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Key points

Question: Do muscle strength and muscle mass predict hospital length of stay (LOS) in
patients with moderate to severe COVID-19 patients?

Findings: In this prospective observational study that included 186 hospitalized patients
with moderate to severe COVID-19, we observed that LOS was shorter among patients
in the highest tertile of strength (assessed by handgrip) vs. those in the mid/lowest
tertiles (crude Hazard Ratio [HR]: 1.54, 95%CI: 1.12-2.12). In addition, LOS was
longer among patients in the lowest tertile of muscle cross-sectional area (assessed by
ultrasound imaging) vs. those in the mid/highest tertiles (HR: 0.69, 95%CI: 0.50 –
0.95).

Meaning: Muscle strength and mass assessed on hospital admission are predictors of
LOS in patients with moderate to severe COVID-19, suggesting that muscle health may
be protective in this disease.
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Abstract
Importance: Strength and muscle mass are predictors of relevant clinical outcomes in
critically ill patients, but in hospitalized patients with COVID-19 remains to be
determined.
Objective: To investigate whether muscle strength or muscle mass are predictive of
hospital length of stay (LOS) in patients with moderate to severe COVID-19.
Design: Prospective observational study.
Setting: Clinical Hospital of the School of Medicine of the University of Sao Paulo.
Participants: One hundred ninety-six patients were evaluated. Ten patients did not test
positive for SARS-CoV-2 during hospitalization and were excluded from the analyses.
The sample comprised patients of both sexes (50% male) with a mean age (SD) of 59
(±15) years, body mass index of 29.5 (±6.9) kg/m2. The prevalence of current smoking
patients was 24.7%, and more prevalent coexisting conditions were hypertension
(67.7%), obesity (40.9%), and type 2 diabetes (36.0%). Mean (SD) LOS was 8.6 days
(7.7); 17.0% of the patients required intensive care; 3.8% used invasive mechanical
ventilation; and 6.6% died during the hospitalization period.
Main outcome: The outcome was LOS, defined as time from hospital admission to
medical discharge.
Results: The crude Hazard Ratio (HR) for LOS was greatest for handgrip strength
comparing the strongest vs. other patients (1.54 [95%CI: 1.12 – 2.12; p = 0.008]).
Evidence of an association between increased handgrip strength and shorter hospital
stay was also identified when handgrip strength was standardized according to the sexspecific mean and standard deviation (1.23 [95%CI: 1.06 – 1.19; p = 0.008]). The
magnitude of these associations remained consistent and statistically significant after
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adjusting for other covariates. Mean LOS was shorter for the strongest patients (7.5 ±
6.1 days) vs. others (9.2 ± 8.4 days). Evidence of associations were also present for
vastus lateralis cross-sectional area. The crude HR identified shorter hospital stay for
patients with greater sex-specific standardized values (1.17 [95%CI: 1.01 – 1.36; p =
0.037]); however, we found increased uncertainty in the estimate with the addition of
other covariates (1.18 [95%CI: 0.97 – 1.43; p = 0.092]). Evidence was also obtained
associating longer hospital stays for patients with the lowest values for vastus lateralis
cross-sectional area (0.69 [95%CI: 0.50 – 0.95; p = 0.025). Mean LOS for the patients
with the lowest muscle cross-sectional area was longer (10.8 ± 8.8 days) vs. others (7.7
± 7.2 days).
Conclusions and Relevance: Muscle strength and mass assessed upon hospital
admission are predictors of LOS in patients with moderate to severe COVID-19, which
stresses the value of muscle health in prognosis of this disease.

