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s u m m a r y 

Background: An epidemic of Coronavirus Disease 2019 (COVID-19) began in December 2019 and trig- 

gered a Public Health Emergency of International Concern (PHEIC). We aimed to find risk factors for the 

progression of COVID-19 to help reducing the risk of critical illness and death for clinical help. 

Methods: The data of COVID-19 patients until March 20, 2020 were retrieved from four databases. We 

statistically analyzed the risk factors of critical/mortal and non-critical COVID-19 patients with meta- 

analysis. 

Results: Thirteen studies were included in Meta-analysis, including a total number of 3027 patients with 

SARS-CoV-2 infection. Male, older than 65, and smoking were risk factors for disease progression in pa- 

tients with COVID-19 (male: OR = 1.76, 95% CI (1.41, 2.18), P < 0.0 0 0 01; age over 65 years old: OR = 6.06, 

95% CI(3.98, 9.22), P < 0.0 0 0 01; current smoking: OR = 2.51, 95% CI(1.39, 3.32), P = 0.0 0 06). The propor- 

tion of underlying diseases such as hypertension, diabetes, cardiovascular disease, and respiratory disease 

were statistically significant higher in critical/mortal patients compared to the non-critical patients (dia- 

betes: OR = 3.6 8, 95% CI (2.6 8, 5.03), P < 0.0 0 0 01; hypertension: OR = 2.72, 95% CI (1.60,4.64), P = 0.0 0 02; 

cardiovascular disease: OR = 5.19, 95% CI(3.25, 8.29), P < 0.0 0 0 01; respiratory disease: OR = 5.15, 95% 

CI(2.51, 10.57), P < 0.0 0 0 01). Clinical manifestations such as fever, shortness of breath or dyspnea were 

associated with the progression of disease [fever: 0R = 0.56, 95% CI (0.38, 0.82), P = 0.003;shortness of 

breath or dyspnea: 0R = 4.16, 95% CI (3.13, 5.53), P < 0.0 0 0 01]. Laboratory examination such as aspartate 

amino transferase(AST) > 40U/L, creatinine(Cr) ≥ 133mol/L, hypersensitive cardiac troponin I(hs-cTnI) > 

28pg/mL, procalcitonin(PCT) > 0.5ng/mL, lactatede hydrogenase(LDH) > 245U/L, and D-dimer > 0.5mg/L 

predicted the deterioration of disease while white blood cells(WBC) < 4 × 10 9 /L meant a better clinical 

status[AST > 40U/L:OR = 4.00, 95% CI (2.46, 6.52), P < 0.0 0 0 01; Cr ≥ 133 μmol/L: OR = 5.30, 95% CI (2.19, 

12.83), P = 0.0 0 02; hs-cTnI > 28 pg/mL: OR = 43.24, 95% CI (9.92, 188.49), P < 0.0 0 0 01; PCT > 0.5 ng/mL: 

OR = 43.24, 95% CI (9.92, 188.49), P < 0.0 0 0 01;LDH > 245U/L: OR = 43.24, 95% CI (9.92, 188.49), P < 

0.0 0 0 01; D-dimer > 0.5mg/L: OR = 43.24, 95% CI (9.92, 188.49), P < 0.0 0 0 01; WBC < 4 × 10 9 /L: OR = 0.30, 

95% CI (0.17, 0.51), P < 0.0 0 0 01]. 

Conclusion: Male, aged over 65, smoking patients might face a greater risk of developing into the critical 

or mortal condition and the comorbidities such as hypertension, diabetes, cardiovascular disease, and 
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Introduction 

