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Abstract

BACKGROUND
There have been few reports on the risk factors for acute respiratory distress
syndrome (ARDS) in coronavirus disease 2019 (COVID-19), and there were
obvious differences regarding the incidence of ADRS between Wuhan and outside
Wuhan in China.

AIM
To investigate the risk factors associated with ARDS in COVID-19, and compare
the characteristics of ARDS between Wuhan and outside Wuhan in China.

METHODS

Patients were enrolled from two medical centers in Hunan Province. A total of 197
patients with confirmed COVID-19, who had either been discharged or had died
by March 15, 2020, were included in this study. We retrospectively collected the
patients’ clinical data, and the factors associated with ARDS were compared by
the y2 test, Fisher’s exact test, and Mann-Whitney U test. Significant variables
were chosen for the univariate and multivariate logistic regression analyses. In
addition, literature in the PubMed database was reviewed, and the characteristics
of ARDS, mortality, and biomarkers of COVID-19 severity were compared
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between Wuhan and outside Wuhan in China.

RESULTS

Compared with the non-ARDS group, patients in the ARDS group were
significantly older, had more coexisting diseases, dyspnea, higher D-dimer, lactate
dehydrogenase (LDH), and C-reactive protein. In univariate logistic analysis, risk
factors associated with the development of ARDS included older age [odds ratio
(OR) = 1.04), coexisting diseases (OR = 3.94), dyspnea (OR = 17.82), dry/moist
rales (OR = 9.06), consolidative/mixed opacities (OR = 2.93), lymphocytes (OR =
0.68 for high lymphocytes compared to low lymphocytes), D-dimer (OR = 1.41),
albumin (OR = 0.69 for high albumin compared to low albumin), alanine
aminotransferase (OR = 1.03), aspartate aminotransferase (OR =1.02), LDH (OR =
1.02), C-reactive protein (OR = 1.04) and procalcitonin (OR = 17.01). In logistic
multivariate analysis, dyspnea (adjusted OR = 27.10), dry/moist rales (adjusted
OR = 9.46), and higher LDH (adjusted OR = 1.02) were independent risk factors.
The literature review showed that patients in Wuhan had a higher incidence of
ARDS, higher mortality rate, and higher levels of biomarkers associated with
COVID-19 severity than those outside Wuhan in China.

CONCLUSION

Dyspnea, dry/moist rales and higher LDH are independent risk factors for ARDS
in COVID-19. The incidence of ARDS in Wuhan seems to be overestimated
compared with outside Wuhan in China.

Key Words: Acute respiratory distress syndrome; COVID-19; Risk factor; Mortality;
Severity; Dyspnea

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Some of the risk factors associated with the incidence of acute respiratory
distress syndrome in coronavirus disease 2019 include older age, coexisting diseases,
dyspnea, dry/moist rales, consolidative/mixed opacities, lower lymphocytes/albumin,
higher D-dimer, alanine aminotransferase/aspartate aminotransferase, lactate
dehydrogenase, C-reactive protein, and procalcitonin. Logistic multivariate analysis
showed that dyspnea, dry/moist rales, and higher lactate dehydrogenase were three
independent risk factors. The incidence of acute respiratory distress syndrome in
coronavirus disease 2019 was higher in Wuhan than outside Wuhan in China, which
may be due to a lack of sufficient medical resources in the early period of the epidemic
in Wuhan.

Citation: Hu XS, Hu CH, Zhong P, Wen YJ, Chen XY. Risk factors associated with acute
respiratory distress syndrome in COVID-19 patients outside Wuhan: A double-center
retrospective cohort study of 197 cases in Hunan, China. World J Clin Cases 2021; 9(2): 344-
356

URL: https://www.wjgnet.com/2307-8960/full/v9/i2/344 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i2.344

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by a novel coronavirus named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)!", which emerged in Wuhan,
China in December 2019, and rapidly spread to every province in China. Hunan
Province, with the closest geographical location to Wuhan, became the second most
affected area. Almost 2 mo later, COVID-19 was identified in South Korea, Japan,
Europe, and United States, and then worldwide. According to the World Health
Organization (WHO), through October 15, 2020, more than 38 million people had been
infected and more than 1 million people had died worldwide, and these figures are
still soaring!.

During the COVID-19 outbreak, there was an increase in the number of reports
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regarding its clinical characteristics, and prevention and control, but few reports on
the risk factors for ARDS. These risk factors are very important in predicting if
critically ill patients may rapidly progress to ARDS and even death”. More
importantly, when reviewing the literature and analyzing our data, we found that
there were obvious differences in ARDS incidence, mortality rates, and intensive care
unit (ICU) admission rates between Wuhan and non-Wuhan studies in China. One
article published in JAMA Internal Medicine® showed that the incidence of ARDS in
COVID-19 was 41.80% and the mortality rate was 21.9% in Wuhan, whereas in our
study, the incidence of ARDS was only 6.6%. Furthermore, we reviewed the literature
and found higher ARDS and mortality rates in Wuhan studies compared to non-
Wauhan studies in China. It appears that COVID-19 has different features between
epidemic areas and unaffected areas.

The aim of this retrospective study was to investigate the risk factors associated
with ARDS of COVID-19 outside Wuhan in China, and review the literature to
determine the different features of ARDS in Wuhan and in non-Wuhan areas of China.

