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Evaluation of skeletal muscle mass as a predictor of prognosis
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ABSTRACT

SUBJECTIVE: Skeletal muscle indexes are known to be one of the important prognostic indicators in many
clinical situations. This study aims to evaluate the effects of laboratory values and muscle mass measures
such as skeletal muscle area (SMA), skeletal muscle index (SMI), skeletal muscle density (SMD) and
skeletal muscle gauge (SMG) obtained from the 12th thoracic vertebra (T12) level of patients hospitalized for

COVID-19 infection on prognosis.

METHODS: The patients\' age, comorbidity index (CCl) scores, gender, anthropometric criteria such as
height, weight, and BMI, laboratory values, development of NIMV and IC need during follow-up, length
of hospital stay, and hospital mortality were retrospectively screened. The relationship between clinical
and laboratory variables, SMA, SMI, SMD, and SMG values, and patient outcomes such as the need for
non-invasive mechanical ventilation (NIMV), need for intensive care, and mortality was investigated using

multivariate logistic regression analysis.

RESULTS: It was shown in multilinear regression analysis that T12SMD (8=-0.254; p=0.036), albumin
(B=-0.465; p=0.005), and procalcitonin values (3=-0.292; p=0.026) were independent risk factors on
mortality for intensive care in patients hospitalized due to COVID-19 infection.

T12SMD has been shown to be significantly associated with various negative outcomes such as mortality,
need for NIMV, and need for intensive care independently of body mass index (BMI) in our study (Tab. 5,

Fig. 2, Ref. 25). Text in PDF www.elis.sk

KEY WORDS: COVID-19 infection, intensive care, non-invasive mechanical ventilation, skeletal muscle

density, skeletal muscle gauge.

Introduction

Coronaviruses (CoV) are a large family of viruses that can
cause more serious infections such as Middle East Respiratory Syn-
drome (MERS) and Severe Acute Respiratory Syndrome (SARS)
from self-limiting mild infections that are common in society such
as colds (1). The disease spectrum ranges from a simple cold to
severe acute respiratory syndrome. Common symptoms of infec-
tion are respiratory symptoms, fever, cough, and dyspnea. Pneu-
monia, severe acute respiratory tract infection, renal failure, and
even death may develop in more serious cases.
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Thoracic CT provides valuable information about the diag-
nosis, disease severity, and patient prognosis although the detec-
tion of viral RNA in nasopharyngeal swabs or tracheal aspirates
by reverse transcription-polymerase chain reaction (RT-PCR) is
the gold standard for diagnosis (2). Thoracic CT is also used as
an early sensitive diagnostic approach in COVID-19 patients with
negative PCR testing. Several studies have shown that thoracic CT
can be useful as a standard method to optimize the rapid diagno-
sis and management of COVID-19 due to the low rate of missed
diagnosis of COVID-19 (3.9 %) (3).

Sarcopenia, which is defined as progressive generalized loss of
muscle mass, muscle strength, and function, is a clinical syndrome
that may accompany many diseases with chronic and acute inflam-
mation (4). Low muscle area and indices are known to be one of
the poor prognostic factors in many benign and malignant diseases.
Weight loss and loss of muscle mass are common in COVID-19
infection due to the effect of anosmia and loss of taste as well as
high inflammatory cytokine levels. Body mass index (BMI) is an
inadequate criterion in distinguishing muscle and fat tissue even
though it is one of the most common measures of body size. Low
BMI may mask excessive adiposity whereas high BMI may mask
sarcopenia. Therefore, evaluation of body composition criteria that
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can distinguish body fat tissue distribution, muscle quantity, and
quality may be more useful in evaluating sarcopenia.

Various tools such as Dual-energy X-ray absorptiometry
(DXA), bioelectric impedance analysis (BIA), ultrasound (US),
CT, and MRI can be used to determine muscle mass (5). The mea-
surement of muscle mass at a vertebral level in patients hospi-
talized for COVID-19 infection appears to be one of the best op-
tions. Skeletal muscle measurements at the level of the third lum-
bar (L3) vertebra are generally used for this purpose. However,
it is reported in the literature that other thoracic segments can be
used as an alternative in cases where L1, L2, L3, L4, L5, and 10th,
11th and 12th thoracic (T12) vertebra measurements do not fall
within the L3 segment area due to their strong correlation (6-8).

Frequently used criteria for the measurement of muscle mass
at a vertebral level in CT are SMA — Skeletal muscle area, SMI —
Skeletal muscle index, and SMD — Skeletal muscle density. Ske-
letal muscle index (muscle area in cm? at SMI — L3) and skeletal
muscle density (SMD) measurements were frequently used in
studies conducted to evaluate sarcopenia with CT imaging. How-
ever, it has been suggested to use SMG measurement obtained by
multiplying SMI and SMD measurements as a new marker in the
differentiation of sarcopenia since muscle density and quantity do
not always show a positive correlation, considering that the use of
amathematical combination showing both muscle quantity (SMI)
and density (SMD) may give more meaningful results in terms of
predicting sarcopenia (9).

