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Abstract

Background: Aim Low muscle mass assessed by computed tomography (CT) may be associated with mortality or
admission to the Intensive Care Unit (ICU) of patients with COVID-19.

Materials and Methods: Data were collected through searches in PubMed/MEDLINE and EMBASE using the Rayyan
tool to screen identified studies, and the review followed the PRISMA model. Data extraction was performed by two
authors independently, and the risk of bias was assessed using the Newcastle-Ottawa quality tool. Statistical analyses were
performed using R version 3.5.2 (The R Foundation for Statistical Computing) and Review Manager (RevMan 5.3.
Copenhagen: The Nordic Cochrane Center) software.

Results: Eighteen observational studies met the inclusion criteria for qualitative analysis, one of which was excluded due
to a high risk of bias. Fifteen studies were included in the meta-analysis, totaling 3,920 patients and 640 deaths, which
demonstrated that individuals with low muscle mass are 2.40 times more likely to die. When admission to the Intensive
Care Unit (ICU) was considered an outcome, eight studies were included, totaling 2,993 patients, of which 770 required
intensive care support, with low muscle mass increasing the chances of admission by 1.99 times in the ICU.

Conclusion: Based on the results shown in the present study, low muscle mass assessed by CT suggests an association
with higher mortality and ICU admission in patients with COVID-19.

Keywords: COVID-19; sarcopenia; computed tomography

1.Introduction

Reducing muscle mass is one of the pillars for diagnosing sarcopenia, a
widespread and progressive skeletal muscle disease, which is probable
when low muscle strength is detected. This condition is confirmed when
there is low muscle quality or quantity and considered severe when these
factors are associated with low physical performance [1]. The worldwide
prevalence of sarcopenia is identified at 29% in community elderly, and
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higher in individuals admitted to long-term care institutions (33%), where
physical inactivity is more prevalent [2,3]. Furthermore, sarcopenia is
associated with mortality and morbidity due to physical disability, low
quality of life, hospitalization, and depression [4].

Loss of muscle mass and function may predispose to negative clinical
outcomes in patients with COVID-19 [5]. It is noteworthy that sarcopenic
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obesity may increase the risk of severe COVID-19 infection, which
suggests the need to identify effective diagnostic measures that can better
direct intervention to the patient to enable a more favorable clinical
outcome [6].

Computed tomography (CT) is included in this perspective, a high-quality
diagnostic imaging technique that uses the specific lumbar vertebral
reference point (L3) indicated by the European Consensus on Sarcopenia
[1], as a method of evaluating muscle mass. This is an internationally
recognized measure to predict the prognosis of patients with cancer [7].
Furthermore, it is a predictor of mortality in individuals treated in the
Intensive Care Unit (ICU) [8], and in patients diagnosed with
decompensated Chronic Liver Diseases [9].

Skeletal muscle measurements at the twelfth thoracic vertebra (T12) level
may also enable the diagnosis of sarcopenia in patients undergoing CT
limited to the chest. A study validated this technique and demonstrated
that the assessment of T12 allows a measurement that is highly correlated
with the quantity of skeletal muscle mass in the third lumbar vertebra (L3)
[10]. Some observational studies have associated the loss of muscle mass
with negative clinical outcomes in COVID-19 [11-13]. During the
COVID-19 pandemic, many patients underwent chest CT, as a routine
part of some health services. Data collected in these analyses make it
possible to evaluate muscle mass using CT and relate low muscle mass to
the worst clinical outcomes during hospitalization due to COVID-19.

Given the above, this study aims to systematically review the current
literature to observe whether there is an association between low muscle
mass assessed by CT on mortality and ICU admission in patients with
COVID-19.

2. Materials and Methods
2.1. Search strategy

All original studies that investigated skeletal muscle mass assessed by CT
in patients diagnosed with COVID-19 were identified by a systematic
search in the PubMed/MEDLINE and EMBASE databases until March
25, 2023. The search strategy was carried out as described below:
PubMed ((covid-19[MeSH Terms]) OR (sars-cov-2[MeSH Terms]))
AND ((((sarcopenia) OR (muscle index)) OR (muscle area)) OR (muscle
mass)) and EMBASE "((‘coronavirus disease 2019'/exp OR 'coronavirus
disease 2019") OR 'severe acute respiratory syndrome coronavirus 2')
AND ('sarcopenia’ OR 'muscle mass' OR 'muscle area’)". The systematic
review was registered in PROSPERO with CRD42022283148.

2.2. Eligibility Criteria

Only clinical studies published in English were eligible if they met
previously defined inclusion criteria. (1) study design: observational; (2)
exposure: patients with low muscle mass diagnosed by CT during hospital
stay; over 18 years old with a diagnosis of COVID-19 confirmed by the
RT-PCR test; (3) results: mortality and/or ICU admission. Studies were
excluded based on the following criteria: (1) study design/type: clinical
trials, review articles, editorials, letters to the editor, systematic reviews,
meta-analysis; (2) exposure: studies that used assessment equipment other
than CT to measure skeletal muscle mass, and studies with pregnant
women; and (3) outcomes: studies that did not include mortality and/or
ICU admission.

2.3. Selection and data collection process
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The Rayyan tool was used to screen the studies retrieved from the
databases, which allows the removal of duplications, blinding, and
selection of studies based on reading titles and abstracts. After the initial
screening, the selected studies were read in full. The extracted information
included study design, country of origin, total sample size, age, and sex
of the individuals evaluated. The cut-off level of the images obtained by
CT, the skeletal muscle measured, the type of assessment, the software
used, cut-off values, and CT time concerning hospital admission,
mortality, and ICU admission were also analyzed. The screening and
complete reading stages of the studies were conducted by two
independent evaluators (RPL and CNPSS), and when present,
divergences were resolved by consensus between the evaluators.

2.4. Bias risk analysis

The quality of each study was assessed through the risk of bias analysis
using the Newcastle-Ottawa assessment tool by the same authors who
performed the initial screening. This quality assessment scale (NOS) is
indicated for evaluating cohort studies using the star system (*) classified
from 0 to 9, which has three domains: Selection, Comparability, and
Outcome/Result.

Higher scores indicate better quality of the evaluated study [14]. Studies
were categorized as being low (0 to 5 stars), moderate (6 to 8 stars), and
high quality (9 stars).

2.5. Homogeneity of studies and statistical analysis

The results were reported as derived from original articles, and the review
of studies followed the PRISMA model [15].

