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Abstract
Sarcopenia is a major physical factor of frailty and can be predicted by existing patient
computed tomography (CT) scans. The objective of this study was to investigate the
relationships between prognosis of elderly patients visiting the emergency department
and psoas muscle size measurements from CT scans that were acquired in other purpose.
This was a retrospective study in a single center. The psoas muscle size (cross-section)
and attenuation at the L3 vertebra were measured on CT scans. Logistic regression
analysis was used to determine the association between mortality and muscle size and
muscle attenuation after adjustment of basic characteristics. Also, we constructed
receiver operating characteristic curves. A total of 279 patients were enrolled with
diagnoses categorized from 13 chapters from on International Classification of Diseases-
10th Revision (ICD-10). There were 56 patients (20.1%) admitted to the ICU, and
51 patients (18.3%) died in the hospital during the clinical process. The area under
the receiver operating characteristic (AUROC) of muscle size for prediction of ICU
admission was 0.706 (0.649–0.759), and the cut-off value was 390.18 with 51.8%
sensitivity and 87.9% specificity. The AUROC of muscle size for prediction of death
was 0.904 (0.864–0.936), and the cut-off value was 587.41 with 92.2% sensitivity and
78.5% specificity. Using existing CT can be an appropriate method for an early diagnosis
of sarcopenia in older patients. In this study, measurement of muscle size using CT was
shown to be a feasible modality for predicting poor prognoses for older patients.
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1. Introduction

Frailty is defined as a syndrome of multi-system impairment
associated with increased vulnerability to stressors [1, 2]. It is
related to a higher risk of mortality, disability, and hospital-
ization and can lead higher healthcare needs, which may place
substantial burdens on elderly patients and their caregivers in
terms of cost and resources [3]. Population aging is a global
phenomenon. Like the rest of the world, South Korea is also
aging faster than ever before. The proportion of people aged
65 or older in Korea increased from 7.0% in 1999 to 14.3% in
2018 and is expected to reach 25% in 2030 [4]. As a society
ages, the importance of frailty has emerged as a hallmark of
aging, and sarcopenia has been shown to be a major physical
factor of frailty.
After the age of 50, muscle mass is reduced at a rate of

1–2% annually. Between the ages of 50 and 60, muscle
strength decreases by 1.5%, and then by 3% per year [5, 6].
Sarcopenia, a term first described in 1989 by Rosenberg, has
been defined as age-dependent loss of skeletal musclemass [7].

Further studies have demonstrated that sarcopenia involves
not only muscle mass, but also muscle strength and physical
performance and is associated with morbidity and mortality in
elderly [8, 9]. Sarcopenia is primarily disease in the elderly
and is associated with falls, fractures, infections, andmetabolic
disorders [10, 11] leading to lower life quality and higher cost
of healthcare.

Body composition measurements refer to the evaluation
of muscle mass and body fat, and include body mass index
(BMI), fat mass (FM), fat-free mass (FFM), FFM/FM ratio,
and changes of muscle mass. Previous studies have shown that
bodyweight or BMI alone is insufficient to predict the outcome
of sarcopenia [12, 13]. Interestingly, visceral fat infiltration
was shown to be a better indicator of cardiovascular risk and
average life expectancy than body weight, BMI, or total fat
mass [14]. Recently, the importance of skeletal muscle mass
has emerged, and many studies have been reported on the
association between skeletal muscle mass and several different
diseases [15–17].
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FIGURE 1. Axial abdominal and pelvic CT images outlining the psoas muscles bilaterally were obtained at L3 level in
two different patients (yellow stars). (A) 69-year-old man, image presents a cross-sectional area (yellow outline) measuring left
side and right side which were 987.55 mm2 and 863.35 mm2 and mean attenuation measuring left side and right side which were
54.14 HU (SD: 16.38) and 54.03 HU (SD: 21.15), respectively. (B) 77-year-old woman, image presents a cross-sectional area
(yellow outline) measuring left side and right side which were 230.49 mm2 and 250.97 mm2 and mean attenuation measuring left
side and right side which were 30.15 HU (SD: 24.57) and 45.36 HU (SD: 27.74), respectively.

Computerized tomography (CT) is both a screening and
diagnostic tool. Recent studies have shown increases in CT
utilization worldwide [18]. One report demonstrated that CT
utilization in the emergency department (ED) increased more
than 3-fold between 1996 and 2007 [19], and another study
showed that this growth has continued [20]. Using existing
patient CTs conducted for other purposes to predict sarcopenia
could save both health care costs and time without the need for
further examination.
Previous studies have demonstrated that psoas muscle size,

measured using CT, is useful to predict patient outcomes with
various diseases [21, 22], including outcomes for patients with
trauma, in need of surgery, and with internal medical diseases
such as pulmonary embolism or diabetes mellitus [23, 24].
We would like to find out if sarcopenia is associated with the
prognosis of the patient in the elderly over the age of 65, not
with a specific disease. If the association is demonstrated, even
if the vital sign or laboratory test is mild, more attention may
be cared to the treatment of patients with sarcopenia. This
is important because limited medical resources can be used
more intensively in patients whose prognosis is expected to
be poor. The objective of this study was to investigate the
relationships between prognosis of elderly patients visiting
the ED and psoas muscle size measured by CT acquired for
the diagnosis, treatment, or follow up procedures of various
diseases.

