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Abstract

Introduction: Following COVID-19 pneumonia, some patients experien-
ce symptoms such as weakness, fatigue, dyspnea, exertional dyspnea, and
a persistent cough. This condition is defined as post-COVID-19 syndro-
me. Residual chest CT findings can be detected in some of these patients.
Sarcopenia, a concept reflecting skeletal muscle mass loss, is a condition
that occurs during the development of many diseases. This study aims to
investigate the impact of sarcopenia on pulmonary sequelae following CO-
VID-19 infection.

Methods: A total of 142 patients were included in our study. Among them,
73 patients had post-COVID sequelae on CT scans and served as the pa-
tient group, while 69 patients had no sequelae on CT scans and formed the
control group. Muscle measurements derived from thoracic CT scans were
manually obtained using PACS software. The areas and densities of the
total pectoral muscles at the upper half level of the T4 vertebra and the pa-
raspinal muscles at the lower half level of the T12 vertebra were recorded.

Results: There were no statistically significant differences in the mean
values of T4 vertebra total pectoral muscle area, T12 vertebra paraspinal
muscle area, T4 vertebra pectoral muscle density and T12 vertebra paras-
pinal muscle density between the groups. However, both the patient and
control groups were sarcopenic according to reference values

Conclusion: In our study, we could not find an association between lung
CT findings, respiratory symptoms of the patients, and sarcopenia, which
was the main focus. We attributed this to the separate mechanisms and pat-
hophysiological processes of sarcopenia and pulmonary sequelae.
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Introduction

Since its emergence in Wuhan, China, in De-
cember 2019, the virus known as SARS-CoV-2 has
spread worldwide, leading to the deaths of more than
60 million people and infecting millions more as of
2023." It is well known that the disease can manifest
with either asymptomatic or mild symptoms, while
approximately 20% of cases exhibit severe symptoms
requiring hospitalization. The morbidity and morta-
lity of COVID-19 are predominantly associated with
acute viral pneumonia and subsequent acute respi-
ratory distress syndrome (ARDS).> Some patients
who have recovered from COVID-19 may experien-
ce symptoms such as prolonged weakness, fatigue,
dyspnea, exertional dyspnea, and persistent cough
weeks after the initial infection, leading them to seek
care at post-COVID follow-up clinics. This condition
is defined as long COVID if the infection persists for
more than 4 weeks, and as post-COVID syndrome if
it persists for more than 12 weeks, according to the
guidance from The British Medical Journal.?> Several
studies have indicated that there is a high incidence
of post-infectious complications, particularly pulmo-
nary fibrosis, following severe COVID-19 infection.
Acute COVID-19 infection can result in long-term
sequelae such as organizing pneumonia.* In some
studies, histological patterns such as usual interstitial
pneumonia, desquamative interstitial pneumonia, and
acute organizing pneumonia have been identified in
patient groups with residual findings after COVID-19
pneumonia.’

Sarcopenia, a concept that reflects the loss of
skeletal muscle mass, is a physiological change that
occurs during the development of many diseases.
Since the European Working Group on Sarcopenia
in Older People proposed diagnostic criteria for sar-
copenia based on muscle mass, muscle strength, and
physical performance in 2010, it has been recognized
as an important factor for not only the elderly but also
many other diseases.® Therefore, the presence of sar-
copenia is associated with poor prognosis for many
medical conditions. Measurement of the cross-secti-
onal skeletal muscle area (SMA) at the L3 vertebral
level using computed tomography (CT) and the cal-
culation of the SMA index (SMI) by dividing it by
the square of the height play a significant role in the
evaluation of sarcopenia.” Another important concept
closely related to sarcopenia is muscle quality, whi-
ch refers to microscopic and macroscopic changes

in muscle structure and composition. Fat infiltration
in skeletal muscles, also known as myosteatosis, is
one of the commonly used indicators for assessing
muscle quality.® Measurement of muscle density in
Hounstield Units (HU) using CT provides informati-
on about muscle quality.

The aim of our study is to investigate whether
there is a difference in terms of sarcopenia between
patients who still have symptoms and residual lung
changes on CT after recovering from COVID-19, and
patients whose lung findings completely resolved on
follow-up CT after COVID-19. In this study, we exa-
mined the impact of sarcopenia on pulmonary seque-
lae following COVID-19 infection.

