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s u m m a r y 

Objective: Coronavirus Disease 2019 (COVID-19) is a pandemic. This systematic review compares mor- 

tality risk factors including clinical, demographic and laboratory features of COVID-19, Severe Acute Res- 

piratory Syndrome (SARS) and Middle East Respiratory Syndrome (MERS). The aim is to provide new 

strategies for COVID-19 prevention and treatment. 

Methods: We performed a systematic review with meta-analysis, using five databases to compare the 

predictors of death for COVID-19, SARS and MERS. A random-effects model meta-analysis calculated odds 

ratios (OR) and 95% confidence intervals (95% CI). 

Results: 845 articles up through 11/4/2020 were retrieved, but only 28 studies were included in this 

meta-analysis. The results showed that males had a higher likelihood of death than females (OR = 1.82, 

95% CI 1.56–2.13). Age (OR = 7.86, 95% CI 5.46–11.29), diabetes comorbidity (OR = 3.73, 95% CI 2.35–5.90), 

chronic lung disease (OR = 3.43, 95% CI 1.80–6.52) and hypertension (OR = 3.38, 95% CI 2.45–4.67) were 

the mortality risk factors. The laboratory indicators lactic dehydrogenase (OR = 37.52, 95% CI 24.68–57.03), 

C-reactive protein (OR = 12.11, 95% CI 5.24–27.98), and neutrophils (OR = 17.56, 95% CI 10.67–28.90) had 

stronger correlations with COVID-19 mortality than with SARS or MERS mortality. Consolidation and 

ground-glass opacity imaging features were similar among COVID-19, SARS, and MERS patients. 

Conclusions: COVID-19 ′ s mortality factors are similar to those of SARS and MERS. Age and laboratory 

indicators could be effective predictors of COVID-19 mortality outcomes. 

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 

Introduction 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV- 

2) is a novel zoonotic pathogen. It is responsible for Coronavirus 

Disease 2019 (COVID-19). 1 The COVID-19 pandemic has imposed 

a heavy burden on global health and medical systems. 2 A whole 

genome scan has shown that SARS-CoV-2 has a 79% similarity 

to Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV), 

and a 50% similarity to Middle East Respiratory Syndrome Coron- 

avirus (MERS-CoV). 3 Currently, SARS-CoV-2 is classified as a SARS- 

associated coronavirus and taxonomically belongs to the subgenus 
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of Sabek virus. 3 SARS-CoV-2 is the 7th coronavirus outbreak, fol- 

lowing HCoV-229E, HCoV-OC43, HCoV-NL63, HCoV-HKU1, SARS- 

CoV, and MERS-CoV. 4 Of the 7 coronaviruses, the former four can 

cause common cold symptoms, but SARS-CoV-2, SARS-CoV, and 

MERS-CoV can lead to severe respiratory syndromes, with about 

6.76%, 9.6%, and 35.5% mortality rates, respectively. 2 , 4 

Several similarities in the pathogenicity, clinical features and 

transmissibility of COVID-19, SARS, and MERS have been identi- 

fied. 5 The median age of COVID-19 cases ranges from 49 to 57 

years, similar to those of SARS and MERS. 5 The most common 

presenting symptom in COVID-19, SARS and MERS is fever, fol- 

lowed by cough, sore throat and dyspnea. 5 Laboratory findings in 

patients diagnosed with COVID-19 differ little from those of pa- 

tients diagnosed with SARS or MERS. Lymphopenia is the most 

common finding. Other findings included low platelet count, de- 

creased albumin level and increased aminotransferases, lactic de- 
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hydrogenase (LDH), creatine kinase and C-reactive protein (CRP) 

levels 5 . Radiological presentation of COVID-19 differs little from 

the other two coronavirus-associated pneumonias. 5 Furthermore, 

SARS-CoV-2 has the same human cell receptors as SARS-CoV, the 

angiotensin-converting enzyme 2 (ACE2). 6 These features suggest 

that COVID-19, SARS, and MERS may have common mortality risk 

factors. There have only been a handful of case-control and co- 

hort studies about COVID-19 mortality. This has resulted in poor 

COVID-19 mortality prognosis identification. Therefore, a system- 

atic review of COVID-19, SARS, and MERS studies with mortality 

outcomes will provide perspective for understanding the clinical, 

laboratory and imaging features of COVID-19. In addition, a sys- 

tematic review could compare and contrast the risk factors for in- 

hospital death among these three lethal coronaviruses. This will 

provide a new strategy for COVID-19 prevention and treatment. 

