
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Sun et al. BMC Infectious Diseases          (2024) 24:842 
https://doi.org/10.1186/s12879-024-09621-5

BMC Infectious Diseases

†Xiaoxiao Sun, Hui Zhang are co-first authors.

*Correspondence:
Lize Xiong
makxlz@126.com
Cheng Li
chengli_2017@tongji.edu.cn
1Department of Critical Care Medicine, Shanghai Key Laboratory of 
Anesthesiology and Brain Functional Modulation, Clinical Research 
Center for Anesthesiology and Perioperative Medicine, Translational 

Research Institute of Brain and Brain-Like Intelligence, Shanghai Fourth 
People’s Hospital, School of Medicine, Tongji University, No. 1279, Sanmen 
Road, Hongkou District, Shanghai 200434, China
2Department of Anesthesiology and Perioperative Medicine, Shanghai 
Key Laboratory of Anesthesiology and Brain Functional Modulation, 
Clinical Research Center for Anesthesiology and Perioperative Medicine, 
Translational Research Institute of Brain and Brain-Like Intelligence, 
Shanghai Fourth People’s Hospital, School of Medicine, Tongji University, 
Shanghai 200434, China

Abstract
Aim This study aimed to discover risk factors for death in patients with critical COVID-19 infection in order to identify 
patients with a higher risk of death at an early stage.

Methods We retrospectively analyzed the clinical data of patients with critical COVID-19 infection from April 2022 
to June 2022. Data were collected from the electronic medical records. Propensity matching scores were used to 
reduce the effect of confounding factors, such as patient baseline variables. Independent risk factors affecting patient 
prognosis were assessed using univariate logistic regression and multivariate logistic regression analysis. Restricted 
cubic spline curves were used to assess the relationship between independent and dependent variables.

Results The data of 132 patients with critical COVID-19 infection were included in the study. Of the 132 patients, 
79 survived and 53 died. Among laboratory indicators, patients who died had higher proportions of abnormalities 
in procalcitonin, aspartate aminotransferase (AST), creatinine, cardiac troponin I, and myoglobin. Univariate and 
multivariate logistic regression analyses suggested that abnormal AST (OR = 4.98, P = 0.02), creatinine (OR = 7.93, 
P = 0.021), and myoglobin (OR = 103.08, P = 0.002) were independent risk factors for death. After correction for AST 
and creatinine, a linear relationship between myoglobin and risk of death in patients was found using restricted cubic 
splines.

Conclusion High myoglobin level is an independent risk factor for death and is therefore a prognostic marker in 
elderly patients with severe COVID-19 infection.
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Introduction
In the spring of 2022, the city of Shanghai experienced 
an outbreak of coronavirus disease (COVID-19), with 
the prevalent variant of the severe acute respiratory syn-
drome coronavirus 2 being the Omicron BA.2 (Omicron 
BA.2) strain. Recently, the COVID-19 has appeared fre-
quently even if there was possibly mutation. Patients with 
COVID-19 have a wide range of clinical presentations 
[1], with 81% being mild; 14%, severe; and 5%, critical 
(respiratory failure, infectious shock, and/or multi-organ 
dysfunction) infections. A study of 20,133 patients hospi-
talized for COVID-19 infection in the United Kingdom 
[2] reported that 17.1% were admitted to the intensive 
care unit (ICU). According to the data, the overall in-
hospital mortality rate for COVID-19 was approximately 
15–20%. However, it was as high as 40% in patients with 
infections requiring ICU admission and more than 89% 
in patients aged 60–80 years hospitalized with infections 
[3].

Previous findings suggest that [4] elevated D-dimer, 
CK-MB, cardiac troponin I (cTnI), and C-reactive protein 
(CRP) levels increase the risk of death in patients with 
COVID-19 pneumonia. Abnormal D-dimer, cTnI and 
CRP levels in patients on admission, glomerular filtration 
rate, lactate dehydrogenase, CRP, neutrophil count, lym-
phocyte count, and monocyte count are also confound-
ing factors. The risk of death in critically ill patients with 
COVID-19 infection can be predicted to some extent [5–
8]. Several studies have focused on risk factors for disease 
severity or risk factors for death in patients with COVID-
19 infection. Because patients with critical COVID-19 
infection have a high mortality rate, it is important to 
stratify the risk of death in this population to allow the 
early identification of patients with a higher risk of death 
in order to ensure different patients can receive different 
medical treatments and medical resources can be allo-
cated more rationally. This study aimed to analyze the 
clinical characteristics of patients with critical COVID-
19 infection who died or survived, as well as investigate 
the risk factors for death in order to identifying the death 
risk of patients.