Material and Methods

Ethics approval and consent to participate

This study was conducted at Ankara City
Hospital as an observational and retrospective. Per-
missions were obtained from the hospital ethics com-
mittee (file number: E2-23-3716) and the Ministry
of Health of the Republic of Turkey. All procedures
were in accordance with the Declaration of Helsinki.
Written informed consent was not required, and ver-
bal information and consent were sufficient.

Thoracic CT Imaging Technique

The imaging technique used for all patients
was standard, and non-contrast-enhanced thoracic CT
scans (GE Healthcare, Chicago, Illinois, USA). The
scans were obtained in the supine position during ins-
piration. The imaging parameters were set as follows:
tube voltage of 100 kV, tube current ranging from 50
to 399 mAs, and a slice thickness of 1.3 mm.

Evaluation of Thoracic CT

The evaluation of lung parenchyma on thora-
cic CT scans was performed separately by two radi-
ologists with more than 5 years of experience in tho-
racic CT interpretation. The patients were classified
into two groups based on the presence or absence of
abnormal CT findings. In cases where there was a di-
sagreement in the findings, a consensus was reached
by consulting a third radiologist experienced in tho-
racic radiology. We assessed lung parenchymal fin-
dings for fibrosis/possible fibrosis. We looked for the
following changes: ground-glass opacities (GGO),
consolidation, subpleural irregular reticulation (SIR),
traction bronchiectasis (TB), honeycombing, paren-
chymal bands, subpleural lines, and subsegment ate-
lectasis. In the control group, none of these paren-
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chymal findings were present. The measurements of
muscle parameters were performed by two different
radiologists at different times. Muscle measurements
derived from thoracic CT scans were manually ob-
tained using PACS software (GE Healthcare, Chica-
go, Illinois, USA) (Figure 1). The areas and densities
of the total pectoralis muscles at the upper half level
of the T4 vertebra and the paraspinal muscles at the
lower half level of the T12 vertebra were recorded.
Both pectoralis minor and pectoralis major muscles
were included in the measurements of the pectora-
lis muscles area. The areas of muscle structures were
recorded in cm? and their densities were recorded in
HU, after using standard density threshold between
-29 to +150 HU for excluding non-muscle structures.

Figure 1 A: Region of interest (ROI) was circumscri-
bed manually by two different radiologists for obtain
PMA and PMD at the upper half level of T4 vertebra.
B: PSMA and PSMD at the lower half level of T12
vertebra.

Case Selection, Demographic, and Clinical Data

Our study included adult patients (aged 18 ye-
ars and older) who previously had COVID-19 infecti-
on and were being followed up at COVID-19 outpa-
tient clinics. Many patients had ongoing complaints
such as chest pain, shortness of breath, fatigue, and
persistent cough. Most patients had undergone mul-
tiple thoracic CT scans after a negative PCR test for
COVID-19. In our study, we considered the most re-
cent CT scan performed after a minimum of 4 months
following the negative test result. We included 150
patients in the study. Firstly, we divided them into
two groups: those with abnormal lung CT findings
(73 patients) and those with normal lung CT findings
(69 patients) in the control group. Eight patients were
excluded from the study due to positioning errors and
artifacts that hindered proper measurements. Along
with the demographic data of the patients, we eva-
luated comorbid conditions such as smoking history,
hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, and heart disease, as well as hos-
pitalization, intensive care unit admission, mechani-
cal ventilation, and the use of steroid and antiviral
treatments.

Statistical Analysis

The data were analyzed using IBM SPSS Sta-
tistics Standard Concurrent User V26 (IBM Corp.,
Armonk, New York, USA) statistical software packa-
ge. Descriptive statistics were presented as the num-
ber of units (n), percentage (%), mean (M), standard
deviation (SD), median (Mdn), minimum (min), and
maximum (max) values. The normal distribution of
numerical variables was evaluated using the Sha-
piro-Wilk normality test. Differences between two
dependent measurements were evaluated using the
dependent samples t-test. Intra-class correlation co-
efficient (ICC) was examined to assess the agreement
between evaluators. A correlation coefficient of 70%
or higher is considered sufficient for reliability. The
Cronbach’s alpha and ICC coefficients were found to
be above 0.70 for all items and total score, indicating
sufficient reliability. Independent samples t-test was
used to examine differences in numerical variables
between study groups, and chi-square tests (Pearson
chi-square/Fisher’s exact test) were used to evaluate
the relationships between categorical variables and
groups. One-sample t-test was used to determine the
differences between means and population means. A
p-value of less than 0.05 was considered statistically
significant.
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Results
Clinical and Demographic Data of the Cases

