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30 s sit-to-stand power is positively
associated with chest muscle thickness in
COVID-19 survivors
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Abstract

Introduction: After hospitalization, early detection of musculoskeletal sequelae might help healthcare professionals to
improve and individualize treatment, accelerating recovery after COVID-19. The objective was to determine the as-
sociation between the 30s sit-to-stand muscle power (30s-STS) and cross-sectional area of the chest muscles (pectoralis) in
COVID-19 survivors.

Method: This cross-sectional study collected routine data from COVID-19 survivors one month after hospitalization: 1) a
chest computed tomography (CT) scan and 2) a functional capacity test (30s-STS). The pectoralis muscle area (PMA) was
measured from axial CT images. For each gender, patients were categorized into tertiles based on PMA. The 30s-STS was
performed to determine the leg extension power. The allometric and relative STS power were calculated as absolute 30s-
STS power normalized to height squared and body mass. The two-way ANOVAwas used to compare the gender-stratified
tertiles of 30s-STS power variants.

Results: Fifty-eight COVID-19 survivors were included (mean age 61.2 ± 12.9 years, 30/28 (51.7%/48.3%) men/women).
The two-way ANOVA showed significant differences between the PMA tertiles in absolute STS power (p = .002) and
allometric STS power (p = .001). There were no significant gender x PMA tertile interactions (all variables p > .05). The high
tertile of PMA showed a higher allometric STS power compared to the low and middle tertile, p = .002 and p = .004,
respectively. Absolute STS power and allometric STS power had a moderate correlation with the PMA, r = 0.519 (p < .001)
and r = 0.458 (p < .001) respectively.

Conclusion: The 30s-STS power is associated with pectoralis muscle thickness in both male and female COVID-19
survivors. Thus, this test may indicate global muscle-wasting and may be used as a screening tool for lower extremity
functional capacity in the early stages of rehabilitation planning in COVID-19 survivors.
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Background

The SARS-CoV-2 (COVID-19) is an infectious disease with
rapid transmission in the population.1 Approximately 20%
of the patients develop severe acute respiratory distress
syndrome, and some cases require admission to the in-
tensive care unit (ICU).2 Current research shows marked
loss of muscle strength after hospital discharge in COVID-
19 patients without prior locomotor disabilities.3 Within the
first 10 days of hospitalization, such patients can lose 17–
30% of their muscle mass.4 In addition, functional per-
formance – e.g. the ability to rise from a chair - of these
patients can be seriously affected.5,6 The magnitude of the
damage acquired in the ICU, in addition to pre-existing
sarcopenia in many of the older and chronically ill patients
acquiring COVID-19, can lead to muscle weakness, dis-
ability, and a lower quality of life.7,8

In this context, the sit-to-stand (STS) test is a simple and
accessible tool that can be used to measure the functional
consequences of hospitalization after COVID-19.9,10 Both
the 30 s STS (30s-STS) and the five times STS may be use
as representative of lower limb functional capacity.11

However, cardiorespiratory endurance is a more impor-
tant determinant of performance in the 30s-STS.12 In ad-
dition, to assess muscle power, the STS power obtained
from the 30s-STS has been proposed as an easy, inexpensive
and valid procedure to assess the bilateral lower limb power
in older adults,13 being a good alternative in comparison
with other validated and more sophisticated instruments.14

The 30s-STS muscle power test has been shown to be more
strongly related with physical performance (i.e. maximal
gait speed) than repetition-based STS performance in older
population.13 Therefore, the low time, equipment and space
requirements of the 30s-STS power make this test an ex-
cellent option for assessing the global state of the skeletal
musculature, especially in pandemics, when precautionary
measures and optimization of resources are most needed.

