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Abstract
Rationale: Our pilot study suggested that coexisting cerebrovascular diseases on admission with respiratory rate greater than 24 breaths per
min, and LDH greater than 245U/L may be risk factors for death among hospitalized COVID-19 patients in Henan province, China. Whether
these risk factors are associated with severe illness in inpatiente with COVID-19 is yet unclear.
Background: To explore risk factors associated with severe cases in hospitalized COVID-19 patients in Henan province, China
Methods: This study was a multicenter retrospective cohort study. A total of 112 patients with COVID-19 were admitted to Henan Provincial
People's Hospital and Anyang Infectious Disease Hospital from February 3 to March 31, 2020. These patients were confirmed by SARS-CoV-2
nucleic acid test. Demographic, epidemiological, clinical and laboratory data, imaging changes, and definite severity typing of illness (severe
cases or non-severe cases) were extracted from electronic medical records and compared between severe cases and non-severe cases.
Univariate and multivariate logistic regression methods were used to explore the risk factors associated with in-hospital severe cases.
Results: A total of 104 patients (55 from Henan Provincial People's Hospital and 57 from Anyang Infectious Disease Hospital) were included
in this study, of whom 62 (59.6%) were non-severe cases and 42 (40.4%) were severe cases. Multivariate regression showed increasing odds
of in-hospital severe cases associated with age ³65 years (odds ratio 6.535 [95% CI, 1.365-31.295]; p=0.019), coexisting diabetes (11.165
[1.142-109.172], p=0.038), cough (17.494 [2.971-102.995]; p=0.002), increased procalcitonin (0.05-0.25ng/L) (9.640 [2.162-42.982]; p=0.003)
and LDH greater than 245U/L (11.040 [2.661-45.808]; p=0.001) on admission.
Conclusions: Age ³65 years, coexisting diabetes, cough, increased PCT, and LDH greater than 245U/L on admission may be risk factors for
severe cases among hospitalized COVID-19 patients in Henan Province, China.

Introduction
The pandemic of coronavirus disease 2019 (COVID-19) is a disease caused by a novel coronavirus (CoV) SARS-CoV-2 and is causing
substantial morbidity and mortality [1]. A total of 18761363 confirmed cases and 330279 deaths have been reported only in the United States
as of December 26th, 2020 [2]. According to the WHO and China's joint investigation team, the fatality rate was 5.8% in Wuhan and 0.7% in
the rest of China [3]. Outside China, COVID-19 mortality varies from country to country, with Bangladesh reporting the highest (11.36%) and
Israel the lowest (0.3%) [4].
The clinical manifestations of COVID-19 are varied and include the asymptomatic carrier status, acute respiratory disease (ARD), and
pneumonia [5, 6]. Patients with pneumonia have respiratory symptoms and positive findings in chest imaging. Severe pneumonia can present
as acute respiratory distress syndrome (ARDS) leading to severe hypoxia, respiratory failure, multi-organ failure, shock and death [5, 7].
There are four clinical types of COVID-19: mild, common, severe, and critical [8]. According to a report by the Chinese Center for Disease
Control and Prevention, the estimated proportion of cases of varying severity is 81% for mild and common cases, 5% for severe cases and
14% for critical severe cases [9].
To reduce mortality from COVID-19, research works focusing on the identification of risk factors associated with death or severe cases from
COVID-19 is needed. It is well known that patients with severe illness have a high mortality rate, while non-severe cases have a relatively low
mortality rate. Studying the risk factors associated with severe illness can lead to earlier intervention and improved outcomes. The risk factors
associated with death of patients with COVID-19 have been studied widely. Unfortunately, the risk factors associated with severe illness are
frequently overlooked or less reported. The majority of COVID-19 deaths are generally considered to be among the elderly or those patients
with underlying diseases, including cardiovascular disease, diabetes, chronic lung disease, hypertension and cancer [9]. In a recent study
involving 191 inpatients confirmed as COVID-19, Chinese scholars found that older age, high SOFA score, and D-dimer greater than 1µ g/L
were independent risk factors for COVID-19 [10]. This study also found that some laboratory tests, such as lymphocytopenia, an increase in
serum lactate dehydrogenase (LDH), cardiac troponin I (CTNI) and interleukin-6 (IL-6), were more common in critically ill patients [10].
Whether the factors mentioned above are also associated with severe illness in patients with COVID-19 is not clear. Therefore, in this study
demographic, epidemiological, clinical, and laboratory data, imaging changes, and final outcome of hospitalized patients confirmed by SARSCoV-2 nucleic acid from designated hospitals in Henan province of China, were investigated retrospectively to explore risk factors associated
with severe cases of COVID-19 patients so as to help the clinician in early recognition and intervention, and to improve the prognosis.