A total of 142 patients were included in our
study. Among them, 73 patients had post-COVID
sequelae on CT scans and constituted the patient
group, while 69 patients had no sequelae on CT scans
and formed the control group. The mean age of the
patient group was 64, and the mean age of the cont-
rol group was 60. In the patient group, the CT scans
were evaluated on average 6.5 months after the re-
solution of the disease, while in the control group,
the CT scans were performed 6 months later. The
patient and control groups were predominantly male,
accounting for 74% and 58%, respectively. Females
comprised 26% of the patient group and 42% of the
control group. Additionally, we evaluated the patient
and control groups based on their smoking history,
hypertension (HT), diabetes mellitus (DM), chronic
obstructive pulmonary disease (COPD), heart disea-
se, as well as hospitalization, requirement for mec-
hanical ventilation, and treatment methods (Table 1).
The mean age of the patient group was statistically
higher than that of the control group. Other characte-
ristics were similar between the groups.

Table 1: Clinical and demographic data

Characteristics Patient Group ~ Control Group p-value
n=73 n=69

Age 64.84+8.98 59.99+9.13 0.004

Gender (male) 54 (%74) 40 (%58) 0.066

CT Scan after negati-

ve PCR (month) 6.59+3.13 6.14+2.07 0.977

Smoking 34 (%46.6) 32 (%46.4) 0.981

Hypertension 34 (%46.6) 23 (%33.3) 0.108

Diabetes Mellitus 13 (%17.8) 13 (%18.8) 0.874

Chronic obstructive

pulmonary disease 8 (%l11) 2 (%2.9) 0.061

(COPD)

Heart Disease 16 (%21.9) 11 (%15.9) 0.364

Hospital History 67 (%91.8) 57 (%82.6) 0.101

Mechanical Venti- 6 (%8.2) 1 (%1.4) 0.063

lation

Antiviral Treatment 72 (%98.6) 69 (%100) 0.329

Steroid Treatment 63 (%86.3) 56 (%81.2) 0.406

Summary statistics presented as mean + standard de-
viation (SD) and frequency (n) with percentage (%).

Evaluation of Lung Parenchymal Findings with CT

In our patient group, BCO was present in 66
patients (89.2%), subpleural reticulation was present
in 64 patients (86.5%), traction bronchiectasis was de-
tected in 44 patients, and consolidation was observed
in 4 patients (5.4%) (59.5%) (Figure 2 and 3). Addi-
tionally, 7 patients (9.5%) exhibited honeycombing,
2 patients (2.7%) showed volume loss, 14 patients
(18.9%) had parenchymal bands, 28 patients (37.8%)
displayed subpleural lines, and 15 patients (20.3%)
presented subsegment atelectasis (Table 2). None of
these lung parenchyma findings were observed in our
control group.

/

\
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Figure 2: Post-COVID 9th month CT scan ground-
glass opacities (GGO), subpleural irregular reticula-
tion at bilateral lower lobes

2 : 5

Figure 3: Post-COVID 14th month CT scan honey-
combing and traction bronchiectasis at bilateral lower
lobes
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Table 2: Evaluation of Post-COVID Sequelae Chan-
ges by CT Scan

n %
Ground Glass Opacities (GGO) 66 89.2
Consolidation 4 5.4
Subpleural Reticular Pattern 64 86.5
Traction Bronchiectasis 44 59.5
Honeycomb 7 9.5
Parenchymal Bands 14 18.9
Subpleural Lines 28 37.8
Subsegmental Atelectasis 15 20.3