Methods 

Protocol and registration 

This systematic review follows the methodological approaches 

outlined in the Cochrane Handbook for Systematic Reviews of In- 

terventions version 6.0. 7 It is described according to the PRISMA- 

P (Preferred Reporting Items for Systematic Reviews and Meta- 

Analyses Protocols) statement. 8 This systematic review has been 

reported in the international Prospective Register of Systematic Re- 

views (PROSPERO) database (CRD42020180929). 

Search strategy and selection criteria 

We chose five online bibliographic databases (MEDLINE, EPIS- 

TEMONIKOS, COCHRANE, China National Knowledge Infrastructure 

and WANFANG STATA) as a basis for identifying the relevant lit- 

erature up through April 11, 2020. The search string was: [“SARS”

OR “Severe Acute Respiratory Syndrome virus” OR “Severe Acute 

Respiratory Syndrome related coronavirus” OR “MERS” OR “Mid- 

dle Acute Respiratory Syndrome related coronavirus” OR “2019- 

nCoV” OR “novel coronavirus” OR “SARS-CoV-2 ′′ OR “COVID-19 ′′ ] 
AND [“prognosis” OR “prognostic factors” OR “factor, prognostic”]. 

In addition, we manually searched the included articles’ reference 

lists. 

To determine eligibility, four independent researchers evalu- 

ated all studies retrieved by the search using their titles and ab- 

stracts. In cases of disagreement, a fifth investigator was consulted. 

A study’s eligibility for inclusion in the meta-analysis was based 

on the following selection criteria: (I) Studies included patients in- 

fected by SARS-CoV-2, SARS-CoV, and MERS-CoV. (II) Patients in 

the studies had clinical outcomes including death. (III) Studies re- 

ported demographic characteristics, clinical manifestations, labora- 

tory indicators and imaging. (IV) Articles were written in either 

Chinese or English. Conference papers, review, published letters, 

editorials, and studies including pregnant women or children were 

excluded. We also excluded studies if they were the only study re- 

porting on a specific indicator. When there was overlap in stud- 

ies’ patients (i.e. utilizing the same period, region, or hospital), we 

chose the study with the larger sample. 

Data extraction and quality assessment 

Four investigators independently extracted the following data 

from each included study and input them to a data extraction 

form: study name, author, research publication date, study de- 

sign, study area and hospital or institute, number of patients, data 

source, demographic characteristics, clinical features, laboratory in- 

dicators and imaging, case definitions for COVID-19, SARS, and 

MERS. The fifth researcher checked the article list and data extrac- 

tion to ensure there were no duplicate articles or duplicate patient 

data. 

The quality of the studies included was independently ap- 

praised by four authors using the Newcastle-Ottawa Scale (NOS) 

for observational case-control and cohort studies. 9 Observational 

studies were rated as high quality if they had a score of 6–9; mod- 

erate quality if they had a score of 4 or 5, and poor quality if their 

score was 3 or lower. 

