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Abstract

Objectives: Previous observational studies have revealed a connection between sarcopenia and COVID-19. To evaluate their
causal relationship, we utilized a bidirectional two-sample Mendelian randomization (MR) analysis to study the link of cause and
effect between sarcopenia and COVID-19. Methods: Inverse variance weighting (IVW), MR-Egger, weighted, and weighted
median were used in this research. Then we used the MR Pleiotropy RESidual Sum and Outlier (MR-PRESSO) and MR-Egger
regression methods to estimate the pleiotropy of instrumental variables (IVs), while the outliers were excluded by MR-PRESSO.
Moreover, we used Cochran’s Q statistic to evaluate the heterogeneity among the IVs. And we used leave-one-out sensitivity
analysis to identify the SNPs that significantly affect the outcomes. Finally, the Bonferroni correction was used to correct each
result. Results: The IVW results suggested that faster WP decreased the risk of all types of COVID-19 (COVID-19 infection:
OR = 0.469, 95% CI: 0.326,0.676, P = 4.82E-05; COVID-19 hospitalization: OR = 0.247, 95% CI: 0.122,0.502, P = 1.11E-04;
severe COVID-19: OR = 0.120, 95% CI: 0.046,0.314, P = 1.53E-05). However, there was no causal relationship between ASM,
LH or RH and COVID-19, and WP adjusted for BMI had no significant connection with all types of COVID-19. Furthermore,
no causal association of COVID-19 on sarcopenia was observed in the results of reverse MR analysis. Conclusion: Our
bidirectional two-sample MR study suggests the causal relationship between WP and COVID-19 but it may be caused by the
mediating role of BMI, thus there is no causal association between sarcopenia and COVID-19.
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Abstract:

Objectives: Previous observational studies have revealed a connection between sarcopenia and COVID-19.
To evaluate their causal relationship, we utilized a bidirectional two-sample Mendelian randomization (MR)
analysis to study the link of cause and effect between sarcopenia and COVID-19.

Methods: Inverse variance weighting (IVW), MR-Egger, weighted, and weighted median were used in
this research. Then we used the MR Pleiotropy RESidual Sum and Outlier (MR-PRESSO) and MR-Egger
regression methods to estimate the pleiotropy of instrumental variables (IVs), while the outliers were excluded
by MR-PRESSO. Moreover, we used Cochran’s Q statistic to evaluate the heterogeneity among the IVs. And
we used leave-one-out sensitivity analysis to identify the SNPs that significantly affect the outcomes. Finally,
the Bonferroni correction was used to correct each result.

Results: The IVW results suggested that faster WP decreased the risk of all types of COVID-19 (COVID-19
infection: OR = 0.469, 95% CI: 0.326,0.676, P = 4.82E-05; COVID-19 hospitalization: OR = 0.247, 95% CI:
0.122,0.502, P = 1.11E-04; severe COVID-19: OR = 0.120, 95% CI: 0.046,0.314, P = 1.53E-05). However,
there was no causal relationship between ASM, LH or RH and COVID-19, and WP adjusted for BMI had
no significant connection with all types of COVID-19. Furthermore, no causal association of COVID-19 on
sarcopenia was observed in the results of reverse MR analysis.

Conclusion: Our bidirectional two-sample MR study suggests the causal relationship between WP and
COVID-19 but it may be caused by the mediating role of BMI, thus there is no causal association between
sarcopenia and COVID-19.

Keywords: COVID-19; Sarcopenia; Appendicular lean mass; Hand grip strength; Usual walking pace;
Mendelian randomization.

1 Introduction

Coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), spread rapidly and became a severe global public problem[1]. Currently, the pandemic of
COVID-19 is relatively under control but still caused high morbidity and mortality to the whole society.
As of May 3, 2023, COVID-19 had been reported 765, 222, 932 cases globally and had accounted for
6921614 deaths[2]. The clinical manifestations of COVID-19 patients are various, ranging from mild and
asymptomatic cases to severe cases, including cough, fever, myalgias and headache[3]. Moreover, various
comorbidities, which included interstitial pneumonia, cytopenia, myocarditis, arthralgia, and sarcopenia,
frequently occur in COVID-19 patients[4-11]. While, sarcopenia, the manifestation of skeletal muscles caused
by COVID-19, is attracting extensive attention.

