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OBJECTIVE: With this study, it was aimed to investigate whether the thoracic muscle mass of patients with coronavirus disease 2019 was 
related to disease severity and disease characteristics and to evaluate whether muscle mass measurement had a predictive effect on 
predicting disease severity.

MATERIAL AND METHODS: Two hundred twenty-three subjects (patient group = 161 and control = 62) who presented to our corona-
virus disease 2019 outpatient clinic between May 2020 and September 2020 were included in the study. The medication, oxygen, and 
intubation requirements of the patients and their disease duration and hospital stay were also recorded. At the T4 level, thoracic and back 
(pectoralis, intercostalis, paraspinals, serratus, and latissimus dorsi) muscles and at the T12 level erector spinae muscles were measured 
in terms of area (cm2).

RESULTS: T4-level muscle cross-sectional area results were found to be negatively correlated with the presence of pneumonia and 
the requirement of oxygen and intubation. In addition, both T4- and T12-level muscle cross-sectional area results were factors associ-
ated with oxygen and intubation requirements. T4-level muscle cross-sectional area results were also associated with the presence of 
pneumonia.

CONCLUSION: We predict that there may be a relationship between the decrease in the mass of the accessory respiratory muscles and 
the severity of the disease.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
virus, which continues to spread increasingly all over the world.1 This virus emerged in China last year is new for the 
whole world. Coronavirus disease 2019 can cause a wide range of clinical pictures from a mild flu infection to pneumo-
nia, pulmonary edema, multi-organ failure, and death.2

Studies to understand the disease and to prevent the progression as well as to develop treatment and diagnostic methods 
for COVID-19 continue all over the world. Despite these prevention methods, the contagiousness of the SARS-CoV-2 virus 
is high and there are currently over 36 million patients in the world. Although most of the symptomatic infections are mild, 
patients with initially mild symptoms can quickly cause a marked alveolar inflammatory cell infiltration that progresses to 
acute respiratory distress syndrome and eventually to multi-organ failure.3

Therefore, disease-related factors and progression should be investigated and preventive methods should be developed to 
alleviate infections and prevent progression.

Although we learn new things about COVID-19 every day, studies defining risk factors and risk groups are still insufficient 
and incomplete.4-7 There is no study investigating the relationship between the disease and the thoracic region, including 
the pulmonary system, which causes high mortality. Considering that respiratory function occurs with the contraction and 
expansion of the muscles in the thoracic cavity, it can be predicted that the muscle mass in this region will be effective in 
the progression of the disease. However, this information is still not based on scientific evidence.

Therefore, in this study, it was aimed to investigate whether the thoracic and back muscle mass of patients with 
COVID-19 was related to disease severity and disease characteristics and to evaluate whether muscle mass measurement 
had a predictive effect on disease severity.
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Our hypothesis in this study was that low thoracic muscle 
mass might increase the severity of the COVID-19 clinical 
picture.

MATERIAL AND METHODS

Study Design and Selection of Participants
Two hundred thirty-three participants who presented to our 
COVID-19 inpatient and outpatient clinics between May 
2020 and September 2020 were included in the study.

Of these participants, who were followed up and treated 
according to the national COVID-19 diagnosis and treatment 
algorithm, 164 patients with positive antigen test [polymerase 
chain reaction (PCR)] or positive computed tomography 
(CT) findings or presence of both parameters positive were 
evaluated as the patient group, and 69 patients with negative 
test and negative CT findings were evaluated as the control 
group. Three patients from the patient group were excluded 
from the study because they were referred to another hospi-
tal during their follow-up and 7 participants from the control 
group were excluded because their chest CTs were taken in 
another center. The study was completed with 223 partici-
pants (patient group n = 161, control group n = 62) (Figure 1).

Inclusion criteria for the study were as follows: patients aged 
18-75 years who underwent PCR and CT evaluations within 
the first 10 days after the onset of symptoms and who were 
followed up in the COVID-19 outpatient clinic of our pan-
demic hospital were included in the study.

