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Introduction

Sustained community transmission of COVID-19 and the 
resulting pandemic gave rise to many new clinical challenges. 
While the speedy discovery and application of effective 
vaccines changed the clinical landscape enormously, 

clinical behavior of COVID-19 is still not fully elucidated1,2. In 
addition to vaccines, several treatment methods have been 
proposed (monoclonal antibodies, antiviral agents) but risk 
stratification after being symptomatic for prioritization for 
those treatment methods is still debated3,4. 

Sarcopenia is defined as the presence of low skeletal muscle 
mass and either low muscle strength (e.g. handgrip) or low 
muscle performance (e.g. walking speed or muscle power)5. 
Sarcopenia is also closely associated with frailty5 which is 
an adverse prognostic factor for many types of diseases6,7. 
Most patients with sarcopenia and frailty generally do not 
fare well during or after medical episodes involving invasive 
mechanical ventilation, sepsis, or prolonged hospital stay8,9. 

While most frailty assessments are complex with many 
data points5, some requiring specialized equipment5, 
diagnosis of low skeletal muscle area (SMA) with 3-D slicer 
image procession with user-friendly, open-source software 
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may be more feasible for speedy integration to clinical 
prognostication10. 3-D slicing technology is a method used 
in many studies on different subjects in abdomen and chest 
CT, as well as skeletal muscle measurements specifically in 
the diagnosis of sarcopenia11-13. SMA has been assessed at L3 
and has been shown to correlate with SMA measured at the 
level of T4 vertebra level10. 

In recent studies, pectoralis musculature was reported to 
have a prognostic role in patients with COVID-1914,15.

Since chest CT is standard of care for hospitalized COVID-19 
cases, we aimed to evaluate the prognostic efficacy of SMA 
at T4 level on clinical outcomes (ICU stay, length of hospital 
stay, mortality) for this patient group.

Materials and Methods

Patient Characteristics

Patients admitted to the hospital between 1 October 
2021 and 30 November 2021 with a primary diagnosis of 
COVID-19 were prospectively recorded in a database. Age, 
gender, comorbidities, ICU stay, length of hospital stay, and 
ultimate outcome were recorded.

Radiological Assessment

Chest CT was performed for every patient with a primary 
admission diagnosis of COVID-19, within 1-2 days of 
hospitalization per clinician discretion.

Multi-slice routine Chest CT examination was performed 
using 64-detector CT scanner (GE Optima CT660 GE 
Healthcare, Milwaukee, WI) with/without IV contrast medium. 
The CT image data was collected with a GE system equipped 
with a 512×512 matrix detector. The helical scanning region 
was performed in supine position without the gantry angle, 
from 1 cm above lung apices to completion of adrenal glands. 
Images were obtained using acquisition 24x1.2 mm, slice 

collimation 1.2 mm with, slice width 2,5 mm, pitch 0.98, 120 
Kv and 75 mAs. Increment of 3 mm was shown to result in a 
variance of 1%, which was deemed as an acceptable variance 
for SMA measurements10,16. Same measurements were also 
shown to be relatively unchanged by introduction of contrast 
agents10,17,18.

For CT-image analysis, two researchers (ZNT and MBD) 
performed image selection at T4 vertebra level using 
previously described method10. 20 cases were randomly 
selected for inter-observer agreement evaluation. Left and 
right pectoralis minor and major muscles (pectoral muscle 
area) and the combined bilateral muscles of the erector 
spinae, levator scapulae, rhomboideus minor and major, and 
transversospinalis groups (back muscle area) were manually 
segmented by researchers and pixels between - 29 and + 
150 HU were chosen via automated thresholding, the image 
data was then processed using 3-D Slicer per developer’s 
specifications (Figure 1).

Statistical Analysis

The data were analyzed by using SPSS software (IBM 
SPSS Statistics for Windows, version 23.0, Armonk, NY: 
IBM corporation). Mean, standard deviation, and median 
values were calculated. The distribution of variables was 
determined by using Kolmogorov – Smirnov test. Student’s 
t test was used for comparisons between groups of normally 
distributed variables. Pearson Chi Square test and Fisher’s 
Exact test were used to compare qualitative data. ROC curve 
analysis was used to determine the cut-off points of muscle 
measurements according to mortality. Considering the length 
of stay (LOS) durations, evaluations were made for mortality 
and ICU using univariate and multivariate Cox regression 
analysis. Significance was evaluated at the p<0.05 level.

