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Abstract

Background Diagnostic cutoff points for sarcopenia in chest computed tomography (CT) have not been established
although CT is widely used for investigating skeletal muscles. This study aimed to determine reference values for
sarcopenia of thoracic skeletal muscles acquired from chest CT scans and to analyse variables related to sarcopenia
using the cutoff values determined in a general Asian population.
Methods We retrospectively reviewed chest CT scans of 4470 participants (mean age 54.8 ± 9.9 years, 65.8% male)
performed at a check-up centre in South Korea (January 2016–August 2017). To determine cutoffs, 335 participants
aged 19–39 years (mean age 35.2 ± 3.6 years, 75.2% male) were selected as the healthy and younger reference group,
and 4135 participants aged ≥40 years (mean age 56.4 ± 8.4 years, 65.1% male) were selected as the study group. We
measured the following: cross-sectional area (CSA) of the pectoralis, intercostalis, paraspinal, serratus, and latissimus
muscles at the 4th vertebral region (T4CSA); T4CSA divided by height2 (T4MI); pectoralis muscle area (PMCSA); and
PMCSA divided by height2 (PMI) at the 4th vertebral region. Sarcopenia cutoff was defined as sex-specific values of less
than �2 SD below the mean from the reference group.
Results In the reference group, T4CSA, T4MI, PMCSA, and PMI cutoffs for sarcopenia were 100.06cm2, 33.69cm2/m2,
29.00cm2, and 10.17cm2/m2 in male, and 66.93cm2, 26.01cm2/m2, 18.29cm2, and 7.31cm2/m2 in female, respectively.
The prevalence of sarcopenia in the study group measured with T4CSA, T4MI, PMCSA and PMI cutoffs were 11.4%,
8.7%, 8.5%, and 10.1%, respectively. Correlations were observed between appendicular skeletal mass divided by
height2 measured by bioelectrical impedance analysis (BIA) and T4CSA (r = 0.82; P < 0.001)/T4MI (r = 0.68;
P < 0.001), and ASM/height2 measured by BIA and PMCSA (r = 0.72; P < 0.001)/PMI (r = 0.63; P < 0.001). In the
multivariate logistic regression models, sarcopenia defined by T4CSA/T4MI were related to age [odds ratio (95%
confidence interval), P-values: 1.09 (1.07–1.11), <0.001/1.05 (1.04–1.07), <0.001] and diabetes [1.60 (1.14–2.25),
0.007/1.47 (1.01–2.14), 0.043]. Sarcopenia defined by PMCSA/PMI were related to age [1.09 (1.08–1.10), <0.001/
1.05 (1.03–1.06), <0.001], male sex [0.23 (0.18–0.30), <0.001/0.47 (0.32–0.71), <0.001], diabetes [2.30
(1.73–3.05), <0.001/1.63 (1.15–2.32), 0.007], history of cancer [2.51 (1.78–3.55), <0.001/1.61 (1.04–2.48),
0.033], and sufficient physical activity [0.67 (0.50–0.89), 0.007/0.74 (0.56–0.99), 0.042].
Conclusions The reference cutoff values of a general population reported here will enable sex-specific standardization
of thoracic muscle mass quantification and sarcopenia assessment.
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Introduction

The decrease in skeletal muscle function or strength and mus-
cle mass by aging is defined as sarcopenia.1 Sarcopenia can
cause negative outcomes such as physical disability, poor qual-
ity of life, and death.2,3 The decline in muscle mass is observed
not only in older patients but also in younger patients.4,5 The
diagnosis of sarcopenia requires measurements of muscle
quality and quantitye.6 A wide variety of tests, including mag-
netic resonance imaging (MRI), computed tomography (CT),
dual-energy X-ray absorptiometry (DXA), and multifrequency
bioelectrical impedance analysis (BIA), are available for the
characterization of sarcopenia in practice and research.1

Conventionally, when analysing muscle quantity using CT,
skeletal muscle measurements at the level of the third lum-
bar vertebra are used.7,8 These are strongly correlated with
whole-body muscle mass in healthy adults.9 A limitation of
this method for muscle quantification is that abdominal CT
scans are not typically performed in clinical respiratory or car-
diac assessment.10 Thoracic skeletal muscle quantification is
clinically important as the muscle quantity is associated with
various diseases.11 Therefore, there have been efforts to
measure sarcopenia from thoracic skeletal muscle acquired
from chest CT.12–14 Furthermore, as the thoracic muscle
cross-sectional area (CSA) from a single axial CT slice is known
to correlate strongly with thoracic muscle volume,13 measur-
ing CSA of thoracic skeletal muscle using CT has become
more common.15,16

Various methods for analysing thoracic skeletal muscles
from chest CTs have shown clinical importance. Among the
methods, the CSA of pectoralis, intercostalis, paraspinal,
serratus, and latissimus muscles (T4CSA) correlated with quad-
riceps size and limb muscle strength17 and have shown a re-
lationship with prognosis in lung transplantation patients.13

We also have previously described the ability of T4CSA to pre-
dict the prognosis in idiopathic pulmonary fibrosis patients.10

The CSA of pectoralis muscles (PMCSA) have shown a relation-
ship with prognosis in a smoking population,18 chronic ob-
structive lung disease,12 patients with left ventricular assist
device implantation,19 coronavirus disease (COVID-19),20 pa-
tients in intensive care unit,21 and patients with lung
cancer.22

Diagnostic indices and diagnostic cutoff points have been
established for DXA and BIA.1 From the abdominal CT scans,
Derstine et al. determined reference cutoff points of skeletal
muscles at the level of the T10 to L523; the International Con-
sensus of Cancer Cachexia determined reference cutoff
points at the level of the third lumbar vertebra to maximize
the diagnostic yield for sarcopenia.7 However, diagnostic cut-
off points for the CSA of thoracic skeletal muscles for sarco-
penia have not been established in chest CT scans.

