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Abstract

Understanding the impact of COVID-19 on muscle strength may help to elucidate the
organ systems that contribute to acute and chronic COVID-19 sequelae. We
questioned whether patients with postdischarge symptoms after COVID-19 had
compromised muscle strength compared with a control group, and if this potential
relationship was mediated by the lower appendicular lean mass index (ALMI). A total
of 99 patients with long-COVID-19 and 97 control participants were screened.
Maximal grip strength was assessed with a TKK 5101 digital dynamometer, and leg
extension 1RM was measured using EGYM Smart Strength machines. Body
composition (fat mass percentage, lean mass, visceral fat and appendicular lean mass
index) was determined using a whole-body dual-energy X-ray densitometer. Results
showed that grip strength and leg extension strength were significantly higher in
controls than in COVID-19 survivors (mean [SD7, 82.82 [10.01] vs. 26.94 [10.33]
kg; difference, 5.87 kg; P<0.001) and (mean [SD7, 93.98 [33.787] vs. 71.59 [33.70]
kg; difference, 22.38 kg; P <0.001), respectively). The relationship between long-
COVID syndrome and grip/leg strength levels was partly mediated by ALMI, which
explained 52% of the association for grip strength and 39% for leg extension. Our
tfindings provide novel insights into the mechanisms underlying the relationship
between long-COVID syndrome and grip/leg strength levels, supporting the negative

effects ot long-COVID syndrome on muscle function.

Key words: muscle strength; muscle mass; post-acute COVID-19 syndrome
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The causes of post COVID-19 syndrome are uncertain. Limb muscle wasting
common to patients with COVID-19 limits daily activities and exercise. In this cross-
sectional study, we found that patients with long-COVID-19 syndrome had
significantly lower absolute and relative muscle strength measurements than control
participants. Interestingly, we identified that these relationships were mostly mediated
by appendicular lean mass index. Our data thus suggest that the evident reduced upper
and lower muscle mass is a putative cause of—or contributor to—the functional

limitation of patients with long-COVID-19 syndrome.
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Introduction

The impact of coronavirus disease 2019 (COVID-19) continues to be felt (49).
The disease is characterized by respiratory illness and systemic inflammation, with
serious and often long-term consequences for physiological function (18, 26). Indeed,
the time course over which pathophysiological changes occur following severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) exposure remains unclear. While
the lasting complications of COVID-19 are still being studied, fatigue is a frequent and
debilitating symptom and may continue for at least 6~7 months after symptoms onset
(47). A recent systematic review and meta-analysis found that persistent symptoms
occur in ~80% of infected adult patients, with the most frequent being fatigue,
headache, attention deficit disorder, exercise intolerance and dyspnoea (27). Other
long-lasting symptoms of COVID-19 include diminished muscle strength and exercise
intolerance, which is characterized by reduced physical performance with limb muscle
weakness (28). Accordingly, the term long-COVID-19 or post-COVID-19 syndrome
has been proposed for those patients with symptoms that persist for > 38 months after
onset (48). Risk factors for long COVID included female sex, belonging to an ethnic
minority, socioeconomic deprivation, smoking, obesity and a wide range of
comorbidities (42). Other contributing factors are similar to those seen in several
chronic disease conditions such as critical illness myopathy and aging, which manifest
with reduced physical and mental energy. In fact, this is a common definition used to
describe the general fatigue associated with acute COVID-19 and long-COVID-19

syndrome (19).

The cause of the loss of muscle strength seen in patients with COVID-19 and
long-COVID syndrome is likely multifactorial. While it is clear that multiple
comorbidities exacerbate COVID-19 disease severity and symptoms, the disease per se
might act as a second-hit mechanism, amplifying muscle weakness and exercise
intolerance (25). Skeletal muscle-related symptoms such as pain (myalgia), muscle
weakness (mild to severe), fatigue, and exercise intolerance are common in both acute
COVID-19 and long-COVID-19 syndrome (37). Limb muscle wasting common to
patients with COVID-19 limits daily activities and exercise (1). It has been speculated
that hypoxia, malnutrition, and medication may play a smaller role, and other factors
such as low-grade systemic inflammation, physical inactivity, persisting viral load, and
possibly specific genotypes (such as higher skeletal muscle ACE protein content in