Since December 2019, a cluster of pneumonia have attacked

all human beings. 1 The pathogen was designated as SARS-CoV-2

by the International Committee on Taxonomy of Viruses, and this

pneumonia was named as Coronavirus Disease2019 (COVID-19) by

World Health Organization (WHO). 2 Nowadays, there were more

than one million confirmed cases and over 10 0 0 0 0 deaths occurred

in 208 countries/territories according to the report of WHO until

April 12th, 2020. The rapidly increasing of patients, especially the

critical or mortal patients, brought a big challenge to the public

health. Lai et al. 3 found that mortality was correlated with coun-

try health care resources. However, in many countries, the invasive

ventilator and intensive care unit (ICU) were far from adequate for

the treatment of critical patients. Clinical workers should pay at-

tention to the risk factors of COVID-19 critical disease and death,

identify critical patients early, allocate medical resources rationally

and timely adjust the treatment plan to enhance the efficacy and

reduce the risk of death. In this article, we analyzed the clinical

characteristics of COVID-19 patients with critical/mortal illness and

non-critical illness in 13 literatures with 3027 patients, to identify

the risk factors for COVID-19 patients to develop critical disease or

death, in order to effectively predict the progression of the disease,

make early treatment response and allocate medical resources in a

better way. 

Data and Methods 

Search strategy and selection criteria 

This systematic review and meta-analysis is reported in accor-

dance with the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA)Statement. 

We selected relevant studies published between Jan 1, 2020

and Mar 20, 2020, by searching Pubmed, Embase, Web of Science,

and CNKI. We applied no language restrictions. The search terms

and relative variants were as follows: severe acute respiratory syn-

drome coronavirus 2 OR Wuhan coronavirus OR Wuhan seafood

market pneumonia virus OR COVID-19 OR COVID19 OR coronavirus

disease 2019 virus OR SARS-CoV-2 OR SARS2 OR 2019-nCoV OR

2019 novel coronavirus AND Mortalities OR Mortality OR Fatality

OR Death OR acute respiratory distress syndrome (ARDS) OR ICU.

We also reviewed the references of included articles to guarantee

the comprehensiveness and accuracy of our research. 

The inclusion criterions for the 13 articles are as follows:

(1) groups involving critical illness or death and non-critical

illness; (2) patients should be confirmed to have been infected by

2019 novel coronavirus; (3) study designs included randomized

controlled trials, nonrandomized controlled trials, case-control

studies, cohort studies, cross-sectional studies, and also case

reports; (4) at least one outcome reported among demographical

characteristics, comorbidities, clinical manifestations or laboratory

examinations; (5) study sample was larger than 20. We excluded

duplicate reports, abstracts from conferences and commentary

articles. 

Data Extraction and Quality Assessment 

Data extraction and the evaluation of literature quality were

conducted independently by 2 investigators (Z.Z.H&T.W.L). Mi-
Please cite this article as: Z. Zheng, F. Peng and B. Xu et al., Risk fac

review and meta-analysis, Journal of Infection, https://doi.org/10.1016/j
greatly affect the prognosis of the COVID-19. Clinical manifestation such

r dyspnea and laboratory examination such as WBC, AST, Cr, PCT, LDH,

ly the progression of COVID-19. 

ritish Infection Association. Published by Elsevier Ltd. All rights reserved.

rosoft Excel database was used to record all available informa-

ion, including baseline details, comorbidities, clinical manifesta-

ions and laboratory examinations. Any disagreement was resolved

y another investigator (P.F). The MINORS 4 was used to assess bias

isk. 

tatistical Analysis of Data 

All analyses were performed using Microsoft Excel, State soft-

are version 15.0 and RevMan software version 5.3. The results

f the included studies were performed with fixed-effect models

Mantel–Haenszel method) or random-effect models in cases of

ignificant heterogeneity between studies. We used the I 2 statis-

ics to assess the magnitude of heterogeneity: 25%, 50%, and 75%

epresented low, moderate, and high degrees of heterogeneity, re-

pectively. The chosen of the proper effect model was based on the

nalysis results: the fixed effect model was used if I 2 ≤ 50% and

he random effect model was used if I 2 > 50%. If there was statis-

ical heterogeneity among the results, a further sensitivity analysis

as conducted to determine the source of heterogeneity. After the

ignificant clinical heterogeneity was excluded, the randomized ef-

ects model was used for meta-analysis. P < 0.05 was considered

s statistical significance. 