Interobserver agreement was determined by using 
intraclass correlation coefficient (ICC), values between 0.75 

Figure 1. Examples of muscle (pectoral, back and skeletal muscles) segmentation performed with 3-D Slicer with lower (A) and higher 
muscle area (B). 
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and 0.9 were determined as good and an ICC greater than 
0.90 was determined as excellent.

Results

167 consecutive patients (80 male, 87 female) 
were identified during the study period. Mean age was 
62.90±16.68 years. Age distribution was similar for both 
genders (64.9±16.2 vs 60.9±16.9 years, p=0.12), length 
of hospital stay was also comparable (8.8±5.9 vs 9.9±6.7 
days, p=0.18). Presence of comorbidities (diabetes, chronic 
obstructive pulmonary disease, hypertension, previous 
malignancy), likelihood of ICU stay and superimposed 
bacterial pneumonia were also equivalent between male and 
female patients (Table 1). 

Twenty cases were randomly selected for inter-observer 
reliability assessment. The evaluation of inter-observer 
reliability was rated as excellent with ICCs ranging from 
0.985 to 0.998 for pectoralis muscle, 0.983 to 0.997 for 
back muscle and 0.984 to 0.997 for skeletal muscle (Table 

2). Male patients on average had greater muscle area for 
pectoral and total muscle but not for back muscle area 
measurements (8569±5061 mm2 vs 4059±1450 mm2, 
5841±1599 mm2 vs 7935±2831 mm2, 14411±50685 mm2 
vs 11995±3919 mm2, p<0,0001). Male and female patients 
were distributed comparably between survivors and fatal 
cases. Fatal cases were on average older and had a longer 
hospital stay. The rest of the patient characteristics are 
summarized in Table 1.

Pectoral, back and total SMA were significantly lower in 
patients with a mortality outcome or ICU stay (Table 3). 

ROC curve analysis was used to determine the cut-off 
point for pectoralis muscle, back muscle and total skeletal 
muscle values that were found to be significant according to 
mortality (Table 4) (Figure 2). The cut-off point for pectoralis 
muscle area measurements according to mortality was 
determined as 2800 mm2 and below. For the 2800 mm2 
cut-off value of the pectoralis muscle area; sensitivity was 
51.85%, specificity was 74.10%, positive predictive value 
was 28.0% and negative predictive value was 88.79%. 
The standard error of 68% of the area under the ROC curve 

Table 1. Patient characteristics.

Survived (n=140) Dead (n=27) P value

Male/Female 68/72 12/15 0.69**

Age 60.8±16.7 73.4±11.4 0.001*

LOS 8.4±5.7 (7) 14.6±6.9 (14) 0.001**

ICU yes/no 2/138 26/1 0.001***

DM yes/no 25/115 2/25 0.18***

COPD yes/no 16/124 0/27 0.08***

Malignancy yes/no 1/139 0/27 1.000***

HT yes/no 3/137 0/27 1.000***

Bacterial pneumonia yes/no 26/114 5/22 0.99*

*Student t test, ** Pearson Chi-Square, *** Fisher’s Exact test, LOS: length of stay, ICU: intensive care unit, DM: diabetes mellitus, COPD: 
chronic obstructive pulmonary disease, HT: essential hypertension.

Table 2. The evaluation of inter-observer reliability for muscle areas.

Intraclass Correlation 
95% Confidence Interval

Lower Bound Upper Bound

Pectoralis muscle area
Single Measures .988 .970 .995

Average Measures .994 .985 .998 

Back muscle area
Single Measures .987 .966 .995

Average Measures .993 .983 .997 

Total Skeletal muscle area
Single Measures .987 .969 .995

Average Measures .994 .984 .997 

Two-way mixed effects model where people effects are random and measures effects are fixed. 
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Table 3. Distribution of pectoralis, back and total skeletal muscle area (mm2) in patient subgroups.

