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Abstract
Objectives: To explore the relationship between alcohol consumption and COVID-19
severity of illness and hospital death.
Methods: This study included 1,087 COVID-19 patients confirmed by laboratory tests
in many hospitals in Sichuan Province and Hubei Province during the COVID-19
epidemic. The patients were divided into a drinking group and a nondrinking group.
For better baseline feature comparability between the two groups, we used propensity
score matching (PSM) to generate a new cohort with a ratio of 1 : 2 (drinking group, n
= 167; nondrinking group, n = 334) to compare the clinical symptoms, complications,
complications, ICU admission and in-hospital death between the drinking group and the
nondrinking group and to analyze the factors affecting ICU admission and the prognosis
of in-hospital mortality of COVID-19 patients.
Results: The incidence of wheezing symptoms in the nondrinking group was higher
than that in the drinking group (11.2% vs. 6.6%, P = 0.044) after PSM (12.3% vs. 6.6%,
P = 0.032), and there was no difference in the incidence of other symptoms between
the two groups. The incidence of stroke was lower in the drinking group than in the
nondrinking group (0.0% vs. 2.4%, P = 0.025) after PSM (0.0% vs. 2.7%, P = 0.025).
The multivariate analysis showed that drinking was not associated with ICU admission
(OR = 1.240, 95% CI 0.322-4.772, P = 0.755) or in-hospital mortality outcomes (OR =
2.582, 95% CI 0.689-9.670, P = 0.159).
Conclusions: Drinking is not associated with patient ICU admission or hospital
mortality. However, COVID-19 patients who drink alcohol have fewer wheezing
symptoms and fewer stroke complications.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease
first reported in Wuhan, Hubei, China, that has spread rapidly
around the world [1, 2]. According to WHO statistics, as of 1
November, nearly 46 million cases and 1.2 million deaths have
been reported globally [3]. The main route of transmission of
the epidemic is through droplets, aerosols and direct contact
interpersonal transmission, with a general incubation period of
approximately 2 weeks [4, 5]. To date, the number of COVID-
19 cases is increasing rapidly, mainly in the United States,
India, Europe and other countries, and the number of deaths
is also increasing [6]. COVID-19 occurs at any age but mainly
in elderly patients with underlying diseases such as cardio-
vascular disease, hypertension, diabetes, chronic lung disease
and chronic renal disease [7–9]. To date, many countries are
working on the development of COVID-19 vaccines to help
the global fight against this sudden outbreak.

There are no studies on the correlation between drinking and
the prognosis of COVID-19 patients. Only some studies have
shown that aggregate alcohol consumption can lead to COVID-
19 outbreaks that are difficult to control [10]. Related re-
ports note that COVID-19 is more common in elderly patients
with basic diseases and that cardiovascular disease, chronic
lung disease, and chronic kidney disease are risk factors for
COVID-19 critical patients and death [11]. A large number of
studies have reported that drinking alcohol has a significant
impact on the heart, the brain, the liver, the lungs, blood
vessels, immunity and multiple other systems, and this impact
may be closely related to the occurrence and development of
cardiovascular diseases, hypertension, diabetes, and basic lung
diseases [12–15]. Some studies have found that drinking is
harmful to the body and a risk factor for critical conditions
and death in many basic diseases, but some studies have also
indicated that drinking may protect against cardiovascular and
cerebrovascular diseases [16, 17]. Therefore, the advantages
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and disadvantages of drinking to the body are controversial.
As a result, we infer that alcohol consumption may have an

impact on the prognosis of COVID-19 patients. This study
mainly explored the relationship between alcohol consumption
and the severity of disease and the prognosis of in-hospital
death in patients with COVID-19 infection as well as the
factors affecting the severity and prognosis of new coronavirus
patients. Our aimwas to determine the relationship between al-
cohol consumption and common diseases in COVID-19 pneu-
monia patients. We explored the relationship between alcohol
consumption and severity of illness and hospital death for
COVID-19 to understand the impact of alcohol consumption
on disease and to help identify individuals who may progress
early, provide better care andmedical support, reduce intensive
care unit (ICU) stays and improve prognosis.