2. Material & methods

2.1 Study design
This study was conducted retrospectively in a single-center
using the Electronic Medical Records (EMRs) of patients who
visited in our institution and underwent abdominal and pelvic
CT (APCT) during the ED stay. This study was approved by
the Institutional Review Board of our institution (No. 2021-
01-014), and the requirement for written informed consent was
waived.

2.2 Study population

This study investigated patients who visited a tertiary-care
university hospital from March 2015 through December 2016.
The criteria for inclusion were (1) patients aged 65 years old
or older who visited the ED, and (2) patients whose APCT was
performed simultaneously in the ED. The criteria for exclusion
were (1) patients who visited the ED for non-medical purpose,
(2) patients who have metal prostheses due to previous fracture
or surgery, which may result in metal artifact on APCT, and
(3) patients who transferred to another facility or left against
medical advice, which leads to insufficient patients data.

2.3 Data collection and outcome
measurement

A board-certified emergency physician collected EMR data
from patient hat were stored in an image archiving and com-
munication system (PACS) (Maroview 5.4, Infinitt, Seoul,
Korea). The variables included patient demographics infor-
mation, including age and sex; vital signs at the initial ED
visit, laboratory results in the ED, and ED disposition such as
discharge, general ward (GW) admission, and intensive care
unit (ICU) admission. Length of hospital stay, length of ICU
stay, and mortality also included. Altered mental status was
meant non-alert mental state, such as verbal response, painful
response, and unresponsiveness.

The primary endpoint was for predicting in-hospital mor-
tality. The mortality group included patients who died in the
ED and patients who died during admission for treatment. The
secondary endpoint was to predict admission to the ICU. ICU-
positive group was referred to as the patients admitted to the
ICU, and ICU-negative group was referred to as the patients
admitted to the GW or discharged from the ED.
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2.4 Image acquisition, the method for
measuring muscle size and attenuation
In our institution, APCT scans are performed using a 64-slice
multidetector CT scanner (Somatom Perspective ONE Dy-
namic Volume CT, Siemens Healthineers Corporation, Erlan-
gen, Germany). Images were obtained with software, PACS.
CT images were retrospectively and independently evaluated
by two board-certified emergency physicians with 10 and 5
years of experience. Both physicians did not participate in
patient enrollment and were blinded to the diagnosis and prog-
nosis of each patient. Measurements were performed in ran-
dom order for radiographic image and patient numeric code.
Measurements were taken on axial images with a free hand
ROI around the psoas muscle at the L3 pedicle level, which
is the most widely used measurement reported in the literature
[25, 26] (Fig. 1). Muscle size and attenuation (measured as
Hounsfield units [27]) were measured on both the right and
left sides and then averaged.

2.5 Statistical analysis
Continuous variables are expressed as the mean with standard
deviation (SD), while categorical variables are expressed as
the count and percentage. The independent t-test or Mann-
Whitney U test was used for continuous variables, and Pear-
son’s chi-square test for categorical variables.
To assess the predict factors for prognosis of patients (in-

hospital mortality and ICU admission), we conducted multi-
variate logistic regression using statistically significant vari-
ables in univariate analysis. In multivariate analyses, adjusted
odds ratios (ORs) and 95% confidence intervals (CIs) were
presented.
Area under the receiver operating characteristic (AUROC)

curve was used to identify prognosis predict performance.
AUROC levels from 0.8 to 0.9 are regarded as good, from
0.7 to 0.8 are regarded as adequate, and from 0.6 to 0.7 are
regarded poor [27]. An optimal cut-off value was defined
as the point at which the value of “sensitivity+specificity-1”
was maximum (Youden’s index) [28]. The intraclass corre-
lation coefficients (ICCs) were calculated to determine inter-
reviewer reliability. ICCs from 0 to 0.20 indicate poor agree-
ment, from 0.21 to 0.40 indicate fair agreement, from 0.41 to
0.60 indicate moderate agreement, from 0.61 to 0.80 indicate
good agreement, and from 0.81 to 1.00 indicate excellent
agreement [29]. Statistically significance level was considered
as p value < 0.05. This study used SPSS 26.0 (SPSS Inc.,
Chicago, IL, USA) for performing statistical analysis. And
AUROC curve analysis was conducted by DeLong method
using the MedCalc Statistical Software version 19 (MedCalc
Software Bvba, Ostend, Belgium).

3. Results

3.1 Baseline characteristics
In total, 279 patients were registered during the study period.
Table 1 presents the patients’ demographic data, vital signs,
initial laboratory results, and outcomes. The mean age of
the patients was 77 ± 7.1 years, and 121 patients (43.4%)

TABLE 1. Demographic characters, laboratory and
clinical results of patients (Total n = 279).