MATERIALS AND METHODS

Study design

The first objective of this retrospective study was to identify the risk factors for ARDS
in COVID-19 patients; the second objective was to compare the different characteristics
of ARDS between Wuhan and non-Wuhan studies in China. Patients were enrolled
from two medical centers: Changsha Public Health Treatment Center (Hunan, China)
and Xiangtan Central Hospital (Hunan, China). The inclusion criteria were as follows:
Inpatients with laboratory-confirmed COVID-19; and available data regarding
epidemiological, clinical, and laboratory findings, especially ARDS findings. The
inclusion criteria for literature review were: Inpatients with laboratory-confirmed
COVID-19 according to the diagnosis and treatment protocol for COVID-19 by China®”
or the WHO!*"; available data on the incidence of ARDS, and/or mortality rate, ICU
admission rate, discharge rate, routine blood examination, liver function, D-dimer,
lactate dehydrogenase (LDH), C-reactive protein (CRP), computed tomography (CT)
findings, and treatment regimens; and publication year and language regardless of the
retrospective/randomized study (but excluding case reports).

This work was carried out in accordance with the Code of Ethics of the World
Medical Association, and was approved by the Institutional Review Board and the
Ethics Committee of the Second Xiangya Hospital (2020-017). Written informed
consent was waived by the Ethics Committee of the designated hospital for the nature
of retrospective analysis and the newly emerged infectious disease.

Data collection

We retrospectively collected COVID-19 patient data from the two medical centers
mentioned above. The first date of patient admission to hospital was January 24, 2020,
and the last date of admission was February 16, 2020. The first date of discharge from
hospital was February 4, 2020, and the last date of discharge was March 15, 2020. The
reviewed data included the basic demographic, epidemiological, clinical, laboratory,
imaging, therapy and outcome data.

In the literature review, the key word “COVID-19” was used to search relevant
studies in the PubMed database from the onset of COVID-19 to April 10, 2020.
Relevant studies were screened and analyzed according to the PRISMA statement
guidelines 2009". Two reviewers (Xing-Sheng Hu and Ping Zhong) independently
reviewed the literature and the incidence of ARDS, mortality, and biomarkers of
disease severity were extracted.

We used the Cochrane Handbook Version 6.0 (2019) “Assessing risk of bias in a
non-randomized study”™ to assess the risk of bias within studies, based on the
following four domains: Confounding bias, selection bias, information bias, and
reporting biases.

Patient diagnosis

COVID-19 was diagnosed on the basis of the Diagnosis and Treatment Protocol for
Novel Coronavirus Infection-Induced Pneumonia version 7 (trial)’l. Diagnosis was
confirmed based on two aspects: real-time reverse-transcriptase-polymerase-chain-
reaction assay of nucleic acid from respiratory or blood specimens was positive; and
high-throughput gene sequencing was highly homologous with SARS-CoV-2 in
respiratory or blood specimens. The real-time reverse-transcriptase-polymerase-chain-
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reaction assay was performed in accordance with the protocol established by the
WHOL

Treatment strategy

Antiviral drugs were administered to the patients with confirmed COVID-19. Arbidol
was given at a dose of 200 mg every 8 h, lopinavir (400 mg)/ritonavir (100 mg)
(LPV/r) orally every 12 h, interferon-alpha 5 MIU was added to 2 mL normal saline
and inhaled every 12 h, and novaferon 20 pg was injected intramuscularly every 12 h.
All patients received the best supportive care and symptomatic treatment, if necessary,
such as supplemental oxygen, noninvasive and invasive ventilation, extracorporeal
membrane oxygenation, antibiotic agents, corticosteroids, gamma globulin, continuous
renal replacement therapy and convalescent plasma therapy. Clinical and laboratory
monitoring was carried out routinely.

Outcomes
ARDS was defined according to the WHO interim guidancel”. The patients’ discharge
criteria and clinical classifications were evaluated according to the Diagnosis and

Treatment Protocol for Novel Coronavirus Infection-Induced Pneumonia version 7
(trial)el.

Statistical analysis

The statistical methods used in this study were reviewed by Ya Zheng from Lanzhou
University (Gansu, China). Continuous variables are expressed as medians
(interquartile range, IQR) and were compared using the Mann-Whitney U test;
categorical variables are expressed as a number (%) and were compared using the y2
test or Fisher’s exact test. Significant variables in the univariate analysis were chosen
and entered into the univariate logistic regression model and multivariate regression
model (measurement data were entered as continuous variables) to calculate the odds
ratio (OR) and independent risk factors, using forward logistic regression methods.
Statistical analyses were performed using SPSS 25.0 (IBM), and P < 0.05 was
considered statistically significant.