2. Materials and methods

2.1 Patients
This study is a retrospective observational study. This study in-
cluded 1,087 COVID-19 patients confirmed by laboratory tests
in many hospitals in Sichuan Province and Hubei Province
during the COVID-19 epidemic. The data inclusion deadline
of this study was March 14, 2020. All enrolled patients
were confirmed to have COVID-19 infection by high quantita-
tive sequencing or real-time reverse transcription polymerase
chain reaction (RT-PCR) of nasopharyngeal swab samples and
were diagnosed with COVID-19 in accordance with WORLD
Health Organization guidelines. The study was approved
by the Ethics Committee of West China Hospital of Sichuan
University and the Ethics Committee of Wuhan Red Cross
Hospital of Hubei Province (2020 (272)).

2.2 Demographical and risk variables
Information was collected, including demographic data, co-
morbidities, history, clinical symptoms, signs at admission,
laboratory results at admission, complications, admission ther-
apymeasures, and ICU admission. Demographic data included
patient age, sex, alcohol use, smoking, time from clinical
symptoms until admission, and follow-up until discharge or
death. The onset time of clinical symptoms was defined as
before the first visit. In this study, the criterion for drinking
was drinking more than or equal to three days a week and
drinkingmore than 20 grams per day. The definition of chronic
kidney injury (CKD) was based on the 2018 guidelines for
chronic kidney function [18]. Categories of chronic liver
diseases are reported by Kittichai Promrat [19]. The definition
of acute kidney injury (AKI) was based on the 2016 guide-
lines for acute kidney injury [20]. Acute respiratory distress
syndrome (ARDS) was defined according to the report by
Eddy Fan [21]. Liver dysfunction was diagnosed when the
levels of aminotransferase (AST) and bilirubin were higher
than the reference upper limit of the local hospital. Data,
including patient diagnosis, were collected from clinical elec-
tronic medical records and reviewed, summarized, and cross-
checked by a team of experienced clinicians. Each record
was examined independently by at least 2 clinicians. For
better baseline feature comparability between the two groups,

we used propensity score matching (PSM) to generate a new
cohort with a ratio of 1 : 2 (drinking group, n = 167; non-
drinking group, n = 334). Demographic data, medical history,
symptoms, laboratory examination results, ICU hospitalization
rate and mortality rate were compared between the two groups,
and factors influencing ICU admission and in-hospital death
outcome were analyzed.

2.3 Propensity score matching (PSM)
program

First, all patients were divided into two groups according
to whether they drank alcohol: the drinking group and the
nondrinking group. We used PSM to increase the compara-
bility between groups. Demographic variables that were not
comparable between the two groups were selected (P > 0.10)
as a covariant factor. Through a logistic regression analysis,
these covariate factors were used to calculate the propensity
score of each individual in both groups. Then, according to the
nearest score, the “nearest” method was used to try to choose
2 matches for each individual in the drinking group from the
nondrinking group. These selected patients were eligible for
final statistical analysis. This PSM analysis was performed by
R version 3.6.2 using the “MatchIt” package.

2.4 Statistical analysis

Categorical variables are expressed as percentages and were
compared using a t-test. Continuous variables that were nor-
mally distributed are represented as the mean ± standard de-
viation, and continuous variables that were not normally dis-
tributed are represented as the median and quartile intervals
and compared using a chi-squared test or Fisher’s accuracy
test. Risk factors for ICU admission and in-hospital death
outcomes were studied using a logistic regression analysis.
SPSS 25.0 was used for the statistical analysis, and P < 0.05
was considered significant.

3. Results

3.1 Clinical characteristics

A total of 1,087 inpatients with COVID-19 in Sichuan
Province and Hubei Province from January 2, 2020 to
February 28, 2020 were enrolled. Among them, 920 were
nondrinkers with an average age of 51.5 ± 17.1 (years), while
167 were drinkers with an average age of 49.5 ± 17.1 (years).
After PSM, 167 patients were drinkers, and 334 patients were
nondrinkers. The proportion of male drinkers (64.7%) was
higher than that of female drinkers (35.3%), while the drinking
group also smoked compared with the nondrinking group
(Table 1). The study found that alanine aminotransferase
(ALT), aspartate amino transferase (AST), serum creatinine
(Cr) and uric acid were significantly higher in the drinking
group than in the nondrinking group (Table 2). In the study,
the nondrinking group had significantly more wheezing
symptoms on admission than the drinking group (11.2% vs.
6.6%, P = 0.044) after PSM (12.3% vs. 6.6%, P = 0.032)
(Table 3). Among the underlying complications, the incidence
of chronic liver disease was higher in the drinking group than
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TABLE 1. Baseline characteristics of the included COVID-19 patients with or without alcohol consumption.
Characteristics Before PSM After PSM

