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Abstract

Background: The rapid outbreak of coronavirus disease 2019 (COVID‐19) has

turned into a public health emergency of international concern. Epidemiological

research has shown that sex is associated with the severity of COVID‐19, but the

underlying mechanism of sex predisposition remains poorly understood. We aim to

study the gendered differences in inflammation reaction, and the association with

severity and mortality of COVID‐19.

Methods: In this retrospective study, we enrolled 548 COVID‐19 inpatients from

Tongji Hospital from 26 January to 5 February 2020, and followed up to 3 March

2020. Epidemiological, demographic and clinical features, and inflammatory indexes

were collected and compared between males and females. The Cox proportional

hazard regression model was applied to identify the gendered effect on mortality of

COVID‐19 after adjusting for age, comorbidity, and smoking history. The multiple

linear regression method was used to explore the influence of sex on inflammation

reaction.

Results: Males had higher mortality than females did (22.2% vs 10.4%), with an

hazard ratio of 1.923 (95% confidence interval, 1.181‐3.130); elder age and co-

morbidity were significantly associated with decease of COVID‐19 patients. Excess

inflammation reaction was related to severity of COVID‐19. Male patients had

greater inflammation reaction, with higher levels of interleukin 10, tumor necrosis

factor‐α, lactose dehydrogenase, ferritin, and hyper‐sensitive C‐reactive protein, but

a lower lymphocyte count than females adjusted by age and comorbidity.

Conclusions: Sex, age, and comorbidity are critical risk factors for mortality of

COVID‐19. Excess innate immunity and proinflammation activity, and deficiency in

adaptive immunity response promote males, especially elder males, to develop a
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receptor; TB, tuberculosis; TNF‐α, tumor necrosis factor α.

http://orcid.org/0000-0002-6006-4968
mailto:xie_m@126.com


cytokine storm, causing potential acute respiratory distressed syndrome, multiple

organ failure and decease.
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1 | INTRODUCTION

The rapid outbreak of coronavirus disease 2019 (COVID‐19) has

turned into a public health emergency of international concern.

COVID‐19, a newly identified infectious disease arising from cor-

onavirus 2 (SARS‐CoV‐2), has high transmission capacity and can

cause clusters of severe and even fatal pneumonia.1,2 Research on

the underlying mechanism of COVID‐19 has become urgent

worldwide.

Previous studies showed that males were more severely affected

and had a higher case fatality rate (CFR) than females in severe acute

respiratory syndrome (SARS)3 and Middle East respiratory syndrome

(MERS).4 Similarly, more male patients were observed in refractory

and deceased COVID‐19 patients.5‐9 Meng et al10 demonstrated that

there were sex‐specific differences in the clinical characteristics and

prognosis of COVID‐19 patients. Nevertheless, knowledge of the

mechanism of the gendered effects on COVID‐19 is scarce.

Exaggerated activation of inflammatory cytokines (eg, tumor

necrosis factor‐α [TNF‐α], interleukin‐6 [IL‐6], IL‐8, and IL‐10) and

acute inflammatory proteins (eg, hyper‐sensitive C‐reactive protein

[hsCRP]) were responsible for SARS‐related acute respiratory dis-

tressed syndrome (ARDS).11,12 In MERS, excessive innate immune

response such as a high level of proinflammatory cytokine IL‐6 was a

critical factor for organ dysfunction and fatalities.13 Besides this, in

the SARS‐CoV mice model, increased accumulation of inflammatory

monocyte macrophages and neutrophils in the lungs of male mice

promoted CFR compared with female mice.14 Recent research on

COVID‐19 showed that severe and deceased patients had lympho-

penia and proinflammatory cytokine storm (eg, high levels of serum

IL‐6, hsCRP, lactose dehydrogenase [LDH]).15,16

We, therefore, hypothesized that there were sex‐specific dif-

ferences in inflammation reaction, which led to the sex predisposition

in severity and mortality of COVID‐19. In this study, we investigated

the gendered effects on inflammation reaction and the association

with severity and mortality of COVID‐19.