Evaluation of Thoracic Muscles with CT

In our study, the mean T4 vertebra pectoral
muscle area (T4 PMA) was measured as 32.46 cm?
and the T4 vertebra pectoral muscle density (T4
PMD) was 30.49 HU in the patient group. The mean
T12 vertebra paraspinal muscle area (T12 PSMA)
was determined as 40.91 cm?, and T12 vertebra paras-
pinal muscle density (T12 PSMD) was 35.07 HU. In
the control group, the mean T4 PMA was 31.66 cm?,
the T4 PMD was 31.42 HU, the mean T12 PSMA
was 42.45 cm? and the T12 PSMD was 37.25 HU
(Table3). There were no statistically significant diffe-
rences between the groups in terms of T4 PMA, T12
PSMA, T4 PMD and T12 PSMD averages. When the
agreement among the evaluators was examined, sta-
tistically significant excellent-level correlations were
found (ICC-95% Confidence Interval).

Table 3: Muscle Analysis Results

Patient Group  Control Group Test P
(n=73) (n=69) Value
_ T4 PMA (cm?) 32.46+10.28  31.66+10.51 -0.909 *  0.363
E T4 PMD (HU) 30.49+10.35  31.42+10.91 -0.458 *  0.647
<
% T12 PSMA (cm?) 40.91+10.66  42.45+10.52 -0.821*% 0412
F-E T12 PSMD (HU)  35.07+9.73 37.57+10.71 -1.753 % 0.080
~ T4 PMA (cm?) 32.2+£9.95 31.72+10.52 0.704 *  0.481
§ T4 PMD (HU) 30.4£10.2 31.28+10.77 -0.408 *  0.683
é T12 PSMA (cm?)  40.76+10.75  42.36+10.61 -0.967 *  0.333
[5 T12 PSMD (HU)  34.88+9.78 34.88+9.78 -1.743 % 0.081

*: Independent Samples t-Test (t); Summary statistics pre-
sented as mean + standard deviation.

T4 PMA: T4 vertebra pectoral muscle area, T4 PMD: T4
vertebra pectoral muscle density, T12 PSMA: T12 verteb-
ra paraspinal muscle area, T12 PSMD: T12 vertebra pa-
raspinal muscle density, HU: Hounsfield Unit

In previous studies, the T4 PMA was repor-
ted as 41.6 cm? for males and 27.1 cm? for females,’
while the T12 PSMA was stated as 56.0 cm? for males
and 36.5 cm? for females.!° Based on these values,
we compared the measurements of our patient group.
According to Table 4, both the first and second evalu-
ators had similar average T12 paraspinal muscle mea-
surements in females, but for other measurements, the
study average was statistically lower than the popula-
tion average.

Table 4: Comparison of muscle area measurements in
the patient group compared to the previous average

Gender MeantSD  Mean Test P
Value Value
— TTET. . -4. .
~ T4 PMA (cm?) Male 36.77+7.66 41.6 4.583  <0.001
% Female 20.43+6.31 27.1  -4.614 <0.001
=
=t + -
S 712 PSMA (cm?) Male 43.4+10.64 56.0 8.615 <0.001
M Female 33.97+7.21 365 -0.984 0.383
+ -

~ T4 PMA (cm?) Male 36.45+7.29 41.6 5.091 <0.001
§ Female 20.58+6.28 27.1 -4.529  <0.001
5

= 21x10. . -8. .

S TI2PSMA (cm?) Male 43.21£10.82  56.0 8.608 <0.001
m female  33.92+7.15 36,5  -1.023  0.320

One Sample t-test was used. SD: Standard deviation, T4
PMA: T4 vertebra pectoral muscle area, T4 PMD: T4 ver-
tebra pectoral muscle density, T12 PSMA: T12 vertebra
paraspinal muscle area, T12 PSMD: T12 vertebra paraspi-
nal muscle density.

According to Table 5, the T12 muscle measure-
ment taken from females in the study by the first eva-
luator was similar to the population average, but for ot-
her measurements, the study average was statistically
lower than the population average. The same situation
was applicable for the second evaluator as well.

