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ARTICLE INFO ABSTRACT
Article history: Background: Coronavirus disease 2019 (COVID-19) pandemic continues to escalate intensively world-
Received 7 July 2021 wide. Massive studies on general populations with SARS-CoV-2 infection have revealed that pre-existing
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comorbidities were a major risk factor for the poor prognosis of COVID-19. Notably, 49-75% of COVID-19
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patients had no comorbidities, but this cohort would also progress to severe COVID-19 or even death.
However, risk factors contributing to disease progression and death in patients without chronic comor-

Iég(/";'gng bidities are largely unknown; thus, specific clinical interventions for those patients are challenging.
Risk factors Methods: A multicenter, retrospective study based on 4806 COVID-19 patients without chronic comor-
Severity bidities was performed to identify potential risk factors contributing to COVID-19 progression and death
Mortality using LASSO and a stepwise logistic regression model.

Without comorbidities Results: Among 4806 patients without pre-existing comorbidities, the proportions with severe progres-

sion and mortality were 34.29% and 2.10%, respectively. The median age was 47.00 years [interquartile
range, 36.00-56.00], and 2162 (44.99%) were men. Among 51 clinical parameters on admission, age >
47, oxygen saturation < 95%, increased lactate dehydrogenase, neutrophil count, direct bilirubin, creatine
phosphokinase, blood urea nitrogen levels, dyspnea, increased blood glucose and prothrombin time lev-
els were associated with COVID-19 mortality in the entire cohort. Of the 3647 patients diagnosed with
non-severe COVID-19 on admission, 489(13.41%) progressed to severe disease. The risk factors associated
with COVID-19 progression from non-severe to severe illness were increased procalcitonin levels, Sp02
< 95%, age > 47, increased LDH, activated partial thromboplastin time levels, decreased high-density
lipoprotein cholesterol levels, dyspnea and increased D-dimer levels.

Abbreviations: COVID-19, coronavirus disease 2019; SARS-COV-2, severe acute respiratory syndrome coronavirus 2; CT, chest tomography; RT-PCR, reverse transcription-
polymerase chain reaction; WHO, World Health Organization; PaO;, arterial partial pressure of oxygen; FiO;, inhaled oxygen concentration; ICU, intensive care unit; ARDS,
acute respiratory distress syndrome; cTnl, cardiac troponin I; ¢TnT, cardiac troponin T; hs-cTnl, high sensitivity cardiac troponin I; hs-cTnT, high-sensitivity troponin T;
ULN, upper limit of normal; ALT, alanine transaminase; ALP, alkaline phosphatase; LLN, lower limit of normal; IQR, interquartile range; LASSO, least absolute shrinkage
and selection operator; OR, odds ratio; CI, confidence intervals; Sp0O2, oxygen saturation; ECMO, extracorporeal membrane oxygenation; LDH, lactate dehydrogenase; CK,
creatine phosphokinase; BUN, blood urea nitrogen; PT, prothrombin time; APTT, activated partial thromboplastin time; HDL-c, high-density lipoprotein cholesterol; IL-6,
interleukin-6; HDLs, high-density lipoproteins; SAA, serum amyloid A.
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Conclusions: COVID-19 patients without pre-existing chronic comorbidities have specific traits and disease
patterns. COVID-19 accompanied by severe bacterial infections, as indicated by increased procalcitonin
levels, was highly associated with disease progression from non-severe to severe. Aging, impaired res-
piratory function, coagulation dysfunction, tissue injury, and lipid metabolism dysregulation were also
associated with disease progression. Once factors for multi-organ damage were elevated and glucose
increased at admission, these findings indicated a higher risk for mortality. This study provides informa-
tion that helps to predict COVID-19 prognosis specifically in patients without chronic comorbidities.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Coronavirus disease 2019 (COVID-19) is spreading rapidly
worldwide, and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has caused more than 183 million infections and
over 3.9 million deaths by 5 July 2021 [1]. Despite the success-
ful development and application of vaccines [2,3], their supply
is not adequate to meet the tremendous demand. Controlling
COVID-19 progression and death is still a major challenge. Mas-
sive studies from our team and others on general populations with
SARS-CoV-2 infection have revealed that pre-existing comorbidi-
ties are the major risk factors for the poor prognosis of COVID-19.
These comorbidities mainly include hypertension, diabetes, cardio-
vascular diseases, cancer, etc [4-6]. Patients with well-controlled
comorbidities have a lower risk of COVID-19 death than those
with poorly controlled conditions [7,8]. Notably, 49-75% of COVID-
19 patients do not have comorbidities [9-11]. Nevertheless, this
cohort can also progress to severe condition or even death. How-
ever, the risk factors of COVID-19 patients without pre-existing
comorbidities are largely unknown; thus, specific clinical interven-
tions for those patients are challenging.

