscles 
(psoas, quadratus lumborum, latissimus dorsi, erector spi-
nae, external abdominal oblique, internal abdominal obli-
que, transversus abdominis, and rectus abdominis). We 
identified and quantified the LAMA, and NAMA based 
on threshold of −29 to +29, and +30 to +150 Hounsfield 
units (HU).10,22 We also outlined and measured the sub-
cutaneous fat area (SFA), visceral fat area (VFA), and 
IMAT all based on the threshold of −190 to −30 HU21,23 

(Figure S1). We adjusted the cross-sectional areas of fat 
and muscle to BMI (cm2/[kg/m2]) based on Foundation for 
the National Institutes of Health Sarcopenia Project 
recommendation, and described as SFA index (SFA 
[cm2]/BMI [kg/m2]), VFA index (VFA [cm2]/BMI [kg/ 
m2]), IMAT index (IMAT [cm2]/BMI [kg/m2]), LAMA 
index (LAMA [cm2]/BMI [kg/m2]), and NAMA index 
(NAMA [cm2]/BMI [kg/m2]).24

Statistical Analysis
Continuous variables are reported as means ± standard 
deviation, and compared using the Student’s t-test for 
unmatched subjects and paired t-test for matched subjects. 
Categorical variables are reported as numbers (percen-
tages) and compared using a chi-square test for unmatched 

subjects and the McNemar test (or marginal homogeneity 
test) for matched subjects.

To reduce the bias and potential confounding among 
subjects in the two study groups, we performed careful 
adjustment for different distributions of baseline character-
istics using a 1:1 propensity score matching analysis with 
the nearest neighbor method based on a greedy matching 
algorithm that sorts based on the estimated propensity 
score (Figure 1). By configuring a caliper of 0.05 on the 
distance of the estimated propensity scores between the 
two pairs, we excluded the subjects who were not relevant 
to propensity score in further analyses. Propensity score 
matching was executed with a logistic regression and with-
out a replacement algorithm until all possible matches had 
been built.

We matched the following variables for age, sex, 
height, weight, underlying comorbidities (cardiovascular 
diseases, hypertension, diabetes, and hyperlipidemia), life-
style (alcohol consumption and exercise grade), and meta-
bolic factors (systolic blood pressure, diastolic blood 
pressure, total cholesterol, triglyceride, HDL-C, LDL-C, 
fasting plasma glucose, and HbA1c). We also evaluated 
the adequacy of the matched model using a Hansen & 
Bowers test (χ2 = 6.780, df = 20, P value = 0.997), and 
by investigating the diagnostic plots before and after pro-
pensity score matching such as receiver operating charac-
teristic curves (c-statistics = 0.842, Figure S2), histograms 
of the propensity score (Figure S3), histograms of the 
standardized mean differences (Figure S4), and dot plots 
of the standardized mean differences (Figure S5).

We evaluated the abdominal fat and muscle composi-
tion between the control and COPD groups using simple 
and multiple linear regression analyses. All baseline char-
acteristics (except the smoking history and pulmonary 
function test results) with P values less than 0.1 in the 
simple linear regression analysis were included in the 
multiple linear regression analysis. Considering a logit 
link between the two propensity score matched pairs, we 
evaluated the risks of clinical end points by generalized 
estimating equations using a linear regression model. We 
also evaluated the body composition differences between 
the control and COPD subgroups. We excluded the sub-
group with severe COPD due to the small number of 
subjects. Thereafter, simple and multiple linear regression 
analyses were conducted to compare the abdominal fat and 
muscle composition between the mild and moderate 
COPD subgroups to the control group. We investigated 
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the variance inflation factor for all analyses to determine 
the multicollinearity.

Propensity score matching analysis was performed 
using the “psmatching” program (version 3.04) in conjunc-
tion with SPSS version 24.25 The program performs all 
analyses in R (version 3.2.0) through the IBM SPSS sta-
tistics Essentials for R as described by Thoemmes.26 

Statistical analysis was performed using the IBM SPSS 
Statistics for Windows software (version 24.0; IBM 
Corporation, Armonk, New York, USA), and differences 
with a P value < 0.05 were considered statistically 
significant.