Nondrinking (N = 920) Drinking (N = 167) P Nondrinking (N = 334) Drinking (N = 167) P
Age (years) 51.5 ± 17.1 49.5 ± 17.1 0.918 49.5 ± 17.1 49.9 ± 17.7 0.392
Heart rate (beats/min) 87 ± 14 85 ± 15 0.585 85 ± 15 87 ± 13 0.154
RR (breaths/min) 20 ± 3 20 ± 4 0.730 20 ± 4 20 ± 3 0.261
SBP (mmHg) 127 ± 16 127 ± 17 0.524 127 ± 17 128 ± 16 0.266
DBP (mmHg) 77 ± 10 78 ± 12 0.098 78 ± 12 78 ± 11 0.269
Surplus Pulse O2 (%) 95 ± 7 95 ± 5 0.717 95 ± 5 95 ± 7 0.455
Sex < 0.001 < 0.001

Male 417 (45.3%) 108 (64.7%) 162 (48.5%) 108 (64.7%)
Female 503 (54.7%) 59 (35.3%) 172 (51.5%) 59 (35.3%)

Smoking < 0.001 < 0.001
No 872 (94.8%) 52 (31.1%) 321 (96.1%) 52 (31.1%)
Yes 48 (5.2%) 115 (68.9%) 13 (3.9%) 115 (68.9%)

Chronic CVD 0.072 0.159
Yes 70 (7.60%) 7 (4.2%) 23 (6.9%) 7 (4.2%)
No 850 (92.4%) 160 (95.8%) 311 (93.1%) 160 (95.8%)

CPD 0.439 0.474
Yes 28 (3.0%) 4 (2.4%) 10 (71.4%) 4 (2.4%)
No 892 (97.0%) 163 (97.6%) 324 (28.6%) 163 (97.6%)

CKD 0.593 0.624
Yes 18 (2.0%) 3 (1.8%) 6 (1.8%) 3 (1.8%)
No 902 (98.0%) 164 (98.2%) 328 (98.2%) 164 (98.2%)

CLD 0.007 0.008
Yes 56 (6.1%) 20 (12.0%) 12 (3.6%) 20 (12.0%)
No 864 (3.9%) 147 (88.0%) 322 (96.4%) 147 (88.0%)

Cancer 0.235 0.376
Yes 23 (2.5%) 2 (1.2%) 7 (2.1%) 2 (1.2%)
No 897 (97.5%) 165 (98.8%) 327 (97.9%) 165 (98.8%)

Diabetes 0.543 0.436
Yes 109 (11.8%) 20 (12.0%) 37 (11.1%) 20 (12.0%)
No 811 (88.2%) 147 (88.0%) 297 (88.9%) 147 (88.0%)

Hypertension 0.267 0.291
Yes 228 (24.8%) 37 (22.2%) 83 (24.9%) 37 (22.2%)
No 692 (75.2%) 130 (77.8%) 251 (75.1%) 130 (77.8%)

Stroking history 0.025 0.025
Yes 22 (2.4%) 0 (0.0%) 9 (2.7%) 0 (0.0%)
No 898 (97.6%) 167 (100.0%) 325 (97.3%) 167 (100.0%)

RR, Respiration rates; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; CVD, cardiovascular disease;
CPD, Chronic pulmonary diseases; CKD, Chronic kidney diseases; CLD, Chronic liver diseases.

in the nondrinking group (12.0% vs. 6.1%, P = 0.007; after
PSM, 12.0% vs. 3.6%, P = 0.008), and complications of acute
liver dysfunction were also more frequent in the drinking
group (18.0% vs. 9.9%, P = 0.005; after PSM 18.0% vs. 9.1%,
P = 0.007). However, the incidence of stroke in the drinking
group was significantly lower than that in the nondrinking

group (2.4% vs. 0, P = 0.025; after PSM, 2.7% vs. 0, P =
0.025) (Table 1, Table 4). A total of 97 (8.92%) patients were
admitted to the ICU, and 59 (5.42%) patients died in this study
(Tables 4, 5). Among the treatment methods of these patients,
a significantly higher proportion of the nondrinking group
received glucocorticoid treatment than those in the drinking
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group (208 (22.6%) vs. 27 (16.2%), P = 0.037; after PSM 27
(16.2%) vs. 84 (25.1%), P = 0.014) (Table 5).