Patients and methods
Patients
This study retrospectively analyzed the clinical data of 
patients with the critical type of COVID-19 infection who 
were hospitalized in the ICU of Shanghai Fourth People’s 
Hospital, Tongji University, from April 2022 to June 2022. 
The study was reviewed and approved by the Biomedi-
cal Ethics Committee of the Fourth People’s Hospital of 
Shanghai (Review and Approval No: SYLL2023082). Par-
ticipant data were collected from the electronic medi-
cal record system, including (1) general data: sex, age; 
(2) clinical admission data: underlying disease, referral, 

vaccination status, days of hospitalization, prognosis; (3) 
laboratory markers within 48  h of ICU admission: rou-
tine blood count, liver and kidney function, myocardial 
markers, coagulation function, inflammatory indices, 
inflammatory factors, etc.

Patients were recruited in the analysis based on the 
following inclusion and exclusion criteria. The inclusion 
criteria comprised meeting the diagnostic criteria of the 
“Diagnostic Protocol for Novel Coronavirus Pneumonia 
(Trial 10th Edition)” issued by the National Health and 
Wellness Commission and admitted to the ICU. More-
over, those who met any of the following diagnostic 
criteria were considered to have critical COVID-19 infec-
tion: (1) respiratory failure requiring mechanical ventila-
tion, (2) shock, (3) organ failure requiring intensive care 
monitoring, and (4) age ≥ 18 years. The exclusion crite-
ria included (1) family members who voluntarily signed 
a consent form to withhold active resuscitation or other 
serious underlying diseases that led to death; (2) preg-
nant women or patients during pregnancy; (3) non-criti-
cal COVID-19 infection; and (4) ineligibility for inclusion 
in the study for various reasons in the opinion of the 
investigator.

Statistical procedures
Normally distributed continuous variables are expressed 
as mean ± standard deviation and were analyzed using 
Student’s t-test. Non-normally distributed continuous 
variables are expressed as median (interquartile range) 
and were analyzed using the Mann–Whitney U test. 
Categorical variables are expressed as percentages and 
were analyzed with the χ2 test. Propensity score match-
ing was used to reduce the effect of confounding factors, 
such as patient baseline variables. Independent risk fac-
tors affecting patient prognosis were assessed using uni-
variate and multivariate logistic regression. Restricted 
cubic spline curves were used to assess the relationship 
between independent and dependent variables. P < 0.05 
was considered a significant difference. Data analysis was 
performed in R 4.2.2 (R Foundation for Statistical Com-
puting, Vienna, Austria). Propensity matching scores 
were analyzed using the MatchIt package and logistic 
regression analysis. Restricted cubic spline curves were 
performed using the rms package.

Results
Data were collected from 137 critically ill COVID-19 
patients, of which 84 survived and 53 died. However, the 
majority of patients were over the age of 60. In order to 
reduce the effect of age on the prognosis of the patients, 
we excluded cases with an age of less than 60 years. Con-
sequently, 132 patients were ultimately included in the 
study, of which 79 survived and 53 died. To ensure the 
test indicators were within the normal reference range, 
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the reference values were divided into normal and abnor-
mal values. The baseline information is shown in Table 1, 
and the laboratory test parameters are presented in 
Table 2. In the baseline data, the number of cases of previ-
ous hypertension (P = 0.001), diabetes mellitus (P = 0.019), 
and stroke (P = 0.038) was lower in patients in the death 
group than in the survivor group. Among laboratory 
parameters, patients in the death group had more abnor-
malities in procalcitonin (dead vs. alive: 60.4%/34.2%, 
P = 0.005), AST (dead vs. alive: 69.8%/25.3%, P < 0.001), 
creatinine (dead vs. alive: 86.8%/64.6%, P = 0.008), potas-
sium (dead vs. alive: 34%/6.3%, P < 0.001), and cTnI (dead 
vs. alive: 84. 9%/59.5%, P = 0.003). In addition, myoglobin 
(dead vs. alive: 94.3%/67.1%, P < 0.001), CK-MB (dead 
vs. alive: 52.8%/29.1%, P = 0.01), and PT (dead vs. alive: 
54.7%/35.4%, P = 0.044) levels were proportionally more 
abnormal with significant statistical differences (P < 0.05) 
in the death group than in the surviving group.