Results
Baseline Characteristics and Abdominal 
Body Composition of Study Subjects
During the study period, 6,965 subjects met the inclusion 
criteria. Among them, 6,705 (96.3%) and 260 (3.7%) 
individuals were classified into the control and COPD 
groups, respectively. The baseline characteristics and 
abdominal body composition results for study subjects 
before propensity score matching are presented in Table 
S1. After propensity score matching, we selected 250 pairs 
of subjects with similar baseline characteristics (Table 1), 
with the exception of smoking history (Table S2) and 
pulmonary function test results (Figure S6). Figure 2 
shows the distribution of the individual mean value for 
attenuation and the BMI adjusted cross-sectional areas 
between the control and COPD groups after propensity 
score matching. The COPD group had significantly lower 
NAMA attenuation (58.6 ± 3.8 vs 57.4 ± 3.7 HU, P < 
0.001), and a higher IMAT index (0.2 ± 0.2 vs 0.3 ± 
0.2 cm2/[kg/m2], P = 0.007) and LAMA index (1.2 ± 0.4 
vs 1.3 ± 0.4 cm2/[kg/m2], P = 0.001) compared with the 
control group.

Propensity Score Adjusted and Matched 
Results
Upon conducting the multiple linear regression analyses 
using propensity score and variables with P values less 
than 0.1 from the simple linear regression, the COPD 
group had a significantly increased IMAT (unstandardized 
β = 0.040, P < 0.001) and LAMA indexes (unstandardized 
β = 0.113, P < 0.001) when compared with the control 
group. Additionally, the COPD group had a decreased 
NAMA attenuation (unstandardized β = −0.933, P < 
0.001) compared with the control group. When we 

performed generalized estimating equations using the lin-
ear regression model for propensity score matched cases, 
the COPD group also had a significantly increased IMAT 
(unstandardized β = 0.042, P = 0.006) and LAMA indexes 
(unstandardized β = 0.120, P < 0.001), and a decreased 
NAMA attenuation (unstandardized β = −1.168, P < 
0.001) compared with the control group (Table 2).

COPD Subgroup Analysis
The baseline characteristics and abdominal compositions 
for subjects in the COPD subgroup are presented in Table 
S3. The majority of COPD subjects had mild (108, 41.5%) 
to moderate (145, 55.8%) disease stages. In the multiple 
linear regression analyses including the variables with 
P values less than 0.1 from the simple linear regression, 
VFA attenuation for mild COPD subjects was higher than 
that of control subjects (unstandardized β = 1.287, P = 
0.041). Additionally, NAMA attenuation of moderate 
COPD subjects was lower than that of the control subjects 
(unstandardized β = −1.075, P < 0.001). In the BMI 
adjusted cross-sectional areas comparison between the 
control group and each COPD subgroup, subjects with 
mild COPD had higher IMAT (unstandardized β = 0.037, 
P = 0.009) and LAMA (unstandardized β = 0.089, P = 
0.002) indexes when compared to control subjects. 
Subjects with moderate COPD had higher VFA (unstan-
dardized β = 0.276, P = 0.027), IMAT (unstandardized β = 
0.045, P < 0.001), and LAMA (unstandardized β = 0.147, 
P < 0.001) indexes, and they had a lower NAMA index 
(unstandardized β = −0.133, P = 0.015) compared to the 
control subjects (Table 3).

Discussion
These study findings suggested that intramuscular and 
intermuscular abdominal fat infiltration can be present in 
subjects with mild COPD, and it may be exacerbated in 
subjects with moderate COPD. Although previous studies 
have assessed the increase of ectopic fat in COPD 
subjects,2,4,5,27,28 the current study focused on the intra-
muscular and intermuscular fat infiltration in COPD sub-
jects based on LAMA, NAMA, and IMAT concepts 
determined using CT attenuation values. Additionally, we 
adjusted for the metabolic factors and comorbidities that 
influence the body composition of subjects.

