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Objective: To study the differences in clinical characteristics, risk factors, and
complications across age-groups among the inpatients with the coronavirus disease
2019 (COVID-19).

Methods: In this population-based retrospective study, we included all the positive
hospitalized patients with COVID-19 at Wuhan City from December 29, 2019 to April 15,
2020, during the first pandemic wave. Multivariate logistic regression analyses were used
to explore the risk factors for death from COVID-19. Canonical correlation analysis (CCA)
was performed to study the associations between comorbidities and complications.

Results: There are 36,358 patients in the final cohort, of whom 2,492 (6.85%) died.
Greater age (odds ration [OR] = 1.061 [95% C/ 1.057-1.065], p < 0.001), male gender
(OR = 1.726 [95% CI 1.582-1.885], p < 0.001), alcohol consumption (OR = 1.558
[95% CI 1.355-1.786], p < 0.001), smoking (OR = 1.326 [95% CI 1.055-1.652], p =
0.014), hypertension (OR = 1.175 [95% C/ 1.067-1.293], p = 0.001), diabetes (OR =
1.258 [95% CI 1.118-1.413], p < 0.001), cancer (OR = 1.86 [95% CI 1.507-2.279],
p < 0.001), chronic kidney disease (CKD) (OR = 1.745 [95% CI 1.427-2.12], p <
0.001), and intracerebral hemorrhage (ICH) (OR = 1.96 [95% CI 1.323-2.846], p =
0.001) were independent risk factors for death from COVID-19. Patients aged 40-80
years make up the majority of the whole patients, and them had similar risk factors
with the whole patients. For patients aged <40 years, only cancer (OR = 17.112
[95% CI 6.264-39.73], p < 0.001) and ICH (OR = 31.538 [95% CI 5.213-158.787],
p < 0.001) were significantly associated with higher odds of death. For patients aged
>80 years, only age (OR = 1.033 [95% C/ 1.008-1.059], p = 0.01) and male gender
(OR = 1.585 [95% CI/ 1.301-1.933], p < 0.001) were associated with higher odds
of death. The incidence of most complications increases with age, but arrhythmias,
gastrointestinal bleeding, and sepsis were more common in younger deceased patients
with COVID-19, with only arrhythmia reaching statistical difference (p = 0.039). We
found a relatively poor correlation between preexisting risk factors and complications.
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Zhang et al.

COVID-19 and Age

Conclusions: Coronavirus disease 2019 are disproportionally affected by age for its
clinical manifestations, risk factors, complications, and outcomes. Prior complications
have little effect on the incidence of extrapulmonary complications.

Keywords: COVID-19, age, risk factors, complications, death

INTRODUCTION

The coronavirus disease 2019 (COVID-19) is a novel coronavirus
infection disease causing respiratory failure and a high
death rate in vulnerable populations (1). Despite increasing
clinical experience and a rapidly expanding of literature
on diverse aspects of COVID-19, the relationship between
common risk factors and mortality from COVID-19 remains
incompletely understood.

Prior studies have identified greater age, male sex, and
metabolic comorbidities, such as hypertension and diabetes as
risk factors for poor outcomes in patients with COVID-19 (2, 3).
These comorbidities are more common among older age groups,
and overwhelming evidence from around the world suggests that
age itself is the most significant risk factor for severe disease
and death from COVID-19 (3). Emerging data suggest that the
effect of comorbidities on COVID-19 may be age-dependent (4-
6). However, due to the small sample size of previous studies, it
is challenging to isolate the independent effects of these clustered
characteristics as a function of patient age. Besides, COVID-19
can affect multiple organ systems (7, 8), and cause complications,
such as acute respiratory distress syndrome (ARDS), respiratory
failure, acute myocardial infarction (AMI), acute kidney injury
(AKI), coagulopathy (9), sepsis, or systemic inflammation (10).
Since these complications are extremely life-threatening, their
prevalence can act as determining factors in the morbidity and
mortality rates of the disease (11, 12). However, there is a
lack of research about the effects of age on the incidence of
complications and the association between complications and
prior comorbidities of patients (13).

To address these deficiencies in the literature, in this study
we determine clinical characteristics, risk factors for death,
and complications across age groups in the whole dataset of
inpatients with COVID-19 across Wuhan city, China. Wuhan
has emerged as the original epicenter of COVID-19, with some
50,000 individuals infected and nearly 4,000 deaths recorded
during the early phase of this pandemic. Using this unique
cohort, we explored the association between complications and
prior comorbidities of patients.

METHODS
Study Design and Participants

This is a retrospective cohort study using data collected
from all inpatients in Wuhan with positive COVID-19 test
results recorded from December 29, 2019, when the patients

Abbreviations: COVID-19, the coronavirus disease 2019; ARDS, acute respiratory
distress syndrome; AMI, acute myocardial infarction; AIS, acute ischemic stroke;
AKT, acute kidney injury; CKD, chronic kidney disease; CLD, chronic liver disease.

were first admitted to hospital, and extending to April 15,
2020, this being the first day with no new cases declared in
Wuhan city. The compilation of data was coordinated by the
Wuhan Health Commission, which mandated the reporting of
clinical information from every designated hospital (such as,
61 Wuhan hospitals and mobile cabin hospitals) in Wuhan
that had admitted patients with laboratory-confirmed COVID-
19. We included all the inpatients with positive COVID-19 in
this administrative dataset. We excluded patient records with
incomplete clinic data. The follow-up of patients continued
through July 1, 2020. This study was designed by the authors
and approved with the provision of a waiver of authorization
and informed consent by the ethics committee of Tongji Hospital
(IRB ID: TJ-C20200121). The data are anonymous, and the
requirement for informed consent was therefore waived.