Here, to identify potential risk factors contributing to COVID-19
progression and death, we performed a multicenter, retrospec-
tive study based on 4806 COVID-19 patients without comorbidities
collected from 21 hospitals in Hubei, China. These findings pro-
vide guiding information for clinical decision-making that could
improve COVID-19 prognosis and reduce disease-related death.

Methods
Study design and participants

This multicenter, retrospective study was conducted in patients
from 21 hospitals in Hubei Province, China. Participants were
admitted between December 30, 2019, and April 23, 2020. A
total of 15,649 participants diagnosed with COVID-19 were ini-
tially enrolled. We excluded 821 patients transferred to other
hospitals, 4705 patients younger than 18 or older than 65 years
old, 174 patients who were pregnant or breastfeeding, and 665
patients with incomplete electronic medical records. Furthermore,
4478 patients with comorbidities associated with poor outcomes
of COVID-19 were excluded based on literature research and
clinical experience [12-17]. These comorbidities included hyper-
tension, cardiovascular diseases, renal diseases, respiratory system
diseases, immunocompromised conditions, chronic metabolic dis-
eases, liver diseases, etc. were listed in Fig. 1 and eTable 1. Finally,
a total of 4806 patients were included in the analysis. The end
follow-up date was April 23, and the data for each patient during
their hospitalization were collected and reviewed. The study proto-
col was approved by the Institutional Ethics Committee of Renmin
Hospital of Wuhan University and Zhongnan Hospital of Wuhan
University and was also individually approved by each collaborat-
ing hospital or their institutional ethics boards. Given the urgency
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ofthe data collection, written informed consent was waived by each
hospital.

Data collection

We collected demographic information, clinical characteristics,
initial symptoms, computerized chest tomography (CT) results,
and clinical outcomes from electronic medical records by trained
clinicians and medical experts. The in-hospital medications and
interventions were collected from doctor advice. Regarding the lab-
oratory results, we collected indicators that reflect necrocytosis,
inflammatory status, liver function, kidney function, blood glucose
level, serum lipid profile, cardiac function, and coagulation function
(eTable 2). Before data extraction, personal identifying informa-
tion (e.g., name and ID) was anonymized, and each participant was
given astudy ID using an electronic coding system to protect patient
privacy.

Definition

In this retrospective observational study, according to the
requirements of epidemic prevention and control for residents
in Hubei Province, COVID-19 was diagnosed when patients
with suspected cases met one or both criteria of reverse
transcription-polymerase chain reaction (RT-PCR) and CT manifes-
tations according to the New Coronavirus Pneumonia Prevention
and Control Program (5th edition) published by the National Health
Commission of China [18]. The severity of COVID-19 was defined
according to the COVID-19 Diagnosis and Treatment Protocol (Trial
version 5), including mild, moderate, severe, and critical [18]. Mild
cases were defined in patients with mild clinical symptoms, and
no pneumonia characteristics on CT imaging. Patients in the mod-
erate illness group had fever, respiratory tract symptoms, and
CT-reflected pneumonia. Severe cases were defined in patients
who met any of the following criteria: (1) respiratory distress
with respiratory rate > 30 times/min, (2) oxygen saturation <
93% in the resting state, and (3) arterial partial pressure of oxy-
gen (Pa0,)/inhaled oxygen concentration (FiO;) <300 mmHg (1
mmHg = .133 kPa). Patients with critical illness met one of the
following conditions: (1) respiratory failure requiring mechanical
ventilation, (2) shock, and (3) combined with other organ failure
and requiring intensive care unit (ICU) monitoring and treatment
[18]. Furthermore, according to the WHO severity definitions [19],
in which non-severe COVID-19 is defined as the absence of any cri-
teria for severe or critical COVID-19, we grouped patients with mild
and moderate illnesses as the non-severe group, while those with
severe and critical conditions were classified as the severe group.

