
Abstract. Background/Aim: The effect of sarcopenia on
patients with severe Covid-19 disease is unknown. We aimed
to assess the influence of baseline computed tomography
(CT)-based body composition parameters (pectoralis muscle
area, pectoralis muscle index, skeletal muscle gauge) on
clinical variables in patients with severe Covid-19 disease.
Patients and Methods: Chest CT scans of adult patients with
confirmed Covid-19 who were hospitalized from March 2020
to May 2021 at a level-one medical center in Germany were
retrospectively analyzed. Pectoralis muscle area, pectoralis
muscle index and skeletal muscle gauge were measured on the
first CT scan after admission. Body composition parameters
were assessed for association with clinical variables and 30-
day mortality. Results: A total of 46 patients were included.
None of the body composition parameters was a predictor for
30-day mortality, duration of hospital stay, duration of
intensive care unit treatment, or duration of invasive
mechanical ventilation. Conclusion: Pectoralis muscle
composition parameters in CT chest scans did not predict
outcomes in adult patients with severe Covid-19 infection.

Sarcopenia is an abnormal body composition defined as the
loss of muscle mass, low muscle strength, and impaired
muscle quality (1). Screening measures include clinical
parameters as well as image-based techniques (1, 2).
Sarcopenia is common in patients aged 65 years and older
and has been related to worse clinical outcome, disability,

and mortality (3-7). Chest scans with either computed
tomography (CT) or magnetic resonance imaging are
considered the gold-standard for quantitative evaluation of
body composition (1). Measurements such as skeletal muscle
mass or density can be used as a surrogate marker for
sarcopenia and muscle quality (8-10). 

The etiology of sarcopenia is manifold and includes
nutritional, environmental, behavioral, and medical factors.
Sarcopenia is associated with malnutrition, metabolic
dysregulation and chronic inflammation, increasing
vulnerability of affected adults to various diseases (9, 11).
Suboptimal protein intake has been associated with
sarcopenia, but the diagnosis does not depend on body
weight and body mass index (12). 

The pectoralis muscle index (PMI) and the pectoralis
muscle area (PMA) have been shown to be indicators of
sarcopenia and predictors of clinical variables such as length
of hospital stay and mortality for multiple diseases (7, 9, 13-
17). In addition, measurements of muscle density on CT
scans are regarded as an indicator of muscle quality,
reflecting lipid content (10). The skeletal muscle gauge
(SMG) integrates both the PMI and muscle density and has
been shown to be associated with outcomes in patients with
cancer (18, 19).

The effect of sarcopenia on patients suffering from
Coronavirus 2019 disease (Covid-19) caused by severe acute
respiratory syndrome coronavirus 2 is yet unknown. The
disease affects mostly elderly people at highest risk for
sarcopenia, with age being an independent risk factor for
worse outcome (20, 21).

Some authors have described that certain body composition
parameters can identify unfavorable outcome in patients with
Covid-19. For example, a higher level of adipose tissue has
been associated with higher rates of hospitalization and
mechanical ventilation (22-24). In another study, higher
visceral fat area and higher abdominal circumference
measured at the lumbar level were correlated with higher rates
of transfer to the Intensive Care Unit (ICU) and mechanical
ventilation, but mortality was not investigated (25). 
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Regarding measurement of skeletal mass, however, the
literature results are controversial. For example, in one study,
PMI and PMA were associated with length of hospital stay
and death in Covid-19 patients (26). However, no strong
association between skeletal muscle index (SMI) and clinical
variables or mortality was found in another study (27).
Density of the pectoralis muscle has been associated with the
risk of death in symptomatic patients with Covid-19 (28). Yet
no effect of the paraspinal muscle index at the T12 level with
clinical outcomes was found in a Chinese cohort of patients
hospitalized with Covid-19 disease (29). The literature is still
preliminary and shows some variation regarding the muscle
region measured and the level where muscle mass is assessed
(9, 30). However, if an association between muscle mass and
clinical outcomes of patients with Covid-19 existed, it might
be an important means of triage at hospital admission.

The purpose of the present study was to analyze the effect
of pectoralis muscle composition, as measured by PMA, PMI
and SMG on CT chest scans, on clinical variables. Length of
hospital stay, length of ICU stay, length of invasive
mechanical ventilation, and mortality at 30 days were assessed
in patients hospitalized with severe Covid-19 infection.

Patients and Methods
Study population. We retrospectively analyzed a sample of patients
admitted to a level-one medical center in Germany with polymerase
chain reaction-confirmed symptomatic Covid-19 infection between
March 2020 and May 2021. Patients that had undergone a CT chest
scan after admission to our clinic were included. Patients were
followed-up until discharge or death. The patient cohort included
both primary admissions and referrals from other hospitals to the
ICU unit. Scans with strong motion artifacts were excluded. For all
patients, the length of overall hospital stay, length of ICU stay,
length of invasive mechanical ventilation, and mortality at 30 days
were noted. Data on clinical variables and mortality were obtained
from the hospital system.