Sarcopenia is a generalized and progressive skeletal muscle disease with loss of muscle mass accelera-
tively, which causes a series of other negative consequences, such as frailty, diminished quality of life and
mortality[12-14]. Sarcopenia is largely attributable to aging, which typically occurs in older-aged people[15].
The European Working Group on Sarcopenia in Older People 2 (EWGSOP 2) showed that the prevalence of
sarcopenia in men is 1.3% and in women is 0.4%[16]. Furthermore, it has been discovered that the systemic
disease that may invoke inflammatory processes can lead to sarcopenia, such as organ failure, malignancy or
COVID-19[17].

Recently, the relationship between sarcopenia and COVID-19 has generated an abundance of discussions.
Sarcopenia was reported to be in connection with the increasing severity and morality of COVID-19[18]. A
few studies suggested that patients infected with COVID-19 had a higher incidence of sarcopenia, which
varies among patients infected with different types of COVID-19[19, 20]. Patients in ICU who had COVID-
19 were inclined to be diagnosed with sarcopenia, compared to other patients hospitalized for COVID-
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19[20, 21]. Moreover, the risk of sarcopenia was higher among the patients after severe or moderate COVID-
19 infection with prolonged length of hospital stay and invasive mechanical ventilation[22]. However, some
studies indicated that sarcopenia was unrelated to mortality of COVID-19[23, 24]. The conclusion about
the relationship between sarcopenia and COVID-19 is inconsistent and the causal effect of sarcopenia on
COVID-19 remains ambiguous.

Moreover, the majority of the above conclusions between sarcopenia and COVID-19 were from observational
studies. Owing to the inherent defects of traditional designs, these observational studies cannot completely
exclude the possibility of confounding factors, which may lead to biased associations and conclusions[25]. In
addition, the randomized controlled trial (RCT) is immoral and impractical to perform due to the severe
negative consequences of COVID-19 and the requirement of abundant human resources and time-consuming
follow-up[26]. Estimating whether there is a link of cause and effect between sarcopenia and COVID-19
is urgently necessary. If the link of causation between sarcopenia and COVID-19 can be clarified, maybe
more novel measures can be conducted to prevent the development of sarcopenia in COVID-19 patients;
meanwhile, the patients with sarcopenia infected with COVID-19 can also get more beneficial care and
treatment.

Under this circumstance, Mendelian randomization (MR) is an advanced study to assess the causal con-
nection between sarcopenia and COVID-19. MR analysis uses genetic variants as instrumental variables
(IVs) of exposures to evaluate the causality of exposure factors and outcomes[27]. Compared to observational
studies, MR analysis can efficiently eliminate confounding factors and identify influencing factors of a certain
outcome[28]; for the reason that genetic variations are assigned at random at conception, the confounding
factors may not affect the connection between genetic variants and outcomes [27]. Furthermore, compared
to RCT, the majority of the open-access data utilized in MR analysis comes from extensive genome-wide
association studies (GWAS)[28], which avoids medical ethical issues and has no use for extensive human
resources but expands its scope and power in statistics.

In the current study, we utilized a bidirectional two-sample MR study to evaluate the causal relationships
of sarcopenia and COVID-19, which may benefit the formulation of strategies to promote the care and
treatment of patients with sarcopenia during the COVID-19 pandemic.

2 Materials and methods

2.1 Study design

In the present study, we utilized two-sample MR studies to evaluate the causal relationship between sarcope-
nia and COVID-19. We chose four measures of sarcopenia, which included appendicular lean mass (ASM),
left-hand grip strength (LH), right-hand grip strength (RH) and usual walking pace (WP). For COVID-19,
we selected COVID-19 infection, COVID-19 hospitalization, severe COVID-19 as measures. Additionally,
that body mass index (BMI) as a confounding factor, IVs of WP adjusted for BMI were used for further
study of the causal connection between COVID-19 and WP.

2.2 Data Sources and single-nucleotide polymorphism (SNP) Selection

2.2.1 GWAS of sarcopenia

Genetic association of four measures of sarcopenia, including ASM, LH, RH and WP, were retrieved from
the IEU[29], which included 450, 243, 461, 026, 461, 089 and 459, 915 participants, respectively (Supplement
Table S1 ). The independent genetic variants of WP adjusted for BMI were retrained from the BMI-adjusted
GWAS, including 450, 967 individuals of European ancestry from the UK Biobank[30]. The corresponding
genetic information of SNPs about 3 different types of COVID-19 infection was reviewed and collected in
the sarcopenia consortium, respectively.