Data Collection and Data Extraction
Demographic, clinical, laboratory, treatment, and outcome
data were extracted from electronic medical records using
a standardized data collection and processing method.
Detailed information about procedures is provided in
Supplementary Materials. The laboratory data were collected at
the time of admission of the patient.

Definitions

Age groups were set as <18, 18-40, 40-60, 60-80, and >80
years since differences in mortality were reported according
to a previous study (14). The clinical outcomes were defined
as hospital discharge or death. COVID-19 related deaths were
defined as those occurring in patients who tested positive for
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) through reverse transcription-PCR (RT-PCR). The cardiac
injury was defined as an elevation of at least one of the three
cardiac biomarkers above the 99th percentile upper reference
limit, or if new abnormalities were shown in electrocardiography
and echocardiography (15). Acute respiratory distress syndrome
(ARDS) was defined according to the Berlin definition (16).
Respiratory failure was defined as the requirement for oxygen
supplementation or mechanical ventilation (17). AKI was
identified according to the Kidney Disease: Improving Global
Outcomes definition (18). Cardiac arrhythmias were recorded
according to the ECG measured upon initial admission and
duration of the hospital stay, or were collected from the medical
records of patients (19). Coagulopathy was defined as a 3-
s prolongation of prothrombin time or a 5-s prolongation of
activated partial thromboplastin time, or by any evidence of
pulmonary embolism, lower limb venous thrombosis, arterial
embolism, or disseminated intravascular coagulation (DIC)
(20). Acute liver injury (ALI) was defined as a state in
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Inpatient with positive COVID-19 in Wuhan
from Dec 29, 2019 to April 15, 2020 (n=40206)

Patients with incomplete clinic data
were excluded(n=3848)

(n=36358)

COVID-19 patients who were included

Survived patients with
COVID-19(n=33863)

Deceased patients with
COVID-19(n=2495)

FIGURE 1 | Flowchart of patient inclusion and exclusion.

which the blood laboratory results of patients met at least
one of three criteria: serum total bilirubin of 1.0 mg/dl or
greater; aspartate aminotransferase of 41 IU/L or greater; and
alanine aminotransferase of 41 IU/L or greater. AMI and acute
ischemic stroke (AIS) was diagnosed as previously described
(21, 22). Gastrointestinal bleeding was defined as the presence
of hematemesis, melena, or hematochezia. Sepsis was defined
according to The Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3) (23).

Statistical Analysis

Continuous variables with non-normal distributions were
described as a median interquartile range (IQR). Categorical
variables were described as number and percentage (%).
Comparison between two groups was performed with Wilcoxon
test for non-parametric variables, Fisher’s exact test or the chi-
square test was performed for categorical variables. Multivariate
logistic regression models were developed to explore the
relative contributions of risk factors. Variables with P < 0.1
in univariate regression were included in multiple regression.
There were no significant interactions between variables
enrolled in multivariate analyses. The value of P < 0.05
was considered statistically significant. Canonical correlation
analysis (CCA) was used to analyze the correlation between
preexisting risk factors and the incidence of complications.
The sign of the standardized coefficient indicates the direction
in which the raw variable influences the canonical variate.
The magnitude of the standardized coefficient represents the
magnitude of the influence of variable on the canonical variate.
Data preprocessing and statistical analysis were calculated
with Ubuntu 16.04.6 and an R-studio server (R-4.0.3 R
Foundation for Statistical Computing). CCA was performed
using the “matcor” function in the CCA package (detail in
Supplementary Materials).

Data Availability

The data that support the findings of this study were available
from the corresponding author upon reasonable request.

RESULTS

Baseline Characteristics and Outcomes of
Patients With COVID-19 in Different Age

Groups

In total, 40,206 patients were found positive for COVID-19 and
received in-hospital treatment in Wuhan, Hubei Province. After
excluding patients with critical missing data, the final cohort
consisted of 36,358 patients (Figure 1). There were 473, 6,106,
12,950, 14,805, and 2,497 patients with COVID-19 included in
the age group of <18, 18-40, 40-60, 60-80, and >80 years old,
respectively. The most common symptoms on admission were
fever (66.1%) and cough (62.0%), followed by shortness of breath
(39.7%) and fatigue (38.5%). Patients aged <18 years had a lower
incidence in almost all the symptoms but the running nose.
Patients aged between 40 and 80 years had a higher incidence
of fever, cough, muscle soreness, and fatigue. Hemoptysis and
anorexia showed increasing incidence with age. Patients aged
older than 80 years showed a significantly increased incidence of
disturbance of consciousness (4.5%).