The number of studies on COVID-19 infection and muscle
indices is extremely low in the literature even though sarcopenia
and low muscle mass are known to be poor prognostic factors in
many diseases. Evaluation of paravertebral muscle indices obtained
by CT may help us to better understand the effects of COVID-19
on prognosis. This study aims to find an answer to the question
of whether muscle mass measures such as SMA, SMI, SMD, and
SMG obtained from thoracic CT scans taken at the time of diag-
nosis of patients hospitalized for COVID-19 infection are an in-
dependent risk factor effective on mortality, NIMV and need for
intensive care (IC). Our study is the first in the literature to evalu-
ate the effects of muscle measures obtained from the T12 level on
prognosis in adult patients hospitalized with COVID-19 infection
to the best of our knowledge.

Materials and methods

Study population

Our retrospective study was approved by the Ministry of
Health, General Directorate of Health Services of the Republic
of Turkey, and Mugla Sitki Kocman University Human Research
Ethics Committee. Since our study design was retrospective,
written informed consent was not obtained from the patients to
participate in the study. COVID-19 patients over 18 years of age
who were diagnosed with COVID-19 by RT-PCR test between 20
March 2020 and 10 August 2020, who were hospitalized in the
COVID-19 service and intensive care units of MSKU Training
and Research Hospital due to high clinical disease severity, and
who underwent non-contrast thoracic CT examination at the time
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of diagnosis were included in the study. Thoracic CT indications
were determined according to the COVID-19 Patient Management
Algorithm of the Ministry of Health of the Republic of Turkey.

The patients’ age, comorbidity index (CCI) scores, gender,
anthropometric criteria such as height, weight, and BMI, labora-
tory values, development of NIMV and IC need during follow-up,
length of hospital stay, and hospital mortality were retrospectively
screened through our hospital automation system in our study.
NIMV was applied to patients with hypoxemic respiratory failure
(partial arterial oxygen pressure (paO,) <60 mmHg) in the absence
of invasive mechanical ventilation (IMV) indications. Patients
whose hypoxemia did not improve with NIMV treatment and
who needed IMV were treated in the intensive care units. SMA,
SMI, SMD, SMG measurements of the paravertebral muscles at
the level of the T12vertebra were obtained from the thoracic CT
images taken at the time of diagnosis.

CT examination

Thorax non-contrast CT of all cases was performed with a
multidetector CT scanner reserved for patients with suspected
COVID-19 (Toshiba Asteion). Approved disinfectants were used
in accordance with the procedures of our hospital for disinfection
of the CT room and the surfaces in contact with the patient. Thorax
CT parameters were 4x1.5 mm section collimation, 3 mm section
thickness, the field of view, 120 kV tube voltage, tube current 200
mA/sec, and matrix 512x512.

Measurement methods

Muscle index measurements of the cases were performed at the
level of upper end-plates of the T12 vertebra. 3D SLICER was used
for muscle index measurement (http://www.slicer.org, Surgical
Planning Laboratory, Harvard University, Boston, MA, USA, ver-
sion4.10.2). Thorax CT examination of the case was imported into

Fig. 1. Measurement of skeletal muscle area at the level of the 12t
thoracic vertebra on chest computed tomography image in a 52-year-
old man.
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a 3D slicer for further examination. 1.5 mm axial reconstructions
were used for measurements. A threshold containing muscle tissue
was determined using the segment editor module (range 0-150).
Subsequently, only the muscle tissue was stained manually with
the paint effect using the determined threshold mask (Fig. 1). The
areas of the muscles (SMA, cm?) were measured for each level us-
ing the radiomics module after painting (Fig. 1). SMI was obtained
for each patient using the calculation formula ((skeletal muscle
area-cm?)/(patient height-m?)). The density (SMD) of the muscles
at all levels was measured in Hounsfield and obtained by averaging
the HU radiodensity for the total cross-sectional skeletal muscle.
SMG measurement was performed to evaluate both SMI and SMD
by integrating. SMG was obtained using the SMIxSMD formula.

No significant difference was observed in terms of BMI values
according to mortality status (p=0.163) whereas T12SMD values
were significantly lower in the mortality group compared to the
non-mortality group in our study (p=0.025). In addition, ferritin
(p=0.013) and D-dimer values (p=0.007) were found to be sta-
tistically significantly higher in the mortality group compared to
the non-mortality group (Table 2).