To assess the severity and prognosis of different respi-
ratory chronic diseases such as chronic obstructive pul-
monary disease (COPD),15,16 interstitial lung disease17 and
also in patients with COVID-19,18,19 chest computed to-
mography (CT) has been widely used. For example, a
higher pneumonia severity score (PSS), which assesses the
severity of lung involvement, as well as a lower pectoralis
muscle area (PMA) are significant predictors of prolonged
hospital stay, intubation and mortality in adult patients with
COVID-19.19,20 In fact, the pectoralis major and minor
muscles are associated with breathing, assisting

inspiration.21 In addition, PMA has been used as an indi-
cator of global muscle-wasting and the severity of various
diseases. For example, in patients with interstitial lung
disease, a condition similar to the lung deterioration caused
by COVID-19,22 PMA is positively associated with lower
limb physical performance (e.g. maximal voluntary con-
traction of the quadriceps),23 and is an adequate surrogate
for global muscle-wasting.17 In addition, PMA has shown a
good association with other trunk muscles (e.g. erector
spinae muscle or rectus abdominis muscle),24 being also a
good indicator of musculoskeletal mass, handgrip strength
and physical activity level in COPD patients.24 Cross-
sectional area of the pectoralis muscle determined by
low-dose chest CT scan is also significantly correlated with
total body skeletal muscle mass, as measured by bioelec-
trical impedance analysis in healthy subjects25 and has been
associated with lean muscle mass, handgrip strength, sar-
copenia, and outcomes in cancer and liver cirrhosis.26,27

Therefore, PMA appears to be an indicator of global
muscle-wasting that can be used in COVID-19 survivors.

After hospitalization, early detection of musculoskeletal
sequelae might help healthcare professionals, such as phy-
sicians and physiotherapists, to improve and individualize
treatment, accelerating recovery after COVID-19. Although
PMA appears to be an indicator of global muscle-wasting,25

the economic cost of CT may be difficult to access for all
patients, especially in rehabilitation settings. Therefore, there
is a need to identify the association with simpler and cheaper
clinical tools (i.e. 30s-STS power) to help assess global
muscle-wasting.28,29 We hypothesize that the functional
capacity of the lower limbs is associated with the global
muscle wasting expressed by the PMA. The aim of the study
was to determine the association between the 30s-STS power
and the PMA in COVID-19 survivors. The secondary ob-
jective was to determine which is the best indicator of PMA,
that is, the 30s-STS repetitions or the 30s-STS power.

Methods

Participants and design

A cross-sectional study that collected routine data from
consecutive patients with COVID-19 was carried out at
Hospital Clı́nico La Florida (Santiago, Chile). Patients
entered the follow-up program to assess physical sequelae
one month after discharge from the hospital between August
and September 2020. Patients older than 18 years with a
diagnosis of COVID-19 by reverse transcription-
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polymerase chain reaction (PCR) were included in the
study. Participants with limited mobility (i.e. inability to
maintain a seated or bipedal position independently), in-
ability to perform the test (i.e. not being able to sit and stand
without arm support), joint pain in lower extremities, or he-
modynamic instability (systolic blood pressure >180mmHg or
diastolic blood pressure >100 mmHg) were excluded. After
discharge, all patients were admitted to a home rehabilitation
program, which included 7–10 sessions of approximately
30 min over 3 weeks. Each session included breathing ex-
ercises, such as pursed-lip breathing and diaphragmatic
breathing exercises, functional upper and lower limb exercises
andwalking. The exercise dosewas based on patient tolerance.
One month after discharge, the patients were evaluated with a
chest computed tomography (CT) scan, which was a routine
evaluation performed one month after hospitalization. Then,
upon entry into the follow-up program, data were collected on
the sociodemographic characteristics and the clinical history of
the patients. Finally, a researcher blinded to the results of the
CT image analysis performed the clinical evaluation. The
study was approved by the Ethics Committee of the Southeast
Metropolitan Health Service (Santiago, Chile) and was per-
formed in accordancewith the “Strengthening the Reporting of
Observational Studies in Epidemiology” (STROBE) Guide-
lines.30 Written informed consent was obtained from all
participants during admission.