Funding: The authors acknowledge the support by the Brazilian National Council for
Scientific and Technological Development (CNPq - grant 301571/2017-1). H.R. and
B.G. are supported by grants from the Conselho Nacional de Pesquisa e
Desenvolvimento (CNPq 428242/2018-9; 301571/2017-1; 301914/2017-6). B.G. is also
supported by a grant from the Sao Paulo Research Foundation (FAPESP 2017/135522).

medRxiv preprint doi: https://doi.org/10.1101/2021.03.30.21254578; this version posted March 31, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

6

Introduction
Aging and chronic conditions such as type 2 diabetes increase the risk of
developing severe forms of COVID-19. Nevertheless, apparently healthier, younger
individuals may also require hospitalization and develop poor outcomes 1-3. This
suggests that there might be undiscovered clinical features associated with COVID-19
prognosis, with muscular parameters being potential candidates.
Skeletal muscle constitutes ~40% of total body mass and plays a pivotal role in
different physiological process such as immune response, regulation of glucose levels,
protein synthesis, and basal metabolic rate 4-6. Handgrip strength and muscle mass have
been shown previously to be predictive of clinical outcomes, such as hospital length of
stay (LOS) and mortality, in distinct populations 7-10. The prognostic value of skeletal
muscle parameters among hospitalized patients with COVID-19 remains to be
determined. Herein, we investigated whether muscle strength and muscle mass assessed
at hospital admission are predictive of LOS in patients with moderate to severe COVID19
Methods
Study design
This is a prospective observational study conducted between March 2020 and
October 2020 in the Clinical Hospital of the School of Medicine of the University of
Sao Paulo in Brazil (HCFMUSP) the largest quaternary referral teaching hospital in
Latin America. This study was approved by the local Ethics Committee (Ethics
Committee Approval Number (31303720.7.0000.0068). All patients provided written
informed consent before entering the study. This manuscript was reported according to
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the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
Statement.
Participants
The inclusion criteria were: 1) aged 18 or older; 2) diagnosis of COVID-19 by
PCR for SARS-CoV-2 from nasopharyngeal swabs or computed tomography scan
findings (bilateral multifocal ground-glass opacities ≥ 50%) compatible with the
disease; 3) diagnosis of flu syndrome with hospitalization criteria on hospital admission,
presenting respiratory rate ≥ 24 breaths per minute, saturation < 93% on room air or risk
factors for complications, such as heart disease, diabetes mellitus, systemic arterial
hypertension, neoplasms, immunosuppression, pulmonary tuberculosis, and obesity,
followed by COVID-19 confirmation. Exclusion criteria were: 1) cancer in the past 5
years; 2) delirium; 3) cognitive deficit that precluded the patient from reading and
signing the informed consent form; 4) prior diagnosis of muscle degenerative disease
(e.g., myopathies, amyotrophic lateral sclerosis, stroke); 5) patients already admitted
under invasive mechanical ventilation. Patients who met these criteria were considered
to have moderate to severe COVID-19.
Data collection
All patients were evaluated in the point-of-care within less than 48 hours upon
hospital admission for handgrip strength and vastus lateralis cross-sectional area, by
means of ultrasound imaging, and were followed until medical discharge.
Handgrip strength assessments were performed with the patient seated holding
the dynamometer (TKK 5101; Takei, Tokyo, Japan) with the dominant hand and elbow
positioned at a 90° angle. Three maximum attempts of 5 seconds with 1 minute of the