Statistical analysis 

Results were merged across studies with STATA version 15.1 

(Stata Corp MP., College Station, TX, USA). 10 , 11 We applied a 

random-effects meta-analysis model, which accounted for the in- 

cluded studies’ populations being infected by different coron- 

aviruses, as well as variation in the number of patients and their 

clinical stages. Estimating the common effect size was impossi- 

ble in light of the studies’ heterogeneity. We calculated the stan- 

dardized mean difference in laboratory indicators between the sur- 

vivors and non-survivors of COVID-19, SARS and MERS, respec- 

tively. Then, to determine the strength of association for vari- 

ous indicators with clinical outcomes, estimates were pooled with 

generic inverse-variance, and expressed in odds ratios (OR) with 

95% confidence intervals (CI) per factor. This follows the Cochrane 

handbook guidelines. Risk factors of COVID-19, SARS and MERS, in- 

cluding demographic characteristics, comorbidities, clinical mani- 

festations and laboratory indicators, were ranked according to the 

absolute OR values shown in Table 1 . Subgroup analysis was done 

by COVID-19, SARS and MERS, respectively. Between-study hetero- 

geneity was assessed using the I 2 statistic: I 2 values of 0% −39%, 

40% −59%, 60% −90% were considered to indicate mild, moderate 

and severe heterogeneity, respectively. Forest plots are provided 

for indicators for which six or more studies were included in the 

meta-analysis. Publication bias was assessed with Egger’s test. 12 

Sensitivity analysis was assessed by Duval and Tweedie’s trim and 

fill. 13 Exact p -value is given, unless it was less than 0.001. A p < 

0.05 was considered statistically significant, except for Egger’s re- 

gression test in which a p < 0.10 was considered statistically sig- 

nificant. 

Results 

Literature search, study characteristics and quality assessment 

The database and manual searches identified 811 and 34 

records, respectively. Subsequent screening of titles and abstracts 

led to 147 studies being deemed eligible for full texts assessment. 

Then, 119 publications were excluded because there was insuf- 

ficient data (only median provided or p -value) and no full text 

available ( n = 52), or the patients in the study had included chil- 

dren or pregnant women ( n = 8), or they were unrelated to pa- 

tient in-hospital death prognosis ( n = 21), or the indicator was re- 

ported in one study ( n = 3) ( Fig. 1 ). Finally, there was considerable 

overlap in the studies in terms of regions and hospitals. In order 

to prevent research redundancy, we selected the 28 studies with 

the largest samples for our meta-analysis. This resulted in a to- 

tal of 16,095 patients (COVID-19: 11,818 patients, 910 death; SARS: 

3292 patients, 336 death; MERS: 985 patients, 465 death), includ- 

ing 1711 in-hospital death patients. The characteristics of the in- 

cluded 28 studies are summarized in supplementary Table 1. 14–41 

These included studies were conducted in several coronavirus out- 

break areas—Beijing, Guangdong, Shanxi, Hong Kong and Taiwan 

in China, and Toronto where SARS broke out (12 studies); Saudi 

Arabia and South Korea where MERS broke out (6 studies); China, 

Italy, South Korea and the United States where COVID-19 broke out 
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Table 1 

Risk factors for mortality of COVID-19, SARS, and MERS patients. 

Factors COVID-19 SARS MERS 

No. of patients 

(No. of studies) 

OR (95% CI) I2 OR 

rank 

No. of patients 

(No. of studies) 

OR (95% CI) I2 OR 

rank 

No. of patients 

(No. of studies) 

OR (95% CI) I2 OR 

rank 

Demographical characteristics 

Age 10,228 (9) 6.45 (3.86, 10.77) c – 2439 (4) 11.97 (8.82, 16.24) a – 360 (2) 7.02 (4.59, 10.73) a –

Gender 927 (6) 1.96 (1.43, 2.69) a – 2541 (6) 1.81 (1.43, 2.30) a – 985 (2) 1.74 (1.32, 2.30) a –

Clinical manifestation 

Respiratory rate 465 (2) 4.90 (1.08, 22.24) c – 994 (2) 8.88 (5.64, 13.97) a – – – –

Comorbidities 

Chronic lung 

disease 

2307 (5) 4.75 (2.37, 9.52) a 1 674 (2) 3.09 (1.02, 9.35) a 4 330 (1) 1.38 (0.69, 2.74) NA 4 

Comorbidity 2517 (7) 3.50 (2.35, 5.20) b 2 3003 (3) 6.47 (4.93, 8.50) a 1 360 (2) 3.08 (0.35, 27.01) c 1 

Hypertension 3342 (6) 3.25 (2.15, 4.91) c 3 1291 (1) 4.70 (3.13, 7.07) NA 2 128 (3) 2.97 (1.32, 6.69) a 2 

Diabetes 2307 (5) 2.63 (1.45, 4.76) c 4 1986 (3) 4.70 (3.13, 7.07) NA 3 360 (2) 2.57 (1.62, 4.10) a 2 

