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ABSTRACT 
 

The COVID-19 pandemic causes severe morbidity and mortality. This multi-country study aimed to explore risk 
factors that drive mortality in COVID-19 patients who received neither dexamethasone nor remdesivir. We 
analyzed a cohort of 568 survivors and 507 non-survivors from China, European regions, and North America. 
Elderly males җтл years accounted for only 25% of survivors, but this rate was significantly higher in non-
survivors from China (55%), European regions (63%), and North America (47%). Compared with survivors, non-
survivors had more incidences of comorbidities such as cerebrovascular disease and chronic obstructive 
pulmonary disease (COPD, p-values<0.05). Survival analyses revealed age, male gender, shortness of breath, 
cerebrovascular disease, and COPD as mortality-associated factors. Survival time from symptom onset was 
significantly shorter in elderly versus young patients (median: 29 versus 62 days), males versus females 
(median: 46 versus 59 days), and patients with versus without  comorbidities (mean: 41 versus 61 days). 
Mortality  risk was higher in elderly males with comorbidities than in young females without  comorbidities (p-
value<0.01). Elderly male survivors with comorbidities also had longer hospital stays than other survivors (25 
versus 18.5 days, p-value<0.01). Overall, the high mortality risk in elderly males with COVID-19-associated 
comorbidities supports early prevention and critical care for elderly populations. 
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INTRODUCTION  
 

Coronavirus Disease 2019 (COVID-19) is a global 

pandemic that is causing significant, widespread 

increases in morbidity and mortality, while effective 

antiviral treatments are still under development [1]. As 

of November 26
th
, 2020, there were more than 60.4 

million cases of COVID-19, and the overall case-

fatality risk was approximately 2.4% according to an 

update by the World Health Organization (WHO). With 

a strong potential of sustained human-to-human 

transmission, severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) can quickly spread to 

vulnerable populations such as elderly individuals with 

aging-related immune disorders. 

 

Early studies of COVID-19-associated mortality and 

risk factors have mostly involved small cohorts of 

non-survivors in Wuhan [2ï7]. For instance, COVID-

19-associated mortality was observed in 32 (62%) of 

52 critically ill patients in Wuhan who received 

medical care in the intensive care unit [2]. A single-

center study reported an increased risk of mortality in 

COVID-19 patients who were severely or critically ill 

at hospitalization [3]. Additionally, mortality was 

observed in both non-severe (1.1%) and severe 

(32.5%) patients during the 32-day follow-up [4]. A 

retrospective study of 54 non-survivors showed the 

increasing odds of death in association with older age, 

a high sequential organ failure assessment score, and 

high d-dimer levels at baseline [5]. Another study in 

Wuhan reported strong associations of older ages with 

a high risk of acute respiratory distress syndrome and 

death [6]. Moreover, CD3
+
CD8

+
 T cells and cardiac 

troponin I were found to be important risk factors 

based on a small cohort of 21 non-survivors and 158 

survivors [7]. Despite the above findings, it remains 

unclear why some patients are more susceptible to a 

fatal outcome of COVID-19 and whether elderly 

patients outside Wuhan harbor unique features with 

regard to mortality.  

 

To reveal mortality-associated factors, our study 

collected a large cohort of survivors who recovered 

from COVID-19 and non-survivors who died of the 

disease before May 1, 2020. Due to the authorization 

of remdesivir on May 1 and dexamethasone on June 17 

that may affect our results of mortality-related factors, 

our data collection initially retrieved clinical records 

of COVID-19 patients who received neither remdesivir 

nor dexamethasone. By using epidemiological and 

clinical records of COVID-19 patients from different 

countries, this multi-country study revealed a high-risk 

population of elderly patients with specific 

comorbidities. Given the rapid spread of COVID-19 

which is causing high morbidity and mortality 

worldwide, a special focus on elderly patients with 

specific comorbidities in current COVID-19 guidelines 

should be implemented. 