interval between attempts were performed and the best result was used for analysis.
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Vastus lateralis cross-sectional area was assessed by a B-mode ultrasound with a 7.5MHz linear-array probe (SonoAce R3, Samsung-Medison, Gangwon-do, South Korea)
as previously described 11. Cross-sectional area analyses were performed in a blinded
fashion by a single investigator using ImageJ (NIH, USA). Demographic, clinical, and
biochemical data of the patients were obtained through medical records.
Outcome and stratification of patients
Our primary outcome was LOS, defined as time (days) from hospital admission
to medical discharge. Patients who died during the hospitalization period were rightcensored in the LOS analysis. To examine whether muscle strength or mass were
predictive of LOS, we ranked patients according to handgrip strength and vastus
lateralis cross-sectional area into sex-specific tertiles. Then, we compared the highest
tertile (High) vs. the combined mid and lowest tertiles (High vs. Other), and the lowest
tertile (Low) vs. the combined mid and highest tertiles (Low vs. Other)
Sample size and statistical analyses
An a-priori sample size estimate was made to achieve small optimism in the
predictor effect estimates as defined by a global shrinkage factor of 0.9 12. The expected
shrinkage is conditioned on the sample size (n), the total number of predictors (p) and a
generalization of the proportion of variance explained for multivariable models with
time-to-event outcomes (ܴ _ ) 12. For the present study p was set to 6 and ܴ _ to
0.5 based on findings from previous research 7, 13, 14 and therein, indicating a required
sample size of n = 184. Guided by this estimate, a total of 196 patients were evaluated
during their hospital stay.
The outcome (LOS) was analyzed with multivariable Cox proportional baseline
hazard models and adjusted for sex (male or female), age group (18-35, 36-55 or ≥ 56),
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obesity (BMI<30 or BMI≥30), oxygen support at admission (0-4L, 5-9L, ≥10L) and
Type 2 diabetes (yes or no). Both crude and adjusted hazard ratios (HRs) were
estimated for handgrip strength and vastus lateralis cross-sectional area. Each predictor
was assessed as both a discrete and continuous predictor. Discrete models were
conducted by calculating sex-specific tertiles and then focusing on either the largest
tertile (High vs. Other) or the smallest tertile (Low vs. Other). Continuous models were
conducted by standardizing predictor values relative to the sex-specific mean and
standard deviation. HRs were accompanied with corresponding 95% confidence
intervals (95%IC), with all analyses performed in the statistical environment R (version
3.5.3; R Core Team 2020) with the survival 15 and survminer 16 packages.
Results
Patients
One hundred ninety-six patients were evaluated. Ten patients did not test
positive for SARS-CoV-2 during the hospitalization period and were excluded from the
analyses. Table 1 shows the demographic, biochemical, and clinical characteristics of
the patients. Overall, 86% (160 of 186) had a positive PCR test for SARS-CoV-2 at the
enrollment, and 42% had computed tomography scan findings suggestive (i.e.,
pulmonary commitment ≥50%) for COVID-19. All the remaining patients (26 of 186)
had the diagnosis confirmed by serology assay to detect IgG against SARS-CoV-2 at
some point during the hospital day. The sample comprised patients of both sexes (50%
male) with a mean (SD) age of 59 years (±15), body mass index of 29.5 kg/m2 (±6.9).
The prevalence of current smoking patients was 24.7%, and more prevalent coexisting
conditions were hypertension (67.7%), obesity (40.9%), and type 2 diabetes (36.0%).