Patients older than 75 years (to eliminate the possibility of 
age-related sarcopenia), with a history of surgery and trauma 
in the thoracic region, with known progressive/non-progres-
sive neurologic disease, with a history of advanced lung 
disease or malignancy, and those with inflammatory lung dis-
eases were not included in the study.

Before evaluations, the patients were given verbal and writ-
ten information on the nature of the study. Informed consent 
forms were signed upon admission to the trial. All procedures 
were conducted in accordance with the relevant principles 
of the Helsinki Declaration. Also, approval of the study was 
obtained from the University of Health Sciences, Diskapi 
Yildirim Beyazit Training and Research Hospital Ethics 
Committee (Number: 91/09, Date: July 06, 2020).

The demographic characteristics of all participants including 
age, sex, job, body mass index (BMI), presence of additional 
comorbidity, smoking status, and smoking pack/years were 
recorded. In addition, the medication, oxygen, and intuba-
tion requirements of the patients and duration of disease and 
hospital stay were also recorded. Outpatient participants 
were followed up for 14 days until the PCR became negative 
or until the 14-day treatment was completed according to the 
national COVID-19 diagnosis and treatment algorithm; the 
control group was followed up for 14 days.

Positivity in PCR and CT was evaluated as disease charac-
teristics. Coronavirus disease 2019 lung involvement was 
evaluated as suggested by the partnership of Radiological 
Society of North America, Society of Thoracic Radiology, and 
American College of Radiology, and it was recorded as hav-
ing pneumonia or normal.8-10

Non-contrast chest CT was performed using a 16-detec-
tor CT scanner (Somatom Emotion 16; Siemens Healthcare, 
Erlangen, Germany) in the radiology department of our hos-
pital. T4 and T12 levels were defined as reported in previous 
studies.11 The close polygon region of interest tool (NIH-
Image J software program) was used to trace the contour of 
the muscle of interest on T4- and T12-level images for cross-
sectional area (CSA) measurements. At the T4 level, thoracic 

Figure 1. Selection of participants.

MAIN POINTS

• Polymerase chain reaction positivity and the presence 
of pneumonia on computed tomography are associated 
with age, body mass index, and comorbidities.

• Muscle cross-sectional areas at both T4 and T12 levels 
correlate with oxygen and intubation requirements.

• There may be a relationship between the decrease in the 
mass of the auxiliary respiratory muscles and the severity 
of the disease.
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and back (pectoralis, intercostalis, paraspinals, serratus, latis-
simus dorsi) muscles and at the T12 level erector spinae mus-
cles were measured in terms of area (cm2) (Figure 2).

Study Protocol
The measurements of the CT images were made separately 
by 2 blind specialists. Each expert took 3 measurements and 
the 3 measurements were averaged. Then, a single result was 
generated from the arithmetic mean of the 2 experts’ mea-
surements. To prevent bias, the group allocation of the par-
ticipants was not shared with the specialists.

All participants were divided into 2 groups, the patient group 
and the control group, and the parameters were compared 
between the 2 groups. Later, the patient group was separated 
as outpatients and inpatients, and the parameters were com-
pared between these groups. Muscle mass results were com-
pared with all parameters to evaluate the factors that might be 
associated with muscle mass and disease severity.

Statistical Analysis
All statistical analyses were carried out by using Statistical 
Package for the Social Sciences (version 15.0) for Windows 
statistical package. The variables were investigated using 
an analytical method (Kolmogorov-Smirnov test) to assess 
whether or not they are normally distributed. Descriptive sta-
tistics were demonstrated as median (minimum-maximum) 
for continuous variables and as a percentage (%) for nomi-
nal variables. The difference between 2 groups’ comparison 
was evaluated using the Mann–Whitney U test. In order to 
evaluate the relation between T4-T12 levels and evaluation 
parameters, Spearman’s rho correlation test was performed 
for continuous variables and univariate analysis for nominal 
variables. For statistically significant correlations, the age, 
gender, and comorbidity presence-adjusted model multivari-
ate regression analysis using control group as dependent vari-
able was performed. A P value of .05 or less was considered 
significant.