Patients aged <18 years had less comorbidities. Patients
aged >40 years had a greater prevalence of smoking and
alcohol consumption. The incidence of comorbidities, such
as hypertension, diabetes mellitus, hyperlipidemia, heart
disease, tuberculosis, malignant tumor, kidney disease, chronic
obstructive pulmonary disease (COPD), cerebral hemorrhage,
and ischemic stroke increased with age groups. Patients aged
>80 years had a significantly greater history of heart disease.
Patients aged <60 years were more likely to have a history of
liver disease.
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TABLE 1 | Baseline characteristics and outcomes of patients with coronavirus disease 2019 (COVID-19) in different age groups.

characteristic All <18 >18, <40 >40, <60 >60, <80 >80 P
n 36,358 473 5,633 12,950 14,805 2,497
Age 59[47.0, 69.0] 9.00 [4.00, 14.00] 34.00[30.00, 37.00] 52[48.0, 57.0] 68[64.0, 72.0] 85(83.0,88.0]
Sex(female/male) 18,696/1766 (51.4/48.6) 208/265 (44.0/56.0) 2,760/2,873 (49.0/51.0) 6,855/6,095 (52.9/47.1) 7,604/7,201 (51.4/48.6) 1,269/1,228 (50.8/49.2) <0.001
Systolic pressure 126.0 [114.0, 138.0] 114.50 [100.00, 122.75] 120.00 [110.00, 130.00] 125.0 [113.0, 135.0] 130.0 [116.0, 141.0] 130.0 [118.0, 144.0] <0.001
Diastolic pressure 80.0[72.0, 90.0] 71.50 [61.00, 80.00] 80.00 [71.00, 88.00] 80.0[74.0, 92.0] 80.0[73.0, 90.0] 78.0[70.0, 87.0] <0.001
Smoking 794 (2.2%) 4(0.8) 304 (5.4) 258 (2.0) 1,407 (2.7) 45(1.8) <0.001
Drinking 2,697 (7.4) 0(0.0) 84 (1.5) 1,024 (7.9) 1,193 (8.1) 172 (6.9) <0.001
Diabetes 3,931 (10.8) 3(0.6) 170 (3.0) 1,101 (8.5) 2,267 (15.9) 390 (15.6) <0.001
Hypertension 8,498 (23.4) 0(0.0) 187 (3.3) 2,205 (17.0) 4,993 (33.7) 1,113 (44.6) <0.001
Hyperlipidemia 459 (1.3) 0(0.0) 22 (0.4) 153 (1.2) 250 (1.7) 34 (1.4) <0.001
Heart disease 2,452 (6.7) 3(0.6) 75(1.3) 359 (2.8) 1,446 (9.6) 571 (20.1) <0.001
Cancer 824 (2.3) 6(1.3) 41(0.7) 257 (2.0) 427 (2.9) 93 (3.7) <0.001
COPD 850 (2.3) 0(0.0) 14(0.2) 125 (1.0) 495 (3.3 216 (8.7) <0.001
Tuberculosis 506 (1.4) 1(0.2) 57 (1.0) 157 (1.2) 229 (1.5) 62 (2.5) <0.001
Chronic kidney disease 924 (2.5) 1(0.2) 78 (1.4) 315 (2.4) 421 (2.8) 109 (4.4) <0.001
Liver disease 1,189 (3.3 4(0.8) 186 (3.3) 511 (3.9) 413 (2.8) 75 (3.0) <0.001
Intracerebral hemorrhage 178(0.5) 0(0.0) 8(0.1) 42 (0.3 187 (0.6) 41 (1.6) <0.001
Asthma 386 (1.1) 3(0.6) 52 (0.9) 134 (1.0) 165 (1.1) 32 (1.3 0.48
History of stroke 1,160 (3.2) 0(0.0) 8(0.1) 136 (1.1) 668 (4.5) 348 (13.9) <0.001
Fever 24,026 (66.1) 266 (56.2) 3,725 (66.1) 8,799 (67.9) 9,831 (66.4) 1,405 (56.3) <0.001
Cough 22,525 (62.0) 209 (44.2) 3,345 (59.4) 8,164 (63.0) 9,345 (63.1) 1,462 (58.6) <0.001
Hemoptysis 1,504 (4.1) 7(1.5) 200 (3.6) 480 (3.7) 679 (4.6) 138 (5.5) <0.001
Muscle soreness 4,006 (11.0) 11 (2.9 563 (10.0) 1,457 (11.3) 1,737 (11.7) 238 (9.5) <0.001
Fatigue 13,986 (38.5) 46 (9.7) 1,857 (33.0) 4,909 (37.9) 6,230 (42.1) 944 (37.8) <0.001
Running nose 845 (2.3) 30 (6.3) 128 (2.3) 272 (2.1) 357 (2.4) 58 (2.3) <0.001
Pharyngalgia 2,537 (7.0) 13(2.7) 417 (7.4) 903 (7.0) 1,034 (7.0) 170 (6.8) 0.005
Shortness of breath 14,445 (39.7) 25 (5.3) 1,699 (30.2) 5,084 (39.3) 6,622 (44.7) 1,015 (40.6) <0.001
Chest pain 2,328 (6.4) 9(1.9) 345 (6.1) 810 (6.3) 999 (6.7) 165 (6.6) <0.001
Anorexia 4,882 (13.4) 11(2.3) 582 (10.3) 1,567 (12.1) 2,260 (15.3) 462 (18.5) <0.001
Nausea and vomiting 3,821 (10.5) 39 (8.2 604 (10.7) 1,283 (9.9) 1,614 (10.9) 281 (11.3) 0.019
Diarrhea 4,762 (13.1) 24 (5.1) 770 (13.7) 1,675 (12.9) 1,993 (13.5) 300 (12.0) <0.001
Stomachache 1,988 (5.5) 153.2) 311 (5.5) 621 (4.8) 860 (5.8) 81(7.2) <0.001
Deadache 2,773 (7.6) 17 (3.6) 458 (8.1) 1,026 (7.9) 1,091 (7.4) 181(7.2) 0.002
Dizziness 2,093 (5.8) 6(1.9) 343 (6.1) 717 (5.5) 854 (5.8) 173 (6.9) <0.001
Disturbance of consciousness 404 (1.1) 2(0.4) 26 (0.5) 77 (0.6) 187 (1.3) 112 (4.5) <0.001
BWC, >10x10° cells/L 1,858 (7.37) 5(3.5) 180 (4.7) 478 (5.4) 975 (9.2) 220 (12.1) <0.001