To explore the independent factors for outcomes of 
critically infected patients, univariate and multivariate 
logistic regression analyses were applied based on the 
statistical differences variables, such as hypertension, 
diabetes mellitus, apoplexy, procalcitonin, AST, cre-
atinine, potassium, cTnI, myoglobin, CK-MB, and PT. 
The results of the univariate logistic regression analysis 
showed that all selected variables were associated with 
the outcome of patients. Multivariate logistic regression 
analysis showed that apoplexy, procalcitonin, AST, potas-
sium, PT and myoglobin were independent risk factors of 
death in the patients; however, apoplexy was a protective 
factor (Table 3; Fig. 1). The result showed that a signifi-
cant selection bias existed during data collection because 
infected patients with hypertension, diabetes, or apo-
plexy were prone to poor outcomes.

Subsequently, we used matching scores with 1:1 to 
eliminate the effect of the underlying disease and con-
founding factors, such as hypertension, diabetes, and 
apoplexy, to further search for independent risk factors 
for patient prognosis. After eliminating the underlying 
disease, 80 patients were screened during the analysis, 
and no significant difference in underlying disease was 
detected between the two groups (Table  4). The results 
from laboratory indicators suggested that patients in the 
death group, compared to their counterparts in the sur-
viving group, had higher proportions of abnormalities 
in RDW SD (dead vs. alive: 45%/17.5%, P = 0.016), AST 
(dead vs. alive: 70%/20.0%, P < 0.001), creatinine (dead 
vs. alive: 87.5%/62.5%, P = 0.020), kalium (dead vs. alive: 
35.0%/7.5%, P = 0.006), cTnI (dead vs. alive: 87.5%/62.5%, 
P = 0.020), and myoglobin (dead vs. alive: 95.0%/57.5%, 
P < 0.001) (Table 5).

Univariate and multivariate logistic regression anal-
yses suggested that RWD SD (OR = 5.92, P = 0.024), 
AST (OR = 4.98, P = 0.020), creatinine (OR = 7.93, 
P = 0.021), kalium (OR = 13.06, P = 0.022) and myoglobin 
(OR = 103.08, P = 0.002) were independent risk factors 
for death in patients (Table 6; Fig. 2). AST, creatinine and 
myoglobin were identified as independent risk factors 
for patient mortality in multivariate logistic regression 
analyses both before and after PSM. Therefore, after cor-
rection for AST and creatinine, we found that the rela-
tionship between myoglobin and the patient prognosis 
was evaluated using restricted cubic splines, and a linear 
relationship between myoglobin and risk of death. When 
myoglobin was greater than 200 ug/L, the risk of death 
increased in patients with critical COVID-19 infection 
(Fig. 3).

Table 1 The baseline characteristics of collected patients admitted to ICU
Variables Alive (n = 79) Dead (n = 53) P value Variables Alive (n = 79) Dead (n = 53) P value
Age(years) 86[75.0, 90.0] 87.0[76.0,91.0] 0.517 Coronary Disease 0.243
Gender 0.615 Yes 33 (41.8) 16 (30.2)
Male 45 (57.0) 27 (50.9) No 46(58.2) 37 (69.8)
Female 34 (43.0) 26 (49.1) Mental diseases 1.000
Hypertension 0.001* Yes 5(6.3) 3 (5.7)
Yes 64 (81) 27 (50.9) No 74(93.7) 50 (94.3)
No 15 (22.6) 26 (49.1) Vaccination (Dose) 0.663
Diabetes 0.019* 0 74 (93.7) 50 (94.3)
Yes 22 (27.8) 5 (9.4) 1 1 (1.3) 0 (0.0)
No 57 (72.2) 48 (90.6) 2 3 (3.8) 3 (5.7)
Apoplexy 0.038* 3 1 (1.3) 0 (0.0)
Yes 41(51.9) 17 (32.1) Ventilator 0.074
No 38(48.1) 36 (67.9) Yes 16(20.3) 19