Mortality and ICU admission analyses were performed using Review
Manager software (RevMan 5.3. Copenhagen: The Nordic Cochrane
Center, The Cochrane Collaboration, 2014). Due to the dichotomous
nature of the results, event data (deaths and ICU admission), such as their
respective Odds Ratio with their 95% confidence interval (95%Cl), were
extracted for grouping. Data were grouped by the random effects model
along with the generic inverse variance method.

For each outcome, study heterogeneity was assessed with the Cochran y?
(Chi?) test, assuming evidence of heterogeneity with a p-value < 0.10 [16].
The inconsistency of the results between the studies was evaluated using
the 12 statistic, and the description of the thresholds described by Higgins
et al. was considered to interpret this data [16]:

e |2 values between 0% and 40% suggest that the inconsistency
may not be significant;

e  [2values between 30% and 60% suggest that the inconsistency
may represent moderate heterogeneity;

e |2 values between 50% and 90% may represent substantial
heterogeneity:

e |2 values between 75% and 100% may represent considerable
heterogeneity.

When heterogeneity was identified, visual inspection was carried out
using Baujat plot analysis, made available by the software R version 3.5.2
(The R Foundation for Statistical Computing). The Baujat plot graph is
proposed for diagnosing sources of heterogeneity in meta-analytic
analysis, plotting the contribution of each study to the general
heterogeneity statistics by the contribution of each study to the result [17].
After identifying the studies that influenced heterogeneity, the leave-one-
out analysis was carried out, removing them from the analysis to
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investigate their impact on the results and whether they explained the
heterogeneity.

During the analysis to identify the presence of publication bias from 10
or more studies, a contour-enhanced Funnel plot was performed and
visually inspected to check for asymmetry, as recommended by Sterne et
al [18]. In the case of suspected funnel plot asymmetry, the Thomas test
by arcsin (AS-Thomas) proposed by Rucker et al [19] was adopted due to
the nature of the outcome.

Studies included in review
{n =18}

Included ]

Records removed efone
Records identified fromn: 1,352 » SCneSnig
EMBASE (n = 598) Duwplicate records remaved (n
Pubdded (n= T54) = 20c3)
=
’ Records excluded
RECOrds scresnad . Wirong study design (0 = 362)
{m=1149) Wrong cutcome (n = 348)
— . Wirong population (n = 178)
E I
A Reparts 35-55153.1;1 ;nr edigitility . —— ﬁeekzl;ljnzxglul_ﬁz?mz (n=43)
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3. Results

The initial search strategy retrieved 1,352 publications, with 203
duplicates being removed. After screening the titles and abstracts for
relevance and eligibility criteria, 61 full articles remained for reading. Of
these, 43 articles were excluded for not meeting the inclusion criteria.
Therefore, 18 studies were selected for qualitative analysis [11,12,19-34].
The PRISMA items that describe the study selection process are
illustrated in Figure 1.

Figure 1. Preferred reporting items for systematic reviews and study selection.

After assessing the risk of bias described in Table 1, one high-quality study was included for qualitative and quantitative analysis [30], and 16 of
moderate quality [11,12,19-29,32-34]. However, one study was excluded from the sample for not presenting satisfactory quality to compose the meta-

analysis. [31].
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Studies Selection Comparability Qutcomes Total Study
Representative- | Selection Ascertainment Demonstration that | On the basis of | Assessment Follow-up | Adequacy of (0-9) quality
ness of the of exposure outcome of interest | the design or of outcome duration follow-up

nonexposed was not present at | analysis

cohort the start of study controlled for

confounders

Attaway et al. - * sk * * *
200 19 7 Moderate
Beltrdo et al. - * * Hok * * *
20227 8 Moderate
Damanti et al. " * . * * *
2022 21 7 Moderate
Erdol * * * K%k * * *
otal 2022 22 8 Moderate
Giraudo et al. - % * * * * * *
2021 23 8 Moderate
Grigioni et al. - * * *oke * * *
2023 # 8 Moderate
Hocaoglu et al. - * * *oke * * *
2021 12 8 Moderate
;ang et al. 2022 * * *% * * * 7 Moderate
Kardas et al. - - % * * * *
2020 2 7 Moderate
Kim et al. * * * *k * * *
202177 8 Moderate
McGovern et al. - % * * * * *
202125 7 Moderate
Moctezuma-
Veldzquez et al. * * * faled * * * 8 Moderate
2021 %
Osuna-Padilla et - " * * ke * * * ;
al. 2022%° 9 High
3Plolat etal. 2021 * * * * * 5 Low
Schiaffino et al. - > * *ke * * *
2021 11 8 Moderate
Surov et al. - * ke * * *
50232 7 Moderate
Surov et al. - - * ok * * *
>023AT 8 Moderate
3L‘{fuk et al. 2020 - * * Hok * * * 8 Moderate

Table 1. Assessment of the risk of bias in the studies

Auctores Publishing — Volume 18(1)-449 www.auctoresonline.org
ISSN: 2690-1919

Page 4 of 11




J. Clinical Research and Reports

Table 2 below illustrates some of the main characteristics of the selected studies. After bias
assessment, 17 observational studies from nine different countries were included; fifteen studies
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(88%) were retrospective cohorts, eight studies (47%) used the T12 level on CT with analysis of

the thoracic muscles, nine studies (52%) evaluate the skeletal muscle index (SMI), but present
different cut-off values for low muscle mass.