The definitions of acute respiratory distress syndrome (ARDS)
and septic shock were defined according to the WHO interim guide-
line “Clinical management of severe acute respiratory infection
when novel coronavirus (2019-nCoV) infection is suspected” [20].
Acute kidney injury was defined as an elevation in serum creatinine
level equal to or above 26.5 wmmol/L within 48 h [8]. Acute cardiac
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15649 COVID-19 patients from 21 hospital in Hubei
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821 patients transfer to other hospitals
4705 patients aged < 18 or > 65 years
174 patients who were pregnant or breastfeeding
p 665 patients with incomplete electronic medical record

9284 participants

y

4478 patients with pre-existing comorbidities, including
hypertension (2253), CVD(681), renal diseases (421)
diabetes (404), RSD (343), IC (342), CMD (295)

y liver diseases(286), GDC (174), other diseases (240)a

| 4806 recruited in the study |

¢—k—¢

v

v

4705 non- 101 death
death patients patients

3647 non-severe
patients on admission

1159 severe patients
on admission

$—k—¢

$—‘ﬁ

3158 non-severe
patients during
hospitalization

489 severe
patients during
hospitalization

1097 non- 62 death
death patients patients

Fig. 1. The flowchart showing the strategy of participants’ enrollment.

Abbreviations: CVD, cardiovascular diseases (except hypertension); RSD, respiratory system disease; IC, immunocompromised conditions; CMD, chronic metabolic diseases

(except diabetes); GDC, gastrointestinal and digestive comorbidities.

a0ther diseases: rheumatism and autoimmune diseases (55), blood disorders (51), Mental disorders (47), Neurological diseases (41), others that cannot be classified but
affect the health of the patients (46, such as history of headache, dizziness, fever of unknown cause, etc.).

injury was defined as the serum level of cardiac troponin I (cTnl),
cardiac troponin T (cTnT), high-sensitivity troponin I (hs-cTnl), or
high-sensitivity troponin T (hs-cTnT) above the upper limit of nor-
mal (ULN) [8]. Acute liver injury was defined as the levels of serum
alanine transaminase (ALT) or alkaline phosphatase (ALP) above
3-fold of the ULN [21]. The increase or decrease in laboratory indi-
cators was defined as higher than their ULN or lower than the lower
limit of normal (LLN), respectively, according to the criteria by the
standards in each hospital (eTables 3-5).

Statistical analysis

Categorical variables were expressed as frequencies and per-
centages. Continuous variables were expressed as median and
interquartile range (IQR) values. When comparing the differences
between groups, the Mann-Whitney U test was performed for
continuous variables, and the x2 test or Fisher’s exact test was per-
formed for categorical variables. Initially, 51 candidate variables for
potential inclusion based on clinical experience and a review of the
literature were identified, including clinical characteristics, symp-
toms, and laboratory tests. Then, 7 variables were excluded because
of a missing rate > 40%. To improve clinical utility, all laboratory
tests selected were dichotomized according to the reference range
ineach hospital (eTables 3-5). The rest of the risk factors were iden-
tified through three steps. First, all candidate variables for potential
inclusion were based on the statistical analysis between groups and
clinical experiences. Second, to minimize the potential collinearity
of variables and overfitting, the least absolute shrinkage and selec-
tion operator (LASSO) regression model was used to further select
the risk factors, and the optimal value of the lambda coefficient (A)
with the minimum number of related variables was determined
by 10-fold cross-validation [22,23]. Third, a multivariate logistic
regression model with a stepwise forward selection process was
applied to identify the final risk factors from the previous step [24].
The non-parameter imputation method missForest was conducted
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to handle missing data, and the estimated imputation error was
8.28%. The odds ratio (OR) and the 95% confidence intervals (CI)
were reported. A 2-sided P value < .05 was considered statistically
significant. All data were analyzed using R-4.0.2 (R Foundation for
Statistical Computing, Vienna, Austria) and SPSS Statistics (version
25.0, IBM, Armonk, NY, USA).