Patients And Methods

Patients and study design
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A total of 112 patients with COVID-19 and hospitalized in Henan People's Hospital and Anyang Infectious Disease Hospital between February
3, 2020 and March 31, 2020 were included in this retrospective cohort study, including 55 cases from Henan People's Hospital and 57 cases
from Anyang Infectious Disease Hospital. SARS-CoV-2 nucleic acid test were confirmed in all patients, who had a definite illness severity
typing and outcome of death or survival within the study period. A final sum of 104 patients were enrolled in our study.
According to the Chinese management guideline for COVID-19 (version 7.0), clinical classification of COVID-19 illness was defined as
following[8] in our study: severe cases included severe and critical cases, on the other hand, mild and normal cases were defined as nonsevere cases.

Data Collection
Clinical data of interest, including age, sex, clinical manifestations, laboratory, imaging, treatment, outcome, and epidemiological data were
collected. All data were extracted by two researchers alone in the same standard form.

Laboratory Procedures
As it was reported that the laboratory confirmation of SARS-CoV-2 infection was detected SARS-CoV-2 in respiratory specimens by real-time
RT- PCR [11]. All the enrolled patients underwent nucleic acid detection by Throat-swab. After clinical symptoms relieved, the re-examination
of SARS-CoV-2 PCR were done every other day in order to obtain qualitative data.

Statistical analysis
Continuous and categorical variables were expressed as median (IQR) and percentages, the Mann-Whitney U test, chi-square test, or Fisher’s
exact test were performed to compared differences between non-severe cases and severe cases. Univariate and multivariate logistic
regression were used to identify risk factors. The univariate logistic regression was performed first, the variables were excluded if the
differences were small and the number of events was too small to calculate odds ratios. The rest factors were analysed in the multivariate
analysis. A P value < 0.05 was considered statistically significant. Statistical analysis was performed using the SPSS software version
22.0(SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics of the patients
A total of 112 confirmed COVID-19 patients were transferred to Henan Provincial People's Hospital (55 cases) or Anyang Infectious Disease
Hospital (57 cases) for treatment. Excluding 8 cases with incomplete clinical data, 104 cases were included as study subjects. All subjects
had a clear severity typing during the study period with 62 (59.6%) non-severe cases and 42 (40.4%) severe cases. The median age of the
study subjects was 50.5 years (IQR 42–59), and most of the subjects were females (56, 53.8%). The proportion of people aged ≥ 60 years in
severe cases was higher than that in non-severe cases (42.9% vs. 9.7%,p < 0.05). The median days from onset to diagnosis was 4 (3–7) days
in non-severe cases and 7 (4–10) days in severe cases (p < 0.05; Table 1).
Table 1: Demographic, clinical, laboratory, and radiographic findings of inpatients with COVID-19 on admission
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P

Total

Non-severe cases

Severe cases

n=104

n=62

n=42

Age，years

50.5(42-59)

48(34-55.2)

57.5(47.8-71.3)

<0.001

Age，years

24(23.1%)

6(9.7%)

18(42.9%)

<0.001

Male

48(46.2)

31(50.0%)

17(40.5%)

>0.05

Female

56(53.8)