Studies Country Study design (n) Average | Male CT level Skeletal muscle Software used Cut-off values for CT scan period Mgrta_llty
age n (%) measured low muscle mass Criteria
United Pectoralis muscle Greatest reduction
Attaway et States  of Retrospective 95 633 50 (53) T12 (PM), erector spinae Aquarius in PM and ESM | During the first | 90 days
al. 2022 19 . cohort ' [ P iNtuition® observed for 30 | hospitalization | after CT
America muscle (ESM) days
x - Between
Beltr%n etal. Brazil Prospective 200 62 113 T12 and | Abdominal 3D Slicer® MUZSCIG area < 92 NR In-hospital
2022 cohort (56,5) L2 cm?,
Reduced muscle
mass was defined
using
. . . . . Lumbar CT
Damanti et Retrospective - L1, L2 e sliceOmatic® predetermined . -
al. 2022 2 Italy cohort 81 59.3 11(87.7) L3 Psoas version 5.0 sex-specific and i\éﬁczg:ggg In-hospital
vertebral  level-
specific  cutoff
values.
. Advantage Lowest tertile of
. Erector spinae muscle, )
Erdol 2 | Turkey Retrospective | 53, | 5y 117 (50) | T12 pectoral muscle, and Workstation 4.7 | skeletal _muscle | gicgion In-hospital
et al. 2022 cohort (GE cross-sectional
total skeletal muscle
HealthCare®) area.
Giraudo et Retrospective Hounsfield  Unit .
al. 2021 2 Italy cohort 150 61,3 15 (29) T12 Paravertebral Horos® (Hu <30), Up to 3 weeks | In-hospital
Rectus abdominis,
- Women
external oblique, SMI<20 8
Gr|g|0n|24 et France Retrospective 244 62 134 T12 '”t.e”!a' obllqug, Carestream® cm?/m?; for men D“”T‘g . In-hospital
al. 2023 cohort (54,9) latissimus dorsi, SMI<28.9 hospitalization
intercostals and erector 22
i cm?/m?,
spinae
Pectoral muscle
Hocaoglu et Retrospective 108 Aortic density: women | Patient's first | During
al. 2021 2 Turkey cohort 217 61 (49,7) arch Pectoral SAFIRE® 159 and men | CT scan follow-up
34.1.
Sarcopenia  was Mortality
Kang et al. | South Retrospective defined as SMI < between
g cta P 127 | 61 67 (52,8) | L2 Abdominal AUtoMATICA® | 50 cm?/m2in men | Admission April and
2022 Korea cohort 2jm2
and < 39 cm?/m August
in women. 2020
Kardas et al Retrospective Pzg:grrgll rrztlj:((::llg ?nrgz;( Multivariate First CT  scan
% " | Germany P 46 64,5* 27 (59) T4 P " | Infinitt PACS® | logistic regression | after In 30 days
2022 cohort skeletal muscle .
caliber. model. admission.
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Erector spinae,
external and internal
. . obliques, latissimus ) Lowest quartile of
Kim yet al. | South Retrospective 121 62* 44(36) T12 dorsi, rectus AsanJ skeletal muscle | Admission 60 days of
2021 Korea cohort o Morphometry® | ; follow-up
abdominis, and index by sex.
external and internal
intercostal muscles
Men: IMC <25
kg/m2 and SMI
Ssl:)iirﬁfuljzmbomm’ <43 cm2/m2, or
. . 42 (66,7) abdominis, and erector IMC 225 and SMI 30 days
McGovern et | United Retrospective 63 >70 30 (476) | L3 spinae muscles. and Image]® <53 cm2/m2 | Up to 3 months after
al. 202128 Kingdom | cohort ' pin ’ g Women: IMC <25 | after diagnosis . .
years the internal transverse diagnosis
and external oblique and SMI <4l
muscle arouns cm2/m2, or IMC
group >25 and SMI <41
cm2/m2.
Men SMI <426
Moctezuma- : - EY !
Velazquez et | Mexico Retrospective | 519 | 51 332 (64) | T12 Skeletal muscles in the Imagel® cm?/m and | A gmission In-hospital
2 cohort T12 region women < 30,6
al. 2021 Py
cm?/m2,
SMI <52,3
cm2/m2 for men
and <38,6 for
women. For those
Osuna- . . . with a BMI>30
Padilla et al. | Mexico | ProsPeeVe | g5 | 486 63(74) | L3 Psoas \s/gf;‘grzngté‘:@ kgim2, a BMI of | 2448 dmig‘;‘;ﬁ In-hospital
202230 ' <543  cm2/m2
was  considered
for men and <46.6
cm2/m2 for
women.
Schiaffing et | 1tary Retrospective | sg2 | 65 364 (66) | T5eT12 | Paravertebral Local PACS | Median. Admission | In-hospital
al. 2021 cohort
Retrospective 591 First CT scan of
gg;g\éz et al. | Germany cohort 1138 | 54,5 (51.9) T4 Pectoral NR NR hospitalization In 30 days
SMI <52,4
Surov et al. Retrospective . cm?/m? for men | First CT scan of
2023A3% Germany cohort 173 61 93 L3 Psoas ImageJ® and <38,5 cm?¥m? | hospitalization In 30 days
for women.
Ufuk et al. Turke Retrospective 130 48 76 (58,5) Aortic Pectoral Horos® version ;?Emi?;;ertile aEd 4 days on In-hospital
2020 3 Y cohort ' arch 3.33 gender y average P

Table 2. Summary of studies that evaluated muscle mass using computed tomography in COVID-19 patients.

NR: not reported. *Median. Abbreviations: Erector spinae muscle (ESM); General Electric (GE); Body Mass Index (BMI); Pectoralis muscle (PM); Picture archiving and communications system

(PACS); Skeletal muscle index (SMI); Computed Tomography (CT).

Auctores Publishing — Volume 18(1)-449 www.auctoresonline.org

ISSN: 2690-1919

Page 6 of 11




J. Clinical Research and Reports
3.1 Low muscle mass in mortality
Fifteen studies evaluated 3,920 patients, of which were reported 640

events (deaths), compared low muscle mass versus normal muscle mass
in the mortality of patients diagnosed with COVID-19. The overall effect

Copy rights@ Rafael Pinto Lourenco, et al,

showed a statistically significant difference, demonstrating that patients
with low muscle mass were 2.40 times more likely to die than individuals
with normal muscle mass. However, significant heterogeneity
(p<0.00001) and high inconsistency (12 = 89%) of the studies were
observed, as shown in Figure 2.