Variable Valuea

Age (years) 77 ± 7.1
Sex
Male 121 (43.4)
Female 158 (56.6)
Systolic Blood Pressure (mmHg) 130.3 ± 31.8
Diastolic Blood Pressure (mmHg) 73.5 ± 14
Pulse rate (beats/min) 89.4 ± 18.6
Respiratory rate (breath/min) 20.9 ± 3.4
Body temperature (◦C) 36.8 ± 0.9
Mental status
Alert 248 (88.9)
Verbal response 24 (8.6)
Painful response 7 (2.5)
Unresponsive 0
Laboratory test
Hemoglobin (g/dL) 11.9 ± 2.6
Hematocrit (%) 35.2 ± 7.1
White blood cell (109/L) 11.5 ± 6.2
Platelet (109/L) 233.4 ± 102.6
C-reactive protein (mg/dL) 7.4 ± 8.8
Aspartate aminotransferase (IU/L) 48.1 ± 79.8
Alanine aminotransferase (IU/L) 32.8 ± 80.6
Blood urea nitrogen (mg/dL) 24.2 ± 17
Creatinine (mg/dL) 1.1 ± 1
Glucose (mg/dL) 150.2 ± 63.7
Albumin (g/dL) 3.6 ± 0.7
Sodium (mmol/L) 134.8 ± 5.4
Potassium (mmol/L) 3.9 ± 0.6
PT (INR) 1.1 ± 0.3
PTT (sec) 30.7 ± 8.1
Hospital Length of stay (day)* 12 (17)
ICU admission 56 (20.1)
In-hospital mortality 51 (18.3)
Psoas muscle size (mm2)
Reviewer 1 744.1 ± 354.5
Reviewer 2 725.3 ± 346.7
Muscle attenuation (HU)
Reviewer 1 56 ± 14.4
Reviewer 2 56 ± 14.7
a The values are presented as mean (standard deviation)
or number (%).
* The values are presented as median (IQR).

were male. Altered mental status was identified in 31 (11.1%)
patients. 56 patients (20.1%) were admitted to the ICU, and 51
patients (18.3%) died in the hospital during the clinical process.
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FIGURE 2. The AUROCs of psoas muscle size for the prediction of outcomes. (A) The area under the receiver operating
characteristic (AUROC) curve for the prediction of mortality. (B) The area under the receiver operating characteristic (AUROC)
curve for the prediction of ICU admission.

3.2 Psoas muscle size and attenuation
The psoas muscle size and attenuation were measured twice by
two reviewers. In the case of reviewer 1, themeanmuscle sizes
(mm2) on the left, right, and average were 755.3, 732.9, and
744.1, respectively; the mean attenuation (HU) values on the
left, right, and average were 56.0, 56.0, and 56.0, respectively.
In the case of reviewer 2, the mm2 on the left, right, and
average were 728.7, 721.9, and 725.3, respectively; the HU
values on the left, right, and average were 56.0, 56.0, and 56.0,
respectively. The reliability of the measurements between the
two reviewers was excellent. ICCs between the two reviewers
for muscle size on the left and right were 0.983 [95% CI:
0.978–0.986] and 0.987 [95% CI: 0.983–0.990], respectively.
ICCs for muscle attenuation on left and right sides were 0.977
[95% CI: 0.971–0.982] and 0.975 [95% CI: 0.968–0.980],
respectively.

3.3 Clinical variables associated with
patients' prognosis
Table 2 shows that the association between clinical and labora-
tory data and in-hospital mortality. In the univariate analysis,
age, PR and RRwere statistically significantly higher in deaths
than in surviving patients. In laboratory tests, the mortality
group had statistically significantly higher AST, BUN, Cr, and
albumin levels. Also, psoas muscle size and attenuation were
statistically significantly lower in the mortality group. In the
multivariate logistic analysis, Cr and psoas muscle size were
statistically significant variable for predicting mortality.
Clinical factors according to ICU admission are presented in

Table 3. In univariate analysis, SBP, DBP, albumin, and altered
mental status were statistically significantly lower while PR,
RR, CRP, AST, ALT, BUN, Cr, and PTT were higher in the
ICU (+) group patients. Muscle size and attenuation were low
in the ICU (+) group, which was statistically significant. In
the multivariate logistic regression analysis, SBP, RR, AST,
ALT, Cr, and psoas muscle size were statistically significant
variables for predicting ICU admission.

3.4 Predictive performance of psoas muscle
measurement

Inmultivariate logistic analyses, attenuation was not predictive
factor for in-hospital mortality and ICU admission. The ROC
curves of significant factors are presented in Fig. 2. The
AUROCofmuscle size for predicting in-hospital mortalitywas
0.904 [95%CI: 0.864–0.936], and the cut-off value was 587.41
with 92.2% sensitivity and 78.5% specificity. For prediction
of ICU admission, the AUROC of muscle size was 0.706 [95%
CI: 0.649–0.759], and the cut-off value was 390.18 with 51.8%
sensitivity and 87.9% specificity (Table 4).