CCI (p=0.036), CRP (p=0.009), procalcitonin (p=0.012), fer-
ritin (p <0.001), and D-dimer values (p=0.039) were found to be
statistically significantly higher in the group showing NIMV need
compared to the group not showing NIMV need. No statistically
significant difference was observed between patients with and
without NIMV need in terms of BMI values (p: 0.448) whereas

Statistical analysis
Data were analyzed using SPSS soft-

Tab. 1. Descriptive characteristics of the study population by gender.

ware version 22.0 for Windows (SPSS Inc, Total population Male Fomaile
Chicago, Illinois, USA). The suitability of ~ Characteristic (n=68) (n=39) (n=29) p
the data for normal distribution was evaluat- Mean (&sd) Mean (£sd) Mean (£sd)
ed by the Kolmogorov-Smimov Test. Com-  Age 48.5 (+18.1) 47.7 (£16.6) 49.6(20.2) 0.664
parisons of numerical variables between BMI 27.5 (+4.5) 27.4 (3.5) 27.6 (#5.5) 0.878
two independent groups were performed T12SMA 80.1 (£31.7) 98.5 (£29.0) 56.9 (15.7) <.001
by Independent samples t-test when normal ~ L25MI 40.7 (&11.9) 47.9 (£11.5) 33.4 (£7.1) <.001
distribution condition was met and Mann SMD 384 (+14.6) 38.7(4.8) 37.9 (4.6) 0.834
‘Whitney U test when not met, Correla- T12SMG 1579.1 (+£840.9)  1795.8 (2965.0)  1335.2 (+606.3) 0.045
tion coefficient and statistical significance Ln 2.1 4.6) 2.5 (#6.2) 1.5 (0.6) 0.369
Neu 4.4 (£3.9) 4.5(+2.7) 4.2 (+4.9) 0.684
were calculated by Pearson test for the re- 213.9 (+70.8) 212.4 (£66.4) 215.8 (£77.0) 0.850
latl.onshlps between n(?rmally dlgtrlbuted UA 5.6 (+2.4) 5.3 (£2.0) 5.9 (£2.9) 0.606
Varl.ab.les, a.nd.correlatlon coefficient and Ca 8.8 (20.8) 8.9 (20.7) 8.6 (£07) 0113
statistical significance were c'alculthed by  Na 137.6 (+3.7) 138.1 (x4.3) 136.9 (£2.8) 0.208
Spearmanh’s test for the relatlonsh}pS be- Al 4.0 (+0.6) 49 (+0.6) 3.9 (20.5) 0268
tween variables at least one of which was A g7 313 (+31.8) 36.4 (+40.5) 24.9 (+13.6) 0.151
not normally distributed. Linear regression A1 27.9 (£20.8) 33.7 (£19.9) 19.5 (£19.6) 0.005
analysis was performed to determine in-
dependent risk factors affecting mortality, Median(min-max)  Median(min—-max) Median(min—max)
NIMYV, and the need for IC. ROC curve  CCI* 2.0 (0-12) 2.0 (0-12) 1.5 (0-9) 0.781
analysis was performed to determine the =~ WBC* 5.4 (1.2-31.4) 6.1 (1.2-14.4) 4.9 (2.7-31.4) 0.099
cut-off value in terms of showing NIMV ~ Mn* 0.6 (0.2-1.3) 0.6 (0.3-1.2) 0.5 (0.18-1.3) 0.122
and intensive care need of paravertebral ~ Glu* 108 (70-210) 111 (83-210) 102 (70-157) 0.109
muscle indices. Statistical significance was Cre* 0.9 (0.5-10.7) 1.0 (0.7-10.7) 0.8 (0.5-5.5) <0.001
interpreted using the “p” value in the ob- LDH* 203 (26—696) 205 (26-696) 198 (110-610) 0.745
tained data. p-value <0.05 was considered CPK* 89 (17-4667) 117 (18-4667) 67 (17-485) 0.003
‘s Lo T.Bil* 0.4 (0.1-6.3) 0.4 (0.1-0.7) 0.4 (0.1-6.3) 0.921
statistically significant.
D-Dimer* 264 (150-8266) 264 (150-8266) 264 (150-7705) 0.879
Results CRP* 12.9 (0.6-531) 16.5 (1-531) 8.18 (0.6-274) 0.135
Procal* 0.07 (0.01-92.9) 0.07(0.0-92.9) 0.06 (0.01-5.8) 0.125
Ferritine* 188.3(8.5-2942) 335 (59.9-2942) 79 (8.5-989) <0.001
Atotal of 68 people, 29 (42.6 %) female Day* 7 (1-87) 7 (1-26) 6 (1-87) 0.368

and 39 (57.4 %) male, were included in the
study. The mean age of the cases was 48.5
(£ 18.1). The need for NIMV developed in
15.9 % of the cases during follow-up where-
as 19% showed the need for intensive care.
5 patients (7.6 %) died during their follow-
up. Descriptive characteristics of the study
population are presented in Table 1.