Odds Ratio (Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
Surov et al 2023 -0.2357 00265 10.3% 0.79[0.75, 0.83] -
Kardas et al 2022 0131 01172 10.0% 1.14[0.91,1.43] ™
Moctezuma-Velazguez et al 2021 01989 0.2414 91% 1.22[0.7E, 1.96] T
Schiaffino etal 2021 08329 02911 8.6% 2.301[1.30, 4.07] e
Erdol et al 2022 22842 03884 TT% 9.82[4.859 21.02] -
Grigioni etal 2023 09369 04074 75% 2.85[1.15, 5.67] e
Hocaoglu et al 2021 144965 04336 7.3% 447 [1.91,10.449] —
Osuna-Padilla et al 2022 -0.2569 0506 GE% 0.77[0.29, 2.09] E——
Beltran 2022 1.8187 05102 65% BAT[2.27, 1677 e —
Giraudo et al 2021 DEY981 0576 59% 2.01 [0.65, 6.22] N
Aftaway et al 2022 1.3863 045854 58% 4.001[1.27, 1260 e —
Kang et al 2022 0.011 0RB48 A0% 1.01 [0.26, 3.87] I S—
Kim et al 2021 22386 08684  38% 9.38[1.71, 51,45 -
fuk et al 2020 2451 10437 3.0%  11.60[1.80, 88.71]
McGovern 2021 20708 10853 28% T.93[0.95 66.59)]
Total (95% CI) 100.0%  2.40[1.58, 3.67] -
Heterogeneity: Tau®= 0.45; Chi®=131.93, df= 14 (P = 0.00001}); F= 89% IIJ o DI1 1ID 1EIDI

Testfor averall effect: 2= 4.07 (P = 0.0001)

Decreases mortality Increases mortality

Figure 2. Comparison between low muscle mass and normal muscle mass on mortality in patients with COVID-19.

3.2 Sensitivity analysis

When investigating heterogeneity using the Baujat plot, we identified the
studies of Surov et al [32] as a significant influencer of the result with an
impact on heterogeneity, and Erdol et al [22] as a significant influencer
on heterogeneity, after removing the studies above by leave-one-out
analysis, both the heterogeneity remained significant and the
inconsistency was considered substantial (Tau? = 0.32; Chi2 =39.82, df =
12) (P < 0.0001); 12 =70%), but without impacting the overall effect (OR:
2.34, 95%CI 1.55 — 3.55) (Supplementary).

3.3 Publication bias

Upon visual inspection of the funnel plot, an asymmetry was observed;
however, after an investigation using the AS-Thomas test, the asymmetry

was not considered significant (p = 0.0631), discarding suspicion of
publication bias (Supplementary).

3.4 Low muscle mass on admission to the ICU

Eight studies evaluated 2,993 patients diagnosed with COVID-19, of
which 770 presented the event studied (admission to the ICU), compared
low muscle mass versus normal muscle mass on admission to the ICU.
The general effect indicated a statistically significant difference,
demonstrating that patients with low muscle mass were 1.99 times more
likely to be admitted to the ICU than individuals with adequate muscle
mass. However, significant heterogeneity (p<0.00001) and high
inconsistency (12 = 92%) were observed, as shown in Figure 3.

Odds Ratio Odds Ratio
Study or Subgroup log[Qdds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Surav etal 2023 018 00T 1A% D.8R[085 0.91) !
Moctezurna-Velazguez et al 201 01345 02143 14E6% 114076, 1.74] T
Grigioni etal 2023 00703 02722 140% 093055 154 —
Schiafiino et al 2021 14586 02767 139% 430240 7.40) —
Erdal etal 2022 18508 03144 135%  T.03[380,13.03) B
Giraudao etal 2021 08469 04013 124% 288117 556 —
Atawsay et al 2022 0882 04551 117%  2.44[1.00,5.99) S
WMeiavarn 2021 02177 12532 43% 124011, 1450
Tatal (95% CI) 100.0%  1.99]1.09, 3.62] -‘-
Heteragenaity, Tau®= 049, Chi*=89.29 df=7 (P = 0.00001% F=52% Dlm 051 1IIJ 550

Testfor overall effect =224 (F=0.03)

Decreases admission ICU Increases admission ICL

Figure 3: Comparison between low muscle mass and normal muscle mass in patients with COVID-19 admitted to the Intensive Care Unit (ICU)
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4. Discussion

The present work included 17 observational studies from nine countries,
published between 2020 and 2023, considered retrospective and
prospective cohorts, which evaluated unfavorable outcomes (mortality
and/or ICU admission) in patients over 18 years old diagnosed with
COVID-19. Individuals with low muscle mass with COVID-19 were
more likely to die and be admitted to the ICU.

Of the 15 articles included in the meta-analysis that evaluated low muscle
mass and mortality, eight studies [11,12,19,20,22,24,27,34] established a
significant association between reduced quality or quantity of skeletal
muscle mass and higher mortality rates. CT-Based Muscle Mass
Measurement as the Gold Standard [1,35]. Just like Nishimura et al [36],
who evaluated muscle mass using CT in patients with lung cancer and
observed in a meta-analysis that low muscle mass was associated with a
higher risk of perioperative complications and a worse long-term
prognosis.

In this review, we observed that eight studies [11,19,20,22,23,27,29]
evaluated muscle mass at the T12 level. According to the European
Consensus on Sarcopenia [1], it is recommended to use the L3 level, but
studies have shown a good correlation between skeletal muscle mass at
T12 and L3 [10,37]. As chest CT is an examination routinely performed
during the hospitalization of patients with COVID-19, the assessment of
muscle mass through CT becomes timely and valuable for treating these
patients.

Among the articles that evaluated parameters related to muscle mass,
eight of them obtained outcomes concerning ICU admission and
mortality. [11,19,22-24,28,29,32]. Likewise, studies by Kim et al. [27]
and McGovern et al. [28] evaluated the influence of sarcopenia on these
outcomes. The first one observed that baseline sarcopenia was associated
with longer lengths of stay in patients hospitalized for COVID-19. In
contrast, the second study demonstrated that when sarcopenia is
associated with the presence of obesity, it results in a higher mortality
within 30 days.

Therefore, reduced muscle mass is associated with worse clinical
outcomes [19,24,34]. Several studies have shown that low muscle mass is
a predictor of mortality [11,12,20,21] and admission to the ICU
[11,23,30]. However, a study developed by Kang et al [25], demonstrated
that muscle quality can also be a predictor of mortality, showing that
myosteatosis was significantly associated with higher mortality.

However, we observed studies that did not correlate muscle mass and
negative outcomes. According to Kardas et al [26] and Surov et al [32]
muscle parameters of COVID-19 patients were unable to predict the
clinical course of the disease. Moctezuma-Velazquez et al [29] concluded
that the SMI (Skeletal Mass Index) was not associated with ICU
admission, the need for IMV (Invasive Mechanical Ventilation), or
mortality in hospitalized patients. These results differ from those found
by other studies included in this review, probably due to the discrepancy
in the assessment type held. Those who obtained a positive association
between the variables used criteria that analyzed both muscle quality and
quantity, while Moctezuma-Velazquez et al [29] exclusively used the
SMI, which is only a quantitative parameter for the assessment.