Table 5: Comparison of muscle area measurements in
the control group compared to the previous average

Gender Mean+SD  Mean Test p
Value Value

—_ .0949. . -3. .
= T4 PMA (cm?) Male 37.09+9.37 41.6 3.048  0.004
% Female 22.69+6.79 27.1  -4.505 <0.001
=
-_— + -
S T12 PSMA (cm?) Male 45.74+9.45 56.0 6.866  <0.001
M Female 36.36+9.37 36.5  -0.105  0.917

+ -
~ T4 PMA (cm?) Male 36.92+9.54 41.6 3.107  0.004
:c:) Female 22.98+7.00 27.1  -4.079 <0.001
=
=] -
5 T12 PSMA (cm?) Male 45.73+9.35 56.0 6.866  <0.001
m female  36.21£9.51 365  -0.213  0.833

One Sample t-test was used. SD: Standard deviation, T4
PMA: T4 vertebra pectoral muscle area, T4 PMD: T4 ver-
tebra pectoral muscle density, T12 PSMA: T12 vertebra
paraspinal muscle area, T12 PSMD: T12 vertebra paraspi-
nal muscle density.
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Discussion

Sarcopenia is characterized by the progres-
sive loss of skeletal muscle mass and quality asso-
ciated with aging." It is considered an independent
negative prognostic factor in various diseases, inclu-
ding major surgeries, oncological, and cardiovascular
diseases.'”!* Sarcopenia can also affect respiratory
muscles. As a result, it can impair the production of
sufficient respiratory volume and the performance of
high-force expiratory maneuvers.'* One of the most
current methods for evaluating sarcopenia is CT. It
offers several advantages, such as providing detai-
led anatomical information, distinguishing between
muscle, fat, and surrounding tissues, and easily cal-
culating parameters such as muscle area and density.
Some studies have shown that pectoral muscle analy-
sis and segmentation derived from thoracic CT secti-
ons are associated with sarcopenia.'

Although the COVID-19 storm has ended, a
process called post-COVID syndrome has emerged,
particularly in patients who experienced severe pneu-
monia, lasting for weeks and manifesting with symp-
toms such as weakness, fatigue, myalgia, dyspnea or
exertional dyspnea, and persistent cough.'® In one-ye-
ar follow-ups, it has been found that lung CT findings
in these patients largely improve, but in some cases,
residual lung changes such as ground-glass opacities,
irregular reticulations, fibroatelectatic bands, air trap-
ping areas, and even honeycombing persist.!” . '“The-
se residual anomalies may be associated with respi-
ratory complaints in patients following COVID-19
infection.

In our study, we included 142 patients with
post-COVID symptoms. By examining their chest CT
scans taken approximately 6 months after COVID-19
infection, we divided them into two groups. The first
group consisted of patients with residual changes
after COVID-19 infection in their chest CT scans,
while the second group served as the control group,
consisting of patients whose lung findings almost
completely resolved on chest CT scans. We compa-
red the muscle areas and muscle densities at the T4
and T12 levels between the two groups to assess sar-
copenia. In our study, no significant differences were
found in muscle areas and muscle densities at both
the T4 and T12 levels. This indicates that there is no
direct relationship between residual lung changes and
sarcopenia. These results suggest that findings such
as ground-glass opacities, irregular reticulation, and
traction bronchiectasis, which can be detected even

months after the disease on lung CT scans, may oc-
cur independently of sarcopenia, affecting respiratory
muscles through different pathophysiological proces-
ses. This study may be the first to examine the re-
lationship between post-COVID lung changes and
sarcopenia, as we did not find a substantial amount
of literature on this topic. Most studies focused on the
impact of sarcopenia on the course of COVID-19 in-
fection and its emergence in the post-COVID period.
In conclusion, we can say that we did not find much
information in the literature that would support or cri-
ticize our findings.

However, when comparing the measurements
of muscle areas at T4 and T12 in both the patient
group and the control group with the normal values
gathered from previous studies, they were found to
be significantly lower. This indicates that post-CO-
VID syndrome may be associated with sarcopenia. In
other words, although sarcopenia may not be directly
related to residual lung anomalies in the pulmonary
parenchyma, it may be associated with post-COVID
syndrome.