women) might play important roles (30).
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Viruses enter susceptible cells through different mechanisms, such as cell
adhesion and interaction with specific receptors, which is followed by invasion through
endocytosis and fusion (40). Leung et al. (24) report that SARS-CoV-1 infection
impacts skeletal muscle via direct viral invasion, due to the angiotensin-converting
enzyme 2 (ACE2) receptor is widely expressed in the musculoskeletal system. Thus,
on the whole, skeletal muscle in SARS-CoV-2 infected patients might be more
susceptible to muscle damage. For example, clinical observations have revealed that
SARS-CoV-2 patients are at high risk of developing sarcopenia acutely or insidiously
(31), myalgias, myositis, rhabdomyolysis, and skeletal muscle atrophy (17). In addition,
a few neuromuscular disorders have also been reported in COVID-19, including
peripheral neuropathy and Guillain-Barre Syndrome (5). Mechanisms that explain why
these disorders commonly develop in the setting of COVID-19 are still lacking, but
SARS-CoV-2 induced cytokine storm seems to be one of the main reasons that justify
it (89). Other risk factors such as systemic inflammation, hypoxaemia, extended
periods of (forced) inactivity, and various medications may promote or exacerbate
muscle weakness, fatigue, and exercise intolerance in Covid-19 patients (82). However,
little is known regarding the potential role of the lean mass on muscle strength

performance in patients with COVID-19.

Understanding the impact of COVID-19 on muscle strength may help in
elucidating the organ system(s) that initiate and contribute to acute and long-term
COVID-19 sequelae. In the present study, we investigated whether patients with
postdischarge symptoms after COVID-19 had compromised muscle strength compared
to a control group, and we tested if these potential relationships are mediated by

appendicular lean mass index (ALMI).
Methods

This exploratory secondary analysis used baseline data from “The EXER-
COVID Crossover Study” (NCT04797871) (36). The characteristics of the study
cohort has been previously described (34). All patients were from the Hospital
Universitario de Navarra (Pamplona, Spain) and were screened for inclusion by a
physician to confirm a diagnosis of COVID-19 and no other psychiatric or somatic
conditions that could explain the persistent COVID-19 symptoms. For all identified

participants, we revised psychiatric disorders patients were revised psychiatric
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diagnostic codes from their electronic health records using billing/encounter
diagnoses, external claim diagnoses, and inpatient hospital problems before their
testing encounter such as (1) schizophrenia spectrum disorders, (2) mood disorders,
and (3) anxiety disorders. Data were collected between March 2021 and February
2022. The inclusion criteria were diagnosis of long-COVID-19, mild or moderate

symptoms, no hospitalization and no heart disease.

From a total of 105 patients with long-COVID-19 screened, 99 patients had
complete muscle measurements at baseline and were included in the exploratory
analysis. Control participants (n=97) were from a published cohort that included
participants tested for physical fitness in Pamplona, Spain (i.e., the same altitude as our
cohort) before the first confirmed case of COVID-19 in Pamplona (on March 3, 2020).
Control participants (n=99) had no flu-like symptoms. The characteristics of the two
cohorts have been previously described (34). The study was conducted according to
the Declaration of Helsinki and was approved by the Ethics Committee on Human
Research (CEIH, Procotol No. PI_2020/140) of the Hospital Universitario of Navarra
(HUN) (Pamplona, Spain). Written consent was obtained from all patients and

information was given about Spain’s data protection law.

All participants had their health history recorded, including physical activity
and any current medication. A stadiometer and scale were used to measure height and
weight (Seca model 799, Electronic Column Scale, Hamburg, Germany) with
participants wearing light clothing and no shoes. Body mass index (BMI) was then
calculated as the weight (in kilograms) divided by the squared height (in meters).
Total and regional body composition was determined using a whole-body dual-energy
X-ray densitometer (Lunar DPX, General Electric, Madison, WI). Scans were
imported into an updated version of the software (version 13.6) and reanalyzed using
algorithms that provided automatic segmentation of body fat (%), lean mass (%), and
visceral adipose tissue (22). Based on the European working group for sarcopenia
guidelines (EWGSOP) (12), the sum of upper and lower limbs’ lean mass, defined as
appendicular lean mass (ALM), was used to quantify muscle mass, and this value was
indexed to height, and ALMI = (ALM/height?) was obtained. The recent EWGSOP
guidelines suggest an ALMI < 6.0 kg/m? in women and ALMI < 7.0 kg/m? in men as