Computed tomography image acquisition
and analysis

The CT scan images were obtained between August to
September 2020 with a CT scanner (Bright Speed. 16,
General Electric Healthcare, Buckinghamshire, United
Kingdom). In the supine position, patients performed a deep
inspiration.19 Standard CT images, due to their different
windows, allow them to view and segment various tissues.
CT images were acquired in a caudocranial direction using
the following parameters: 0.5–0.7 s rotation time, 100 kV
(kilovoltaje), 100–300 mA (milliamperes), 1.25 mm slice
thickness and 1.25 slice reconstructions.

Image analysis was performed by a radiologist (EA,
27 years of experience in thoracic radiology) blinded to the
clinical findings. The PSS was evaluated using a scoring
method based on the percentage of involvement of each
lung lobe, previously described by Chung et al.31 A higher
PSS score indicates a more severe type of COVID-19. The
PSS cutoff point of 7.5 has a high sensitivity for diagnosing
severe-critical type COVID-19.32 On the other hand, the
measure method was based on the Ufuk et al. Study19 to
determine the cross sectional pectoralis muscle area (PMA,
cm2). This protocol consists of identifying the axial slice
just above the aortic arch. Then the radiologist performed a
delimitation of the major and minor pectoral muscles

manually, using a predefined attenuation range of –50 and
90 Hounsfield unit (HU). When the breast tissue came into
contact with the pectoral muscles, semi-automatic seg-
mentation was performed. PMAwas calculated by summing
bilateral pectoralis major and minor muscle areas, with
Horos software Version 3.3.3. Inter-observer agreement for
PMA measurements in previous studies has been shown to
be excellent (ICC = 0.919, 95%CI = 0.868–0.951).19 Then,
the patients were divided into gender-stratified tertiles ac-
cording to PMA for further analysis: First tertile (lowest),
second tertile, and third tertile (highest). This categorization
was also proposed in previous studies.15,19 The tertile cut-
off values of PMA in males were <32 cm2 for first, 32–
37.2 cm2 for second, and >37.2 cm2 for third tertile, re-
spectively. The tertile cut-off values of PMA in females
were <23.4 cm2 for first, 23.4–28.5 cm2 for second, and
>28.5 cm2 for third tertile, respectively.

Clinical data

Exposure history and underlying comorbidities were collected
and Charlson comorbidity index (CCI) was calculated.33

Body Mass Index (BMI) was obtained from the ratio be-
tweenweight and height squared (kgm2). Clinical frailty scale
(CFS) was used to determine the daily functionality of the
patient after hospitalization, CFS score ≥4 classifies patients
as mildly vulnerable or having some degree of frailty.34

Absolute, allometric and relative 30s-STS power test

The 30s-STS were performed to determine functional ca-
pacity. The 30s-STS was performed on the same day as the
CT scan, after the CT scan, between 09:00 and 13:00 h. We
decided to perform the 30S-STS only once considering that
it has good test-retest reliability34 and because the care time
of each patient in our hospital is restricted. All tests were
performed in the same room, with the same standard 46 cm
high chair, without armrests, with only the assessor and the
patient present to avoid distractions.35 The patients were
instructed to fold their arms across their chest and to
complete as many sit-and-stand cycles as quickly as pos-
sible in 30 s. The patients were not allowed to use their arms
during the chair rise. To stand, the legs had to be in full
extension and to sit, the buttocks had to touch the chair.
Verbal encouragement was given during the tests. The
participants were allowed to practice 1–2 repetitions with a
60 s rest period before the STS measurement was recorded.
The number of times that subjects were able to sit-and-stand
during 30 s was used to then calculate the 30s-STS mean
power (W) based on a method previously validated by
Alcazar et al.,13 using the following equation:

The body mass is indicated in kg; 0.9 is a biomechanics-
derived coefficient; g is the gravity (9.81 m�s�2); the vertical
displacement traversed by the centre of mass was obtained
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from the difference between the leg length and the chair height
(body height × 0.5 - chair height); the body height and height
of the chair were indicated in m; 30s is the STS time; n of reps
indicates the number of repetitions performed during the STS
test; and 0,5 is a coefficient used to consider only the con-
centric phase, i.e. half of the test duration. For further analysis,
the allometric STS power (W�m�2) was calculated by nor-
malizing the absolute STS to the square of the height, because
absolute muscle power is positively associated with height in
both men and women.36 The relative STS power (W�kg�1)
was calculated by normalizing the STS power to body
mass.28,29 The cut-off point proposed in the literature was
61.5W�m�2 in women and 75.4W�m�2 in men for allometric
STS power and 2.1W�kg�1 in women and 2.6W�kg�1 in men
for relative STS power.29 Figure 1 shows an example about the
measurement of PMA and related leg extension power.

Sample size

Sample size was calculated using G*Power software, ver-
sion 3.1.9.2 (Universität Düsseldorf, Germany). Based on
data from a prior study on the association of 30s-STS power
and clinical variables of sarcopenia (R2 = 0.28).13 Given a
statistical power of 95%, a significance level of 0.05 and
assuming a loss of 20% of participants, the minimum
sample size required was 48 patients.

Statistical analyses

We conducted all statistical analyses in SPSS software (v.
22.0 for Windows, IL, USA). Shapiro-Wilk tests were used
to verify a normal distribution. Values were expressed as
mean ± standard deviation (SD) or median and interquartile
range according to the distribution. To assess the reliability
of the cross-sectional area measurement method, the

intraclass correlation coefficients (ICC) was calculated
between the left and right pectoral muscle. To compare the
30s-STS test and 30s-STS power between the PMA gender-
stratified tertiles, the two-way analysis (gender x PMA
tertile) of variance (ANOVA) or Mann-Whitney U Test was
used. Body mass index was included as covariate. A post-
hoc test with Bonferroni correction for multiple compari-
sons was applied in case a significant difference between
tertiles was observed. Moreover, a correlation analysis was
applied using Pearson’s or Spearman’s correlation coeffi-
cients, depending on the distribution of the data, to assess the
association between PMA and all 30s-STS test outcomes
(repetitions, absolute, allometric or relative), and clinical
variables obtained during the clinical evaluation: age, BMI,
hospitalization days, and PSS. Statistical significance was set
to p < .05. The parametric and nonparametric effect size
between tertiles was calculated using Cohen’s d or r con-
version of the z-score (without sign) according to the dis-
tribution of data. The effect size of d and r can be interpreted
as follows: d = 0.2 and r = 0.1, small; d = 0.5 and r = 0.3,
medium; d = 0.8 and r = 0.5, large, respectively.37

Results

A total of 72 patients were assessed for eligibility. Fourteen
were excluded for the following conditions: severe mobility
reduction (n = 7), low back pain (n = 2), hemodynamic in-
stability (n = 3), declined to participate (n = 2) (Figure 2).
Finally, 58 patients were included in the study (Table 1). The
median age was 61.2 ± 12.9 years, and 30 (51.7%) patients
were male. Sixty-four percent of patients had an allometric
STS power below normative values, while 69% had a relative
STS power below normative values. The median PSS was
above the cutoff value of 7.5 points in both men and women,
and 78% of patients were above the cutoff value. The CFS

Figure 1. Chest computed tomography image of pectoralis muscle area (PMA) measurement.

30s�STS mean power ¼Body mass×0:9×g× ½Body height×0:5�Chair height�
30s×nof reps�1 ×0:5

4 Chronic Respiratory Disease



classified 43% of patients as having some degree of frailty. 17
cases (29%) required admission to the ICU during hospital-
ization, with an average of 14.3 ± 7.9 days of mechanical
ventilation. Only one patient required supplemental oxygen
during evaluation at one month after discharge. The ICC of the
cross-sectional areameasurement method, between the left and
right pectoral, was 0.908 (95% CI = 0.845 to 0.946, p < .001).