RESULTS

Two hundred twenty-three participants (161 (72.2%) patients 
and 62 (27.8%) controls) were included in the study. The 

median age of all participants was 46.00 (range, 19.0-75.0) 
years; 120 (53.8%) were women 103 (46.2%) were men. 
The distribution of the disease characteristics including the 
demographic and muscle CSAs at the T4 and T12 levels of the 
patient and control groups is presented in Table 1.

Among the patient and control groups, age (P = .001), BMI 
(P = .001), and T4- and T12-level muscle CSAs (both for 
P = .001) were lower in the patient group, and the number of 
additional comorbidities was higher in this group (P = .004).

Seventy-four (46%) of the patients were treated as outpa-
tients, and 87 (54%) were treated in the hospital. Inpatients 
and outpatients were compared in terms of demographic 
and disease characteristics (Table 2). The median number of 
days of oxygen need of inpatients was 5.0 (range, 1.0-32.0), 
the median intubation time was 0.0 (range, 1.0-12.0) days, 
and the median length of hospital stay was 8.0 (range, 
1.0-32.0) days. The age (P = .001), presence of additional 
comorbidities (P = .022), the number of patients with PCR 
(P = .003), CT (P = .004) positivity, medication use (P = .022), 
oxygen (P = .001), and intubation (P = .001) in inpatients 
was significantly higher. T4- and T12-level muscle CSAs were 
lower in inpatients (P = .003, P = .004, respectively).

T4- and T12-level CSAs of the patients were negatively cor-
related with age (Spearman’s rho correlation coefficient (r) 
= −0.161, P = .042 and r = −0.104, P = .045, respectively). 
No relationship was found with BMI (r = 0.026, P = .743 and 
r = 0.061, P = .446, respectively). The univariate regression 
analysis results of the patients’ T4- and T12-level muscle 
CSAs, demographic, and disease characteristics are presented 
in Table 3.

T4-level muscle CSAs were found to be negatively correlated 
with the presence of pneumonia and the requirement of oxy-
gen and intubation.

For significant correlations, as a result of age-, sex- and 
comorbidity-adjusted multivariate regression analysis, both 
T4- and T12-level muscle CSAs were factors associated with 
oxygen and intubation requirement. In addition, T4-level 

Figure 2. T4 level axial computed tomography image.
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muscle CSAs were also associated with the presence of pneu-
monia (Table 4).

DISCUSSION

In this study, it was aimed to investigate the relationship 
between T4- and T12-level muscle mass CSAs in patients 
with COVID-19 and the demographic and disease charac-
teristics of the patients. As a result of the study, it was found 
that patients who were PCR positive and with the presence of 
pneumonia on CT were older, had higher BMI, and had more 
comorbidities compared with the control group. Also, it was 
found that patients with advanced age and comorbidities had 
the presence of pneumonia on CT and needed hospitaliza-
tion. T4- and T12-level muscle CSAs were found lower in the 
patient group than in the control group, as well as lower in 
inpatients compared to outpatients. It was found that these 
levels of muscle CSAs were associated with the need for oxy-
gen and intubation and that the T4-level CSA was also associ-
ated with the presence of pneumonia.