Results

Clinical characteristics and outcomes of all participants stratified
by death and non-death

Atotal of 4806 patients were eventually recruited into the study,
with a median age of 47.00 years [IQR, 36.00-56.00], and 2162
(44.99%) were men (Table 1). The median duration from symp-
tom onset to hospitalization was 10.00 days [IQR, 6.00-19.00]
and from symptom onset to discharge or death was 32.00 days
[IQR, 22.00-43.00], respectively (Table 1). On admission, the most
common symptom was fever (75.38%) (Table 1). Bilateral lesions
(81.48%) and ground-glass opacities (52.70%) were the major radio-
graphic characteristics (eTable 6).

There were 4705 survivors and 101 non-survivors, with a mor-
tality rate of 2.10% in the entire cohort. Compared with survivors,
non-survivors were older, had a higher heart rate and respi-
ratory rate, and had a greater proportion of oxygen saturation
(SpO-) reduction on admission. Laboratory results showed that
the frequencies of abnormal indicators reflecting tissue and organ
necrocytosis, inflammation, liver dysfunction, cardiac dysfunction,
kidney dysfunction, and coagulation dysfunction were higher in
the death group than in the non-death group (Table 1 and eTable
6). Consequently, patients in the death group required more active
treatments, including oxygen inhalation, mechanical ventilation,
extracorporeal membrane oxygenation (ECMO), ICU admission and
systemic corticosteroid and immunoglobin intervention (eTable
6).
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Table 1
Characteristics, outcomes and laboratory results of the entire cohort without comorbidities.
Parameters Total (n = 4806) Non-death patients (n = 4705) Death patients (n=101) P value
Demographics and clinical characteristics
Age, median(IQR), years 47.00 [36.00, 56.00] 46.00 [36.00, 56.00] 58.00 [52.00, 62.00] <.001
18 < Age < 35, n(%) 1131 (23.53) 1126 (23.93) 5(4.95)
36 < Age < 46, n(%) 1238 (25.76) 1230 (26.14) 8(7.92)
47 < Age < 55, n(%) 1151 (23.95) 1126 (23.93) 25 (24.75) <001
56 < Age < 65, n(%) 1286 (26.76) 1223 (25.99) 63 (62.38)
Male gender, n(%) 2162 (44.99) 2098 (44.59) 64 (63.37) <.001
Heart rate, median(IQR), bpm 84.00 [78.00, 95.00] 84.00 [78.00, 95.00] 90.00 [80.00, 100.00] .002
Respiratory rate, median(IQR), bpm 20.00[19.00, 21.00] 20.00[19.00, 20.00] 23.00 [20.00, 27.00] <.001
SpO; < 95%, n(%) 443 (12.64) 388(11.31) 55 (72.37) <.001
Days from symptom to hospital, median(IQR) 10.00 [6.00, 19.00] 10.00 [6.00, 19.00] 9.00 [6.00, 13.00] .03
Days from symptom to discharge or death, median(IQR) 32.00 [22.00, 43.00] 32.00 [22.00, 43.00] 23.00 [16.00, 31.00] <.001
Initial symptoms, n(%)
Fever 3623 (75.38) 3542 (75.28) 81 (80.20) 31
Dyspnea 737 (15.33) 692 (14.71) 45 (44.55) <.001
Secondary outcome, n(%)
ARDS 399 (8.30) 305 (6.48) 94 (93.07) <.001
Acute liver injury 406 (8.45) 369 (7.84) 37 (36.63) <.001
Acute cardiac injury 120 (2.50) 66 (1.40) 54 (53.47) <.001
Septic shock 57(1.19) 24 (.51) 33(32.67) <.001
Acute kidney injury 51(1.06) 15(.32) 36 (35.64) <.001
Laboratory results, n(%)
Necrocytosis indicators
CK > ULN? 343 (9.06) 314 (8.49) 29 (33.33) <.001
LDH > ULN? 1255 (29.97) 1171 (28.59) 84 (91.30) <.001
Inflammatory indicators
Leukocyte count > 9.5, 10§/L 294 (6.16) 254 (5.44) 40 (39.60) <.001
Neutrophil count > 6.3, 109/L 431 (9.04) 375(8.03) 56 (55.45) <.001
Lymphocyte count < .8, 109/L 1458 (30.57) 1374 (29.43) 84 (83.17) <.001
CRP > ULN? 1191 (41.61) 1123 (40.24) 68 (95.77) <.001
Procalcitonin > ULN®? 1024 (27.72) 961 (26.67) 63 (69.23) <.001
Liver function
ALT > 40 U/L 1015 (22.22) 981 (21.95) 34 (34.69) .004
AST > 40 U/L 762 (16.66) 706 (15.78) 56(57 14) <.001
Albumin < LLN® 1935 (41.13) 1849 (40.16) 86 (85.15) <.001
Direct bilirubin > ULN? 414 (8.89) 367 (8.05) 47 (47.47) <.001
Kidney function
UA < LLN? 449 (9.67) 413 (9.09) 36 (36.36) <.001
BUN > ULN® 102 (2.19) 79 (1.74) 23(23.23) <.001
Creatinine > ULN® 101 (2.18) 94 (2.07) 7(7.22) .005
Blood glucose
Blood glucose > ULN? 1132 (25.96) 1059 (24.84) 73 (76.04) <.001
Dyslipidemia
HDL-c < LLN? 1359 (42.83%) 1314 (42.41%) 45 (60.00) .003
Coagulation function
PT > ULN? 462 (10.94) 426 (10.33) 36 (36.73) <.001
APTT > ULN® 390 (9.38) 368 (9.06) 22 (23.40) <.001
D-dimer > ULN*? 1238 (30.09) 1162 (28.91) 76 (79.17) <.001