esults 

esearch Selection and Quality Assessment 

Based on the previous search strategy, 523 studies were

earched from the online database. After deleting duplicate

ecords, a total of 343 records were retained. Then, 311 articles

ere excluded by the titles and abstracts, and 19 of the remain-

ng 32 articles were deleted for various reasons. The last 13 arti-

les were included in the meta-analysis. Finally, a total of 13 stud-

es with 3027 patients were included 

5–17 ( Fig. 1 ).All of the selected

tudies were published in 2020 with different sample patient sizes

hat ranged from 27 to 1099 patients. Clinical outcome was de-

ned as ICU admission in 3 studies, 6 , 8 , 12 refractory in 1 study, 7 

everity in 2 studies, 9 , 11 Sp0 2 < 90%in 1 study, 13 onset of ARDS

n 1 study 14 and death in the remaining investigation. 5 , 10 , 15–17 The

isk of bias and applicability concerns included studies are showed

n Table 1 . Over all, none of the studies was considered to be seri-

usly flawed according to the MINORS assessment. The 13 included

tudies scored between 18 and 21. All studies were considered to

ave a low risk of bias for selection. 

emographical characteristics 

The demographical characteristics of the included studies are

hown in Table 2 . The results from the 13 included studies (with a

otal amount of 3027 patients) showed that the proportion of male

as significant higher in critical/death group compared to the non-

ritical group [male: OR = 1.77, 95% CI (1.43, 2.19), P < 0.0 0 0 01]

 Fig. 2 ). 

The median ages ranged from 49 to 70.5 years old in the crit-

cal/mortal group across the enrolled studies. The median ages

anged from 37 to 62 years old in the non-critical group ( Table1 ).
tors of critical & mortal COVID-19 cases: A systematic literature 
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Fig. 1. Flow diagram of the study selection process. 

Table 1 

MINORS rating scale: 1 ©A clearly stated aim; 2 ©Inclusion of consecutive patients; 3 ©Prospective 

collection of data; 4 © Endpoints appropriate to the aim of the study; 5 ©Unbiased assessment 

of the study endpoint; 6 ©Follow-up period appropriate to the aim of the study; 7 ©Loss to 

follow up less than 5%; 8 © Prospective calculation of the study size. 9 ©Appropriate selection 

of control group; 10 ©Synchronization of control group; 11 ©Baseline comparable between groups 

12 ©Appropriately statistical analysis. The global ideal score being 24 for comparative studies. 

Study 1 © 2 © 3 © 4 © 5 © 6 © 7 © 8 © 9 © 10 © 11 © 12 © Score 

Guan WJ 2 2 2 2 2 0 0 0 2 2 2 2 18 

Huang C 2 2 2 2 2 1 2 0 2 2 2 2 21 

Mo P 2 2 2 2 2 0 2 0 2 2 2 2 20 

Peng YD 2 2 2 2 2 0 1 0 2 2 2 2 19 

Shi Y 2 2 2 2 2 1 2 0 2 2 2 2 21 

Tang N 2 2 2 2 2 1 0 0 2 2 2 2 19 

Tian S 2 2 2 2 2 0 1 0 2 2 2 2 19 

Wang D 2 2 2 2 2 1 2 0 2 2 2 2 21 

Wang Z 2 2 2 2 2 1 2 0 2 2 2 2 21 

Wu C 2 2 2 2 2 1 0 0 2 2 2 2 19 

Yang X 2 2 2 2 2 0 1 0 2 2 2 2 19 

Yuan ML 2 2 2 2 2 1 2 0 2 2 2 2 21 

Zhou F 2 2 2 2 2 1 2 0 2 2 2 2 18 
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he median ages were generally higher in critical/death group

ompared to the non-critical group. Furthermore, age over 65 years

as analyzed as a subgroup by Guan 

8 and Tian 

11 (with a total

mount of 1273 patients). Meta-analysis showed that the propor-

ion of patients older than 65 years was higher in critical/death

roup compared to the non-critical group. [age over 65 years old:

R = 6.01, 95% CI (3.95, 9.16), P < 0.0 0 0 01] ( Fig. 2 ). 