 

RESULTS 
 

Epidemiological features 
 

This study retrieved a multi-country dataset of 1075 

COVID-19 patients, including 232 survivors and 183 

non-survivors in China, 208 survivors and 258 non-

survivors in European regions, and 128 survivors and 

66 non-survivors in North America (Table 1). None of 

the COVID-19 patients received remdesivir or 

dexamethasone ï two approved drugs that may 

potentially reduce the mortality rate of COVID-19 [8, 

9]. All COVID-19 patients were reported between 

January and April 2020. Our workflow and data 

summary are provided in Figure 1. 

 

We analyzed the age distribution of the 1075 patients in 

our dataset (Figure 2A). The youngest and oldest non-

survivors died at 5 and 99 years of age, respectively. 

COVID-19 survivors were significantly younger than 

non-survivors in China (median: 64 versus 71 years,  

p-value<0.001, Figure 2B), European regions (60 versus 

75, p-value<0.001, Figure 2C), and North America  

(46 versus 71, p-value<0.001, Figure 2D). Elderly 

males Ó70 years accounted for only 25% of 568 

survivors, but this rate was significantly higher among 

non-survivors from China (55%, p-value<0.01), 

European regions (63%, p-value<0.01), and North 

America (47%, p-value<0.01). 

 

Our gender analysis suggested that COVID-19 killed 

more males than females across China, European regions, 

and North America (Table 1). The proportion of males 

was significantly higher among non-survivors than 

survivors in China (64% versus 47%, p-value<0.01), 

European regions (66% versus 56%, p-value=0.041),  

and North America (68% versus 48%, p-value=0.01),  

but such differences were not observed between three 

sampling origins of non-survivors (p-values>0.05,  

Table 1). 

 

Clinical features of survivors and non-survivors 
 

We analyzed the proportions of those with pre-existing 

comorbidities in a subset of 359 survivors and 239 non-

survivors whose comorbidities were recorded (Figure 

1). As expected, proportions of comorbidities increased 

with age in males and females, though comorbidity 

proportions were slightly higher (but insignificant) in 

males than in females (Figure 3A and Supplementary 

Table 1). Moreover, non-survivors had higher 

proportions of comorbidities than survivors aged from 
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Table 1. Basic information of 1075 COVID-19 patients in our study. 

  Sample size Male, n (%) Age, median (IQR) 

Survivors 

China 232 108 (47%) 64 (54 to 71) 

European regions 208 117 (56%) 59 (46 to 71) 

North America 128 61 (48%) 46 (39 to 53) 

 China 183 117 (64%) 71 (64 to 79) 

Non-survivors European regions 258 169 (66%) 75 (66 to 84) 

 North America 66 45 (68%) 71 (56 to 77) 

IQR: interquartile range. 
 

30 to Ó80 years (Figure 3B). Compared with survivors, 

non-survivors harbored more comorbidities such as 

cerebrovascular disease (2% versus 8%, p-value<0.01), 

cardiovascular disease (24% versus 39%, p-value<0.01), 

and chronic obstructive pulmonary disease (COPD, 1% 

versus 9%, p-value<0.01, Supplementary Table 1). In the 

analysis of comorbidity numbers, more non-survivors 

had Ó3 comorbidities than survivors (6% versus 16%, p-

value=0.01, Supplementary Table 1). Hypertension was 

highly prevalent among male non-survivors than male 

survivors (41% versus 27%, p-value=0.006, Figure 3C). 

 

We next analyzed baseline findings of computed 

tomography (CT) scans. Incidences of ground-glass 

opacity, pleural adhesions, and pleural effusion were 

significantly higher in non-survivors than in survivors 

(p-values<0.05). Figure 4 highlights the CT results of a 

non-survivor who had abnormal bilateral lungs with 

ground-glass opacities and pleural adhesions.  