RESULTS

Demographic and clinical characteristics

A total of 197 patients were included in this study. The median age of the 93 male and
104 female patients was 45 years. Patients who traveled to Wuhan accounted for
33.8%, and imported cases accounted for 41.5%. The most common clinical
manifestations were cough (75.6%), expectoration (38.6%), fever (65.5%), fatigue
(35.5%) and dyspnea (19.8%). The most common abnormal laboratory findings were
low white cell count (36.0%) and low lymphocyte count (23.9%), high D-dimer (26.4%),
and CRP (53.3%), and less common factors were elevated creatine kinase (CK) (9.9%),
creatine kinase-MB (CK-MB) (6.2%), alanine aminotransferase (ALT) (16.2%), aspartate
aminotransferase (AST) (12.2%), and LDH (12.7%). Common characteristic CT findings
were bilateral lung involvement (82.8%), ground glass opacities (86.7%), involvement
of two lobes on the left (38.6%), and involvement of three lobes on the right (35.7%).
The clinical characteristics of these patients are presented in Table 1.

Treatment and outcome

Of the included patients, 99.4% received antiviral therapy, and the most commonly
used antiviral drugs were interferon, arbidol, and LPV/r. A single antiviral drug was
administered in 24.5%, two antiviral drugs in 44.3%, three antiviral drugs in 23.4% and
four antiviral drugs in 3.8% of patients. And 43.8% of patients received antibiotic
therapy (86.6% were treated with moxifloxacin, 10.4% with levofloxacin, 0.6% with
piperacillin-tazobactam, and 0.6% with ceftriaxone), 24.8% received gamma globulin
therapy, 24.8% received corticosteroid therapy, 3.6% received convalescent plasma
therapy, and 2.0% received mechanical ventilation (0.5% patients received invasive
mechanical ventilation) therapy.

On March 15, 2020, the incidence of ARDS was 6.6%, the ICU admission rate was
8.6%, the rate of severe disease was 11.2%, the rate of critical disease was 3.6%, and the
mortality rate was 1.5% (3 patients). All remaining patients were discharged from
hospital.
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Table 1 Clinical characteristics and factors associated respiratory distress syndrome

Demographic characteristics All patients (n = 197) Non-ARDS (n = 184) ARDS (n=13) Pvalue
Ages (yr) 45.0 (34.0-58.5) 42 (34-57) 58 (48-65) 0.010
Sex
Male 93/197 (47.2%) 85/184 (46.2%) 8/13 (61.5%) 0.284
Female 104/197 (52.8%) 99/184 (53.8%) 5/13 (38.5%)
Body mass index 23.42 (21.39-25.69) 23.29 (21.29-25.49) 26.03 (21.50-26.89) 0.170
Smoking 11/171 (6.4%) 10/159 (6.3%) 1/12 (8.3%) 0.562'
Travelling to Wuhan 45/133 (33.8%) 40/125 (32.0%) 5/8 (62.5%) 0.167
Imported cases 76/183 (41.5%) 73/184 (39.7%) 3/12(25.0%) 0.481
Cluster exposure history 132/197 (67.0%) 127/184 (69.0%) 5/13 (38.5%) 0.050
Coexisting disease
Any 49/197 (24.9%) 42/184 (22.8%) 7/13 (53.8%) 0.030
Heart disease 8/197 (4.0%) 6/184 (3.3%) 2/13 (15.4%) 0.090'
Hypertension 27/197 (13.7%) 24/184 (13.0%) 3/13 (23.1%) 0.549
Diabetes 13/197 (6.6%) 12/184 (6.5%) 1/13(7.7%) 0.600
Other 25/197 (12.7%) 22/184 (12.0%) 3/13 (23.1%) 0.464
Clinical manifestations
Fever
37.3-39.0 °C 115/197 (58.4%) 107/184 (58.2%) 8/13 (61.5%) 0.308
>39.0°C 17/197 (8.6%) 14/184 (7.6%) 3/13 (23.0%)
Non-fever 68/197 (34.5%) 65/184 (35.3%) 3/13 (23.0%) 0.551
Fever 129/197 (65.5%) 119/184 (64.7%) 10/13 (76.9%)
Cough 147/197 (74.6%) 137/184 (74.5%) 10/13 (76.9%) 1.000
Expectoration 76/197 (38.6%) 71/184 (38.6%) 7/13 (53.8%) 0.277
Dyspnea 39/197 (19.8%) 29/184 (15.8%) 10/13 (58.8%) <0.001
Diarrhea 27/197 (13.7%) 26/184 (14.1%) 1/13 (7.7%) 0.814
Nausea/vomit 17/197 (8.6%) 16/184 (8.7%) 1/13 (7.7%) 1.000
Fatigue 70/197 (35.5%) 64/184 (34.8%) 6/13 (46.2%) 0.597
Sore throat 18/197 (9.1%) 18/184 (9.8%) 0/13 (0.0%) 0.493
Headache 19/197 (9.6%) 18/184 (9.8%) 1/13 (7.7%) 1.000
Muscular soreness 15/197 (7.6%) 14/184 (7.6%) 1/13 (7.7%) 1.000'
Total complications 21/197 (10.7%) 14/184 (7.6%) 7/13 (53.8%) <0.001
Dry/moist rales 11/162 (6.8%) 8/153 (5.2%) 3/9 (33.3%) 0.016
CT imagings
Single lung involvement 23/169 (13.6%) 23/150 (%) 0/13 (%) 0.268
Bilateral lung involvement 140/169 (82.8%) 127/150 13/13 (100.0%)
Ground glass opacities 143/165 (86.7%) 137/145 (94.5%) 6/9 (66.7%) 0.018'
Consolidative/mixed opacities 11/165 (6.7%) 8/145 (5.5%) 3/9 (33.3%)
Number of lobe involvement
Single left lobe 58/158 (36.7%) 55/111 (49.5%) 3/8(37.5%) 0.770
Double left lobe 61/158 (38.6%) 56/111 (50.5%) 5/8 (62.5%)
Single or double right lobe 65/157 (41.4%) 62/113 (54.9%) 3/8(37.5%) 0.558
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Laboratory findings
White cell count (x 10°/L)