Five studies showed that the proportion of current smoker was

tatistically significant higher in critical/mortal group compared to

he non-critical group [current smoking: OR = 2.04, 95% CI (1.32,

.15), P = 0.0 0 06] ( Fig. 2 ). 
e  

Please cite this article as: Z. Zheng, F. Peng and B. Xu et al., Risk fac

review and meta-analysis, Journal of Infection, https://doi.org/10.1016/j
There was no heterogeneity in the estimates of male, age over

5 years old and current smoking among the identified studies

ith I 2 = 0. 

omorbidities 

The comorbidities of patients of the included studies are shown

n Table 3 . We then compared the difference of the prevalence of

he comorbidities between critical/mortal patients and non-critical

atients. For diabetes, cardiovascular disease and respiratory dis-

ase, the heterogeneity test results were calculated as I 2 = 45%, 37%
tors of critical & mortal COVID-19 cases: A systematic literature 
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Table 2 

Demographics of the included studies. 

Study Year Research type Country Number of patients n Age median, y Male n (%) Current Smoking n (%) 

Critical/Mortal Non-critical Critical/Mortal Non-critical Critical/Mortal Non-critical Critical/Mortal Non-critical 

Guan WJ et al. 5 2020 Retrospective 

study 

China 67 1032 63 46 45(67.2%) 592(57.5%) 17(25.4%) 120(11.7%) 

Huang C et al. 6 2020 Retrospective 

study 

China 13 28 49 49 11(84.6%) 19(67.9%) 0 3(10.7%) 

Mo P et al. 7 2020 Retrospective 

study 

China 85 70 61 46 55(64.7%) 31(44.3%) 4(4.7%) 2(2.9%) 

Peng YD et al. 8 2020 Retrospective 

study 

China 16 96 57.5 62 9(56.3%) 44(45.8%) — —

Shi Y et al. 9 2020 Retrospective 

study 

China 49 438 56 45 36(73.5%) 223(50.9%) 6(12.2%) 34(7.8%) 

Tang N et al. 10 2020 Retrospective 

study 

China 21 162 64 52.4 16(76.2%) 82(50.6%) — —

Tian S et al. 11 2020 Retrospective 

study 

China 46 216 61.4 44.5 26(56.5%) 101(46.8%) — —

Wang D et al. 12 2020 Retrospective 

study 

China 36 102 66 51 22(61.1%) 53(52.0%) — —

Wang Z et al. 13 2020 Retrospective 

study 

China 14 55 70.5 37.0 7(50.0%) 25(45.5%) — —

Wu C et al. 14 2020 Retrospective 

study 

China 84 117 58.5 48 60(71.4%) 68(58.1%) — —

Yang X et al. 15 2020 Retrospective 

study 

China 32 20 64.6 51.9 21(65.6%) 14(70.0%) — —

Yuan ML et al. 16 2020 Retrospective 

study 

China 10 17 68 55 4(40.0%) 8(47.1%) — —

Zhou F et al. 17 2020 Retrospective 

study 

China 54 147 69 52 38(70.4%) 81(55.1%) 5(9.3%) 6(4.1%) 

Table 3 

Comorbidities of patients of the included studies. 

Study Diabetes n (%) Hypertensionn (%) Cardiovascular disease n (%) Respiratory disease n (%) Malignancy n (%) 

Critical/Mortal Non-critical Critical/Mortal Non-critical Critical/Mortal Non-critical Critical/Mortal Non-critical Critical Non-critical 

Guan WJ 67 (26.9%) 63 (6.1%) 24 (35.8%) 141 (13.7%) 6 (9.0%) 21 (2.0%) 7 (10.4%) 5 (0.5%) 1 (1.5%) 9 (0.9%) 

Huang C 13 (7.7%) 7 (25.0%) 2 (15.4%) 4 (14.3%) 3 (23.1%) 3 (10.7%) 1 (7.7%) 0 0 1 (3.6%) 

Mo P 85 (14.1%) 3 (4.3%) 22 (25.9%) 15 (21.4%) 14 (16.5%) 0 4 (4.7%) 0 5 (5.9%) 2 (2.9%) 