31(50%)

25(59.5%)

Time from illness onset to

5.5(3-8.75)

4(3-7)

7(4-10)

<0.05

95(91.3)

54(87.1%)

41(97.6%)

>0.05

Diabetes

18(17.3%)

2(3.2%)

6(38.1%)

<0.001

Hypertension

30(28.8%)

16(25.8%)

14(33.3%)

>0.05

Coronary heart disease

9(8.7%)

3(4.8%)

6(14.3%)

>0.05

Cerebrovascular disease

9(8.7%)

3(4.8%)

6(14.3%)

>0.05

Hepatopathy

4(3.8%)

3(4.8%)

1(2.4%)

>0.05

Pulmonary disease

9(8.7%)

3(4.8%)

6(14.3%)

>0.05

Tumor

2(1.9%)

1(1.6%)

1(2.4%)

>0.05

Fever (temperature

87(83.7%)

52(83.9%)

35(83.3%)

>0.05

Headache

11(10.06%)

7(11.3%)

4(9.5%)

>0.05

Muscular soreness

16(15.4%)

8(12.9%)

8(19%)

>0.05

Fatigue

46(44.2%)

25(40.3%)

21(50.0%)

>0.05

Rhinobyon

7(6.7%)

6(9.7%)

1(2.4%)

>0.05

Rhinorrhoea

5(4.8%)

3(4.8%)

2(4.8%)

>0.05

Sore throat

11(10.6%)

9(14.5%)

2(4.8%)

>0.05

Cough

62(59.6%)

28(45.2%)

34(81%)

<0.001

Sputum

30(28.8%)

10(16.1%)

20(47.6%)

<0.001

Dyspnea

33(31.7%)

5(8.1%)

28(66.7%)

<0.001

Diarrhoea

8(7.7%)

4(6.5%)

4(9.5%)

>0.05

Disturbance of consciousness

7(6.7%)

0(0.0%)

7(16.7%)

<0.05

Respiratory rate

5(4.8%)

1(1.6%)

4(9.5%)

>0.05

Pulse ≥100 beats per min

14(13.5%)

7(11.3%)

7(16.7%)

>0.05

Systolic pressure，mmHg

123(117-134)

120(118-131)

127(114-141)

>0.05

Demographic and clinical characteristics

≥60
Sex

diagnosis, days
Exposure history
Coexisting underlying diseases at admission

≥37·3°C)

>24 breaths per min
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Diastolic pressure，mmHg

79(70-84)

80(72-85)

76(61-83)

>0.05

Death

7(6.7%)

0(0.0%)

7(16.7)

<0.05

4.71(3.71-6.67)

4.5(3.4-5.8)

5.6(3.8-8.1)

<0.05

Lymphocyte count, ×10^9/L

1.13(0.87-1.55)

1.25(0.91-1.58)

1.05(0.82-1.41)

>0.05

Monocyte count, ×10^9/L

0.43(0.28-0.54)

0.42(0.28-0.51)

0.45(0.29-0.62)

>0.05

Laboratory findings
White blood cell count ,
×10^9/L

Procalcitonin, ng/mL

<0.001

≤0.05

68(65.4%)

52(83.9%)

16(38.1%)

<0.25

27(26%)

9(14.5%)

18(42.9%)

<0.5

5(4.8%)

0(0.0%)

5(11.9%)

≥0.5

4(3.8%)

1(1.6%)

3(7.1%)

CRP, mg/L

18.0(7.0-62.9)

14.2(3.4-46.2)

31.3(10.3-85.7)

<0.05

ALT, U/L

19(18.3%)

11(17.7%)

8(19%)

>0.05

23(22.1%)

12(19.4%)

11(26.2%)

>0.05

TBIL, umol/L

11.2 (8.8-15.6)

11.6(9.1-17.5)

10.4(7.0-14.1)

>0.05

LDH, U/L

32(30.8%)

11(17.7%)

21(50%)

<0.05

11(10.6%)