2.2.2 GWAS of COVID-19

We got the data on COVID-19 from the COVID-19 host genetics initiative GWAS (Release 5)[31]. All of
the participants in the data that we chose were from the European population. We evaluated the causal
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connection between 3 different types of COVID-9 and sarcopenia, including COVID-19 infection (total
participants = 1, 683, 768), COVID-19 hospitalization (total participants = 1, 887, 658) and severe COVID-
19 (total participants = 1, 388, 342) (SupplementTable S1 ).

2.2.3 SNP Selection

We screened SNPs that had a strong connection with exposure factors (P < 5×10-8) from the GWAS data of
exposure. We eliminated linkage disequilibrium (LD) between SNPs using a clustering process (R2 < 0.001
and clumping distance = 10, 000 kb) and SNPs having a minor frequency of alleles were removed (MAF <
0.01) to ensure the results were practicable and undisturbed. The SNPs we selected in exposure GWAS were
matched with the GWAS data of outcomes. If SNPs cannot be found in the GWAS data of outcomes, the
proxy SNPs with significant LD (r2> 0.8) were employed. Finally, once the palindrome SNPs were excluded,
the rest of the SNPs were chosen as IVs.

2.3 Statistical analyses

In the current research, we estimated the causal association between sarcopenia (including ASM, LH, RH,
WP and WP adjusted for BMI) and COVID-19 (including COVID-19 infection, COVID-19 hospitalization
and severe COVID-19) using four complementary methods, which included inverse variance weighting (IVW),
MR-Egger, weighted and weighted median. Meanwhile, we evaluated the potential level pleiotropy of IVs using
MR Pleiotropy RESidual Sum and Outlier (MR-PRESSO) and MR-Egger regression[32, 33]. Additionally,
the MR-PRESSO analysis was also used to find abnormal values in IVs[33]. If MR-PRESSO detected a
significant horizontal pleiotropy, it should be removed and then repeat MR-PRESSO and MR-Egger tests
to eliminate the horizontal pleiotropic SNP. After that we detected and quantified the heterogeneity among
IVs utilizing Cochran’s Q statistic[34]. To ensure the accuracy of causal association estimation, SNPs that
significantly affect the outcomes were identified and removed using leave-one-out sensitivity analysis. There
are five measures of sarcopenia (ASM, LH, RH, WP and WP adjusted for BMI) and three measures of
COVID-19 (COVID-19 infection, COVID-19 hospitalization and severe COVID-19) in this study, therefore
the Bonferroni correction was performed to adjust the results andP -value less than 0.0042 (0.05/4*3)
was considered statistically significantly[35, 36]. All statistical analyses were performed using the package
“TwoSampleMR” and “MRPRESSO” in R version 4.1.1.

3 RESULTS

3.1 Instrumental Variables (IVs) selection

3.1.1 IVs of sarcopenia

Following the clumping procedure, 690 SNPs, 157 SNPs, 176 SNPs, and 57 SNPs were shown to be closely
related (P < 5×10-8) to ASM, LH, RH, and WP, respectively, and no LD was screened out. The MAF of
the SNPs aforementioned was at least 0.01.

There were 16 IVs of ASM which were identified as palindromic SNPs in all COVID-19 outcomes and
removed. There were 71 SNPs of ASM which were not present in COVID-19 infection GWAS data, but only
18 of them were substituted by their proxy SNPs. 96 SNPs of ASM were absent in COVID-19 hospitalization
GWAS data while 29 of them were supplanted by their proxy SNPs. In severe COVID-19 GWAS data, 67
SNPs of ASM cannot be found, and 13 SNPs were replaced by proxy SNPs. No proxy SNPs for the rest of
the SNPs can be found in the outcome GWAS data. Ultimately 621 IVs of ASM on COVID-19 infection,
607 IVs of ASM on COVID-19 hospitalization and 620 IVs of ASM on severe COVID-19 were included in
the MR analysis (Supplementary Table S2 ).