Auctores Publishing — Volume 18(1)-449 www.auctoresonline.org
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Age can also influence the quantity and quality of muscle mass, as older
adults typically experience a reduction in muscle tissue and are at greater
risk for sarcopenia. However, six studies [21,22,29,30,32,34] presented
patients with a mean or median age of less than 60 years, demonstrating
that COVID-19 increases the risk of sarcopenia, regardless of age, as
observed in the respective review studies. In this way, early diagnosis of
sarcopenia can contribute to avoiding adverse outcomes because when
identifying a reduction in muscle mass, health professionals can use
strategies such as prescribing energy and protein supplementation
associated with resistance exercise [21]. Furthermore, individualized oral,
parenteral, and enteral nutrition with amino acid supplementation can
contribute to the physiological recovery and reduction of the
inflammatory condition of patients with COVID-19 [38].

The study's strength lies in the clinical relevance of using CT to predict
clinical worsening. Yakti et al [39] highlights that maintaining muscle
quality and function strengthens the defense against COVID-19 and that
lean muscle mass should be assessed to define the therapeutic plan for
critically ill patients.

It is essential to highlight that our results have limitations since the studies
evaluated different skeletal muscles and different levels of CT images.
Furthermore, non-uniform techniques and software were used to measure
skeletal muscle mass, and cutoff values differed even when the same
skeletal muscles at the same vertebral level were used. In addition, some
studies adjusted the technique for the height of the individuals, and others
did not follow this recommendation. Finally, another potential limitation
lies in the retrospective design of most of the included studies.

5. Conclusions

Therefore, based on the results presented, it is concluded that under the
conditions of the present study, the reduction in the quantity of muscle
mass assessed by CT was associated with more significant mortality and
ICU admission in patients with COVID-19. The analysis of muscle mass,
using CT at the level of the 12th thoracic vertebra, is a possible new tool
to assist clinical practice and facilitate decision-making. Thus, the usual
use of chest CT examination to assess the presence and severity of
pneumonia in these patients can be combined with the analysis of
muscular condition aiming to stratify risk, calculate survival, and possibly
direct the course of clinical and nutritional treatment. New prospective
clinical studies should be conducted to enable the obtaining of
consolidated scientific evidence to direct clinical practice with greater
precision.

Funding

The Maria Emilia Foundation financially supported the study and the
publication.

Acknowledgements

The present study was funded by the Maria Emilia Pedreira Freire de
Carvalho Foundation and supported by the Instituto D'Or de Pesquisa e
Ensino (IDOR). Methodological support from researchers Carla Maria
Lima Silva and Larissa Resende Oliveira. The authors declare that they
have no conflicts of interest.

Page 8 of 11



J. Clinical Research and Reports Copy rights@ Rafael Pinto Lourenco, et al,

Supplementary Information:

.
o
. 01>p>005
g - . 005>p>001
<001
b 08
o

Standard Error
08 06
1

10

Log Odds Ratio

© Surow et al 2023
s 4
= -
5 5
£
=
s
5 o |
a =
2
3
=
= -
a4 e i 2021 Erdol st al 2022 =
T T T T T
o 10 20 30 40
Contribution to overall heterogenaity
=
= © Surov et al 2023
< -
= g 4
5 2
2
2
s
3
S
5
' =
=
o Schiaffino et al 2021 © Endol et al 2022 &
T T T T T
o 10 20 30 40
c to overall

Auctores Publishing — Volume 18(1)-449 www.auctoresonline.org
ISSN: 2690-1919 Page 9 of 11



J. Clinical Research and Reports

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. (2019). Sarcopenia:
revised European consensus on definition and diagnosis. Age
and Ageing.;48(1):16-31.

Cruz-Jentoft AJ, Landi F, Schneider SM, et al. (2014).
Prevalence of and interventions for sarcopenia in ageing adults:
a systematic review. Report of the International Sarcopenia
Initiative (EWGSOP and IWGS). Age and Ageing.;43(6):748-
759.

Bischoff-Ferrari HA, Orav JE, Kanis JA, et al. (2015).
Comparative performance of current definitions of sarcopenia
against the prospective incidence of falls among community-
dwelling seniors age 65 and older. Osteoporos
Int.;26(12):2793-2802.

Beaudart C, Rizzoli R, Bruyere O, Reginster JY, Biver E.
(2014). Sarcopenia: burden and challenges for public health.
Arch Public Health.;72(1):45.

Azzolino D, Saporiti E, Proietti M, Cesari M. (2020).
Nutritional Considerations in Frail Older Patients with COVID-
19. J Nutr Health Aging.;24(7):696-698.

Wilkinson TJ, Yates T, Baker LA, Zaccardi F, Smith AC.
(2021). Sarcopenic Obesity and the Risk of Hospitalisation or
Death from COVID-19: Findings from UK Biobank.
Epidemiology.

KimEY, Kim YS, Park I, Ahn HK, Cho EK, Jeong YM. (2015).
Prognostic Significance of CT-Determined Sarcopenia in
Patients with Small-Cell Lung Cancer. Journal of Thoracic
Oncology.;10(12):1795-1799.

Moisey LL, Mourtzakis M, Cotton BA, et al. (2013). Skeletal
muscle predicts ventilator-free days, ICU-free days, and
mortality in elderly ICU patients. Crit Care.;17(5): R206.
Montano-Loza AJ, Meza-Junco J, Baracos VE, et al. (2014).
Severe muscle depletion predicts postoperative length of stay
but is not associated with survival after liver transplantation:
Sarcopenia After Liver Transplantation. Liver
Transpl.;20(6):640-648.

Nemec U, Heidinger B, Sokas C, Chu L, Eisenberg RL. (2017).
Diagnosing Sarcopenia on Thoracic Computed Tomography.
Academic Radiology.;24(9):1154-1161.

Schiaffino S, Albano D, Cozzi A, et al. (2021). CT-derived
Chest Muscle Metrics for Outcome Prediction in Patients with
COVID-19. Radiology.;300(2): E328-E336.

Hocaoglu E, Ors S, Yildiz O, Inci E. (2021). Correlation of
Pectoralis Muscle Volume and Density with Severity of
COVID-19 Pneumonia in Adults. Academic
Radiology.;28(2):166-172.

Poros B, Becker-Pennrich AS, Sabel B, et al. (2021).
Anthropometric analysis of body habitus and outcomes in
critically ill COVID-19 patients. Obesity Medicine.;
25:100358.