Image analysis. All CT scans were obtained on a multidetector CT
scanner (Siemens Somatom Definition AS+; Siemens Healthcare,
Germany). During the Covid-19 pandemic the scanner was set
aside for suspected or confirmed cases. Patients were positioned in
supine position. The CT protocol was as follows: Acquisition slice
thickness 1 mm with 5 mm reconstructions, tube voltage 120 kV,
automatic tube current modulation, pitch factor 1.2, and collimation
0.6 mm.

We used the first CT scan of patients after hospital admission.
All images were assessed in consensus by two experienced
radiologists (HK and AS) who were blinded to the clinical course
of the patients. Measurements were performed on axial images at
the T4 level in the soft tissue window (window of 45 to 250 HU)
on a dedicated workstation (Infinitt PACS, Version 3.0; Infinitt
Healthcare, Seoul, Republic of Korea). A line was drawn along the
contours of the pectoralis major and minor muscles on both sides
and the bilateral areas as determined by the software were added to
obtain the PMA (Figure 1). Muscle density was measured for each
side on all contrast scans and the mean was calculated. The PMI

was calculated by dividing the PMA by the patient’s height. SMG
was calculated multiplying the PMI by the mean muscle density as
reported previously (18). SMG units are cm2 HU/m2 but are
reported as arbitrary units (AU) for simplicity. A further variable
was calculated dividing the mean density by the PMA.

Statistical analysis. Mean and standard deviation as well as median
and interquartile range (IQR) were calculated for continuous
variables. To assess the impact of pectoralis muscle composition on
clinical variables and mortality, we used a multivariable logistic
regression model. Odds ratios are presented together with 95%
confidence intervals (95% CI). The resulting p-values were
interpreted in an exploratory sense.

Results

Included patients and muscle mass analysis. Of the 74
patients screened, 46 underwent a chest CT scan at
admission and were included in the analysis. There were 19
female and 27 male patients. The median age was 64.5 years
and median body mass index was 27.3 kg/m2. Baseline
characteristics of patients, PMA, PMI, SMG and
density/PMA are summarized in Table I. 

Association between muscle parameters and clinical
outcomes (Table II). Nineteen patients died within 30 days
after admission (41.3%). Neither PMI nor PMA were
strongly associated with 30-day mortality. Likewise, SMG,
muscle density and density divided by PMA showed no
significant association with mortality. Moreover, neither age
nor sex were predictors of death at 30 days in our cohort.
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Figure 1. Computed tomography of the thorax of a 67-year-old male
patient after contrast injection. The identified muscle parameters were:
pectoralis muscle area 18.0 cm2, pectoralis muscle index 5.8 cm2/m2,
muscle density 22.5 HU, skeletal muscle gauge 132.3 AU. The patient
died after 13 days on Intensive Care Unit.



The median length of hospital stay was 19.0 days, with 37
patients (80.4%) being admitted to the ICU for a median of
11.5 days. A total of 33 patients (71.7%) received invasive
mechanical ventilation for a median duration of 228.5 hours.
No association was found between PMA, PMI, SMG or
density/PMI for length of hospital stay nor length of ICU
stay. No association was found between either variable and
length of invasive mechanical ventilation (Table III). 

Discussion

We aimed to evaluate whether muscle-based body
composition parameters as measured on chest CT scans were
prognostic factors for mortality and clinical variables such
as length of hospital stay and length of invasive mechanical
ventilation in hospitalized patients with severe Covid-19
disease. Our study is a comprehensive analysis, associating
multiple sarcopenia measures including PMA, PMI, muscle
density, and SMG with clinical variables for patients
hospitalized with Covid-19. We were not able to find an
association between any variable and clinical outcomes nor
30-day mortality in our cohort.

It has been shown that sarcopenia can serve as a predictor
of length of hospital stay and mortality in critically ill and
trauma patients (16, 31-34). In patients with Covid-19, the
results are less clear. Muscle area measurements and skeletal
mass indices as an indicator for sarcopenia have been
conducted at different muscle levels, both at the thoracic and
the pelvic level, with conflicting results. In a study by

Schiaffino et al., lower cross-sectional area of paravertebral
muscles were positively associated with ICU admission and
mortality (30). Skeletal muscle indices were not calculated.
In a cohort with 116 patients by Feng et al., no association
between paraspinal muscle index at the T12 level and
clinical outcomes was found (29). Higher muscle attenuation
was associated with reduced critical illness or death, yet only
for female patients. Kim et al. calculated the SMI at the T12
level and found that sarcopenia was associated with
prolonged hospital stay but not mortality in patients with
Covid-19 (35). In their sample, the ICU admission rate was
only 8.3% and mortality was 5.8%. Hocaoglu et al. showed
that higher muscle density as measured in non-contrast CT
was inversely associated with death in patients with Covid-
19 (28). However, over 40% of the cohort of 217 patients
were outpatients and PMI was not measured. Furthermore,
only major pectoralis muscle was measured. No association
with mortality was found for SMI measured below the lung
base in a study by Moctezuma-Velázquez et al. (27). Ufuk
et al. presented an association between PMA and PMI on
negative clinical outcomes such as intubation, length of
hospital stay, and mortality (26). 