Abbreviations: IQR, interquartile range; SpO,, oxygen saturation; ARDS, acute respiratory distress syndrome; CRP, C-reactive protein; ALT, alanine transaminase; AST,
aspartate transaminase; UA, uric acid; BUN, blood urea nitrogen; HDL-c, high-density lipoprotein cholesterol; CK, creatine phosphokinase; LDH, lactate dehydrogenase; PT,

prothrombin time; APTT, activated partial thromboplastin time.
Data are median (IQR) and n (%).

P values were calculated by the Mann-Whitney U test for continuous variables and Fisher’s exact test or x2 test for categorical variables.
3 Upper limit of normal (ULN) and lower limit of normal (LLN) were defined according to criteria in each hospital.

Risk factors associated with COVID-19 mortality in the entire
participant cohort

To explore the potential risk factors for death from COVID-19
in all participants, we first selected 30 candidate variables based
on differences between groups and clinical significance, put them
into the LASSO regression model, and screened out 14 risk factors
related to death from COVID-19. Finally, through a stepwise for-
ward logistic regression model, 10 variables were identified as risk
factors for COVID-19 mortality in the entire population cohort. The
variable screening strategy was shown in eTable 7.

Notably, age was stratified as quartiles and was identified as an
independent risk factor for mortality. By treating 18 <age <35asa
reference, 47 < age < 55 yielded an OR of 4.08 (95% CI, 1.35-12.33;
P=.01),and 56 < age < 65 had an OR of 6.36 (95% CI, 2.21-18.30;
P =.001). SpO, < 95% was found to be the second most important
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risk factor, with an OR of 5.80 (95% CI, 3.55-9.48; P<.001), followed
by increased lactate dehydrogenase (LDH), neutrophil count, direct
bilirubin, creatine phosphokinase (CK), blood urea nitrogen (BUN)
levels, dyspnea, increased blood glucose and prothrombin time (PT)
levels (Table 2).

Risk factors associated with mortality in the severe group

We then divided all participants into non-severe (N =3647) and
severe groups (N =1159) on admission to analyze and compare risk
factors for patients with different severe stratifications. Patients in
the severe group on admission were further separated into non-
death (N =1097) and death (N = 62) groups during hospitalization.
Compared to the non-death group, patients who progressed to
death showed older age, more severe symptoms, a greater propor-
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Table 2
Logistic regression model of risk factors associated with mortality in the entire
cohort.