Determining appropriate cutoff values for thoracic skeletal
muscles is needed to predict and prevent secondary sarcope-
nia and adverse clinical outcomes in various disease condi-

tions. Furthermore, determining appropriate cutoff values
for the diagnosis of sarcopenia may promote further sarcope-
nia research and treatment.24 Therefore, examining diagnos-
tic cutoff points for sarcopenia from the CSA of the thoracic
skeletal muscles is needed, and it would be useful when con-
sidering the cutoff points acquired from DXA and BIA.

The screening programme performed in the Health Promo-
tion Center of the Severance Hospital includes tests such as
BIA, chest CT, laboratory blood tests, and pulmonary function
tests, as well as questionnaires. Using this data, this study
aimed to (i) determine reference values for sarcopenia from
thoracic skeletal muscles acquired from chest CT scans, (ii)
compare the determined values with those acquired by BIA,
and (iii) analyse variables related to sarcopenia, in a general
Asian population.

Materials and methods

Study design and population

We performed a retrospective, cross-sectional study based
on participants aged 19 years or older who voluntarily visited
the Health Promotion Center of the Severance Hospital,
Seoul, South Korea and underwent a health checkup pro-
gramme that included chest CT scans between January
2016 and July 2017. The exclusion criteria were as follows:
(i) incomplete past medical history records (n = 122), (ii) in-
complete smoking status records (n = 84), (iii) having any cur-
rent pathological disorders including cancer, liver cirrhosis,
chronic renal insufficiency, uncontrolled asthma, cardiovascu-
lar disease, or cerebrovascular accident (n = 242), (iv) did not
undergo BIA (n = 204), and (v) did not undergo pulmonary
function test (n = 24). As a result, 4470 participants were en-
rolled in our study, of which, 335 participants aged 19–-
39 years (mean age 35.2 ± 3.6, 75.2% male) were selected
as the reference group for determining T4CSA, T4MI, PMCSA

and PMI cutoffs in accordance with previous studies25,26;
4135 subjects aged ≥40 years (mean age 56.4 ± 8.4, 65.1%
men) were included in the analysis (Supporting Information,
Figure S1). All enrolled patients were Korean.

All participants that underwent our health check-up pro-
gramme were asked to fill out a questionnaire. Smoking his-
tory, alcohol history, past medical and/or surgical history,
and whether the participant partakes in regular physical ac-
tivity (intensity, frequency, and the time of the physical activ-
ity) were included in the questionnaire. Smoking history was
categorized as ‘never/ex-smoker/current smoker’ and alcohol
history was calculated as cc/day. Aerobic exercise was de-
fined as ‘moderate activity that makes you out of breath a lit-
tle more than usual’, and the examples provided for aerobic
exercises included brisk walking, tennis (doubles), cycling at
slower than 10 miles per hour, and dancing. Intensive exer-
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cise was defined as ‘strenuous activity that makes you out of
breath much more than usual’, and the examples provided
for intensive exercises included running, aerobic dancing, cy-
cling at faster than 10 miles per hour, tennis (singles), and hik-
ing uphill. Sufficient physical activity was considered as
performing intensive exercise ≥75 min/week and/or aerobic
exercise ≥150 min/week according to the recommendations
of WHO and AHA.27,28 All participants underwent BIA, pulmo-
nary function tests, and laboratory tests including complete
blood count, CRP, blood urea nitrogen, creatinine, total pro-
tein, albumin, liver enzymes, total bilirubin, lipid panel tests,
fasting glucose, and HbA1c. Body composition was measured
with direct segmental multifrequency BIA using the InBody
720 (InBody Co., Ltd., Seoul, Republic of Korea), widely used
in the diagnosis of sarcopenia.1,29 Measurements were per-
formed with the participants in a standing position grasping
the handles of the analyser, providing contact with a total
of eight electrodes (two for each foot and hand). The system
separately measured the impedance of the participants’ right
arm, left arm, trunk, right leg, and left leg at six different fre-
quencies (1, 5, 50, 250, 500, and 1000 kHz). Appendicular
skeletal muscle mass (ASM) was calculated as the sum of
the lean muscle mass in the bilateral arms and legs. Early
morning blood was drawn from an antecubital vein in the
arm after overnight fasting, stored in vacuum tubes, and sub-
sequently analysed by a certified, central laboratory at the
Health Promotion Center of the Severance Hospital.

Measurement of cross-sectional area of the
skeletal muscle at the level of T4

We measured CSA of the pectoralis, intercostalis, paraspinal,
serratus, and latissimus muscles at the 4th vertebral region
(T4CSA) and CSA of pectoralis muscle area (PMCSA) at the
fourth vertebral region. All chest CT scans were performed
in the standardized position with the arms positioned at the
sides of the trunk as per the protocol of the Health Promotion
Center of the Severance Hospital. Measurements of the skel-
etal muscles were performed as in our previous study.10

Quantitative assessment of the CSA was performed
semi-automatically using the Aquarius iNtuition Viewer
(ver. 4.4.11, TeraRecon Inc., San Mateo, CA, USA) as shown
in Figure 1. The T4 level was defined as the slice, which
includes the middle of the fourth thoracic vertebrae. The ob-
server visually identified single cross-sectional images. CSAs of
tissue in slices were computed automatically by summation of
the pixel attenuation of�30 to +150 Hounsfield units for skel-
etal muscle. After applying the threshold method (with a
predefined Hounsfield unit threshold) to slices, boundaries
between different tissues were manually corrected addition-
ally. First, muscle CSA combination of the pectoralis,
intercostalis, serratus anterior, paraspinal, and latissimus
muscles (T4CSA) was quantified followed by CSA of only the

pectoralis muscles (PMCSA). Second, T4 muscle index (T4MI)
was calculated as T4CSA divided by height