The LAMA index is a BMI adjusted value that reflects 
the muscle mass with increased intramuscular fat infiltra-
tion, and the IMAT index is a BMI adjusted value that 
reflects the lipid volume in intermuscular spaces. Based 
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on the findings from this study, LAMA and IMAT indexes 
were increased in COPD subjects after propensity score 
matching and after multiple linear regression of the mild 
and moderate COPD subgroups. These findings suggest that 
intramuscular and intermuscular fat infiltration could be 
present in mild COPD subjects.

Several studies have reported that muscle attenuation is 
reduced in COPD subjects.4,5 Based on the propensity 
score matching and multiple linear regression results 
from the current study, NAMA attenuation and the 
NAMA index were decreased in moderate COPD subjects; 

however, the same trends were not found for those with 
mild COPD. Additionally, the LAMA index was increased 
more in subjects with moderate COPD compared to those 
with mild COPD. These findings suggest that intramuscu-
lar and intermuscular fat infiltration were more advanced 
in the subjects with moderate COPD than among those 
with mild COPD. Intramuscular fat infiltration is strongly 
associated with impaired muscle function and atrophy.29 

NAMA represents the quantity of muscle mass with good 
functionality; inversely LAMA represents the quantity of 
muscle mass with poor functionality. Previous studies have 

Table 1 Baseline Characteristics of the Study Subjects After Propensity Score Matching

All Subjects 
(n = 500)

Control Group 
(n = 250)

COPD Group 
(n = 250)

P valuea

Age, years 59.7 ± 7.3 59.7 ± 7.2 59.7 ± 7.4 0.824

Sex, male 492/500 (98.4) 246/250 (98.4) 246/250 (98.4) 0.999

Height, cm 1.7 ± 0.1 1.7 ± 0.1 1.7 ± 0.1 0.752

Weight, kg 69.0 ± 9.9 69.0 ± 9.8 69.1 ± 10.0 0.849

Cardiovascular disease 23/500 (4.6) 10/250 (4.0) 13/250 (5.2) 0.664

Hypertension 155/500 (31.0) 79/250 (31.6) 76/250 (30.4) 0.841

Diabetes 71/500 (14.2) 38/250 (15.2) 33/250 (13.2) 0.620

Hyperlipidemia 26/500 (5.2) 14/250 (5.6) 12/250 (4.8) 0.845

Alcohol consumption 0.728
None 127/500 (25.4) 66/250 (26.4) 61/250 (24.4)

1–2/week 188/500 (37.6) 92/250 (36.8) 96/250 (38.4)

≥ 3/week 185/500 (37.0) 92/250 (36.8) 93/250 (37.2)

Exercise grade 0.959

None 222/500 (44.4) 111/250 (44.4) 111/250 (44.4)
1–2/week 129/500 (25.8) 65/250 (26.0) 64/250 (25.6)

≥ 3/week 149/500 (29.8) 74/250 (29.6) 75/250 (30.0)

SBP, mmHg 125.5 ± 11.1 125.2 ± 11.3 125.7 ± 11.0 0.608

DBP, mmHg 77.8 ± 8.1 77.5 ± 8.6 78.1 ± 7.5 0.348

Total cholesterol, mg/dL 183.0 ± 38.1 182.1 ± 35.3 183.8 ± 40.8 0.616

Triglyceride, mg/dL 121.6 ± 76.9 117.5 ± 82.0 125.6 ± 71.3 0.258

HDL-C, mg/dL 48.8 ± 14.4 48.4 ± 13.5 49.1 ± 15.2 0.588

LDL-C, mg/dL 125.3 ± 35.9 125.5 ± 32.7 125.1 ± 38.9 0.903

Fasting plasma glucose, mg/dL 100.2 ± 24.0 99.9 ± 23.7 100.6 ± 24.4 0.740

HbA1c, % 5.8 ± 1.0 5.8 ± 1.0 5.8 ± 0.9 0.794

Notes: Data are presented as means ± standard deviations or numbers (percentages); aStatistical comparisons of the data were performed using the McNemar test or 
marginal homogeneity test for categorical variables and the paired t-test for continuous variables. 
Abbreviations: COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.
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reported that muscular atrophy and muscle dysfunction are 
serious complications in COPD patients.23,30,31 Based on 
these findings, we predict that muscle atrophy and impair-
ment of muscle function were exacerbated in subjects with 
moderate COPD.