<4

>10

Neutrophil (x 10°/L)
<2

2-7

>7

Lymphocyte (x 10°/L)
<038

Hemoglobin (g/L)
<110 g/L

Blood platelet

<100, x 10°/L
Prothrombin time (s)
>16s

APTT (s)

<22

CK (U/L)

>170U/L

CK-MB (U/L)

>23

D-dmier (mg/L)
>0.5

Albumin (g/L)

<35

ALT (U/L)

> 40

AST (U/L)

> 40

Total bilirubin (pmol/L)
>171

Creatinine (pumol/L)
>133

LDH (U/L)
>250U0/L

CRP (mg/L)

>10

Procalcitonin (pg/L)
>0.5

Blood glucose (mmol/L)

Jaishideng®

56/157 (35.7%)

475 (3.44-5.91)
71/197 (36.0%)
122/197 (61.9%)
4/197 (2.0%)

2.89 (2.16-3.72)
40/197 (20.3%)
152/197 (77.2%)
5/197 (2.5%)

1.20 (0.81-1.66)
47/197 (23.9%)
130.00 (119.00-141.00)
18/197 (9.1%)

173.00 (139.00-230.00)
12/197 (6.1%)

11.5 (10.90-12.35)
21.1 (%)

32.20 (29.80-34.75)
3/1971.5 (%)

64.10 (41.97-93.87)
19/192 (9.9%)

9.10 (5.90-12.05)
12/193 (6.2%)

0.26 (0.13-0.58)
52/165 (31.5%)

38.28 (35.35-41.08)
38/197 (19.3%)

20.13 (14.12-30.29)
32/197 (16.2%)

23.38 (19.14-31.28)
24/197 (12.2%)

10.80 (7.89-15.12)
40/197 (20.3%)

64.10 (41.98-93.88)
6/197 (3.0%)

161.15 (135.80-208.88)
25/197 (12.7%)

12.79 (3.55-28.50)
10/105 (53.3%)

0.08 (0.06-0.20)
4/187 (21%)

161/197 (81.7%)

WJCC | https://www.wjgnet.com

51/113 (45.1%)

475 (3.44-5.89)
66/184 (35.9%)
115/184 (62.5%)
3/184 (1.6%)

2.88 (2.15-3.65)
37/184 (20.1%)
143/184 (77.7%)
4/184 (2.2%)

1.21 (0.88-1.69)
38/184 (20.7%)
130.00 (119.25-140.75)
16/184 (8.7%)

178.50 (139.00-229.50)
10/184 (5.4%)

11.55 (10.90-12.30)
1/184 (0.5%)

32.40 (30.20-34.57)
2/184 (1.0%)

63.85 (41.17-91.85)
15,182 (8.2%)

8.60 (5.60-11.90)
19/183 (10.4%)

0.26 (0.12-0.56)
44/153 (28.8%)

38.52 (35.78-41.59)
26/155 (16.8%)

19.72 (13.91-28.75)
26/184 (14.1%)

23.12 (18.98-30.49)
18/184 (9.8%)

10.67 (7.82-14.86)
36/184 (19.6%)

51.25 (40.39-64.65)
4/184 (2.2%)

157.80 (133.85-205.97)
17,184 (9.2%)

12.47 (3.49-25.52)
96/184 (52.2%)

0.70 (0.05-0.18)

1/175 (0.6%)

5.32 (4.73-6.66)

349

5/8 (62.5%)

451 (3.06-7.05)
5/13 (38.5%)

7/13 (53.8%)

1/13 (7.7%)

331 (2.16-5.46)
3/13 (23.1%)

9/13 (69.2%)

1/13 (7.7%)

0.70 (0.60-0.94)

9/13 (69.2%)

127,50 (103.25-148.00)
2/13 (15.4%)

148.00 (91.25-225.25)
2/13 (15.4%)

11.40 (10.60-12.75)
1/13 (7.7%)

29.70 (26.90-35.90)
1/13 (%)

83.20 (47.00-187.30)
4/10 (40.0%)

14.10 (10.43-30.50)
4/10 (40.0%)

1.17 (0.26-8.57)

8/12 (66.7%)

29.90 (27.86-34.88)
9/13 (69.2%)

37.41 (23.93-78.65)
6/13 (46.2%)

33.24 (21.47-68.61)
6/13 (46.2%)

13.26 (8.81-23.31)
4/13 (30.8%)

46.17 (36.79-111.57)
2/13 (15.4%)

313.60 (183.55-352.50)
8/13 (61.5%)

45.70 (13.30-72.08)
9/13 (69.2%)

0.80 (0.60-71.83)
2/12 (16.7%)