Laboratory indicators 

LDH 465 (2) 37.52 (24.68, 57.03) a 1 1962 (4) 4.23 (2.22, 8.08) c 4 330 (1) 2.53 (1.67, 3.85) NA 5 

Neutrophil 274 (1) 17.56 (10.67, 28.90) NA 2 2032 (3) 2.63 (2.06, 3.37) a 6 48 (1) 4.67 (1.60, 13.69) NA 2 

CRP 424 (2) 12.11 (5.24, 27.98) c 3 308 (1) 8.47 (4.17, 17.21) NA 1 30 (1) 8.95 (1.60, 50.20) NA 1 

WBC 615 (3) 9.13 (5.71, 14.59) b 4 2039 (3) 2.18 (1.46, 3.27) b 8 360 (2) 2.03 (1.36, 3.04) a 7 

Albumin 615 (3) 0.11 (0.06, 0.19) c 5 931 (1) 0.13 (0.09, 0.20) NA 2 30 (1) 0.22 (0.04, 1.15) NA 3 

BUN 424 (2) 8.49 (5.81, 12.40) a 6 1089 (1) 5.27 (3.59, 7.72) NA 3 360 (2) 3.89 (2.58, 5.88) a 4 

Interleukin-6 615 (3) 7.12 (3.65, 13.87) c 7 50 (1) 3.48 (1.11, 10.97) NA 5 – – –

Prothrombin time 648 (3) 7.08 (2.03, 24.75) c 8 527 (1) 2.61 (1.56, 4.38) NA 7 – – –

Lymphocyte 615 (3) 0.21 (0.12, 0.38) c 9 2385 (4) 0.55 (0.32, 0.95) c 12 – – –

Total bilirubin 424 (2) 4.07 (2.39, 6.94) b 10 1451 (2) 2.09 (0.88, 4.98) c 9 330 (1) 1.90 (1.26, 2.88) NA 8 

Creatine 615 (3) 3.32 (2.24, 4.92) a 11 520 (1) 1.96 (1.37, 2.80) NA 10 360 (2) 2.09 (1.40, 3.13) a 6 

AST 424 (2) 3.18 (0.68, 14.99) c 12 520 (1) 1.67 (1.17, 2.39) NA 13 360 (2) 1.32 (0.88, 1.97) a 11 

Platelet 615 (3) 0.33 (0.24, 0.44) a 13 1637 (2) 0.81 (0.56, 1.18) b 16 360 (2) 0.60 (0.40, 0.89) a 9 

ALT 615 (2) 2.26 (1.40, 3.63) b 14 520 (1) 1.45 (0.96, 2.18) NA 14 360 (2) 1.32 (0.88, 1.97) a 10 

Creatine kinase 615 (3) 2.12 (1.07, 4.19) c 15 674 (2) 1.33 (0.65, 2.72) b 15 – – –

Hb 615 (3) 0.92 (0.68, 1.24) a 16 1118 (1) 0.52 (0.36, 0.76) NA 11 360 (2) 0.33 (0.22, 0.49) a 5 

Serum ferritin 615 (3) 8.42 (4.21, 16.81) c – – – – – – –

Procalcitonin 465 (2) 8.23 (5.20, 13.00) a – – – – – – –

D-dimer 648 (3) 3.47 (1.75, 6.86) c – – – – – – –

HSCT 615 (3) 2.43 (1.69, 3.51) a – – – – – – –

APTT 457 (2) 1.61 (0.47, 5.54) c – – – – – – –

CD3 + – – – 327 (2) 0.20 (0.10, 0.38) a – – – –

CD4 + – – – 533 (3) 0. 20 (0.12, 0.34) a – – – –

CD8 + – – – 533 (3) 0.29 (0.15, 0.59) b – – – –

OR = Odds Ratio. Pooled ORs are calculated on the bias of randomized effects. OR rank: Ranked according to the absolute OR values. 

a = mild heterogeneity, b = moderate heterogeneity, c = severe heterogeneity, NA = Not Available. 