medRxiv preprint doi: https://doi.org/10.1101/2021.03.30.21254578; this version posted March 31, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

10

The signs and symptoms more commonly observed at admission were dyspnea
(81.2%), cough (64.4%), fever (57.5%), myalgia (26.9%), fatigue (25.3%), headache
(22.0%), anosmia (19.9%), diarrhea (17.7%), dysgeusia (17.2%), nausea (11.3%),
abdomen pain (10.2%), chest pain (10.2%), vomiting (9.7%), runny nose (9.1%),
earache (4.3%), and dizziness (1.1%). Mean (SD) LOS was 8.6 days (7.7); 17.0% of the
patients required intensive care; 3.8% used invasive mechanical ventilation; and 6.6%
died during the hospitalization period.
Primary Outcome
The crude HR for time from hospital admission to discharge was greatest for
handgrip strength comparing the strongest vs. other patients (1.54 [95%CI: 1.12 – 2.12;
p = 0.008]). Evidence of an association between increased handgrip strength and shorter
hospital stay was also identified when handgrip strength was standardized according to
the sex-specific mean and standard deviation (1.23 [95%CI: 1.06 – 1.19; p = 0.008).
The magnitude of these associations remained consistent and statistically significant
after adjusting for other covariates (Table 2). Mean LOS was shorter for the strongest
patients (7.5 ± 6.1 days) vs. others (9.2 ± 8.4 days).
Evidence of associations were also present for vastus lateralis cross-sectional
area. The crude HR identified shorter hospital stay for patients with greater sex-specific
standardized values (1.17 [95%CI: 1.01 – 1.36; p = 0.037); however, we found
increased uncertainty in the estimate with the addition of other covariates (1.18 [95%CI:
0.97 – 1.43; p = 0.092). Evidence was also obtained associating longer hospital stays for
patients with the lowest values for vastus lateralis cross-sectional area (0.69 [95%CI:
0.50 – 0.95; p = 0.025). Mean LOS for the patients with the lowest muscle crosssectional area was longer (10.8 ± 8.8 days) vs. others (7.7 ± 7.2 days).
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Discussion
In this prospective observational study, we found muscle strength (as assessed
by handgrip) and muscle mass (as assessed by vastus lateralis cross-sectional area) are
predictive of LOS in hospitalized patients with moderate to severe COVID-19. To the
best of our knowledge, this is the first study to demonstrate the prognostic value of
these skeletal muscle parameters in this disease.
A recent study demonstrated that the Clinical Frailty Score (CFS) independently
predicted time to medical discharge and mortality in COVID-19 patients 13. Despite the
value of these findings, it is noteworthy that the CFS is a judgement-based frailty tool
that relies highly on experience and training for proper categorization of the patients.
Moreover, CFS is ultimately an indirect measure of functional status and is mainly used
in geriatric patients. These are factors that might limit the reliability of CFS in real-life
clinical scenarios. Conversely, handgrip strength is a simple, direct, easy handling, lowcost measurement commonly utilized in the clinical setting as an indicator of the general
health status in individuals across a wide age range. Indeed, handgrip strength assessed
at hospital admission have been shown to be a predictive measure of LOS and mortality
in distinct populations 7-10. Our findings extend this knowledge to patients admitted into
the hospital with acute COVID-19 symptoms, by showing that stronger patients had
lower LOS than their weaker counterparts.
Muscle mass is also considered as an indicator of general health status 17, 18.
Previous studies have suggested that low muscle mass (assessed by mid-arm
circumference, calf circumference, and estimated by anthropometric equations) may
predict mortality among elderly 17, 18. In the current study, we directly assessed, in the
point-of-care, vastus lateralis cross-sectional area using ultrasonography among patients
with COVID-19. Our findings suggest that low muscle mass could contribute to higher
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LOS among COVID-19 patients During a critical illness, net breakdown of muscle
protein is stimulated to provide abundant amino acids to meet these increased demands
of tissues such as immune cells and liver 19. In this context, patients with limited muscle
mass reserves would presumably be more vulnerable to stress factors, such as severe
burn injuries and cancer 20, 21. The present findings suggest that this could be the case of
COVID-19.
Muscle mass plays a key role in recovery from critical illness, whereas muscle
strength and function are key to the recovery process 22. If there is a preexisting
deficiency of muscle mass before the onset of an acute illness, one may speculate that
the expected loss of muscle mass and function associated with hospitalization may push
the patient over a threshold that makes recovery of normal function unlikely to ever
occur 22. The impact of this physiopathological mechanism on long-term effects of
COVID-19 (long COVID) remains to be explored.
Limitations
First, the longitudinal design of this study does not allow causative conclusions.
Second, although this study was adequately powered to detect changes in the selected
outcomes, this was still a small cohort composed by patients with heterogeneous clinical
features, medication regimen and disease manifestations, possibly subject to
unmeasured confounders. While the Cox proportional hazards models were controlled for
several potentially confound variables, direct sub-group comparisons were not possible due

to sample size constraints. Third, our results are confined to patients with moderate to
severe COVID-19 and should be read with care regarding other clinical settings.
Finally, the minimal clinically important difference in LOS among patient with
COVID-19 is yet unknown, which limits the ability to make clinical inferences about
the present findings.
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Conclusions
Muscle strength and mass assessed on hospital admission are predictors of LOS
in patients with COVID-19. While it is unknown whether these muscular parameters
add to the prognostic value provided by the more established and accepted predictors
that already have been identified 23, the present data suggest that muscle health may
benefit patients with moderate to severe COVID-19. The evidence provided by this
study paves the way for randomized controlled trials to test the utility of preventive or
in-hospital interventions in shortening LOS among these patients through improving
muscle mass and/or function.

medRxiv preprint doi: https://doi.org/10.1101/2021.03.30.21254578; this version posted March 31, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