In suspected sarcopenia cases, MRI and CT
scans are recommended for measuring muscle qua-
lity and quantity, with CT scans at the L3 level being
particularly useful for assessing body composition,
though there is limited research on thoracic CT body
composition in COVID-19 patients, who typically re-
ceive chest X-rays or thoracic CT scans. Molwitz et
al. finds that fat and muscle measurements at T12 and
L3 levels on CT scans are closely correlated. In CO-
VID-19 patients who only have thoracic CT scans,
T12 data can predict L3 values, which are commonly
used for assessing sarcopenia and obesity. '®

Antonarelli et al. conducted a study to inves-
tigate the prognostic effect of sarcopenia on patients
infected with COVID-19, measuring the pectoral
muscle area and density at the T4 level. The results
showed no statistically significant differences in pec-
toral muscle area and density in relation to the seve-
rity and mortality of pneumonia assessed by the CT
pneumonia severity score. However, the researchers
found an association between sarcopenia and prolon-
ged intensive care unit (ICU) stay and failed extuba-
tion.'? In patients with low pneumonia severity score
(less than 7), the pectoral muscle area was measured
as 40.4+9.8 cm2 and muscle density as 29.2+5.9 HU,
while in patients with high pneumonia severity score,
the pectoral muscle area was measured as 38.9+7.8
cm2 and muscle density as 27.8+5.2 HU. The pecto-
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ral muscle area measurements in both our patient and
control groups were lower than these values (patient
group: 32.249.95 cm2, control group: 31.72+10.52
cm?2). The muscle density values of our patients were
approximately similar. This suggests a potential asso-
ciation between COVID-19 infection and sarcopenia.

However, some researchers have argued that
sarcopenia grading based on muscle analysis derived
from CT can correlate with certain clinical outcomes
related to COVID-19 infection. Of course, this aspe-
ct was not covered in our study, which focused on
post-COVID pulmonary findings. Kim et al. conclu-
ded in their study that there might be a relationship
between sarcopenia and death associated with CO-
VID-19 infection."” Schiaffino et al. believe that sar-
copenia is associated with longer ICU stays and mor-
tality.”® The same researchers measured the muscle
area at the T12 level and found an average of 31 cm2
and muscle density of 37 HU. In our study, the T12
muscle area measurement was slightly higher (patient
group: 40.76+10.75 cm2, control group: 42.36+10.61
cm?2). The T12 muscle density was approximately si-
milar (patient group: 34.88+9.78 HU, control group:
34.88+9.78 HU). Several studies have demonstrated
the potential association of various clinical conditi-
ons with sarcopenia and COVID-19 infection.

In studies focusing on sarcopenia in lung di-
seases other than COVID-19, low muscle mass has
been found to be associated with poor prognosis. For
example, Kinsey et al. emphasized the association
between low pectoral muscle mass and decreased
overall survival in small cell lung cancer.?! Moon et
al. concluded that a decrease in thoracic muscle mass
correlates with mortality in idiopathic pulmonary
fibrosis.?

A study examining the frequency of sarco-
penia and its relationship with clinical course in the
post-COVID period found sarcopenia in 41% of the
total 92 patients. However, the same study stated that
there was no relationship between clinical course, di-
sease severity, and sarcopenia.?

Muscle weakness and exercise intolerance
are prominent symptoms in patients with post-acu-
te sequelae of Covid-19, potentially resulting from
muscle atrophy, reduced neural activation, and dis-
ruptions in metabolic function and blood flow. The-
se symptoms are influenced by various factors like
systemic inflammation, viral infection, inactivity, and
comorbid conditions, with some patients reporting
persistent symptoms for up to a year after infection. >

Research on COVID-19 infection and sarco-
penia has indicated that musculoskeletal system in-
volvement may occur during COVID-19 infection, as
a result of medications used in infection treatment, or
as part of post-COVID syndrome.”* In our study,
both the patient group and the control group had me-
asurements indicating low muscle mass. This could
be due to the factors mentioned above, or simply a
natural process of aging. Our data on this matter is
limited, and we believe that more detailed clinical re-
search is needed.

There were several limitations to our study.
First, it was a retrospective study conducted at a sing-
le center with a relatively small number of patients.
Additionally, we were unable to calculate the Skeletal
Muscle Index (SMI), by normalizing muscle mass to
the square of the patient’s height (cm?*m?) for many
patients, because we did not have access to their hei-
ght information.

According to Table 5, the T12 muscle mea-
surement taken from females in the study by the first
evaluator was similar to the population average, but
for other measurements, the study average was statis-
tically lower than the population average. The same
situation was applicable for the second evaluator as
well.