 

Death-related complications were recorded in a subset 

of 102 non-survivors. The most common complications 

were respiratory failure (51%), acute respiratory distress 

syndrome (28.4%), multiple organ failure (27.5%), 

shock (22.5%), and hypoxia (13.7%). Males and 

females had similar incidences of death-related 

complications (Supplementary Table 2).   

 

Risk factors associated with COVID-19 mortality 
 

To reveal mortality-associated factors, we examined a 

subset of 242 survivors and 157 non-survivors whose 

records contained complete information regarding age, 

gender, comorbidities, symptoms, clinical outcomes, 

and survival time from symptom onset to clinical 

outcomes (Figure 1). As shown in Table 2, the most 

common symptoms at baseline were fever, cough, 

shortness of breath, and fatigue (proportions Ó25%). In 

the comparison of survivors and non-survivors, 

significant differences in patient age, male gender, 

shortness of breath, any comorbidity, cerebrovascular 

disease, cardiovascular disease, chronic liver disease, 

and COPD were detected (Table 2). 

We next used Cox proportional hazards models to 

evaluate time-dependent hazards of baseline factors for 

the clinical outcome of death. Univariate Cox regression 

analyses revealed seven risk factors: age, male gender, 

shortness of breath, any comorbidity, cerebrovascular 

disease, cardiovascular disease, and COPD (p-

values<0.05, Table 3). Multivariate Cox regression 

analyses further confirmed five significant factors: male 

gender (hazard ratio (HR): 1.41, p-value=0.039), age 

(HR: 1.03, p-value<0.01), shortness of breath (HR: 

1.74, p-value=0.0008), cerebrovascular disease (HR: 

3.28, p-value<0.01), and COPD (HR: 2.19, p-

value=0.03, Table 3). These five factors with the effect 

size of Cohenôs d Ó0.4 remained significant in the 

propensity score-matched samples that potentially 

reduced the confounding effect (Table 4). 

 

A tree model was built in Figure 5 to visualize 

proportions of survivors and non-survivors based on 8 

possible conditions of three pre-existing factors at 

baseline: age (<70 or Ó70 years), gender (male or 

female), and any comorbidity (yes or no). Among the 8 

possible conditions, the highest proportion of mortality 

was observed in elderly males with comorbidities (28%, 

44/157), whereas the highest proportion of survivors 

was found in young females without comorbidities 

(18%, 44/242). A higher proportion of non-survivors 

was often found among males, those Ó70 years, and/or 

those with comorbidities than among females, those <70 

years, and/or those without comorbidity (Figure 5). 

Similar patterns were also observed in the tree models 

of age, gender plus either cerebrovascular disease or 

COPD (Supplementary Figure 1). 

 

Impact of risk factors on survival time and length of 

hospital stay 
 

Kaplan-Meier curves were evaluated to understand 

whether risk factors such as age, gender, and 

comorbidities affect survival time from symptom onset 

to death - the primary endpoint of clinical outcomes. As 

shown in Figure 6A, the median survival time of elderly 

patients Ó70 years was significantly shorter than that of 



 

ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ ол !DLbD 

 
 

Figure 1. A workflow of our data collection procedures and dataset summary. 
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Figure 2. Age distribution of COVID-19 patients. Proportions of survivors (left) and non-survivors (right) at different age classes are 
visualized for all patients (A), patients in China (B), patients in European regions (C), and patients in North America (D). For survivors, male 
and female proportions are visualized by blue and light-blue, respectively. For non-survivors, male and female proportions are visualized by 
black and gray, respectively. 
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patients <70 years (median: 29 versus 62 days, p-

value<0.001). Male patients had a shorter survival time 

than female patients (median: 46 versus 59 days, p-

value=0.021, Figure 6B). The survival time of patients 

with comorbidities was shorter than those without any 

comorbidity (mean: 41 versus 61 days, p-value=0.001, 

Figure 6C). Furthermore, the survival time of patients 

with Ó3 comorbidities (mean: 27, IQR: 20 to 33 days) 

was shorter than those with 1 or 2 comorbidities (mean: 