diagnostic cut-oft values to define low muscle mass (5).
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Maximal isometric handgrip strength was assessed with a maximal 3-s
voluntary contraction using a TKK 5101 digital dynamometer (Takei Scientific
Instruments Co., Ltd., Tokyo, Japan). Maximal dynamic leg extension strength (one-
maximum muscle strength) was measured using a Smart Strength machine (eGym®
GmbH, Miinchen, Germany). Results were expressed in kg and both parameters were

divided by body mass to give relative muscle strength, as described (20).

The short, self-administered International Physical Activity Questionnaire
(IPAQ) (11) was used to assess physical activity. The IPAQ focuses on the amount of
physical activity performed over the past 7-day period. The IPAQ includes questions
about the time spent engaging in vigorous physical activities, moderate physical
activities and walking. Responses were converted to Metabolic Equivalent Task
minutes per week (MET-min/wk) according to the IPAQ scoring protocol. The
weighted MET minutes per week were then calculated by multiplying the duration
(minutes), frequency (days) and MET intensity, and then summing across the 3
domains, namely, vigorous, moderate and walking, to produce a weighted estimate of

total physical activity per week (MET-min/wk).

Group characteristics were compared using Student’s t test or the Vovk-Sellke
Maximum p-ratio, unless otherwise stated, for continuous variables, and the Chi-
square test was used for categorical variables. Variables are expressed as mean (SD) or
n with percentages based on a two-sided p-value. Raincloud plots were produced using
JASP 0.16.2 software (50) for data visualization of muscle strength parameters. The
95% confidence intervals (CI) were further interpreted to indicate that significant
within-group differences occurred if the upper or lower limits do not cross zero.
Additionally, we calculated Cohen’s d for the effect size, considering the effect as trivial
(<0.20), small (0.20-0.50), moderate (0.50-0.80) and large (>0.80). Mediation analyses
were performed using the PROCESS Statistical Package for SPSS, release 3.5.3 (IBM
Corp., Portsmouth, Hampshire, UR) to test potential mediation by appendicular lean
mass index for the association of groups (control vs. long-COVID-19 syndrome), on
the main outcomes (muscle strength parameters). In brief, studies aimed to examine
the relationship between muscle quality/metabolism, and muscle strength/power,
confounding or mediator variables have been usually reported by univariate methods
such as t-student (32, 43), correlation (29), or variance analysis (8) depending on the
objectives of the study and the characteristics of the dependent variable. Mediation

analysis is a statistical procedure that can be used to clarify the processes underlying
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an association between two variables and the extent to which the association can be
modified, mediated, or confounded by a third variable (13). A mediation effect occurs
when a third variable (the mediator) is responsible for the influence of a given
independent variable on a given dependent variable. This approach uses nested models
to estimate the proportion of the total adjusted association of an exposure explained by
its indirect association via the mediator, with 95% ClIs estimated using a
nonparametric bootstrapping method. Each mediation analysis model was run using
5000 bootstrapping. We applied age covariate adjustment model for consistency across
mediation analyses. Lastly, we calculated the percent mediation, representing the ratio
of the total effect attributable to the corresponding indirect effect (Figure 1). A two-

tailed P-value of 0.05 was considered significant for all analyses.

*%% Insert Figure 1 here ***
Results

Clinical characteristics of the study sample are shown in Table 1. The study cohort
included 196 individuals (97 control participants [#=51, 53% female’] and 99 patients
with long-COVID-19 syndrome [7=70, 71% female?]). Body mass, height and BMI
were similar between groups. Body fat percentage and visceral adiposity tissue (cm?)
were significantly greater in patients with long-COVID-19 syndrome than in controls
(P < 0.001), whereas lean muscle tissue (%), ALMI (kg/m?), and muscle strength
parameters were significantly lower (P < 0.001). The prevalence of muscle mass loss
estimated based on ALMI, muscle strength -measured by grip dynamometer- and self-
reported physical activity levels were significantly higher in long-COVID-19

syndrome compared to controls participants.
#%%* Insert Table 1 here ***

We observed a high proportion of individuals still self-reported fatigue (96%),
headaches (83%), attention problems (81%), and concentration problems (79%). About
50% of all participants with long-COVID-19 syndrome have musculoskeletal disorders
(weakness or musculoskeletal pain) problems linked to the disease. Other clinical
characteristics of the study population were similar to other recent trials in long-Covid

persistent (Figure 2).