2 | METHODS

2.1 | Study participants and data collection

With the approval of the Ethics Commission of Tongji Hospital,

Tongji Medical College, Huazhong University of Science and Tech-

nology, the cohort recruited 548 inpatients with COVID‐19 admitted

to the Sino‐French New City Branch of Tongji Hospital, Tongji

Medical College, Huazhong University of Science and Technology

between 26 January 2020 and 5 February 2020, as described in our

previous report.17 All patients were diagnosed according to the

World Health Organization interim guidance1 and the diagnostic and

treatment guideline for COVID‐19 issued by the Chinese National

Health Committee (version 5).18 All patients were followed up to

3 March 2020. Survival time was defined as the duration from hos-

pital admission to decease for nonsurvivals, or the duration from

hospital admission to terminate time of follow‐up (ie, 3 March 2020)

for survivals. Written informed consent was waived in light of the

urgent need to collect data.

The epidemiological and demographic data were obtained by

face‐to‐face or telephone communications with the patients them-

selves or families. The laboratorial, radiological features, and out-

come data from electronic medical records in the hospital were

retrieved and reviewed by two trained physicians. Patients were

defined to be mild or severe during hospitalization on the basis of the

guidance of the American Thoracic Society and Infectious Diseases

Society of America.19 The presence of underlying comorbidities was

identified based on the International Classification of Diseases and

Injuries‐10 diagnostic codes. The definitions of complications were

described in our previous study.17 Serum cytokines (IL‐1β, soluble

interlukin‐2 receptor [sIL‐2R], IL‐6, IL‐8, IL‐10, and TNF‐α) were

measured on admission. The clinical outcomes were classified into

survival and nonsurvival.

2.2 | Statistical analysis

Continuous variables were expressed as medians and interquartile

ranges (IQR). Categorical variables were presented as numbers and

rates. Comparisons of two groups were conducted by the Mann‐

Whitney U test. Pearson's χ2 test was applied to compare categorical

values of different groups. The Kruskal‐Wallis test was used for

multigroup comparisons, followed by the Wilcoxon intergroup com-

parisons. The Kaplan‐Meier method was used to estimate survival

rate grouped by sex and age, and the Log Rank test was employed for

comparisons between different subgroups. The Kaplan‐Meier analy-

sis was conducted using JMP SAS software (SAS Institute, Cary, NC).

Univariable and multivariable Cox proportional hazard regression

models were applied to identify the sex risk factor associated with

decease, with the hazard ratio (HR) and the 95% confidence interval

(CI) being reported. Age, comorbidity, and smoking history were

adjusted in the univariable proportional hazard regression models

because they have been previously recognized as the risk factors for
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severity of COVID‐19.20 Variables with P < .10 from the results of

univariable analysis were chosen for the multivariable Cox propor-

tional hazard regression model, including sex, age, comorbidity, and

smoking history. A multiple linear regression model was used to

determine the association (partial regression coefficient, adjusted β)

between factors and inflammation reaction, and relevant statistical

significance. All statistical analyses were performed using the SPSS

software version 22.0 (Chicago, IL) and P < .05 were considered

statistically significant.

3 | RESULTS

3.1 | Subjects

In this study, 548 patients with COVID‐19 were enrolled between

26 January 2020 and 5 February 2020, all of these patients were

followed up to 3 March 2020. Among all the cases, 314 (57.3%) were

evaluated as severe cases and 90 died during the follow‐up period. Of

the 548 patients, 279 (50.9%) patients were males and 269 (49.1%)

patients were females (Table SE1).

3.2 | Sex bias in CFR of COVID‐19 inpatients

As of 3 March 2020, 90 of 548 (16.4%) patients died of COVID‐19.