3.2 Factors associated with ICU
hospitalization
This research adopted a logistic single factor analysis and
found that age, smoking status, heart rate, breathing, fever,
hypertension, cardiovascular disease, chronic lung disease,
chronic kidney disease, hemorrhagic stroke, complications
with ARDS, AKL, and LDwere risk factors for ICU admission
(P < 0.05). The multivariate analysis revealed that age (≥
65 years old vs. < 65 years old) (3.686 (2.239-6.069), P
< 0.001), respiration (≥ 22 times/min vs. < 22 times/min)
(4.016 (2.416-6.676), P < 0.001), clinical symptoms of dysp-
nea (1.729 (1.014-2.950), P = 0.044), smoking status (2.032
(1.114-3.706), P = 0.021), CKD (10.686 (3.243-35.214), P
< 0.001), ARDS (10.868 (5.271-22.409), P < 0.001), and
AKI (3.348 (1.051-10.660), P = 0.041) were independent risk
factors for ICU hospitalization (Fig. 1).

FIGURE 1. Logistic regression analysis of risk factors
associated with ICU hospitalization.

3.3 Factors associated with patient
in-hospital death
The logistic univariate analysis found that sex, age, vital
signs, heart rate and respiration at admission, complications
with hypertension, cardiovascular disease, chronic lung
disease, chronic kidney disease, history of stroke, blood
system disease, and ARDS were risk factors for in-hospital
death in patients (P < 0.05). The multivariate analysis
revealed that age (≥ 65 years vs. < 65 years) (10.954
(4.955-24.214), P < 0.001), heart rate (≥ 100 beats/min vs. <
100 times/min), 2.290 (1.016 5.162), P = 0.046), respiratory
(22 times per minute or higher vs. < 22 times/min (2.888
(1.322-6.308)), P < 0.008), complications with hematological
diseases ((59.283(1.567-2242.643), P = 0.028), CKD (10.538
(2.720-40.830), P = 0.001), and ARDS (3.394 (1.266-9.093),

P = 0.015), TCM (0.381(0.183-0.790), P = 0.010) were
independent risk factors for in-hospital death (Fig. 2).

FIGURE 2. Logistic regression analysis of risk factors
associated with in-hospital mortality.

4. Discussion

COVID-19 is a global battle; as a disease that mainly invades
the lungs, it highly affects patients with underlying chronic
lung disease, cardiovascular disease, renal function disease,
hypertension, and diabetes and the elderly [4, 22–24]. How-
ever, our living and eating habits are closely related to the
occurrence of these lesions. Among them, drinking is a very
common eating habit. Whether in China or abroad, alcohol has
a long-term and complex role in human health, and excessive
drinking causes great morbidity and mortality [25]. Previous
studies have found that alcohol affects many organs, including
the heart, brain, lungs, liver and kidneys; blood vessels; and
the immune system. The advantages and disadvantages of
alcohol to the body mainly lie in the content and timing of
alcohol intake. At present, most of the diseases reported
related to alcohol effects include hepatitis cirrhosis, pancreati-
tis, coronary heart disease, nervous system disease, and psy-
chosis [26–28]. At the same time, alcohol affects the immune
system and interferes with the immune response, including
cell-mediated and humoral responses [29]. Therefore, some
studies suggest that alcohol drinkers are more likely to develop
pneumonia, tuberculosis, acute respiratory distress syndrome
and other pneumonia diseases [30]. However, some studies
also show that light and moderate drinking has a protective
effect on the cardiovascular system compared with long-term
heavy drinking [16]. Therefore, this study mainly explored the
relationship between alcohol consumption and the severity of
COVID-19 infection and the prognosis of death as well as the
factors affecting the severity and prognosis of new coronavirus
patients. This study explored a group analysis according to the
drinking behaviors of patients.
Our study found that the rate of wheezing symptoms in

the drinking group was lower than that in the nondrinking
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TABLE 2. Lab findings for COVID-19 patients: drinking and non-drinking groups.
Varibles Before PSM After PSM