2 and pectoralis mus-
cle index (PMI) was calculated as PMCSA divided by height2.
The measurement of CSAs was performed by 3 radiology tech-
nicians with 4, 6, and 10 years of experience. Afterwards, 500
samples were randomly selected from the data and another
technician performed measurement of CSAs to validate the
reliability of the data. The intraclass correlation coeffiencts
for the initial values and the re-measured values were 0.993
(P < 0.001) in the T4CSA and 0.999 (P < 0.001) in the PMCSA.
Radiology technicians measured CSAs without access to pa-
tient information. Both contrast-enhanced and non-contrast
CT scans were used as there was no difference in muscle
CSA measurements between these in the previous study.30

We adopted the definition of sarcopenia developed by
Baumgartner et al.31 and recommended by EWGSOP.1 Sarco-
penia cutoff was defined as values less than �2 standard de-
viations (SD) below the sex-specific mean for a healthy,
younger (age 19–39 years) person for T4CSA, T4MI, PMCSA,
and PMI.

Figure 1 Sample axial CT images of the fourth thoracic vertebral region.
(A) Pectoralis, intercostalis, paraspinal, serratus, and latissimus muscles
(T4CSA) are in yellow. (B) Pectoralis muscles (PMCSA) are in green.
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Statistical analysis

Descriptive statistics were reported as numbers with propor-
tions or as means with SDs. Chi-square tests were conducted
to compare categorical variables; t-tests were conducted to
compare continuous variables between the two groups.
Pearson’s correlation analysis was used to evaluate the corre-
lation between two continuous variables. To evaluate the re-
lationship between sarcopenia and multiple clinical
parameters while controlling potential confounding factors,
multivariate logistic regression models were used. In the mul-
tivariate logistic regression models for T4MI and PMI, BMI
was not included because the value of height2 would overlap
in the calculation of T4MI, PMI, and BMI. An adjusted P-value
<0.05 was considered statistically significant. Statistical anal-
yses were performed with SPSS version 25.0 (SPSS Inc., Chi-
cago, IL, USA). Receiver operator characteristic (ROC) curves
and AUC (area under the ROC curve) were generated using
the MedCalc software (version 15.0; MedCalc, Oostende,
Belgium).

Results

Baseline characteristics, bioelectrical impedance
analysis, laboratory, and pulmonary function test

To determine cutoffs, 335 participants aged 19–39 years
(mean age 35.2 ± 3.6 years, 75.2% male) were selected as
the reference group. When values less than –2SD below the
mean were invested in the reference group as the cutoff for
defining sarcopenia, the sex-specific cutoff points of T4CSA,
T4MI, PMCSA, and PMI were 100.06 cm2, 33.69 cm2/m2,
29.00 cm2, and 10.17 cm2/m2 in men, respectively and
66.93 cm2, 26.01 cm2/m2, 18.29 cm2, and 7.31 cm2/m2 in fe-
male, respectively. A total of 4135 participants aged
≥40 years (mean age 56.4 ± 8.4 years, 65.1% men) were se-
lected as the study group. Baseline characteristics of the par-
ticipants in the study group stratified by presence of
sarcopenia defined by T4CSA and T4MI, and baseline charac-
teristics of the study participants stratified by the presence
of sarcopenia defined by PMCSA and PMI are provided in
Table 1. The prevalence of sarcopenia determined using
T4CSA, T4MI, PMCSA, and PMI cutoffs was 11.9% (319/2690),
9.4% (252/2690), 6.2% (168/2690), and 8.4% (226/2690) in
male, respectively; and 10.7% (154/1445), 7.5% (108/1445),
12.8% (185/1445), and 13.4% (193/1445) in female, respec-
tively. The sarcopenia group had higher BMI than that in
the normal group (all P< 0.050). There was no significant dif-
ference in body weight between the sarcopenia group de-
fined by T4MI and the normal group (67.7 ± 11.9 vs.
67.0 ± 11.8, P = 0.258); additionally, no significant difference
in height was found between the sarcopenia group defined

by PMI and the normal group (1.67 ± 0.08 vs. 1.67 ± 0.09,
P = 0.819). The proportion of chronic underlying diseases
such as hypertension and diabetes was significantly higher
in the sarcopenia group compared with that in the normal
group (all P< 0.050). Laboratory and pulmonary function test
results of the study patients stratified by presence of sarco-
penia defined by T4CSA, T4MI, PMCSA, and PMI are provided
in Table 2. The sarcopenia group had significantly higher
C-reactive protein (CRP), blood urea nitrogen, and
haemoglobin A1c and had significantly lower total cholesterol
and pulmonary function test results compared to those of the
normal group (all P < 0.050). The distribution of the T4CSA,
T4MI, PMCSA, and PMI values are shown in Figure 2. T4CSA,
T4MI, PMCSA, and PMI decreased as age increased. The prev-
alence of sarcopenia increased with older age in both sexes.
High correlations were observed between T4CSA and PMCSA

(r = 0.92; P < 0.001), and T4MI and PMI (r = 0.87;
P < 0.001). Similarly, correlations were observed between
ASM/height2 measured by BIA and T4CSA (r = 0.82;
P< 0.001)/T4MI (r = 0.68; P< 0.001), and ASM/height2 mea-
sured by BIA and PMCSA (r = 0.72; P < 0.001)/PMI (r = 0.63;
P < 0.001) (Table S1).