*%* Insert Figure 2 here ***
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Absolute grip strength was significantly greater in the control group than in
the long-COVID-19 group (mean [SD7, 32.82 [10.01] wvs. 26.94 [10.33] kg;
difference, 5.87 kg; P < 0.001) (Fig. 8A). Likewise, relative grip strength were higher
in the control group than in the long-COVID-19 group (mean [SD7, 0.454 [0.1037] vs.
0.363 [0.1067] kg; difference, 0.091 kg; P<0.001) (Fig. 3B). In the same line, absolute
leg extension group (mean [SD7, 93.98 [83.737] vs. 71.59 [33.707] kg; difference, 22.38
kg; P < 0.001) and relative leg extension strength (mean [SD7, 5.76 [2.267] vs. 4.22
[1.927 kg; difference, 1.54 kg; P<0.001) were significantly higher in the control

group than in the long-COVID-19 group (Figs. 3C-D).
*%% Insert Figure 8 here ***

We conducted a mediation analysis to estimate the effect of long-COVID-19
syndrome on muscle strength parameters. Age was included in the analysis as it was
independently associated with muscle strength in the interaction analysis. Mediation
analysis indicated that most of the total eftect of long-COVID-19 on grip strength (—
5.40 kg; 95%CI, —8.11, —2.34 kg) was attributable to an indirect effect from ALMI (—
2.85 kg (95%CI, —4.85, —0.06 kg; 52% mediation). The remaining direct eftect of long-
COVID-19 remained statistically significant at —2.55 kg (95%ClI, —4.76, —0.33 kg) after
removal of the relative ALMI association (Fig. 4A, above). Similarly, the analysis
indicated that most of the total effect of long-COVID-19 on relative grip strength (-
0.08 kg; 95%CI, —0.11, —0.05 kg) was attributable to an indirect effect from ALMI (—
0.009 kg; 95%CI, —0.01, —0.001 kg; 11.2% mediation). The remaining direct effect of
long-COVID-19 remained statistically significant at —0.07 kg (95%CI, —0.10, —0.04 kg)

after removal of the relative ALMI association (Fig. 4A, below).

Regarding the lower limbs, mediation analysis indicated that the total eftect of
long-COVID-19 on absolute leg extension of —24.91 kg (95% CI, —84.91 to —15.41 kg;)
was attributable to an indirect eftect from ALMI (-9.71 kg; 95% CI, —16.81 to —2.80
kg), and direct effect of absolute leg extension (=15.19 kg; 95%CI, —22.16, —8.22 kg;
39% mediation) (Fig. 4B above). Similarly, the analysis indicated that most of the total
effect of long-COVID-19 on relative leg extension (~1.58 kg; 95%CI, —2.16, —1.01 kg;
29.7% mediation, Fig. 4B below).

*%% Insert Figure 4 here ***

Discussion
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In this cross-sectional study, we found that patients with long-COVID-19
syndrome had significantly lower absolute and relative muscle strength measurements
than control participants. Interestingly, we identified that these relationships were
mostly mediated by ALMI. Our data thus suggest that the evident reduced upper and
lower muscle mass is a putative cause of—or contributor to—the functional limitation

of patients with long-COVID-19 syndrome.