Nondrinking (N = 920) Drinking (N = 167) P Nondrinking (N = 334) Drinking (N = 167) P
WBC (109/L) 6.14 ± 3.49 5.89 ± 2.30 0.313 6.48 ± 4.20 5.89 ± 2.30 0.078
Hb (g/L) 127 ± 22 138 ± 28 0.178 129 ± 20 138 ± 28 0.052
HCT 0.38 (0.35,0.41) 0.41 (0.36,0.45) < 0.001 0.38 (0.35,0.41) 0.41 (0.36,0.45) 0.003
Platelets (109/L) 218 ± 94 209 ± 82 0.069 218 ± 88 209 ± 82 0.123
D-dimer 0.56 (0.27,1.41) 0.60 (0.33,1.64) 0.283 0.58 (0.30,1.79) 0.60 (0.33,1.64) 0.769
FIB (g/L) 3.64 (2.60,4.82) 4.19 (3.19,5.47) 0.006 3.58 (2.67,4.68) 4.19 (3.19,5.47) 0.008
APTT (S) 28.0 (25.9,31.6) 29.6 (27.1,33.6) 0.003 27.9 (25.2,31.6) 29.6 (27.1,33.6) 0.003
PT (S) 12.1 (11.4,12.9) 12.0 (11.3,13.1) 0.865 12.0 (11.2,12.8) 12.0 (11.3,13.1) 0.496
INR 1.05 ± 0.12 1.05 ± 0.12 0.476 1.04 ± 0.11 1.05 ± 0.12 0.467
TBIL (µmol/L) 9.9 (7.3,14.0) 10.5 (7.3,15.2) 0.36 10.1 (7.3,14.0) 10.5 (7.3,15.2) 0.582
DBIL (µmol/L) 3.3 (2.3,4.6) 3.6 (2.4,5.4) 0.044 3.1 (2.2,4.5) 3.6 (2.4,5.4) 0.031
ALT (U/L) 22.0 (15.1,37.0) 31.0 (18.0,54.2) < 0.001 22.0 (15.9,36.3) 31.0 (18.0,54.2) < 0.001
AST (U/L) 24.0 (19.0,34.1) 29.0 (21.5,42.0) 0.003 24.0 (20.0,33.0) 29.0 (21.5,42.0) 0.001
ALB (g/L) 39.11 ± 5.98 40.89 ± 5.69 0.809 39.07 ± 6.52 40.89 ± 5.69 0.869
TG mmol/L 1.53 ± 0.99 1.55 ± 0.96 0.644 1.61 ± 1.12 1.55 ± 0.96 0.222
CHOL mmol/L 3.94 (3.41,4.58) 3.98 (3.33,4.30) 0.393 4.04 (3.49,4.79) 3.98 (3.33,4.30) 0.137
HDL-C mmol/L 1.10 ± 0.47 1.03 ± 0.31 0.435 1.15 ± 0.61 1.03 ± 0.31 0.080
LDL-C mmol/L 2.41 ± 0.76 2.33 ± 0.70 0.581 2.43 ± 0.71 2.33 ± 0.70 0.769
CK-MB (U/L) 1.88 (0.80,11.00) 7.5 (1.12,12.68) 0.011 2.56 (0.89,11.73) 7.5 (1.12,12.68) 0.292
CK (U/L) 60 (39,101) 74 (44,129) 0.456 57 (35,105) 74 (44,129) 0.033
Glocose (mmol/L) 5.67 (4.91,7.06) 5.84 (5.10,6.97) 0.327 5.77 (4.91,7.13) 5.84 (5.10,6.97) 0.585
BUN (mmol/L) 4.10 (3.30,5.50) 4.48 (3.49,5.60) 0.143 4.00 (3.25,5.40) 4.48 (3.49,5.60) 0.111
Cr (μmol/L) 261 (199,331) 69 (55,79) < 0.001 61 (51,73) 69 (55,79) 0.002
eGFR (ml/min/1.73m) 99.31 ± 25.4 97.45 ± 25.9 0.974 101.92 ± 28.99 97.45 ± 25.9 0.663
Uric acid (μmol/L) 261 (199,331) 292 (222,363) 0.002 265 (198,324) 292 (222,363) 0.004
TNT-I (ng/mL) 0.02 (0.01,0.10) 0.02 (0.01,0.04) 0.395 0.02 (0.01,0.10) 0.02 (0.01,0.04) 0.553
pro-BNP (pg/mL) 77.8 (31.8,259.4) 114.2 (9.3,236.2) 0.862 94.6 (35.8,245.6) 114.2 (9.3,236.2) 0.849
CD3 cell count
(cell/uL)