4. Discussion

Sarcopenia is related to decrease in muscle mass and muscle
strength due to aging. As aging progresses, skeletal mus-
cle is replaced by non-contractile components such as lipids,
which leads to increases in the incidence of falls and physical
dysfunction [30]. There have been several previous studies
that have assessed the relationship between sarcopenia and
the incidence of fracture [31–33]. Moreover, other studies
showing an associated between sarcopenia and many systemic
diseases, such as diabetes, cancers, and cardiovascular diseases
[22, 23] suggest that these associations are causally linked to
fat infiltration. In contrast to subcutaneous adipocytes, the
visceral adipocytes infiltrating the muscles of sarcopenia pa-
tients secrete pro-inflammatory cytokines like IL-6 and TNF-
alpha [34]. In addition, increases in skeletal muscle adiposity
have been reported that can result in mitochondrial dysfunction
and impaired oxidative metabolism [35, 36]. Because of
the associated morbidity, sarcopenia is considered a geriatric
syndrome that could reduce quality of life and increase health
care costs.
As the aging population increases, many studies are focusing

on risk factors related to diseases in the elderly. Our study
focused on evaluating sarcopenia by measuring muscle mass
size and fat infiltration through imaging rather than using
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TABLE 2. Logistic regression analysis for predicting in-hospital mortality.
Variable Univariate analysisa Multivariate analysisb

Non-mortality group Mortality group p-value OR B p-value
n = 228 n = 51

Age (years) 76.5 ± 7.1 79 ± 6.4 0.024 1.03 (0.97–1.09) 0.027 0.397
Sex; Male 93 (40.8) 28 (54.9) 0.068
Systolic Blood Pressure (mmHg) 131.7 ± 29.5 124.1 ± 40.4 0.121
Diastolic Blood Pressure (mmHg) 74.2 ± 13.2 70.4 ± 16.7 0.080
Pulse rate (beats/min) 87 ± 15.5 99.8 ± 26.6 <0.001 1.02 (1.00–1.04) 0.021 0.065
Respiratory rate (breath/min) 20.6 ± 2.5 22.2 ± 5.9 0.008 1.00 (0.88–1.13) –0.005 0.933
Body temperature (◦C) 36.8 ± 0.9 36.7 ± 0.9 0.252
Altered mental status 24 (10.5) 7 (13.7) 0.512
Laboratory test
Hemoglobin (g/dL) 12 ± 2.5 11.3 ± 3.1 0.083
Hematocrit (%) 35.5 ± 6.8 33.9 ± 8.4 0.137
White blood cell (109/L) 11.7 ± 6.1 10.9 ± 6.4 0.418
Platelet (109/L) 234.7 ± 95.3 227.7 ± 131.5 0.660
C-reactive protein (mg/dL) 7.1 ± 8.5 8.9 ± 9.8 0.181
Aspartate aminotransferase (IU/L) 38.3 ± 41.9 91.6 ± 158 0.001 1.00 (0.99–1.01) 0.002 0.455
Alanine aminotransferase (IU/L) 27.4 ± 70.9 57.1 ± 112 0.056
Blood urea nitrogen (mg/dL) 22.1 ± 15.5 33.7 ± 20.2 <0.001 0.99 (0.97–1.02) –0.006 0.660
Creatinine (mg/dL) 1 ± 0.6 1.7 ± 2 0.001 1.47(1.05–2.04) 0.383 0.023
Glucose (mg/dL) 148.2 ± 55.5 158.8 ± 92.1 0.288
Albumin (g/dL) 3.7 ± 0.6 3.3 ± 0.7 <0.001 0.86 (0.43–1.73) –0.150 0.673
Sodium (mmol/L) 134.9 ± 5.6 134.3 ± 4.6 0.468
Potassium (mmol/L) 3.9 ± 0.6 4 ± 0.8 0.201
PT (INR) 1.1 ± 0.3 1.2 ± 0.3 0.243
PTT (sec) 30.2 ± 8.2 32.6 ± 7.7 0.069
Hospital length of stay (days)* 5 (10) 9 (15) 0.068
ICU admission 31 (13.6) 25 (49.0) <0.001
Psoas muscle size (mm2) 826.3 ± 330.9 376.5 ± 180.9 <0.001 0.99 (0.99–0.99) –0.008 <0.001
Muscle attenuation (HU) 59 ± 13.6 42.6 ± 9.6 <0.001 0.99 (0.96–1.03) –0.007 0.710
a The values are presented as mean (standard deviation) or number (%).
b Data in parentheses are 95% CI, conducted on variables with a p < 0.05 on univariate analysis.
* The values are presented as given median (IQR).
OR, odds ratio; B, regression coefficient.
Boldface type indicates statistical significance (p value < 0.05).

clinical, easily accessible laboratory tests and vital signs. If
the emergency physicians promptly predict the prognosis of
patients visiting the ED, they can expect to provide appropriate
treatment. Therefore, we conducted a study on the elderly
patient population visiting the ED but did not look for specific
diseases. When the final diagnosis of enrolled patients was
classified by the International Classification of Diseases-10th
Revision (ICD-10), selected patient diseases could be catego-
rized into 13 different chapters.