6.03 (5.01-12.97)
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P value

0.990

0.293

0.260

0.325

<0.001

<0.001

0.511
0.756
0.174
0.182!
0.964
0.128
0.212
0.186
0.195
0.010
0.005
0.021
0.001

0.016

<0.001

<0.001

<0.001

0.008

0.029

0.001

0.114

0.539

0.684

0.052

<0.001

<0.001

0.003
0.064
0.117
0.011"

0.169
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>7

Treatments

Oxygen therapy
Mechanical ventilation
Nasal cannula

Did not oxygen therapy
Antiviral therapy
Antibiotic therapy
Corticosteroid
Convalescent plasma

Gamma globulin

31/161 (19.3%) 28/154 (18.2%) 3/7 (42.9%) 0.259
4/164 (2.0%) 0/155 (0.0%) 4/9 (44.4%) <0.001'
151/164 (92.1%) 146,/155 (94.2%) 5/9 (55.6%)

9/164 (5.5%) 9/155 (5.8%) 0/9 (0.0%)

161/162 (99.4%) 153/154 (99.4%) 8/8 (100.0%) 1.000'
67/153 (43.8%) 62/147 (42.2%) 5/6 (83.3%) 0116
40/161 (24.8%) 30/151 (19.9%) 10/10 (100.0%) <0.001
4/197 (2.0%) 0/184 (0.0%) 4/13 (30.8%) <0.001'
39/157 (24.8%) 32/150 (21.3%) 7/7 (100.0%) <0.001

1Fisher exact test.

LDH: Lactate dehydrogenase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LDH: Lactate dehydrogenase; CRP: C-reactive protein;
LPV/r: Lopinavir/ritonavir; APTT: Activated partial; thromboplastin time; CK: Creatine kinase, CK-MB: Creatine kinase-MB.
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Comparison of risk factors between the ARDS and non-ARDS groups

Compared to the non-ARDS group, patients in the ARDS group were significantly
older (median 58 years vs 42 years), had more coexisting diseases (53.8% vs 22.8%),
more dyspnea (58.8% vs 15.8%), dry/moist rales (33.3% vs 5.2%) and
consolidative/mixed opacities on CT (33.3% vs 5.5%); higher inflammation-related
indicators such as CRP (median 45.70 mg/L vs 12.47 mg/L) and PCT (16.7% vs 0.6%) (
P < 0.05); higher tissue injury indicators such as CK (40.0% vs 8.2%), CK-MB (median
141 U/L vs 8.6 U/L), ALT (median 37.41 U/L vs 19.72 U/L), AST (median 33.24 U/L
vs 23.12 U/L), LDH (median 313.60 U/L vs 157.80 U/L); higher coagulation function
levels including D-dimer (median 1.17 mg/L vs 0.26 mg/L), and a lower median level
of lymphocytes (median 0.70 x 10°/L vs 1.20 x 10°/L) and albumin (median 29.90 g/L
vs 38.52 g/L) (P < 0.05). The risk factors associated with ARDS are presented in
Table 1.

Logistic regression analysis for odds ratio values

Univariate logistic regression analysis showed that older age [odds ratio (OR) = 1.04],
coexisting diseases (OR = 3.94), dyspnea (OR = 17.82), dry/moist rales (OR = 9.06),
consolidative/mixed opacities (OR = 2.93), lymphocytes (OR = 0.68 for high
lymphocytes compared to low lymphocytes), CK (OR = 2.02), D-dimer (OR = 1.41),
albumin (OR = 0.69 for high albumin compared to low albumin), ALT (OR = 1.03),
AST (OR =1.02), LDH (OR = 1.02), CRP (OR = 1.04) and PCT (OR = 17.01) were all risk
factors for ARDS (P < 0.05) (measurement data were entered as continuous variables).
Multivariate logistic regression analysis showed only three significant independent
risk factors: dyspnea (adjusted OR = 27.10), dry/moist rales (adjusted OR = 9.46) and
higher LDH (adjusted OR = 1.02) (P < 0.05). The logistic regression analysis results are
presented in Table 2.

Comparison of the clinical characteristics of ARDS between Wuhan and non-Wuhan

studies
We screened 3267 reports, and 9 conformed to our inclusion criteria (6 reports in
Wubhan and 3 reports outside Wuhan in China); all of them were retrospective studies.
The flow chart is shown in Figure 1 and individual studies are shown in Tables 3 and
4. After assessing the studies’ bias using the Cochrane Handbook, we found that six
studies of Wuhan had confounding bias, and the final follow-up date was earlier than
studies outside Wuhan. At the beginning of the epidemic, the disease prevention and
control and medical resources were not sufficient, which may lead to higher rates of
severe disease and mortality”. The selection bias in Wuhan and outside Wuhan’
studies were similar; the proportions of patients still in the hospital were 23.5% and
21.3%, respectively. The information bias were also similar; two studies (Chen et all'"
and Cao et al™) in Wuhan and one study (Yang et al") outside Wuhan did not report
ARDS definition. None of the studies had obvious report bias.