As palindromic SNPs were identified, 3 IVs of LH (rs72977282, rs3959716, rs35054365) were removed in all
COVID-19 outcomes. 8 SNPs of LH were not detected in COVID-19 infection GWAS data and 9 SNPs
of LH were not found in both COVID-19 hospitalization and severe COVID-19 GWAS data. While only
5 SNPs (rs112485536, rs13356200, rs113315602, rs56060323, rs8101782) were replaced by their proxy SNPs
(rs67833811, rs10940168, rs60080738, rs10507644, rs7258994), and no proxy SNPs for other SNPs can be
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found. Ultimately 151 IVs of LH on COVID-19 infection and 150 IVs of LH on both COVID-19 hospitalization
and severe COVID-19 were included in the MR analysis (Supplementary Table S3 ).

There were 8 IVs of RH which were identified as palindromic SNPs in all COVID-19 outcomes and removed.
5 SNPs of RH failed to appear in COVID-19 infection GWAS data, and 6 SNPs of RH in both COVID-19
hospitalization and severe COVID-19 GWAS data, respectively. But 2 SNPs of RH (rs13356200, rs113315602)
in all three types of COVID-19 GWAS data were displaced by their proxy SNPs (rs7711053, rs60080738)
and no proxy SNPs for other SNPs can be identified. Ultimately 163 IVs of RH on COVID-19 infection, 161
IVs of RH on COVID-19 hospitalization and 165 IVs of RH on severe COVID-19 were included in the MR
analysis (SupplementaryTable S4 ).

As palindromic SNPs were identified in all COVID-19 outcomes, the IV of WP, rs11881338, was removed.
Ultimately 56 IVs of WP were included in the MR analysis (Supplementary Table S5 ).

3.1.2 IVs of WP adjusted for BMI

Following the clumping procedure, 14 SNPs were shown to be highly related (P < 5×10-8) with WP adjusted
for BMI and no LD were screened out. The MAF of the SNPs aforementioned was at least 0.01. All SNPs
were found in COVID-19 infection, COVID-19 hospitalization, and severe COVID-19 GWAS data, and no
palindromic SNP was found (Supplementary Table S6 ).

3.1.3 IVs of COVID-19

Following the clumping procedure, 7 SNPs, 5 SNPs and 8 SNPs were shown to be highly related (P < 5×10-8)
with COVID-19 infection, COVID-19 hospitalization, and severe COVID-19 respectively, and no LD was
screened out. As palindromic SNPs identified, rs757405, rs12482060 of COVID-19 infection, rs35081325 of
COVID-19 hospitalization and rs35081325 of severe COVID-19 were removed. Ultimately 5 IVs of COVID-19
infection, 2 IVs of COVID-19 hospitalization and 4 IVs of severe COVID-19 were included in the MR analysis
(Supplementary Table S7-S9 ).

3.2 Causal relationship between sarcopenia and COVID-19

3.2.1 ASM on COVID-19

From the IVW results, higher ASM increased the risk to infect COVID-19 (OR = 1.044, 95% CI: 1.001,1.089,
P = 0.044). However, the impact of COVID-19 infection vanished after applying the Bonferroni correction.
No discernible impacts of ASM on COVID-19 hospitalization (OR = 0.970, 95% CI: 0.888,1.060, P = 0.506)
and severe COVID-19 (OR = 0.988, 95% CI: 0.859,1.137, P = 0.867) were observed in the current research
(Figure 1 and Supplementary Table S10 ).

3.2.2 LH on COVID-19

The IVW results suggested that higher LH was strongly linked to a higher probability of developing severe
COVID-19 (OR = 1.733, 95% CI: 1.072,2.802, P = 0.025), but the causal relationship disappeared after
applying the Bonferroni correction. Furthermore, no connections between LH and COVID-19 infection (OR
= 1.147, 95% CI: 0.963,1.365, P = 0.123), as well as COVID-19 hospitalization (OR = 1.147, 95% CI:
0.837,1.573, P = 0.393), were causative (Figure 1 and SupplementaryTable S11 ).

3.2.3 RH on COVID-19

The results revealed that higher RH can increase the probability of severe COVID-19 (OR = 1.620, 95%
CI: 1.009,2.603, P = 0.046), but the impacts faded away after applying Bonferroni correction. Meanwhile,
no discernible impacts of RH on COVID-19 infection (OR = 1.154, 95% CI: 0.985, 1.351, P = 0.076) and
COVID-19 hospitalization were observed in the current research (OR = 1.271, 95% CI: 0.943,1.714, P =
0.115) (Figure 1 and SupplementaryTable S12 ).