Rebelo MAB, Rebelo Vieira JM, Pereira JV, Quadros LN,
Vettore MV. (2019). Does oral health influence school
performance and school attendance? A systematic review and
meta-analysis. Int J Paediatr Dent.;29(2):138-148.

Page MJ, McKenzie JE, Bossuyt PM, et al. (2023). The
PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. Published online March 29, 2021:
n71.

Cochrane Handbook for Systematic Reviews of Interventions.
Accessed May 23.

Baujat B, Mahé C, Pignon JP, Hill C. (2002). A graphical
method for exploring heterogeneity in meta-analyses:
application to a meta-analysis of 65 trials. Stat
Med.;21(18):2641-2652.

Sterne JAC, Sutton AJ, loannidis JPA, et al. (2011).
Recommendations for examining and interpreting funnel plot

Auctores Publishing — Volume 18(1)-449 www.auctoresonline.org
ISSN: 2690-1919

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Copy rights@ Rafael Pinto Lourenco, et al,

asymmetry in meta-analyses of randomised controlled trials.
BMJ.;343: d4002.

. Attaway A, Welch N, Dasarathy D, et al. (2022). Acute skeletal

muscle loss in SARS-CoV-2 infection contributes to poor
clinical outcomes in COVID-19 patients. J cachexia sarcopenia
muscle.;13(5):2436-2446.

Beltrdo FEDL, Beltrdo DCDA, Carvalhal G, et al. (2022). Low
muscle mass and high visceral fat mass predict mortality in
patients hospitalized with moderate-to-severe COVID-19: a
prospective study. Endocrine Connections.;11(10): e220290.
Damanti S, Cristel G, Ramirez GA, et al. (2022). Influence of
reduced muscle mass and quality on ventilator weaning and
complications during intensive care unit stay in COVID-19
patients. Clinical Nutrition.;41(12):2965-2972.

Erdol MA, Kayaaslan B, (2022). Department of Infectious
Diseases and Clinical Microbiology, Ankara Yildirim Beyazit
University, Faculty of Medicine, Turkey, et al. Sarcopenia and
Its Prognostic Role on Hospitalization and In-Hospital
Mortality in Coronavirus Disease 2019 Patients with At Least
One Cardiovascular Risk Factor. Turk Kardiyoloji Dernegi
Arsivi-Archives of the Turkish Society of
Cardiology.;50(2):103-111.

Giraudo C, Librizzi G, Fichera G, et al. (2021). Reduced muscle
mass as predictor of intensive care unit hospitalization in
COVID-19 patients. Abete P, ed. PLoS ONE.;16(6): e0253433.
Grigioni S, Lvovschi VE, Tamion F, et al. (2023). Low thoracic
skeletal muscle index is associated with negative outcomes in
244  patients with respiratory COVID-19. Clinical
Nutrition.;42(2):102-107.

Kang MK, Lee YR, Song JE, et al. (2022). Prognostic Impact
of Myosteatosis on Mortality in Hospitalized Patients with
COVID-19. Diagnostics.;12(9):2255.

Kardas H, Thormann M, Bér C, et al. (2022). Impact of Pectoral
Muscle Values on Clinical Outcomes in Patients with Severe
Covid-19 Disease. In Vivo.;36(1):375-380.

Kim JW, Yoon JS, Kim EJ, et al. (2021). Prognostic Implication
of Baseline Sarcopenia for Length of Hospital Stay and
Survival in Patients with Coronavirus Disease 2019. Newman
AB, ed. The Journals of Gerontology: Series A.;76(8): e110-
el16.

McGovern J, Dolan R, Richards C, Laird BJ, McMillan DC,
Maguire D. (2021). Relation Between Body Composition,
Systemic Inflammatory Response, and Clinical Outcomes in
Patients Admitted to an Urban Teaching Hospital with COVID-
19. The Journal of Nutrition.;151(8):2236-2244.
Moctezuma-Velazquez P, Miranda-Zazueta G, Ortiz-Brizuela
E, et al. (2021). Low Thoracic Skeletal Muscle Area Is Not
Associated with Negative Outcomes in Patients With COVID-
19. Am J Phys Med Rehabil.;100(5):413-418.

Osuna-Padilla 1A, Rodriguez-Moguel NC, Rodriguez-
Llamazares S, et al. (2022). Low muscle mass in COVID-19
critically-ill patients: Prognostic significance and surrogate
markers for assessment. Clinical Nutrition.;41(12):2910-2917.
Polat M. (2021). THE ASSOCIATION BETWEEN
PROGNOSIS AND SARCOPENIA ASSESSED BY PSOAS
MUSCLE MEASUREMENTS IN ELDERLY MALE
PATIENTS WITH COVID-19. tjgeri.;24(4):557-566.

Surov A, Kardas H, Besutti G, et al. (2023). Prognostic Role of
the Pectoralis Musculature in Patients with COVID-19. A
Multicenter Study. Academic Radiology.;30(1):77-82.

Surov A, Thormann M, Kardas H, et al. (2023). Visceral to
subcutaneous fat ratio predicts short-term mortality in patients
with Covid 19. A multicenter study. BJR.;96(1144):20220869.
Ufuk F, Demirci M, Sagtas E, Akbudak IH, Ugurlu E, Sari T.
(2020). The prognostic value of pneumonia severity score and