LC, <0.8x 10° cells/L 6,354 (20.84) 6 (3.8) 419 (9.3 1,863 (17.0) 3,313 (25.9) 753 (36.3) <0.001
(Continued)
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a é é é é_ é_ S é g Elderly patients showed a greater prevalence of positive
999 TIE g laboratory tests, such as leukocytosis, lymphopenia, decreased
; platelet count, hemoglobinemia, lower albumin, increased D-
< D-dimer, and prolonged prothrombin times. ALT elevation
) occurred more frequently in younger patients. The mortality rate
_ ?-Eg of patients with COVID-19 increased with age, with patients aged
ca%ecada 8 over 80 years having a particularly high mortality rate (21.6% vs.
g 222288 B 0.8%, 1.0%, 3.4%, 9.8%) (Table 1).
"RE8RB8 ¢
: g Analysis of Risk Factors for Death in
5 Patients With COVID-19
£§J To investigate the risk factors for death in patients with COVID-
_ § 19, we performed a bilateral logistic regression analysis. After
8 =553 ) § = % adjusting for age, sex, and comorbidities, multivariable logistic
;-' s oS s - § regression analysis showed that greater age (OR = 1.061 [95%
e85 § § rg e CI 1.057-1.065], p < 0.001), male gender (OR = 1.726 [95% CI
© s 1.582-1.885], p < 0.001)], alcohol consumption (OR = 1.558
8 [95% CI 1.355-1.786], p < 0.001), smoking (OR = 1.326 [95%
g CI 1.055-1.652], p = 0.014), hypertension (OR = 1.175 [95% CI
% 1.067-1.293], p = 0.001), diabetes (OR = 1.258 [95% CI 1.118-
0| . .5 _%t_ |8 1.413], p < 0.001), cancer (OR = 1.86 [95% CI 1.507-2.279],
V" 38 8% 8 b g p < 0.001), chronic kidney disease (CKD) (OR = 1.745 [95%
g 3 g 28 858 § CI 1.427-2.12], p < 0.001), and intracerebral hemorrhage (ICH)
A oo & § (OR =1.96 [95% CI 1.323-2.846], p = 0.001) were independent
; risk factors for death of COVID-19 (Figure 2A).
S The differences among age groups were found when results
§ were stratified by age groups. For patients aged <40 years, only
< . é cancer (OR = 17.112 [95% CI 6.264-39.73], p < 0.001) and
S oo OgTg= S ICH (OR = 31.538 [95% CI 5.213-158.787], p < 0.001) were
o o o g 23 5 P associated with higher odds of death (Figure 2B). For people
L = aged 40-60 years, risk factors are almost the same for all patients,
£ but cancer (OR = 2.395 [95% CI 1.456-3.744], p < 0.001), CKD
§ (OR = 2.343 [95% CI 1.532-3.465], p < 0.001), and ICH (OR =
3 4.201 [95% CI 1.642-9.363], p = 0.001) had an obvious higher
c e = g g OR for death (Figure 2C). For people aged 60-80 years, older age
e T EF o - g a3 (OR = 1.073 [95% CI 1.062-1.085], p < 0.001), male gender (OR
" dw-gwga~ S § =1.683 [95% CI 1.502-1.887], p < 0.001), alcohol consumption
g3 (OR = 1.765 [95% CI 1.48-2.095], p < 0.001), diabetes (OR =
% S 1.238 [95% CI 1.068-1.432], p = 0.004), hypertension (OR =
g 8 1.154 [95% CI 1.023-1.302], p = 0.02), cancer (OR = 1.771 [95%
N H § CI 1.345-2.301], p < 0.001), and CKD (OR = 1.719 [95% CI
g g g g = & & § <] 1.313-2.223], p < 0.001) were associated with higher odds of
= $888c 8 Sle S death (Figure 2D). For people aged >80 years, only age (OR =
< 388852 22 1.033 [95% CI 1.008-1.059], p = 0.01) and male gender (OR
T w6 @ Y8 § = 1.585 [95% CI 1.301-1.933], p < 0.001) were associated with
23 higher odds of death (Figure 2E).
3
T g
§‘?§ Baseline Characteristics of Deceased
J E3 Patients With COVID-19 in Different Age
3 P e3 Groups
3 23 ) §§ There were 2,495 (6.85%) patients who died during their
= .3 % = g uf; §§ hospitalization. Among them, men were over-represented across
S8 | T c8<x x 253 all age groups. Patients aged <40 (10.6 and 1.5%) and
- % g © Z Q £ o %% >80 (7.1 and 3.3%) years were less likely to smoke and
§ £l 2 g E A E ° gs& drink. The proportion of patients with diabetes, hypertension,
2522z E ca8/88 hyperlipidemia, COPD, tuberculosis, CKD, prior stroke increased
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A Risk factors for death in COVID-19 patients in all age(n=36358)