The two-way ANOVA showed significant mean effect
between the PMA tertiles groups in the absolute STS power
(F = 6.822, p = .002, ηp

2 = 0.208) and allometric STS power
(F = 8.261, p = .001, ηp

2 = 0.241). The BMI as a covariate

showed a non-significant interaction for PMAwith 30s-STS
power (p = .925) and allometric STS power (p = .069).
There were non-significant differences when comparing the
number of repetitions in the 30s-STS and relative STS
power between the PMA tertiles, p = .196 and p = .472,
respectively. Regarding gender, only a significant mean
effect was observed between the PMA tertiles groups in the
absolute STS power (F = 6.822, p = .002, ηp2 = 0.208). In
addition, there was no PMA tertile x gender interaction in all
variables (p > .05), see Table 2. In post-hoc test (Table 3),
the third tertile showed a higher absolute STS power in

Figure 2. Patient flow diagram.

Table 1. Clinical characteristics of patients.

Characteristic Total (n = 58) Male (n = 30) Female (n = 28) p-Value ES

Age (mean ± SD) 61.2 ± 12.9 61.9 ± 12.4 60.4 ± 13.5 0.638 0.12
BMI (mean ± SD) 30.2 ± 5.3 28.9 ± 5.8 31.6 ± 5.8 0.043* 0.46
ICU admission, n (%) 17 (29.3) 10 (33.3) 7 (25.0) 0.342 0.18
Hospitalization days (mean ± SD) 19.0 ± 14.5 16.1 ± 16.1 21.7 ± 12.5 0.140 0.39
PSS (points) 12.0 (5.0) 12.0 (4.3) 10.5 (8.5) 0.251 0.15
Charlson comorbidity index (points) 2.5 (3.0) 2.5 (3.0) 2.5 (3.0) 0.687 0.05
Clinical frailty scale (points) 3.0 (2.0) 3.0 (2.0) 3.5 (1.0) 0.247 0.15
30s-STS test (repetitions) 10.5 ± 2.3 10.2 ± 2.0 10.7 ± 2.5 0.361 0.22
STS power (W) 171.8 ± 50.9 185.8 ± 45.0 156.8 ± 53.6 0.029* 0.59
Allometric STS power (W�m�2) 64.6 ± 16.6 65.5 ± 14.5 63.6 ± 18.8 0.672 0.13
Relative STS power (W�kg�1) 2.2 ± 0.5 2.3 ± 0.5 2.0 ± 0.6 0.068 0.54
PMA (cm2) 31.4 ± 8.8 35.7 ± 7.9 26.9 ± 7.2 <0.001** 1.16

30s: 30-s; BMI: body mass index; kg: kilograms; m: meters; PMA: pectoralis muscle area; PSS: pneumonia severity score; SD: standard deviation; STS: sit-to-
stand; W: watts. ES: effect size (Cohen’s d or r according to the distribution of data). Data are presented as mean ± SD or median (interquartile range)
unless otherwise indicated.
*Statistically significant difference (p < 0.05), **Statistically significant difference (p < .001).
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comparison to the first tertile (mean difference: -49.4, 95%
CI: -86.6 to -12.3, p = .005) and second tertile (mean
difference: -40.9, 95% CI: -78.5 to -3.3, p = .029). Also, the
third tertile showed a higher allometric STS power in
comparison to the first (mean difference: -17.1, 95% CI:
-28.8 to -5.3, p = .002) and second tertile (mean difference:
-16.7, 95% CI: -28.6 to -4.7, p = .004).

Correlations between PMA and 30s-STS test outcomes
and clinical variables are displayed in supplemental material
(S1). Age and BMI had a low correlation with PMA, r =
-0.280 (p = .33) and r = 0.303 (p = .021) respectively, while
the PMA did not correlate with the PSS and the days of
hospitalization (p < .05). Relative STS power and 30s-STS
repetitions were not correlated with PMA (p > 0.05). While
absolute STS power and allometric STS power had a
moderate correlation with the PMA, r = 0.519 (p < .001) and
r = 0.458 (p < .001) respectively (Figure 3).