Peng YD 16 (25.0%) 19 (19.8%) 10 (62.5%) 82 (85.4%) — — — — — —

Shi Y 49 (14.3%) 22 (5.0%) 26 (53.1%) 73 (16.7%) 4 (8.2%) 7 (1.6%) — — 2 (4.1%) 3 (0.7%) 

Wang D 36 (22.2%) 6 (5.9%) 21 (58.3%) 22 (21.6%) 9 (25.0%) 11 (10.8%) 3 (8.3%) 1 (1.0%) 4 (11.1%) 6 (5.9%) 

Wang Z 14 (42.9%) 1 (1.8%) 5 (35.7%) 4 (7.3%) 5 (35.7%) 3 (5.5%) 2 (14.3%) 4 (7.3%) 1 (7.1%) 3 (5.5%) 

Wu C 84 (19.0%) 6 (5.1%) 23 (27.4%) 16 (13.7%) 5 (6.0%) 3 (2.6%) — — — —

Yang X 32 (21.9%) 2 (10.0%) — — 3 (9.4%) 2 (10.0%) 2 (6.3%) 2 (10.0%) 1 (3.1%) 1 (5.0%) 

Yuan ML 10 (60.0%) 0 5 (50.0%) 0 3 (30.0%) 0 — — 0 1 (5.9%) 

Zhou F 54 (31.5%) 19 (12.9%) 26 (48.1%) 32 (21.8%) 13 (24.1%) 2 (1.4%) 4 (7.4%) 2 (1.4%) 0 2 (1.4%) 
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and 50%. Thus, the fixed-effect model was used for further analy-

ses. The proportion of diabetes, cardiovascular disease and respi-

ratory disease was statistically significant higher in critical/mortal

group compared to the non-critical group [diabetes:0R = 3.68, 95%

CI (2.68, 5.03), P < 0.0 0 0 01;cardiovascular disease: OR = 5.19, 95%

CI (3.25, 8.29), P < 0.0 0 0 01; respiratory disease: OR = 5.15, 95%

CI (2.51, 10.57), P < 0.0 0 0 01]( Fig. 3 ). For hypertension, the het-

erogeneity test showed that I 2 = 72%. Given that the severity of

illness and severity of epidemic might contribute to the hetero-

geneity, we classified the studies into two subgroups according to

whether the study site was located in Wuhan. However, hetero-

geneity still exists. So the random effect model was used. The re-

sult indicated a higher proportion of hypertension in critical/mortal

group[OR = 2.72, 95% CI (1.60,4.64), P = 0.0 0 02] ( Fig. 3 ).For ma-

lignancy, the fixed-effect model(I 2 = 0) meta-analysis showed that

the proportion of malignancy was higher in critical/death group

yet without statistical significance[OR = 1.60, 95% CI (0.81, 3.18),

P = 0.18] ( Fig. 3 ). 

Clinical Manifestation 

The study of clinical manifestation included 13 studies, a to-

tal of 3025 cases. The clinical features are showed in Table 4

and the results of meta-analysis are showed in Table 5 . For

fever (temperature ≥ 37.3 °C), the proportion of fever was statis-
Please cite this article as: Z. Zheng, F. Peng and B. Xu et al., Risk fac

review and meta-analysis, Journal of Infection, https://doi.org/10.1016/j
ically lower in critical/mortal group [0R = 0.56, 95% CI (0.38, 0.82),

 = 0.003]. The proportion of headache and myalgia/arthralgia

ere lower in critical/mortal group compared to the non-

ritical group [headache: OR = 0.82, 95% CI (0.50, 1.36), P = 0.45;

yalgia/arthralgia: OR = 0.77, 95% CI (0.58, 1.04), P = 0.09] but

here was no statistical significance. For cough, sputum pro-

uction, fatigue, diarrhea and nausea/ vomiting, the proportion

f them was higher in critical/mortal patients[cough: OR = 1.08,

5% CI (0.85,1.38), P = 0.52; sputum production: OR = 1.14, 95%

I (0.84, 1.54), P = 0.39; fatigue: OR = 1.13, 95% CI (0.88, 1.44),

 = 0.34;diarrhea: OR = 1.41, 95% CI (0.82, 2.43), P = 0.22;nausea/

omiting: OR = 1.32, 95% CI (0.72, 2.42), P = 0.37], however, with-

ut statistical significance. For shortness of breath/ dyspnea, the

roportion of this clinical manifestation was statistically significant

igher in critical/mortal group[0R = 4.16, 95% CI (3.13, 5.53), P <

.0 0 0 01]. 