Conclusion

Numerous studies have been conducted on
the relationship between sarcopenia and COVID-19
infection and its clinical course, which has been a
popular research topic in recent years. While some
studies have found no correlation with disease seve-
rity and progression, others have highlighted correla-
tions in various aspects such as prolonged ICU stay,
ease of extubation, and even mortality. However, one
fact stands out in all studies, which is the association
between COVID-19 infection and sarcopenia, particu-
larly in elderly patients, regardless of whether it cor-
relates with clinical course and conditions. More rese-
arch and knowledge accumulation are needed in this
regard. In our study, which primarily focused on lung
CT findings and their association with the patient’s
respiratory symptoms, we did not identify a relations-
hip with sarcopenia. We attributed this to the possi-
bility of separate mechanisms and pathophysiological
processes for sarcopenia and sequelae in the lungs.

007



Sarcopenia relation Post-COVID Pulmonary Sequelae

x

ACH

References

1. WHO. Clinical management of severe acu-
te respiratory infection when COVID-19 is sus-
pected Interim guidance. https://apps.who.int/iris/
bitstream/handle/10665/330893/WHO-nCoV-Clini-
cal-2020.3-eng.pdf?sequence=1&isAllowed=y (Ac-
cess date: 10.10.2023).

2. Aslan A, Aslan C, Zolbanin NM, Jafari R.
Acute respiratory distress syndrome in COVID-19:
possible mechanisms and therapeutic management.
Pneumonia (Nathan). 2021;13(1):14. Published 2021
Dec 6. doi:10.1186/s41479-021-00092-9.

3. Mahase E. (2020). Covid-19: What do we
know about “long covid”? BMJ, 370, m2815. doi:
10.1136/bmj.m2815.

4, Funk G.C., Nell C., Pokieser W, et al. (2021).
Organizing pneumonia following Covid19 pneumo-
nia. Wien Klin Wochenschr, 133(17-18), 979-982.
doi: 10.1007/s00508-021-01852-9.

5. Konopka KE, Perry W, Huang T, Farver CF,
Myers JL. Usual Interstitial Pneumonia is the Most
Common Finding in Surgical Lung Biopsies from
Patients with Persistent Interstitial Lung Disease
Following Infection with SARS-CoV-2. EClini-
calMedicine. 2021;42:101209. doi:10.1016/j.ec-
linm.2021.101209.

6. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sar-
copenia: revised European consensus on definition
and diagnosis [published correction appears in Age
Ageing. 2019 Jul 1;48(4):601. doi: 10.1093/ageing/
afz046]. Age Ageing. 2019;48(1):16-31. doi:10.1093/
ageing/afy169.

7. Rosenberg [.H. (1997). Sarcopenia: origins
and clinical relevance. The Journal of nutrition,
127(5), 990S-9918S. doi: 10.1093/jn/127.5.9908S.

8. Correa-de-Araujo R., Addison O., Miljkovic
L., et al. (2020). Myosteatosis in the context of skele-
tal muscle function deficit: An interdisciplinary work-
shop at the National Institute on Aging. Frontiers in
Physiology, 11, 963. doi: 10.3389/fphys.2020.00963.
0. Ufuk F., Demirci M., Sagtas E., et al. (2020).
The prognostic value of pneumonia severity sco-
re and pectoralis muscle area on chest CT in adult
COVID-19 patients. European Journal of Radiology,
131, 109271. doi: 10.1016/j.ejrad.2020.109271.

10. Derstine B.A., Holcombe S.A., Goulson R.L.,
et al. (2016). Quantifying sarcopenia reference values
using lumbar and thoracic muscle areas in a healthy

population. The Journal of Nutrition, Health & Aging,
21(9), 975-981. doi: 10.1007/s12603-017-0983-3.
11. Chianca V., Albano D., Messina C., et al.
(2021). Sarcopenia: Imaging assessment and clini-
cal application. Abdominal Radiology, 46(7), 2981-
2992. doi:10.1007/s00261-021-03294-3.

12. Antonarelli M., Fogante M. (2022). Chest
CT-Derived Muscle Analysis in COVID-19 Patients.
Tomography, 8(1), 414-422. doi: 10.3390/tomograp-
hy8010034.