Item OR (95%CI) P value
18 < Age <35 Reference <.001
36 < Age < 46 1.31(.37,4.64) 68
47 < Age <55 4.08 (1.35,12.33) .01
56 < Age <65 6.36 (2.21,18.30) .001
Sp0, < 95% 5.80 (3.55,9.48) <001
Increased LDH? 4.93(2.21,10.97) <.001
Increased neutrophil count® 3.43(2.09,5.65) <.001
Increased Direct bilirubin® 3.22(1.95,5.34) <.001
Increased CK?* 2.76 (1.60,4.77) <.001
Increased BUN? 2.21(1.11,4.40) .02
Dyspnea 2.21(1.35,3.62) .002
Increased blood glucose?® 2.04(1.18,3.53) .01
Increased PT? 2.00(1.17,3.42) .01

Abbreviations: SpO,, oxygen saturation; LDH, lactate dehydrogenase; CK, creatine
phosphokinase; BUN, blood urea nitrogen; PT, prothrombin time.
P values were calculated by logistic regression.

2 The increase of laboratory indicators was defined as higher than the upper limit
of normal (ULN).

b Increased neutrophil count was defined as neutrophil count >6.3, 109/L.

tion of SpO, < 95%, and higher percentages of abnormal laboratory
parameters at admission (eTable 8).

Similar to our analyses in the entire cohort, 23 variables with
significant differences between the death and non-death groups
were selected into the LASSO model. Furthermore, 14 variables
were screened out (eTable 7). Nine risk factors were finally selected
with a high correlation with death risk in patients with severe ill-
ness at admission by a subsequent logistic regression model. The
Odds of death were the highest in patients over 55 years old (OR,
14.15; 95%Cl, 2.47-81.12; P=.003), followed by those 47-55 years
old (OR, 8.45; 95%Cl, 1.41-50.77; P=.02), and those with an SpO, <
95%(OR, 7.13; 95%CI, 3.60-14.11; P<.001). Furthermore, increased
CK levels, decreased albumin levels, increased neutrophil count,
blood glucose, direct bilirubin, BUN levels, and dyspnea were also
potential risk factors related to the progression from severity on
admission to death during hospitalization (Table 3). Interestingly,
almost all those selected variables were involved in risk factors for
death in the entire cohort, suggesting that those factors might be
the core risk factors for COVID-19 deterioration.

Risk factors associated with progression to severe illness in the
non-severe group

Of the 3647 patients diagnosed with non-severe cases on
admission, 489 (13.41%) progressed to severe illness during hospi-
talization, and the remaining 3158 were maintained in a non-severe
setting (eTable 9). As expected, patients who progressed to severe
conditions had more severe symptoms at admission than those
who maintained non-severe conditions (eTable 9). By analyzing
26 variables with significant differences between the non-severe
and severe groups via LASSO and logistic regression models, we
found that eight risk factors were closely related to the progres-
sion from mild or moderate features at admission to severe illness
during hospitalization (eTable 7). The risk factors that stood out
in the final regression model were increased procalcitonin levels,
Sp0,, age > 47, increased LDH, activated partial thromboplastin
time (APTT) levels, decreased high-density lipoprotein cholesterol
(HDL-c) levels, dyspnea and increased D-dimer levels (Table 4).

Risk factors associated with secondary outcomes
Since secondary outcomes directly reflected disease severity

and were closely associated with COVID-19 death, we reported
the incidence of secondary outcomes, including ARDS, acute liver
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Table 3

Logistic regression model of risk factors associated with mortality in severe cases.
Item OR (95%CI) P value
18 < Age <35 Reference .007
36 < Age < 46 4,67 (.67,32.50) 12
47 < Age <55 8.45(1.41,50.77) .02
56 < Age <65 14.15 (2.47,81.12) .003
Sp0; < 95% 7.13(3.60,14.11) <.001
Increased CK*? 5.94(2.94,12.01) <.001
Decreased albumin?® 2.90(1.11,7.59) .03
Increased neutrophil count® 2.88(1.48,5.62) .002
Increased blood glucose?® 2.85(1.24,6.52) .01
Increased Direct bilirubin® 2.72(1.40,5.28) .003
Increased BUN? 2.45(1.02,5.90) .05
Dyspnea 2.23(1.15,4.31) .02

Abbreviations: SpO,, oxygen saturation; CK, creatine phosphokinase; BUN, blood
urea nitrogen.
P values were calculated by logistic regression.

2 The increase or decrease of laboratory indicators was defined as higher than the
upper limit of normal (ULN) or lower than the lower limit of normal (LLN).

b Increased neutrophil count was defined as neutrophil count >6.3, 109/L.