aboratory examination 

The laboratory examination of the included studies (4 studies, a

otal of 1286 cases) are shown in Table 6 . For “WBC < 4 × 10 9 per

”, the analysis results of the fixed effect-model (I 2 = 0)showed

hat the proportion of “WBC < 4 × 10 9 per L” was statistically

ower in critical/mortal group[0R = 0.30, 95% CI (0.17, 0.51), P <

.0 0 0 01] ( Fig. 4 ). For “AST > 40U/L”, “Cr ≥ 133 μmol/L” and
tors of critical & mortal COVID-19 cases: A systematic literature 
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Fig. 2. Meta-analysis for male, age > 65 years old and current smoking in COVID-19 cases. Heterogeneity analysis was carried out using Q test, the among studies variation 

(I 2 index). Forest plots depict the comparison of the incidences of male, age > 65 years old and current smoking in critical/mortal and non-critical patients. 
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hs-cTnI > 28 pg/mL”, the heterogeneity test results were cal-

ulated as I 2 = 0%, 0% and 34%. We used the fixed-effect model

or further analyses. The proportion of “AST > 40U/L”, “Cr ≥
33 μmol/L” and “hs-cTnI > 28 pg/mL” was statistically significant

igher in critical/death group compared to the non-critical group

“AST > 40U/L”:0R = 4.00, 95% CI (2.46, 6.52), P < 0.0 0 0 01;“Cr ≥
33 μmol/L”:0R = 5.30, 95% CI (2.19, 12.83), P = 0.0 0 02; “hs-cTnI >

8 pg/mL”:0R = 43.24, 95% CI (9.92, 188.49), P < 0.0 0 0 01] (Fig-

re 5). The I 2 value of “PCT > 0.5 ng/mL”, “LDH > 245U/L” and

D-dimer > 0.5mg/L” was, respectively, 52%, 59% and 72%. So the

andom effect model was used. The results indicated a higher

roportion of “PCT > 0.5 ng/mL”, “LDH > 245U/L” and “D-dimer

 0.5mg/L” in critical/mortal patients with statistical significance

“PCT > 0.5 ng/mL”: OR = 43.24, 95% CI (9.92, 188.49), P < 0.0 0 0 01;

LDH > 245U/L”:OR = 43.24, 95% CI (9.92, 188.49), P < 0.0 0 0 01;“D-

imer0.5mg/L”: OR = 43.24, 95% CI (9.92, 188.49), P < 0.0 0 0 01]

Figure 5). 

iscussion 

The results of meta-analysis showed that male, aged over 65

nd smoking patients might face a greater risk of developing into
Please cite this article as: Z. Zheng, F. Peng and B. Xu et al., Risk fac

review and meta-analysis, Journal of Infection, https://doi.org/10.1016/j
he critical or mortal condition and the comorbidities such as hy-

ertension, diabetes, cardiovascular disease or respiratory diseases

ould also greatly affect the prognosis of the COVID-19. We found

hat patients with shortness of breath/dyspnea were more likely

o develop into critical illness or even die, but patients with fever

rogressed better than those without fever. Laboratory examina-

ions such as WBC, AST, Cr, hs-cTnI, PCT, LDH and D-dimer could

mply the progression of COVID-19. 