The SARS-CoV-2 virus appears as a simple respiratory tract 
infection at levels ranging from mild disease to sepsis. In its 
clinical classification, the World Health Organization divides 

COVID-19 as mild symptomatic disease, pneumonia, severe 
pneumonia, acute respiratory distress syndrome, sepsis, 
and advanced stage with septic shock.12 According to the 
September 2020 data of the European Centers for Disease 
Prevention and Control, it was reported that most patients 
with COVID-19 had an asymptomatic or mild course of the 
disease, 21-25% needed hospitalization, and 9% required 
intensive care treatment.13 In our study, the rate of inpatients 
was 39% when all symptomatic patients (regardless of PCR 
and CT results) were considered. This situation is probably 
related to our health system because this study was con-
ducted in a pandemic hospital. In other words, it is a place 
where patients are sent to an upper center from clinics that 
provide primary health care. This is not the first place where 
most patients are admitted. Therefore, patients with more 
pronounced symptoms and thought to be progressive may 
have applied to us or been referred to a primary health care 
center.

The need for hospitalization and intensive care increases both 
morbidity and mortality in individuals and socioeconomic 
burden in countries. Studies for this purpose have been con-
ducted to determine in which patient the condition will be 

Table 1. Distribution and Comparison of Demographic and Disease Characteristics of Patient and Control Groups

Patients (n = 161) Controls (n = 62) P

Age, med (min-max) 53.0 (19.0-75.0) 34.0 (19.0-68.0) .001*

Sex, n (%)

 Female 91 (56.5) 29 (46.8) .196

 Male 70 (43.5) 33 (53.2)

BMI (%), med (min-max) 27.79 (17.83-43.34) 25.44 (18.42-37.20) .001*

Job, n (%)

 White collar 30 (18.6) 22 (35.5) .884

 Blue collar 46 (28.6) 23 (37.1)

 Non-working 85 (52.8) 17 (27.4)

Additional comorbidity, n (%) 79 (49.1) 16 (25.8)

 Diabetes mellitus 3 (1.9) 1 (1.6) .004*

 Hypertension 61 (37.9) 6 (9.7)

 Coronary artery disease 10 (6.2) 3 (4.8)

 Hypothyroidism 3 (1.9) 3 (4.8)

 Osteoarthritis 2 (1.2) 3 (4.8)

Smoking, n (%)

 Active smoking 23 (14.3) 21 (33.9) .106

 Not smoking 125 (77.6) 34 (54.8)

 Stopped smoking 13 (8.1) 7 (11.3)

Smoking (pack/years), med (min-max) 0.0 (0.0-50.0) 3.0 (1.0-4.0) .338

PCR positivity, n (%) 126 (78.3) 0 .001*

Pneumonia (CT) positivity, n (%) 136 (84.5) 0 .001*

T4-level muscle CSA (cm2), median (min-max) 38.39 (10.14-92.34) 53.17 (21.65-198.70) .001*

T12-level muscle CSA (cm2), med (min-max) 19.49 (14.05-77.28) 32.79 (15.94-79.60) .001*

BMI, body mass index; PCR, polymerase chain reaction; CT, computed tomography; CSA, cross-sectional area; med, median; min, minimum; max, 
maximum.
*P < .05.
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aggravated and risk factors for the severe course of the dis-
ease. These studies were found that disease and demographic 
characteristics such as advanced age, presence of additional 
comorbidities, and smoking have been defined as risk factors 
for severe disease.4-7 In our study, age was significantly higher 
and additional comorbidities were higher in the patient group 
compared with the controls as well as in inpatients compared 
with outpatients. These results confirm that COVID-19 pneu-
monia will be more prevalent in patients with advanced age 
and additional comorbidities because all of our inpatients 
had severe pneumonia requiring oxygen support and these 
patients were older and had more comorbidities.