14

Acknowledgements:
The authors are thankful to the task force of HCFMUSP COVID-19 Study Group:
Rosemeire Keiko, Danielle Pedroni de Moraes, Renato Madrid Baldassare, Antônio
José Pereira, Elizabeth de Faria, Gisele Pereira, Lucila Pedroso da Cruz, Marcelo,
Cristiano de Azevedo Ramos, Vilson Cobello Junior.

medRxiv preprint doi: https://doi.org/10.1101/2021.03.30.21254578; this version posted March 31, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

15
Tables
Table 1. Demographics and clinical characteristics of patients at hospital admission.
All patients
(n=186)

Survivors
(n=174)

Female

93 (50.0%)

88 (50.6%)

Male

93 (50.0%)

86 (49.4%)

<65

116 (62.4%)

112 (64.4%)

>65

70 (37.6%)

62 (35.6%)

White

95 (51.1%)

90 (51.7%)

Black

58 (31.2%)

52 (29.9%)

Yellow

33 (17.7%)

32 (18.4%)

Never

140 (75.3%)

132 (75.9%)

Current

46 (24.7%)

42 (24.1%)

Asthma

12 (6.5%)

11 (6.3%)

Heart failure

18 (9.7%)

16 (9.2%)

Obesity (BMI>30)

76 (40.9%)

70 (40.2%)

Type 2 Diabetes

67 (36.0%)

56 (32.2%)

COPD

7 (3.8%)

7 (4.0%)

Chronic Renal Disease

11 (5.9%)

9 (5.2%)

Ethilism

7 (3.8%)

6 (3.4%)

Atrial Fibrillation

8 (4.3%)

8 (4.6%)

Acute Myocardial Infarction

13 (7.0%)

13 (7.5%)

126 (67.7%)

113 (64.9%)

Positive PCR for SARS-CoV-2

160 (86.0%)

148 (85.1%)

Positive IgG for SARS-CoV-2

26 (14.0%)

26 (14.9%)

Anosmia

37 (19.9%)

35 (20.1%)

Headache

41 (22.0%)

38 (21.8%)

Runny Nose

17 (9.1%)

17 (9.8%)

Diarrhea

33 (17.7%)

31 (17.8%)

Dysgeusia

31 (17.2%)

30 (17.2%)

Sex, n (%)

Age, n (%)

Race, n (%)

Smoking Status, n (%)

Comorbidities, n (%)

Hypertension
COVID-19 testing, n (%)

Acute COVID-19 Symptoms, n (%)
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Continuation.

Dyspnea

All patients
(n=186)
151 (81.2%)

Survivors
(n=174)
141 (81.0%)

Abdominal pain

19 (10.2%)

18 (10.3%)

Chest pain

19 (10.2%)

19 (10.9%)

Fatigue

47 (25.3%)

43 (24.7%)

Fever

107 (57.5%)

99 (56.9%)

Myalgia

50 (26.9%)

47 (27.0%)

Nausea

21 (11.3%)

20 (11.5%)

Earache

8 (4.3%)

8 (4.6%)

Cough

119 (64.4%)

110 (63.2%)

Dizziness

2 (1.1.%)

2 (1.1%)

Vomiting

18 (9.7%)

18 (10.3%)

No oxygen therapy

68 (36.6)

66 (37.9)

Oxygen therapy

104 (55.9)

98 (56.3)

14 (7.5)

10 (5.7)

12.6 (2.9) [n=182]

12.7 (3.0) [n=170]

6.6 (4.1) [n=178]

6.5 (4.2) [n=166]

1.3 (1.1) [n=176]

1.3 (1.2) [n=165]

255.8 (126.1) [n=181]

259.0 (128.6) [n=169]

92.3 (87.7) [n=167]

84.5 (80.6) [n=156]

2383.8 (4770.2) [n=134]

2159.8 (3995.4) [n=124]

1.4 (2.1) [n=176]

1.2 (0.9) [n=164]

51.8 (39.2) [n=177]

48.6 (33.1) [n=165]

Pulmonary Commitment* (≥50%), n (%)

42 (22.6%)

35 (18.8%)

ICU Admission, n (%)