Variables related to sarcopenia

Table 3 shows the result of the logistic regression model to
analyse variables related to sarcopenia defined by T4CSA,
T4MI, PMCSA, and PMI. Sarcopenia defined by T4CSA was re-
lated to older age [odds ratio (95% confidence interval); P
values: 1.09 (1.07–1.11); P < 0.001] and diabetes [1.60
(1.14–2.25); P = 0.007], and was inversely related to body
mass index (BMI) [0.80 (0.76–0.84); P < 0.001] and sufficient
physical activity [0.65 (0.49–0.86); P = 0.003]; sarcopenia de-
fined by T4MI was related to older age [1.05 (1.04–1.07);
P < 0.001], diabetes [1.47 (1.01–2.14); P = 0.043], history of
liver disease [1.92 (1.16–3.18); P = 0.011]. Sarcopenia defined
by PMCSA was related to older age [1.09 (1.08–1.10);
P < 0.001], history of hypertension [1.68 (1.34–2.12);
P < 0.001], diabetes [2.30 (1.73–3.05); P < 0.001], pulmo-
nary disease [1.50 (1.06–2.13); P = 0.023], and cancer [2.51
(1.78–3.55); P < 0.001] and was inversely related to male
sex [0.23 (0.18–0.30); P < 0.001], BMI [0.91 (0.87–0.94);
P < 0.001], alcohol consumption [0.99 (0.98–1.00);
P = 0.007], and sufficient physical activity [0.67 (0.50–0.89);
P = 0.007]; sarcopenia defined by PMI was related to older
age [1.05 (1.03–1.06); P < 0.001], history of diabetes [1.63
(1.15–2.32); P = 0.007], cancer [1.61 (1.04–2.48); P = 0.033],
alcohol consumption [1.01 (1.00–1.02); P = 0.002], and was
inversely related to male sex [0.47 (0.32–0.71); P < 0.001],
history of cerebrovascular accident [0.23 (0.06–0.85);
P = 0.027], and sufficient physical activity [0.74 (0.56–0.99);
P = 0.042].

958 S.W. Moon et al.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 955–965
DOI: 10.1002/jcsm.12946



Ta
b
le

1
Su
b
je
ct

ch
ar
ac
te
ri
st
ic
s
st
ra
ti
fie

d
b
y
p
re
se
n
ce

o
f
sa
rc
o
p
en

ia

D
efi

ne
d
by

T4
C
SA

D
efi

ne
d
by

T4
M
Ia

D
efi

ne
d
by

PM
C
SA

D
efi

ne
d
by

PM
Ib

N
or
m
al

(n
=

36
62

)
Sa

rc
op

en
ia

(n
=

47
3)

P-
va
lu
e

N
or
m
al

(n
=

37
75

)
Sa

rc
op

en
ia

(n
=

36
0)

P-
va
lu
e

N
or
m
al

(n
=

37
82

)
Sa

rc
op

en
ia

(n
=

35
3)

P-
va
lu
e

N
or
m
al

(n
=

37
16

)
Sa

rc
op

en
ia

(n
=

41
9)

P-
va
lu
e

A
ge

,y
ea

rs
55

.7
±

8.
0

62
.4

±
9.
4

<
0.
00

1
56

.1
±

8.
2

60
.3

±
9.
6

<
0.
00

1
55

.9
±

8.
1

62
.3

±
9.
2

<
0.
00

1
56

.1
±

8.
2

59
.9

±
9.
3

<
0.
00

1
Se

x,
M
al
e

23
71

(6
4.
7%

)
31

9
(6
7.
4%

)
0.
26

0
24

38
(6
4.
6%

)
25

2
(7
0.
0%

)
0.
04

3
25

22
(6
6.
7%

)
16

8
(4
7.
6%

)
<
0.
00

1
24

64
(6
6.
3%

)
22

6
(5
3.
9%

)
<
0.
00

1
H
ei
gh

t,
m

1.
67

±
0.
08

1.
63

±
0.
09

<
0.
00

1
1.
66

±
0.
08

1.
69

±
0.
09

<
0.
00

1
1.
67

±
0.
08

1.
60

±
0.
08

<
0.
00

1
1.
67

±
0.
08

1.
67

±
0.
09

0.
81

9
W
ei
gh

t,
kg

68
.3

±
11

.8
61

.4
±

10
.5

<
0.
00

1
67

.7
±

11
.9

67
.0

±
11

.8
0.
25

8
68

.2
±

11
.8

59
.9

±
10

.4
<
0.
00

1
67

.9
±

11
.8

65
.8

±
12

.6
0.
00

1
Bo

dy
m
as
s

in
de

x,
kg

/m
2

24
.4

±
3.
0

23
.0

±
2.
8

<
0.
00

1
24

.3
±

2.
9

23
.1

±
2.
8

<
0.
00

1
24

.3
±

3.
0

23
.4

±
3.
1

<
0.
00

1
24

.3
±

3.
0

23
.6

±
3.
3

<
0.
00

1

T4
C
SA
,c

m
2

10
8.
1
±

23
.9

83
.4

±
16

.0
<
0.
00

1
10

7.
2
±

24
.2

85
.1

±
17

.0
<
0.
00

1
10

7.
6
±

23
.7

79
.8

±
16

.9
<
0.
00

1
10

7.
6
±

23
.9

84
.0

±
18

.4
<
0.
00

1
T4

M
Ia
,c

m
2
/m

2
38

.3
±

6.
5

29
.5

±
4.
3

<
0.
00

1
38

.3
±

6.
5

26
.7

±
7.
6

<
0.
00

1
38

.1
±

6.
6

28
.7

±
4.
1

<
0.
00

1
38

.4
±

6.
5

29
.9

±
4.
4

<
0.
00

1
PM

C
SA
,c

m
2

35
.6

±
11

.4
25

.9
±

7.
3

<
0.
00

1
35

.2
±

11
.5

26
.7

±
7.
6

<
0.
00

1
35

.7
±

11
.1

21
.0

±
5.
4

<
0.
00

1
35

.8
±

11
.1

22
.6

±
6.
2

<
0.
00

1
PM

Ib
,c

m
2
/m

2
12

.5
±

3.
4

9.
0
±

2.
2

<
0.
00

1
12

.5
±

3.
4

9.
1
±

2.
1

<
0.
00

1
12

.6
±

3.
3

7.
3
±

1.
3

<
0.
00

1
12

.7
±

3.
3

8.
0
±

1.
5

<
0.
00

1
H
yp

er
te
ns
io
n

89
5
(2
4.
4%

)
15

0
(3
1.
7%

)
0.
00

1
93

7
(2
4.
8%

)
10

8
(3
0.
0%

)
0.
03

6
92

1
(2
4.
4%

)
12

4
(3
5.
1%

)
<
0.
00

1
91

3
(2
4.
6%

)
13

2
(3
1.
5%

)
0.
00

2
D
ia
be

te
s

34
4
(9
.4
%
)