The VFA is a localized adipose tissue area around the 
internal organs, and several studies have reported that 
abdominal VFA is increased in COPD patients.27,28 In 
the current study, there was no significant difference in 
the VFA index between the control and COPD groups after 
propensity score matching, or between the control group 
and mild COPD subgroup in the multiple regression 

model. However, subjects in the moderate COPD sub-
group had a higher VFA index when compared with the 
control group in the multiple regression model. These 
results suggest that abdominal VFA were increased in 
subjects with a more advanced COPD stage.

Considering the findings for the VFA index in the 
COPD subgroups, we anticipated that there would be no 
change or a slight decrease in VFA attenuation among 
mild COPD subjects when compared with control subjects. 
However, the VFA attenuation was increased in subjects 
with mild COPD. This might be an accidental finding 
because there was relatively little difference in the 

Figure 2 Distribution of the abdominal body compositions between the control and chronic obstructive pulmonary disease groups in the propensity score matching cohort. 
(A) Comparison of the attenuations for abdominal fat and muscle, (B) Comparison of the body mass index adjusted cross-sectional areas for abdominal fat and muscle. 
Abbreviations: COPD, chronic obstructive pulmonary; HU, Hounsfield units; IMAT, intermuscular adipose tissue; LAMA, low attenuation abdominal muscle area; NAMA, 
normal attenuation muscle area; SFA, subcutaneous fat area; VFA, visceral fat area.
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abdominal body compositions between the control and 
mild COPD subjects, and there was no increase in VFA 
attenuation in the subjects with moderate COPD. Further 
large-scale studies are required to evaluate these findings 
further.

Based on the decreased NAMA attenuation, and the 
increased LAMA, and IMAT indexes, we can conclude 
that intra-abdominal lipid components were increased in 
COPD subjects when compared with control subjects. 
Although the mechanism for intra-abdominal lipid accu-
mulation in COPD subjects is not clear, it might be attrib-
uted to chronic systemic inflammation, smoking, dietary 
habits, lifestyle, genetic factors, hormonal changes, and 
the use of drugs such as steroids.2,32–34 Additionally, ecto-
pic fat contributes to increased proinflammatory mediators 
such as TNF-α, IL-6, leptin, and adiponectin, which, as 
a result, can lead to the incompetence of the muscle 
oxidative capacity, poor functional status, insulin resis-
tance, cardiovascular comorbidities, and all-cause mortal-
ity in COPD patients.5,27,35–38

This study was subject to several limitations. First, 
due to the cross-sectional nature of the study design, 
there might be causal relationships. However, we tried 
to minimize the bias by adjusting for the differences 
between the control and COPD groups using propensity 

score matching and multiple linear regression. Second, 
COPD diagnosis for the included subjects might have 
been inaccurate. COPD diagnosis in our study was not 
made by the doctor, it was determined on the basis of the 
pre-bronchodilator FEV1/FVC results. Additionally, we 
could not discriminate between mixed and pure obstruc-
tive patterns in some subjects due to the absence of total 
lung capacity. Although we considered age and smoking 
history for the COPD diagnosis, it is possible that sub-
jects with asthma were included or non-smoking COPD 
subjects were excluded. Therefore, our study results 
should be interpreted with caution. Third, considering 
the FEV1 values, because we enrolled subjects under-
going health examinations, most of the subjects included 
in the COPD group had mild to moderate disease. Our 
study results might differ among subjects with severe or 
very severe COPD. Well-designed and large-scale studies 
targeting subjects with advanced stage COPD are 
required to draw definitive conclusions. Fourth, it is pos-
sible that underlying comorbidities (cardiovascular dis-
ease, hypertension, diabetes, and hyperlipidemia) 
obtained from self-report questionnaires were incorrectly 
diagnosed. Additionally, heart, lung, liver, kidney, and 
rheumatic disorders might have been underdiagnosed, 
since focus was placed on metabolic problems and 

Table 2 Abdominal Body Fat and Muscle Composition Analysis Results for the Chronic Obstructive Pulmonary Disease Group 
Compared with the Control Group

Crude Adjusteda Propensity Score Matchedb

Unstandardized β 
(95% CI)