Variables with normal distribution were specified as mean (+ sd deviation), and Independent samples T test was
applied for these variables. *Variables with non-normal distribution are specified as median (min-max), and Mann

Whitney U test was used for these variables.

CCI — Charlson Comorbidity Index, WBC — White blood cell, Mn — monocyte, Glu — glucose, Cre — creatinine,
LDH - lactate dehydrogenase, CPK — creatine phosphokinase, T.Bil — total bilirubin, CRP — C-reactive protein,
Procal — procalcitonin, Day — length of stay in the hospital. BMI — Body mass index, — :12. Thoracic Vertebra
Skeletal muscle area, T12SMI — 12. Thoracic Vertebra Skeletal Muscle Index, SMD — Skeletal muscle density,
T12SMG — 12. Thoracic Vertebra Skeletal muscle gauge, Ln — Lymphocyte, Neu — neutrophil, Mn — monocyte,
PLT — platelet, UA — uric acid, Ca — calcium, Na — sodium, Alb — albumin, AST — aspartate aminotransferase,
ALT - alanine aminotransferase.
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Tab. 2. Descriptive characteristics of the study population.

Need for ICU

Need for NIMV

Mortality

No

46.9 (£18.8)

Yes

57.5 (£13.7)

No
46.7 (£15.8)
1(0-12)

Yes

56.7 (£19.1)

No

47.9 (£18.3)

Yes

59 (£15.8)

0.098

0.091

0.196
0.243
0.163
0.842
0.361

Age

0.036

1(0-12)
273 (+4.6)
78.7 (£30.6)
41.0 (£12.1)

1691.5 (£752.6)

409 (£11.5)

3(0-9)
28.0 (+4.6)
85.3 (£41.3)
39.8 (£12.5)

1167.1 (£825.6)

0.036
0.448

3(0-9)
28.67 (+4.5)
85.2 (£36.4)
39.5 (£11.2)

1214.5 (£608.8)
33.0 (£18.2)

101.13 (0-531.3)

1(0-9)
277 (+4.5)
79.6 £32.07)
40.4 (£12.8)
1612.3 (+786.3)

3(0-12)

CCr**
BMI

0.749
0.591

272 (+4.6)
78.4 (+31.2)

23.1 (+4.1)
75.8 (£19.7)
483 (£5.8)

1189.3 (+444.8)

0.549
0.769
0.134
0.048
0.009
0.012

T12SMA
T12SMI
T12SMG

SMD

0.832
0.121

411 (£123)
1695.1 (+761.6)

40.89 (£11.7)

0.339

0.029

30.9 (£19.9)
103.0 (0-531.3)

0.025
0.621

39.9 (+12.40)
13.8 (0.6-531.3)
0.07 (0-92.87)

25.5 (£14.9)
170.8 (0.6-266.3)

0.002

9.9 (0.6-426)
0.06 (0-92.9)
136.7 (8.5-1011)

9.9 (0.6-426)
0.06 (0-92.9)

CRP**

0.039

0.21 (0-6.7)
649.5 (261.9-2942)

0.209 (0-6.7)
615 (192.7-2942)

627 (150-8266)

0.907

0.06 (0-1.1)
989 (389-2942)
2192 (627-7705)

Procal**

<.001
0.005

<.001
0.039

127.7 (8.5-1011)

0.013

175.7 (8.48-1452)
263 (150-8266)

Ferritin**

257 (150-2192)

1060 (150-8266)

257 (150-2192)

0.007

** Variables with non-normal distribution are specified as median (min-max), and Mann Whitney U test was used for these variables.

D-Dimer**

NIMV — Non-invasive mechanic ventilation, ICU — intensive care unit, CCI — Charlson Comorbidity Index, BMI — Body mass index, T12SMA:12. Thoracic Vertebra Skeletal muscle area, TI2SMI — 12. Thoracic Vertebra Skeletal

Muscle Index, SMD — Skeletal muscle density TI12SMG — 12. Thoracic Vertebra Skeletal muscle gauge, CRP — C-reactive protein

T12SMD values were significantly lower in the group with NIMV
need compared to the other group (p=0.048) (Tab. 2).

CCI (p=0.036), CRP (p=0.002), procalcitonin (p=0.039),
ferritin (p <0.001), and D-dimer values (p=0.005) were found to
be statistically significantly higher in patients in need of IC com-
pared to the group without IC. No statistically significant differ-
ence was observed between the patients with and without intensive
care needs in terms of BMI values (p=0.749) whereas T12SMD
values were significantly lower in the IC group compared to the
other group (p=0.029) (Tab. 2).