94
(1
9.
9%

)
<
0.
00

1
37

1
(9
.8
%
)

67
(1
8.
6%

)
<
0.
00

1
36

8
(9
.7
%
)

70
(1
9.
8%

)
<
0.
00

1
36

2
(9
.7
%
)

76
(1
8.
1%

)
<
0.
00

1
C
ar
di
ac

di
se
as
e

21
3
(5
.8
%
)

47
(9
.9
%
)

0.
00

1
23

1
(6
.1
%
)

29
(8
.1
%
)

0.
17

1
22

3
(5
.9
%
)

37
(1
0.
5%

)
0.
00

2
22

8
(6
.1
%
)

32
(7
.6
%
)

0.
24

2
C
er
eb

ro
va
sc
ul
ar

ac
ci
de

nt
62

(1
.7
%
)

11
(2
.3
%
)

0.
35

0
68

(1
.8
%
)

5
(1
.4
%
)

0.
83

3
65

(1
.7
%
)

8
(2
.3
%
)

0.
40

1
67

(1
.8
%
)

6
(1
.4
%
)

0.
69

9

Pu
lm

on
ar
y

di
se
as
e

29
2
(8
.0
%
)

45
(9
.5
%
)

0.
24

6
29

6
(7
.8
%
)

41
(1
1.
4%

)
0.
02

6
29

7
(7
.9
%
)

40
(1
1.
3%

)
0.
03

2
29

5
(7
.9
%
)

42
(1
0.
0%

)
0.
15

7

Li
ve
r
di
se
as
e

17
5
(4
.8
%
)

22
(4
.7
%
)

1.
00

0
17

4
(4
.6
%
)

23
(6
.4
%
)

0.
15

2
18

0
(4
.8
%
)

17
(4
.8
%
)

0.
89

6
17

0
(4
.6
%
)

27
(6
.4
%
)

0.
09

1
C
an

ce
r

21
1
(5
.8
%
)

36
(7
.6
%
)

0.
12

1
21

8
(5
.8
%
)

29
(8
.1
%
)

0.
10

2
20

3
(5
.4
%
)

44
(1
2.
5%

)
<
0.
00

1
20

0
(5
.4
%
)

47
(1
1.
2%

)
<
0.
00

1
Fr
ac
tu
re

18
1
(4
.9
%
)

35
(7
.4
%
)

0.
02

8
19

1
(5
.1
%
)

25
(6
.9
%
)

0.
13

6
19

0
(5
.0
%
)

26
(7
.4
%
)

0.
07

8
19

2
(5
.2
%
)

24
(5
.7
%
)