Persisting skeletal muscle-related symptoms may cut across COVID-19 severity
grades, but the underlying mechanisms are unclear (4). While SARS-CoV-2 infection
is known to induce systemic inflammatory responses, there is evidence of specific
inflammatory responses in skeletal muscle, which may provoke altered muscle
metabolic function (33). Skeletal muscle cells express ACE2, which interacts with
SARS-CoV-2 in its spike domain, and likely make skeletal muscles vulnerable to direct
virus invasion (15). Indeed, the expression of both ACE2 and transmembrane protease
serine 2 (TMPRSS2) in skeletal muscle cells indicates that SARS-CoV-2 might enter
these cells and influence their function (14). Other potential mechanisms are the
release of myotoxic cytokines, immune complex deposition in muscles, damage from
homology between viral antigens and human muscle cells, and absorption of viral
protein on muscle membranes, resulting in the expression of viral antigens on the
myocyte surface (88). According to Beydon et al., (7) myositis secondary to COVID-19
may manifest in multiple forms, which range from muscle weakness to typical
dermatomyositis identified mostly by classic rashes, or sheer back pain. Considering
that SARS-CoV-2 entrance in cells occurs through ACE2 receptor, we speculated that
skeletal muscle in SARS-CoV-2 infected patients might be more susceptible to muscle
damage, due to intrinsically with ACE2 expression in this tissue. In this line, viral
infections may spur an interesting insight when theorizing possible skeletal muscle
susceptibility to direct SARS-CoV-2 infection. One may also speculate that myoblast
(40) would be the primary target of COVID-19, as they are actively replicating, as
opposed to myofibers and muscle stem cells, which replicate only under specific
conditions. This would further contribute to a loss of regenerative abilities of the
skeletal muscle in the vicinity of infection, as myoblasts are essential in the
musculoskeletal repair, once they diftferentiate and donate cellular and nuclear
components to structure ruptured fibers (40). However, limb muscle atrophy could
also affect specific fiber types, involving predominantly fast-twitch-glycolytic fibers (9,

46). Therefore, decreased usage of muscle mass could incur a greater metabolic cost

10
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characterized by lower capacity for fat oxidation and switch to glycolysis as the main
tuel supply, associated with a transition from slow to fast myosin fiber types (41). Our
report is consistent with that by Pleguezuelos et al. (32) who also showed that patients
with post-acute COVID-19 syndrome that followed acute COVID-19 requiring
admission to the intensive care unit (ICU) suftered from reduced exercise efficiency
and with that of de Boer et al. (8) showing that COVID-19 does impact mitochondrial
function in patients with preserved pulmonary and cardiac function, however, both
studies focused on cardiorespiratory fitness values and not on muscle mass changes as
we did in our study. Additionally, these data of patients with long-COVID-19
syndrome complement the study published by our group [347 that reduced fitness
capacity in patients with persistent COVID-19 are unknown, but it has been
hypothesized that, not only lower limb muscle quantity/quality decreases, but also
excess adiposity (as seen in this series) and low levels of physical activity could partly

explain the findings of this study.

A previous study reported that severe SARS-CoV-2 infection was associated
with a persistent attenuation in muscle strength (32% loss in grip strength) and
endurance capacity (18% loss in 6-min walk distance), associated with deconditioning,
and sustained inflammation (23). A loss of handgrip has also been reported in older
patients with severe post-COVID-19 (29). A more pronounced immune response to
exercise and altered muscle metabolic function is evident in severe post-COVID-19
(88), with a larger reliance on glycolysis for energy production. The use of L8]
fluorodeoxyglucose positron emission tomography/computed tomography ("*F-FDG-
PET/CT) to investigate brain and skeletal muscles changes in patients with post-
COVID-19 syndrome and persistent symptom (e.g., myalgia) revealed increased '*F-
FDG-PET uptake, which can be interpreted as greater metabolic cost in skeletal
muscles during physical activity, and a probable a mechanism for premature muscle
fatigability (15). In this line, Topuz et al. (45) imaged the leg muscles of 68 patients
with COVID-19 (mean £ SD age; 56 = 15 years) and found significantly higher '*F-
FDG uptake in the psoas muscle during the acute stage of COVID-19 and after a 1-
month follow-up. Other studies indicate that the early onset of SARS-CoV-2 infection
induces rapid changes in skeletal mitochondrial function and substrate utilization (2,
44). As exercise intolerance and muscle weakness are complex phenomena, with
interactions between physical and psychological factors, it is unknown what the
possible mechanisms could be to explain these symptoms in patients with long-

COVID-19 syndrome. The concomitant physical inactivity and, in some cases,

11
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hypoxemia and malnutrition, are additional factors that likely contribute to
modifications in skeletal muscle structure and function (16). The exact mechanisms of
musculoskeletal changes related to long-COVID-19 syndrome, are still not completely
understood. Given the current uncertainty, building knowledge from observational
studies that directly interrogates muscle tissue dynamics during both SARS-CoV-2
infection and Long-COVID19 sequalae are needed to develop public health strategies
to be deployed (10).

