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Objective: The purpose of this study was to identify independent risk factors
affecting patient survival and explore predictors of severe cases of coronavirus
disease 2019 (COVID-19).

Methods: We conducted a retrospective, observational, case—control study on
adult patients with severe COVID-19 who were admitted to affiliated hospitals in
Tianjin between December 18, 2022, and January 31, 2023. We used univariate
and multifactorial logistic regression analyses to analyze demographic
indicators, comorbidity profiles, and laboratory parameters in two groups of
patients (deceased and surviving) to identify independent risk factors for death
in patients with severe COVID-19.

Results: Patientsinthe deceased group were older than thosein the survivalgroup
(p =0.018), and there were more cases of coexisting respiratory insufficiency in
the deceased group (p =0.002). Additionally, laboratory test results for white
blood cell count (WBC) and creatine kinase (CK) showed significantly higher
values in the deceased group (p = 0.047 and p = 0.029, respectively), while arterial
oxygen partial pressure (PAO2) showed significantly lower values compared to
the survival group (p = 0.021). Age, respiratory insufficiency, WBC, (highest WBC
value), CKy (highest CK value), and PAOZ2; (first PAO2 value) had area under curve
(AUC) values of 0.698, 0.838, 0.721, 0.744, and 0.633, respectively.

Conclusion: The main risk factors for mortality in patients with severe COVID-19
that we identified in this study were the advanced age of patients, coexisting
respiratory insufficiency, elevated levels of WBC and CK, and decreased levels of
PAO2. Elevated WBC and CK laboratory parameters, in particular, demonstrated
good predictive value for in-hospital mortality risk.

KEYWORDS

case—control study, mortality, retrospective studies, risk factors, risk prediction
models, severe COVID-19

1 Introduction

COVID-19, caused by the severe acute respiratory syndrome coronavirus type 2 (SARS-
CoV-2) (1), has emerged as a significant public health crisis warranting international concern
(2). This viral outbreak poses a serious threat to global health security with its substantial
morbidity and mortality (3). As of August 2024, the global cumulative number of reported

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2024.1424720&domain=pdf&date_stamp=2024-10-08
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1424720/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1424720/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1424720/full
mailto:liliyin_lily@126.com
https://doi.org/10.3389/fpubh.2024.1424720
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2024.1424720

Wu et al.

COVID-19 cases has exceeded 700 million, with over 7 million deaths.
Although COVID-19 has eased globally, some countries continue to
be severely affected. China successfully contained the virus’s spread
through strict control measures in the early stages of the pandemic
(4-6), but later, the emergence of variants and adjustments in control
strategies led to increases in cases and deaths. As of August 2024,
Chinas cumulative death toll is approaching 120,000. India is one of
the countries most severely impacted by the COVID-19 pandemic.
Since the start of COVID-19, India has reported over 44 million
confirmed cases and nearly 520,000 deaths. In mid-2021, widespread
transmission of the Delta variant led to a rapid worsening of the
situation in India, putting immense pressure on hospitals and medical
resources, and significantly increasing the number of deaths during
the peak of the pandemic. Brazil's COVID-19 situation is similarly
severe, with over 36 million confirmed cases and close to 700,000
deaths. Brazil’s case and death numbers peaked in 2021 and 2022.
Despite its smaller population, Ecuador was also heavily impacted by
the pandemic. Particularly in the early stages, the situation in Ecuador
was extremely severe due to limited medical resources. By 2024,
Ecuador has reported over 30,000 deaths. These data from WHO
reflect the widespread impact of COVID-19 globally and the
differences in how various countries have managed the pandemic.

While the majority of patients experience mild (Upper respiratory
tract infections, such as dry throat, sore throat, cough and fever) or
moderate [Persistent high fever for more than 3 days, cough, shortness
of breath, etc., but respiratory rate (RR) <30 breaths/min and finger
oxygen saturation>93% on air intake at rest. Characteristic
neocoronavirus-infected pneumonia manifestations are seen on
imaging.] symptoms, in a subset of individuals, the condition
progresses rapidly to severe illness with acute respiratory insufficiency,
resulting in a mortality rate of 49%. Early detection and appropriate
supportive treatment play a crucial role in reducing the incidence of
severe cases and in-hospital mortality (7). Apart from its primary
impact on the respiratory system, COVID-19 can also inflict damage
on various other organs. COVID-19 may affect the nervous system
through several pathways, including direct viral invasion, immune-
mediated injury, vascular injury, or systemic inflammation of the
central nervous system, resulting in neurologic symptoms such as
headache, dizziness, confusion, and loss of smell or taste (8).
COVID-19 may cause damage to the liver through direct infection of
liver cells (via ACE2 receptor) or through systemic inflammation and
immune response, manifested by elevated liver enzymes (e.g., ALT,
AST) (9).

Several studies have reported the heightened vulnerability of
individuals with pre-existing chronic conditions such as diabetes,
hypertension, and cardiovascular disease to COVID-19 infection,
with an elevated risk of developing critical illnesses or experiencing
fatal outcomes (10-12).

By the end of 2022, the World Health Organization (WHO) had
identified five “variants of concern”: Alpha (B.1.1.7), Beta (B.1.351),
Gamma (P.1), Delta (B.1.617.2), and Omicron (B.1.1.529) (13). The
Omicron variant that emerged in November 2021 rapidly progressed
to becoming the predominant strain globally by early 2022, exhibiting
significantly heightened transmissibility and immune evasion when
compared to other “variants of concern” (14) With the advent of
Omicron, the rate of viral evolution has accelerated significantly,
giving rise to many new Omicron subvariants. “Variants of Interest”
(VOIs) have specific mutations in the genome that may affect viral
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transmissibility, immune escape ability, disease severity, or diagnostic,
therapeutic, and vaccine efficacy, such as EG.5, BA.2.86, or KP.2.
Currently, BA.2.86 and its progeny, JN.1, predominate and contain
more than 30 additional mutations in the spiking protein compared
to the BA.2 strain (15).

As per Chinese expert consensus (16), Based on the patient’s
clinical presentation, respiratory status, organ function, and laboratory
findings, COVID-19 is classified into mild, moderate, severe, and
critical types (Critical types: one of the following conditions: 1.
Respiratory failure and need for mechanical ventilation; 2. Shock; 3.
Combined with other organ failure requiring ICU supervision and
treatment). Despite a substantial decrease in the proportion of severe
and critical cases relative to the initial stage of the 2019 coronavirus
outbreak (17), COVID-19 persistently remains a critical and life-
threatening disease.

There is limited research on the risk factors for severe outcomes
in Omicron infections. Previous studies have identified various
factors, including gender, age, comorbidities, pro-inflammatory
cytokine interleukin-6 (IL-6), and D-dimer, as indicators for potential
mortality risk factors in patients with severe COVID-19. The specific
predictive significance of these indicators, particularly in severe
Omicron infections, remains unclear. This merits further investigation,
especially considering the constraints of limited medical resources and
medical overcrowding.