Survived (n:140) Exitus (n:27) P value*

Pectoralis muscle area 3670±1383 2876±1287 0.006

Back muscle area 7180±2507 5649±2384 0.004

Total skeletal muscle area 14045±8525 8525±3449 0.002

No ICU(n=139) Yes ICU(n=28)

Pectoralis muscle area 3652±1400 2994±1256 0.022

Back muscle area 7157±2551 5816±2231 0.011

Total skeletal muscle area 14027±3840 8810±3257 0.008 

*Student t test.

Figure 2. ROC curve analysis of mortality outcome and pectoralis, back and skeletal muscle area. 

Table 4. Diagnostic screening tests and ROC curve results for pectoralis, back and total skeletal muscle area (mm2) measurements for 
mortality.

Diagnostic Scan ROC Curve

p
Cut off Sensitivity Specificity

Positive 
Predictive 

Value

Negative 
Predictive 

Value
Area 95% CI

Pectoralis m. ≤2800 51.85 74.10 28.00 88.79 0.680 0.560-0.800 0.003**

Back m. ≤5400 51.85 69.29 24.56 88.18 0.664 0.548-0.778 0.007**

Total m. ≤8000 48.14 73.57 26.00 88.03 0.687 0.564-0.804 0.003**

CI: Confidence Interval.
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obtained was determined as 6.1%. The cut-off point was 
determined as 5400 mm2 and below for the measurements 
of the back muscle area according to mortality. For the 5400 
mm2 cut-off value of the back muscle area; sensitivity was 
51.85%, specificity was 69.29%, positive predictive value 
was 24.56% and negative predictive value was 88.19%. 
The standard error of the area under the ROC curve obtained 
was 66.4% and 5.9%. The cut-off point for total SMA 
measurements according to mortality was 8000 mm2 and 
below. For the 8000 mm2 cut-off value of the total SMA value; 
sensitivity was 48.14%, specificity was 73.57%, positive 
predictive value was 26% and negative predictive value was 
88.03%. The area under the ROC curve obtained was 68.7% 
with a standard error of 6.1%. 81 patients were >65 years of 
age. Among those patients, pectoral (p=0.034, AUC=0.656) 
and SMA (p=0.039, AUC=0.652) were found to be lower in 
patients with a mortality outcome. Same relationship was not 
observed for patients younger than 65 years. 

For mortality, age, pectoralis muscle area, back muscle 

area and total SMA variables, which were significant in 
univariate evaluations, were evaluated with Cox regression 
analysis, taking into account LOS. Age, pectoralis muscle 
area and total SMA measurements were significantly 
included in Univariate Cox regression evaluations (p<0.05). 
It was observed that HR value of one unit increase in age was 
1.044 (95% CI: 1.010-1.078); having pectoralis muscle area 
below 2800 had an HR risk of 4,105 (95% CI: 1,834-9.187), 
and having total skeletal muscle value below 8000 had a HR 
risk of 2,232 (95% CI: 1.026-4.857) (Table 5). On the other 
hand, in the multivariate analysis, only the pectoralis muscle 
area value remained significant in the model (p<0.01), the 
HR value for the pectoralis muscle area value below 2800 
was found to be 3.138 (95% CI: 1.171-8.413), and pectoralis 
muscle can be considered as an independent risk factor for 
mortality (Table 5).

Age, pectoralis muscle area, back muscle area and 
total SMA variables, which were significant in univariate 
evaluations for ICU, were evaluated with Cox regression 

Table 5. Multivariate Cox regression analyses for mortality.

LOS

Mortality Univariate Multivariate

Survived (n:140) Exitus (n:27)
HR (95% CI) p HR (95% CI) p

Mean ± SD (Median) Mean ± SD (Median)

Age (year) 60.8±16.7 73.4±11.4 1.044 (1.010 - 1.078) 0.011 1.025(0.986-1.065) 0.212

n (%) n (%)

Pectoralis muscle 
(≤2800)

36 (25.9) 14 (51.9) 4.105 (1.834-9.187) 0.001 3.138 (1.171-8.413) 0.001

Back muscle 
(≤5400)

43 (30.7) 14 (51.9) 1.444 (0.675-3.086) 0.343 0.835(0.263-2.650) 0.760

Total skeletal 
muscle (≤8000)

37 (26.4) 13 (48.1) 2.232 (1.026-4.857) 0.043 1.046(0.277-1.066) 0.472

HR: Hazard Ratio, CI: Confidence Interval, DM: diabetes mellitus.