Page 10 of 11


https://academic.oup.com/ageing/article-abstract/48/1/16/5126243
https://academic.oup.com/ageing/article-abstract/48/1/16/5126243
https://academic.oup.com/ageing/article-abstract/48/1/16/5126243
https://academic.oup.com/ageing/article-abstract/43/6/748/2812353
https://academic.oup.com/ageing/article-abstract/43/6/748/2812353
https://academic.oup.com/ageing/article-abstract/43/6/748/2812353
https://academic.oup.com/ageing/article-abstract/43/6/748/2812353
https://academic.oup.com/ageing/article-abstract/43/6/748/2812353
https://link.springer.com/article/10.1007/s00198-015-3194-y
https://link.springer.com/article/10.1007/s00198-015-3194-y
https://link.springer.com/article/10.1007/s00198-015-3194-y
https://link.springer.com/article/10.1007/s00198-015-3194-y
https://link.springer.com/article/10.1007/s00198-015-3194-y
https://link.springer.com/article/10.1186/2049-3258-72-45
https://link.springer.com/article/10.1186/2049-3258-72-45
https://link.springer.com/article/10.1186/2049-3258-72-45
https://link.springer.com/article/10.1007/s12603-020-1400-x
https://link.springer.com/article/10.1007/s12603-020-1400-x
https://link.springer.com/article/10.1007/s12603-020-1400-x
https://www.medrxiv.org/content/10.1101/2021.03.19.21253945.abstract
https://www.medrxiv.org/content/10.1101/2021.03.19.21253945.abstract
https://www.medrxiv.org/content/10.1101/2021.03.19.21253945.abstract
https://www.medrxiv.org/content/10.1101/2021.03.19.21253945.abstract
https://www.sciencedirect.com/science/article/pii/S1556086415351042
https://www.sciencedirect.com/science/article/pii/S1556086415351042
https://www.sciencedirect.com/science/article/pii/S1556086415351042
https://www.sciencedirect.com/science/article/pii/S1556086415351042
https://link.springer.com/article/10.1186/cc12901
https://link.springer.com/article/10.1186/cc12901
https://link.springer.com/article/10.1186/cc12901
https://aasldpubs.onlinelibrary.wiley.com/doi/pdf/10.1002/lt.23863
https://aasldpubs.onlinelibrary.wiley.com/doi/pdf/10.1002/lt.23863
https://aasldpubs.onlinelibrary.wiley.com/doi/pdf/10.1002/lt.23863
https://aasldpubs.onlinelibrary.wiley.com/doi/pdf/10.1002/lt.23863
https://aasldpubs.onlinelibrary.wiley.com/doi/pdf/10.1002/lt.23863
https://www.sciencedirect.com/science/article/pii/S1076633217301198
https://www.sciencedirect.com/science/article/pii/S1076633217301198
https://www.sciencedirect.com/science/article/pii/S1076633217301198
https://pubs.rsna.org/doi/abs/10.1148/radiol.2021204141
https://pubs.rsna.org/doi/abs/10.1148/radiol.2021204141
https://pubs.rsna.org/doi/abs/10.1148/radiol.2021204141
https://www.sciencedirect.com/science/article/pii/S1076633220306693
https://www.sciencedirect.com/science/article/pii/S1076633220306693
https://www.sciencedirect.com/science/article/pii/S1076633220306693
https://www.sciencedirect.com/science/article/pii/S1076633220306693
https://www.sciencedirect.com/science/article/pii/S2451847621000415
https://www.sciencedirect.com/science/article/pii/S2451847621000415
https://www.sciencedirect.com/science/article/pii/S2451847621000415
https://www.sciencedirect.com/science/article/pii/S2451847621000415
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12441
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12441
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12441
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12441
https://www.bmj.com/content/372/bmj.n71.short
https://www.bmj.com/content/372/bmj.n71.short
https://www.bmj.com/content/372/bmj.n71.short
https://www.bmj.com/content/372/bmj.n71.short
https://books.google.com/books?hl=en&lr=&id=_C_FEAAAQBAJ&oi=fnd&pg=PA15&dq=Cochrane+Handbook+for+Systematic+Reviews+of+Interventions.+Accessed+May+23,+2023.+&ots=DPvzBkZ9L7&sig=KSBNI5uRpyTyK0yjGfZe7d7oSx8
https://books.google.com/books?hl=en&lr=&id=_C_FEAAAQBAJ&oi=fnd&pg=PA15&dq=Cochrane+Handbook+for+Systematic+Reviews+of+Interventions.+Accessed+May+23,+2023.+&ots=DPvzBkZ9L7&sig=KSBNI5uRpyTyK0yjGfZe7d7oSx8
https://onlinelibrary.wiley.com/doi/abs/10.1002/sim.1221
https://onlinelibrary.wiley.com/doi/abs/10.1002/sim.1221
https://onlinelibrary.wiley.com/doi/abs/10.1002/sim.1221
https://onlinelibrary.wiley.com/doi/abs/10.1002/sim.1221
https://www.bmj.com/content/343/bmj.d4002.extract
https://www.bmj.com/content/343/bmj.d4002.extract
https://www.bmj.com/content/343/bmj.d4002.extract
https://www.bmj.com/content/343/bmj.d4002.extract
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcsm.13052
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcsm.13052
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcsm.13052
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcsm.13052
https://ec.bioscientifica.com/view/journals/ec/11/10/EC-22-0290.xml
https://ec.bioscientifica.com/view/journals/ec/11/10/EC-22-0290.xml
https://ec.bioscientifica.com/view/journals/ec/11/10/EC-22-0290.xml
https://ec.bioscientifica.com/view/journals/ec/11/10/EC-22-0290.xml
https://www.sciencedirect.com/science/article/pii/S0261561421003757
https://www.sciencedirect.com/science/article/pii/S0261561421003757
https://www.sciencedirect.com/science/article/pii/S0261561421003757
https://www.sciencedirect.com/science/article/pii/S0261561421003757
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=tkd&plng=eng&un=TKDA-58156
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=tkd&plng=eng&un=TKDA-58156
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=tkd&plng=eng&un=TKDA-58156
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=tkd&plng=eng&un=TKDA-58156
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=tkd&plng=eng&un=TKDA-58156
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=tkd&plng=eng&un=TKDA-58156
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=tkd&plng=eng&un=TKDA-58156
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=tkd&plng=eng&un=TKDA-58156
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0253433
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0253433
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0253433
https://www.sciencedirect.com/science/article/pii/S026156142200396X
https://www.sciencedirect.com/science/article/pii/S026156142200396X
https://www.sciencedirect.com/science/article/pii/S026156142200396X
https://www.sciencedirect.com/science/article/pii/S026156142200396X
https://www.mdpi.com/2075-4418/12/9/2255
https://www.mdpi.com/2075-4418/12/9/2255
https://www.mdpi.com/2075-4418/12/9/2255
https://iv.iiarjournals.org/content/36/1/375.abstract
https://iv.iiarjournals.org/content/36/1/375.abstract
https://iv.iiarjournals.org/content/36/1/375.abstract
https://academic.oup.com/biomedgerontology/article-abstract/76/8/e110/6199833
https://academic.oup.com/biomedgerontology/article-abstract/76/8/e110/6199833
https://academic.oup.com/biomedgerontology/article-abstract/76/8/e110/6199833
https://academic.oup.com/biomedgerontology/article-abstract/76/8/e110/6199833
https://academic.oup.com/biomedgerontology/article-abstract/76/8/e110/6199833
https://www.sciencedirect.com/science/article/pii/S0022316622002991
https://www.sciencedirect.com/science/article/pii/S0022316622002991
https://www.sciencedirect.com/science/article/pii/S0022316622002991
https://www.sciencedirect.com/science/article/pii/S0022316622002991
https://www.sciencedirect.com/science/article/pii/S0022316622002991
https://journals.lww.com/ajpmr/fulltext/2021/05000/Low_Thoracic_Skeletal_Muscle_Area_Is_Not.1.aspx
https://journals.lww.com/ajpmr/fulltext/2021/05000/Low_Thoracic_Skeletal_Muscle_Area_Is_Not.1.aspx
https://journals.lww.com/ajpmr/fulltext/2021/05000/Low_Thoracic_Skeletal_Muscle_Area_Is_Not.1.aspx
https://journals.lww.com/ajpmr/fulltext/2021/05000/Low_Thoracic_Skeletal_Muscle_Area_Is_Not.1.aspx
https://www.sciencedirect.com/science/article/pii/S026156142200070X
https://www.sciencedirect.com/science/article/pii/S026156142200070X
https://www.sciencedirect.com/science/article/pii/S026156142200070X
https://www.sciencedirect.com/science/article/pii/S026156142200070X
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=13042947&AN=154495508&h=L1xrEMKTJvL%2FFWuQbqz%2FmJ440XyHKNxnamO4o54Zml%2BYOhfdO%2Fvhwvygi4Wj0cNvCZmNYqlNwMa0UwuiZFv3Lg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=13042947&AN=154495508&h=L1xrEMKTJvL%2FFWuQbqz%2FmJ440XyHKNxnamO4o54Zml%2BYOhfdO%2Fvhwvygi4Wj0cNvCZmNYqlNwMa0UwuiZFv3Lg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=13042947&AN=154495508&h=L1xrEMKTJvL%2FFWuQbqz%2FmJ440XyHKNxnamO4o54Zml%2BYOhfdO%2Fvhwvygi4Wj0cNvCZmNYqlNwMa0UwuiZFv3Lg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=13042947&AN=154495508&h=L1xrEMKTJvL%2FFWuQbqz%2FmJ440XyHKNxnamO4o54Zml%2BYOhfdO%2Fvhwvygi4Wj0cNvCZmNYqlNwMa0UwuiZFv3Lg%3D%3D&crl=c
https://www.sciencedirect.com/science/article/pii/S1076633222002999
https://www.sciencedirect.com/science/article/pii/S1076633222002999
https://www.sciencedirect.com/science/article/pii/S1076633222002999
https://academic.oup.com/bjr/article-abstract/96/1144/20220869/7471388
https://academic.oup.com/bjr/article-abstract/96/1144/20220869/7471388
https://academic.oup.com/bjr/article-abstract/96/1144/20220869/7471388
https://www.sciencedirect.com/science/article/pii/S0720048X20304605
https://www.sciencedirect.com/science/article/pii/S0720048X20304605