The median follow‐up period of the cohort as a whole was 29 days

(IQR, 27‐31), and it was 28 days (IQR, 27‐31) for males and 29 days

(IQR, 27‐31) for females, respectively. Sex‐ and age‐specific CFR

values of enrolled COVID‐19 patients are shown in Table 1. Males

had a mortality of 22.2% (95% CI, 17.3%‐27.1%), which was about

twice as great as females did (10.4%, 95% CI, 6.7%‐14.1%). The re-

lative risk (RR) of mortality was 2.135 (95% CI, 1.412‐3.229,

P = .0002) in males compared with females. Kaplan‐Meier survival

analysis for sex‐specific patients also showed a trend towards poorer

survival in male patients compared with females ( χ2 = 13.729,

P = .0002; Figure 1A). Besides this, the survival rate of patients

especially males dropped quickly in the first 15 days from hospitali-

zation and then gradually turned to be stable. Compared with female

patients, males had higher rates of severe patients, smokers, chronic

obstructive pulmonary disease (COPD), coronary heart disease

(CHD), lymphopenia, and thrombocytopenia, and greater levels of

inflammation indexes, and suffered from hypoxia, worse renal and

liver function, and higher frequency of complications (Table SE1).

When dividing all patients into three subgroups based on age,

that is, 0 to 44 years (young), 45 to 64 years (mid‐aged) and greater

than or equal to 65 years (elder), a climbing mortality of both males

and females was observed with increasing age. It was notable that no

difference existed between the age distribution of males and females.

The first two subgroups (young and mid‐aged) showed no difference

in CFR between males and females, whereas elder male patients had

greater CFR than females did (RR = 2.171, 95% CI, 1.328‐3.550,

P = .0010), as their specific CFR values were 38.1% (95% CI, 29.0%‐

47.1%) and 17.5% (95% CI, 9.8%‐25.2%), respectively. Considering

the combined effects of sex and age, significant differences in the

survival rates of four subgroups existed ( χ2 = 57.186, overall

P < .0001; Figure 1B), and the survival rate curve of elder male pa-

tients remained the lowest while other curves distributed close in the

plot. As male patients had a severe ratio greater than females did, the

sex‐ and age‐specific CFR of 314 severe COVID‐19 patients were

also analyzed (Table 1). In agreement with the results of all patients,

sex, and age both had significant influences on CFR, and the elder

severe male patients had the greatest CFR, that is, 48.9% (95% CI,

38.2%‐59.5%).

Recent research has demonstrated that patients with co-

morbidities had greater disease severity compared with those

without.19 In this study, considering sex, age, smoking history, and

comorbidity, univariable and multivariable analyses to identify risk

factors associated with death of all enrolled COVID‐19 patients

were performed by the Cox proportional hazard regression model

TABLE 1 Sex‐ and age‐specific case fatality rate of 548 COVID‐19 patients

Males Females

Total Deaths Total Deaths Males vs females

No. % No. CFR 95% CI No. % No. CFR 95% CI
RR 95% CI P

All patients

0‐44 y 48 17.2 1 2.1 0, 6.3 59 21.9 2 3.4 0.0, 8.1 0.615 0.057, 6.575 1.0000

45‐64 y 118 42.3 18 15.3 8.7, 21.8 113 42.0 9 8.0 2.9, 13.0 1.915 0.898, 4.085 .0847

≥65 y 113 40.5 43 38.1 29.0, 47.1 97 36.1 17 17.5 9.8, 25.2 2.171 1.328, 3.550 .0010

All 279 100.0 62 22.2 17.3, 27.1 269 100.0 28 10.4 6.7, 14.1 2.135 1.412, 3.229 .0002

Severe patients

0‐44 y 21 11.8 1 4.8 0, 14.7 16 11.8 2 12.5 0.0, 30.7 0.381 0.038, 3.840 .8054

45‐64 y 69 38.8 18 26.1 15.5, 36.7 56 41.2 9 16.1 6.1, 26.0 1.623 0.791, 3.329 .1760

≥65 y 88 49.4 43 48.9 38.2, 59.5 64 47.0 17 26.6 15.4, 37.7 1.840 1.161, 2.914 .0055

All 178 100.0 62 34.8 27.8, 41.9 136 100.0 28 20.6 13.7, 27.5 1.692 1.150, 2.490 .0057

Abbreviations: CFR, case fatality rate; CI, confidence interval; RR, relative risk of mortality for males compared with females.
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(Table E2). The unadjusted and adjusted results both showed that

sex, age, and comorbidity were significant risk factors associated with

decease of COVID‐19 patients. After adjusting for age, smoking

history, and comorbidity, male patients were more likely to reach the

endpoint than females did (HR, 1.923, 95% CI, 1.181‐3.130;

Figure 1C). Elder patients had a higher decease risk than young

and mid‐aged patients did, with a HR of 2.793 (95% CI, 1.751‐4.456).