The adjusted R-squared value of the regression model created
with age, BMI, CCI, glucose, creatinine, total bilirubin, alanine
aminotransferase (ALT), albumin, lactate dehydrogenase (LDH), C
reactive protein (CRP), procalcitonin, ferritin, D-dimer, TI2SMA,
T12SMI, T12SMG, and SMD variables was observed to be 93 in
order to determine independent risk factors affecting mortality in
individuals with COVID-19 infection. 93 % of the variables affect-
ing mortality could be explained by this obtained model, which sup-
ported that the model was good. T12SMD (B=-0.307; p=0.008),
albumin (8=-0.073; p=0.011), CRP ($=0.781; p=0.001), and
D-dimer values ($=0.489; p=0.021) were shown to be indepen-
dent risk factors affecting mortality in patients hospitalized due
to COVID-19 infection in linear regression analysis (Table 3).
It was shown that albumin, procalcitonin values and T12SMD are
the most important independent risk factors for mortality in the
multiple linear regression analysis (Tab. 3).

The adjusted R-squared value of the regression model cre-
ated with age, BMI, CCI, glucose, creatinine, total bilirubin, ALT,
albumin, LDH, CRP, procalcitonin, ferritin, D-dimer, T12SMA,
T12SMI, T12SMG, and SMD variables was observed to be 78
in order to determine independent risk factors affecting the need
for NIMV in individuals with COVID-19 infection. 78 % of the
variables affecting NIMV could be explained by this obtained
model, which supported that the model was good. Age (3=0.541;
p=0.041), T12SMD (B=-0.733; p=0.001), glucose ($=0.335;
p=0.02), and ALT values (3=0.349; p=0.017) were shown to be
independent risk factors affecting the need for NIMV in patients
hospitalized due to COVID-19 infection in linear regression analy-
sis (Tab. 4). It was shown that glucose and T12SMD are the most
important independent risk factors for NIMV need in the multiple
linear regression analysis (Tab. 4).

The adjusted R-squared value of the regression model crea-
ted with age, BMI, CCI, glucose, creatinine, total bilirubin, ALT,
albumin, LDH, CRP, procalcitonin, ferritin, D-dimer, TI2SMA,
T12SMI, T12SMG, and SMD variables was observed to be 94 in
order to determine independent risk factors affecting the need for
IC in individuals with COVID-19 infection. 94 % of the variables
affecting the need for IC could be explained by this obtained model,
which supported that the model was good. Age (3=0.820; p=0.001),
CCI (B=0.626; p=0.001), TI2SMD (B=-0.912; p=0.001), crea-
tinine (B=0.664; p=0.02), LDH ($=0.355; p=0.033), CRP
(B=1.619; p=0.001), and D-dimer values ($=0.833; p=0.001)
were shown to be independent risk factors affecting the need for IC
in patients hospitalized due to COVID-19 infection in linear regres-
sion analysis (Tab. 5). It was shown that creatinine, D-Dimer levels
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Tab. 3. Evaluation of independent risk factors for mortality by logistic regression analysis.

Linear Regression Multiple Linear
Analysis Regression Analysis
Beta t %095 CI p Beta p

Age 0.121 0918 -0.003 0.007 0.690
CCI 0.099 0.905 -0.012 0.028 0.385
BMI 0.023 0.246 —-0.011 0.014 0.810
Glu —0.035 —0.498 -0.002 0.001 0.628
Cre -0.492 -1.866 -0.135 0.001 0.089
Alb -0.073 -0.446 -0.664 -0.017 0.011 -0.465 0.005
ALT 0.019 0.273 -0.002 0.002 0.790
Ldh —-0.252 -1.604 -0.001 0.001 0.137
T.Bil —0.024 -0.287 -0.066 0.051 0.780
CRP 0.781 4.827 0.006 0.001 0.001 0.266 0.128
D-Dimer 0.489 2.683 0.001 0.001 0.021 0.071 0.608
Ferritin —0.145 —1.164 0.001 0.001 0.269
Procal —1.154 -3.137 -0.411 -0.071 0.009 -0.292 0.026
TI2SMA  -0.026 -0.201 -0.002 0.002 0.842
T12 SMI 0.141 0.942 -0.002 0.007 0.351
T12 SMD —-0.307 3.259 -0.332 -0.012 0.008 —-0.254 0.036
T12 SMG —0.118 —0.833 0.001 0.001 0.409

CCI - Charlson Comorbidity Index, BMI — Body mass index, TI2SMA — 12. Thoracic Vertebra Skeletal muscle
area, TI2SMI — 12. Thoracic Vertebra Skeletal muscle Index, SMD — Skeletal muscle density, T12SMG:12.
Thoracic Vertebra Skeletal muscle gauge, Glu — glucose, Cre — creatinine, Alb — albumin, ALT — alanine amino-
transferase, LDH — lactate dehydrogenase, T.Bil —total bilirubin, CRP — C-reactive protein, Procal — procalcitonin

Tab. 4. Evaluation of independent risk factors for non-invasive mechanic ventilation needs
by logistic regression analysis.