J. Clinical Research and Reports

35.

36.

This work is licensed under Creative
BY Commons Attribution 4.0 License
To Submit Your Article Click Here: [SUJulig\VEIINAg]o]

DO1:10.31579/2690-1919/449

pectoralis muscle Area on chest CT in adult COVID-19
patients. European Journal of Radiology.; 131:109271.
Beaudart C, McCloskey E, Bruyére O, et al. (2016). Sarcopenia
in daily practice: assessment and management. BMC
Geriatr.;16(1):170.

Nishimura JM, Ansari AZ, D’Souza DM, Moffatt-Bruce SD,
Merritt RE, Kneuertz PJ. (2019). Computed Tomography-
Assessed Skeletal Muscle Mass as a Predictor of Outcomes in
Lung Cancer Surgery. The Annals of Thoracic
Surgery.;108(5):1555-1564

37.

38.

39.

Copy rights@ Rafael Pinto Lourenco, et al,

Molwitz I, Ozga AK, Gerdes L, et al. (2022). Prediction of
abdominal CT body composition parameters by thoracic
measurements as a new approach to detect sarcopenia in a
COVID-19 cohort. Sci Rep.;12(1):6443.

Ferrara F, De Rosa F, Vitiello A. (2020). The Central Role of
Clinical Nutrition in COVID-19 Patients During and After
Hospitalization in Intensive Care Unit. SN Compr Clin
Med.;2(8):1064-1068.

Yakti FAZ, Abusalah L, Ganji V. (2024). Sarcopenia and
Mortality in Critically 11l COVID-19 Patients. Life.; 14(1):24.

Y VYV YV VY

Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://www.auctoresonline.org/journals/journal-of-clinical-

research-and-reports

Auctores Publishing — Volume 18(1)-449 www.auctoresonline.org
ISSN: 2690-1919

Page 11 of 11


https://www.sciencedirect.com/science/article/pii/S0720048X20304605
https://www.sciencedirect.com/science/article/pii/S0720048X20304605
https://link.springer.com/article/10.1186/s12877-016-0349-4
https://link.springer.com/article/10.1186/s12877-016-0349-4
https://link.springer.com/article/10.1186/s12877-016-0349-4
https://www.sciencedirect.com/science/article/pii/S0003497519308550
https://www.sciencedirect.com/science/article/pii/S0003497519308550
https://www.sciencedirect.com/science/article/pii/S0003497519308550
https://www.sciencedirect.com/science/article/pii/S0003497519308550
https://www.sciencedirect.com/science/article/pii/S0003497519308550
https://www.nature.com/articles/s41598-022-10266-0
https://www.nature.com/articles/s41598-022-10266-0
https://www.nature.com/articles/s41598-022-10266-0
https://www.nature.com/articles/s41598-022-10266-0
https://link.springer.com/article/10.1007/s42399-020-00410-0
https://link.springer.com/article/10.1007/s42399-020-00410-0
https://link.springer.com/article/10.1007/s42399-020-00410-0
https://link.springer.com/article/10.1007/s42399-020-00410-0
https://www.mdpi.com/2075-1729/14/1/24
https://www.mdpi.com/2075-1729/14/1/24
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=72
https://www.auctoresonline.org/journals/journal-of-clinical-research-and-reports
https://www.auctoresonline.org/journals/journal-of-clinical-research-and-reports