(35.8)
No 63(79.7) 34

(64.2)
(* P < 0.05)
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Table 2 The laboratory biomarkers of collected patients admitted to ICU
Variables Alive

(n = 79)
Dead
(n = 53)

P value Variables Alive
(n = 79)

Dead
(n = 53)

P value

WBC(*10^9/L) 0.470 Creatinine(umol/L) 0.007*
3.5–9.5 33(41.8) 18 (44.0) 57–97 28(35.4) 7 (13.2)
< 3.5/>9.5 46(58.2) 35 (66.0) < 57 / >97 51(64.6) 46 (86.8)
RBC(*10^12/L) 0.337 GFR(ml/min/1.73m2) 0.055
4.3–5.8 16 (20.3) 6 (11.3) 90–120 16

(20.3)
5 (7.5)

< 4.3/>5.8 63 (79.7) 47 (88.7) < 90 / >120 63
(79.7)

49 (92.5)

Hb(g/L) 0.464 Kalium(mmol/L) < 0.001*
130–175 11(13.9) 4 (7.5) 3.5–5.5 74 (93.7) 35 (66.0)
< 130/>175 68 (86.1) 49 (92.5) < 3.5 / >5.5 5 (6.3) 18 (34.0)
RDW SD 0.269 Sodium(mmol/L) 0.062
37–50 56(70.9) 31 (58.5) 135–145 51

(64.6)
26 (49.1)

< 37/>50 23 (29.1) 22 (41.5) < 135 / >145 28 (35.4) 27 (50.9)
PLT(*10^9/L) 0.807 cTnI(ng/mL) 0.001*
125–350 56(70.9) 36 (67.9) < 0.028 32

(40.5)
8 (15.1)

< 125/>350 23(29.1) 17 (32.1) > 0.028 47
(59.5)

45 (84.9)

CRP(mg/L) 0.336 Myoglobin(ug/L) 0.002*
≤ 6 5 (6.3) 1 (1.9) 20.56–72.48 26

(32.9)
3 (5.7)

> 6 74(93.7) 52 (98.1) < 20.56/ >72.48 53
(67.1)

50 (94.3)

Procalcitonin(ng/mL) 0.003* CK-MB(U/L) 0.005*
< 0.5 52(65.8) 21 (39.6) ≤ 4.88 56

(70.9)
25 (47.2)

≥ 0.5 27(34.2) 32 (60.4) > 4.88 23 (29.1) 28 (52.8)
IL-6(pg/mL) 1.000 PT(s) 0.044*
≤ 6.6 2 (2.5) 1 (1.9) 9.4–12.5 41

(64.6)
25 (45.3)

> 6.6 77(97.5) 52 (98.1) < 9.4/ >12.5 38 (35.4) 29 (54.7)
ALT(U/L) 0.379 TT(s) 1.000
9–50 63(79.7) 38 (71.7) 13–21 67

(84.8)
47 (86.8)

< 9 / >50 16(20.3) 15 (28.3) < 13/ >21 12 (15.2) 7 (13.2)
AST(U/L) < 0.001 APTT(s) 1.000
15–40 59(74.7) 17 (30.2) 23.5–40.7 67 (84.8) 44 (83.0)
< 15 / >40 20

(25.3)
37 (69.8) < 23.5/ >40.7 12

(15.2)
9 (17.0)

r-GTT(U/L) 0.642 Fibrinogen(mg/dL) 1.000
10–60 65(82.3) 41 (77.4) 2–5 58 (73.4) 40 (75.5)
< 10 / >60 14 (17.7) 12 (22.6) < 2/ >5 21 (26.6) 13 (24.5)
BUN(mmol/L) 0.132 D-Dimer(mg/L) 0.689
3.1-8.0 25

(31.6)
10 (18.9) ≤ 0.5 2 (2.5) 0 (0.0)

< 3.1 / >8.0 54
(68.4)

43 (81.1) > 0.5 77
(97.5)

53 (100.0)