P valuec Unstandardized β 
(95% CI)

P valuec Unstandardized β 
(95% CI)

P valuec

Attenuation, HU

SFA, HU 0.287 (−0.599, 1.173) 0.525 −0.793 (−1.598, 0.012) 0.053 −1.308 (−2.683, 0.067) 0.062

VFA, HU −0.398 (−1.444, 0.649) 0.456 −0.066 (−0.900, 0.768) 0.877 −0.320 (−1.800, 1.160) 0.672
IMAT, HU −0.144 (−0.763, 0.474) 0.648 −0.417 (−1.046, 0.211) 0.193 −0.588 (−1.450, 0.274) 0.181

LAMA, HU 0.700 (0.479, 0.920) <0.001 0.111 (−0.085, 0.308) 0.266 0.160 (−0.119, 0.439) 0.262

NAMA, HU −1.783 (−2.288, −1.277) <0.001 −0.933 (−1.409, −0.457) < 0.001 −1.168 (−1.803, −0.533) <0.001

BMI adjusted

SFA index, cm2/(kg/m2) −0.868 (−1.107, −0.630) <0.001 0.060 (−0.130, 0.249) 0.539 0.056 (−0.204, 0.316) 0.673
VFA index, cm2/(kg/m2) 1.116 (0.847, 1.385) <0.001 0.149 (−0.042, 0.340) 0.126 0.241 (−0.139, 0.620) 0.214

IMAT index, cm2/(kg/m2) 0.049 (0.030, 0.069) <0.001 0.040 (0.021, 0.058) < 0.001 0.042 (0.012, 0.072) 0.006

LAMA index, cm2/(kg/m2) 0.251 (0.207, 0.296) <0.001 0.113 (0.074, 0.151) < 0.001 0.120 (0.049, 0.190) <0.001
NAMA index, cm2/(kg/m2) 0.556 (0.406, 0.705) <0.001 −0.042 (−0.125, 0.041) 0.319 −0.076 (−0.223, 0.072) 0.315

Notes: aVariables were adjusted by the propensity score and those with P values less than 0.1 in simple linear regression analysis were included in the multiple linear 
regression analysis; bOf the 6,965 subjects, 250 pairs were matched; cStatistical comparisons of the data were performed using simple and multiple linear regression analysis 
for the entire study cohort and a generalized estimating equations linear regression model for the propensity score matching cohort. 
Abbreviations: BMI, body mass index; CI, confidence interval; HU, Hounsfield units; IMAT, intermuscular adipose tissue; SFA, subcutaneous fat area; LAMA, low 
attenuation abdominal muscle area; NAMA, normal attenuation muscle area; VFA, visceral fat area.
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metabolic-syndrome-related diseases. Fifth, lifestyle fac-
tors (alcohol consumption and exercise grade) might have 
not been objectively quantified, and we could not inves-
tigate the subjects’ medication use (such as bronchodila-
tors, steroids, antihypertensive medications, diabetic 
medications, and lipid lowering agents). However, we 
tried to adjust for these limitations by enrolling a large 

number of subjects and by conducting in-depth matching 
of study subjects. Finally, we could not evaluate the 
abdominal fat and muscle differences according to the 
COPD phenotype, such as chronic bronchitis and emphy-
sema. There might have been different findings between 
the two phenotypes; thus, further studies are required to 
investigate this.

Table 3 Abdominal Body Fat and Muscle Composition Analysis Results for the Chronic Obstructive Pulmonary Disease Subgroups 
Compared with the Control Group

Simple Multiplea

Unstandardized β 
(95% CI)

P valueb Unstandardized β 
(95% CI)

P valueb

SFA, HU Control Reference Reference

Mild COPD 0.755 (−0.600, 2.111) 0.275 −0.154 (−1.352, 1.045) 0.802

Moderate COPD −0.032 (−1.209, 1.144) 0.957 −0.634 (−1.677, 0.408) 0.233

VFA, HU Control Reference Reference

Mild COPD 1.054 (−0.548, 2.657) 0.197 1.287 (0.050, 2.524) 0.041
Moderate COPD −1.554 (−2.942, −0.166) 0.028 −0.716 (−1.788, 0.357) 0.191