Discussion

The findings of this study showed that there is a significant
association between the PMA and the absolute and

allometric STS power in COVID-19 patients after hospital
discharge, with a large effect size, ηp

2 = 0.208 and ηp
2 =

0.242 respectively. Both relative STS power and the number
of repetitions in the 30s-STS had non-significant correlation
with PMA. Taking into account gender differences in ab-
solute 30s-STS power, allometric 30s-STS power was the
best indicator of differences in PMA. These results confirm
our hypothesis that lower limb muscle power is associated
with global muscle-wasting as expressed by PMA.

The number of repetitions and relative power in the 30s-
STS were not associated with PMA. One possible expla-
nation for these results is that the number of repetitions in
the 30s-STS test does not take into account the normali-
zation of values with respect to anthropometric character-
istics (e.g., body height) and high chair. On the other hand,
relative muscle power depends on BMI. In this context, the
relative STS power may be non-specific, and it might be
better to normalize to muscle mass. For example, Alcazar
et al.29 proposed the use of dual energy X-ray absorpti-
ometry (DXA) or bioelectrical impedance analysis to es-
timate regional skeletal muscle mass in older adults.
However, for clinical application, when DXA is not

Table 2. Results of two-way ANOVA.

Characteristic Factor F p-Value ηp
2

30s-STS test (repetitions) PMA tertil 1.688 0.195 0.061
Gender 0.898 0.348 0.017
PMA tertil × gender 0.951 0.393 0.035

Absolute STS power (W) PMA tertil 6.822 0.002* 0.208
Gender 5.641 0.021* 0.098
PMA tertil × gender 1.657 0.201 0.060

Allometric STS power (W�m�2) PMA tertil 8.261 0.001* 0.241
Gender 0.151 0.699 0.003
PMA tertil × gender 1.642 0.203 0.059

Relative STS power (W�kg�1) PMA tertil 0.846 0.435 0.032
Gender 3.334 0.074 0.060
PMA tertil × gender 1.869 0.165 0.067

30s: 30-s; kg: kilograms; m: meters; PMA: pectoralis muscle area; STS: sit-to-stand; W: watts.
*Statistically significant difference (p < .05). eta partial square (ηp

2) indicates the effect size.

Table 3. Comparison between pectoralis muscle area tertiles.

Characteristic

PMA tertiles
First versus
Second

First versus
Third

Second versus
Third

First (n = 20) Second (n = 19) Third (n = 19) p-value (ES) p-value (ES) p-value (ES)

30s-STS test (repetitions) 10.8 ± 1.8 9.7 ± 2.6 11.0 ± 2.3 0.503 (0.49) 1.000 (0.10) 0.272 (0.53)
Absolute STS power (W) 152.8 ± 39.7 161.3 ± 43.5 202.3 ± 56.4 1.000 (0.20) 0.005* (1.01) 0.029* (0.81)
Allometric STS power (W�m�2) 58.9 ± 11.7 59.3 ± 14.4 75.7 ± 18.0 1.000 (0.03) 0.002* (1.11) 0.004* (1.01)
Relative STS power (W�kg�1) 2.1 ± 0.5 2.1 ± 0.6 2.3 ± 0.6 1.000 (0.00) 1.000 (0.36) 0.643 (0.33)

30s-STS: 30-s; kg: kilograms; m: meters; PMA: pectoralis muscle area; STS: sit-to-stand; W: watts. Data are presented as mean ± SD unless otherwise
indicated.
*Statistically significant difference (p < .05); ES, effect size (Cohen’s d).
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available, allometric STS power appears to be a good pa-
rameter to associate with pectoralis muscle thickness in
COVID-19 survivors. Absolute muscle power is positively
associated with height in both men and women.36 The latter
suggests that normalization by height should be considered
as a first option for normalization of muscle 30s-STS in
COVID-19 survivors.