In this study, our aim was to comprehensively investigate
demographic factors, comorbidities, laboratory parameters, and
clinical outcomes to identify risk factors associated with mortality.
Unlike previous studies, we not only considered laboratory indicators
upon patients’ initial hospitalization in our analysis but also included
parameters related to the peak of the infection trajectory, which offer
crucial predictive value for early identification of individuals at risk of
severe illness. Consequently, we hope our results provide
comprehensive insights into understanding the epidemiology and
severity of COVID-19, offering a scientific basis for more effective
prevention and control measures.

2 Materials and methods
2.1 Study design and participants

This case—control study involved patients hospitalized with severe
COVID-19 between December 18, 2022, and January 31, 2023, at the
affiliated hospitals in Tianjin, China. The diagnosis of severe
COVID-19 was based on the guidelines provided by the WHO (18)
and the “Treatment protocol for novel coronavirus pneumonia (trial
10th edition)” (16).

Inclusion criteria for the study required patients to meet the
aforementioned diagnostic criteria. Exclusion criteria included
pre-existing pneumonia prior to COVID-19 positivity, severe
psychiatric illness, malignancy, pregnancy, and severe liver and kidney
impairment before the onset of the disease.

During the study period, a total of 1,846 patients were admitted
to the hospital, with 1,602 patients diagnosed with pneumonia.
Among them, 418 patients were identified as having severe COVID-
19. We excluded 28 patients with malignancy, 21 patients with severe
liver and kidney impairment prior to the disease onset, and 13 patients
with significant clinical data deficiencies. Previously diagnosed by
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asking about disease history, laboratory and imaging tests.
We excluded patients with malignant tumors and prior severe liver
and kidney disease to reduce confounding factors and improve the
efficiency and accuracy of the study. Thus, the final study sample
consisted of 356 patients with severe infections. The screening flow
chart of the study population is presented in Figure 1.

The data used in this study were compiled from multiple sources,
including the Advantageous Diseases Health Care Research-based
Database of the affiliated hospitals, the hospital information
management system, and the electronic medical record databases of
the institutions involved in the study. A team of three investigators was
responsible for collecting, reviewing, and verifying all the original
data. In cases where there were missing or inconsistent results, the
original medical records were consulted for clarification. The accuracy
of the information was verified with the treating physician and the
patient’s family. Detailed checks were conducted to resolve any
uncertainties or discrepancies in the records. The study was approved
by the Ethics Committee of the affiliated hospitals in Tianjin (ethical
approval number: TYLL2022[Z]011), and the requirement of
informed consent from the study participants was waived.

2.2 Definitions

We referred to the “Diagnostic and treatment protocol for novel
coronavirus pneumonia (Trial Version 10)” (16), and used the following

10.3389/fpubh.2024.1424720

diagnostic criteria for COVID-19: (1) presence of clinical manifestations
associated with neo-coronavirus infection; and (2) presence of one or
more of the following pathogenic and serological findings: (a) detection
of neo-coronavirus nucleic acid; (b) positive neo-coronavirus antigen
test result; (c) positive neo-coronavirus isolation and culture; or (d) a
fourfold or higher increase in neo-coronavirus-specific IgG antibodies
during the recovery period as compared to the acute period.

The diagnosis of severe COVID-19 was based on the guidelines
provided by the WHO (18). The diagnostic criteria for severe COVID-19
that we used in this study were as follows: (1) presence of shortness of
breath with a respiratory rate of >30 breaths/min. (2) finger oxygen
saturation <93% at rest while breathing ambient air. (3) PaO2/inhaled
oxygen concentration <300 mmHg (1 mmHg=0.133kPa). (4) progressive
worsening of clinical symptoms and CT imaging of the lung showing
significant progression of the lesion (> 50%) within 24 to 48h.

We defined the duration of hospitalization as the period from
admission of the patient into the facility until discharge or death.
The duration of fever was defined as the number of days with fever
from the onset of the patient’s perceived fever to the time
of hospitalization.

2.3 Data collection

2.3.1 Demographic indicators
Age, gender, ethnicity, and place of residence.

Retrospective collection of 1846 patients hospitalized throughout the
hospital from December 18, 2022 to January 31, 2023

1602 patients diagnosed with pneumonia or lung infection in the whole

hospital

418 patients were diagnos

ed with severe pneumonia

Excluded 28 patients with malignant tumors

Excluded 21 patients with severe liver and kidney
impairment before the onset of disease

Exclusion of 13 patients with severe absence of
clinical data

Final inclusion of 356 patients with heavy COVID-19

Final follow-up date is March 31, 2023

A 4

30 patients who eventually died
were divided into death groups

FIGURE 1
Flow chart of screening of the study population.

A 4

326 patients who did not eventually
die were divided into survival groups
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2.3.2 Morbidity

Vital signs, duration of fever, and comorbidities such as respiratory
insufficiency, heart failure, atrial fibrillation, hypertension, coronary
artery disease, and diabetes.

2.3.3 Laboratory indicators

Since patients were tested multiple times, we used data from the
initial laboratory assessments at the time of admission and the most
noteworthy results (either highest or lowest) recorded during
hospitalization based on the significance of the corresponding
indicators. These values were subscripted as F (first value), H (highest
value), or L (lowest value) for the respective indicator. Details are
given in Table 1.

2.3.4 Clinical outcomes

We categorized the clinical outcomes as survival and death. The
outcome events of patients who survived or died at discharge
were recorded.

2.4 Statistical analysis

Continuous variables were represented as the median and
interquartile range (IQR) for skewed distributed data or the
mean *+standard deviation (SD) for normally distributed data.
Categorical variables were represented as numbers and percentages
(%). Means for continuous variables were compared using
independent sample t tests. Medians for continuous variables were
compared using the non-parametric Mann-Whitney U test.
Categorical variables were compared using 2.

Univariable and multivariable logistic regression model analyses
were conducted to assess the odds ratio (OR) and 95% confidence
interval (CI). These analyses aimed to investigate the risk factors
associated with morbidity and mortality in patients with severe
COVID-19.

We used receiver operating characteristic (ROC) curves to
evaluate the predictive value of age, coexisting respiratory insufficiency,
WBC, CK, and PAO?2 indicators for predicting death occurrence in
patients with severe COVID-19. The AUC was compared using the
Delong test. Statistical significance was defined as a p value <0.05.

3 Results
3.1 Demographic indicators

As shown in Table 1, we included a total of 356 patients with
severe COVID-19, with 30 cases in the deceased group and 326
cases in the survival group, resulting in a mortality rate of 8.4%.
Among the 356 patients, there were 237 males (66.57%) and 119
females (33.43%), signifying a predominance of males, with an
incidence rate in males that was approximately twice that of females.

The age of the study subjects ranged from 57 to 94 years, with a
mean age of 79.47 £7.99 years. The mean age in the deceased group
was 82.53+5.95years, while in the survival group, it was
76.40+8.66 years. We found a statistically significant association
between age and clinical outcome (p=0.002, t=3.198), indicating that
older patients with severe COVID-19 had a higher risk of death.
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3.2 Comorbidity

Among patients with severe COVID-19, 81.74% had at least one
underlying disease. Diabetes mellitus was the most prevalent, while
hypertension and coronary artery disease had equal prevalence. In the
deceased group, 19 cases (63.33%) had coronary artery disease, 12
cases (40.00%) had diabetes mellitus, 19 cases (63.33%) had
hypertension, and 9 cases (30.00%) had atrial fibrillation. In the
survival group, 130 cases (39.88%) had coronary artery disease, 185
cases (56.75%) had diabetes mellitus, 130 cases (39.88%) had
hypertension, and 43 cases (13.19%) had atrial fibrillation. However,
the differences in the prevalence of these four diseases between the
two groups were not statistically significant (p>0.05).