0.
64

3
Sm

ok
in
g

st
at
us

0.
07

3
0.
02

0
<
0.
00

1
0.
11

3

C
ur
re
nt

77
7
(2
1.
2%

)
95

(2
0.
1%

)
78

5
(2
0.
8%

)
87

(2
4.
2%

)
81

4
(2
1.
5%

)
58

(1
6.
4%

)
78

8
(2
1.
2%

)
84

(2
0.
0%

)
Ex
-s
m
ok

er
11

87
(3
2.
4%

)
17

8
(3
7.
6%

)
12

32
(3
2.
6%

)
13

3
(3
6.
9%

)
12

70
(3
3.
6%

)
95

(2
6.
9%

)
12

42
(3
3.
4%

)
12

3
(2
9.
4%

)
N
ev
er

sm
ok

er
16

98
(4
6.
4%

)
20

0
(4
2.
3%

)
17

58
(4
6.
6%

)
14

0
(3
8.
9%

)
16

98
(4
4.
9%

)
20

0
(5
6.
7%

)
16

86
(4
5.
4%

)
21

2
(5
0.
6%

)
A
lc
oh

ol
co

ns
um

pt
io
n

(c
c/
da

y)
c

13
.9

±
21

.8
10

.8
±

19
.5

0.
00

6
13

.6
±

21
.7

12
.6

±
20

.8
0.
42

9
13

.9
±

21
.1

10
.4

±
25

.7
0.
00

6
13

.6
±

20
.9

12
.9

±
26

.7
0.
50

5

Su
ffi
ci
en

t
ex
er
ci
se

d
88

9
(3
1.
7%

)
94

(2
6.
0%

)
0.
03

0
90

9
(3
1.
3%

)
74

(2
7.
8%

)
0.
26

8
92

1
(3
1.
7%

)
62

(2
3.
6%

)
0.
00

7
90

3
(3
1.
6%

)
80

(2
5.
6%

)
0.
03

3

T4
C
SA
,
cr
os
s-
se
ct
io
na

l
ar
ea

of
pe

ct
or
al
is
,
in
te
rc
os
ta
lis
,
pa

ra
sp

in
al
,
se
rr
at
us
,
an

d
la
ti
ss
im

us
m
us
cl
es
;
T4

M
I,
T4

m
us
cl
e
in
de

x;
PM

C
SA
,
cr
os
s-
se
ct
io
na

l
ar
ea

of
pe

ct
or
al
is

m
us
cl
es
;
PM

I,
pe

ct
or
al
is
m
us
cl
e
in
de

x.
P
va
lu
es

ar
e
ba

se
d
on

th
e
t-
te
st
s
an

d
χ2

te
st
s
fo
r
co

nt
in
uo

us
an

d
ca
te
go

ric
al

va
ri
ab

le
s,
re
sp

ec
ti
ve
ly
.C

on
ti
nu

ou
s
va
ri
ab

le
s
ar
e
pr
es
en

te
d
as

m
ea

n
±

st
an

da
rd

de
vi
at
io
ns

an
d
ca
te
go

ri
ca
l

va
ri
ab

le
s
ar
e
pr
es
en

te
d
as

nu
m
be

rs
(p
er
ce
nt
ag

e)
.
T4

C
SA

an
d
T4

M
I
cu

to
ff
s
fo
r
sa
rc
op

en
ia

w
er
e
10

0.
06

cm
2
an

d
33

.6
9
cm

2
/m

2
in

m
al
e
pa

rt
ic
ip
an

ts
,
re
sp

ec
ti
ve
ly
,
an

d
66

.9
3
cm

2
an

d
26

.0
1
cm

2
/m

2
in

fe
m
al
e
pa

rt
ic
ip
an

ts
,r
es
pe

ct
iv
el
y.

a T
4 C

SA
di
vi
de

d
by

he
ig
ht

2
.

a P
M

C
SA

di
vi
de

d
by

he
ig
ht

2
.

c A
va
ila

bl
e
fo
r
35

89
su
bj
ec
ts
.

d
In
te
ns
iv
e
ex
er
ci
se

>
75

m
in
/w

ee
k
an

d/
or

ae
ro
bi
c
ex
er
ci
se

>
15

0
m
in
/w

ee
k.

Thoracic muscle mass cutoffs for diagnosis of sarcopenia 959

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 955–965
DOI: 10.1002/jcsm.12946



Ta
b
le

2
La
b
o
ra
to
ry
,
b
io
el
ec
tr
ic
al
im

p
ed

an
ce

an
al
ys
is
,
an
d
p
u
lm

o
n
ar
y
fu
n
ct
io
n
te
st

re
su
lt
s
st
ra
ti
fie

d
b
y
p
re
se
n
ce

o
f
sa
rc
o
p
en

ia

D
efi

ne
d
by

T4
C
SA

D
efi

ne
d
by

T4
M
Ia

D
efi

ne
d
by

PM
C
SA

D
efi

ne
d
by

PM
Ib

N
or
m
al

(n
=

37
58

)
Sa

rc
op

en
ia

(n
=

37
7)

P-
va
lu
e

N
or
m
al

(n
=

37
75

)
Sa

rc
op

en
ia

(n
=

36
0)

P-
va
lu
e

N
or
m
al

(n
=

37
82

)
Sa

rc
op

en
ia

(n
=

35
3)

P-
va
lu
e

N
or
m
al

(n
=

37
16

)
Sa

rc
op

en
ia

(n
=

41
9)