The most common body composition evaluation methods
are dual-energy X-ray absorptiometry (DXA), bioelectrical
impedance analysis (BIA), computerized tomography (CT),
andmagnetic resonance imaging (MRI).While identifying sar-

copenia is particularly important for older patient, the method
of measurement is not completely standardized. According to
the consensus of the European Working Group on Sarcopenia
in Older Persons (EWGSOP), CT and MRI are the gold stan-
dards for estimating muscle mass [9]. However, these imaging
tests are costly, have limited access to equipment at certain
sites, and have concerns regarding radiation exposure. Thus,
DXA and BIA seemed to be desirable alternative approaches to
research and clinical use. However, these two techniques have
some degree of inaccuracy in clinical used. DXA measures
may vary depending on the device manufacturer [37]. BIA
accuracy depends on the type of equations used to estimate
appendicular skeletal mass as well as on hydration status [38,
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TABLE 3. Logistic regression analysis for predicting ICU admission.
Variable Univariate analysisa Multivariate analysisb

Non-ICU ICU p-value OR B p-value
(–) group (+) group
n = 223 n = 56

Age (years) 76.7 ± 7.2 77.9 ± 6.3 0.263
Sex; Male 94 (42.2) 27 (48.2) 0.414
Systolic Blood Pressure (mmHg) 133.8 ± 29.8 116.6 ± 36 <0.001 0.99 (0.98–1.00) –0.013 0.041
Diastolic Blood Pressure (mmHg) 75.1 ± 13 67.2 ± 16 <0.001 0.99 (0.95–1.03) –0.007 0.727
Pulse rate (beats/min) 86.7 ± 14.8 99.9 ± 26.8 <0.001 1.02 (0.99–1.04) 0.015 0.159
Respiratory rate (breath/min) 20.4 ± 2.1 22.7 ± 6.1 <0.001 1.18 (1.05–1.31) 0.161 0.005
Body temperature (◦C) 36.8 ± 0.8 36.9 ± 1.1 0.277
Altered mental status 20 (9.0) 11 (19.6) 0.027 0.885
Laboratory test
Hemoglobin (g/dL) 12 ± 2.7 11.5 ± 2.4 0.208
Hematocrit (%) 35.4 ± 7.2 34.3 ± 6.7 0.264
White blood cell (109/L) 11.7 ± 6.1 10.6 ± 6.3 0.240
Platelet (109/L) 235 ± 90.9 227.2 ± 140.8 0.608
C-reactive protein (mg/dL) 6.4 ± 7.9 11.2 ± 10.9 <0.001 1.04 (1.00–1.08) 0.035 0.066
Aspartate aminotransferase (IU/L) 40 ± 57.8 81 ± 132.4 0.004 1.02 (1.01–1.03) 0.019 0.003
Alanine aminotransferase (IU/L) 26.3 ± 49.7 58.8 ± 148.2 0.037 0.98 (0.96–0.99) –0.025 0.008
Blood urea nitrogen (mg/dL) 21.6 ± 12.4 34.6 ± 26.5 <0.001 1.01 (0.99–1.04) 0.012 0.355
Creatinine (mg/dL) 1 ± 0.8 1.7 ± 1.6 0.001 1.46 (1.09–1.97) 0.379 0.012
Glucose (mg/dL) 149.5 ± 59.6 152.7 ± 78.4 0.739
Albumin (g/dL) 3.7 ± 0.7 3.3 ± 0.6 0.001 0.74 (0.39–1.38) –0.306 0.339
Sodium (mmol/L) 135 ± 4.9 134 ± 7 0.221
Potassium (mmol/L) 3.9 ± 0.5 4 ± 0.9 0.182
PT (INR) 1.1 ± 0.3 1.2 ± 0.3 0.149
PTT (sec) 30.1 ± 8.2 32.8 ± 7.6 0.036 0.97 (0.92–1.02) –0.032 0.222
Hospital length of stay (days)* 4 (8) 12 (17) <0.001
In hospital mortality 26 (11.7) 25 (44.6) <0.001
Psoas muscle size (mm2) 791.1 ± 341.6 556.9 ± 345.6 <0.001 1.00 (1.00–1.00) –0.002 0.002
Muscle attenuation (HU) 57.7 ± 13.9 49.4 ± 14.6 <0.001 0.99 (0.96–1.02) –0.010 0.521
a The values are presented as mean (standard deviation) or number (%).
b Data in parentheses are 95% CI, conducted on variables with a p value of <0.05 on univariate analysis.
* The values are presented as median (IQR).
OR, odds ratio; B, regression coefficient.
Boldface type indicates statistical significance (p < 0.05).

TABLE 4. Cut-off value, AUROC, sensitivity and specificity for predict prognosis.
Cut-off value AUROC (95% CI) Sensitivity, % (95% CI) Specificity, % (95% CI)

Psoas muscle size
For predict in-hospital mortality 587.4 0.904 (0.856–0.953) 92.2 (81.1–97.8) 78.5 (72.6–83.7)
For predict ICU admission 390.2 0.706 (0.622–0.791) 51.8 (38.0–65.3) 87.9 (82.9–91.9)
AUROC, Area under the ROC curve; ICU, Intensive care unit.

39]. Using existing CT scans taken for other purposes can
overcome disadvantages of the previous two methods and does
not require additional costs or additional radiation.