Linear Regression MultipleLinear
Analysis Regression Analysis
Beta t %095 CI p Beta p
Age 0.541 2313 0.001 0.030 0.041 0.083 0.619
CCIL 0.417 2.140 —-0.002 0.109 0.059
BMI 0.128 0.765 —0.023 0.047 0.460
Glu 0.335 2.720 0.001 0.009 0.020 0.274 0.042
Cre 0.659 1.409 -0.074 0.336 0.187
Alb 0.184 0.633 —0.028 0.050 0.540
ALT 0.349 2.806 0.002 0.013 0.017 0.123 0.333
Ldh 0.245 0.879 —0.001 0.003 0.398
T.Bil 0.104 0.695 -0.113 0.217 0.502
CRP —-0.829 —-1.266 —-0.009 0.002 0.232
DDimer 0.699 2.163 0.001 0.001 0.053
Ferritin 0.137 0.618 0.001 0.002 0.549
Procal 0.067 0.103 —0.454 0.498 0.920
T12 SMA 0.080 0.602 —0.002 0.004 0.482
T12 SMI —0.009 —0.060 —0.008 0.008 0.953
T12 SMD -0.733 -4.380 —-0.042 -0.014 0.001 -0.322 0.047
T12 SMG —-0.187 -1.307 0.001 0.001 0.198

NIMV - Non-invasive mechanic ventilation, CCI — Charlson Comorbidity Index, BMI — Body mass index,
T12SMA — 12. Thoracic Vertebra Skeletal muscle area, T12SMI — 12. Thoracic Vertebra Skeletal Muscle Index,
SMD - Skeletal muscle density, TI2SMG — 12. Thoracic Vertebra Skeletal muscle gauge, Glu — glucose, Cre —
creatinine, Alb — albumin, ALT — alanine aminotransferase, LDH — lactate dehydrogenase, T.Bil — total bilirubin,
CRP - C reactive protein, Procal — procalcitonin

and T12SMD are the most important independent risk factors for
the need for IC in the multiple linear regression analysis (Tab. 5).

12th T12SMD cut-off value was determined to be 40.134 with
70.4 % sensitivity and 66.7 % specificity (p=0.006 area under
curve (AUC): 0.754) as a result of ROC curve analysis conducted

to determine the cut-off value of thoracic
vertebra SMD values in terms of indicator
of NIMV need in COVID-19 cases (Fig. 2).
T12SMG cut-off value was determined to
be 1320.23 with 73.2 % sensitivity and 70 %
specificity (p=0.018 AUC: 0.744) as a result
of ROC curve analysis conducted to deter-
mine the cut-off value of TI2SMG values
in COVID-19 cases in terms of indicator of
NIMV need (Fig. 2). No statistically sig-
nificant result was obtained in ROC curve
analysis conducted to determine the cut-off
value of BMI value in terms of indicator of
NIMV need in COVID-19 cases (p=0.499
AUC: 0.576).

Discussion

T12SMD, which is one of the paraverte-
bral muscle indices at the T12 vertebra level
obtained from thoracic CT, has been shown
to be significantly associated with various
negative outcomes such as mortality, need
for NIMYV, and need for intensive care in-
dependently of BMI index. Our study is the
first to evaluate the effects of paravertebral
muscle indices at thoracic vertebra level on
mortality, NIMV, and need for intensive
care in thoracic CT scans of adult patients
hospitalized for COVID-19 infection to the
best of our knowledge. Moreover, a cut-off
value (40.134, 70.4 % sensitivity, 66.7 %
specificity, p=0.006, AUC: 0.754) was de-
termined for T12SMD value as an indica-
tor of NIMV need in our study. Similarly,
T12 SMD measurements were significantly
lower in patients with NIMV and intensive
care needs in accordance with the current
results in this study. Our study is the first
to show that T12SMD measurements can
be used as a marker and an indicator of the
need for NIMV in patients hospitalized for
COVID-19 infection in this respect. In ad-
dition, the results obtained from our study
show that information can be obtained about
the prognosis of COVID-19 cases by evalu-
ating not only lung tissue but also paraverte-
bral muscle density with T12SMD to evalu-
ate pneumonia and disease severity, and at
the same time when thoracic CTs of patients

with COVID-19 are evaluated and it can be used as a marker for
closer follow-up of cases with low muscle indices in terms of NIMV

and need for IC.

