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Background: Sarcopenia is defined as the loss of skeletal muscle mass and is associated with negative clinical outcomes. This study
aimed to establish sex-specific cutoff values for the skeletal muscle area (SMA) and skeletal muscle index (SMI) at the third lumbar
vertebral (L3) level using computed tomography (CT) imaging to identify sarcopenia in healthy Korean liver donors.

Methods: This retrospective study included 659 healthy liver donors (408 men and 251 women) aged 20 to 60 years who had under-
gone abdominal CT examinations between January 2017 and December 2018. Assessment of body composition was performed with
an automated segmentation technique using a deep-learning system. Sex-specific SMA and SMI distributions were assessed, and
cutoff values for determining sarcopenia were defined as values at either two standard deviations (SDs) below the mean reference
value or below the fifth percentile.

Results: Using the SD definition, cutoff values for SMA and SMI were 117.04 cm? and 39.33 ¢cm?/m’, respectively, in men and
71.39 cm? and 27.77 cm*/m?, respectively, in women. Using the fifth percentile definition, cutoff values for SMA and SMI were
126.88 cm? and 40.96 cm*/m?, respectively, in men and 78.85 cm? and 30.60 cm*/m?, respectively, in women.

Conclusion: Our data provide sex-specific cutoff values for the SMA and SMI at the L3 level measured by CT imaging in a healthy
Korean population, which may be applicable for identifying sarcopenia in this population.
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INTRODUCTION

Sarcopenia is defined as the generalized and progressive loss of
skeletal muscle mass (SMM) and muscle strength associated

with metabolic, physiologic, and functional impairments and
poor clinical outcomes, including increased mortality and dis-
ability and a reduced quality of life [1-3]. Despite its clinical
significance, the evaluation of sarcopenia has been hindered by
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a diversity of measurement methods, including dual energy X-
ray absorptiometry (DXA), bioelectric impedance analysis
(BIA), magnetic resonance imaging, and computed tomography
(CT) imaging. The most widely used assessment tool for SMM
is DXA, and sex-specific cutoff values have been established
for this technique using the appendicular skeletal muscle index
(SMI; appendicular SMM/height?) [2-4].

CT imaging is considered a gold standard for the evaluation
of body composition, and cross-sectional muscle areas of spe-
cific muscles or body locations is an easily applicable method
for measuring the SMM using CT imaging [2,3]. Quantitative
measurements of the cross-sectional skeletal muscle area
(SMA) and SMI (SMA/height®) using CT imaging are most
commonly assessed at the level of the third lumbar vertebra (L3)
and are known to significantly correlate with whole-body mus-
cle [3,5,6]. Cutoff values for the SMI at the L3 level using CT
imaging have been reported in healthy Western populations
[7,8]. In addition, recent studies have suggested that the psoas
muscle area measured by CT imaging can be a simple method
for identifying sarcopenia [3]. In healthy Asian populations,
cutoff values for the psoas muscle index (PMI) at the L3 level
have been proposed, although using such a small muscle for as-
sessing the total SMM is controversial [9,10]. However, cutoff
values for the SMA and SMI at the L3 level on CT scans have
not been reported for sarcopenia in healthy Korean liver donors
thus far.

Therefore, this study aimed to establish sex-specific cutoff
values for the SMA and SMI at the L3 level using CT imaging
to identify sarcopenia in healthy Korean liver donors.

METHODS

The study was approved by the Institutional Review Board of
Asan Medical Center (AMC 2021-0473). The requirement for
written informed consent was waived due to the retrospective
nature of the analysis.

Study population

Subjects aged 20 to 60 years who had undergone abdominal CT
examinations as part of an evaluation for liver donation from
January 2017 to December 2018 were retrospectively identified.
Data on patient age, sex, weight, and height from just before the
date of CT examinations were collected from the medical re-
cord. Subjects who had fully visible abdominal muscles at the
L3 level on CT imaging and who were deemed healthy enough
to undergo organ donation were included in this study.
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CT image acquisition

CT scans were performed using a 128-slice (Definition AS+ or
edge, Siemens, Erlangen, Germany) multidetector-row CT
scanner. Unenhanced CT scans were obtained, followed by bi-
phasic contrast-enhanced CT imaging (hepatic arterial phase
and portal venous phase) after administration of 150 mL of io-
promide (Ultravist 370, Bayer Schering Pharma, Berlin, Ger-
many) for anatomical mapping of the hepatic vasculature and
CT volumetry. The scanning and reconstruction parameters
were as follows: beam collimation of 128 slices (0.6 mm); spiral
pitch of 1; gantry rotation time of 0.5 second; tube voltage of
100 or 120 kVp; and tube current of 120 to 200 mAs with auto-
matic exposure control (Care Dose 4D, Siemens) and a section
thickness and interval of 5 mm.