6(9.7%)

5(11.9%)

>0.05

BUN, mmol/L

3.9(3.1-5.0)

3.6（2.9-4.5）

4.3(3.2-5.7)

<0.05

CREA, mmol/L

55.0(47.2-65.0)

59.5(50.0-72.0)

50.5(44.8-56.0)

<0.05

d-dimer, ug/L

29(27.9%)

9(14.5%)

20(47.6%)

<0.05

Blood glucose, mmol/L

5.9(4.8-7.3)

5．57(4.8-6.6）

6.4(4.8-9.5)

<0.05

Duration of viral shedding after COVID-19 onset, days

17(14-22)

16(12-19)

20(15-25)

<0.05

No lesion on either side

8(7.7%)

7(11.3%)

1(2.4%)

>0.05

Unilateral lesion

10(9.6%)

7(11.3%)

3(7.1%)

Bilateral lesions

86(82.7%)

48(77.4%)

38(90.5%)

Ground-glass opacity

86(82.7%)

51(82.3%)

35(83.3%)

>0.05

Consolidation

34(32.7%)

15(24.2%)

19(45.2%)

<0.05

Interstitial change

24(23.1%)

5(8.1%)

19(45.2%)

<0.05

Other changes

5(4.8%)

1(1.6%)

4(9.5%)

>0.05

>40
AST ,U/L
>40

>245
CK, umol/L
>185

>0.5

Imageological change
Sites of imaging abnormalities

Morphology of the imaging changes

Page 5/14

Data are median (IQR) or n (%). p values were calculated by Mann-Whitney U test, χ² test, or Fisher’s exact test, as appropriate.
COVID-19:coronavirus disease 2019.CRP:C reactive protein, ALT: alanine aminotransferase ,AST: aspartic transaminase ,
TBIL: total bilirubin ,LDH: lactate dehydrogenase, CK: creatinine kinase, BUN: blood urea nitrogen, CREA: creatinine.
Eighty one patients had a comorbidity, with hypertension being the most common (30 [28.8%] patients), followed by diabetes (18 [17.3%]
patients), coronary heart disease (9 [8.7%] patients), cerebrovascular disease (9 [8.7%] patients). The proportion of severe cases with diabetes
was higher than that of non-severe cases (38.1% vs. 3.2%, p < 0.001). There was no difference in the proportion of hypertension, coronary
heart disease and cerebrovascular disease between the non-severe group and the severe group (all p > 0.05). Fever (83.7%), cough (59.6%)
and fatigue (44.2%) were common symptoms at admission. Compared with non-severe group, there was no significant difference in severe
group presented with symptoms at admission such as fever, headache, muscle soreness, fatigue, nasal congestion, runny nose, sore throat,
diarrhea, respiratory rate, pulse, and blood pressure (all p > 0.05). The proportion of inpatients with cough, sputum, dyspnea, disturbance of
consciousness were higher in severe group than non- severe group (81.0% vs. 45.2%), (47.6% vs. 16.1%), (66.7% vs. 8.1%), and (16.7% vs.
0.0%), respectively (all p < 0.05; Table 1).
The death proportion in the severe group was higher than that in the non-severe group (16.7% vs. 0.0%,p < 0.05) (Table 1).
Comparison of laboratory findings between non-severe group and severe group
The count of white blood cell (WBC) (×109/L) 5.6 [3.8–8.1] vs. 4.5 [3.4–5.8]) and the levels of serum C-reactive protein (CRP) (mg/L) (31.3
[10.30-85.72] vs. 14.23 [3.40–46.20]), blood urea nitrogen (BUN) (mmol/L) (4.31 [3.23–5.70] vs. 3.57 [2.87–4.46]), blood glucose (mmol/L)
(6.44 [4.80–9.53] vs. 5.57 [4.78–6.56]), and proportion of inpatients with LDH greater than 245 U/L (50.0% vs. 11.7%), and D-dimer greater
than 0.5ug/L (47.6% vs. 14.5%) were higher in severe group than non-severe group (all p < 0.05). The level of serum creatinine (CREA) (mg/L)
(50.50 [44.75-56.00] vs. 59.5 [50.00–72.00]) was lower in severe group than non-severe group (p < 0.05). There was no difference in the count
of lymphocyte (L), mononuclear cell (M), total bilirubin (TBIL), and the proportion of inpatients with alanine aminotransferase (ALT) greater
than 40 U/L, Aspartic transaminase (AST) greater than 40 U/L, creatine phosphokinase (CK) greater than 185µ mol/L between the two groups
(all p > 0.05; Table 1).
The median duration of viral shedding in severe group were longer than non-severe group (20 [15–25] vs. 16 [12–19]) (p < 0.05).
Comparison of imaging changes between non-severe group and severe group
Compared with non-severe group, there were no difference in the proportion of site, ground-glass opacity and other imaging abnormalities in
severe group (all p > 0.05). The proportion of inpatients with consolidation and interstitial change were higher in severe group than non-severe
group (45.2% vs. 24.2%) and (45.2% vs. 8.1%), respectively (all p < 0.05; Table 1).