Coronavirus is an enveloped, non-segmented, single-stranded

NA virus. 18 At present, six human coronaviruses have been iden-

ified. And the SARS-CoV-2, which isolated from the lower respira-

ory tract of pneumonia patients with unknown causes in Wuhan,

s identified as the seventh human coronaviruses. 19 SARS-CoV-2

ttacks the alveolar epithelial cells via angiotensin-converting en-

yme 2 (ACE2). ACE2 is the ACE of isozyme, mainly distributed in

ardiovascular, kidneys, testes, lung and colon, and other organi-

ations. 20 The main role of ACE2 is to incise Ang II to generate

ng 1-7, which mediates the protective effects of vasodilation, anti-

nflammatory and anti-proliferation, to antagonize Ang II-induced

ascular smooth muscle contraction, cell proliferation, fibrosis pro-

otion and vascular inflammation. 21–23 When SARS-CoV-2 binds

o ACE2 receptor on the surface of alveolar epithelial cells, The
tors of critical & mortal COVID-19 cases: A systematic literature 
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Fig. 3. Meta-analysis for comorbidities in COVID-19 cases. Fix-effect model for diabetes, cardiovascular disease, respiratory disease and malignancy. Random-effect model 

for hypertension. Heterogeneity analysis was carried out using Q test, the among studies variation (I 2 index). Forest plots depict the comparison of the incidences of the 5 

diseases in critical/mortal and non-critical patients. 
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expression of ACE2 in alveolar epithelial cells is down-regulated

by mechanisms such as internalization, shedding and viral repli-

cation. 24 Then the increased concentration of Ang II leads to in-

flammatory response, and exudation of neutrophils, macrophages

and fibrinous, resulting in loss of pulmonary ventilation function

and difficulty in maintaining oxygenation. 25 At the same time, vi-

ral infection will cause the imbalance of T helper-1 and T helper-

2 responses, and induce an inflammatory storm by increasing the
Please cite this article as: Z. Zheng, F. Peng and B. Xu et al., Risk fac

review and meta-analysis, Journal of Infection, https://doi.org/10.1016/j
evels of inflammatory factors such as interleukin-4, interleukin-

0 and interleukin-6. 26 Inflammatory storm in critical patients re-

eases cytokines, causing systemic immune injury, which may be

n important cause of multiple organ failure and even death. 27 

Studies have found that women are less susceptible to viral in-

ection than men, possibly because of the protection of X chromo-

ome and sex hormones, which play an important role in innate

nd adaptive immunity. 28 At the same time, men tend to be as-
tors of critical & mortal COVID-19 cases: A systematic literature 
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Fig. 4. Meta-analysis for laboratory examination in COVID-19 cases. Fix-effect model for “WBC < 4 × 10 9 per L” “AST > 40U/L” “Cr ≥ 133 μmol/L” and “hs-cTnI > 28 pg/mL”. 

Random-effect model for “PCT > 0.5 ng/mL” “LDH > 245U/L” and “D-dimer > 0.5mg/L”. Heterogeneity analysis was carried out using Q test, the among studies variation (I 2 

index). Forest plots depict the comparison of the incidences of the laboratory examination in critical/mortal and non-critical patients. 
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ociated with bad lifestyle habits such as smoking and underlying

iseases. As a result, the majority of critical or mortal patients are

ale. As the body’s immunity declines with age, elderly patients

re more likely to develop critical illness or even die. Therefore,

hen the patient is male, over 65 years old and smoking, the pa-

ient has a higher risk of developing critical illness or death. 

When patients are combined with basic diseases such as di-

betes and hypertension, the body is in a state of stress for a

ong time and the immunity tends to be low. Moreover, the long-
Please cite this article as: Z. Zheng, F. Peng and B. Xu et al., Risk fac

review and meta-analysis, Journal of Infection, https://doi.org/10.1016/j
erm history of diabetes and hypertension will damage the vascu-

ar structure, and it is more likely to develop into critical disease

n infection. Patients with chronic heart disease are more likely

o be infected due to their weakened heart function and low im-

unity. When infected with SARS-CoV-2, they are more likely to

ave acute cardiovascular events and develop into severe diseases.

hen the patient has previous respiratory diseases such as chronic

bstructive pulmonary disease, the patient’s lung function is dam-

ged. They have lower resistance to the virus and are prone to
tors of critical & mortal COVID-19 cases: A systematic literature 
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Table 5 

Results of meta-analysis of the clinical manifestation. 