In the deceased group, 28 cases (93.33%) had respiratory
insufficiency, and 12 cases (40.00%) had heart failure. In the survival
group, 76 cases (23.31%) had respiratory insufficiency, and 33 cases
(10.12%) had heart failure. We found statistically significant
differences in the prevalence of respiratory insufficiency and heart
failure between the two groups (p <0.001 and p=0.007, respectively).

3.3 Laboratory indicators

Among the blood gas indicators, the deceased and survival groups
differed significantly with respect to PAO2; (p=0.001, Z=—3.376) and
PAO2; (p=0.002, Z=—3.124). However, the arterial partial pressure
of carbon dioxide (PCO2;) and PCO2; did not exhibit
statistical significance.

Among inflammatory markers, differences in WBCy (p=0.019,
Z=-2.336), C-reactive protein (CRPg; p=0.027, Z=—-2.218), CRPy
(p=0.021, Z=-2.316), procalcitonin (PCTy p=0.006, Z=—2.770),
and PCTy (p=0.008, Z=-2.650) were found to be statistically
significant, while differences in WBCp, high-sensitivity C-reactive
protein (hs-CRP), and hs-CRPy; were not statistically significant.

Differences between the groups with respect to renal function
indicators, namely, glomerular filtration rate (GFRy p=0.035,
t=-2.163) and GFR; (p=0.043, t=—2.065), as well as cardiac function
indicators, specifically, B-type natriuretic peptide (BNPg; p=0.012,
Z=-2.510) and BNPy (p=0.023, Z=-2.274), were statistically
significant. These results suggest that cardiac and renal insufficiency
were associated with mortality.

The levels of coagulation markers D-dimer, (p=0.040, Z=—2.055)
and D-dimery (p<0.001, Z=—4.022) differed significantly between
the groups (p<0.05), with higher levels observed in the deceased
group as compared to the survival group. Differences in CKy
(p=0.016, Z=—2.403) exhibited statistical significance, while those in
CKG levels did not. This suggests that skeletal muscle damage occurred
in the later stages of infection and was associated with mortality.
Differences in levels of serum ferritin (SF;), SFy;, albumin (ALB;), and
ALB; were not statistically significant.

3.4 Multivariate logistic regression analysis

Based on the obtained results, we incorporated variables with a
significance level of p<0.1 in a multifactorial logistic regression
analysis, as shown in Table 2. The differences in age of patients were
statistically significant in the comparison between the two groups
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TABLE 1 Statistical analysis of demographic indicators, morbidity, and laboratory indicators.

Indicators \| p value Test statistic

value

Demographic features

Age (years) 356 79.47£7.99 30 82.53+£5.95 326 76.40+8.66 0.002* 3.198*
Sex 356 30 326
Male 237 (66.57%) 20 (66.67%) 217 (66.56%) 1 0.000°
Female 119 (33.43%) 10 (33.33%) 109 (33.44%) 1 0.000°
Days of hospitalization (days) 356 14.0 (14) 30 7.0 (11.0) 326 18.5(11.75) <0.001* —4.506
Symptoms
Fever time (days) 270 7.0 (5.0) 20 4.0 (5.0) 250 7.0 (5.0) 0.015%* —2.444
Comorbidities: (Yes/No) 291
Respiratory insufficiency 104 (29.21%) 30 28 (93.33%) 326 76 (23.31%) <0.001* 30.240°
Heart failure 45 (12.64%) 30 12 (40.00%) 326 33 (10.12%) 0.007* 7.200°
Coronary artery disease 149 (41.85%) 30 19 (63.33%) 326 130 (39.88%) 0.071 3.270°
Atrial fibrillation 52 (14.61%) 30 9 (30.00%) 326 43 (13.19%) 0.117 2.455°
Hypertension 149 (41.85%) 30 19 (63.33%) 326 130 (39.88%) 0.071 3.270°
Diabetes mellitus 197 (55.34%) 30 12 (40.00%) 326 185 (56.75%) 0.196 1.669°

Laboratory examinations

PCO2; 331 38.0 (13.2) 27 34.8 (16.7) 304 39.3 (9.35) 0.101 —1.642
PCO2, mmHg
PCO2y 331 40.9 (13.0) 27 38.2 (26.6) 304 41.5(10.17) 0.266 —1.111
PAO2; 331 68.0 (36.3) 27 56.1(29.0) 304 83.35(33.28) 0.001* —3.376
PAO2, mmHg
PAO2, 331 57.0 (35.1) 27 47.7 (22.2) 304 64.45 (29.4) 0.002* —3.124
SFr 285 475.65 (760.54) 24 484.87 (1260.42) 261 439.4 (437.3) 0.421 —0.805
SE pg/L
SFy 285 488.28 (793.20) 24 599.93 (1260.42) 261 467.40 (437.3) 0.312 —1.011
WBC; 356 7.57 (5.94) 30 8.4(6.72) 326 7.43 (4.9) 0.069 —1.819
WBC, x1079/L
WBCy 356 11.5(7.21) 30 14.26 (13.9) 326 10.89 (4.59) 0.019* —2.336
ALB; 356 30.19£4.69 30 30.14+4.81 326 30.24+4.64 0.935 —0.082*
ALB, g/L
ALB, 356 27.35+4.01 30 26.67 £3.49 326 28.03+4.42 0.191 —1.323*
CKg 356 101.5 (180.5) 30 109.20 (197.23) 326 71.05 (184.47) 0.267 —1.109
CK, U/L
CKy 356 169.7 (360.0) 30 363.50 (724.53) 326 75.1 (212.27) 0.001* —3.364
GFR, ml/min GFR; 355 72.70+£27.43 29 65.08 £28.03 326 80.06+£25.14 0.035* —2.163*
GFR, 355 66.27+31.42 29 57.91+32.64 326 74.35+28.44 0.043* —2.065*
CRP, mg/L CRP; 309 42.63 (98.37) 16 90.30 (134.63) 293 27.35 (65) 0.027* —2.218
CRPy 309 53.11 (133) 16 106.82 (144.21) 293 41.67 (80.97) 0.021%* -2.316
hs-CRP, mg/L hs-CRPy 309 10 (0) 16 10 (0.73) 293 10 (0) 0.919 —0.102
hs-CRPy 309 10 (0) 16 10 (0) 293 10 (0) 0.970 —0.037
PCT, ng/mL PCTy 307 0.08 (0.5) 24 0.18 (1.51) 283 0.05 (0.09) 0.006* —2.770
PCTy 307 0.13 (1.23) 24 0.81 (2.49) 283 0.08 (0.29) 0.008* —2.650
BNP, pg./mL BNP; 302 184.70 (699.6) 30 347.25 (1839.83) 272 93.9 (299.1) 0.012%* —2.510
BNPy 302 311.0 (1197.9) 30 616.15 (2328.15) 272 236.6 (422) 0.023* —2.274
D-dimer, mg/L D-dimery 356 1.63 (3.0) 30 2.29 (3.94) 326 1.31 (1.44) 0.040%* —2.055
D-dimery 356 2.99 (4) 30 4.17 (6.05) 326 1.94 (2.69) 0.016* —2.403

p-values marked with * indicate values less than 0.05. The rest represents the z-value.
‘represents the t-value.
brepresents the Pearson y* value.
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TABLE 2 Univariable and multivariable logistic regression analysis.