HR(mean(SD)) 94.66(21.63) 98.87(26.42) 0.318 SPO2(mean(SD)) 95.91(5.17) 94.70(7.37) 0.268
T(mean[IQR]) 36.6[36.2, 36.95] 36.6[36.3, 37.1] 0.485
(* P < 0.05)
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Discussion
In this study, we retrospectively collected the data of 137 
patients with critical COVID-19 infection who had been 
admitted to the ICU of the Fourth People’s Hospital of 
Shanghai, Tongji University and met the diagnostic cri-
teria for the critical type of novel coronavirus pneumonia 
(trial version 10). Of the 137 patients, 84 survived and 53 
died, representing a mortality rate of 38.7%, which is sim-
ilar to that reported in the study by Keller et al. (38.4%, 
10,391/27,053) [9]. However, this study presented a lower 
mortality rate than that reported by Wu et al. (60%, 
15/25) [10]. The reason for the higher mortality rate in 
patients on ICU admission compared to patients with-
out ICU treatment (14.8%, 21,216/149,084) [9] may be 
related to the increased severity of the disease.

Several independent risk factors for prognosis in 
patients with COVID-19 infection have been reported. 
However, there have been variations in their results. 
There were founded that age, lactate dehydrogenase, 
interleukin-6, and lymphocyte count were independent 
predictors of patient death and SPO2, lymphocyte count, 
CRP, procalcitonin, and lactate dehydrogenase levels 
at admission were independent risk factors for death in 
critically ill patients with COVID-19 infection and could 
be used as independent prognostic predictors to predict 
clinical prognosis and guide clinical management. [11–
13]. In the study comprising 275 patients diagnosed with 
COVID-19, patients exhibiting a C-reactive protein/albu-
min ratio (CAR) between 1.56 and 11.19 demonstrated 
an eight-fold increased risk of mortality relative to those 
presenting with a CAR below 0.29 [14]. Furthermore, 
PNI has been linked to increased mortality in patients 
with new coronary pneumonia. A lower PNI is associated 

with a higher risk of death [15]. Patients with COVID-
19 were prone to coagulation disorders. Disseminated 
intravascular coagulation (DIC) was a particularly severe 
form of coagulation disorder that was associated with 
high mortality of COVID-19 patients [16]. Previous clini-
cal studies have indicated a correlation between D-dimer 
levels and disease severity in these patients. D-dimer 
might be a meaningful indicator of mortality [17]. Thus, 
as currently available studies on risk factors for death in 
patients with COVID-19 infection have varying results, 
our study focused on the risk factors for death in elder 
critically ill patients to help clinicians identify the risk of 
death at an early stage.

In this study, we revealed that abnormal AST and cre-
atinine levels were independent risk factors for death in 
patients both before and after PSM. This result is con-
sistent with the findings of researches [18, 19] which 
reported that AST and creatinine levels in patients 
with COVID-19 infection at admission were associated 
with disease severity and were independent risk factors 
for adverse outcomes. The findings [20] suggested that 
angiotensin-converting enzyme 2 (ACE2) is ubiquitously 
expressed not only in the lung and small intestine but 
also in the endothelial cells and smooth muscle cells of 
almost all organs. This further suggests that COVID-19 
can mediate invasion through ACE2, leading to infec-
tion and functional damage to multiple organs. The 
organ dysfunction is further exacerbated by the subse-
quent activation of immune responses and cytokine/
inflammatory storm. The hyperactivation of peripheral T 
cells, manifested by an increase in Th17 and high cyto-
toxicity of CD8 + T cells, may partially explain the severe 
organ dysfunction of patients [20]. In addition, the use 

Table 3 Results of univariate and multivariate logistic regression analysis with significantly differential variants between all dead and 
alive patients
Variants Univariate logistic regression multivariate logistic regression