IMAT, HU Control Reference Reference
Mild COPD −0.241 (−1.190, 0.709) 0.619 −0.680 (−1.613, 0.254) 0.154

Moderate COPD 0.040 (−0.780, 0.860) 0.924 −0.341 (−1.151, 0.468) 0.408

LAMA, HU Control Reference Reference

Mild COPD 0.767 (0.429, 1.106) <0.001 0.184 (−0.110, 0.478) 0.219

Moderate COPD 0.691 (0.399, 0.983) <0.001 0.044 (−0.210, 0.298) 0.732

NAMA, HU Control Reference Reference

Mild COPD −1.596 (−2.373, −0.819) <0.001 −0.625 (−1.337, 0.087) 0.085
Moderate COPD −2.010 (−2.682, −1.338) <0.001 −1.075 (−1.692, −0.458) <0.001

SFA index, Control Reference Reference

cm2/(kg/m2) Mild COPD −1.087 (−1.454, −0.719) <0.001 −0.090 (−0.373, 0.194) 0.535

Moderate COPD −0.689 (−1.007, −0.371) <0.001 0.242 (−0.004, 0.488) 0.054

VFA index, Control Reference Reference

cm2/(kg/m2) Mild COPD 0.880 (0.468, 1.292) <0.001 −0.033 (−0.316, 0.251) 0.821
Moderate COPD 1.317 (0.960, 1.674) <0.001 0.276 (0.031, 0.522) 0.027

IMAT index, Control Reference Reference
cm2/(kg/m2) Mild COPD 0.043 (0.013, 0.072) 0.004 0.037 (0.009, 0.065) 0.009

Moderate COPD 0.049 (0.024, 0.075) <0.001 0.045 (0.020, 0.069) <0.001

LAMA index, Control Reference Reference

cm2/(kg/m2) Mild COPD 0.221 (0.154, 0.289) <0.001 0.089 (0.032, 0.147) 0.002

Moderate COPD 0.279 (0.220, 0.338) <0.001 0.147 (0.097, 0.197) <0.001

NAMA index, Control Reference Reference

cm2/(kg/m2) Mild COPD 0.633 (0.403, 0.863) <0.001 −0.026 (−0.150, 0.097) 0.676
Moderate COPD 0.529 (0.330, 0.728) <0.001 −0.133 (−0.240, −0.026) 0.015

Notes: aVariables were adjusted by those with P values less than 0.1 in simple linear regression analysis were included in the multiple linear regression analysis; bStatistical 
comparisons of the data were performed using simple and multiple linear regression analysis for the entire study cohort. 
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; HU, Hounsfield units; IMAT, intermuscular adipose tissue; SFA, subcutaneous fat 
area; LAMA, low attenuation abdominal muscle area; NAMA, normal attenuation muscle area; VFA, visceral fat area.
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Conclusion
In this large cross-sectional study using CT-based body com-
position analysis, it was found that intramuscular and inter-
muscular abdominal fat infiltration may be increased in mild 
COPD subjects, and it may be more advanced in moderate 
COPD subjects independent of age, sex, height, weight, BMI, 
underlying diseases, lifestyle, and metabolic factors. These 
results suggest that intramuscular and intermuscular abdom-
inal fat infiltration is an important finding of abdominal com-
position changes in COPD subjects. Our study findings should 
be validated by larger, prospective randomized control studies 
investigating abdominal fat and muscle in COPD subjects.

Abbreviations
APCT, abdominopelvic computed tomography; BMI, body 
mass index; COPD, chronic obstructive pulmonary dis-
ease; CT, computed tomography; FEV1, forced expiratory 
volume in the first 1 second; FVC, forced vital capacity; 
HbA1c, glycosylated hemoglobin; HDL-C, high-density 
lipoprotein cholesterol; HU, Hounsfield units; IMAT, inter-
muscular adipose tissue; LAMA, low attenuation abdom-
inal muscle area; LDL-C, low-density lipoprotein 
cholesterol, NAMA, normal attenuation muscle area; 
SFA, subcutaneous fat area; VFA, visceral fat area.
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