Table 4

Logistic regression model of risk factors associated with severity in non-severe cases.
Item OR (95%CI) P value
Increased procalcitonina 2.56 (2.07,3.17) <.001
Sp0; < 95% 2.29(1.66,3.15) <.001
18 <Age <35 Reference .03
36 < Age < 46 1.31(.96,1.78) .08
47 < Age <55 1.37(1.01,1.86) .05
56 < Age < 65 1.60 (1.18,2.16) .002
Increased LDH? 1.60(1.27,2.01) <.001
Increased APTT* 1.50(1.05,2.13) .03
Decreased HDL-c? 1.34(1.08,1.66) .008
Dyspnea 1.33(1.02,1.73) .04
Increased D-dimer? 1.27 (1.02,1.59) .03

Abbreviations: Sp0O,, oxygen saturation; LDH, lactate dehydrogenase; APTT, acti-
vated partial thromboplastin time; HDL-c, high-density lipoprotein cholesterol.
P values were calculated by logistic regression.

2 The increase or decrease of laboratory indicators was defined as higher than the
upper limit of normal (ULN) or lower than the lower limit of normal (LLN).

injury, acute cardiac injury, septic shock, and acute kidney injury, in
patients during the duration of follow-up. The proportions of each
secondary outcome were all higher in the death and severe groups
than in the non-death and non-severe groups (Table 1, eTables 8
and 9). We further analyzed the risk factors associated with each
secondary outcome in the severe group. The results were demon-
strated in eTables 10-14.

Discussion

In this study, we systematically analyzed the clinical charac-
teristics, disease progression and risk factors of COVID-19 patients
without pre-existing comorbidities utilizing a large patient dataset.
The total severity rate for COVID-19 patients without chronic
comorbidities was up to 34.29%, with a death rate of 2.10%. We
found that age > 47, parameters indicating tissue or organ dam-
age (elevated LDH and CK), pulmonary impairment (SpO, < 95%
and dyspnea), organ dysfunction (increased direct bilirubin, BUN
and blood glucose), and an inflammatory condition (increased neu-
trophil count) were potential risk factors for COVID-19 death in
patients without chronic comorbidities. Comparatively, the pro-
gression from non-severe to severe status was more closely corre-
lated with coagulation disorder (increased APTT and D-dimer) and
dyslipidemia (decreased HDL-c). These findings can help us assess
the status of the disease in COVID-19 patients during hospitaliza-
tion and provide direct advice for the strategies of clinical interven-
tions for COVID-19 patients without chronic comorbidities.
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Previous studies on risk factors for COVID-19 patients mainly
focused on the general population [10,25-30]. These studies did
not distinguish the clinical characteristics and disease progression
between patients with and without pre-existing disease, whose
disease progression and intervention measures may be differ-
ent. In addition, since patients with pre-existing disease have a
higher predisposition to COVID-19, specific studies were inter-
ested in addressing clinical traits, treatment strategy and outcomes
in COVID-19 patients with pre-existing diseases, such as cardio-
vascular disease, hypertension and diabetes [7,8,31-34]. However,
patients without existing comorbidities have been neglected. Only
small-scale studies (less than 200 patients) have reported the
severity and mortality progression in populations without pre-
existing comorbidities [35-38]. Based on a series of studies on
COVID-19 in our group [7,8,31-33,39-41], we recognized that
these patients without pre-existing disease also have specific traits
and disease patterns. In this study, we focused on the COVID-19
population without previous underlying diseases. Using a large
patient dataset containing 4806 patients, we described the dis-
ease progression characteristics and risk factors of patients without
previous comorbidities. In addition, we identified and differenti-
ated sets of risk factors that predicted mortality and progression
to severe conditions. We found that indicators suggesting aging,
the impairment of respiratory function (SpO, < 95% and dys-
pnea), coagulation dysfunction (increased APTT and D-dimer),
tissue injury (increased LDH), and lipid metabolism dysregulation
(decreased HDL-c level) were closely associated with disease pro-
gression from non-severe to severe conditions. In addition, we
noticed severe bacterial infections, as indicated by procalcitonin
levels, largely increased the risk of developing severe cases in
patients without pre-existing diseases. Once indicators suggested
that multi-organ damage increased at baseline including increased
direct bilirubin, CK and BUN levels, as well as increased blood glu-
cose levels, the rate of mortality increased dramatically in patients
without pre-existing disease.