43, IQR: 40 to 46.5 days) and those without any 

comorbidity (mean: 60, IQR: 55 to 66 days, p-

values<0.01, Supplementary Figure 2A). Patients with 

 

 
 

Figure 3. Pre-existing comorbidities in males/females and survivors/non-survivors. (A) Proportions of males (blue) and females 
(gray) with any comorbidity. (B) Proportions of survivors (green) and non-survivors (black) with any comorbidity. (C) Comorbidities in male 
survivors/non-survivors (left) and female survivors/non-survivors (right). Red stars indicate the significant difference in proportions between 
survivors and non-survivors (p-value<0.05). 
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cerebrovascular disease (median: 14 versus 59 days, p-

value<0.001, Figure 6D) or COPD (median: 11 versus 

59 days, p-value<0.001, Supplementary Figure 2B) also 

had a shorter survival time than patients without these 

comorbidities.  

We next evaluated the length of hospital stay under pre-

existing conditions of age, gender, and comorbidities 

(Figure 6E). The length of hospital stay was shorter 

among non-survivors (median: 11, interquartile range 

(IQR): 7 to 21 days) than among survivors (median: 20, 

 

 
 

Figure 4. CT images from an elderly male with laboratory-confirmed COVID-19 (A) and a normal male without COVID-19 (B). CT images were 
illustrated in the upper zone (above the carina), the middle zone (below the carina up to the inferior pulmonary vein), and the lower zone 
(below the inferior pulmonary vein). After 9-day hospitalization, CT images showed minor ground-glass opacity (GGO) in subpleural areas of 
the lower left and right lobes in the COVID-19 male. After 12-day hospitalization, CT images showed progressing GGOs and newly-appeared 
reticulation. The vascular enlargement was observed in the lesion of the lower left lung. A small amount of bilateral pleural effusion was 
newly developed. After 22-day hospitalization, CT images showed progressing lesion with multiple newly-appeared GGO in both lungs, 
predominantly located in subpleural areas of lower lobes. Bronchiectasis of the anterior internal basal segment of the left lower lung was 
visible. Progressing bilateral pleural effusion was identified. The patient passed away after 24 days of hospitalization in The First Hospital of 
Changsha.  
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Table 2. Clinical features of COVID-19 patients with the complete records of symptoms, comorbidities, clinical 
outcomes, and survival time. 