As demonstrated in Tables 3 and 4, the total mean incidence of ARDS (26.3% vs
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Table 2 Logistic regression analysis for risk odds of acute respiratory distress syndrome

Logistic univariate regression

Variables OR (95%Cl) Pvalue
Ages 1.05 (1.00-1.09) 0.017
Dyspnea 17.82 (4.62-68.71) <0.001
Dry/moist rales 9.06 (1.91-43.04) 0.006
Consolidative/mixed opacities 2.93 (1.34-6.38) 0.007
Lymphocyte 0.68 (0.01-0.43) 0.004
Creatine kinase 8.00 (2.02-31.72) 0.003
Creatine kinase-MB / 0.255
D-dmier 1.41 (1.12-1.78) 0.004
Albumin 0.69 (0.59-0.82) <0.001
Alanine amino-transferase 1.03 (1.01-1.04) 0.001
Aspartate amino-transferase 1.02 (1.00-1.03) 0.048
Lactate dehydrogenase 1.02 (1.01-1.03) <0.001
C-reactive protein 1.04 (1.02-1.06) 0.001
Coexisting disease 3.94 (1.26-12.38) 0.019
Procalcitonin 17.10 (2.18-134.31) 0.007
Logistic multivariate regression

Variables OR (95%CTI) P value
Dyspnea 26.89 (1.77-407.72) 0.018
Dry/moist rales 9.42 (1.02-87.08) 0.048
Lactate dehydrogenase 1.02 (1.00-1.03) 0.014

OR: Odds ratio.
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3.3%), ICU admission rate (26.7% vs 5.6%), and mortality rate (16.2% vs 0.9%) were
higher in Wuhan, and the final follow-up date in Wuhan were earlier than those
observed outside Wuhan. The laboratory findings showed that the total median white
cell count (6.2 x 10°/L vs 4.7 x 10°/L), ALT (31 U/L vs 20 U/L), AST (33.5 U/L vs 23.0
U/L), D-dimer (0.65 mg/L vs 0.25 mg/L), LDH (300 U/L vs 210 U/L), CRP (42 mg/L
vs5 12 mg/L), and mean bilateral lung involvement rate (83% vs 72%) were higher in
Wuhan than outside Wuhan in China. The rates of antibiotic use (92.6% vs 41.5%),
corticosteroid use (32.8% vs 14.9%), and mechanical ventilation (26.8% vs 3.0%) were
also higher in Wuhan than outside Wuhan in China. All the above factors indicated
that the severity of disease in Wuhan exceeded that outside Wuhan in China. The most
common antiviral drug used in Wuhan was oseltamivir, while interferon, arbidol, and
LPV/r were more commonly used outside Wuhan in China, which indicated that
more effective drugs were used outside Wuhan in the later period of the epidemic.

DISCUSSION

This study reported the clinical characteristics and risk factors associated with ARDS
in COVID-19 patients. Older age and coexisting diseases increased the risk of
developing ARDS, which were also factors associated with the poor prognosis of
COVID-19. Previous reports have shown that they were also associated with more
deaths!'>'"*""l and ICU admission!'*'"}, and were associated with ARDS in the study by
Wu et all. The reason for this may be that older patients can experience a decline in
lymphocyte function and excessive expression of type 2 cytokines, which leads to
defects in control of the virus and prolonged proinflammatory responses!'™. A lower
level of lymphocytes or albumin was associated with more severe/deceased COVID-
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Table 3 Comparison clinical characteristics of acute respiratory distress syndrome between Wuhan and outside Wuhan

WBC (4-10 x
Final ICU Still in . Lymphocyte (0.8-4 x ALT (0-40 U/L
ARDS Death ) Median  Dyspnea 10°/L) yg P y. ( ,( )
Ref. (n)  follow-up rate (%) rate rate (%) hospital age(yr) (%) median 10°/L) median, median,
0 0 0
date (%) (%) At ’ elevated rate elevated rate
elevated rate

Chen 25 January 17 32 11 56 56 31 7.5,24% 0.9,35% (<1.1) 39, 28% (> 50)
et al'l,
99)
Huan, 22 January 29 32 15 17 49 55 6.2,30% 0.8, 63% (< 1.0) 32/
et al'l,
(41)
Zhou 31January 31 26 283 0 56 / 6.2,21% 1.0,40% 30, 31%
et al™,
(191)
Wang 3 February  19.6 26.1 43 61.6 56 31.2 45,/ 0.8,70.3% 24/
et all,
(138)
Wu 13 February 41.8 264 219 6.5 51 39.8 59,234% (> 0.9, 64.0% (<1.1) 31,21.7% (> 50)
et al”], 9.5)
(201)
Cao 15 February 19.6 17.6 167 0 54 / /./ 0.9,3.7% (< 1.1) 23,24.8%
et al',
(102)
Total median/mean 26.3 267 162 235 53.7 39.5 6.2(5.2-68) 0.9 (0.8-0.9) 31.0 (27.0-35.5)
Outside Wuhan
Guan 31January 3.4 5 14 93.6 47 18.7 4.7,5.9% 1.0, 83.2% (< 1.5) /,21.3%
et all™l,
(1099)’
Chen 25 February 3.2 8.8 0.8 12.8 51 7.6 4.7,28.9% 1.1, 47.4% 23.0 /
et all'l,
(249)
Yang 15 February 0 0 0 51.0 45 1.34 4.6,1.34% 1.2,35.6% (<1.1) 20,12.1%
et all”l,
(149)
This 15March 6.6 8.6 15 0 45 19.8 4.8,2.0% 1.2,23.9% 20,16.2%
study
(197)
Total median/mean 33 5.6 0.9 213 47 119 47 (4.6-48)  12(1.0-1.2) 20 (20-/)

1A nationwide study.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LDH: Lactate dehydrogenase; CRP: C-reactive protein; LPV/r: Lopinavir/ritonavir;
WBC: White blood cell.