Compared with patients without comorbidity, patients with one co-

morbidity had an HR of 1.936 (95% CI, 1.156‐3.243), and patients

with two or more comorbidities had an HR of 2.431 (95% CI,

1.346‐4.392).

3.3 | Excess inflammation reaction was related to

severity of COVID‐19 patients

As smoking history greatly differed between male and female

COVID‐19 patients, the patients without smoking history were em-

ployed to study the combined effects of sex, age, and comorbidity on

inflammation reaction. Two hundred and thirty three of 452 patients

without smoking history had cytokine data available. The 233 pa-

tients were classified into three subgroups based on severity, and

there were 123 mild patients, 92 severe patients, and 18 deceased

patients.

Patients with excess inflammation reaction, for example, high

levels of inflammatory cytokines (sIL‐2R (P = .0012), IL‐6 (P < .0001),

IL‐8 (P = .0012), or IL‐10 (P < .0001)) or inflammatory proteins (LDH

(P < .0001), ferritin (P = .0016), or hsCRP (P = .0008)), or low level of

lymphocyte count had greater proportions of severe and deceased

cases (Figure 2).

3.4 | Age‐related sex predisposition in inflammation

reaction of COVID‐19 patients

Considering the age distribution of enrolled COVID‐19 patients, the

effect of sex on inflammation reaction was studied (Figure 3). Com-

pared with female patients, male patients had higher levels of ferritin

F IGURE 1 Kaplan‐Meier curves for COVID‐19 patients (A) grouped by sex (P = .0002) and (B) grouped by sex and age (P < .0001). (C) The

effect of sex on mortality of COVID‐19 patients after adjusting for other potential risk factors
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(overall P < .0001) and hsCRP (overall P < .0001) in young, mid‐aged,

and elder subgroups. Specifically, elder male patients also had higher

levels of IL‐10 (P = .0235) and LDH (P = .0313) than elder females did;

and similar differences in sIL‐2R, TNF‐α, and LDH were also observed

in young or mid‐aged subgroups. Besides this, the lymphocyte count

in peripheral blood showed a trend of lower levels in male patients.

The investigated inflammatory indexes expect IL‐1β exhibited a

climbing trend with aging, whereas lymphocyte count gradually

decreased.

3.5 | Comorbidity‐related sex predisposition in

inflammation reaction of COVID‐19 patients

On the basis of sex and comorbidity, the patients were divided into

four subgroups: males without comorbidity, females without co-

morbidity, males with comorbidity, and females with comorbidity.

Patients with comorbidity had greater age, severe rate and CFR,

while there was no difference between comorbidity number of males

and females (Table 2). There were significant differences in serum

levels of sIL‐2R (overall P = .0006), IL‐6 (overall P = .0113), IL‐8

(overall P = .0063), IL‐10 (overall P = .0011), TNF‐α (overall P = .0001),

and lymphocyte count (overall P = .0198), LDH (overall P = .0018),

ferritin (overall P < .0001), and hsCRP (overall P < .0001) in these four

subgroups. With or without comorbidity, patients in the male groups

had higher levels of ferritin and hsCRP compared with female groups.

For patients with comorbidity, there were significant differences in

serum levels of sIL‐2R, IL‐10, TNF‐α, and lymphocyte count of males

and females, which, however, were not found in patients without

comorbidity. Males with comorbidity had higher serum levels of sIL‐

2R, IL‐6, IL‐8, IL‐10, and TNF‐α than males without comorbidity. On

the other hand, females with comorbidity were observed with in-

creased levels of serum IL‐8, ferritin, and LDH compared with fe-

males without comorbidity.