10.3389/fpubh.2024.1424720

Indicators Univariate logistic regression Multivariate logistic regression
OR 95% ClI p value OR 95% ClI p value
Age (years) 1.123 1.035-1.218 0.005 12.336 1.528-99.571 0.018
Respiratory insufficiency (Yes/No) 46.000 8.699-243.250 <0.001 24132 7.101-8201.031 0.002
PAO2;, mmHg 0.968 0.944-0.993 0.012 9.842 1.422-68.121 0.021
WBCy, x10A9/L 1.142 1.030-1.266 0.012 9.811 1.034-93.087 0.047
CKy,,U/L 1.002 1.000-1.004 0.026 14.301 1.310-156.118 0.029

OR refers to the ratio, and CI represents the confidence interval. The statistical analysis was adjusted for age, sex, and comorbidities, including respiratory failure, heart failure, coronary artery
disease, atrial fibrillation, hypertension, and diabetes mellitus, as well as laboratory test indices. The adjustments were made to ensure accurate and comprehensive analysis of the data.

(p=0.018, OR: 12.336, 95% CI: 1.528-99.571), indicating that patients
with severe COVID-19 had an increased risk of death as age increased.
For every 10-year increase in age, the risk of death increased
12.336-fold.

The presence of respiratory insufficiency complications also
showed a statistically significant difference between the two groups
(p=0.002, OR: 241.32, 95% CI: 7.101-8201.031), with a higher risk of
death and poorer prognosis observed in infected individuals with
respiratory insufficiency.

When comparing the laboratory test results at the time of
hospitalization, there was a statistically significant difference in PAO2;
levels between the deceased and survival groups (p=0.021, OR: 9.842,
95% CI: 1.422-68.121). PAO2 was lower in the deceased group
compared to the survival group, indicating that lower PAO2 levels
were associated with an increased likelihood of adverse outcomes.
Differences in WBC,; were also significant between the two groups
(p=0.047, OR: 9.811, 95% CI: 1.034-93.087), with higher white blood
cell counts observed in the deceased group. WBC was significantly
associated with poor clinical outcomes.

We found that CK levels were higher in the deceased group
compared to the survival group, with a statistically significant difference
between the two groups, and CKj significantly influenced prognostic
outcomes (p=0.029, OR: 14.301, 95% CI: 1.310-156.118).

Overall, logistic univariate and multifactorial regression analyses
demonstrated that age, coexisting respiratory insufficiency, PAO2,
WBC, and CK levels were significantly associated with poor
clinical outcomes.

3.5 ROC curve analysis

Based on our multifactorial logistic regression analysis,
we included the resulting five indicators in the ROC curve analysis.
Figure 2 and Table 3 present the AUC and their corresponding 95%
confidence intervals for age, coexisting respiratory insufficiency,
WBCy, CKy, and PAO2; as predictors of poor prognosis in patients
hospitalized with severe COVID-19. The AUCs for age, respiratory
insufficiency, WBCy, CKy, and PAO2; were 0.698 (95% CI 0.560-
0.837), 0.838 (95% CI 0.725-0.951), 0.721 (95% CI 0.578-0.864), 0.744
(95% CI0.611-0.877), and 0.633 (95% CI 0.486-0.780), respectively.

Among these indicators, respiratory insufficiency had the highest
predictive value, while WBCy and CKy exhibited high predictive
value. Age and PAO2; showed a lower predictive value for clinical
outcomes in patients hospitalized with severe COVID-19. The optimal
cut-off value for age was determined to be 81.5 years, with a sensitivity
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of 0.6 and a specificity of 0.733. For WBCy, the optimal cut-off value
was 12.53 x 10°/L, with a sensitivity of 0.633 and a specificity of 0.767.
CKy had an optimal cut-off value of 299.35 U/L, with a sensitivity of
0.567 and a specificity of 0.9. The optimal cut-off value for PAO2; was
determined to be 50.35mmHg, with a sensitivity of 0.423 and a
specificity of 0.107.

In summary, coexisting respiratory insufficiency as an underlying
disease and laboratory test results for WBCy; and CKy demonstrated
high predictive value, while age and PAO2; exhibited moderate
predictive value for clinical outcomes in patients hospitalized with
severe COVID-19.

4 Discussion

The overall case-fatality rate has been reported as 2.3% in China
(7), and the mortality rate in Italy is 7.2% (19), and 49.0-61.5% in
critically ill cases (20). In this study, we observed an in-hospital
mortality rate of 8.4% among patients with severe COVID-19, higher
than the overall mortality rate reported for China but significantly
lower than the mortality rate reported for critical cases. Early and
aggressive treatment during the severe stage of COVID-19 can
significantly reduce overall mortality.

Our study also highlights the likelihood of infection and mortality
from severe COVID-19 in males as being approximately twice that of
females. This observation is consistent with previous research (21).
The significant impact of gender on clinical outcomes may
be attributed to the higher prevalence of comorbidities in men
compared to women (22).

We also found that the risk of death in patients with COVID-19
increased by approximately 12-fold with every 10-year increase in
age. This finding is consistent with the results of previous research
(23). One study (24) showed that older patients tend to exhibit
subpleural lesions and are more likely to experience higher disease
severity when compared to younger patients. This may be related to
the following reasons: (1) The prevalence of underlying diseases such
as hypertension, diabetes, and coronary heart disease increases with
age (25). (2) Baseline levels of pro-inflammatory cytokines tend to
be elevated in the older adult, leading to a delayed immune response
to pathogenic threats or tissue damage (26). (3) Older adult patients
exhibit lower immunogenicity and reduced efficacy of novel
coronavirus vaccines compared to other age groups (27).

These findings of our study shed light on the impact of gender and
age on the increased risk of death among patients with COVID-19,
providing valuable insights for early prediction of adverse outcomes.
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FIGURE 2
ROC curves comparing the five aforementioned indicators as predictors of death in patients with hospitalized severe COVID-19. The abbreviations
used are as follows: CK, creatine kinase; PAO2, arterial oxygen partial pressure; and WBC, white blood cell count.

TABLE 3 AUC, p value, 95% Cl and cutoff point for selected indicators.

AUC p value 95% CI Cutoff point Sensitivity Specificity
Age (years) 0.698 0.012 0.560-0.837 81.5 0.6 0.733
Respiratory insufficiency (0/1) 0.838 <0.001 0.725-0.951 1* 0.923 0.75
WBC;; (x10°/L) 0.721 0.005 0.578-0.864 12.53 0.633 0.767
CKy (U/L) 0.744 0.002 0.611-0.877 299.35 0.567 0.9
PAO2; (mmHg) 0.633 0.091 0.486-0.780 50.35 0.423 0.107

The asterisk (*) represents the inclusion of combined respiratory insufficiency in the categorical variables.