33 (17.7%)

22 (12.6)

7 (3.8)

1 (0.6%)

Hospital Length of Stay (d), median (IQR)

7 (4 – 11)

7 (4 – 11)

In-Hospital Death, n (%)

12 (6.5%)

-

21 (15 – 30)

22 (15 – 30)

12 (12 – 19)

16 (12 – 18)

Oxygen support, n (%)

Non-invasive ventilation
Biochemical parameters
Hemoglobin, mean (SD), g/L
3

3

Neutrophil, mean (SD), x10 /mm
3

3

Lymphocytes, mean (SD), x10 /mm
3

3

Platelets, mean (SD), x10 /mm

C-reactive protein, mean (SD), mg/L
D-dimer, mean (SD), ng/mL
Creatinine, mean (SD), mg/dL
Urea, mean (SD), mg/dL

Use of Invasive Mechanical Ventilation, n (%)

Handgrip Strength, kgF, median (IQR)
3

Vastus Lateralis CSA, cm , median (IQR)

*Pulmonary commitment was evaluated using chest computed tomography. Abbreviations-BMI: body mass index;
COPD: chronic obstructive pulmonary disease; ICU: Intensive Care Unit; IQR: interquartile range; CSA: crosssectional area.
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Table 2. Crude and adjusted hazard Ratio (HR) for hospital length of stay.
Crude HR
(95%CI)

P value

Adjusted HR
(95%CI)

P value

Sex
Male
Female

1 (ref)
0.98 (0.73-1.32)

1 (ref)
0.891

0.96 (0.69-1.32)

0.760

Age, years
18-35 years

1 (ref)

1 (ref)

36-55 years

0.68 (0.36-1.27)

0.222

0.66 (0.34-1.28)

0.220

≥56 years

0.53 (0.29-0.96)

0.038*

0.54 (0.28-1.02)

0.056

Oxygen support at admission
0-4L

1 (ref)

1 (ref)

5-9L

1.07 (0.70-1.65)

0.746

1.07 (0.67-1.68)

0.784

≥10L

1.15 (0.67-1.97)

0.603

1.07 (0.60-1.89)

0.830

Obesity
BMI<30

1 (ref)

BMI≥30

0.98 (0.72-1.33)

1 (ref)
0.904

0.96 (0.69-1.32)

0.792

Type 2 Diabetes
Yes

1 (ref)

No

0.81 (0.59-1.12)

1 (ref)
0.195

0.88 (0.62-1.24)

0.455

Handgrip Strength - High vs Other
Other

1 (ref)

High

1.54 (1.12-2.12)

1 (ref)
0.008**

1.55 (1.11-2.16)

0.011*

CSAVL - High vs Other
Other

1 (ref)

High

0.96 (0.70-1.33)

1 (ref)
0.819

0.77 (0.51-1.16)

0.214

Handgrip Strength - Low vs Other
Other

1 (ref)

Low

0.87 (0.63-1.19)

1 (ref)
0.375

0.96 (0.68-1.36)

0.820

CSAVL - Low vs Other
Other

1 (ref)

1 (ref)

Low

0.69 (0.50-0.95)

0.025*

0.70 (0.48-1.02)

0.065

Handgrip Strength - Standardized

1.23 (1.06-1.43)

0.008**

1.23 (1.04-1.45)

0.015*

CSAVL - Standardized

1.17 (1.01-1.36)

0.037*

1.18 (0.97-1.43)

0.092

The Cox proportional hazards model was adjusted by sex (male or female), age (18-35, 36-55 or ≥ 56 years),
oxygen support at admission (0-4L, 5-10L and ≥10L), obesity (BMI<30 and BMI>30) and type 2 diabetes (yes or
no). CSAVL = vastus lateralis cross-sectional area. * indicates P<0.05; ** indicates P<0.01.
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Figure Legends
Figure 1. Kaplan-Meier plot of time from hospital admission to hospital discharge
according to handgrip strength.
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Figure Legends
Figure 1. Kaplan-Meier plot of time from hospital admission to hospital discharge
according to vastus lateralis cross-sectional area.
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