Analysis Of Risk Factors Associated With Severe Cases
In univariate analysis, odds of severe cases was higher in patients with age ≥65 years, coexisting diabetes, cough, increased PCT (0.05–
0.25 ng/L), and LDH greater than 245 U/L on admission (all p < 0.05,Table 2). The time from illness onset to diagnosis, d-dimer > 0.5µ g/L,
sputum, dyspnea, WBC count, CRP, CREA, blood glucose, duration of viral shedding after COVID-19 onset, consolidation and interstitial change
were also associated with severe cases (all p < 0.05,Table 2).
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Table 2
Risk factors associated with in-hospital severe cases
Univariable

P

Multivariable OR(95% CI)

p

0.000

6.535

0.019

OR(95% CI)
Demographics and
clinical characteristics
Age, years

7.000

≥ 60

(2.473–19.811)

Sex

0.680

(1.365–31.295)
0.340

..

..

0.013

..

..

0.095

..

..

0.407

..

..

0.000

11.165

0.038

(0.308–1.501)
Time from illness onset to

1.139

Diagnosis, days*

(1.028–1.262)

Exposure history

6.074
(0.730-50.509)

Coexisting underlying diseases at admission
Hypertension

1.437
(0.610–3.388)

Diabetes

18.462
(3.957–86.143)

Coronary heart disease

3.278

(1.142-109.172)
0.108

..

..

0.108

..

..

0.531

..

..

0.108

..

..

0.781

..

..

0.942

..

..

0.774

..

..

0.397

..

..

0.330

..

..

(0.772–13.926)
Cerebrovascular disease

3.278
(0.772–13.926)

Hepatopathy

0.480
(0.048–4.775)

Pulmonary disease

3.278
(0.772–13.926)

Tumor

1.488
(0.090-24.465)

Fever

0.962

(temperature

(0.334–2.766)

≥ 37·3 °C)
Headache

0.827
(0.226–3.023)

Muscular soreness

1.588
(0.545–4.629)

Fatigue

1.480
(0.672–3.259)

OR: odds ratio. CRP:C reactive protein, ALT: alanine aminotransferase ,AST: Aspartic transaminase, TBIL: total bilirubin ,LDH: lactate
dehydrogenase, CK: creatinine kinase, BUN: blood urea nitrogen, CREA: creatinine. * Per 1 unit increase
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Univariable

P

Multivariable OR(95% CI)

p

0.178

..

..

0.986

..

..

0.131

..

..

0.000

17.494

0.002

OR(95% CI)
Rhinobyon

0.228

(0.026–1.964)
Rhinorrhea

0.983
(0.157–6.153)

Sore throat

0.294
(0.060–1.438)

Cough

5.161
(2.060-12.928)

Sputum

4.727

(2.971-102.995)
0.001

..

..