LDH = Lactic Dehydrogenase, CRP = C -reactive Protein, WBC = White Blood Cell, BUN = Blood Urea Nitrogen, AST = Aspartate Transaminase, HSCT = High-sensitive Cardiac Tro- 

ponin, ALT = Alanine Transaminase, Hb = Hemoglobin, APTT = Activated Partial Thromboplastin Time. 

(10 studies). Among these studies, 11 were case-control studies, 13 

were cohort studies, and 4 were case series. The diagnostic criteria 

for COVID-19, SARS, and MERS were laboratory diagnostics, clin- 

ical characteristics and epidemiological investigation as issued by 

the World Health Organization (WHO). We analyzed 31 factors in 

the meta-analyses ( Table 1 ). The NOS for observational case-control 

and cohort studies assessment were showed in supplementary Ta- 

ble 1. The 28 included studies scored between 5 and 9. None of 

the studies was considered to be poor quality. 

Factors associated with COVID-19, SARS, and MERS mortality 

demographical characteristics and comorbidities 

Elder patients were found to have higher mortality rates (To- 

tal OR = 7.86, 95% CI 5.46–11.29; COVID-19: OR = 6.45, 95% CI 

3.86–10.77; SARS: OR = 11.97, 95% CI 8.82–16.24; MERS: OR = 7.02, 

95% CI 4.59–10.73, Fig. 2 A and Table 1 ). Among patients died of 

COVID-19, SARS, or MERS, males had a higher mortality rate (total 

OR = 1.82, 95% CI 1.56–2.13; COVID-19: OR = 1.96, 95% CI 1.43–2.69; 

SARS: OR = 1.81, 95% CI 1.43–2.30; MERS: OR = 1.74, 95% CI 1.32–

2.30, Fig. 2 B). Patients with various comorbidities (Total OR = 4.41, 

95% CI 3.18–6.12; COVID-19: OR = 3.50, 95% CI 2.35–5.20; SARS: 

OR = 6.47, 95% CI 4.93–8.50; MERS: OR = 3.08, 95% CI 0.35–27.01, 

Fig. 3 A) were found to have higher mortality rates for COVID-19, 

SARS, and MERS. The OR for patients’ mortality rates with comor- 

bidities of diabetes, chronic lung disease and hypertension with 

COVID-19, SARS, and MERS are shown in Fig. 3 . The comorbidi- 

ties’ OR values (hypertension and diabetes) for COVID-19 mortality 

were lower than those for SARS ( Fig. 3 , Table 1 ). 

Clinical manifestation and laboratory indicators 

Only clinical manifestations of respiratory rates were analyzed. 

The results showed that respiratory rate was a sensitive predic- 

tor of mortality for COVID-19 and SARS (COVID-19: OR = 4.90, 95% 

CI 1.08–22.24; SARS: OR = 8.88, 95% CI 5.64–13.97, Table 1 ). Lab- 

oratory indicators of mortality in COVID-19 patients are shown 

in Table 1 . Mortality risk factors in COVID-19 patients included 

lower platelet (OR = 0.33, 95% CI 0.24–0.44) and lymphocyte counts 

(OR = 0.21, 95% CI 0.12–0.38), higher neutrophil (OR = 17.56, 95% CI 

10.67–28.90) and white blood cell (WBC) counts (OR = 9.13, 95% 

CI 5.71–14.59), lower albumin levels (OR = 0.11, 95% CI 0.06–0.19) 

higher LDH (OR = 37.52, 95% CI 24.68–57.03), CRP (OR = 12.11, 95% 

CI 5.24–27.98), and blood urea nitrogen (BUN) (OR = 8.49, 95% CI 

5.81–12.40) ( Table 1 ). 

We compared the six highest OR values for laboratory indica- 

tors of mortality from the non-survivors and survivors of COVID- 

19, SARS and MERS, respectively. This resulted in five similar lab- 

oratory indicators among these three coronavirus diseases, includ- 

ing LDH, neutrophils, CRP and BUN and albumin ( Table 1 ). How- 
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Fig. 1. Study selection flowchart, systematic review and meta-analysis of risk factors associated with COVID-19, SARS, and MERS patient death. 

ever, the WBC counts in the COVID-19 patients, the interleukin-6 

(IL-6) levels in the SARS patients, and the creatine levels in the 

MERS patients varied between COVID-19, SARS and MERS. These 

results were statistically significant ( Table 1 ). Moreover, the vari- 

ation in laboratory indicators among the COVID-19 patients was 

higher than those of the SARS and MERS patients, with the ex- 

ception of hemoglobin (Hb) (supplementary Figs. 1–2 and Table 1 ). 