The interesting point of the study was that more than half 
of the outpatients who were followed up had lung involve-
ment findings of COVID-19 (67.6%). Although the outpa-
tient’s median age value was lower than the inpatient group, 
there was no significant difference between patient groups. 
In other words, although outpatients had lung involvement, 
they were not at a level that required oxygen support. In pre-
vious studies, it has been reported that some individuals with 
very severe COVID-19 disease have severe lung damage and 

decrease in diffusion capacity with lung fibrosis.14 It has been 
shown that some of these patients can recover completely, 
whereas others experience serious morbidity or even mortal-
ity. We think that the reason for this is related to low muscle 
mass in the thoracic region, which we demonstrated in our 
study. The respiratory system consists of the lung which pro-
vides the exchange of respiratory gases and the chest wall 
and respiratory muscles which pump out exhaled gases (expi-
ration).15 Moreover, lung ventilation is a mechanical process 
in which the respiratory muscles act together to allow air in 
and out of the lungs. Any change in the performance of the 
respiratory muscles can reduce the effectiveness of ventila-
tion.15 The inspiratory muscles that help the thoracic cavity 
to expand are the diaphragm, intercostal, and parasternal 
muscles (e.g., pectoralis, serratus, and latissimus), and the 
expiratory muscles that provide compression of the thoracic 
cavity are the abdominal muscles and paraspinal muscles. 
In respiratory function, the primary inspiratory muscle is the 
diaphragm, and the expiratory muscles are the abdominal 
muscles. Other muscles, namely accessory muscles come into 
play when dysfunction in the respiratory system occurs and 
in the increase of metabolic need such as exercise.16 Studies 

Table 2. Demographic and Disease Characteristics of Patient Groups

Inpatient (n = 87) Outpatient (n = 74) P

Age, med (min-max) 58.0 (19.0-75.0) 44.50 (19.0-75.0) .001*

Sex, n (%)

 Female 45 (51.7) 46 (62.2) .184

 Male 42 (48.3) 28 (37.8)

BMI (%), med (min-max) 29.04 (17.83-41.79) 26.54 (20.62-43.34) .068

Additional comorbidity, n (%) 60 (69.0) 33 (44.6) .022*

Smoking, n (%)

 Active smoking 9 (10.3) 14 (18.9) .206

 Not smoking 8 (9.2) 55 (74.3)

 Stopped smoking 70 (80.5) 5 (6.8)

Smoking (pack/years), med (min-max) 0.0 (0.0-50.0) 0.0 (0.0-35.0) .743

PCR positivity, n (%) 77 (88.5) 49 (66.2) .004*

Pneumonia (CT) positivity, n (%) 86 (98.9) 50 (67.6) .003*

Medication, n (%)

 HCQ 87 (100) 48 (64.9) .022*

 Anticoagulant 72 (82.8) 5 (6.8)

 AZT 71 (81.6) 19 (25.7)

 FVP 38 (43.7) 34 (45.9)

 Paracetamol 49 (56.3) 2 (2.7)

 Steroid 17 (19.5) 0

 Other (plasma therapy, other antiviral, etc.) 49 (56.3) 1 (1.4)

Number of patients in need of oxygen, n (%) 87 (100) 0 .001*

Number of intubated patients, n (%) 5 (5.7) 0 .001*

T4-level muscle CSA (cm2), med (min-max) 37.07 (10.14-86.90) 39.43 (19.81-92.34) .003*

T12 level muscle CSA (cm2), med (min-max) 19.17 (14.05-31.11) 21.57 (14.86-67.28) .005*

BMI, body mass index; PCR, polymerase chain reaction; CT, computerized tomography; CSA, cross-sectional area; med, median; min, minimum; 
max, maximum; HCQ, hydroxychloroquine; AZT, azithromycin; FVP, favipiravir.
*P < .05.
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conducted on patients in intensive care with COVID-19 dis-
ease have shown that an extreme hypermetabolic process 
occurs and that this may be a major contributing factor to 
the extraordinary ventilatory and oxygenation demands in 
patients with COVID‐19.17,18 Based on this hypothesis, we 
measured the CSA of accessory respiratory muscles at the 
T4 and T12 levels.