775 (457,1052) 743 (512,1138) 0.833 795 (451,1073) 743 (512,1138) 0.945

CD4 cell count
(cell/uL)

456 (279,671) 456 (341,662) 0.610 456 (250,666) 456 (341,662) 0.457

CD8 cell count
(cell/uL)

262 (153,387) 232 (120,386) 0.523 253 (139,385) 232 (120,386) 0.601

C3 (C3) (g/L) 1.05 ± 0.21 1.16 ± 0.17 0.195 1.09 ± 0.21 1.16 ± 0.17 0.059
C4 (C4) (g/L) 0.27 ± 0.10 0.30 ± 0.07 0.033 0.28 ± 0.10 0.30 ± 0.07 0.217
C-Protein (mg/L) 20.4 (7.2,57.9) 26.4 (10.2,45.2) 0.472 19.7 (7.4,56.7) 26.4 (10.2,45.2) 0.307
WBC, White blood cell count; Hb, Hemoglobin; HCT, Hematocrit; FIB, Fibrinogen; APTT, Activated partial thromboplastin
time; PT, Prothrombin time; INR, International normalized ratio; TBIL, Total bilirubin; DBIL, Direct bilirubin; ALT, Alanine
aminotransferase; AST, Aspartate amino transferase; ALB, Albumin; CHOL, Cholesterol; TG, Triglyceride; HDL-C,High-density
lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; CK, Creatine kinase; CK-MB, Creatine kinase isoenzyme;
BUN, urea nitrogen; Cr, Serum creatinine; eGFR, glomerular filtration rate;TNT-I, Hypersensitive Troponin-I.

group, and the utilization rate of glucocorticoids in the drinking
group was lower than that in the nondrinking group, which was
consistent with the use of glucocorticoid drugs when necessary
in our clinical treatment. The effect of drinking on pulmonary

airway function depends on alcohol concentration and alco-
hol duration. The low incidence of wheezing symptoms in
drinking groups may be due to transient exposure to low con-
centrations of alcohol which increases steroid hormone levels,
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TABLE 3. Symptoms between COVID-19 patients in the drinking and nondrinking groups.
Symptoms Before PSM After PSM

Nondrinking Drinking P Nondrinking Drinking P
Fever Yes 583 (63.4%) 112 (67.1%) 0.204 212 (63.5%) 112 (67.1%) 0.244

No 337 (36.6%) 55 (36.1%) 122 (36.5%) 55 (36.1%)
Dry cough Yes 560 (60.9%) 107 (61.4%) 0.244 211 (63.2%) 107 (61.4%) 0.462

No 360 (39.1%) 60 (35.9%) 123 (36.8%) 60 (35.9%)
Expectoration Yes 276 (30.0%) 59 (35.3%) 0.101 276 (30.0%) 59 (35.3%) 0.101

No 644 (70.0%) 108 (64.7%) 644 (70.0%) 108 (64.7%)
Dyspnea Yes 182 (19.8%) 33 (19.8%) 0.545 81 (24.3%) 33 (19.8%) 0.154

No 738 (80.2%) 134 (80.2%) 253 (75.7%) 134 (80.2%)
Weakness Yes 346 (37.6%) 61 (36.5%) 0.431 138 (41.3%) 61 (36.5%) 0.175

No 574 (62.4%) 106 (63.5%) 196 (58.7%) 106 (63.5%)
Sore throat Yes 95 (10.3%) 16 (9.6%) 0.449 39 (11.7%) 16 (9.6%) 0.293

No 825 (89.7%) 151 (90.4%) 295 (88.3%) 151 (90.4%)
Nasal congestion Yes 37 (4.0%) 5 (3.0%) 0.354 14 (4.2%) 5 (3.0%) 0.348