Finally, lower lymphocyte subtype counts were mortality risk fac- 

tors in SARS patients (CD3 + : OR = 0.20, 95% CI 0.10–0.38; CD4 + : 
OR = 0.20, 95% CI 0.12–0.34; CD8 + : OR = 0.29, 95% CI 0.15–0.59). 

Heterogeneity, publication bias and sensitivity analysis 

The I 2 statistics for age, respiratory rate, hypertension, diabetes 

and laboratory indicators of CRP, serum ferritin, IL-6, prothrombin 

time, d -dimer, aspartate transaminase (AST), creatine kinase, ac- 

tivated partial thromboplastin time (APTT), albumin and lympho- 

cyte had severe heterogeneity between COVID-19 studies ( Table 1 ). 

The laboratory indicators LDH, WBC and total bilirubin had se- 

vere heterogeneity among SARS studies ( Table 1 ). Comorbidity had 

severe heterogeneity between MERS studies ( Table 1 ). Publication 

bias was assessed with Egger’s test. It suggested there was no evi- 

dence of publication bias (supplementary Table 2). For indicators ≥
6 studies, sensitivity was analyzed with Duval and Tweedie’s trim- 

and-fill test. The results showed that chronic lung disease and ala- 

nine aminotransferase (ALT) were not robust (supplementary Table 

2). 

Discussion 

Millions of COVID-19 patients have been diagnosed worldwide, 

and it is a major burden on public health and medical systems 

around the world. 2 Vaccines and specific drugs for COVID-19 are 

not yet available, and many countries have experienced collapses 

in their clinical medical systems. This has been a factor in COVID- 

19 becoming a pandemic. 42 Therefore, to provide supportive treat- 
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Fig. 2. ORs for demographic characteristics on COVID-19, SARS, and MERS mortality. Forest plots of pooled odds ratios for the strength of association between factors and 

mortality in COVID-19, SARS, and MERS patients. (A) Age, (B) Gender (male compare with female). 
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Fig. 3. ORs for COVID-19, SARS, and MERS comorbidities. Forest plots of pooled odds ratios for the strength of association between factors and mortality in COVID-19, SARS, 

and MERS patients. (A) Comorbidity, (B) Diabetes, (C) Chronic Lung Disease, (D) Hypertension. 

ment, COVID-19 ′ s clinical manifestations, laboratory indicators and 

imaging features must be identified. This systematic review has in- 

cluded a large sample of case-control and cohort studies of COVID- 

19, SARS, and MERS. Its results are representative. We included 28 

studies of COVID-19, SARS, and MERS with in-hospital death out- 

comes. This covered 16,095 patients and 1711 in-hospital deaths 

(COVID-19: 11,818 patients, 910 deaths; SARS: 3292 patients, 336 

death; MERS: 985 patients, 465 deaths). 

Advanced age has been reported as an independent predictor of 

death for SARS and MERS. 25 , 41 This systematic review confirmed 

that advanced age is associated with COVID-19 mortality. Previous 

studies of macaques inoculated with SARS-CoV have found that 

older macaques have stronger innate host responses to virus in- 

fection than younger adults. These studies have also shown an in- 

crease in differential gene expression associated with inflamma- 

tion, whereas type I interferon beta expression declined. 43 The 

age-dependent defects in T-cell and B-cell function, and the ex- 

cess production of type 2 cytokines could lead to a viral replica- 

tion control deficiency and more prolonged pro-inflammatory re- 

sponses, potentially causing poor outcomes. 44 During systemic vi- 

ral infection, aging alters the host-pathogen interaction to overpro- 

duce interleukin-17, which activates neutrophils. This contributes 

to liver injury and death. 45 Moreover, advanced age was positively 

correlated with exaggerated pulmonary responses to injury. The in- 

flammatory response is delayed, but aggravated, in the elderly. 46 

In addition, the average ages of both survivors and non-survivors 

of COVID-19 were higher than those of SARS and MERS (Supple- 

mentary Table 3). This might be due to SARS-CoV-2 ′ s pathogenesis 
being milder than that of SARS-CoV. 47 