Assessment of skeletal muscle parameters

A single axial CT image at the level of the inferior endplate of
the L3 vertebra was processed for each patient. Abdominal CT
image analyses were conducted with a fully convolutional net-
work-based automatic segmentation technique using a deep-
learning system [11]. The body composition was assessed using
artificial intelligence software (AID-U™, iAID Inc., Seoul, Ko-
rea) [11]. CT images were automatically segmented to generate
boundaries, and the total abdominal muscle area was measured.
The SMA (cm?), including all muscles on selected axial images
(i.e., psoas, paraspinals, transversus abdominis, rectus abdomi-
nis, quadratus lumborum, and internal and external oblique
muscles) were demarcated using predetermined thresholds (29
to 150 Hounsfield units) (Fig. 1). SMI was normalized to stature
by dividing the muscle area by the height squared, as follows:

Fig. 1. Cross-sectional computed tomographic images at the third
lumbar vertebral level. Skeletal muscle area was quantified using
the threshold values of —29 to 150 Hounsfield units.
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SMA (cm?)/height (m?).

Statistical analysis
Shapiro-Wilk and Kolmogorov-Smirnov normality tests were
used to determine the normality of age, weight, height, and

Table 1. Subject Characteristics
Characteristic Total Men Women P value
Aged 20-60 yr 659 408 251
Age, yr
Mean+SD 31.5+83 30.2+6.1 335482  <0.001*
Median 30.0 28.0 33.0
Range 20-59 20-59 20-59
Weight, kg
Mean+SD 67.7£12.0 73.0+£10.1 59.1£9.6 <0.001*
Median 67.8 72.6 57.0
Range 40.1-118.1  49.6-118.1  40.1-90.0
Height, cm
Mean+SD  169.6+£8.5 1745+6.1 161.7453  <0.001°
Median 170.2 174.6 161.8
Range 148.1-193.4 154.0-193.4 148.1-175.2
BMI, kg/m?
Mean+SD 23.4+3.1 239+2.8  22.6+34 <0.001*
Median 233 23.7 22.1
Range 16.1-383  16.1-383  16.4-352
Aged 2040 yr 560 358 202
Age, yr
Mean£SD 289456 279453  30.5£58 <0.001°
Median 28.0 28.0 31.0
Range 20-39 20-39 20-39
Weight, kg
Mean=+SD 68.0+12.1 7294103 59.3+9.8 <0.001°
Median 67.9 72.5 57.4
Range 40.5-118.1 49.6-118.1 40.5-90.0
Height, cm
Mean+SD  170.3+83 174.845.9 1623+5.1 <0.001°
Median 170.9 174.7 162.1
Range 148.1-193.4 161.0-193.4 148.1-175.2
BMI, kg/m?
Mean=+SD 23.443.1 238+2.8 225434 <0.001°
Median 233 23.7 22.0
Range 16.1-383  16.1-383  16.4-35.2
SD, standard deviation; BMI, body mass index.
“Mann-Whitney U test was used; "Two-sample ¢ test was used.

body mass index (BMI). A two-sample ¢ test was used for para-
metric variables (height), while the Mann-Whitney U test was
used for non-parametric variables (age, weight, and BMI). Cut-
off values for determining sarcopenia were defined as those at
either two standard deviations (SDs) below the mean reference
value or below the fifth percentile [1-3,7]. Statistical analyses
were performed using SPSS version 23.0 (IBM, Armonk, NY,
USA). A P<0.05 was considered statistically significant.

RESULTS

The baseline subject characteristics are shown in Table 1. A total
of 659 healthy liver donors (mean age+SD, 31.5+8.3 years)
were included in the analysis, consisting of 408 (61.9%) men
and 251 (38.1%) women. The mean age was significantly lower
in men than in women (30.2 years vs. 33.5 years, P<0.001).
Men were significantly heavier (73.0 kg vs. 59.1 kg, P<0.001)
and taller (174.5 cm vs. 161.7 cm, P<0.001) than women.

When the SD definition was used for defining sarcopenia in
subjects aged 20 to 60 years, the cutoff values for SMA and
SMI were 117.04 cm? and 39.33 cm?/m?, respectively, in men
and 71.39 ¢cm? and 27.77 cm*m?, respectively, in women. For
the subgroup of subjects aged 20 to 40 years, the cutoff values
for SMA and SMI were 118.42 cm? and 39.79 cm*/m?, respec-
tively, in men and 70.11 cm? and 27.22 cm?/m?, respectively, in
women (Table 2).

Sex-specific mean, median, minimum, maximum, and per-
centile values for SMA and SMI are shown in Table 3. When
the fifth percentile definition was used for determining sarcope-
nia in subjects aged 20 to 60 years, the cutoff values for SMA

Table 2. Sex-Specific Cutoff Values Using the Definition of
Two Standard Deviations below the Mean for Skeletal Muscle
Parameters

Men Women
Varable Mean+SD Cutort Mean+SD Cutoft
value value

SMA, cm?