0.000

..

..

0.566

..

..

0.999

..

..

0.102

..

..

0.433

..

..

0.331

..

..

0.070

..

..

0.012

..

..

0.073

..

..

0.166

..

..

(1.906–11.722)
Dyspnea

22.8
(7.463–69.656)

Diarrhoea

1.526
(0.360–6.474)

Disturbance of consciousness

2861698293
(0-..)

Respiratory rate

6.421

> 24 breaths per min

(0.692–59.621)

Pulse ≥ 100 beats per min

1.571
(0.508–4.865)

Systolic pressure,mmHg*

1.012
(0.998–1.038)

Diastolic pressure,mmHg *

0.970
(0.938–1.003)

Laboratory findings
White blood count,10^9/L*

1.276
(1.056–1.542)

Neutrophil count, ×10^9/L*

0.465
(0.201–1.075)

Lymphocyte count, ×10^9/L

2.143

< 0.8

(0.729–6.297)

OR: odds ratio. CRP:C reactive protein, ALT: alanine aminotransferase ,AST: Aspartic transaminase, TBIL: total bilirubin ,LDH: lactate
dehydrogenase, CK: creatinine kinase, BUN: blood urea nitrogen, CREA: creatinine. * Per 1 unit increase
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Univariable

P

Multivariable OR(95% CI)

p

0.172

..

..

OR(95% CI)
Monocyte count, ×10^9/L*

4.172
(0.536–32.46)

Procalcitonin, ng/mL

0.001

≤ 0.05

1(ref)

< 0.25

6.500

0.000

(2.447–17.264)
< 0.5

5250293311

9.750

0.999

1.011

0.003

6794498033

0.999

(0.000-..)
0.056

(0.947-100.361)
CRP,mg/L*

9.640
(2.162–42.982)

(0.000-..)
≥ 0.5

0.022

16.577

0.239

(0.155-1775.468)
0.009

..

..

0.866

..

..

0.411

..

..

0.965

..

..

0.001

11.040

0.001

(1.003–1.019)
ALT, U/L

1.091

> 40

(0.398–2.992)

AST,U/L

1.479

> 185

(0.582–3.758)

TBIL, µmol/L*

1.000
(0.999–1.001)

LDH,U/L

4.636

> 245

(1.906–11.279)

CK, µmol/L

1.261

> 185

(0.359–4.435)

BUN, mmol/L*

1.057

(2.661–45.808)
0.717

..

..

0.254

..

..

0.013

..

..

0.000

..

..

0.024

..

..

0.026

..

..

(0.961–1.164)
CREA, mmol/L*

0.967
(0.942–0.993)

d-dimer, ug/L

5.354

> 0.5

(2.111–13.577)

Blood glucose,mmol/L*

1,221
(1.026–1.454)

Duration of viral shedding after COVID-19 onset, days*

1.006
(1.008–1.127)

OR: odds ratio. CRP:C reactive protein, ALT: alanine aminotransferase ,AST: Aspartic transaminase, TBIL: total bilirubin ,LDH: lactate
dehydrogenase, CK: creatinine kinase, BUN: blood urea nitrogen, CREA: creatinine. * Per 1 unit increase
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P

Multivariable OR(95% CI)

p

Sites of imaging abnormalities

0.219

..

..

No lesion on either side

1(ref)

..

..

0.116

..

..

0.396

..

..

P

Multivariable OR(95% CI)

p

0.887

..

..

0.027

..

..

0.000

..

..

0.102

..

..