Recently, many research have studied the application of
deep learning to medical image segmentation and measure-
ment of muscle [40, 41]. Also, deep learning has been shown
to be capable of predicting the prognosis of patients in some
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diseases as well as measuring image segmentation [42]. How-
ever, it is still difficult to easily conduct it to patients. Our
study is expected to be used as a basis for presenting accurate
criteria for automated measurement and prediction of patients’
prognosis.
Our study demonstrated that only muscle size measured by

CT was an independent predictor of poor prognosis for older
patients visited the ED. This is consistent with other studies
that demonstrate that sarcopenia is a significant factor for
predicting patients’ poor prognosis [24, 43]. On the other hand,
psoas muscle attenuation was a significant factor for predicting
in-hospital mortality and ICU admission. However, this does
not mean that the only muscle size is associated sarcopenia.
Some previous studies have reported that muscle attenuation
is associated with patient prognosis [44, 45].
In previous studies, the size of the psoas muscle was pre-

sented as the muscle index calculated by dividing the sum of
the right and left psoas muscle areas into the patient’s height
[24, 43]. Alternatively, there have been studies that predict
prognosis using only psoas muscle area [22]. It is difficult to
measure the exact height in the ED setting. Almost patients
are in a supine position with lines and tubes attached, and
thus obtaining a patient’s height is almost impossible. In
addition, ED physicians usually have limited time because they
are simultaneously attending to the care of a large number of
patients.
To our knowledge, this is the first study to assess the psoas

muscle size and patient outcomes using only CT for elderly
patients visiting the emergency room. However, there are
some limitations to this study. This is a retrospective study
in single-center for patients who have visited the ED. Thus,
a selection bias can occur. Additional multi-centered studies
with prospective designs are required before our results are
generalizable. In this study, patients were selected from di-
verse disease groups to predict all-cause mortality. In final
diagnosis of enrolled patients, categorization into chapters XI
(Diseases of the digestive system) and XIV (Diseases of the
genitourinary system) from the ICD-10 classification were
most common. Due to, we only selected patients who took
APCT for psoas muscle measurement using CT, it may be
difficult to fully characterize the disease. The use of manual
muscle contours to measure muscle size and attenuation can be
another limitation because it could lead to incorrect inclusion
of muscle fat in the measurements. However, for minimize
this bias, two board certified emergency physicians measured
the psoas muscles size and attenuation for included patients to
verify reliability.

5. Conclusions

Simple, easy to apply, and cost-efficient methods are needed
in clinical practice for early diagnosis of sarcopenia in older
patients. Using existing CT can be appropriate method for this
evaluation. In this study, measurement of muscle size using
CT was shown to be a feasible modality for predicting poor
prognoses for older patients.

AUTHOR CONTRIBUTIONS

Conception and design—SHL. Acquisition, analysis, and in-
terpretation of data—SJB, SHL.Drafting themanuscript for in-
tellectual content—SJB, SHL, SJY. Statistical analysis—KK.
All authors reviewed, revised and approved the manuscript for
submissions. Study supervision—SHL.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

This study was approved by the institutional review board of
EwhaWomans University Mokdong Hospital, and the require-
ment for written informed consent was waived (IRBNo: 2021-
01-014).

ACKNOWLEDGMENT

We would like to acknowledge our emergency department
staffs for their support.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

DATA AVAILABILITY

The data used to support the findings of this study are available
from the corresponding author upon request.

REFERENCES
[1] Won CW. Frailty: its Scope and Implications for Geriatricians. Annals of

Geriatric Medicine and Research. 2019; 23: 95–97.
[2] Artaza-Artabe I, Sáez-López P, Sánchez-Hernández N, Fernández-

Gutierrez N, Malafarina V. The relationship between nutrition and frailty:
Effects of protein intake, nutritional supplementation, vitamin D and
exercise on muscle metabolism in the elderly. A systematic review.
Maturitas. 2016; 93: 89–99.

[3] Hajek A, Bock JO, Saum KU, Matschinger H, Brenner H, Holleczek B,
et al. Frailty and healthcare costs—longitudinal results of a prospective
cohort study. Age and Ageing. 2018; 47: 233–241.

[4] Statistics Korea. Population projections for Korea. Daejeon: Statistics
Korea. 2019.

[5] Abellan Van Kan G. Epidemiology and consequences of sarcopenia. The
Journal of Nutrition, Health and Aging. 2009; 13: 708–712.

[6] Doherty TJ. Invited Review: Aging and sarcopenia. Journal of Applied
Physiology. 2003; 95: 1717–1727.

[7] Santilli V, Bernetti A, Mangone M, Paoloni M. Clinical definition of
sarcopenia. Clinical Cases in Mineral and Bone Metabolism. 2014; 11:
177–180.

[8] Hairi NN, Cumming RG, Naganathan V, Handelsman DJ, Le Couteur
DG, Creasey H, et al. Loss of Muscle Strength, Mass (Sarcopenia), and
Quality (Specific Force) and its Relationship with Functional Limitation
and Physical Disability: The Concord Health and Ageing in Men Project.
Journal of the American Geriatrics Society. 2010; 58: 2055–2062.

[9] Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi
F, et al. Sarcopenia: European consensus on definition and diagnosis:



118

Report of the European Working Group on Sarcopenia in Older People.
Age and Ageing. 2010; 39: 412–423.