OR (95%CI) P value OR (95%CI) Adj. P value
Hypertension 0.24

(0.11–0.53)
0.00037* 0.34 (0.11-1.00) 0.053

Diabetes 0.27 (0.095–0.77) 0.014* 0.38 (0.09–1.39) 0.161
Apoplexy 0.44

(0.21–0.90)
0.026* 0.35 (0.12–0.94) 0.042*

Procalcitonin 2.90 (1.4-6.00) 0.0034* 2.88 (1.04–8.38) 0.044*
AST 6.80

(3.10–15.00)
< 0.001* 4.48 (1.60-13.59) 0.006*

Creatinine 3.60 (1.40-9.00) 0.0062* 3.16 (0.97–11.39) 0.064
Kalium 7.6

(2.60–22.00)
< 0.001* 7.12 (1.88–32.47) 0.006*

cTnI 3.80 (1.60–9.20) 0.0027* 1.10 (0.32–3.84) 0.879
Myoglobin 8.20

(2.30–29.00)
0.001* 15.88 (2.88-128.01) 0.004*

CK-MB 2.70 (1.30–5.60) 0.0067* 0.73 (0.22–2.27) 0.597
PT 2.20 (1.10–4.50) 0.03* 3.03 (1.09–9.11) 0.039
(* P < 0.05)
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Fig. 1 Logistic regression analysis. A: The outcome of univariate logistic regression analysis. B: The outcome of multivariate logistic regression analysis
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of non-steroidal anti-inflammatory drugs, antivirals, 
antibiotics, and herbal medicines in improving clinical 
symptoms, such as fever, may also cause liver and kidney 
damage.

Furthermore, a positive linear relationship was detected 
between myoglobin levels and the risk of death in patients 
admitted to the ICU in this study. A previous study [21] 
found that myoglobin levels were lower in mildly ill 
patients with COVID-19 infection than in the critically 
ill group; however, no significant differences were iden-
tified. However, there was another research found that 
both gross changes in albumin and myoglobin may early 
disclose COVID-19 fatal outcomes [22]. Zhu et al. found 
that the myoglobin level must exceed the troponin level 
to be an independent predictor of death in patients with 
COVID-19 infection [23]. A clinical study by Professor 
Orhan Al’s team revealed that elevated troponin I levels 
resulting from myocardial injury were a predictor of the 
risk of hospitalised death in COVID-19 patients with-
out prior cardiovascular risk factors [24]. However, 63 
high-quality articles were included in a meta-analysis by 
Ma et al. [25]. They found that elevated myoglobin was 
more common than elevated cTnI in critically ill patients 
with COVID-19 infection. Elevated myoglobin was also 
an independent risk factor for severe illness [Myoglobin, 
OR = 13.75 (10.2–18.54) vs. cTnI, OR = 7.06 (3.94–12.65)] 
and death [Myoglobin, OR = 13.49 (9.30–19.58) vs. cTnI, 
OR = 7.75 (4.40–13.66)] in patients, compared with cTnI. 
Similarly, findings were reported that the serum level of 
myoglobin in the dead group was higher than in the sur-
vival, and an increase in myoglobin was a valuable pre-
dictor of the severity of COVID-19 [26, 27]. The results of 
our study are consistent with the available literature.

Myoglobin is an intracellular iron porphyrin-contain-
ing pigment protein homologous to hemoglobin found 

in the cytoplasm of skeletal and cardiac muscle tissues. 
Myoglobin stores oxygen in muscle and expels it rapidly 
in response to tissue hypoxia. It also participates in the 
process of glucose oxidation, helps myocytes transport 
oxygen to the mitochondria, and facilitates intracellular 
transport of oxygen. Myoglobin has long been consid-
ered a marker of myocardial injury; however, it is sensi-
tive but not specific for cardiac disease [28]. Elevated 
myoglobin levels in critically ill patients with COVID-19 
infection may increase the risk of death for the follow-
ing reasons: first, when COVID-19 infection occurs, viral 
entry into the body’s lung tissue is mediated by ACE2 
receptors, leading to alveolar oxygenation and causing 
hypoxia [29]. This hypoxia-induced non-specific dam-
age to multiple organs results in increased myoglobin. 
Patients with critical illness have a lower oxygenation 
index and more severe hypoxia, and their myoglobin 
levels are correspondingly higher. Second, in addition to 
lung tissue, ACE2 is also distributed in other organs, and 
the virus also induces multiorgan insufficiency through 
ACE2 receptors in organs in the cardiovascular and 
renal systems [30, 31]. The inflammatory storm caused 
by infection will also further damage the organs, result-
ing in increased myoglobin. Third, when an inflamma-
tory storm occurs in a person, myoglobin can be rapidly 
released into the blood in response to inflammatory stim-
uli [32], and the release of large amounts of myoglobin 
into the blood can aggravate renal function damage and, 
in severe cases, renal failure may occur, increasing the 
risk of death in patients. Fourth, De Andrade-Junior et al. 
[33] reported that critically ill patients with COVID-19 
infection are prone to muscle atrophy and impaired mus-
cle function, followed by elevated myoglobin levels. This 
study evaluated independent risk factors affecting the 
prognosis of critically ill patients. The results suggested 