3.2.4 WP on COVID-19
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The IVW results indicated that faster WP decreased the risk of all types of COVID-19 (COVID-19 infection:
OR = 0.469, 95% CI: 0.326,0.676,P = 4.82E-05; COVID-19 hospitalization: OR = 0.247, 95% CI: 0.122,0.502,
P = 1.11E-04; severe COVID-19: OR = 0.120, 95% CI: 0.046,0.314, P = 1.53E-05), which persisted after
Bonferroni correction (Figure 1 and Supplementary Table S13 ).

3.2.5 WP adjusted for BMI on COVID-19

The IVW results displayed that there were no causal effects of WP adjusted for BMI on COVID-19 infection
(OR = 0.717, 95% CI: 0.380, 1.351, P = 0.303), COVID-19 hospitalization (OR = 0.367, 95% CI: 0.115,
1.171, P = 0.090) and severe COVID-19 (OR = 0.220, 95% CI: 0.030, 1.627, P= 0.138) (Figure 1 and
Supplementary Table S14 ).

Figure 1: Mendelian randomization (MR) estimate results of sarcopenia on COVID-19.

Abbreviations: ASM: appendicular lean mass; LH: left-hand grip strength; RH: right-hand grip strength;
WP: usual walking pace.

3.2.6 COVID-19 infection on sarcopenia

From the IVW results, COVID-19 infection may decline the occurrence of ASM (OR = 0.970, 95% CI:
0.947,0.993, P = 0.011), but the effect disappeared after applying Bonferroni correction. Moreover, no
connections were present between COVID-19 infection and LH (OR = 1.013, 95% CI: 0.988,1.039, P =
0.311), RH (OR = 1.018, 95% CI: 0.998,1.039, P = 0.073) and WP (OR = 0.987, 95% CI: 0.968,1.006,P =
0.184) (Figure 2 and Supplementary Table S15 ).

3.2.7 COVID-19 hospitalization on sarcopenia

The IVW results suggested that COVID-19 hospitalization was strongly correlated with the enhancive RH
(OR = 1.009, 95% CI: 1.000,1.018,P = 0.039), but the effect vanished after applying Bonferroni correction.
And no discernible impacts of COVID-19 hospitalization on ASM (OR = 0.988, 95% CI: 0.972,1.003, P =
0.124), LH (OR = 0.996, 95% CI: 0.984,1.009, P = 0.589) and WP (OR = 0.990, 95% CI: 0.977,1.002, P =
0.114) were observed (Figure 2 and Supplementary Table S16 ).

3.2.8 Severe COVID-19 on sarcopenia
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According to the IVW results, ASM (OR = 0.990, 95% CI: 0.977,1.003,P = 0.114), LH (OR = 0.998, 95%
CI: 0.991,1.005, P = 0.601), RH (OR = 1.005, 95% CI: 0.999,1.011, P = 0.135) and WP (OR = 0.994, 95%
CI: 0.987,1.001, P = 0.086) did not appear to cause the severe COVID-19 (all P > 0.05) (Figure 2 and
Supplementary Table S17 ).

Figure 2: Mendelian randomization (MR) estimate results of COVID-19 on sarcopenia.

Abbreviations: ASM: appendicular lean mass; LH: left-hand grip strength; RH: right-hand grip strength;
WP: usual walking pace.

3.3 Pleiotropy and Sensitivity Analysis

Heterogeneity was observed among the IVs of ASM on severe COVID-19 (Q = 709.239, P = 0.005), IVs of
LH on COVID-19 infection (Q = 186.904, P = 0.019), IVs of COVID-19 infection on WP (Q = 13.297, P =
0.039), IVs of COVID-19 hospitalization on LH (Q = 10.107, P = 0.039), IVs of COVID-19 hospitalization on
WP (Q = 13.953, P = 0.007), IVs of severe COVID-19 on ASM (Q = 14.177, P = 0.015), and IVs of severe
COVID-19 on WP (Q = 13.665,P = 0.034). SNPs with horizontal pleiotropy were defined as outliers with
the MR-PRESSO global test, of which SupplementaryTables S2-S9 were displayed. Then, after outliers
were removed, the MR-Egger regression and MR-PRESSO global test revealed that the horizontal pleiotropy
between IVs of sarcopenia and COVID-19 were eliminated. And leave-one-out analysis indicated that the
outcomes were not caused by any SNPs. The results of the pleiotropic and sensitivity analysis were shown
in Supplementary Tables S10-S17 .