To the best of our knowledge, this is the first study to use mediation analysis to
examine the role of ALMI in the relationship between long-COVID-19 syndrome and
absolute and relative grip/leg strength levels. We found that these relationships are
mediated, at least partly, by ALMI, which explains 52% of the association for grip
strength, 11.2% for relative grip strength, 39% for leg extension and 29.7% for relative
leg extension, overall supporting the key role of ALMI in patients with post- COVID-
19 syndrome. In this line, there is agreement that ALMI may be associated with a
reduction in respiratory function, which is a major characteristic of convalescent
patients with COVID-19 (21). Our preliminary results provide novel insight into the
mechanisms underlying this relationship. Although more in-depth research is needed
to understand this phenomenon, our observations highlight an important
consideration for future COVID-19 research, as skeletal muscle represents the largest

metabolically-active tissue in the body with the greatest mitochondrial mass (85).

The present study has several strengths. It is the first to our knowledge to
characterize the association between long-COVID-19 syndrome and muscular function
parameters. Also, our study aligns with the European Association of Preventive
Cardiology (EAPC) recommendations for the management of patients with COVID-19
(3). Nonetheless, the present study has limitations, including the small cohort size,
retrospective methodology and lack of a contemporaneous control, relying on
comparisons with historical cohorts that have distinct demographics. In addition, we
recognize the limitations of a cross-sectional comparison such as this and encourage
tuture investigations to include patients with long-COVID syndrome longitudinally to

determine the recovery period for skeletal muscle parameters.

In conclusion, patients with long-COVID-19 syndrome have lower absolute
and relative muscle strength than control participants, and this relationship may be
mostly mediated by ALMI. These findings provide novel insights into the mechanisms

underlying the relationship between long-COVID-19 syndrome and grip/leg strength
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levels. As the effects of long-COVID-19 syndrome on muscle function are striking
future studies investigating the mechanisms of dysfunction will help accelerate the

development of therapies to improve the functional status of these patients.
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Figure legend

Figure 1. The decomposition of effects for the relationship between groups (control vs.
long-COVID-19 syndrome) and muscle strength parameters, mediated through

appendicular lean mass index.

Footnote F'1g 1. Nodes represent the variables being analyzed in the mediation model.
Group in the equations below represents a dichotomous variable (long-COVID-19
syndrome = 1, control = 0). The total effect, denoted by path ¢, is the lineal regression
coefficient of groups (control vs. long-COVID-19 syndrome) on the outcomes (muscle
strength parameters) without controlling for the mediator. The direct eftect, denoted
by path ¢ is the effect coefticient of exposure groups in a lineal regression with groups
(control vs. long-COVID-19 syndrome), and the mediator on the outcomes. Path a
denotes the effect coefficient of exposure groups on appendicular lean mass index. Path
b denotes the eftect coefficient of appendicular lean mass index on the outcomes, in the
model with both the exposure and mediator. The indirect eftect is the component of
the total effect that is mediated through appendicular lean mass index (c-¢’) in the

relationship between exposure group and the outcomes; it is denoted by i x fs.

Figure 2. Most common symptoms remaining after 3 months in 99 respondents from a

cohort long-COVID-19 syndrome.

Footnote Fig 2. Patients were assessed a mean of 323 days (SD 138) days after onset of

the first COVID-19 symptom; at the time of the evaluation.

Figure 3. Raincloud plots for muscle strength parameters between the long-COVID-

19 syndrome group and the control group.

Footnote Fig 3. A total of 99 patients with long-COVID-19 and 97 control participants
were screened. The plot displays each participant’s mean for muscle strength
parameters, a boxplot, and a split-half violin plot of the density for both participant
groups. Panel A, absolute grip strength; Panel B, relative grip strength to body mass;

Panel C, leg extension 1RM; Panel B, relative leg extension to body mass.