Table 4 The baseline characteristics of patients after PSM
Variables Alive

(n = 40)
Dead
(n = 40)

P value Variables Alive
(n = 40)

Dead
(n = 40)

P value

Age(years) 85.50 [74.50, 89.25] 87.50[76.75, 90.25] 0.353 Coronary Disease 1
Gender 0.500 Yes 15

(37.5)
15
(37.0)

Male 24(60.0) 20(50.0) No 25
(62.5)

25
(62.5)

Female 16 (40.0) 20 (50.0) Mental diseases 0.065
Hypertension 1 Yes 5(7.5) 0 (0)
Yes 27 (67.5) 27 (67.5) No 35(92.5) 40(100)
No 13(32.5) 13(32.5) Vaccination(Dose) 0.504
Diabetes 1 0 37(92.5) 38(95.0)
Yes 5 (12.5) 5 (12.5) 1 1 (2.5) 0 (0.0)
No 35(87.5) 35(87.5) 2 1 (2.5) 2 (5.0)
Apoplexy 1 3 1 (2.5) 0 (0.0)
Yes 16 (40.0) 16 (40.0) Ventilator 0.439
No 24 (60.0) 24 (60.0) Yes 8(20) 12(30)

No 32(80) 28(70)
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Table 5 The laboratory biomarkers of patients after PSM
Variables Alive

(n = 40)
Dead
(n = 40)

P value Variables Alive
(n = 40)

Dead
(n = 40)

P value

WBC(*10^9/L) 0.819 Creatinine(umol/L) 0.020*
3.5–9.5 17 (42.5) 15 (57.5) 57–97 15 (37.5) 5

(12.5)
< 3.5/>9.5 23(57.5) 25(62.5) < 57 / >97 25 (62.5) 35 (87.5)
RBC(*10^12/L) 0.377 GFR(ml/min/1.73m2) 0.069
4.3–5.8 9 (22.5) 5 (12.5) 90–120 10 (25.0) 3

(7.5)
< 4.3/>5.8 31 (77.2) 35 (87.5) < 90 / >120 30 (75.0) 37 (92.5)
Hb(g/L) 0.709 Kalium(mmol/L) 0.006
130–175 5 (12.5) 3 (7.5) 3.5–5.5 37

(92.5)
26 (65.0)

< 130/>175 35 (87.5) 37 (92.5) < 3.5 / >5.5 3
(7.5)

14 (35.0)

RDW SD(fL) 0.016* Sodium(mmol/L) 0.37
37–50 33 (82.5) 22 (55.0) 135–145 24 (60.0) 19

(47.5)
< 37/>50 7 (17.5) 18 (45.0) < 135 / >145 16 (40.0) 21 (52.5)
PLT(*10^9/L) 1.000 cTnI(ng/mL) 0.020*
125–350 27 (67.5) 27 (67.5) < 0.028 15 (37.5) 5

(12.5)
< 125/>350 13 (32.5) 13 (32.5) > 0.028 25 (62.5) 35 (87.5)
CRP(mg/L) 0.608 Myoglobin(ug/L) < 0.001*
≤ 6 3 (7.6) 1 (2.5) 20.56–72.48 17 (42.5) 2

(5.0)
> 6 37 (92.5) 39 (97.5) < 20.56/ >72.48 23 (57.5) 38 (95.0)
Procalcitonin(ng/mL) 0.074 CK-MB(U/L) 0.069
< 0.5 25 (62.5) 16 (40.0) ≤ 4.88 28 (70.0) 19 (47.5)
≥ 0.5 15 (37.5) 24 (60.0) > 4.88 12 (30.0) 21 (52.5)
IL-6(pg/mL) 1.000 PT(s) 0.116
≤ 6.6 2 (5.0) 1 (2.5) 9.4–12.5 26 (65.0) 18