Univariable
OR(95% CI)
Image change

Unilateral lesion

0.180
(0.021–1.531)

Bilateral lesions

0.541

(0.131–2.235)
Univariable
OR(95% CI)
Morphology of the
imaging changes
Ground-glass opacity

1.078
(0.381–3.053)

Consolidation

2.588
(1.116–6.001)

Interstitial change

9.417
(3.142–28.226)

Other changes

6.421
(0.692–59.621)

OR: odds ratio. CRP:C reactive protein, ALT: alanine aminotransferase ,AST: Aspartic transaminase, TBIL: total bilirubin ,LDH: lactate
dehydrogenase, CK: creatinine kinase, BUN: blood urea nitrogen, CREA: creatinine. * Per 1 unit increase
We included 104 patients with complete data (42 severe cases and 62 non-severe cases) for all the variables that make sense in the
multivariate logistic regression model. We found that age ≥65 years (OR 6.535 [95% CI 1.365–31.295], p = 0.019), coexisting diabetes (11.165
[1.142-109.172], p = 0.038), cough (17.494,[2.971-102.995]; p = 0.002), increased PCT (0.05–0.25 ng/L) (9.640 [2.162–42.982]; p = 0.003) and
LDH greater than 245 U/L (11.040 [2.661–45.808]; p = 0.001) on admission were associated with increased odds of severe cases (Table 2).