Characteristics Total (N=399) Survivors (N=242) 
Non-survivors 

(N=157) 
P-value 

Male 215 (54%) 116 (48%) 99 (63%) 0.003 

Age (years) 66 (58 to 74) 65 (55 to 72) 70 (63 to 78) 1.2×10-5 

Chinese patients 366 (92%) 224 (93%) 142 (90%) 0.45 

Baseline symptoms     

Any symptom 392 (98%) 236 (98%) 156 (99%) 0.17 

Fever 326 (82%) 203 (84%) 123 (78%) 0.16 

Cough 256 (64%) 154 (64%) 102 (65%) 0.79 

Shortness of breath 149 (37%) 70 (29%) 79 (50%) 1.6×10-5 

Fatigue 107 (27%) 65 (27%) 42 (27%) 0.98 

Chills 63 (16%) 38 (16%) 25 (16%) 0.95 

Diarrhea 59 (15%) 42 (17%) 17 (11%) 0.07 

Myalgia 58 (14%) 41 (17%) 17 (11%) 0.09 

Appetite loss 57 (14%) 39 (16%) 18 (11%) 0.19 

Headache 31 (8%) 20 (8%) 11 (7%) 0.65 

Nausea 29 (7%) 19 (8%) 10 (6%) 0.58 

Comorbidity      

Hypertension 163 (41%) 94 (39%) 69 (44%) 0.31 

Diabetes mellitus 103 (26%) 56 (23%) 47 (30%) 0.13 

Cardiovascular disease 68 (17%) 31 (13%) 37 (24%) 0.005 

Cerebrovascular disease 25 (6%) 5 (2%) 20 (13%) 1.7×10-5 

Cancer 20 (5%) 9 (4%) 11 (7%) 0.14 

Chronic bronchitis 16 (4%) 7 (3%) 9 (6%) 0.16 

COPD # 11 (3%) 2 (1%) 9 (6%) 0.003 

Chronic liver disease 9 (2%) 2 (1%) 7 (5%) 0.017 

Digestive disease 8 (2%) 3 (1%) 5 (3%) 0.18 

Tuberculosis 6 (2%) 3 (1%) 3 (2%) 0.59 

Any comorbidity  258 (65%) 141 (58%) 117 (75%) 9.0×10-4 

1 comorbidity 136 (34%) 80 (33%) 56 (36%)  

2 comorbidities 78 (20%) 47 (19%) 31 (20%) 0.004 

Ó3 comorbidities 44 (11%) 14 (5%) 30 (12%)  

Time to clinical outcome     

Symptom onset to outcome 29 (19 to 42) 38 (27 to 47) 17 (12 to 27) <0.01 

Length of hospital stay 17 (10 to 27) 20 (11 to 28) 11 (7 to 21) 2.2×10-10 

#: COPD: chronic obstructive pulmonary disease. 
 

IQR: 11 to 28 days, p-value<0.01). The median time 

from hospital admission to discharge was significantly 

longer in elderly survivors (median: 23, interquartile 

range (IQR): 18.5 to 32 days) than in young survivors 

(median: 17, IQR: 10 to 23 days, p-value<0.001). 

Survivors with comorbidities had a longer period of 

hospital stay than survivors without comorbidities 

(median: 21 versus 15 days, p-value<0.001). For 

survivors, elderly males with comorbidities required 25 

days (IQR: 18 to 35 days) of hospital stay, which was 

much longer than young females without comorbidities 

(median: 14, IQR: 9 to 19 days, p-value<0.001). For 
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Table 3. Risk factors in the survival model of COVID-19 using Cox proportional hazards models.  

 
Univariate analysis Multivariate analysis 

HR (95% CI) P-value HR (95% CI) P-value 

Male 1.53 (1.29 to 1.80) 0.01 1.41 (1.19 to 1.67) 0.039 

Patient age* 1.04 (1.03 to 1.05) 6.4×10-8 1.03 (1.02 to 1.04) 3.0×10-5 

Region & 0.52 (0.39 to 0.68) 0.06   

Signs or symptoms     

Any symptom 2.65 (0.97 to 7.23) 0.33   

Fever 0.76 (0.63 to 0.93) 0.16   

Cough 0.89 (0.75 to 1.05) 0.49   

Shortness of breath 1.86 (1.59 to 2.18) 1.0×10-4 1.74 (1.47 to 2.05) 0.0008 

Fatigue 0.90 (0.75 to 1.08) 0.55   

Myalgia 0.64 (0.49 to 0.82) 0.08   

Chills 0.92 (0.74 to 1.14) 0.69   

Diarrhea 0.63 (0.48 to 0.81) 0.07   

Headache 0.81 (0.59 to 1.11) 0.49   

Nausea 0.78 (0.56 to 1.09) 0.46   

Appetite loss 0.64 (0.50 to 0.82) 0.08   

Comorbidity      

Any comorbidity 1.79 (1.49 to 2.15) 0.002   

Hypertension 1.23 (1.05 to 1.45) 0.19   

Diabetes mellitus 1.27 (1.06 to 1.51) 0.18   

Cardiovascular disease 1.74 (1.44 to 2.10) 0.004   

Cerebrovascular disease 4.11 (3.23 to 5.24) 5.1×10-9 3.28 (2.55 to 4.23) 2.9×10-6 