One study (20) has shown that patients with underlying diseases
like hypertension, cardiovascular disease, and diabetes have a
significantly higher risk of developing severe COVID-19 and increased
mortality rates compared to those without underlying diseases.
However, we did not observe a significant difference between the two
groups with respect to comorbid conditions. The similar proportions
of hypertension and coronary heart disease in both groups may
be attributed to the high prevalence of these underlying conditions in
the overall population, resulting in no statistical difference.

However, this study revealed a contradictory finding: patients
with comorbid diabetes had a lower mortality rate compared to
non-diabetic patients, which is inconsistent with previous research
(28). One possible explanation for this discrepancy could be the use
of metformin, which has been reported to inhibit the replication of the
SARS-CoV-2 coronavirus (29). The use of metformin in patients with
early COVID-19 may mitigate the risk of severe illness (30).

Our data demonstrated that the concentration of PAO2; was
lower in patients in the deceased group compared to the survival
group. This finding aligns with a recent study (31) and suggests
impaired pulmonary function in fatal cases. Reduced levels of arterial
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oxygen partial pressure, as evidenced in blood gas analysis, can lead
to electrolyte imbalances and hypoxia, thereby increasing the risk of
death in patients with severe COVID-19. Another study reported that
higher mortality rates were linked to more severe lung injuries upon
admission and lower oxygen saturation levels (32).

In our study, we identified a significant association between
respiratory insufficiency and adverse clinical outcomes, which is in
line with previous research (33). A subset of patients with severe
COVID-19 develops life-threatening respiratory insufficiency, acute
respiratory distress syndrome (ARDS), and multi-organ failure (34).
Analysis of chest CT scans indicated that individuals who died had
more extensive lung involvement, providing evidence for the
development of severe disease in these cases (35). Autopsy studies of
patients who succumbed to a severe SARS-CoV-2 infection revealed
diffuse alveolar injury and a high burden of thrombosis in the
pulmonary capillaries (36).

Our analysis revealed elevated levels of WBC, CRP, and PCT
in individuals who succumbed to the disease compared to those
who survived, consistent with prior research (37). It has been
found that patients with severe COVID-19 exhibited higher levels
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of inflammatory cytokines when compared to individuals with
mild to moderate COVID-19, suggesting the involvement of a
“cytokine storm” as a potential causal factor (38). Cytokine release
syndrome has also been implicated in the pathology of COVID-19
(39). In cases where COVID-19-induced lung injury progresses
and necessitates invasive mechanical ventilation, anti-
inflammatory treatment to suppress the cytokine storm is
recommended to mitigate disease progression toward ARDS and
multi-organ failure (40).

However, it is important to note that in this study, we found that
the white blood cell count at admission had limited predictive value,
suggesting that WBC is less sensitive than CRP and PCT in detecting
early-stage inflammation. Additionally, hs-CRP also did not exhibit
predictive value, and this may be likely due to the fact that CRP levels
were already elevated in all severe infections, surpassing the upper
limit of hs-CRP detection.

We observed statistically significant differences between the
two study groups in the laboratory index CKjy. Increased CKy
levels were associated with a higher risk of death in patients,
suggesting that CKy can serve as a prognostic indicator for patients
with severe COVID-19. The author conducted an extensive
literature search and found only a few studies reporting CK as a
predictor. Results of logistic univariate regression analysis in a
previous study (41) identified CK as an indicator of disease
severity, and elevated CK levels at admission were associated with
poor outcomes. However, after adjusting for multifactorial analysis,
the statistical differences were no longer significant. Some studies
have indicated that CK levels decrease with age (42). Nevertheless,
findings from another study highlighted that CK levels increase
with age in patients with COVID-19, potentially due to decreased
ability to cope with stressors and persistent elevation of
pro-inflammatory factors (43).

There are several possible reasons to explain why CK is a risk
factor affecting the prognosis of patients with severe COVID-19: (1)
Cardiac injury is a common complication in patients with COVID-19
and is associated with an increased risk of disease severity. Researchers
have estimated that approximately 23% of confirmed COVID-19
patients exhibit cardiac injury, with 13% displaying elevated CK levels
(20, 44). (2) In patients with severe COVID-19, the intensified anti-
inflammatory process necessitates increased energy consumption by
body tissues, leading to elevated CK levels in the blood (45). (3)
Skeletal muscle damage and rhabdomyolysis are observed in patients
with severe COVID-19, resulting in the release of intracellular
enzymes, such as serum CK, into the bloodstream. Consequently, CK
levels are significantly increased, leading to systemic complications,
including rhabdomyolysis (RM) (46).

Our results indicate that a reduced glomerular filtration rate is
associated with a poor clinical outcome in patients with severe
COVID-19, and this is consistent with previous findings (47). The
glomerular filtration rate serves as a measure of the kidneys’
efficiency in filtering water, toxins, and metabolites, thus providing
valuable insights into kidney function and early detection of kidney
disease. Several studies have demonstrated that underlying chronic
kidney disease is an independent risk factor for mortality, and
severe COVID-19 can negatively impact renal function, leading to
a significant decline in glomerular filtration rate (48-50). Moreover,
conditions associated with reduced glomerular filtration rate, such
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as glomerulonephritis (51) and end-stage renal disease (52), are
more prevalent in patients who do not survive compared to
those who do.

Notably, among patients who died, it was found that a higher
proportion had a history of using renin-angiotensin-aldosterone
system inhibitors. Angiotensin converting enzyme (ACE) 2 receptors,
which serve as a major pathway for novel coronavirus invasion, are
upregulated in patients with severe COVID-19 due to the higher
prevalence of comorbidities such as hypertension, diabetes, and
cardiovascular disease. The increased use of ACE inhibitors or
angiotensin II receptor blockers in these patients may further enhance
the invasion of the novel coronavirus, potentially exacerbating the
progression of the disease (53-55).

The results of our study revealed that there was no significant
difference between the deceased and survival groups in terms of
D-dimer, a crucial parameter. This lack of statistical difference can
be attributed to two factors: First, patients with severe COVID-19 tend
to exhibit higher levels of inflammation, leading to a substantial
increase in D-dimer. Since our study population consisted of patients
with severe COVID-109, it is likely that the increased inflammation
contributed to the significant elevation of D-dimer across the entire
sample. Second, in response to the notable increase in D-dimer levels,
the treating physicians administered anticoagulant drugs to reduce
these levels as much as possible. As a result, D-dimer values decreased
or even returned to normal, thereby eliminating abnormally high
values from the dataset.

Although we did not find a predictive value for D-dimer in this
study, it is important to acknowledge that elevated D-dimer levels are
significantly associated with adverse clinical outcomes in COVID-19
(56). Nevertheless, further investigation is warranted to explore the
relationship between anticoagulation therapy, decreased mortality,
and D-dimer levels.