Aged20-60yr 161.01+21.98 117.04 102.11+£15.36 71.39

Aged20-40yr 162.06+21.82 118.42 102.13£16.01 70.11
SMI, cm?*/m?>

Aged20-60yr  52.89+6.78  39.33 39.06£5.65 27.77

Aged20-40yr  53.05+6.63  39.79 38.78+£5.78  27.22

SD, standard deviation; SMA, skeletal muscle area; SMI, skeletal mus-
cle index.
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and SMI were 126.88 cm? and 40.96 cm?/m?, respectively, in
men and 78.85 cm?* and 30.60 cm?/m?, respectively, in women.
In the subgroup of subjects aged 20 to 40 years, the fifth percen-
tile cutoff values for SMA and SMI were 127.99 cm? and 42.71
cm?’/m?, respectively, in men and 78.68 cm? and 30.27 cm*/m?,
respectively, in women (Table 3).

DISCUSSION

In our study, sex-specific SMI cutoff values for defining sarco-
penia in healthy Korean liver donors using the SD definition at

Table 3. Sex-Specific Measurement Results and Percentiles for
Skeletal Muscle Parameters at the L3 Level
Men Women
Variable SMA, SMI, SMA, SMI,
cm? cm?’/m? cm’ cm’/m?
Aged 20-60 yr 408 251
Mean 161.01 52.89 102.11 39.06
Median 160.32 52.63 101.10 38.65
Minimum 90.85 3321 65.97 27.00
Maximum 247.34 72.06 158.41 55.27
Percentiles
5 126.88 40.96 78.85 30.60
10 132.70 44.30 83.04 32.01
25 145.95 48.34 91.48 34.93
50 160.32 52.63 101.10 38.65
75 175.06 57.29 111.84 42.62
90 188.63 61.73 120.99 47.05
95 198.06 64.93 131.01 50.10
Aged 20-40 yr 358 202
Mean 162.06 53.05 102.13 38.78
Median 161.22 52.86 100.82 38.15
Minimum 106.05 33.21 70.15 27.00
Maximum 247.34 72.06 158.41 55.27
Percentiles
5 127.99 42.71 78.68 30.27
10 133.37 44.84 81.81 31.63
25 146.44 48.56 91.39 34.43
50 161.25 52.86 100.82 38.15
75 176.29 57.33 I11.11 42.16
90 188.93 61.59 124.40 46.62
95 199.42 64.88 133.73 50.42
L3, lumbar vertebra; SMA, skeletal muscle area; SMI, skeletal muscle
index.
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the L3 level of CT scans were 39.33 cm?m? in men and 27.77
cm*m? in women. Sex-specific SMI cutoff values using the
fifth percentile definition were 40.96 cm*/m? and 30.60 cm?/m?
in men and women, respectively.

Previous studies have proposed cutoff values using the PMI
at the L3 level on CT scans in a healthy Korean population and
in healthy Japanese liver donor subjects [9,10]. Although signif-
icant associations between the PMI and SMI have been reported
using BIA results, SMI is known to be more accurate for assess-
ing SMM than PMI [6,9]. Previous studies have suggested that
a single SMA at the L3 level is the best compromise site for as-
sessing total skeletal muscle and a valid proxy for assessing
whole-body skeletal muscle [5,6]. Moreover, the use of the PMI
to determine whole-body skeletal muscle is controversial be-
cause of the relatively small size of this muscle [3,4].

Using the SD definition, various ranges for sex-specific cutoff
values for SMI at the L3 level on CT scans have been suggested
in healthy populations with different ethnicities [8,12,13]. In the
present study, the sex-specific cutoff values using this definition
were lower than those derived from both healthy kidney donors
in the United States (45.4 cm*m? in men and 34.4 cm?’/m’ in
women) and in Turkey (42.6 cm*/m?* in men and 33.9 cm*m’ in
women) [8,13]. In healthy Asian Indians, the cutoff values using
this definition were 36.5 cm*m? in men and 30.2 cm?m? in
women [12]. Cutoff values for the SMI at the L3 level on CT
scans using the fifth percentile definition in potential kidney do-
nors were 41.6 cm*m?” in men and 32.0 cm’/m’ in women in a
Caucasian population, both higher than the fifth percentile cut-
offs in this study [7]. In a Turkish population, the fifth percentile
cutoffs were 45.0 cm*/m? in men and 36.1 cm?’m’ in women
aged 20 to 60 years old and 45.5 cm*m? in men and 36.2 cm?/
m? in women aged 20 to 40 years old [13]. These cutoffs were
also higher than the sex-specific fifth percentile cutoff values in
the respective age groups in our study [13]. These discrepant
findings may be attributable to differences in ethnicity, body
size, lifestyle, or culture [2,3,14,15].

This study had several limitations. First, its retrospective de-
sign introduced an inherent bias. Second, recruiting this popula-
tion of organ donors from a university hospital may have in-
duced selection biases related to socioeconomic status and pa-
tient characteristics. In addition, since the study population of
liver donors are usually in better health than the average healthy
population, it may not be representative of the general healthy
population. Living liver donors undergo extensive screening
and they must not have diabetes nor even fatty liver. Therefore,
muscle mass in this population might be overestimated. Lastly,
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whether the physical activity levels or muscular strength of sub-
jects can influence the diagnosis of sarcopenia was not assessed.

In conclusion, our data provide sex-specific cutoff values for
the SMA and SMI at the L3 level measured by CT imaging in a
healthy Korean population which may be applicable for identi-
fying sarcopenia in the Korean population.
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