[10] Tarantino U, Piccirilli E, Fantini M, Baldi J, Gasbarra E, Bei R.
Sarcopenia and Fragility Fractures: Molecular and Clinical Evidence of
the Bone-Muscle Interaction. Journal of Bone and Joint Surgery. 2015;
97: 429–437.

[11] Moisey LL, Mourtzakis M, Cotton BA, Premji T, Heyland DK, Wade
CE, et al. Skeletal muscle predicts ventilator-free days, ICU-free days,
and mortality in elderly ICU patients. Critical Care. 2013; 17: R206.

[12] Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S, Wylie-
Rosett J, et al. TheObese without Cardiometabolic Risk Factor Clustering
and the Normal Weight with Cardiometabolic Risk Factor Clustering:
prevalence and correlates of 2 phenotypes among the US population
(NHANES 1999–2004). Archives of Internal Medicine. 2008; 168:
1617–1624.

[13] Tomiyama AJ, Hunger JM, Nguyen-Cuu J, Wells C. Misclassification
of cardiometabolic health when using body mass index categories in
NHANES 2005–2012. International Journal of Obesity. 2016; 40: 883–
886.

[14] Tan CY, Vidal-Puig A. Adipose tissue expandability: the metabolic
problems of obesity may arise from the inability to become more obese.
Biochemical Society Transactions. 2008; 36: 935–940.

[15] Jones SE, Maddocks M, Kon SS, Canavan JL, Nolan CM, Clark AL, et
al. Sarcopenia in COPD: prevalence, clinical correlates and response to
pulmonary rehabilitation. Thorax. 2015; 70: 213–218.

[16] Liu P, Hao Q, Hai S, Wang H, Cao L, Dong B. Sarcopenia as a
predictor of all-causemortality among community-dwelling older people:
a systematic review and meta-analysis. Maturitas. 2017; 103: 16–22.

[17] Wong RMY, Wong H, Zhang N, Chow SKH, Chau WW, Wang J, et al.
The relationship between sarcopenia and fragility fracture—a systematic
review. Osteoporosis International. 2019; 30: 541–553.

[18] Mettler FA Jr, Bhargavan M, Faulkner K, Gilley DB, Gray JE, Ibbott
GS, et al. Radiologic and Nuclear Medicine Studies in the United States
and Worldwide: Frequency, Radiation Dose, and Comparison with other
Radiation Sources—1950–2007. Radiology. 2009; 253: 520–531.

[19] Kocher KE, Meurer WJ, Fazel R, Scott PA, Krumholz HM, Nallamothu
BK. National Trends in Use of Computed Tomography in the Emergency
Department. Annals of Emergency Medicine. 2011; 58: 452–462.e3.

[20] Chou SC, Nagurney JM, Schuur JD, Weiner SG. Advanced imaging and
trends in hospitalizations from the emergency department. PLoS ONE.
2020; 15: e0239059.

[21] Huber TC, Keefe N, Patrie J, Tracci MC, Sheeran D, Angle JF, et al.
Predictors of all-Cause Mortality after Endovascular Aneurysm Repair:
Assessing the Role of Psoas Muscle Cross-Sectional Area. Journal of
Vascular and Interventional Radiology. 2019; 30: 1972–1979.

[22] Yaguchi Y, Kumata Y, Horikawa M, Kiyokawa T, Iinuma H, Inaba T, et
al. Clinical Significance of Area of Psoas Major Muscle on Computed
Tomography after Gastrectomy in Gastric Cancer Patients. Annals of
Nutrition and Metabolism. 2017; 71: 145–149.

[23] Wang T, Feng X, Zhou J, Gong H, Xia S, Wei Q, et al. Type 2
diabetes mellitus is associated with increased risks of sarcopenia and pre-
sarcopenia in Chinese elderly. Scientific Reports. 2016; 6: 38937.

[24] Akkoc I, Toptas M, Yalcin M, Demir E, Toptas Y. Psoas Muscle Area
Measured with Computed Tomography at Admission to Intensive Care
Unit: Prediction of in-Hospital Mortality in Patients with Pulmonary
Embolism. BioMed Research International. 2020; 2020: 1586707.

[25] Gu DH, Kim MY, Seo YS, Kim SG, Lee HA, Kim TH, et al. Clinical
usefulness of psoas muscle thickness for the diagnosis of sarcopenia in
patients with liver cirrhosis. Clinical and Molecular Hepatology. 2018;
24: 319–330.

[26] Mccusker A, Khan M, Kulvatunyou N, Zeeshan M, Sakran JV, Hayek
H, et al. Sarcopenia defined by a computed tomography estimate of the
psoas muscle area does not predict frailty in geriatric trauma patients. The
American Journal of Surgery. 2019; 218: 261–265.

[27] Hajian-Tilaki K. Receiver Operating Characteristic (ROC) Curve Anal-
ysis for Medical Diagnostic Test Evaluation. Caspian Journal of Internal
Medicine. 2013; 4: 627–635.

