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Research on risk factors for severe/critical COVID-19

SUN Ruiwen, JIANG Dongfeng, SUN Yuhan, ZHAO Jingjing, WU Jing, JIN Jialin
Department of Infectious Diseases s Huashan Hospital s Fudan University s Shanghai 200040 , China

Abstract: Predicting the risk of progression to severe/critical coronavirus disease 2019(COVID-19) is crucial
for optimizing clinical interventions and healthcare resource allocation. This retrospective study analyzed
clinical data from 305 hospitalized COVID-19 patients admitted to Huashan Hospital between December
2022 and January 2023, aiming to identify risk factors and evaluate the predictive performance of a
multifactorial model for classifying patients into severe/critical categories. Demographic characteristics,
comorbidities, and laboratory parameters (including inflammatory markers, coagulation profiles, and
cardiac biomarkers) were collected, with disease severity classified according to the Diagnosis and Treatment
Protocol for Novel Coronavirus Infection (Trial Version 10). Multivariable logistic regression revealed that
advanced age, decreased lymphocyte count, reduced hemoglobin levels, and elevated levels of C-reactive
protein (CRP), interleukin-6 (IL-6), D-dimer, and brain natriuretic peptide (BNP) were independent risk
factors for severe/critical classification. A combined predictive model incorporating these indicators
achieved an area under the curve (AUC) of 0. 748, which significantly outperformed individual predictors

(AUC range: 0.625-0.681). The findings suggest that integrating age, inflammatory response, coagulation
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dysfunction, and cardiac injury biomarkers can effectively identify high-risk COVID-19 patients, providing

a scientific foundation for early stratified management,

precision treatment, and public health

policymaking. This study also contributes evidence-based insights for addressing future emerging infectious

discase outbreaks.

Keywords: Covid-19; Severe cases; Critical cases; Risk factors; Predictive model; Clinical characteristics;

Multivariate analysis
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Tab. 1 Clinical characteristics of patients with different severity levels

Group Mild Moderate Severe Critical Total
Number 25 170 59 51 305
Agely, M(Q1, 03] 66 (55, 74) 74 (65, 81D 77 (68, 83) 81 (71, 88) 75 (65, 82)
Female [n (%) ] 9 (36) 74 (43.5) 24 (40.7) 15(29.4) 122 (40)
Hypertension [ n (%) ] 2(8) 79 (46.5) 36 (61) 26 (51) 143 (46.8)
Diabetes [n (%) ] 1) 55(32.4) 18 (30.5) 11 (21.6) 85(27.9)
Tumor history [n (%) ] 4(16) 6(3.5) 0 1(2) 11(3.6)
Digestive diseases [ n (%) ] 5(20) 13(7.6) 2(3.4) 2(3.9 22(7.2)
Urinary disease[ n (%) ] 2(8) 25(14.7) 11 (18.6) 13 (25.5) 51(16.7)
Hematologic diseases [ (%) ] 00 21.2) 0(0) 1(2.00 3(0.98)
Rheumatic diseases[ n (%) ] 14.0) 1(0.6) 0 0 2(0.66)
Hospital Stay [d, M(Q1, 03)] 7 (5, 15, 25) 7(5, 12) 10 (7, 13) 13 (6, 17) 8(5, 13)
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Tab, 2 Comparison of clinical characteristics between mild/moderate and severe/critical COVID-19 patients

Clinical feature Mild/Moderate (n =195) Severe/Critical (n=110) Statistic P-value
Age (y) 72(63, 81) 78(71, 85) W=7 666 <<0.000 1
Female [1n (%) ] 83(42.6) 39(35.5) X*=1.199 7 0.273
WBC(x10°/L) 5.46(3.88, 7.78) 5.63(4.53, 8.1D) W=7556.5 0.565
Lymphocyte( X 10° /L) 0.92(0.65, 1.3D 0.67(0.45, 1.00) W =13 390 <0.000 1
Hemoglobin (g/L) 116(65, 13D 94(13, 12D W =130 30 0.000 3
Platelet ( X109/L) 199(194.8, 246.5) 196(151.5, 250.5) W =10 589 0.772
CRP (mg/L) 20.74(6.66, 70.94) 59.09(26.88, 124.27) W =6 589.5 <<0.000 1
PCT (ng/mL) 0.05¢0.00, 0.09 0.10€0.06, 0.65) W =5 756 <C0.000 1
IL-6 (ng/L) 9.12(3.91, 25.8) 22.8(6.83, 84.9) W =6 453 <<0.000 1
D-Dimer (mg/L) 0.75(0.38, 1.72) 1.43(0.74, 3.45) W=7141 <<0.000 1
Ferritin (ng/mL) 592.0(382.0, 853.5) 581.0(406.2, 1086.5) W=2137.5 0.324
BNP (pg/mL) 226.2(108.1, 672.0) 505.9(190.6, 1503.5) W=7021.5 <<0.000 1
Creatinine (pmol/L) 80.0(64.0, 100.25) 78(65, 97) W=10 192 0.875
AST (U/L) 25017, 36.5) 20.95(20.0, 50.75) W =6 952 0.004
ALT(U/L) 2717, 43) 25016, 37) W=6977.5 0.351
TE : BRAFRAR I TR VORI L L8 (4 4280 [M (Q1. 03 TR,
x3 ZLTESWHHEM COVID-19 BEEFLXAEE/BEEMNEER
Tab.3 Multivariate analysis of factors influencing the classification of COVID-19 patients as severe/ critical
Variable Estimate Std. Error z-value P-value
Intercept —2.286 622 2 0.943 5 —2.423 0.015
Age 0.029 6 0.011 2 2.637 0.008
Lymphocyte count —0.559 3 0.313 4 —-1.784 0.074
Hemoglobin =0.007 2 0.002 5 —2.876 0.004
CRP 0.004 5 0.002 1 2.168 0.030
IL-6 0.001 7 0.001 7 1.026 0.304
D-dimer 0.055 4 0.034 2 1.617 0.106
BNP 0.000 1 0.000 1 1.467 0.142
#x4 AEIEESE COVID-19 EEHNTELH
Tab. 4 Prognosis distribution by clinical classification of COVID-19 patients
Clinical classification =~ Number of cases Improvement Cure Deterioration Death
[n(%)] [n(%)] [(n(%)] [n(%)]
Mild 25 20(80.0) 5(20.0) 0O 00
Moderate 170 142 (83.5) 2514.7) 2(1.2) 1(0.6)
Severe 59 40 (67.8) 12(20.3) 5(8.5) 2@3.4)
Critical 51 18(35.3) 8(15.7) 9(17.6) 16 (31.4)
Total 305 220(72.D 50(16.4) 16 (5.2) 19(6.2)
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A: 4E#E (age) s B: x4l AK (brain natriuretic peptide, BNP) ; C: C X ¥ % I (C-reactive protein. CRP); D: D- "3 {k (D-dimer) ; E: Ifil 1. 7
(hemoglobin) ; F: A #liffi /2 -6 (interleukin-6, IL-6);G: Ifil kX 48 34X (lymphocytes, Lym) ; H: 7 W& RIE4 T (seven risk factors) ,
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Fig. 1 Relationship between different risk factors and the severity of COVID-19
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