Figure 4. Effects for the relationship between control group vs. long-COVID-19
syndrome for absolute and relative grip/leg strength levels, mediated through

appendicular lean mass index.
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Footnote Fig 4. Linear regressions models were fitted according to the procedures
outlined by Baron and Kenny (6) to assess whether the association between control
group vs. long-COVID-19 syndrome and absolute and relative grip/leg strength
levels was mediated by appendicular lean mass index. The first equation (f;, path a)
regressed the mediator (appendicular lean mass index) on the independent variable
(control group vs. long-COVID-19 syndrome). The second equation (3 path b)
regressed the dependent variable (absolute or relative grip/leg strength levels) on the
independent variable. The third equation regressed (B, path c¢) the dependent
variable on both the independent variable and the mediator variable. The direct effect,
denoted as (Bair, path ¢”), is the effect coefficient of independent variable in a linear
regression and the mediator on the dependent variable. The indirect effect is the
component of the total effect that is mediated through appendicular lean mass index

(c-¢) in the relationship between dependent variable and the independent variable; it is

denoted by f1 X Bs (Bina)
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CooNOOTULThWN =

Long-COVID Control

Characteristic syndrome P-value
y(nzgg) (n=97)
Sex (n, women/men) 70/29 51/46 0.009
Age (y) 47.38 (9.99) 52.22 (11.94) 0.002
Height (m) 1.66 (0.09) 1.66 (0.10) 0.853
Body mass (kg) 74.53 (18.23) 71.27 (16.04) 0.259
Body mass index (kg/m?) 27.13 (5.88) 26.04 (3.68) 0.117
Nutritional status by BMI, 7 (%)
Normal weight 38 (38.4) 39 (40.2)
Overweight 33 (38.3) 47 (48.5) 0.078
Obesity 28 (28.3) 11(11.3)
Body fat (%) 38.93 (7.92) 33.02 (9.31) <0.001
Visceral adiposity tissue (cm?) 190.95 (102.66) 187.70 (71.15) <0.001
Muscle tissue lean (%) 58.90 (7.34) 64.55 (8.70) <0.001
Appendicular lean mass index (kg/m?) 7.08 (1.44) 7.63 (1.47) 0.009
Low muscle mass, 7 (%) ?
2
zg:g ig;i ?gi err?en 12 (12.1) 3 (8.1) 0.0345
Overall physical activity (MET-min/wk) b¢ 978.80 (1158.15) 1763.40 (1694.69)  <0.001
Physical activity levels, 7 (%) ¢
Light-intensity activity 53 (65.2) 35 (86.1)
Moderate-intensity activity 40 (41.7) 39 (40.2) <0.001
Vigorous-intensity activity 3(38.1) 23 (23.7)
Grip strength (kg) 27.30 (10.50) 32.70 (10.0) <0.001
Low muscle strength, 7 (%) ¢
<18 kgfor women 17 (17.5) 2 (2.0) <0.001

<28 kg for men
Leg extension 1RM (kg) 72.73 (34.34) 93.45 (83.87) <0.001
Table 1. Clinical characteristics of the study participants

Data are mean (SD). Two-tailed Student’s t tests for two samples of equal variance were performed between
control and long-COVID-19 syndrome groups. The chi-square test was performed for sex-variable groups.?
The recent European working group on sarcopenia in older people (EWGSOP) guidelines suggest an
appendicular lean mass index < 6.0 kg/m? in women and appendicular lean mass index < 7.0 kg/m?in men
as diagnostic cut-oft values to define low muscle mass. » Data from 96 participants. ¢ The short, self-
administered International Physical Activity Questionnaire (IPAQ) was used to assess overall physical
activity. The short form records four types of physical activity: vigorous activity such as aerobics; moderate-
intensity activity such as leisure cycling; walking, and sitting, in the last seven days. ¢ Responses were
converted to Metabolic Equivalent Task minutes per week (MET-min/wk) according to the IPAQ scoring
protocol: total minutes over last seven days spent on vigorous activity, moderate-intensity activity, and
walking (light-intensity activity) were multiplied by 8.0, 4.0, and 3.8, respectively, to create MET scores for
each activity level. MET scores across the three sub-components were summed to indicate overall physical
activity. ¢ Low muscle strength was defined as grip strength <18 kg in women and <28 kg in men,
according to EWGSOP guidelines.
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CONCLUSION Our data thus suggest that the evident reduced upper and
lower muscle mass is a putative cause of—or contributor to—the functional
Maximal strength (isometric-dynamic) limitation of patients with long-COVID-19 syndrome.
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