There are many studies in the literature on the factors deter-
mining the prognosis in COVID-19 patients. In these studies, it
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Tab. 5. Evaluation of independent risk factors for intensive care needs by logistic regression

evaluating thoracic CTs of COVID-19 pa-

analysis. tients (12). Patients with high pneumonia
Linear Regression Multiple Linear severity score (PSS) were shown to have
Analysis Regression Analysis a worse prognosis in the study conducted
Beta t %095CI p Beta t by Chung et al (13). However, the number
Age 0.820 6.716 0.015 0.029 0.001 -0.112 0553 of studies evaluating the effect of various
CCI 0.626 6.157 0.048 0.102 0.001 0.040 0.821 muscle indices obtained by thoracic CT on
BMI —0.170 1956  -0.032 0.002 0.076 the prognosis of patients hospitalized for
Glu 0.097 1.512 —0.001 0.003 0.159 COVID-19 infection is extremely limited
Alb 0.161 1.061 ~0.010 0.028 0.312 pneumonia severity score (PSS), pectoralis
ALT 0.099 1.530 —0.001 0.005 0.154 . . .
muscle area, and index values in thoracic
Ldh 0.355 2.438 0.001 0.002 0.033 0.094 0.499 L . . .
- CT were significantly associated with vari-
LBil ~0.066 —840 ~O.11 0.050 0419 ous negative outcomes such as intubation
CRP 1.619 4.737 0.003 0.008 0.001 0.154 0.226 ) tg hospitalizati d death i CO,
D-Dimer 0833 4934 0001 0001 0001 0446 0.003 \‘]’?S'legrm osptia IZ;‘ “’n’dan e hm -
Ferritin 0204 1761 0001 0002  0.106 -19 patients who underwent thoracic
Procal 0591 734 20,049 0415 011 CT at hOS}?ltallzathl‘l (14). The decrease
TI2ZSMA 0072 0540 0002 0004  0.591 in pectoralis muscle area (PMA) and gen-
TI2SMI  —0.001  —0.007  —0.007  0.007  0.994 der-specific PMA values, one of the strong
TI2SMD 0912 10446  —0.039  —0.026 _ 0.001 0274 0.044 predictors of sarcopenia, is also known to
T12 SMG —0.196 ~1.370 0.001 0.001 0.177 be associated with malignant prognosis in

CCI - Charlson Comorbidity Index, BMI — Body mass index, T12SMA — 12. Thoracic Vertebra Skeletal muscle
area, T12SMI — 12. Thoracic Vertebra Skeletal Muscle Index, SMD — Skeletal muscle density, TI2SMG — 12.
Thoracic Vertebra Skeletal muscle gauge, Glu — glucose, Cre — creatinine, Alb — albumin, ALT — alanine amino-
transferase, LDH — lactate dehydrogenase, T.Bil — total bilirubin, CRP — C-reactive protein, Procal — procalcitonin

has been reported that male gender and advanced age (> 65 years),
as well as cardiovascular diseases such as heart failure, diabetes
mellitus, malignancies, and cerebrovascular diseases, are strong
and independent determinants of mortality (10—11). There are also
studies in the literature examining the prognosis of the disease by

ROC analysis of T12SMD measurement
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diseases such as lung cancer, chronic ob-
structive pulmonary disease, and idiopathic
pulmonary fibrosis (15-16).

T12SMD values have been shown to be
associated with various negative outcomes

such as mortality, need for NIMV, and need for intensive care
independently of BMI index, whereas no relationship has been
shown between BMI value and mortality, need for NIMV, and
need for IC. These results support the opinion that paravertebral
muscle index measurements performed to evaluate sarcopenia and

ROC analysis of T12SMG measurement
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Fig. 2. ROC analysis of 12" thoracic vertebra skeletal muscle density and 12" thoracic vertebra skeletal muscle gauge measurements as an
indicator of non-invasive mechanic ventilation requirement.

202



SAHIN Cem et al. Evaluation of skeletal muscle mass as a predictor of prognosis...

muscle mass are a more reliable method than BMI. It is known
that BMI may misclassify patient phenotypes because it does not
consider body composition (17). In fact, weight conceals the fat
mass and water imbalances inside, as it does not represent muscle
mass sufficiently. For these reasons, BMI is an inadequate crite-
rion in distinguishing muscle and fat tissue. Low BMI may also
mask excessive adiposity whereas high BMI may mask sarcopenia.
Therefore, evaluation of body composition criteria that can dis-
tinguish body fat tissue distribution, muscle quantity, and quality
may be more useful in evaluating muscle mass and sarcopenia.
In addition, it is known that this situation may cause dangerous
paradoxes and may change the perception of muscle mass by cli-
nicians considering that obesity is a common clinical condition in
COVID-19 patients (18).