13. Strassmann D, Hensen B, Griinwald V, et
al. Impact of sarcopenia in advanced and metastatic
soft tissue sarcoma. International Journal of Clini-
cal Oncology. 2021;26(11):2151-2160. doi:10.1007/
s10147-021-01997-7.

14.  Cinar HU, Celik B, Taskin G, ince O. Low
thoracic muscle mass index on computed tomograp-
hy predicts adverse outcomes following lobectomy
via thoracotomy for lung cancer. Interact Cardiovasc
Thorac Surg. 2021;33(5):712-720. doi:10.1093/icvts/
ivab150.

15. Francone M, Iafrate F, Masci GM, et al. Chest
CT score in COVID-19 patients: correlation with di-
sease severity and short-term prognosis. Eur Radiol.
2020;30(12):6808-6817.  doi:10.1007/s00330-020-
07033-y.

16. Cherrez-Ojeda 1, Cortés-Telles A, Gochico-
a-Rangel L, et al. Challenges in the Management of
Post-COVID-19 Pulmonary Fibrosis for the Latin
American Population. J Pers Med. 2022;12(9):1393.
Published 2022 Aug 27. d0i:10.3390/jpm12091393.
17. Bocchino M., Lieto R., Romano F., et al.
(2022). Chest CT-based Assessment of 1-year Out-
comes after Moderate COVID-19 Pneumonia. Radi-
ology, 305(2), 479-485. doi: 10.1148/radiol.220019.
18. Molwitz I, Ozga A K, Gerdes L, et al. Pre-
diction of abdominal CT body composition parame-
ters by thoracic measurements as a new approach to
detect sarcopenia in a COVID-19 cohort. Scientific
reports,2022,12(1),6443.  doi:10.1038/s41598-022-
10266-0

19. Kim JW, Yoon JS, Kim EJ, et al. Prognostic
Implication of Baseline Sarcopenia for Length of
Hospital Stay and Survival in Patients With Corona-
virus Disease 2019. J Gerontol A Biol Sci Med Sci.
2021;76(8):e110-e116. doi:10.1093/gerona/glab085.
20. Schiaffino S, Albano D, Cozzi A, et al.
CT-derived Chest Muscle Metrics for Outcome

008



ACH Medical Journal

ACH

Prediction in Patients with COVID-19. Radio-
logy. 2021;300(2):E328-E336. doi:10.1148/radi-
01.2021204141.

21.  Kinsey C.M., San José Estépar R., Van Der
Velden J., et al. (2017). Lower Pectoralis Muscle
Area Is Associated with a Worse Overall Survival in
Non-Small Cell Lung Cancer. Cancer Epidemiol Bi-
omarkers Prev. 2017;26(1):38-43. doi:10.1158/1055-
9965.EPI-15-1067.

22. Moon SW, Choi JS, Lee SH, et al. Thoracic
skeletal muscle quantification: low muscle mass is
related with worse prognosis in idiopathic pulmonary
fibrosis patients. Respir Res. 2019;20(1):35. Publis-
hed 2019 Feb 15. doi:10.1186/s12931-019-1001-6
23. Ince, Nursima, Ozlem Altindag, Can Demirel,
and Kamil Ince. “The Frequency of Sarcopenia in the
Post-COVID Period and Its Relationship With the
Clinical Course of the COVID-19”. Annals of Medi-
cal Research 29, no. 12 (December 23, 2022): 1389—
1392. https://www.annalsmedres.org/index.php/
aomr/article/view/4320. (Access date: 10.10.2023).
24. Soares M N, Eggelbusch M, Naddaf E, et al.
Skeletal muscle alterations in patients with acute Co-
vid-19 and post-acute sequelae of Covid-19. Journal
of cachexia, sarcopenia and muscle,2022,13(1),11-22.
doi:10.1002/jcsm.12896.

25.  Evcik D. (2023). Musculoskeletal involve-
ment: COVID-19 and post-COVID-19. Turkish Jour-
nal of Physical Medicine and Rehabilitation, 69(1),
1-7. doi: 10.5606/tftrd.2023.12521.

26. Zheng KI, Feng G, Liu WY, Targher G, By-
rme CD, Zheng MH. Extrapulmonary complications
of COVID-19: A multisystem disease?. J] Med Virol.
2021;93(1):323-335. doi:10.1002/jmv.26294.

009