Charateristics OR 95% CI P value

Age (per year) L} 1.061  1.057--1.065 p<0.001
Sex . 1726  1.582-1.885  p<0.001
Drinking e 1558 1.355--1.786  p<0.001
Smoking oow 1326 1.055-1.652 0014
Diabetes by 1258  1.118-1.413  p<0.001
Hypertension (! 1.175  1.067-1.293 0.001
Hyperlipidemni } | 1122 0805153 0481
Heart disease - 1.116  0.974-1.276 0.109
Cancer —e— 186  1.507-2.279  p<0.001
COPD i 1.011 0.818-1.241 0.915
Tuberculosis [ — 1012 07311372 094
CKD E—— 1745  1.427-212  p<0.001
cLb —— 123 0983-1.524  0.064
ICH P 196  1.323-2846  0.001
Ischemic stroke i 1168 09811384  0.077
r T T 1
05 1 1.‘5 2 zis 3
B Risk factors for death in COVID-19 patients aged <40 years(n=6106) C Risk factors for death in COVID-19 patients aged between 40-60 years(n=12950)
Charateristics OR 95% ClI P value Charateristics OR 95% CI P value

Age (per year) [ ] 1.054 1.034-1.075 <0.001
Sex = = 1.982 1.616-2.439  <0.001
Sex [ ] 1517 0913257 0412
Drinking |-m—f 1481  1.089-1.98  0.01
Smoki 1811  1.126-2798  0.01
Drinking | 2017 08124277 0093 MO, =
Diabetes fm 1473 1.099-1949  0.008
Hypertension “ 1813 05394625  0.269 Hypertension L3l 1375 1.086-1.731  0.007
Heart disease f-m— 1036 0626-1620 0884
Cancer }—l—{ 17112 6.264-39.73  <0.001 Canger - 2395 14563744  <0.001
CKD . 2343  1.532-3465 <0.001
|
ICH I—I 31.538  5.213-158.787  <0.001
! cLD m 1414 0.932-2066 0087
ICH f { 4201 1642-9.363  0.001
Ischeric stroke  [il—————]| 567 01915167 021
Ischemic stroke f—-— 1.028  0.465-2.008 0.94

o

25 50 75 100 125 150

D Risk factors for death in COVID-19 patients aged between 60-80 years(n=14805) E Risk factors for death in COVID-19 patients aged >80 years(n=2497)

Charateristics OR 95% ClI P value Charateristics OR 95% ClI P value
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FIGURE 2 | (A) Multivariable logistic regression analysis for risk factors of death in the entire cohort of patients with coronavirus disease 2019 (COVID-19). (B)
Multivariable logistic regression analysis for risk factors of death in COVID-19 patients aged <40 years. (C) Multivariable logistic regression analysis for risk factors of
death in COVID-19 patients aged between 40 and 60 years. (D) Multivariable logistic regression analysis for risk factors of death COVID-19 patients aged between 60
and 80 years. (E) Multivariable logistic regression analysis for risk factors of death COVID-19 patients aged >80 years.
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TABLE 2 | Baseline characteristics and outcomes of deceased patients with COVID-19 in different age groups.