The pectoral muscle area was also smaller in women,
which agrees with that of healthy subjects, and people with
chronic respiratory disease.16,25 On the other hand, patients
in the lowest PMA tertile showed, on average, lower muscle
power values than the cut-off point proposed in the literature
(61.5 W�m�2 in women and 75.4 W�m�2 in men for al-
lometric STS power and 2.1 W�kg�1in women and
2.6 W�kg�1in men for relative STS power).29 This infor-
mation could be useful for healthcare professionals (e.g.,
physicians and physiotherapists) and might help to identify
the most vulnerable patients who require early intervention,
considering that muscle power is strongly related to all-
cause mortality, regardless of physical activity, muscle
mass, and muscle strength.38

Muscle strength and sarcopenia are independent risk
factors for COVID-19 severity in adults over 50 years of
age, while COVID-19 is directly associated with the onset
of acute sarcopenia due to inactivity and bedrest.39 This
makes early detection of muscle strength loss necessary to
ensure correct management of the disease and of its

consequences.39 Within the difficulty in the detection of
sarcopenia, STS has been shown to be useful as a technique
for assessing lower limb strength,40 mainly in the older
population, with greater sensitivity in the early detection of
cases than other common methods such as the handgrip
strength.41 Among the alternatives to the STS test,29 it is
necessary to highlight the usefulness of 30s-STS power test
as the method with the highest correlation with physical
performance in older people and in particular the novelty
obtained in the results of our study, with the allometric STS
power as indicator of chest muscle thickness. However, the
indicated global muscle-wasting by 30s-STS power is most
likely related to hypokinesia and not to the direct influence
of COVID-19 infection, so similar results should be ex-
pected in any disease requiring hospitalization (and thus
limitation of physical activity), especially in people treated
in the intensive care unit.4

After hospitalization, the early detection of musculo-
skeletal sequelae may help develop more specialized in-
terventions for early and adequate recovery in patients post
COVID-19.42 Although muscle power is considered one of
the main therapeutic objectives in older adults, in patients
post COVID-19, the assessment of muscle power should be
within a comprehensive evaluation that considers loss of
independence in activities of daily living,43 impaired re-
spiratory function,44 comorbidity burden,45 and social risk
factors.46 In this context, multidisciplinary health care teams

Figure 3. (a) Correlation between 30s-STS repetitions and pectoralis muscle area (PMA). (b) Correlation between absolute 30s-STS
and PMA, (c) Correlation between allometric 30s-STS and PMA, and (d) Correlation between relative 30s-STS and PMA.
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must consider all these aspects when implementing the best
strategies to improve the functionality and quality of life of
COVID-19 survivors.47 For example, considering lower
extremity strengthening based on 30s-STS power findings.

Limitations

This study has some limitations. First, the level of evidence
for these findings is limited to the nature of the cross-
sectional design and causality cannot be established, nor
the sense of direction of the association. Hence, it is difficult
to establish a relationship without knowing where the pa-
tients started from (baseline reference in the diagnosis) and
how much muscle mass was lost. Considering the average
BMI of the sample, it is most likely that physical capacity
was low even before hospitalization, which could also affect
the general condition of the patients, as well as the more
severe course of COVID-19. Second, we do not have
muscle power values prior to hospitalization for COVID-19,
it is reasonable to assume that an element of natural re-
covery occurred in at least some of the participants. Thus,
future studies should assess whether a prospective associ-
ation between these measurements exist. Third, the
thresholds used as cut-off points for low muscle power were
taken from a European cohort as they are not available for
our country. Finally, the highest PMA tertile had a higher
BMI. Although BMI as a covariate did not influence the
ANOVA model, PMA measurements do not consider
muscle quality, which could have a higher correlation with
functional impairment.48 This could also be an aspect to
assess in future studies.

Conclusion

The 30s-STS power is associated with pectoralis muscle
thickness in both male and female COVID-19 survivors.
Thus, this test may indicate global muscle-wasting and may
be used as a screening tool for lower extremity functional
capacity in the early stages of rehabilitation planning in
COVID-19 survivors.
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