Clinical manifestation OR 95%CI P value 

Fever 0.56 0.38-0.82 P = 0.003 

Headache 0.82 0.50-1.36 0.45 

Myalgia or arthralgia 0.77 0.58-1.04 0.09 

Cough 1.08 0.85-1.38 0.52 

Sputum production 1.14 0.84-1.54 0.39 

Fatigue 1.13 0.88-1.44 0.34 

Diarrhea 1.41 0.82-2.43 0.22 

Nausea or vomiting 1.32 0.72-2.42 0.37 

Shortness of breath/Dyspnea 4.16 3.1- 5.53 < 0.00001 
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eveloping ARDS. Thus, underlying diseases such as diabetes, hy-

ertension, cardiovascular disease or respiratory disease are risk

actors for disease progression. This is consistent with the analyti-

al results in this paper. 

The common clinical manifestations of COVID-19 patients are

ever, cough and sputum. 6 When the patient’s immune response

s low, it may manifest as normal body temperature. Shortness

f breath or dyspnea suggests poor lung function and lacking of

xygen. Therefore, when the patient is found to have difficulty in

reathing or no fever, it is necessary to be alert for further deteri-

ration of the patient’s condition. 

Viral infection will cause inflammation in human body. Var-

ous inflammatory factors produced by the inflammatory storm

an cause systemic immune damage and even cause multi-organ

ailure. When the patient’s laboratory indicator shows PCT > 0.5

g/mL, there is a higher risk of progression to critical illness. Study

howed that the total number of WBC in the early stage of the

isease is normal or reduced. 6 However, WBC < 4 × 10 9 /L means

 better clinical outcome in this paper. Therefore, when the to-

al number of WBC is found to be higher than the previous one,

he patient may be associated with other infections that aggra-

ated the disease. At this moment, the clinicians might pay more

ttentions to these patients and improve treatment. When AST >

0U/L, LDH > 245U/L and Cr ≥ 133 mol/L, it indicates that the liver

nd kidney dysfunctions have been involved, and corresponding

reatments should be taken in time to prevent further deteriora-

ion of the disease. Current studies have shown that up to 20% of

ovid-19 patients have abnormal coagulation function. 6 Monocytes

nd tissue cells are activated after injury, causing the release of

ytokines and the expression of tissue factors, and finally causing

he hypercoagulability of blood. It will increase the risk of throm-

osis and more likely to cause ischemia and hypoxia due to the

mbolization of the viscera, which leads to the progression of the

isease to critical disease or death. When the D-dimer > 0.5mg/L,

t indicates the hypercoagulability of blood and suggests the de-

erioration of patients. At the same time, SARS-CoV-2 can cause

yocardial injury by direct and/or indirect action. The direct in-

ury is to infect cardiomyocytes by identifying ACE2 receptor, while

he indirect injury may be caused by inflammatory storm inducing

y immune response and/or oxygen supply imbalance inducing by

cute respiratory distress syndrome. When hs-cTnI > 28pg/mL, it

trongly suggests the possibility of further deterioration of the pa-

ient’s condition. 

The quality of the literature included in this study is high, the

nalysis is rigorous, and the conclusions drawn by the study are

ighly credible. However, this meta-analysis also has some limita-

ions: (a) most of the studies included in this meta-analysis were

ross-sectional studies with insufficient demonstration ability. (b)

ost of the patients in our meta-analysis were Chinese, and our

im was to use the findings of this study to predict the overall

rofile of patients, including other countries and races; (c) more

etailed patient information, such as iconograph and oxygen at ion

ndex, was not available in most studies at the time of analysis.
tors of critical & mortal COVID-19 cases: A systematic literature 
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review and meta-analysis, Journal of Infection, https://doi.org/10.1016/j
he conclusions of this meta-analysis still need to be verified by

ore relevant studies with more careful design, more rigorous ex-

cution, and larger sample size. 

This study analyzed the risk factors for progression to criti-

al illness or death in COVID-19 patients to help assessing pa-

ient status and identify critical patients early. Pay close attention

o these risk factors, and when relevant laboratory risk value ap-

ears, timely and personalized treatment regimens are needed to

nhance the efficacy and reduce the risk of death. 
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