characteristic Overall <40 >40, <60 >60, <80 >80 p

n 2,492 66 435 1,452 539

Age 71.0[63.0, 79.0] 34.0[30.0, 38.0] 55.0 [50.0, 57.0] 70.0[66.0, 75.0] 85.0[83.0, 89.0] <0.001
Sex (female/male) 958/1,534 (38.4/61.6) 25/41 (37.9/62.1) 153/282 (35.2/64.8) 558/894 (38.4/61.6) 222/317 (41.2/58.8) 0.297
Systolic pressure 125 [105.0, 140.0] 120 [104.2,132.2] 122 [100.5,135.0] 125.5 [103.0, 140.0] 128 [112.5, 141.0] 0.003
diastolic pressure 80.0[70.2, 93.0] 83.0(78.0,93.2] 81.0[74.0,98.0] 80.0[71.0, 94.0] 78.00 [70.0, 87.0] <0.001
Smoking 295 (11.8) 7 (10.6) 59 (13.6) 191 (13.2) 38 (7.1) 0.001
Drinking 109 (4.4) 1(1.5) 25 (5.7) 65 (4.5) 18 (3.3) 0.198
Diabetes 458 (18.4) 1(1.5) 68 (15.6) 289 (19.9) 100 (18.6) 0.001
Hypertension 987 (39.6) 5(7.6) 124 (28.5) 597 (41.1) 261 (48.4) <0.001
Hyperlipidemia 48 (1.9) 0(0.0) 8(1.8) 28 (1.9) 12(2.2) 0.666
Heart disease 355 (14.2) 2 (3.0 1(4.8) 197 (13.6) 135 (25.0) <0.001
Cancer 125 (5.0) 6(9.1) 1(4.8) 71 (4.9) 27 (5.0) 0.497
COPD 126 (5.1) 0(0.0) 5(1.1) 63 (4.3) 58 (10.8) <0.001
Tuberculosis 49 (2.0) 0(0.0 8(1.8) 24 (1.7) 17 (3.2) 0.109
Chronic kidney disease 142 (5.7) 2 (3.0 30 (6.9) 77 (6.9) 33 (6.1) 0.451
Liver disease 103 (4.1) 2 (3.0 29 (6.7) 54 (3.7) 18 (3.3) 0.033
Intracerebral hemorrhage 40 (1.6) 3 (4.5 7(1.6) 16 (1.1) 14 (2.6) 0.026
Asthma 34 (1.4) 1(1.5) 6 (1.4) 21 (1.4) 6(1.1) 0.953
History of stroke 202 (8.1) 1(1.5) 9(2.1) 94 (6.5) 98 (18.2) <0.001
Faver 1,827 (73.3) 41 (62.1) 346 (79.5) 1,095 (75.4) 345 (64.0) <0.001
Cough 1,632 (65.5) 37 (66.1) 309 (71.0) 953 (65.6) 333 (61.8) 0.008
Hemoptysis 118 (4.7) 2(3.0) 1(4.8) 70 (4.8) 25 (4.6) 0.926
Muscle soreness 252 (10.1) 10 (15.2) 52 (12.0) 142 (9.8) 48 (8.9) 0.212
Fatigue 1,049 (42.1) 20 (30.3) 179 (41.1) 626 (43.1) 224 (41.6) 0.203
Running nose 66 (2.6) 1(1.5) 0(2.3 34 (2.3) 21 (3.9) 0.229
Pharyngalgia 170 (6.8) 3 (4.5 32 (7.4) 102 (7.0) 33 (6.1) 0.743
Shortness of breath 1,463 (58.7) 32 (48.5) 263 (60.5) 881 (60.7) 287 (53.2) 0.006
Chest pain 169 (6.8) 4(6.1) 36 (8.9) 98 (6.7) 31 (56.8) 0.476
Anorexia 457 (18.3) 9(13.6) 72 (16.6) 264 (18.2) 112 (20.8) 0.254
Nausea and vomiting 292 (11.7) 14(21.2) 50 (11.5) 163 (11.2) 65 (12.1) 0.104
Diarrhea 369 (14.8) 7 (10.6) 72 (16.6) 218 (15.0) 72 (13.4) 0.404
Stomachache 155 (6.2) 5(7.6) 24 (5.5) 84 (5.8) 42 (7.8) 0.343
Deadache 197 (7.9) 1(1.5) 36 (8.3) 121 (8.3) 39(7.2) 0.214
Dizziness 184 (7.4) 4 (6.1) 25 (5.7) 101 (7.0) 54 (10.0) 0.052
Disturbance of consciousness 187 (7.5) 4(6.1) 24 (5.5) 98 (6.7) 61(11.3) 0.002
BWCs, >10x10%/L 541 (31.3) 8(17.4) 79 (26.0) 363 (35.2) 91 (26.2) <0.001
LCs, <0.8x 10%/L 1,209 (61.4) 23 (43.4) 200 (56.5) 758 (64.7) 228 (58.3) 0.002
Platelets, <100 x 109/L 340 (17.3) 10 (18.9) 47 (13.2) 207 (17.7) 76 (19.5) 0.132
Hemoglobin, <90 g/L 219 (11.1) 9(17.0) 39 (11.0) 128 (10.9) 43 (11.0) <0.001
Albumin, <35 g/L 1,201 (65.1) 18 (38.3) 173 (53.1) 753 (68.9) 257 (67.8) <0.001
ALT, >40 u/L 537 (29.1) 15 (31.9) 101 (31.0) 344 (31.4) 77 (20.3) <0.001
Prothrombin time, >16s 303 (18.4) 9(18.8) 47 (16.9) 184 (18.9) 63 (18.6) 0.803
D-D dimer, >0.5png/L 1,477(81.6) 27(51.92) 229(70.9) 910(84.34) 311(87.36) <0.001

COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; BWC, blood white cells; LC, lymphocyte; ALT, alanine aminotransferase. Data are reported as
number of patients and percentage in the age group (%) for categorical variables and median (IQR) for continuous variables.

with age groups, but patients in the 40-60 years group had higher Fever (62.1 and 64% vs. 79.5 and 75.4%), cough (56.1 and
rates of CKD and CLD. Patients in <40 age group had significant ~ 61.8% vs. 71.0 and 65.6%), and shortness of breath (48.5 and
higher rates of ICH (4.5% vs. 1.6%, 1.1%, 2.6%), and cancer (9.1%  53.2% vs. 60.5 and 60.7%) were less common in patients aged
vs. 4.8%, 4.9%, 5.0%) although without statistically significant. <40 years and > 80 years, and patients aged >80 years showed a
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TABLE 3 | Age-related complications in deceased patients with COVID-19.

Characteristic Total <40 >40, <60 >60, <80 >80 p
n 2,492 66 435 1,452 539

ARDS 1,028 (41.3) 23 (34.8) 160 (36.8) 614 (42.3) 231 (42.9) 0.116
Respiratory failure 1,779 (71.4) 39 (69.1) 288 (66.2) 1,058 (72.9) 394 (73.1) 0.005
Acute myocardial infarction 51(2.0) 0(0.0) 5(1.1) 30 (2.1) 6 (3.0) 0.144
Acute myocardial injury 381 (15.3) 5(7.6) 44 (10.1) 232 (16.0) 100 (18 6) 0.001
Arrhythmia 130 (5.2) 5(7.6) 11(2.5) 81 (5.6) 3 (6.1) 0.039
Acute kidney injury 483 (19.4) 5(7.6) 71 (16.9) 290 (20.0) 117 (21.7) 0.014
Acute liver injury 474 (19.0) 9(13.6) 87 (20.0) 296 (2 4) 82 (15.2) 0.039
Gastrointestinal bleeding 49 (2.0) 3(4.5) 10 (2.3) 8(1.9) 8(1.5) 0.364
Acute ischemic stroke 38 (1.5) 0(0.0) 5(1.1) ( 2) 16 (3.0) 0.018
Sepsis 273 (11.0) 14 (21.2) 48 (11.0) 157 (10.8) 54 (10.0) 0.054
Coagulopathy 560 (22.5) 16 (24.2) 81 (18.6) 335 (23.1) 128 (23.7) 0.201

COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; Data are reported as number of patients and percentage in the age group (%).

significantly increased incidence of disturbance of consciousness
(11.3vs. 6.1%, 5.5, 6.7%).