19 patients!""”""l and a higher incidence of ARDS!", which were important independent
risk factors in our study. Dyspnea was the most obvious manifestation of ARDS, the
proportion of COVID-19 patients with dyspnea was 18.7%-55%!"""", and some studies
have shown that dyspnea was associated with ICU admission!”'”}, and ARDS!.. In this
study, dyspnea was an independent risk factor for ARDS, and increased the risk by
26.89-fold. The incidence of dry/moist rales in COVID-19 was low (6.8%), but in the
ARDS group this percentage markedly increased to 33.3%, and it was also an
independent risk factor, which increased the risk by 9.42-fold. More dry/moist rales
and consolidative/mixed opacities in the lung indicated severe lung inflammation,
and consolidative/mixed opacities were associated with ARDS. Some studies have
shown that they increased the incidence of severe/critical COVID-19"1 and the
mortality rate"”], and were late indicators of COVID-19*21,

Elevations in D-dimer, LDH, and CRP are very common in COVID-19, which were
important factors for poor prognosis, and all of them were related to a strong
inflammatory response and disease severity. A high D-dimer level indicates that the
inflammatory factors have activated the coagulation system, which might cause the
formation of small thromboses and ischemia in lung blood capillaries, which could
block the exchange of gas and blood in the lung, trigger the occurrence of dyspnea and
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Table 4 Comparison clinical characteristics of acute respiratory distress syndrome between Wuhan and outside Wuhan

D-dimer
AST (0-40 (0-05 LDH(0-  CRP(0-10
UiL) : 250 U/L) mglL) CT . .. .. Corticost- Mechanical
. mg/L) . . . . Antiviral Antibiotic . "
Ref. (n) median, median median, median, bilateralpneumonia rate (%) rate (%) eroid rate  ventilation
(] (]
elevated " elevated elevated (%) (%) rate (%)
elevated
rate rate rate
rate
Chenetal™,  34,35% 09,36% (> 336,76%  51.3,86% 75 76 71 19 20
99) 1.5) (>5) (oso:—:ltamivir)I
Huan, 34,37% 05,/ 286, 73% (> / 98 93 100 22 29
et al™l, (41) 245) (oseltamivir)
Zhouetall!l,  / 0.8, 68% 300, 67% (> / 59 21 (LPV/r) 95 30 31
(191) 245)
Wang et all'”l, 31,/ 0.20, / 261,399% /,/ / 89.9 Many” 449 26
(138) (> 243) (oseltamivir)
Wu et all'l, 33,29.8%  23.3% (> 308,98% (> 424,85.6% 95 84.6 98 30.8 33
(201) 1.5) 150) (>5) (oseltamivir)”
Caoetall”,  /,/ 0.19,208% /,/ 248,51% 706 98.0 99 50 19.6
(102) (oseltamivi)’
Total 335 (31.5- 0.65(0.27- 300 (273-  42(25-/) 83 77.1 92.6 32.8 26.4
median/mean  34.0) 0.87) 322)
Outside Wuhan
Guanetal®™,  /,222% /,46.4% /,41.0% /,60.7% 51.8 35.8 58 18.6 6.10
(1099)° (oseltamivir)
Chenetall', 250,/ / 229, / 12.0,50% 815 Unknown / 12.9 /
(249) (LPV/r,
arbidol)
Yangetal™, 23,182%  02,141%  210,302% 7.3,550% / 93.9 23 3.0 1.0
(149) (interferon)
This study 23,122%  03,264%  161,12.7% 12.8,533% 8.28 99.4 (arbidol, 44 24.8 2.0
(197) LPV/r)*
Total 23(23-/)  0.25(0.20-/) 210(161-/) 12(7.3-/) 723 76.4 415 14.9 3.0
median/mean

Included ganciclovir, lopinavir and ritonavir.

%Oseltamivir (66.7%), ganciclovir (40.3%), LPV/r (14.1%), interferon (10.9%).

3Arbidol (34.3%), Oseltamivir (64.7%) and Lopinavir (27.5%).

*Arbidol, LPV/r, interferon-alpha, novaferon, and different combined regimens.

°Moxifloxacin (64.4%); ceftriaxone (24.6%); azithromycin (18.1%).

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LDH: Lactate dehydrogenase; CRP: C-reactive protein; LPV/r: Lopinavir/ritonavir;

WBC: White blood cell.
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ARDS, and even cause disseminated intravascular coagulation. LDH is a tissue injury
indicator, CRP is an inflammatory factor, and both of these factors were associated
with death®"l and ICU admission!*'*"" in the study by Wu et al*! and with the risk of
ARDS. LDH was also an important independent risk factor for ARDS in this study.
Although elevated PCT is not common in COVID-19, its elevation is associated with a
more serious inflammatory response.