5 Limitations and future prospects

should
be acknowledged. Firstly, the study population was derived from

The present study has several limitations that
affiliated hospitals in Tianjin, and this potentially constrains the
generalizability of the findings to patients of different races or regions.
Moreover, the sample size of this study is relatively small, and the findings
may be biased in a way that makes it difficult to fully represent a wider
range of situations. Secondly, retrospective studies are susceptible to
confounding biases, including factors such as age, gender, and
comorbidities. Although extensive adjustments were made to account
for potential confounders in our analysis, there may still be unmeasured
confounding variables. Thirdly, due to the nature of retrospective studies,
not all patients underwent comprehensive laboratory testing due to
medical requirements and various complicating factors. Fourthly, all
patients included in this study were confirmed positive through antigen
testing, and nucleic acid sampling was not performed. As a result, some
patients may have been misclassified as infected with SARS-CoV-2 due
to false-positive antigen test results, while others may have been missed
due to false-negative results.

Moreover, we could not undertake a long-term follow-up of
patient survival prognosis as the study’s endpoint was in close
proximity to the analysis. Future research incorporating long-term

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1424720
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wu et al.

follow-up can help uncover potential prognostic indicators.
Additionally, it is important to note that we conducted this study at a
single center, underscoring the necessity for further confirmation of
the identified independent risk factors in other clinical trials.
Therefore, large-scale prospective cohort studies and randomized
controlled trials are warranted to gain a better understanding of the
independent risk factors associated with mortality in patients with
severe COVID-19 infections.

6 Conclusion

In conclusion, for patients with severe COVID-19, we identified
age, respiratory insufficiency, oxygen partial pressure, white blood cell
count, and creatine kinase as significant risk factors for a poor
prognosis. Combining these factors with other investigations, such as
chest CT, can effectively predict mortality in patients with severe
COVID-19 pneumonia.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of First Teaching Hospital of Tianjin University of
Traditional Chinese Medicine (ethical approval number:
TYLL2022[Z]011). The studies were conducted in accordance with
the local legislation and institutional requirements. The requirement
for participants’ written consent was waived by the ethics committee.

References

1. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature. (2020) 579:270-3. doi:
10.1038/s41586-020-2012-7

2. Polack FP, Thomas §J, Kitchin N, Absalon ], Gurtman A, Lockhart S, et al. C4591001
clinical trial group. Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N
Engl ] Med. (2020) 383:2603-15. doi: 10.1056/NEJMo0a2034577

3. Lu H, Stratton CW, Tang YW. Outbreak of pneumonia of unknown etiology in
Wubhan, China: the mystery and the miracle. ] Med Virol. (2020) 92:401-2. doi: 10.1002/
jmv.25678

4. Yao CL, Wei WL, Zhang JQ, Bi QR, Li JY, Khan I, et al. Traditional Chinese
medicines against COVID-19: a global overview. World ] Tradit Chin Med. (2022)
8:279-313. doi: 10.4103/2311-8571.353502

5. Upreti S, Prusty JS, Kumar A, Samant M. Identification of SARS-CoV-2 spike
protein inhibitors from Urtica dioica to develop herbal-based therapeutics against
COVID-19. World ] Tradit Chin Med. (2023) 9:61-70. doi: 10.4103/2311-8571.358784

6. Gao Z, Liu YY, Chen YM, Dong JC. Traditional Chinese medicine pattern
classification and herbal medicine for COVID-19. World J Tradit Chin Med. (2023)
9:81-93. doi: 10.4103/2311-8571.351792

7.Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report of 72
314 cases from the Chinese Center for Disease Control and Prevention. JAMA. (2020)
323:1239-42. doi: 10.1001/jama.2020.2648

8. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic manifestations of
hospitalized patients with coronavirus disease 2019 in Wuhan, China. JAMA Neurol.
(2020) 77:683-90. doi: 10.1001/jamaneurol.2020.1127

Frontiers in Public Health

10.3389/fpubh.2024.1424720

Author contributions

KW: Writing - original draft, Conceptualization. LY: Writing —
review & editing, Formal analysis, Conceptualization. JH: Writing -
original draft, Conceptualization. QC: Writing - review & editing,
Formal analysis. YG: Writing - review & editing, Funding acquisition,
Formal analysis. X]J: Writing - review & editing, Formal analysis, Data
curation. JW: Writing — review & editing, Formal analysis, Data
curation. YC: Writing - review & editing, Formal analysis.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This research
was supported by National Natural Science Foundation of China (No.
82004464); Youth Program of Tianjin Natural Science Foundation
(No. 20JCQNJC00920); China Association of Chinese Medicine
Young Talent Support Project [No. CACM-(2022-QNRC2-A09)].

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

9. Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and challenges.
Lancet Gastroenterol Hepatol. (2020) 5:428-30. doi: 10.1016/52468-1253(20)30057-1

10. The Lancet Infectious Diseases. COVID-19, a pandemic or not? Lancet Infect Dis.
(2020) 20:383. doi: 10.1016/S1473-3099(20)30180-8

11. Kumar A, Arora A, Sharma P, Anikhindi SA, Bansal N, Singla V; et al. Is diabetes
mellitus associated with mortality and severity of COVID-19? A meta-analysis. Diabetes
Metab Syndr. (2020) 14:535-45. doi: 10.1016/j.dsx.2020.04.044

12. Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular implications of
fatal outcomes of patients with coronavirus disease 2019 (COVID-19). JAMA Cardiol.
(2020) 5:811-8. doi: 10.1001/jamacardio.2020.1017

13. Louis G, Belveyre T, Goetz C, Gibot S, Dunand P, Conrad M, et al. Comparison of
SARS-CoV-2 variants of concern alpha (B.1.1.7) vs. Beta (B.1.351) in critically ill
patients: a multicenter cohort study. Front Med (Lausanne). (2022) 9:828402. doi:
10.3389/fmed.2022.828402

14. Sheward DJ, Kim C, Ehling RA, Pankow A, Castro Dopico X, Dyrdak R, et al.
Neutralisation sensitivity of the SARS-CoV-2 omicron (B.1.1.529) variant: a cross-
sectional study. Lancet Infect Dis. (2022) 22:813-20. doi: 10.1016/51473-3099(22)00129-3

15. Tang H, Zhuo Y, Du X, Qin FX, Huang Y. Antigenicity and infectivity of severe
acute respiratory syndrome coronavirus 2 omicron subvariants EG.5.1, XBB.2.3,
FL.1.5.1, and BA.2.86. MedComm. (2020) 5:¢589. doi: 10.1002/mc02.589

16. National Health Commission of the People’s Republic of China. Guideline on
diagnosis and treatment of novel coronavirus pneumonia (interim 10th edition). Infect
Dis Info. (2023) 36:18-25. doi: 10.3969/j.issn.1007-8134.2023.01.02

17. Wong CKH, Au ICH, Lau KTK, Lau EHY, Cowling BJ, Leung GM. Real-world
effectiveness of molnupiravir and nirmatrelvir plus ritonavir against mortality,

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1424720
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1002/jmv.25678
https://doi.org/10.1002/jmv.25678
https://doi.org/10.4103/2311-8571.353502
https://doi.org/10.4103/2311-8571.358784
https://doi.org/10.4103/2311-8571.351792
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1016/S2468-1253(20)30057-1
https://doi.org/10.1016/S1473-3099(20)30180-8
https://doi.org/10.1016/j.dsx.2020.04.044
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.3389/fmed.2022.828402
https://doi.org/10.1016/S1473-3099(22)00129-3
https://doi.org/10.1002/mco2.589
https://doi.org/10.3969/j.issn.1007-8134.2023.01.02

Wu et al.

hospitalisation, and in-hospital outcomes among community-dwelling, ambulatory
patients with confirmed SARS-CoV-2 infection during the omicron wave in Hong Kong:
an observational study. Lancet. (2022) 400:1213-22. doi: 10.1016/S0140-6736(22)01586-0

18. WHO. Criteria for releasing COVID-19 patients from isolation. World Health
Organization: Geneva. (2020). Available from: https://www.who.int/publications/i/item/
criteria-for-releasing-covid-19-patients-fromisolation (accessed on July 17, 2020).