It is interesting that the progression and mortality of COVID-19
are closely associated with multiple organ injuries. The indica-
tors reflecting impaired liver, kidney, and pancreas functions were
closely associated with the progression of COVID-19 at admission
to death. These organ damages likely involve multiple mecha-
nisms, including direct attacks from SARS-CoV-2, the cytokine
storm, hypoxemia, or drug interventions. It has been reported that
ACE2, the primary receptor of SARS-CoV-2, is detectable in the
heart, vasculature, and kidneys [42]. Recent studies have found
new receptors (CD147-spike protein, neuropilin-1) that facilitate
the entry of SARS-CoV-2 into human cells, which may increase the
direct damage of the virus [43,44]. In addition to direct virus attacks,
increased leukocyte counts, especially neutrophil counts, may lead
to excessive cytokine production, resulting in a cytokine storm and
systematic organinjury [45]. Although there were no explicit causal
effects between risk factors and COVID-19 progression, clinical
interventions for organ protection and anti-inflammation should
be considered.

Furthermore, our data showed that elevated LDH increases the
risk of progression to severe illness, and double elevated LDH/CK
increases the risk of death. LDH is a cytoplasmic enzyme that exists
in all major organ systems. It can be used as an indicator of cell
integrity disorders caused by pathological conditions. The elevated
LDH levelsin the serum indicated cell damage or necrosis [28]. Sim-
ilarly, the increase in CK in serum, which is mainly distributed in
skeletal muscle and myocardium, suggests that the permeability of
tissue cells is enhanced or tissue cells are necrotic. CK may act syn-
ergistically with LDH in the progression of COVID-19 to accelerate
the severity of the disease. The mechanism needs further study.

For patients with a non-severe status at admission but who
progressed to severe disease during hospitalization, apart from
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patients with severe bacterial infections, those with coagula-
tion disorder (increased APTT and D-dimer) and dyslipidemia
(decreased HDL-c) had increased odds of disease progression. The
increase in APTT and D-dimer may be attributed to the new coro-
navirus damaging vascular endothelial cells, followed by triggering
the formation of microthrombi [46]. High-density lipoproteins
(HDLs) have a protective effect on the endothelial layer through
their antioxidant, anti-inflammatory, antiapoptotic and antithrom-
botic functions, normally [47]. However, during COVID-19, HDLs
seem to lose their protective effect on endothelial cells under
inflammatory conditions [30,47]. Inflammation can cause changes
in the structure of HDL particles and cause the acute phase pro-
tein serum amyloid A (SAA) to accumulate in the protein portion
of HDLs. HDL particles rich in SAA are not only cleared from
the circulation faster than normal HDLs and consume cholesterol,
resulting in decreased HDL-c, but also lose their anti-inflammatory
properties and even promote the proinflammatory activation of
macrophages and the excessive production of cytokines, which in
turn aggravates inflammation and forms a vicious cycle [30,48].
Therefore, abnormal coagulation and lipid homeostasis should
be actively intervened to prevent COVID-19 progression for non-
severe patients without comorbidities at admission.

There were several limitations to the current study. First, our
study is a retrospective study, and the causal relationship between
abnormal laboratory indicators and disease progression cannot be
determined. Second, the data analyzed in our study were all col-
lected in China. Geographical limitations should be resolved by
further analysis of COVID-19 cases worldwide. Third, the emerging
new mutant SARS-CoV-2 might promote disease progression with
different clinical features or mechanisms. Thus, further prospective
studies based on a large cohort are needed to validate the findings
of the present study.

Conclusion

COVID-19 patients without pre-existing chronic comorbidities
have specific traits and disease patterns. Patients with COVID-
19 accompanied by severe bacterial infections, as indicated by
increased procalcitonin levels, was highly associated with dis-
ease progression from non-severe to severe conditions. Aging, the
impairment of respiratory function, coagulation dysfunction, tissue
injury, and lipid metabolism dysregulation were also associated
with disease progression. Once factors for multi-organ damage
were elevated and glucose increased at admission, these findings
indicated a higher risk for mortality. This study provides infor-
mation that helps to predict COVID-19 prognosis specifically in
patients without chronic comorbidities.
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