4 Discussion

In this study, we conducted a bidirectional two-sample MR study to explore the causal association between
sarcopenia (ASM, LH, RH, WP) and COVID-19. After Bonferroni correction, except for WP, there were no
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significant associations observed between ASM, LH or RH and COVID-19. Nevertheless, the causal effect of
WP on COVID-19 disappeared after adjusting for BMI.

According to the IVW results, slow WP was significantly associated with an increased risk of COVID-19
infection. Consistent with our study, a prospective study indicated that the illness of patients with COVID-
19 infection tended to get aggravated more frequently among patients with fatigue and slow WP[37]. The
role of WP in the development of COVID-19 may attribute to the decline in immune function caused by low
physical activity and longtime of bed rest during the COVID-19 pandemic[38]. Research indicated that SARS-
CoV-2 can survive in host cells by evading the host immune mechanism to cause COVID-19 infection[39].
If the immune function of patients with sarcopenia was declined, not only the symptoms of patients may
be aggravated, but also the risk of COVID-19 infection may get increased. Studies found that WP can be
influenced by age and BMI[40, 41]. Considering that the GWAS data stratified by age were not available, and
BMI can reflect physical conditions including age directly or indirectly, we re-analyzed the causal effect of
WP on COVID after adjusting for BMI.

As the results showed, after adjusting by BMI, there was no significant relationship between WP and COVID-
19, suggesting that BMI is involved in the effect of WP on COVID-19. As we all know, WP and COVID-19
were both associated with BMI [42, 43], and the causal association between them may be due to the mediating
role of BMI. An MR study pointed out that genetically predicted higher BMI is significantly linked with an
elevated probability of COVID-19 infection and hospitalization[44]. Another prospective community-based
cohort study found a linear increase in the risk of hospitalization and death caused by severe COVID-19 at
a BMI above 23 kg/m2[45]. Furthermore, some studies found that patients with BMI outside the normal
range are more susceptible to COVID-19[46, 47]. Moreover, it was also revealed that too high or low BMI
usually led to slow WP in patients with COVID-19[42]. It may attribute to the association of adipose tissue
with complement system hyperactivation, chronic inflammation and the presence of other complications[48],
which damage skeletal muscle. Therefore, we speculate that the effect of WP on COVID-19 may be caused
by the role of BMI.

In this study, we failed to figure out the causal effect of ASM, LH or RH on COVID-19. However, a previous
observational study indicated that increased hand grip strength was related to shorter severe COVID-19
inpatient stays[49]. In another retrospective observational study, higher hand grip strength was associated
with lower COVID-19 severity, which acted as the protective factor for severe COVID-19[50]. Additionally,
due to the reduction of muscle mass of the patients with low ASM, the adipose tissue gradually replaced the
muscle fibers[13]. The replacement consumes the adipose tissue, which was suggested to be a probable risk
factor for COVID-19 infection[43], and it may be helpful to decrease the prevalence of COVID-19. Due to
the studies above almost observational studies, the conclusions cannot completely exclude the possibility of
confounding factors, which led to the inconsistency.

Furthermore, the reverse MR study showed that there was no connection between COVID-19 and sarcopenia,
which differs from the results of others. In a cross-sectional study, it has been proposed that patients with
COVID-19 had lower mean hand grip strength values[51]. It may attribute to the strong injurious stimulation
of acute severe inflammation caused by COVID-19 infection[38]. Among the various harmful effects of
inflammation, the increased concentration of c-reactive protein (CRP), TNF-alpha and IL-6 have been the
strongest connection with the reduction of skeletal muscle fibers[52]; and the high level of inflammatory
factors may impact the acute changes of the amount, structure and function of skeletal muscles[53], which
causes sarcopenia. The results in this study differed from previous studies possibly because these studies
were cross-sectional studies, which only found the short-term, reversible and non-pathogenic effects resulting
from fatigue caused by COVID-19, rather than the direct causal relationship.