The results of this meta-analysis show that non-survivors of 

COVID-19, SARS, and MERS have a higher proportion of co-existing 

chronic diseases than survivors. COVID-19 patients with various 

comorbidities, including diabetes, hypertension and chronic lung 

disease were founded to have a higher likelihood of complica- 

tions and death. Chronic inflammation, increased coagulation ac- 

tivity, immune response impairment, and potential direct pancre- 

atic damage by SARS-CoV-2 might be among the underlying mech- 

anisms of the association between diabetes and COVID-19. 48 Pro- 

inflammatory cytokine storms have been shown to cause rapid 

deterioration in COVID-19 patients. 49 Increases in systemic IL-2, 

IL-6, and IL-7, granulocyte colony-stimulating factor, C-X-C mo- 

tif chemokine ligand 10, chemokine ligand 2, and tumor necro- 

sis factor- α have been observed in COVID-19 patients. The same 

cytokines have been shown to be factors in the development of 

hypertension in experimental and clinical observations, as well as 

interventional studies. 49 Research has found that chronic obstruc- 

tive pulmonary disease (COPD) and current smokers have elevated 

expression of ACE-2—the entry receptor for the COVID-19 virus. 50 

It has been documented that SARS-CoV-2 ′ s average age is higher 
than that of COVID-19 (see supplementary Table 3). This might 

contribute to the lower likelihood of death in COVID-19 patients 

with comorbidities of diabetes and hypertension, compared with 

SARS patients. Therefore, diabetes, hypertension and chronic lung 

disease are involved in the pathological mechanism of COVID-19. 

However, the progression of this disease needs further investiga- 

tion. 

The differences in laboratory indicators between COVID-19 sur- 

vivors and non-survivors are substantial. Higher WBC counts and 
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procalcitonin levels indicated that a large proportion of deceased 

COVID-19 patients might have had secondary bacterial infections. 

These secondary infections may be a factor in mortality. Deceased 

COVID-19 patients had more severe lymphopenia than patients 

who recovered, suggesting that a cellular immune deficiency state 

was a factor in poor prognosis. Additionally, other laboratory ab- 

normalities in deceased patients included coagulation disorder (el- 

evation of prothrombin time and d -dimer), impaired liver and kid- 

ney function (mild or moderate elevation of ALT, AST, total biliru- 

bin, BUN, and creatinine), elevated inflammatory markers (high 

sensitivity CRP and ferritin), and cytokine storm. Most notably, de- 

ceased patients had higher LDH levels than patients who recov- 

ered. The D-dimer, high-sensitivity cardiac troponin I, serum fer- 

ritin, LDH, IL-6 levels and lymphocyte counts were all elevated in 

COVID-19 non-survivors, compared with survivors, throughout the 

clinical course and illness progression. 14 

Next, we identified increased LDH, CRP, and BUN levels and 

neutrophil count. Decreased albumin was correlated with mortality 

in COVID-19 patients. Neutrophils can form neutrophil extracellular 

traps which contribute to organ damage and mortality in COVID- 

19. 51 The changes in CRP and albumin levels might be due to the 

coronavirus increasing inflammation in the body, leading to poor 

outcomes. The elevated LDH and BUN in deceased patients might 

be due to heart or kidney injury caused by the coronavirus disease. 

In addition, this systematic review has suggested that IL-6 level 

is an important mortality factor in COVID-19 and SARS patients. 

The role of IL-6 in predicting respiratory failure and identifying se- 

vere COVID-19 cases has been reported. 52 , 53 The IL-6 level has also 

been positively associated with CRP, LDH, ferritin, and D-dimer lev- 

els in COVID-19 patients 52 , 53 . Furthermore, lower lymphocyte sub- 

type counts are mortality risk factors in SARS patients. It has been 

shown that lymphocyte subsets can differentiate severe COVID-19 

patients from non-severe COVID-19 patients 54 . 