Among 10 investigated comorbidities of COVID‐19 patients, that

is, hypertension, diabetes, CHD, tumor, bronchiectasis, chronic kid-

ney disease, COPD, asthma, tuberculosis (TB) and hepatitis B virus,

hypertension and diabetes were prevalent comorbidities, and their

numbers of cases were sufficient for further analysis (Figure 4A).

In this way, sex, age, hypertension, and diabetes were chosen to

perform multiple linear regression, through which the correlations

between sex and inflammatory proteins and cytokines adjusted by

age, hypertension, and diabetes were studied (Figure 4B). The results

showed that sex (male vs female) was positively correlated with the

levels of IL‐10 (P = .0463), TNF‐α (P = .0005), LDH (P = .0009), ferritin

(P < .0001), and hsCRP (P < .0001), but inversely correlated with

lymphocyte count (P = .0029); age had similar correlations with these

cytokines except IL‐10 (ie, TNF‐α (P < .0001), LDH (P = .0009), ferritin

(P = .0203), and hsCRP (P = .0006), lymphocyte count (P = .0010)), and

was also positively correlated with sIL‐2R (P < .0001), IL‐6 (P = .0039),

and IL‐8 (P = .0332). Besides this, there were positive correlations

between hypertension and sIL‐2R (P = .0383) and TNF‐α (P = .0180),

and a similar relationship existed between diabetes and IL‐10

(P = .0278).

4 | DISCUSSION

This study provided a comprehensive characterization of gendered

effects on inflammation reaction and mortality of COVID‐19 pa-

tients, and the association between excess inflammation reaction and

severity. In this study, the ratio of severity and death was 57.3% and

16.4%, respectively, which were higher than reported data (5.7%).21

The possible reasons were the patients were enrolled during the

highest peak of COVID‐19 outbreak; and they were from the

Sino‐French New City Branch of Tongji Hospital in Wuhan, which

was a designated hospital mainly for severe patients.

In this study, there were 62 of 90 (68.9%) male cases in fatal

COVID‐19 patients, and males had a higher CFR than females did

(22.2% vs 10.4%), with an HR of 1.923 (95% CI, 1.181‐3.130) after

adjusting for age, smoking history, and comorbidity (Figure 1C and

Table E2). Male and female patients both showed increasing mor-

tality with aging, among whom elder patients were more likely to

reach the endpoint, and cases with comorbidity (especially two or

more comorbidities) were more susceptible to die compared to those

without. Besides this, smoking history, however, had no significant

influence on mortality after adjustment of gender, age, and co-

morbidity. As Guan et al20 pointed out in a paradoxical result, the

F IGURE 2 Proportions of COVID‐19 severities based on laboratory marker expressions. The cut‐off for serum cytokines were set at

medians of 233 patients, that is, 5 pg/mL for IL‐1β, 737 U/mL for sIL‐2R, 16.12 pg/mL for IL‐6, 15.8 pg/mL for IL‐8, 5 pg/mL for IL‐10, and 8.5 pg/

mL for TNF‐α, respectively. The cut‐off for LDH, ferritin, hsCRP, and lymphocyte count were set at 250 U/L, 400 μg/L, 100mg/L, and 0.8 × 109/L,

respectively. *P < .05; **P ≤ .001; ***P ≤ .0001. hsCRP, hyper‐sensitive C‐reactive protein; IL, interleukin; LDH, lactose dehydrogenase; Lym,

lymphocyte; sIL‐2R, soluble interleukin‐2 receptor; TNF, tumor necrosis factor
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possible reasons could be that patients with smoking history were

mainly male, but sex was not considered in their study; and the study

populations were also different. Consequently, elder patients, espe-

cially males with comorbidity, were recommended to receive timely

diagnosis, medical care and close monitoring.