[28] Perkins NJ, Schisterman EF. The Inconsistency of “Optimal” Cutpoints
Obtained using Two Criteria based on the Receiver Operating Character-

istic Curve. American Journal of Epidemiology. 2006; 163: 670–675.
[29] Landis JR, Koch GG. The Measurement of Observer Agreement for

Categorical Data. Biometrics. 1977; 33: 159–174.
[30] Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener

J, et al. Frailty in Older Adults: Evidence for a Phenotype. Journals of
Gerontology - Series A Biological Sciences and Medical Sciences. 2001;
56: M146–M156.

[31] Steihaug OM, Gjesdal CG, Bogen B, Kristoffersen MH, Lien G, Ranhoff
AH. Sarcopenia in patients with hip fracture: A multicenter cross-
sectional study. PLoS ONE. 2017; 12: e0184780.

[32] Aubertin-LeheudreM, Lord C, LabontéM, Khalil A, Dionne IJ. Relation-
ship between Sarcopenia and Fracture Risks in Obese Postmenopausal
Women. Journal of Women and Aging. 2008; 20: 297–308.

[33] Cawthon PM, Blackwell TL, Cauley J, Kado DM, Barrett-Connor E,
Lee CG, et al. Evaluation of the Usefulness of Consensus Definitions of
Sarcopenia in Older Men: Results from the Observational Osteoporotic
Fractures in Men Cohort Study. Journal of the American Geriatrics
Society. 2015; 63: 2247–2259.

[34] KershawEE, Flier JS. Adipose Tissue as an EndocrineOrgan. The Journal
of Clinical Endocrinology and Metabolism. 2004; 89: 2548–2556.

[35] Johannsen DL, Conley KE, Bajpeyi S, Punyanitya M, Gallagher D,
Zhang Z, et al. Ectopic Lipid Accumulation and Reduced Glucose
Tolerance in Elderly Adults Are Accompanied by Altered Skeletal
Muscle Mitochondrial Activity. The Journal of Clinical Endocrinology
and Metabolism. 2012; 97: 242–250.

[36] Marzetti E, Calvani R, Cesari M, Buford TW, Lorenzi M, Behnke BJ, et
al. Mitochondrial dysfunction and sarcopenia of aging: from signaling
pathways to clinical trials. The International Journal of Biochemistry and
Cell Biology. 2013; 45: 2288–2301.

[37] Kistorp CN, Svendsen OL. Body composition analysis by dual energy
X-ray absorptiometry in female diabetics differ between manufacturers.
European Journal of Clinical Nutrition. 1997; 51: 449–454.

[38] Scafoglieri A, Clarys JP, Bauer JM, Verlaan S, Van Malderen L,
Vantieghem S, et al. Predicting appendicular lean and fat mass with
bioelectrical impedance analysis in older adults with physical function
decline – the PROVIDE study. Clinical Nutrition. 2017; 36: 869–875.

[39] Rösler A, Lehmann F, Krause T, Wirth R, von Renteln-Kruse W.
Nutritional and hydration status in elderly subjects: Clinical rating versus
bioimpedance analysis. Archives of Gerontology and Geriatrics. 2010;
50: e81–e85.

[40] Paris MT, Tandon P, Heyland DK, Furberg H, Premji T, Low G, et al.
Automated body composition analysis of clinically acquired computed
tomography scans using neural networks. Clinical Nutrition. 2020; 39:
3049–3055.

[41] Hashimoto F, Kakimoto A, Ota N, Ito S, Nishizawa S. Automated
segmentation of 2D low-dose CT images of the psoas-major muscle
using deep convolutional neural networks. Radiological Physics and
Technology. 2019; 12: 210–215.

[42] Wang NC, Zhang P, Tapper EB, Saini S, Wang SC, Su GL. Automated
Measurements of Muscle Mass Using Deep Learning Can Predict
Clinical Outcomes in Patients with Liver Disease. American Journal of
Gastroenterology. 2020; 115: 1210–1216.

[43] Boutin RD, Bamrungchart S, Bateni CP, Beavers DP, Beavers KM,
Meehan JP, et al. CT of Patients with Hip Fracture: Muscle Size and
Attenuation Help Predict Mortality. American Journal of Roentgenology.
2017; 208: W208–W215.

[44] Yoo T, Lo WD, Evans DC. Computed tomography measured psoas
density predicts outcomes in trauma. Surgery. 2017; 162: 377–384.

[45] Bae SJ, Lee SH. Computed tomographic measurements of the psoas
muscle as a predictor of mortality in hip fracture patients: Muscle
attenuation helps predict mortality in hip fracture patients. Injury. 2021;
52: 1456–1461.

How to cite this article: Sung Jin Bae, Sun Hwa Lee, Seong
Jong Yun, Keon Kim. Measurement of psoas muscle size using
existing computed tomography to predict patient outcomes in
emergency departments. Signa Vitae. 2022; 18(3): 111-118.
doi:10.22514/sv.2021.238.


	Introduction
	Material & methods
	Study design
	Study population
	Data collection and outcome measurement
	Image acquisition, the method for measuring muscle size and attenuation
	Statistical analysis

	Results
	Baseline characteristics
	Psoas muscle size and attenuation
	Clinical variables associated with patients' prognosis
	Predictive performance of psoas muscle measurement 

	Discussion
	Conclusions