P-
va
lu
e

W
hi
te

bl
oo

d
ce
ll,

10
9
/L

5.
49

±
1.
55

5.
45

±
1.
48

0.
64

5
5.
47

±
1.
54

5.
59

±
1.
54

0.
17

7
5.
46

±
1.
49

5.
67

±
1.
99

0.
01

5
5.
46

±
1.
48

5.
68

±
1.
95

0.
00

5

H
ae

m
og

lo
bi
n,

g/
dL

14
.5

±
1.
4

14
.4

±
1.
4

0.
01

0
14

.5
±

1.
41

14
.4

±
1.
4

0.
27

8
14

.6
±

1.
4

14
.0

±
1.
4

<
0.
00

1
14

.6
±

1.
4

14
.2

±
1.
5

<
0.
00

1

Pl
at
el
et
,

10
9
/L

23
2
±

54
22

7
±

55
0.
03

6
23

2
±

53
22

8
±

57
0.
11

9
23

1
±

53
23

8
±

64
0.
03

4
23

1
±

53
23

6
±

62
0.
12

0

C
-r
ea

ct
iv
e

pr
ot
ei
n,

m
g/
dL

1.
08

±
3.
75

1.
79

±
8.
45

0.
00

1
1.
11

±
4.
06

1.
86

±
7.
97

0.
00

3
1.
11

±
4.
56

1.
64

±
4.
37

0.
03

9
1.
12

±
4.
56

1.
65

±
4.
40

0.
02

4

Bl
oo

d
ur
ea

ni
tr
og

en
,m

g/
dL

14
.4

±
3.
4

15
.1

±
4.
7

<
0.
00

1
14

.5
±

3.
5

15
.0

±
5.
0

0.
01

2
14

.5
±

3.
5

15
.1

±
5.
0

0.
00

2
14

.5
±

3.
5

14
.9

±
4.
8

0.
03

2

C
re
at
in
in
e,

m
g/
dL

0.
82

±
0.
17

0.
82

±
0.
38

0.
59

6
0.
82

±
0.
17

0.
83

±
0.
42

0.
54

6
0.
83

±
0.
17

0.
78

±
0.
43

<
0.
00

1
0.
82

±
0.
17

0.
79

±
0.
40

0.
00

3

A
lb
um

in
,g

/d
L

4.
50

±
0.
24

4.
48

±
0.
24

0.
02

2
4.
50

±
0.
24

4.
49

±
0.
24

0.
46

2
4.
51

±
0.
23

4.
46

±
0.
25

<
0.
00

1
4.
50

±
0.
24

4.
47

±
0.
25

0.
01

0
To

ta
lb

ili
ru
bi
n,

m
g/
dL

1.
04

±
0.
39

1.
00

±
0.
39

0.
06

0
1.
04

±
0.
39

1.
02

±
0.
36

0.
28

4
1.
05

±
0.
40

0.
94

±
0.
31

<
0.
00

1
1.
05

±
0.
39

0.
97

±
0.
35

<
0.
00

1

To
ta
lc

ho
le
st
er
ol
,

m
g/
dL

20
1
±

38
19

3
±

40
<
0.
00

1
20

0
±

38
19

4
±

41
0.
00

3
20

0
±

37
19

5
±

44
0.
00

8
20

1
±

38
19

4
±

42
0.
01

0

H
ae

m
og

lo
bi
n

A
1c

,%
5.
70

±
0.
73

5.
91

±
0.
96

<
0.
00

1
5.
71

±
0.
75

5.
86

±
0.
92

<
0.
00

1
5.
70

±
0.
73

5.
99

±
1.
01

<
0.
00

1
5.
70

±
0.
74

5.
91

±
0.
92

<
0.
00

1

A
SM

/h
ei
gh

t2

in
BI
A

7.
41

±
1.
06

6.
98

±
0.
95

<
0.
00

1
7.
36

±
1.
06

7.
03

±
1.
00

<
0.
00

1
7.
40

±
1.
05

6.
62

±
0.
94

<
0.
00

1
7.
39

±
1.
05

6.
87

±
1.
03

<
0.
00

1

FE
V
1
/F
V
C
(%

)
78

.1
±

6.
2

76
.1

±
7.
6

<
0.
00

1
78

.1
±

6.
3

75
.5

±
7.
6

<
0.
00

1
78

.0
±

6.
3

77
.0

±
7.
6

0.
00

4
78

.0
±

6.
3

76
.5

±
7.
7

<
0.
00

1
FE
V
1
(L
)

2.
97

±
0.
65

2.
61

±
0.
60

<
0.
00

1
2.
94

±
0.
65

2.
81

±
0.
69

<
0.
00

1
2.
97

±
0.
64

2.
48

±
0.
57

<
0.
00

1
2.
96

±
0.
64

2.
71

±
0.
68

<
0.
00

1
FV

C
(L
)

3.
82

±
0.
83

3.
44

±
0.
76

<
0.
00

1
3.
78

±
0.
83

3.
73

±
0.
86

0.
21

2
3.
83

±
0.
82

3.
25

±
0.
75

<
0.
00

1
3.
80

±
0.
82

3.
55

±
0.
87

<
0.
00

1

T4
C
SA
,
cr
os
s-
se
ct
io
na

l
ar
ea

of
pe

ct
or
al
is
,
in
te
rc
os
ta
lis
,
pa

ra
sp

in
al
,
se
rr
at
us
,
an

d
la
ti
ss
im

us
m
us
cl
es
;
T4

M
I,
T4

m
us
cl
e
in
de

x;
PM

C
SA
,
cr
os
s-
se
ct
io
na

l
ar
ea

of
pe

ct
or
al
is

m
us
cl
es
;
PM

I,
pe

ct
or
al
is
m
us
cl
e
in
de

x;
BI
A
,B

io
el
ec
tr
ic
al

im
pe

da
nc

e
an

al
ys
is
;F

EV
1
,f
or
ce
d
ex
pi
ra
to
ry

vo
lu
m
e
in

1
se
co

nd
;F

V
C
,f
or
ce
d
vi
ta
lc

ap
ac
it
y.

C
on

ti
nu

ou
s
va
ri
ab

le
s
ar
e
pr
es
en

te
d
as

m
ea

n
±

st
an

da
rd

de
vi
at
io
ns

an
d
ca
te
go

ri
ca
lv

ar
ia
bl
es

ar
e
pr
es
en

te
d
as

nu
m
be

rs
(p
er
ce
nt
ag

e)
.P

va
lu
es

ar
e
ba

se
d
on

th
e
t-
te
st
s.

T4
C
SA
,T

4M
I,
PM

C
SA
,a

nd
PM

Ic
ut
of
fs
fo
rs
ar
co

pe
ni
a
w
er
e
10

0.
06

cm
2
,3

3.
69

cm
2
/m

2
,2

9.
00

cm
2
,a

nd
10

.1
7
cm

2
/m

2
in

m
al
e
pa

rt
ic
ip
an

ts
,r
es
pe

ct
iv
el
y,
an

d
w
er
e
66

.9
3
cm

2
,2

6.
01

cm
2
/m

2
,

18
.2
9
cm

2
,a

nd
7.
31

cm
2
/m

2
in

fe
m
al
e
pa

rt
ic
ip
an

ts
,r
es
pe

ct
iv
el
y.

a T
4 C

SA
di
vi
de

d
by

he
ig
ht

2
.

b
PM

C
SA

di
vi
de

d
by

he
ig
ht

2
.

960 S.W. Moon et al.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 955–965
DOI: 10.1002/jcsm.12946



Discussion

This study attempted to establish reference cutoff values for
thoracic skeletal muscles at the level of T4 that can be univer-
sally used in clinical settings and other sarcopenia studies.
This study validated sarcopenia defined by T4CSA, T4MI,
PMCSA, and PMI cutoffs by identifying correlations with BIA
results and showing relationships with known variables. The
muscle mass estimates by BIA are known to be highly corre-
lated with those measured by DXA32 and MRI,33 which are
recommended methods for muscle mass evaluation in
sarcopenia.1 The known risk factors of sarcopenia include fe-
male sex, alcohol abuse, physical inactivity, starvation, and
chronic health conditions including diabetes, and malignan-
cies; these factors also showed a relationship with sarcopenia
in this study.34

To our knowledge, this is the first study that reports the
reference cutoff values of T4CSA, T4MI, PMCSA, and PMI mea-
sured on chest CT scans. At the level of L3, the International
Consensus of Cancer Cachexia proposed sarcopenia cutoff—
defined as L3 muscle CSA divided by height2—to be less than
55 cm2/m2 for men and less than 39 cm2/m2 for women.7