Table 6. Multivariate Cox regression analyses for ICU.

LOS

ICU Univariate Multivariate

No ICU (n=139) Yes ICU(n=28)
HR (95% CI) p HR (95% CI) p

Mean ± SD (Median) Mean ± SD (Median)

Age (year) 60.8±16.9 73.4±11.1 1.041 (1.008 - 1.075) 0.014 1.029 (0.994-1.065) 0.106

n (%) n (%)

Pectoralis muscle 
(≤2800)

37 (26.8) 13 (46.4)  3.189(1.454-6.996) 0.004 2.361 (1.012-5.505) 0.047

Back muscle 
(≤5400)

44 (31.7) 13 (46.4) 1.143 (0.542-2.414) 0.725 1.397 (0.450-4.336) 0.563

Total skeletal 
muscle (≤8000)

38 (27.3) 12 (42.9) 1.741 (0.808-3.752) 0.157 1.012 (0.276-3.719) 0.985

HR: Hazard Ratio, CI: Confidence Interval, DM: diabetes mellitus.
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analysis considering LOS. Age and pectoralis muscle area 
measurements were significantly included in Univariate Cox 
regression evaluations (p<0.05). It was seen that the HR 
value of one unit increase in age was 1.041 (95% CI: 1.008-
1.075) and the HR risk of being below pectoralis muscle area 
2800 was found to be 3.189 (95% CI: 1.545-6.996) (Table 
6). In the multivariate analysis, only the pectoralis muscle 
area value remained significant in the model (p<0.01), the HR 
value for the pectoralis muscle area value below 2800 was 
found to be 2.361 (95% CI: 1.012-5.505), and pectoralis 
muscle can be considered as an independent risk factor for 
ICU (Table 6).

Discussion

Clinical behavior of COVID-19 has a large spectrum and 
even though some patients have classical risk factors and 
have favorable outcomes, the reverse can also occur, albeit 
sparingly. World Health Organization reports put overall 
mortality at 1.38%19. In specific populations mortality can be 
much higher, for example for patients who present with acute 
renal failure, in-hospital mortality was found to be 22.5%20.

Sarcopenia is characterized by generalized progressive 
loss of muscle mass and muscle strength; It has been defined 
as a syndrome associated with endpoints such as physical 
disability, deterioration in quality of life, and death5. It has 
been shown as an adverse prognostic factor in the clinical 
course during most types of medical stress21,22. It is estimated 
that during the COVID-19 pandemic, patients with sarcopenia 
have increased infection rates and have a worse prognosis. 
Kim et al. reported that baseline sarcopenia is associated 
with a prolonged hospital stay in patients with COVID-1923. 
Also in a recent meta-analysis, patients with sarcopenia 
are reported to have risk of developing poor COVID-19 
outcomes24. Early recognition and intervention of sarcopenia 
can change the course of COVID-19 disease and reduce the 
complications that may develop.

Our study, even though relatively small, was able to capture 
an inpatient COVID-19 population close to clinical practice in 
regards to age, gender, and overall comorbidity distribution. 
Age was a factor assumed to be significant in predicting 
mortality in COVID-19. In the study of Quinn et al. investigating 
the effects of age and frailty on COVID-19 mortality, the 
relationship between age increase and mortality was found 
to be significant25. In the study conducted by Wang et al. on 
125 patients with a diagnosis of COVID-19, the mean age was 
found to be 49.4 years in critical patients and 39.5 years in 
non-critical patients. It has been observed that the length of 
hospital stay increases with increasing age26. In the meta-
analysis study conducted by Pijls et al, admission to ICU was 
found to be significant with increasing age27. In this present 
study, age, length of stay, and ICU admission were found to be 
associated with mortality which are in line with the literature.

Hocaoglu et al. examined the effect of pectoral muscle 
volume and density on the severity of COVID-19 pneumonia 
and found an association between decreased muscle 

volume/density and mortality28. Pectoral, back and SMA 
measurement from chest CT images at T4 level has been 
proposed as a surrogate sarcopenia marker and was found to 
correlate with L3 level10.