As a result of the study, we found that there was a signifi-
cant decrease in muscle mass in the patient group compared 
with the control group as well as in inpatients compared with 
outpatients. Moreover, we found that the muscle mass CSAs 
at the T4 and T12 levels were associated with oxygen and 
intubation requirements as independent of age, sex, and the 
presence of comorbidities. There is little information in the 
literature evaluating the relationship between disease sever-
ity and thoracic muscle mass in patients with COVID-19. In 
fact, as far as we know, this study is the first to examine both 

thoracic and back muscles mass in patients with COVID-19. 
Some studies in the literature were performed in patients with 
chronic obstructive pulmonary disease and pulmonary fibro-
sis, including measurements of the same levels and muscles 
similar to our study. These studies have shown that muscle 
CSAs were associated with symptoms, severe airflow limita-
tion, emphysema severity, prognosis, and mortality.19-22 We 
think that these results show that people with high muscle 
mass CSAs can compensate the respiratory problems caused 
by COVID-19 without the need for oxygen or even hospital-
ization and those with low muscle mass CSAs can fall into a 
decompensation that may need external support.

The most important limitation of our study is that we could 
not include healthy individuals without symptoms. The par-
ticipants we received as a control group were individuals 
who showed symptoms of COVID-19 but were not diag-
nosed as having COVID-19 according to the international 

Table 3. Univariate Analysis of T4- and T12-Level Muscle CSAs and Demographic and Disease Characteristics of Patients

β SE P 95% CI (LL/UL)

T4-level CSA

Sex 0.605 0.793 .447 0.068/0.959

Additional comorbidity −2.400 0.827 .059 −4.039/−0.762

Active smoking −2.388 2.365 .316 −0.792/−1.316

PCR positivity 4.062 2.970 .173 −1.791/9.915

Pneumonia presence −15.08 2.70 .001* −20.422/−9.749

Need of oxygen −16.095 2.929 .001* −22.767/−11.222

Need of intubation −17.859 6.949 .012* −31.683/−4.035

T12-level CSA

Sex −1.879 0.914 .071 −3.681/−0.077

Additional comorbidity 0.211 0.146 .150 −0.078/0.501

Active smoking −0.519 0.490 .214 −1.491/0.453

PCR positivity −2.623 0.830 .068 −4.259/−0.986

Pneumonia presence −3.387 0.265 .001* −5.193/−1.580

Need of oxygen −4.313 0.892 .001* −6.072/−2.555

Need of intubation −3.913 1.382 .006* −6.660/−1.166

SE, standard error; LL, lower level; UL, upper level; PCR, polymerase chain reaction; CSA, cross-sectional area.
*P < .05.

Table 4. Multivariate Regression Analysis for Significantly Correlations

β SE P 95% CI (LL/UL)

T4-level CSA

Pneumonia presence −16.232 3.471 .006* −23.073/−9.391

Need of oxygen −10.718 4.613 .021* −19.810/−1.627

Need of intubation −16.714 6.554 .013* −29.749/−3.678

T12-level CSA

Pneumonia presence −2.996 0.925 .309 −8.813/−2.281

Need of oxygen −7.509 2.926 .014* −13.226/−2.667

Need of intubation −4.040 1.340 .003* −6.704/−1.376

SE, standard error; LL, lower level; UL, upper level; CSA, cross-sectional area.
*P < .05.
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COVID-19 criteria. To avoid an unnecessary radiation load, 
we could not recruit healthy individuals for the study. In addi-
tion, we could not include the diaphragm and abdominal 
muscles, which play a primary role in respiratory function. 
We think that large-scale studies that include these muscles 
will make our results more understandable.

CONCLUSION

We still know very little about COVID-19. In this study, it 
has been shown that decreased mass of the muscles defined 
as accessory respiratory muscles at the T4 and T12 levels is 
associated with the need for oxygen and intubation. We think 
that if the mass of these accessory muscles decreases, it can 
be predicted that the disease will progress seriously and that 
the respiratory load cannot be compensated.
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