To determine the different characteristics in the incidence of ARDS in Wuhan and
outside Wuhan in China, we reviewed the literature and compared the studies. The
results showed that the studies in Wuhan commonly reported a higher incidence of
ARDS, a higher mortality rate and higher biomarkers of COVID-19 severity than those
outside Wuhan in China, accompanied by higher D-dimer, LDH, and CRP, which
indicated more serious disease. To the best of our knowledge, there are two possible
reasons that a higher incidence ARDS occurred in Wuhan. (1) Due to a lack of medical
workers and material resources in the early period of the epidemic, many patients did
not receive timely treatment; and (2) Due to a lack of experience related to effective
therapeutic drugs in the early period, there were differences in the use of antiviral
drugs in Wuhan and outside Wuhan in China. One study"” showed that from the
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Identification

Screening

Eligibility

=)
o]
°
=]
]
=
=
=}

3267 studies were screened

A

115 correlated studies

Y

Uncorrelated 3152

34 studies were retained

Y

Case reports 25
Paediatrics 17
Pregnant women 13
Elder people 3

Only critical/death 10
Only mild/moderate 4
Cardiovascular 5
Diabetes 4

Lack important data 25

9 studies were included

(6 in Wuhan,3 outside Wuhan)

Figure 1 Flow chart of reviewed literature was included.
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January 22, 2020 to March 2, 2020, the mortality rates in Wuhan declined continuously,
while the mortality rates outside Wuhan in China were constant over time. This
resulted from an increased number (as of March 1) of health workers who were
dispatched from other provinces, increased number of acute care beds (as of February
24), and construction of temporary hospitals for admission of COVID-19 patients.
However, the number of confirmed COVID-19 cases was high in the early period, and
the number of cases declined rapidly in the later period. Therefore, it appears that the
incidence of ARDS and the mortality rate in Wuhan seem to have been overestimated.
As shown in Tables 3 and 4, the main drug used in the early period of the epidemic in
Wuhan was oseltamivir, which is a common antiviral drug used in influenza, although
other antiviral drugs were also used, such as arbidol or LPV/r, but these accounted for
only a small proportion. Therefore, the administration of different antiviral drugs may
result in a different prognosis. In short, the literature review showed that the incidence
of ARDS in Wuhan was higher than outside Wuhan, accompanied by higher rates of
mortality and severer disease. The final follow-up date of Wuhan was earlier than
outside Wuhan, which was consistent with the reasons of shortage of medical resource
in earlier stage of the epidemic. These findings may be helpful for medical workers
and policy makers to accurately judge the state of COVID-19 and adopt earlier
intervention and treatment measures.

This study had several limitations. (1) More cases and multicenter studies of ARDS
in COVID-19 are required, which may reduce selection bias; (2) In a representative
literature analysis of the characteristics of ARDS in Wuhan and outside Wuhan, we
only screened the PubMed database; thus, more relevant databases should be
included; and (3) Some patients in the reviewed studies were still in hospital at the
final follow-up date, and the literature review was only performed till April 10, 2020,
so the findings may not completely reflect the total ARDS or mortality rate.

CONCLUSION

We identified some risk factors for ARDS in COVID-19 dyspnea, dry/moist rales and
higher LDH are the independent risk factors for ARDS in COVID-19. The ARDS
incidence, mortality rate, and biomarkers of COVID-19 severity were higher in Wuhan
than that outside Wuhan of China. These findings may provide references for the
researchers and policy makers of COVID-19.
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ARTICLE HIGHLIGHTS

Research background

There were few reports on the risk factors of acute respiratory distress syndrome
(ARDS) in coronavirus disease 2019 (COVID-19), and the differences in ADRS
incidence between Wuhan and outside Wuhan in China.

Research motivation
To identify the risk factors of ARDS in COVID-19, and determine whether the
incidence of ADRS in Wuhan was overestimated compared to real world research.

Research objectives

The first objective of this study was to identify the risk factors for ARDS in COVID-19
patients, and the second objective was to compare the different characteristics of ARDS
between Wuhan and non-Wuhan studies in China.

Research methods

We retrospectively collected the patients’ clinical data, and the factors associated with
ARDS were compared using the y? test, Fisher’s exact test, Mann-Whitney U test.
Univariate and multivariate logistic regression was used to compute and adjust odds
ratio value. The ARDS incidence, mortality rate, and biomarkers of COVID-19 severity
were collected and compared between studies in and outside Wuhan after literature
review.

Research results

Older age, coexisting diseases, lower lymphocytes/albumin, higher D-dimer and C-
reactive protein levels all affected the incidence of ADRS, and dyspnea, dry/moist
rales and higher lactate dehydrogenase level were three independent risk factors. The
ARDS incidence, mortality rate, and biomarkers of COVID-19 severity were higher in
Wuhan than outside Wuhan in China.

Research conclusions

There were some risk factors associated with ARDS in COVID-19. The higher ARDS
rate in Wuhan may result from the shortage of medical resources in the early stage of
the epidemic. These findings may provide references for the researchers and policy
makers of COVID-19.

Research perspectives

Biomarkers of disease severity are important risk factors for ARDS in COVID-19. The
incidence of the disease should be assessed comprehensively. Accurate estimation of
the incidence of ARDS will be helpful to both health workers and policy makers to
develop appropriate strategies for COVID-19.
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