The literature is not yet sufficient and shows some 
differences regarding the measured muscle area and the 
level at which muscle area is evaluated29-32. Heusden et 
al. have recently demonstrated the feasibility of the T4 
vertebral level on a chest CT in the measurement of SMA 
as an alternative to L3 level on abdominal CT10. Also in a 
few recent studies, pectoralis musculature measured at T4 
level has been reported to be prognostic in patients with 
COVID-1914,15. Therefore, in this study, the T4 level was used 
as a newly available method in the evaluation of muscle areas, 
as previously documented by Koehler et al.31. In the present 
study, we used an open-source software for measurement 
and were able to capture mortality data. 

We found that decreased pectoralis, back and total SMA 
were related to adverse outcomes (ICU stay and death) but 
were not closely associated with other in-hospital adverse 
events like long hospital stay or superimposed bacterial 
pneumonia. Literature concerning SMA and other radiological 
sarcopenia markers and various outcomes is not conclusive. 
For example, pectoralis muscle area and index were 
previously associated with length of hospital stay and death 
in COVID-19 patients33. Meyer et al. reported an association 
of SMA identified by CT with in-hospital mortality in COVID-19 
patients34. Salman et al. also reported that lower skeletal 
muscle mass measured on an axial CT image at the level of 
the twelfth thoracic vertebra had a univariate association 
with mortality in children with COVID-1935. In contrast to 
those findings, no strong correlation was found between 
skeletal muscle index at the level of T12 and mortality in 519 
hospitalized COVID-19 patients and paraspinal muscle index 
and radiodensity in male hospitalized COVID 19 cases36,37. 
However, in two recent studies, pectoralis musculature 
measured at T4 level has been shown to be prognostic 
in COVID-19 patients14,15. The diversity in measurement 
techniques, classification of outcomes etc. may play a role in 
this variability. 

While age is defined as the major risk factor for adverse 
outcomes in COVID-19, we also observed that, the 
relationship between pectoralis and skeletal muscle area and 
mortality persisted after subgroup analysis for patients older 
than 65 years. Currently, many agents are being evaluated 
for effectiveness against COVID-19, most of those studies 
emphasize the need for early intervention before clinical 
progression and resource prioritization. SMA measurement 
with 3-D slicer has been shown to have a lower learning curve 
and excellent inter-observer agreement, pectoral/back 
muscles at T4 are done from CT scans which are standard 
of care in COVID-19 patients and do not need extra imaging/
redundant studies. Therefore, pectoralis muscle area and 
SMA calculation on admission Chest CT shows great promise 
as a prognostic marker to be included in further clinical trials.

This study has several limitations. First of all, this patient 
collective might be not representative of the current state 
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of the pandemic. Despite the patient and mortality data 
collection was done prospectively, identification of relevant 
radiologic studies and muscle area measurement were 
done retrospectively. Case numbers are relatively low so 
generalizability may be limited. We did not observe any 
relationship between length of hospital stay and either 
ultimate outcomes or muscle area measurements. This may 
be the result of components inherent to clinical practice 
(availability of post-discharge skilled care, social support 
systems, patient preference etc.) and might be individual 
country/system dependent. Further studies are needed for 
standardization of CT-derived sarcopenia measures and 
predicted clinical outcomes. 

Conclusion

Thoracic sarcopenia is found to be associated with 
mortality and ICU hospitalization in patients with COVID-19. 
Since calculation of pectoralis muscle area at T4 level on 
Chest CT images can be used as a surrogate sarcopenia 
marker in the diagnosis of COVID-19, it may be possible to 
predict the prognosis at the time of admission. 

Ethical approval

All patients consented for use of their anonymized data for scientific 
purposes. The study design was non-interventional. The study was 
performed under institutional review board approval (Decision number: 
2021/0601 ) and Ministry of Health permission (decision number: 
2021-11-15T11_46_24). This study was performed in line with the 
principles of the Declaration of Helsinki. Approval was granted by the 
Ethics Committee of Istanbul Medeniyet University (2021/0601).
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