Quantity (SMI) and density (SMD) measurements of the mus-
cles at the paravertebral level are usually performed to determine
muscle mass in CTs. However, the density and quantity of the
evaluated muscles do not always show a positive correlation. In
other words, muscle density may be low in an individual with a
high quantity of muscle whereas muscle density may be high in
an individual with a low quantity of muscle. Therefore, it has been
stated that the use of a mathematical combination showing both
muscle quantity and density may give more meaningful results in
terms of predicting muscle mass. Weinberg et al. suggested for
the first time that SMG measurement obtained by multiplying
SMI and SMD measurements can be used as a new marker in the
differentiation of sarcopenia. Studies have also shown that SMG
measurement alone with aging gives more reliable results than
SMD or SMI (9, 19).

No statistically significant relationship was found between
T12SMG values obtained in thoracic CT and mortality, NIMV, and
the need for IC in our study. However, a cut-off value of TI2SMG
values was determined to be 1320.2 (73.2 % sensitivity, 70 %
specificity, p=0.018 AUC: 0.744) as a marker of NIMV need in
ROC analysis conducted. These results are important in that they
show that T12SMD and T12SMG, one of the paravertebral muscle
indices at the T12 level, can be used as a marker to show whether
the need for NIMV will develop during the follow-up of patients
hospitalized for COVID-19 infection.

The mortality rate is known to be high in elderly patients and
in patients with comorbidities such as diabetes even though some
COVID-19 patients are asymptomatic or mildly symptomatic
(20). It was shown in a study conducted in Italy that 0.8% of the
cases who died due to COVID-19 had no comorbidities whereas
48.5 % of the cases had 3 or more underlying diseases, 25.6 %
had 2 or more underlying diseases, and the presence of these co-
morbidities may have increased the risk of death independent of
COVID-19 infection (21).

Many scoring systems have been developed to predict morbid-
ity and mortality since comorbidities accompanying individuals
have significant effects on their survival and prognosis. CCI is
one of the widely used scoring systems due to its easy and rapid
application as well as its success in predicting mortality (22).
Many studies in the literature have shown that comorbidities ac-
companying COVID-19 are one of the independent predictors of

in-hospital mortality (20). Christensen et al. showed that a CCI
score above 0 was associated with an increase in the clinical course
of severe COVID-19 and the risk of death (23). Similarly Gong
et al. showed a strong negative correlation between SMI and CCI
index in their study involving hospitalized elderly patients (24).
CCI scores of patients with NIMV and intensive care need were
significantly higher than those without, and CCI value was found
to be an independent risk factor affecting the need for NIMV and
the need for IC. A strong negative correlation was found between
T12 SMA (r=-0.304, p <0.05), SMD (r=-0.453, p <0.01), and
T12SMG (r=-0.395, p <0.01), which are paravertebral muscle
criteria obtained by CT.

The retrospective design of the study, the inability to perform
multicenter tomography, the study population being from a sin-
gle geographical region, the fact that thorax CT was performed
only in patients with CT indication according to the guidance of
the Ministry of Health of the Republic of Turkey, and thoracic
computed tomography could not be performed in all COVID-19
patients, the presence of sarcopenia could not be evaluated by an-
thropometric measurements (calf circumference, etc.), and other
quantitative tests (grip strength measurements, DEXA etc.) and
the relatively small sample size were accepted as the limitations of
our study. However, our study is important in that it is the first to
investigate mortality, NIMV, and the need for IC of T12SMD and
T12SMG, one of the T12 muscle indices in thoracic CT scans in
adult COVID-19 patients to the best of our knowledge. In addition;
age, CCI score, CRP, procalcitonin, D-dimer, glucose, creatinine,
ALT, albumin, and LDH values were shown to be independent
predictors for many negative results together with T12SMD and
T12SMG in our study.

In conclusion, T12SMD and T12SMG, two of the T12 para-
vertebral muscle indices, are significantly associated with vari-
ous adverse outcomes in adult COVID-19 patients and provide
clinicians with important information about the prognosis of the
cases. These parameters which can be easily evaluated in tho-
racic CT images of COVID-19 patients will be very useful in
routine clinical practice since they do not require additional ex-
amination. Evaluating not only lung tissue but also paravertebral
muscle mass and density with T12SMD and T12SMG to evalu-
ate pneumonia and disease severity when thoracic CTs of patients
with COVID-19 are evaluated will provide clinicians with very
valuable information about whether cases with low muscle indi-
ces will need NIMV and IC or not. The evaluation of these indi-
ces will contribute to the early recognition of sarcopenia in cases
with normal BMI scores and without any pathology considering
that obesity is a common clinical condition in COVID-19 patients
and this situation may change the perception of muscle mass by
clinicians (25). Thus, we think that closer and careful follow-up
of cases with low muscle indices regardless of BMI scores may
contribute to the reduction of the risk of COVID-related compli-
cations and mortality. In this context, we think that T12SMD and
T12SMG indices can be used as new markers showing mortality,
and the need for NIMV and IC during the diagnosis and follow-
up of patients with COVID-19.
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