Regarding laboratory test results, leukocytosis was more
common in deceased patients with COVID-19 in the group aged
60-80 years old. Lymphopenia, eosinophil, and basophilopenia
were seen most frequently in the group aged 40-80 years.
A significantly higher proportion of decease patients younger
than 40 years of age had reduced hemoglobin (17 vs. 11.0%,
10.9, 11.0%). Reduced albumin was more common in deceased
patients aged >60 (68.9 and 67.8% vs. 38.3 and 53.1%).
The proportion of cases with increased D-D dimer rose with
increasing age groups of deceased patients with COVID-19
(Table 2).

Age-Related Complications in Deceased

Patients With COVID-19

Patients with COVID-19 are apt to die from multiple
complications. The comparison between complications in
deceased patients according to age groups is shown in
Table 3. The most common complications included ARDS
(41.3%), respiratory failure (71.4%), and extrapulmonary
complications, such as acute myocardial infarction (2.1%),
acute myocardial injury (15.3%), arrhythmia (5.2%), acute
kidney injury (19.4%), acute liver injury (19.0%), gastrointestinal
bleeding (2.0%), acute ischemic stroke (1.5%), sepsis (10.9%),
and coagulopathy (22.5%). The incidence of most complications
increased with increasing age, with respiratory failure (p
= 0.005), acute myocardial infarction (p = 0.049), acute
myocardial injury (p = 0.001), AKI (p = 0.014), acute liver
injury (p = 0.039), and acute ischemic stroke (p = 0.018)
attaining statistical significance. However, arrhythmias (7.6%
vs. 2.5, 5.6, 6.1%), gastrointestinal bleeding (4.5% vs. 2.3,
1.9, 1.5%), and sepsis (21.2% vs. 11.0, 10.8, 10.0) were more
common in deceased patients with COVID-19 patients aged
<40 vyears, although only arrhythmia reaching statistical
significance (p = 0.039).

Associations Between Risk Factors and
Complications in Deceased Patients With
COVID-19

We further investigated the relationship between preexisting
risk factors and the incidence of complications. By canonical
correlation analysis, we found a relatively poor correlation
between pre-existing risk factors and complications. Higher
correlation coeflicients (R) were found between male gender
(0.075) and alcohol consumption (0.077) with acute liver
injury, alcohol consumption (0.092), hypertension (0.077), and
history of CKD (0.089) with acute renal failure (Figure 3A).
Multivariable logistic regression analysis was used to verify the
above correlation. After adjusted for age, sex, and comorbidities,
we found younger age (OR = 0.991 [95% CI 0.984-0.999], p =
0.026), male gender (OR = 1.426 [95% CI 1.145-1.782], p =
0.002), and alcohol consumption (OR = 1.576 [95% CI 1.178-
2.091], p = 0.002) were independent risk factors for acute liver
injury (Figure 3B), and greater age (OR = 1.01 [95% CI 1.002-
1.018], p = 0.019), alcohol consumption (OR = 1.828 [95% CI
1.378-2.412], p < 0.001), and history of chronic kidney (OR =
1.955 [95% CI 1.326-2.854], p = 0.001) were independent risk
factors for acute renal failure (Figure 3C).

DISCUSSIONS

The COVID-19 pandemic has killed millions of people all over
the world, and has frequently overwhelmed healthcare systems in
the hardest-hit areas (1). This study provides detailed clinical data
on a large sample of patients with COVID-19 in Wuhan, China,
the original disease epicenter. As with any infectious disease
without specific treatments, host factors are the key determinants
of disease severity and prognosis for COVID-19. Identification
of risk factors would help to optimize patient management
and reduce mortality in future pandemics of the respiratory
virus (24).

In this study, we found that greater age, male gender, alcohol
consumption, smoking, hypertension, diabetes, cancer, CKD, and
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FIGURE 3 | (A) Canonical correlation analysis (CCA) for the relationship between preexisting risk factors and the incidence of complications. (B) Multivariable logistic
regression analysis for risk factors of acute kidney injury (AKI) in deceased patients with COVID-19. (C) Multivariable logistic regression analysis for risk factors of acute
liver injury in deceased patients with COVID-19.
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ICH were each independent risk factors for death following
hospitalization for COVID-19. This finding was in accord with
previous large sample studies (7, 25). Among these risk factors,
age proved to be the most important, in this study, we get an
OR of 1.061, but while all other variables are dichotomies, age
was treated as a continuous variable, an OR of 1.061 means
that for each additional year of age, the risk of death increased
by 6.1%. The various age-related changes in the geriatric
population include deterioration in lung capacity and muscle
atrophy, which propagate to physiological impairments, such as
reductions of lung reserve, airway clearance, and the defensive
barrier function (6). Age-related immune system remodeling,
or immunosenescence, is considered to be the major reason
for the increased susceptibility of the elderly to viral infection
(26-28). Further, preexisting comorbidities are more common
in elderly patients. The disparities in the nature of preexisting
comorbidities and pathophysiological changes across age groups
indicated that patients in different age groups have different
risk factors.