19. Onder G, Rezza G, Brusaferro S. Case-fatality rate and characteristics of patients
dying in relation to COVID-19 in Italy. JAMA. (2020) 323:1775-6. doi: 10.1001/
jama.2020.4683

20. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of
critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered,
retrospective, observational study. Lancet Respir Med. (2020) 8:475-81. doi: 10.1016/
$2213-2600(20)30079-5

21. Wang D, Hu B, Hu C, Zhu E, Liu X, Zhang J, et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA. (2020) 323:1061-9. doi: 10.1001/jama.2020.1585

22. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet. (2020) 395:497-506. doi:
10.1016/S0140-6736(20)30183-5

23. O'Driscoll M, Ribeiro Dos Santos G, Wang L, Cummings DAT, Azman AS, Paireau
J, et al. Age-specific mortality and immunity patterns of SARS-CoV-2. Nature. (2021)
590:140-5. doi: 10.1038/s41586-020-2918-0

24. Okoye C, Finamore P, Bellelli G, Coin A, Del Signore S, Fumagalli S, et al.
Computed tomography findings and prognosis in older COVID-19 patients. BMC
Geriatr. (2022) 22:166. doi: 10.1186/s12877-022-02837-7

25. Singh PK, Singh L, Dubey R, Singh S, Mehrotra R. Socioeconomic determinants
of chronic health diseases among older Indian adults: a nationally representative cross-
sectional multilevel study. BMJ Open. (2019) 9:¢028426. doi: 10.1136/
bmjopen-2018-028426

26.Rea IM, Gibson DS, McGilligan V, McNerlan SE, Alexander HD, Ross OA. Age
and age-related Diseases: role of inflammation triggers and cytokines. Front Immunol.
(2018) 9:586. doi: 10.3389/fimmu.2018.00586

27. McNamara LA, Wiegand RE, Burke RM, Sharma AJ, Sheppard M, Adjemian J,
et al. Estimating the early impact of the US COVID-19 vaccination programme on
COVID-19 cases, emergency department visits, hospital admissions, and deaths among
adults aged 65 years and older: an ecological analysis of national surveillance data.
Lancet. (2022) 399:152-60. doi: 10.1016/S0140-6736(21)02226-1

28. Singh AK, Khunti K. COVID-19 and diabetes. Annu Rev Med. (2022) 73:129-47.
doi: 10.1146/annurev-med-042220-011857

29. Bramante CT, Buse B, Liebovitz DM, Nicklas JM, Puskarich MA, Cohen K, et al.
Outpatient treatment of COVID-19 and incidence of post-COVID-19 condition over
10 months (COVID-OUT): a multicentre, randomised, quadruple-blind, parallel-group,
phase 3 trial. Lancet Infect Dis. (2023) 23:1119-29. doi: 10.1016/S1473-3099(23)00299-2

30. Bramante CT, Huling JD, Tignanelli CJ, Buse JB, Liebovitz DM, Nicklas JM, et al.
Randomized trial of metformin, Ivermectin, and fluvoxamine for Covid-19. N Engl J
Med. (2022) 387:599-610. doi: 10.1056/NEJMo0a2201662

31.Jin M, Lu Z, Zhang X, Wang Y, Wang ], Cai Y, et al. Clinical characteristics and risk
factors of fatal patients with COVID-19: a retrospective cohort study in Wuhan, China.
BMC Infect Dis. (2021) 21:951. doi: 10.1186/s12879-021-06585-8

32. Goicoechea M, Sanchez Cdmara LA, Macias N, Mufioz de Morales A, Rojas AG,
Bascufiana A, et al. COVID-19: clinical course and outcomes of 36 hemodialysis patients
in Spain. Kidney Int. (2020) 98:27-34. doi: 10.1016/j.kint.2020.04.031

33.DuY, TuL, Zhu P, Mu M, Wang R, Yang P, et al. Clinical features of 85 fatal cases
of COVID-19 from Wuhan. A retrospective observational study. Am J Respir Crit Care
Med. (2020) 201:1372-9. doi: 10.1164/rccm.202003-05430C

34. Cao X. COVID-19: immunopathology and its implications for therapy. Nat Rev
Immunol. (2020) 20:269-70. doi: 10.1038/s41577-020-0308-3

35.Wang Z, Yang B, Li Q, Wen L, Zhang R. Clinical features of 69 cases with
coronavirus disease 2019 in Wuhan, China. Clin Infect Dis. (2020) 71:769-77. doi:
10.1093/cid/ciaa272

36. Attaway AH, Scheraga RG, Bhimraj A, Biehl M, Hatipoglu U. Severe covid-19
pneumonia: pathogenesis and clinical management. BMJ. (2021) 372:n436. doi: 10.1136/
bmj.n436

Frontiers in Public Health

10

10.3389/fpubh.2024.1424720

37. Huang H, Zhang M, Chen C, Zhang H, Wei Y, Tian J, et al. Clinical characteristics
of COVID-19 in patients with preexisting ILD: a retrospective study in a single center
in Wuhan, China. ] Med Virol. (2020) 92:2742-50. doi: 10.1002/jmv.26174

38. Zhang C, Wu Z, Li JW, Zhao H, Wang GQ. Cytokine release syndrome in severe
COVID-19: interleukin-6 receptor antagonist tocilizumab may be the key to reduce
mortality. Int ] Antimicrob Agents. (2020) 55:105954. doi: 10.1016/j.
ijantimicag.2020.105954

39. Moore JB, June CH. Cytokine release syndrome in severe COVID-19. Science.
(2020) 368:473-4. doi: 10.1126/science.abb8925

40. Hirano T, Murakami M. COVID-19: a new virus, but a familiar receptor and
cytokine release syndrome. Immunity. (2020) 52:731-3. doi: 10.1016/j.
immuni.2020.04.003

41. Vivan MA, Rigatti B, da Cunha SV, Frison GC, Antoniazzi LQ, de Oliveira PHK,
et al. Pulmonary embolism in patients with COVID-19 and D-dimer diagnostic value:
a retrospective study. Braz J Infect Dis. (2022) 26:102702. doi: 10.1016/j.bjid.2022.102702

42. Guo W, Zhou Q, Jia Y, Xu J. Age- and sex-specific reference intervals for myocardial
enzyme activity in healthy Chinese Han population aged 1~<18 years. Biomed Res Int.
(2019) 2019:2018598. doi: 10.1155/2019/2018598

43. Franceschi C, Bonafé M, Valensin S, Olivieri F, De Luca M, Ottaviani E, et al. An
evolutionary perspective on immunosenescence. Ann N'Y Acad Sci. (2000) 908:244-54.
doi: 10.1111/j.1749-6632.2000.tb06651.x