Chronic liver disease 1.90 (1.29 to 2.80) 0.09   

Digestive disease 1.93 (1.23 to 3.05) 0.15   

Cancer 1.50 (1.10 to 2.05) 0.20   

Chronic bronchitis 1.76 (1.25 to 2.48) 0.10   

COPD 3.45 (2.44 to 4.88) 3.6×10-4 2.19 (1.53 to 3.15) 0.03 

Tuberculosis 1.28 (0.71 to 2.29) 0.68   

* : Increase per year. &: Patients in China versus Europe/North America. 

non-survivors, the median time from hospital admission 

to death was 11.5 days (IQR: 7 to 22 days). Moreover, 

elderly non-survivors had a shorter length of hospital 

stay compared with young non-survivors (median: 10 

versus 14 days, p-value=0.003). The length of hospital 

stay was shorter in elderly male non-survivors (median: 

10, IQR: 6 to 18.5 days) than in young male non-

survivors (median: 15, IQR: 9.5 to 27 days, p-

value=0.003). Overall, mortality-associated risk factors 

exert an impact on the hospital stay and survival time in 

COVID-19 patients. 

 

DISCUSSION 
 

To understand why some COVID-19 patients are more 

susceptible to fatal outcomes, we explored 

epidemiological and clinical records of survivors and 

non-survivors from China, European regions, and North 

America. Our study revealed three major findings. (i) 

High mortality risk of COVID-19 was consistently 

found among elderly males from China, Europe, and 

North America. (ii) Risk factor and survival analyses 

revealed mortality-associated risk factors of age, male 

gender, shortness of breath, and chronic comorbidities 

such as cerebrovascular disease and COPD. (iii) 

Mortality-associated risk factors exert an impact on the 

survival time and hospital stays of elderly patients. To 

reduce mortality rates and hospital burden, we carried 

out a multi-country study on COVID-19-induced 

mortality, and the results support the early prevention 

and critical care of elderly males with specific 
comorbidities.  

 

Elderly adults with an increased risk of COVID-19 
 

In agreement with previous findings [2, 4, 10, 11], our 

survival analyses suggested that the mortality risk of 

COVID-19 increased with patient age (HR: 1.04
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Table 4. Mortality -associated factors in the original sample and the propensity score-matched samples. 

 
Original sample 

HR (95% CI) P-value OR (95% CI) P-value Cohenôs d 

Male 1.53 (1.29 to 1.80) 0.01 1.85 (1.23 to 2.80) 0.003 0.339 

Patient age 1.04 (1.03 to 1.05) 6.4×10
-8
 - - 0.586 

Shortness of breath 1.86 (1.59 to 2.18) 1.0×10
-4
 2.49 (1.64 to 3.78) 1.9×10-5 0.503 

Any comorbidity 1.79 (1.49 to 2.15) 0.002 2.20 (1.42 to 3.42) 4.3×10-4 0.435 

Cardiovascular disease 1.74 (1.44 to 2.10) 0.004 2.10 (1.24 to 3.56) 0.006 0.409 

Cerebrovascular disease 4.11 (3.23 to 5.24) 5.1×10
-9
 6.92 (2.54 to 18.85) 1.6×10-4 1.066 

COPD 3.45 (2.44 to 4.88) 3.6×10
-4
 7.30 (1.56 to 34.24) 0.01 1.096 

 Matched sample* 

 HR (95% CI) P-value OR (95% CI) P-value Cohenôs d 

Male 1.76 (1.19 to 2.62) 0.005 2.07 (1.28 to 3.34) 0.003 0.401 

Patient age 1.07 (1.04 to 1.09) 1.2×10
-7
 - - 0.859 

Shortness of breath 6.92 (3.8 to 12.77) 6.1×10
-10

 11.20 (5.65 to 22.20) 4.4×10-12 1.332 

Any comorbidity 1.00 (0.63 to 1.56) 0.99 1.08 (0.63 to 1.85) 0.78 0.042 

Cardiovascular disease 1.48 (0.82 to 2.67) 0.19 1.79 (0.84 to 3.80) 0.13 0.321 

Cerebrovascular disease 52.3 (6.7 to 407.9) 1.6×10
-4
 96.0 (10.4 to 890.6) 5.9×10-5 2.516 