5 Strengths and limitations

There are some strengths in this study. First of all, we selected four measures of sarcopenia, including
ASM, LH, RH and WP, to explore the association of sarcopenia and COVID-19 in this study. Additionally,
to eliminate the impact of BMI on the association of WP and COVID-19, we used WP adjusted for BMI

8
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to analyze the relationship between WP and COVID-19. However, the GWAS data used in this study all
originated from European ancestry, thus it exists a racial heterogeneity and cannot be extrapolated to other
races. Furthermore, because the GWAS data was not available, we only adjusted for WP by BMI, but not
by other factors, such as age, resulting in limited interpretation of the results.

6 Conclusions

In conclusion, the present study points out the causal relationship between WP and COVID-19 but it may be
caused by the mediating role of BMI, thus there is no causal association between sarcopenia and COVID-19.
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3. Polatoğlu, I., et al., COVID-19 in early 2023: Structure, replication mechanism, variants of SARS-CoV-2,
diagnostic tests, and vaccine & drug development studies. MedComm (2020), 2023.4 (2): p. e228.

4. Agbuduwe, C. and S. Basu, Haematological manifestations of COVID-19: From cytopenia to coagulopathy.
Eur J Haematol, 2020.105 (5): p. 540-546.

5. Castiello, T., et al., COVID-19 and myocarditis: a systematic review and overview of current challenges.
Heart Fail Rev, 2022.27 (1): p. 251-261.

6. Erdinc, B., S. Sahni, and V. Gotlieb, Hematological manifestations and complications of COVID-19. Adv
Clin Exp Med, 2021.30 (1): p. 101-107.

7. Myall, K.J., et al., Persistent Post-COVID-19 Interstitial Lung Disease. An Observational Study of
Corticosteroid Treatment. Ann Am Thorac Soc, 2021. 18 (5): p. 799-806.

8. Sawalha, K., et al., Systematic Review of COVID-19 Related Myocarditis: Insights on Management and
Outcome. Cardiovasc Revasc Med, 2021. 23 : p. 107-113.

9



P
os

te
d

on
6

Ju
n

20
23

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

68
60

64
07

.7
34

03
62

1/
v1

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

9. Taha, S.I., et al., Post-COVID-19 arthritis: is it hyperinflammation or autoimmunity? Eur Cytokine
Netw, 2021.32 (4): p. 83-88.

10. Tang, K.T., B.C. Hsu, and D.Y. Chen, Autoimmune and Rheumatic Manifestations Associated With
COVID-19 in Adults: An Updated Systematic Review. Front Immunol, 2021. 12 : p. 645013.

11. Valenzuela, C., G. Waterer, and G. Raghu, Interstitial lung disease before and after COVID-19: a double
threat? Eur Respir J, 2021.58 (6).

12. Cruz-Jentoft, A.J. and A.A. Sayer, Sarcopenia. Lancet, 2019.393 (10191): p. 2636-2646.

13. Dhillon, R.J. and S. Hasni, Pathogenesis and Management of Sarcopenia. Clin Geriatr Med, 2017. 33
(1): p. 17-26.

14. Sieber, C.C., Malnutrition and sarcopenia. Aging Clin Exp Res, 2019. 31 (6): p. 793-798.

15. Papadopoulou, S.K., Sarcopenia: A Contemporary Health Problem among Older Adult Populations.
Nutrients, 2020. 12 (5).

16. Stuck, A.K., et al., Comparing Prevalence of Sarcopenia Using Twelve Sarcopenia Definitions in a Large
Multinational European Population of Community-Dwelling Older Adults. J Nutr Health Aging, 2023. 27
(3): p. 205-212.

17. Cruz-Jentoft, A.J., et al., Sarcopenia: revised European consensus on definition and diagnosis. Age
Ageing, 2019.48 (1): p. 16-31.

18. Siahaan, Y.M.T., et al., Coronavirus disease 2019 (Covid-19) outcomes in patients with sarcopenia: A
meta-analysis and meta-regression. Clin Nutr ESPEN, 2022. 48 : p. 158-166.

19. Xu, Y., et al., Prevalence of Sarcopenia in Patients With COVID-19: A Systematic Review and Meta-
Analysis. Front Nutr, 2022.9 : p. 925606.

20. Yamamoto, S., et al., Clinical Outcomes and Prevalence of Sarcopenia in Patients with Moderate to
Severe COVID-19. J Clin Med, 2022. 11 (21).

21. Levy, D., et al., Long Term Follow-Up of Sarcopenia and Malnutrition after Hospitalization for COVID-
19 in Conventional or Intensive Care Units. Nutrients, 2022. 14 (4).
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