Our cohort differs strongly from those analyzed previously
and our patients were more severely affected than in other
samples. The median age for our cohort was 65 years, with
no patient being younger than 41 years, which is older than
the cohort analyzed by Ufuk et al. (median age of 48 years)
(26). This may have introduced selection bias, explaining
why neither age nor sex were a significant predictor of
mortality in our cohort. Overall 30-day mortality was 41%,
while it ranged between 5.8% and 31.8% in other studies
(26, 28, 35). This is mirrored in the high proportion of our
patients treated in the ICU (80.4%) and requiring mechanical
ventilation (71.7%). In the sample by Kim et al., the ICU
admission rate was only 8.3% (35). The percentage of
patients receiving mechanical ventilation were 6.6%, 11.5%
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Table I. Patient characteristics (n=46). 

Characteristic                                                                           Value

Age, years                                       Median (range)          64.5 (41-92)
Gender, n (%)                                 Male                             27 (58.7%
                                                        Female                         19 (41.3%)
BMI, kg/m2                                     Median (range)       27.3 (20.6-58.5)
Length of hospital stay, days         Median (range)             19 (1-53)
ICU stay                                          Yes, n (%)                   37 (80.4%)
                                                        Median duration         11.5 (2-53)
                                                        (range), days
IMV needed                                    Yes, n (%)                   33 (71.7%)
                                                        Median duration     228.5 (46-1268)
                                                        (range), h
Mortality, n (%)                              30-Day                        19 (41.3%)
PMA, cm2                                       Median (range)        22.8 (9.0-64.0)
PMI, cm2/m2                                   Median (range)         7.7 (3.1-20.9)
Muscle density, HU                        Median (range)        27.0 (4.0-53.5)
SMG, cm2 HU/m2                         Median (range)     188.8 (16.5-612.0)
Muscle density/PMA, HU/cm2      Median (range)          1.3 (0.3-2.9)

BMI: Body mass index; IMV: invasive mechanical ventilation; PMA:
pectoralis muscle area; PMI: pectoralis muscle index; SMG: skeletal
muscle gauge.

Table II. Association of pectoralis muscle composition parameters with
30-day mortality.

Value                                            OR                   95% CI             p-Value

Age                                             0.996              0.951-1.042            0.853
Gender (male)                           1.371              0.412-4.563            0.607
BMI                                            0.990              0.922-1.064            0.790
PMA                                           1.068              0.992-1.150            0.079
PMI                                             1.145              0.906-1.447            0.257
Muscle density                           0.998              0.951-1.047            0.942
SMG                                           1.002              0.998-1.006            0.309
Muscle density/PMA                 0.689              0.250-1.903            0.472

BMI: Body mass index; CI: confidence interval; IMV: invasive
mechanical ventilation; OR: odds ratio; PMA: pectoralis muscle area;
PMI: pectoralis muscle index; SMG: skeletal muscle gauge.



and 21.4% in the study by Kim et al., Ufuk et al., and
Besutti et al., respectively (22, 26, 35). The study by
Moctezuma-Velázquez had a patient cohort with
characteristics closer to ours, with an ICU admission rate of
40% and a mortality of 25%, revealing no association with
clinical outcomes (27). A large proportion of our patients
(73.9%) had a hospital stay of more than 10 days, with a
median of 19 days, compared with 18.5% and 7 days for the
sample by Ufuk et al. (26). Density values in our sample
were measured in contrast CT scans, with other studies using
non-contrast images (28, 29). Hocaoglu et al. measured the
pectoralis muscle density in non-contrast scans, finding cut-
off values of 34.1 HU for men and 15.9 HU for women for
association with increased mortality (28). Muscle density
values are typically higher when measured in the venous
phase (36). Nevertheless, our mean density was lower than
the cut-off determined by Hocaoglu et al. for the male group,
indicating a more critical disease stage.

Sarcopenia may potentially play a role in clinical outcome
of patients with Covid-19. Yet we were not able to find such
association in patients with severe disease. A possible
explanation for this may be found in the nature of the
disease, which causes multisystem inflammation and organ
failure and subsequent mortality (27). In a cohort already
severely affected by the disease in a progressed state, muscle
mass at admission may no longer be a good predictor for
outcome, as muscle loss is already advanced (37, 38).

Our study has several limitations. Firstly, it was a single-
center study with a small cohort. Not all symptomatic
patients with Covid-19 at our center underwent a chest CT
scan at admission. Only those with respiratory distress or
infiltrates on chest X-ray were further evaluated at the
discretion of the attending physician. Thus, patients with
symptomatic but mild disease were not analyzed. In the
follow-up, only mortality at 30 days was noted. As we
evaluated pectoralis muscle composition as a proxy indicator

for sarcopenia, the effect of muscle mass at other levels
remains unknown. We did not associate our muscle indices
with comorbidities.

In conclusion, in patients severely affected by Covid-19,
pectoralis muscle composition parameters were not
associated with length of hospital or ICU stay, length of
mechanical invasive ventilation, or 30-day mortality. Further
research is warranted to determine whether muscle indices
predict clinical outcome in patients with a less advanced
stage of disease.
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