44. Guan WJ, Zhong NS. Clinical characteristics of Covid-19 in China. Reply N Engl
J Med. (2020) 382:1861-2. doi: 10.1056/NEJMc2005203

45. Neal RC, Ferdinand KC, Ycas J, Miller E. Relationship of ethnic origin, gender, and
age to blood creatine kinase levels. Am J Med. (2009) 122:73-8. doi: 10.1016/j.
amjmed.2008.08.033

46. Li L, Cheng ], Wang M, Xing SH. Rhabdomyolysis with pericardial tamponade and
myocardial hypertrophy in a child:a case report. ] Chongging Medical University. (2023)
48:362-5. doi: 10.13406/j.cnki.cyxb.003034

47. Flythe JE, Assimon MM, Tugman MJ, Chang EH, Gupta S, Shah J, et al. Leaf DE;
STOP-COVID investigators. Characteristics and outcomes of individuals with pre-
existing kidney disease and COVID-19 admitted to intensive care units in the
United States. Am J Kidney Dis. (2021) 77:190-203. doi: 10.1053/j.ajkd.2020.09.003

48. Urazov S, Chernov A, Popov O, Klenkova N, Sushentseva N, Polkovnikova [, et al.
Secretory phospholipase A2 and Interleukin-6 levels as predictive markers of the severity
and outcome of patients with COVID-19 infections. Int ] Mol Sci. (2023) 24:5540. doi:
10.3390/ijms24065540

49. Naicker S, Yang CW, Hwang SJ, Liu BC, Chen JH, Jha V. The novel coronavirus
2019 epidemic and kidneys. Kidney Int. (2020) 97:824-8. doi: 10.1016/j.kint.2020.03.001

50. Caillard S, Chavarot N, Francois H, Matignon M, Greze C, Kamar N, et al. Is
COVID-19 infection more severe in kidney transplant recipients? Am J Transplant.
(2021) 21:1295-303. doi: 10.1111/ajt.16424

51. Waldman M, Soler MJ, Garcia-Carro C, Lightstone L, Turner-Stokes T, Griffith M,
et al. Results from the IRoc-GN international registry of patients with COVID-19 and
glomerular disease suggest close monitoring. Kidney Int. (2021) 99:227-37. doi:
10.1016/j.kint.2020.10.032

52.Tang H, Tu C, Xiong E, Sun X, Tian JB, Dong JW, et al. Risk factors for the
mortality of hemodialysis patients with COVID-19: a multicenter study from the overall
hemodialysis population in Wuhan. Semin Dial. (2022) 35:71-80. doi: 10.1111/sdi.12995

53. Wang H, Ai H, Fu Y, Li Q, Cui R, Ma X, et al. Development of an early warning
model for predicting the death risk of coronavirus disease 2019 based on data
immediately available on admission. Front Med (Lausanne). (2021) 8:699243. doi:
10.3389/fmed.2021.699243

54. Perico L, Benigni A, Casiraghi F, Ng LFP, Renia L, Remuzzi G. Immunity,
endothelial injury and complement-induced coagulopathy in COVID-19. Nat Rev
Nephrol. (2021) 17:46-64. doi: 10.1038/s41581-020-00357-4

55.Sun B, Wang H, Lv J, Pei H, Bai Z. Predictors of mortality in hospitalized
COVID-19 patients complicated with hypotension and hypoxemia: a retrospective
cohort study. Front Med (Lausanne). (2021) 8:753035. doi: 10.3389/fmed.2021.753035

56. Grasselli G, Tonetti T, Protti A, Langer T, Girardis M, Bellani G, et al.
Pathophysiology of COVID-19-associated acute respiratory distress syndrome: a
multicentre prospective observational study. Lancet. Respir Med. (2020) 8:1201-8. doi:
10.1016/52213-2600(20)30370-2

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1424720
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(22)01586-0
https://www.who.int/publications/i/item/criteria-for-releasing-covid-19-patients-fromisolation
https://www.who.int/publications/i/item/criteria-for-releasing-covid-19-patients-fromisolation
https://doi.org/10.1001/jama.2020.4683
https://doi.org/10.1001/jama.2020.4683
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1038/s41586-020-2918-0
https://doi.org/10.1186/s12877-022-02837-7
https://doi.org/10.1136/bmjopen-2018-028426
https://doi.org/10.1136/bmjopen-2018-028426
https://doi.org/10.3389/fimmu.2018.00586
https://doi.org/10.1016/S0140-6736(21)02226-1
https://doi.org/10.1146/annurev-med-042220-011857
https://doi.org/10.1016/S1473-3099(23)00299-2
https://doi.org/10.1056/NEJMoa2201662
https://doi.org/10.1186/s12879-021-06585-8
https://doi.org/10.1016/j.kint.2020.04.031
https://doi.org/10.1164/rccm.202003-0543OC
https://doi.org/10.1038/s41577-020-0308-3
https://doi.org/10.1093/cid/ciaa272
https://doi.org/10.1136/bmj.n436
https://doi.org/10.1136/bmj.n436
https://doi.org/10.1002/jmv.26174
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1126/science.abb8925
https://doi.org/10.1016/j.immuni.2020.04.003
https://doi.org/10.1016/j.immuni.2020.04.003
https://doi.org/10.1016/j.bjid.2022.102702
https://doi.org/10.1155/2019/2018598
https://doi.org/10.1111/j.1749-6632.2000.tb06651.x
https://doi.org/10.1056/NEJMc2005203
https://doi.org/10.1016/j.amjmed.2008.08.033
https://doi.org/10.1016/j.amjmed.2008.08.033
https://doi.org/10.13406/j.cnki.cyxb.003034
https://doi.org/10.1053/j.ajkd.2020.09.003
https://doi.org/10.3390/ijms24065540
https://doi.org/10.1016/j.kint.2020.03.001
https://doi.org/10.1111/ajt.16424
https://doi.org/10.1016/j.kint.2020.10.032
https://doi.org/10.1111/sdi.12995
https://doi.org/10.3389/fmed.2021.699243
https://doi.org/10.1038/s41581-020-00357-4
https://doi.org/10.3389/fmed.2021.753035
https://doi.org/10.1016/S2213-2600(20)30370-2

Wu etal. 10.3389/fpubh.2024.1424720
Glossary

COVID-19 coronavirus disease 2019

WBC White blood cell count

CK Creatine kinase

PAO2 Arterial Oxygen Partial Pressure

AUC area under curve

SARS-CoV-2 severe acute respiratory syndrome coronavirus type 2

WHO World Health Organization

1L-6 Interleukin-6

IQR Interquartile Range

SD Standard Deviation

OR Odds Ratio

CIL Confidence Interval

ROC Receiver Operating Characteristic

PCO2 Arterial Partial Pressure of Carbon Dioxide

SF Serum ferritin

ALB Albumin

GFR Glomerular filtration rate

CRP C-reactive protein

hs-CRP High-sensitivity C-reactive protein

PCT Procalcitonin

BNP B-type natriuretic peptide

D-dimer D-dimer

ARDS Acute Respiratory Distress Syndrome

ACE Angiotensin converting enzyme
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