With this in mind, we examined differences in clinical
manifestations, risk factors, complications, and clinical outcomes
among different age groups. Different mortality rates may
indicate the possible existence of different risk factors, and the
differences in mortality are the main basis for our group setting.
Previous studies suggested that children and teenagers (<18)
show differences in clinical features and outcomes from adults
with COVID-19 (29). In this study, only 473 patients aged
<18 were hospitalized due to COVID-19, and they had a less
incidence in almost all the symptoms, and only 4 patients died,
children seem to have a lower risk of infection than adults and
have a lower mortality rate. Similar to pediatric patients, previous
studies have shown that people younger than 40 are less likely to
become infected with COVID-19, and those infected have a lower
mortality rate (14, 26). However, recent national data showed
an increase in new infections among young people, an uptick
that could not be fully explained by increased testing in these
groups (30, 31). The increased infection rate among the young
continues to cause mounting deaths in young people. With fewer
comorbidities, the cause of death among young people, who
presumably possess a stronger immune system, is perplexing.
Our analysis revealed cancer and cerebral hemorrhage as the
main comorbidities associated with death among patients with
COVID-19 younger than 40 years. Due to the small sample size
for the patient with cancer and cerebral hemorrhage, though we
have more than 6,000 cases in this age group, the CI 95% was
broad, but very high OR still indicated that cancer and cerebral
hemorrhage greatly increased the risk of death. In this group of
patients, increasing age appeared to have little effect on the risk of
death. This suggests that the reduced daily-life physical abilities
due to disability or reduced immunity caused by radiation and
chemotherapy for tumors may be the major factors imparting a
greater risk of death among young patients with COVID-19.

Previous studies have found that the mortality of patients
with COVID-19 begins to increase significantly with age after
40 years old (14), and patients aged 40-80 years were the most
influenced by preexisting comorbidities. The risk factors for this
age group were similar to those for all patients, probably because

they comprised the majority of the entire sample of patients
with COVID-19. Patients older than 80 years of age have a
particularly high mortality rate (26). In this study, we found that
the commonly-reported symptoms of COVID-19, such as fever
and cough, had a lesser incidence in the groups older than 80,
while falls and compromised mental status on admission were
more prevalent. Indeed, advanced age can make the diagnosis
more complex, as elderly adults with COVID-19 frequently have
atypical manifestations, thus calling for caution in the diagnosis
of COVID-19 (5). For people aged >80 years, although there
was a higher percentage of patients with multiple comorbidities,
older age and male gender were the only factors associated with
higher odds of death. Notably, frequent comorbidities, such as
hypertension and diabetes were not independently associated
with mortality in elderly patients over 80 years of age, as noted
in previous studies with smaller sample sizes (32, 33). This result
indicates that age-related debilitation and decline in immunity
may be the major causes of COVID-19 mortality in the elderly.

Multi-system extrapulmonary complications of COVID-19
had been reported (4, 34), but the differences in the incidence
of complications in patients of different age groups have been
unknown. In this study, we determined the age-dependence of
the prevalence of critical complications in patients dying after
hospitalization for COVID-19. We found that coagulopathy,
AKI, acute myocardial injury, and acute liver injury were
the most common complications occurring after COVID-19
infection. The incidence of most complications increased with
age, the new finding was that arrhythmias, gastrointestinal
bleeding, and sepsis had a higher incidence in younger patients
dying with COVID-19. Disparities by age group in the incidence
of extrapulmonary complications provide further evidence that
COVID-19 is disproportionally affected by age.

Since complications happened during COVID-19 could be
extremely life-threatening, studying the association between
previous comorbidities of patients with COVID-19 and present
complications may help to take informed measures to reduce
mortality, but the association have not been reported. In this
study, we found a relatively poor correlation between preexisting
risk factors and specific complications. Except for age, sex, and
alcohol consumption, we found that only a history of a chronic
kidney was independent risk factor for acute renal failure. These
results might suggest that extrapulmonary complications are
likely related to direct organ damage caused by SARS-CoV-2 and
its systemic consequences.

While being the largest cohort study of its type, this study
had several limitations. First, it was a retrospective study,
thus calling for the identification of primary exposure and
outcome, as well as confounding factors, based only upon
hospital electronic records from administrative datasets, which
may vary in accuracy and reliability among the hospitals.
Second, we reviewed complications of deceased in-patients with
COVID-19 but were not able to collect corresponding data
from patients surviving the disease. Therefore, the incidence
of extrapulmonary complications and the association between
extrapulmonary complications and the risk of death cannot
be explained in this study. Third, we did not study the time
from infection to death by methods, such as survival analysis,
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where age might play a role. Our study demonstrated the effect
of age on clinical symptoms, complications, and outcomes,
but we did not detail differences among the age groups. In
addition, we cannot address the possibility that treatment
protocols may have differed among the hospitals based on
local experience.

In conclusion, we have described the disproportionally effects
of age on the clinical manifestations, risk factors, complications,
and outcomes of patients with COVID-19. For the first time,
we examined risk factors in patients of different age groups
with different mortality. Different from patients aged 40-80
years whose risk factors for death were mainly metabolic
comorbidities, cancer and intracerebral hemorrhage were first
found to be the main independent risk factors in patients
aged <40 years. Age and male gender were the main risk
factors for death in patients aged >80 years. We described the
incidence of the most common complications of COVID-19
in deceased patients in different age groups, and found that
arrhythmias, gastrointestinal bleeding, and sepsis had a higher
incidence in younger patients dying with COVID-19. While the
association between preexisting risk factors and complications
have not been reported, and in this study, we reported a poor
correlation. This information gives clinicians a better insight
into the effect of age on the clinical manifestations, risk factors,
and prognosis of COVID-19, which may guide appropriate
remedial measures.
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