COPD 4.93 (1.01 to 24.1) 0.049 12.3 (1.3 to 113.1) 0.03 1.381 

*: The propensity score-matched samples are described in Supplementary Table 3.1 to Supplementary Table 3.7. 
-: The OR of patient age was not measured because patient age was a continuous variable. 
 

increase per year), and most deaths were observed in 

elderly adults, especially those Ó70 years (>50% of non-

survivors). Of interest, the high mortality risk of elderly 

adults was consistently observed in China, European 

regions, and North America (Figure 2). Indeed, similar 

findings have been consistently reported by single-

country studies of COVID-19 patients in many 

countries such as America [12], Belgium [13], Canada 

[14], France [15], Germany [16], Italy [17], Mexico 

[18], Poland [19], Romania [20], Russia [21], Spain 

[22], and the United Kingdom [23]. Of note, age, 

gender, and chronic comorbidities are key factors that 

determine hospitalization rather than outpatient care 

[10]. For instance, elderly survivors required a longer 

length of hospital stay than non-survivors (Figure 6). 

The elderly required longer hospital stays than young 

adults, probably because close monitoring of their 

recovery requires more time in the hospital. Similar to 

our findings, a small-cohort study of 17 non-survivors 

reported a short time (median: 11.5 days) from 

symptom onset to death in patients Ó70 years [24]. 

Overall, our study and literature findings support the 

early prevention of COVID-19 in elderly adults due to 

their high risk. 

 

Why are elderly adults more vulnerable to COVID-19? 

Although the exact mechanisms remain unclear, 

several hypotheses have been proposed [25]. First, 

compared with young patients, elderly adults with 

compromised immunity might have slower, less 

coordinated, and less efficient immune responses to 

COVID-19 [26, 27]. Additionally, the innate and 

adaptive systems are possibly suboptimal in elderly 

patients. For instance, T and B lymphocytes are 

critical components of adaptive immune responses to 

emerging infections, but elderly patients may 

experience age-related dysfunction with a decreased 

production of T and B lymphocytes [28]. Second, 

elderly adults may have an increased risk of exposure 

to COVID-19, problems with access to health services, 

and less opportunity to receive respiratory support in 

resource-limited settings [29]. Third, elderly adults 

usually have comorbid conditions such as acute 

respiratory distress syndrome, which may diminish 

their recovery from COVID-19 [30]. 

 

Elderly males with a high mortality risk  

 

In agreement with previous studies [12ï23], our study 

showed gender disparities in that COVID-19 killed 

more males than females especially in elderly 

populations (Figure 2), and our survival analyses 

revealed age and male gender as risk factors to be 

associated with mortality (Table 3). Of note, the fatality 

rate was higher in males (2.84%, 653/22981) than 

females (1.71%, 370/21691) in mainland China [31]. In 

Italy, males accounted for 82% of 1591 critically ill 

patients with ICU admission [32]. During the screening 
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Figure 5. A tree model that shows the proportions of COVID-19 survivors and non-survivors based on three conditions: 
ǇŀǘƛŜƴǘ ŀƎŜ όғтл ƻǊ җтл ȅŜŀǊǎύΣ ƎŜƴŘŜǊ όŦŜƳŀƭŜΣ ƳŀƭŜύΣ ŀƴŘ ǇǊŜ-existing comorbidities (yes or no). Scatter plots at the bottom 
visualize the days from symptom onset to clinical outcomes (death for non-survivors and survival for survivors). Blue and red dots are shown 
for survivors and non-survivors, respectively. Significant differences in survival time between survivors and non-survivors are indicated by 
black asterisks. 