Research on SARS patients indicated that abnormal exaggeration

of inflammation reaction (eg, IL‐6, IL‐8, IL‐10, TNF‐α, and hsCRP)

could lead to lung damage, ARDS, multiple organ failure, or

death.11,22 Severe COVID‐19 patients would likely to develop acute

lung injure, ARDS, and multiple organ failure,17 and our study

F IGURE 3 Levels of laboratory markers in patients with COVID‐19 stratified by sex and age. A, Inflammatory cytokines including IL‐1β, sIL‐

2R, IL‐6, IL‐8, IL‐10, and TNF‐α. B, Inflammatory proteins including LDH, ferritin and hsCRP. C, Lymphocyte count in peripheral blood. Young, 0

to 44 years; mid‐aged, 44 to 64 years; elder, greater than or equal to 65 years. hsCRP, hyper‐sensitive C‐reactive protein; IL, interleukin; LDH,

lactose dehydrogenase; Lym, lymphocyte; sIL‐2R, soluble interleukin‐2 receptor; TNF, tumor necrosis factor
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indicated that the severity of COVID‐19 was associated with excess

expressions of inflammatory proteins and cytokines. In viral infec-

tions, the aberrant release of proinflammatory factors could lead to

lung epithelial and endothelial cell apoptosis which damaged the lung

microvascular and alveolar epithelial cell barrier, causing alveolar

edema, hypoxia, and even ARDS. Meanwhile, cytokine storm could

also result in immunopathogenic damage to tissues and organs.23,24

Gender and age were two critical factors for inflammation re-

action in COVID‐19 patients. Males and females had different innate

immune responses, which could be related to the innate detection of

nucleic acids by pattern recognition receptors between sexes, and

innate immune responses of sex hormones.25,26 Previous research

demonstrated that peripheral blood mononuclear cells (PBMCs) from

males produced more IL‐10 than females did following virus stimu-

lation, which was positively related to androgen concentration in

males27; and males had higher levels of proinflammatory cytokines

(eg, TNF) and chemokines (eg, CXCchemokine ligand 10 [CXCL10])

following lipopolysaccharide stimulation.28‐30 In contrast, under the

stimulation of PBMCs in vitro, females had higher numbers of acti-

vated CD4+ T cells and CD8+ T cells and proliferating T cells in

peripheral blood compared to males.28,31 Females had greater

antibody responses, higher basal immunoglobulin levels and B cell

numbers than males did.31,32 A conclusion we could speculate on was

that sex‐specific innate and adaptive immunity could result in sex

differences in inflammation reaction of COVID‐19 patients. Besides

this, elder patients had immune disorders including age‐related de-

fects in T‐ and B‐cell function and excess production of inflammatory

cytokines, which could lead to a deficiency in control of viral re-

plication and more prolonged proinflammatory responses and poor

outcomes.33 Márquez et al34 also concluded that males greater than

65 years had higher innate and proinflammatory activity and lower

adaptive activity. Consequently, gender‐ and age‐driven differences

in inflammation reaction could be the primary reasons of severity and

mortality of COVID‐19. As have also been partially confirmed in

previous studies,35‐37 comorbidities such as hypertension and dia-

betes could also affect the inflammatory cytokines including IL‐2R,

IL‐10, and TNF‐α, and further contribute to mortality of COVID‐19.

As innate and adaptive immunity differed from gender and age, im-

munotherapy considering gender differences should be developed to

realize effective personal treatment of COVID‐19.

This study had some limitations. First, this retrospective study

was single central, with all patients enrolled from the Tongji Hospital,

TABLE 2 Inflammatory indexes and cytokines of 233 COVID‐19 patients without smoking history

Without comorbidity With comorbidity

PMales, n = 53 Females, n = 82 Males, n = 47 Females, n = 51

Age, median (IQR), y 49.0 (37.5‐58.5) 53.5 (40.8‐67.0) 62.0 (52.0‐71.0)a 62.0 (56.0‐69.0)b <.0001

Body mass index, median (IQR), kg/m2 25.5 (23.4‐26.6) 23.9 (21.9‐25.9) 24.2 (22.6‐27.2) 25.6 (22.2‐28.3) .4505

Comorbidity 2+, No./total No. (%) 0/53 (0.0) 0/82 (0.0) 14/47 (29.8)a 16/51 (31.4)b <.0001

Severe patients, No./total No. (%) 22/53 (41.5) 32/82 (39.0) 31/47 (66.0) 25/51 (49.0) .0224