The degree of difference among COVID-19 laboratory indicators 

reviewed in this study was higher than that of SARS and MERS, 

with the exception of Hb. Accordingly, we speculated that the older 

patients with lower SARS-Cov-2 COVID-19 pathogenicity also con- 

tributed to the differences in laboratory indicators between COVID- 

19 and SARS, MERS patients. Stronger inflammatory effects, higher 

cytokine levels and cellular immune deficiency were found, and 

led to poor outcomes in older patients suffering from viral infec- 

tions. 43–46 However, 81% of the confirmed Chinese COVID-19 cases 

were classified as mild (i.e., non-pneumonia or mild pneumonia), 

14% as severe (i.e., dyspnea, respiratory frequency ≥ 30/min, blood 

oxygen saturation ≤ 93%, to inhaled oxygen ratio < 300, and/or 

lung infiltrates > 50% within 24 to 48 hrs.), and 5% as critically ill 

(i.e., respiratory failure, septic shock, and/or multiple organ dys- 

function or failure). 55 SARS patients’ respiratory distress and oxy- 

gen desaturation progressed rapidly with 20–36% requiring inten- 

sive care and 13–26% progressing to acute respiratory distress syn- 

drome (ARDS) necessitating invasive ventilatory support. 56 Among 

the 144 laboratory confirmed and 17 probable MERS patients from 

nine countries, 44.1% developed pneumonia; 51.6% required inten- 

sive care. 57 

In addition, the imaging features for consolidation and bilateral 

ground glass shadows in the lungs of COVID-19 patients were sim- 

ilar with those of SARS and MERS patients. 17 The number of de- 

ceased COVID-19 patients who had suffered from pulmonary con- 

solidation and had presented ground glass imaging characteristics 

exceeded that of those who had survived COVID-19 (consolidation: 

OR = 3.26, 95% CI 1.16–9.13; ground-glass opacity: OR = 1.45, 95% CI 

0.47–4.49). 14 , 17 The percentage of total lung opacity, no. of zones 

opacified and chest radiographic score (out of 24) in SARS non- 

survivors surpassed those of SARS survivors (Day 7 opacification ≥
10%: OR = 26.31, 95% CI 10.73–64.52; Day 10 opacification ≥ 10%: 

OR = 17.50, 95% CI 6.09–50.33). 58 , 59 Peak chest radiographic scores 

(out of 24) among MERS non-survivors were much higher than 

those of MERS survivors (OR = 15.23, 95% CI 4.90–47.31). 60 Addi- 

tionally, the imaging features were also correlated with initial pre- 

sentation, start of ribavirin, first use of pulse corticosteroid, peak 

lung opacification, both before death and at discharge, for SARS 

patients. Imaging features were also correlated with the number of 

lymphocytes and neutrophils, oxygenation index and LDH levels 59 . 

This systematic review and meta-analysis has several limita- 

tions. First, it analyzes a large sample of case-control and cohort 

studies of COVID-19 mortality risk factors. However, the patients’ 

COVID-19 laboratory mortality indicators included in this meta- 

analysis were limited to the Wuhan area. With the outbreak of 

the pandemic, studies from different regions are needed to vali- 

date the correlation between laboratory indicators and COVID-19 

mortality. Secondly, one of the MERS mortality studies included in 

this systematic review covered critically ill patients. Thus, the OR 

values of the MERS mortality indicators may have been underesti- 

mated. Thirdly, transfer of patients between hospitals, variation in 

the types of patients admitted to the designated hospitals, and re- 

gional differences were all inevitable. Therefore, there was severe 

heterogeneity among the mortality risk factors in the COVID-19 

studies included in this meta-analysis. In the future, more COVID- 

19 patients need to be investigated. 

Conclusion 

COVID-19 mortality factors are similar to those of SARS and 

MERS. Advanced age as well as comorbidities and laboratory in- 

dicators including LDH, CRP, neutrophil, BUN and albumin are cor- 

related with COVID-19 mortality. Additionally, age and laboratory 

indicators would facilitate even better prediction of COVID-19 mor- 

tality outcomes. 
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