Discussion
In this retrospective cohort study, logistic regression models were used to identify several independent risk factors for severe cases in
inpatients with COVID-19 in Henan province, china. Specifically, age ≥65 years, coexisting diabetes, cough, increased PCT, and LDH greater
than 245 U/L on admission were associated with higher odds of severe cases among hospitalized COVID-19 patients.
This study found that age ≥65 years on admission was associated with increased odds of severe cases among hospitalized COVID-19
patients. Severe SARS-CoV-2 infection can occur in any age group, but is most often associated with middle-aged and elderly people.
According to a report by The Chinese Center for Disease Control and Prevention, among about 44,500 confirmed infected patients, 87% were
between 30 and 79 years old, and older patients were also associated with increased mortality. The fatality rates of patients aged 70–79 and
≥80 years were 8% and 15%, respectively [9]. In the United States, 67% of the cases were diagnosed at the age ≥45, and similar to the cases
in China, the elderly had the highest mortality rate with 80% of the patients dying among patients aged ≥65 years [12].The findings of this
study were in accord with the above reports. The mechanism by which advanced age leads to severe illness is unclear. Previous studies in
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macaques inoculated with SARS-CoV found that older macaques had stronger host innate responses to virus infection than younger adults
with an increase in differential expression of genes associated with inflammation and a reduction in the expression of type I interferon beta
[13]. The age-dependent defects in T-cell and B-cell function and the excess production of type 2 cytokines could lead to a deficiency in
control of viral replication and more prolonged proinflammatory responses potentially leading to poor outcome [14].
This study found that coexisting diabetes mellitus(DM) on admission was associated with increased odds of severe cases among
hospitalized COVID-19 patients. It is now well recognized that older age and the presence of DM, hypertension, and severe obesity (BMI ≥
40 kg/m2) increases morbidity and mortality in patients with COVID-19 [5]. Plasma glucose levels and DM are independent predictors for
mortality and morbidity in patients with SARS [15]. Certain racial groups such as African Americans, Hispanics, and Native Americans are
highly prone to develop DM and disparities in health care make these groups more vulnerable. Potential mechanisms that may increase the
susceptibility for COVID-19 in patients with DM include: a) higher affinity cellular binding and efficient virus entry, b) decreased viral clearance,
c) diminished T cell function, d) increased susceptibility to hyperinflammation and cytokine storm syndrome, and e) presence of
cardiovascular disease [1]. Identification of clinical and biochemical parameters using multiomics approaches that predict severity of the
COVID-19 in DM using large data sets is urgently needed.
In this study, we found that cough at admission was associated with in-hospital severe cases in patients with COVID-19. The presentation of
cough often indicates that the respiratory system is involved. The mechanism of pulmonary involvement may be that SARS-CoV-2 virus
enters alveolar epithelial cells by binding to ACE2 receptors and triggers a systemic inflammatory response, creating an immune dysfunction
with a hyperactivity of T lymphocytes and the release of proinflammatory cytokines such as IL-2, IL-6, IL-7, MCP1 and TNF alpha [16]. If the
inflammation is protective initially, it appears secondarily that most cellular and tissue lesions are more the result of hyperinflammation than
of the direct effect of the virus [16]. These two phenomena may favor at the respiratory level, pulmonary lesions, by hypercapillary
permeability and pulmonary edema, leading to acute respiratory distress [17]. Hyperinflammation at the systemic level may lead to vascular,
thrombotic and cytokines’ toxicity phenomena, resulting in multisystemic lesions [18, 19].
This study found that increased PCT on admission was associated with increased odds of severe cases among hospitalized COVID-19
patients. PCT is an emerging prognostic marker in COVID-19. Increasing data suggest a link between serum PCT levels and disease severity in
patients with COVID-19 [20, 21]. Elevated PCT was also associated with adverse outcomes (OR 13.1; 95% CI [7.37–23.1]). PCT was increased
in 22.8% and 30.6% of patients with the severe course and adverse outcome, respectively [22]. PCT is increased in a subset of COVID-19
patients at risk for clinical deterioration and adverse outcome [22]. Our data are consistent with the findings mentioned above. Variance in
PCT levels have previously been proposed to differentiate systemic inflammation of bacterial origin from viral origin in community acquired
pneumonia and sepsis, with a significant rise indicating bacterial infection [23, 24]. Therefore, most researchers suggest that raised
procalcitonin observed in COVID-19 could be due to bacterial co-infection which can cause increased severity and drives systemic sepsis.
However, some researchers think that PCT levels in deteriorating patients are increased because of target organ injury. PCT is also associated
with altered liver function tests, cardiac injury, and ocular symptoms [25, 26]. Patients with severe COVID-19 infection can develop immune
hyperactivation and cytokine release syndrome (CRS) with a massive release of IL-6 [19]. Therefore, whether PCT levels in deteriorating
patients are increased because of bacterial infections or target organ injury needs further study.
This study also found that LDH greater than 245 U/L at admission was associated with in-hospital severe cases in COVID-19 patients. LDH is
widely distributed in heart, liver, lung and human tissues. Once the tissue is damaged, the serum LDH concentration increased. LDH is one of
the predictor of many pulmonary inflammatory diseases, such as obstructive disease, lung infection disease and interstitial lung disease[27,
28]. This study found an association between increased LDH and severe cases in inpatients with COVID-19, which is consistent with the
findings of other study[29]. The elevated LDH is due to the direct damage of lung tissue once COVID-19 infected, and on the other hand,
hypoxia causes cell damage and increases the permeability of cell membrane, which aggravate the release of LDH. The continuous increase
of LDH indicates the exacerbated of the disease. In the course of COVID-19, the elevated of serum LDH can not only be used as a reference
index of lung damage, but also reflect the severity of the disease.
Our study is the first to focus on COVID-19 inpatients in Henan province, central China. The findings of this study may be applicable to the
general population in China's most populous province. Our study is also one of the few studies on the risk factors associated with severe
illness in COVID-19 inpatients, and our data are of great significance for early identification of these risk factors.
Despite the above significant findings, there were still some deficiencies in our study. First, this study was a retrospective study, and some
laboratory tests that might be meaningful were not collected, such as IL-6, serum ferritin, T-lymphocyte subset, and the correlation between
these indicators and severe illness was not studied as a result. Second, since some patients with incomplete data were excluded from this
study, the sample size of this study was small which may limit the promotion of the conclusions of this study in the general hospitalized
population. Therefore, prospective multi-center studies with large samples should be carried out in the future to further verify the conclusions
of this study.
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Conclusions
In summary, our study found that age ≥65 years, coexisting diabetes, cough, increased PCT and LDH greater than 245 U/L may be
independent risk factors for severe cases in hospitalized COVID-19 patients in Henan province, China. The recognition of these risk factors is
helpful for clinicians to identify patients with poor prognosis in the early stage so as to strengthen organ monitoring and therapeutic
intervention in the early stage and improve the poor prognosis.
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