Death, No./total No. (%) 2/53 (3.8) 1/82 (1.2) 8/47 (17.0) 7/51 (13.7)b .0012

IL‐1β, median (IQR), pg/mL 5.0 (5.0‐5.0) 5.0 (5.0‐5.0) 5.0 (5.0‐5.0) 5.0 (5.0‐5.0) .2347

IL‐1β >5 pg/mL, No./total No. (%) 5/53 (9.4) 18/82 (22.0) 7/47 (14.9) 10/51 (19.6) .2688

IL‐2R, median (IQR), U/mL 727.0 (554.5‐932.5) 647.5 (470.5‐924.5) 932.0 (694.0‐1266.0)a 676.0 (489.0‐1107.0)c .0006

IL‐6, median (IQR), pg/mL 12.1 (3.2‐41.7) 11.5 (4.6‐32.3) 35.3 (9.5‐72.0)a 21.9 (5.9‐43.4) .0113

IL‐8, median (IQR), pg/mL 14.2 (8.1‐20.8) 12.6 (9.2‐20.3) 18.5 (12.1‐30.3)a 17.8 (11.6‐29.4)b .0063

IL‐10, median (IQR), pg/mL 5.0 (5.0‐9.5) 5.0 (5.0‐6.5) 7.0 (5.1‐13.2)a 5.0 (5.0‐8.6)c .0011

TNF‐α, median (IQR), pg/mL 8.7 (6.6‐10.1) 7.5 (6.2‐9.5) 10.0 (7.9‐14.3)a 8.2 (7.1‐10.8)c .0001

Lymphocyte count, ×109/L 0.9 (0.7‐1.0) 1.0 (0.7‐1.3) 0.8 (0.6‐1.0) 1.0 (0.6‐1.4)c .0198

Lactose dehydrogenase, median (IQR), U/L 312.0 (250.0‐459.0) 253.0 (208.5‐333.3)d 363.0 (236.0‐485.0) 303.5 (236.8‐363.8)b .0018

Ferritin, median (IQR), μg/L 857.3 (612.9‐1414.4) 422.8 (184.0‐563.0)d 965.6 (664.6‐2022.0) 569.0 (331.2‐900.2)b,c <.0001

Hyper‐sensitive C‐reactive protein, mg/L 51.3 (26.4‐93.9) 22.5 (8.2‐68.3)d 78.1 (44.2‐116.0) 40.8 (8.9‐65.5)c <.0001

Note: Data are expressed as median (IQR), No., or No./total No. (%). P values comparing the four groups are from Pearson's χ2 test, Fisher's exact test, or

the Kruskal‐Wallis test followed by the Wilcoxon intergroup comparison. P values, overall P values among four groups.

Abbreviations: IL, interleukin; IQR, interquartile range; TNF, tumor necrosis factor.
aMales without comorbidity vs males with comorbidity.
bFemales without comorbidity vs females with comorbidity.
cMales with comorbidity vs females with comorbidity.
dMales without comorbidity vs females without comorbidity.
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and the interpretation of our findings might be limited by the sample

size. Second, not all laboratory tests, especially inflammatory pro-

teins and cytokines, were performed on all patients. Third, all the

laboratory tests regarding inflammatory proteins and cytokines were

conducted on admission, observation of the dynamic changes in

blood cytokine levels might provide scientific insights in pathogenesis

and efficacy of clinical treatment on COVID‐19. Fourth, cases with

some comorbidities such as asthma and tumor were limited, there is

still a lack of detailed investigation on their effects on inflammation

and severity.

In summary, male patients especially elder patients with co-

morbidity, showed a higher risk of mortality. Males had higher innate

and proinflammation reaction, and defects in adaptive immunity re-

sponses; under the combined effects of age and comorbidity, male

COVID‐19 patients were prone to develop impaired immune defense

and exaggerated production of inflammatory cytokines and proteins

including IL‐10, TNF‐α, LDH, ferritin, and hsCRP, further leading to

potential ARDS, multiple organ failure, and decease.
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