Derstine et al. reported L3 muscle CSA and L3 muscle CSA di-

vided by height2 cutoff as 144.3 cm2 and 45.4 cm2/m2 in men
and 92.2 cm2, 34.4 cm2/m2 in women.30

The prevalence of sarcopenia in a healthy general popula-
tion assessed through the CSA in CT has not yet been re-
ported. Estimates of sarcopenia prevalence vary from 1.7 to
40.4%; in a meta-analysis of 35 studies, the overall estimate
of prevalence was 10%.35,36 In this study, the overall preva-
lence of sarcopenia defined by T4CSA, T4MI, PMCSA, and PMI
was 11.4%, 8.7%, 8.5%, and 10.1%, respectively. It should also
be considered that the sarcopenia study group was set as
≥40 years compared to other studies that set sarcopenia
study population at age of 50–70 years.35,36

This study used raw CSAs not divided by height2 and CSAs
divided by height2 to define sarcopenia. Determining the
ideal adjustment method including height has been a long
debate in the field of sarcopenia.37 According to the revised
EWGSOP guidelines, muscle mass is correlated with body size
and the guidelines identify three examples of body size ad-
justment: dividing muscle mass by height2, by weight, or by
BMI.1 Among the studies assessing sarcopenia through chest
CT scans, some studies12,21 used raw CSA values and
some18,20 used CSA values divided by height2. This study used
both raw CSA and CSA divided by height2 to define sarcope-

Figure 2 Distribution of T4CSA, T4MI, PMCSA, and PMI in male and female participants of different age groups. (A) Pectoralis, intercostalis, paraspinal,
serratus, and latissimus muscles (T4CSA). (B) T4MI (pectoralis, intercostalis, paraspinal, serratus, and latissimus muscles (T4CSA) divided by height

2
). (C)

Pectoralis muscles (PMCSA). (D) PMI (pectoralis muscles (PMCSA) divided by height2).
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nia on chest CT, as both these values have shown a relation-
ship with clinical outcomes and/or sarcopenic
measures.12,18–22 According to a meta-analysis, 88.4% of
studies assessing sarcopenia through abdominal CT scans
have used CSA of total skeletal muscle at L3 level divided
by height2. The purpose of height adjustment is to remove
the correlation between muscle CSA and height. At the level
of L3, Derstine et al. proposed skeletal muscle area divided by
height for optimal height adjustment and proposed z-score
for optimal height and BMI adjustment.38 Table S2 shows
the relationship between height, weight, and BMI and
T4CSA, T4MI, PMCSA, and PMI. This may mean that although
the T4CSA, T4MI, PMCSA, and PMIs have shown clinical impor-
tance, more detailed studies including BMI adjustments may
help determine optimal body size-adjusted muscle indexes.

Variables associated with sarcopenia defined by T4CSA,
T4MI, PMCSA, and PMI were similar, but there were also some
differences. Male sex, history of cancer, and alcohol con-
sumption were associated with sarcopenia defined by
PMCSA but were not associated with sarcopenia defined by
T4CSA in the multivariate analysis. Male sex, history of cere-
brovascular accident, cancer, and sufficient exercise were as-
sociated with sarcopenia defined by PMI but were not

associated with sarcopenia defined by T4MI in the multivari-
ate analysis. Compared to PMCSA and PMI, T4CSA and T4MI in-
cludes the CSA of intercostalis muscles, which are involved in
breathing; paraspinal muscles, which support the back; and
serratus and latissimus muscles, which are involved in the
movement of the scapula and arm; and the differences in
the muscles included may be the cause of differences be-
tween T4CSA/T4MI and PMCSA/PMI. More detailed studies
are therefore needed.

This study has some limitations. First, the study population
comprised participants that voluntarily visited one health
check-up centre for regular medical check-ups, which can
limit generalizability and lead to selection bias. Second, the
study population comprised only Asian participants. It is
well-established that body composition differs between ma-
jor races.39 More studies in the multi-race population are
thus needed. Third, the physical activity levels of all partici-
pants were not directly evaluated. However, based on the
survey performed in the study, we could indirectly analyse
the relationship between self-reported physical activity and
sarcopenia. Fourth, direct functional measures of sarcopenia
such as handgrip strength measurement could not be
assessed, for they were not included in the checkup pro-
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gramme. Hence, we could only indirectly examine correlation
with ASM/height2 measured by BIA but also directly compare
the sensitivity and specificity between T4CSA, T4MI, PMCSA,
and PMI. Fifth, we could not evaluate the impact of low mus-
cle quantity on long-term clinical outcomes.

In conclusion, this is the first study to report the reference
values of T4CSA, T4MI, PMCSA, and PMI measured on CT scans
and to suggest cutoff points for diagnosis of sarcopenia in a
large population of the general Asian participants. The
sex-specific cutoff points of T4CSA, T4MI, PMCSA, and PMI
were 100.06 cm2, 33.69 cm2/m2, 29.00 cm2, and 10.17 cm2/
m2 in men, respectively, and were 66.93 cm2, 26.01 cm2/
m2, 18.29 cm2, and 7.31 cm2/m2 in women, respectively. Cor-
relation between the BIA results and the values of T4CSA,
T4MI, PMCSA, and PMI were observed. The relationship be-
tween the variables and sarcopenia defined by T4CSA, T4MI,
PMCSA, PMI were similar to known sarcopenia-related factors.
Reference cutoff values for thoracic skeletal muscle mea-
sured from chest CT scan in a general population reported
here will enable sex-specific standardization of thoracic mus-
cle mass quantification and sarcopenia assessment that can
be universally used in clinical settings, and this will promote
further sarcopenia research.
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