(45.0)
> 6.6 38 (95.0) 39 (97.5) < 9.4/ >12.5 14 (35.0) 22 (55.0)
ALT(U/L) 1.000 TT(s) 1.000
9–50 33 (82.5) 32

(80.0)
13–21 35 (87.5) 36 (90.0)

< 9 / >50 7 (17.5) 8 (20.0) < 13/ >21 5
(12.5)

4
(10.0)

AST(U/L) < 0.001* APTT(s) 0.516
15–40 32 (80.0) 12 (30.0) 23.5–40.7 33 (82.5) 36 (90.0)
< 15 / >40 8 (20.0) 28 (70.0) < 23.5/ >40.7 7

(17.5)
4
(10.0)

r-GTT(U/L) 0.402 Fibrinogen(mg/dL) 0.802
10–60 33 (85.0) 31 (75.0) 2–5 28 (70.0) 30 (75.0)
< 10 / >60 6 (15.0) 10 (25.0) < 2/ >5 12 (30.0) 10 (25.0)
BUN(mmol/L) 0.422 D-Dimer(mg/L) 1.000
3.1-8.0 11 (27.5) 7 (17.5) ≤ 0.5 0 (0.0) 0 (0.0)
< 3.1 / >8.0 29 (72.5) 33 (82.5) >0.5 40 (100.0) 40

(100.0)
HR(mean(SD)) 98.65 (19.16) 99.62 (27.07) 0.853 SPO2(mean(SD)) 94.45 (6.00) 93.12 (7.86) 0.400
T(mean(SD)) 36.82 (0.90) 36.83 (0.69) 0.989
(* P < 0.05)
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that AST, creatinine, and myoglobin are independent risk 
factors for death in patients after eliminating the effect 
of confounding variables by using propensity-matched 
scores. In addition, the risk for death in patients with 
myoglobin higher than 200 ug/L was greater. This find-
ing may help clinicians to quickly determine the possible 

prognosis of patients and take appropriate treatment 
measures in a timely manner.

In conclusion, the results of this study suggest that 
abnormal AST, creatinine, and myoglobin levels were 
independent risk factors for death in patients. This was 
assessed using propensity matching to eliminate the 

Table 6 Results of univariate and multivariate logistic regression analysis with significantly differential variants between dead and alive 
patients after PSM
Variants Univariate logistic regression Multivariate logistic regression

OR (95%CI) P value OR (95%CI) Adj. P value
RDW SD 3.90 (1.40–11.00) 0.010* 5.92 (1.39–32.34) 0.024*
AST 9.30 (3.30–26.00) < 0.001* 4.98 (1.34–20.70) 0.020*
Creatinine 4.20 (1.40–13.00) 0.013* 5.61 (1.51–23.77) 0.021*
Kalium 5.70 (1.90–18.00) 0.006* 13.06 (1.88-174.28) 0.022*
cTnI 4.20 (1.40–13.00) 0.013* 0.13 (0.01–1.02) 0.069
Myoglobin 14.00 (3.00–66.00) < 0.001* 103.08 (8.40–3157.00) 0.002*

Fig. 2 Logistic regression analysis after PSM. A: The outcome of univariate logistic regression analysis after PSM. B: The outcome of multivariate logistic 
regression analysis after PSM
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effect of underlying disease confounders. After correct-
ing for AST and creatinine, a positive linear relationship 
between myoglobin and patient prognosis was detected 
in our analysis. Patients with critical COVID-19 infection 
and high myoglobin levels have a poor prognosis.

It should be noted that the study has certain limita-
tions. Firstly, it is a single-center retrospective study with 
a relatively small sample size. The results need further 
validation. Additionally, the speed of mutation of the 
COVID-19 was rapid. The findings need to be further 
validated. Finally, the results of this study did not indicate 
that the use of ventilators affected the patient outcomes. 
This may be attributed to the relatively small sample size 
or the medical environment at the time of the study.

Conclusion
High myoglobin level is an independent risk factor for 
death and is a prognostic marker in elder patients with 
severe COVID-19 infection. It may facilitate early iden-
tification of the patients who had a high risk of mortal-
ity among those presenting with critical illness, thereby 

enabling more rational and timely deployment of medical 
treatment resources.
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