No 883 (96.0%) 162 (97.0%) 320 (95.8%) 162 (97.0%)
Wheezing Yes 103 (11.2%) 11 (6.6%) 0.044 41 (12.3%) 11 (6.6%) 0.032

No 817 (88.8%) 156 (3.4%) 293 (87.7%) 156 (3.4%)
Chest discomfort Yes 172 (18.7%) 30 (18.0%) 0.46 75 (22.5%) 30 (18.0%) 0.147

No 748 (81.3%) 137 (82.0%) 259 (77.5%) 137 (82.0%)
Arthrodynia Yes 93 (10.1%) 20 (12.0%) 0.272 30 (9.0%) 20 (12.0%) 0.184

No 827 (89.9%) 107 (89.2%) 334 (91.0%) 107 (89.2%)
Nausea and vomiting Yes 36 (3.9%) 5 (3.0%) 0.379 16 (4.8%) 5 (3.0%) 0.243

No 884 (96.1%) 162 (97.0%) 318 (95.2%) 162 (97.0%)
Diarrhea Yes 92 (10.0%) 18 (10.8%) 0.424 32 (9.6%) 18 (10.8%) 0.391

No 828 (90.0%) 149 (89.2%) 302 (90.4%) 149 (89.2%)

TABLE 4. Complications between COVID-19 patients in drinking and nondrinking groups.
Before PSM After PSM

Complications Drinking Nondrinking P Nondrinking Drinking P
Total Complications Yes 80 (47.9%) 407 (44.2%) 0.214 137 (41.0%) 80 (47.9%) 0.085

No 87 (52.1%) 513 (55.8%) 197 (59.0%) 87 (52.1%)
Bacteria pneumonia Yes 18 (10.8%) 118 (13.1%) 0.443 49 (14.9%) 18 (10.8%) 0.195

No 149 (89.2%) 786 (86.9%) 279 (85.1%) 149 (89.2%)
ARDS Yes 7 (4.2%) 39 (4.4%) 0.410 18 (5.5%) 7 (4.2%) 0.410

No 160 (95.8%) 856 (95.6%) 307 (94.5%) 160 (95.8%)
Hydrothorax Yes 5 (3.0%) 30 (3.3%) 0.92 12 (3.7%) 5 (3.0%) 0.907

No 162 (97.0%) 873 (96.7%) 316 (96.3%) 162 (97.0%)
AKI Yes 2 (1.2%) 14 (1.6%) 0.489 4 (1.2%) 2 (1.2%) 0.358

No 165 (98.8%) 889 (98.4%) 324 (98.8%) 165 (98.8%)
Liver dysfunction Yes 30 (18.0%) 89 (9.9%) 0.005 30 (9.1%) 30 (18.0%) 0.007

No 137 (82%) 807 (90.1%) 298 (90.9%) 137 (82%)
Death Yes 7 (4.3%) 52 (5.7%) 0.29 16 (4.8%) 7 (4.3%) 0.479

No 154 (95.6%) 868 (94.3%) 334 (95.2%) 154 (95.6%)
ARDS, Acute respiratory distress syndrome; AKI, Acute kidney injury.
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TABLE 5. Treatments between COVID-19 patients in drinking and nondrinking groups.
Before PSM After PSM

Treatments Drinking Nondrinking P Drinking Nondrinking P
ICU admission Yes 18 (10.8%) 79 (8.6%) 0.218 18 (10.8%) 28 (8.4%) 0.236

No 149 (90.2%) 841 (91.4%) 149 (90.2%) 306 (91.6%)
Noninvasive ventilation Yes 8 (4.8%) 65 (7.1%) 0.182 8 (4.8%) 26 (7.8%) 0.142

No 159 (95.2%) 855 (92.9%) 159 (95.2%) 308 (92.2%)
Invasive ventilation Yes 2 (1.2%) 16 (1.7%) 0.461 2 (1.2%) 7 (2.1%) 0.376

No 165 (98.8%) 904 (98.3%) 165 (98.8%) 327 (97.9%)
Antiviral drugs Yes 150 (89.8%) 874 (95.0%) 0.01 150 (89.8%) 16 (48.5%) 0.020

No 17 (10.2%) 46 (5.0%) 17 (10.2%) 46 (51.5%)
Antibiotics Yes 88 (52.7%) 539 (58.6%) 0.092 88 (52.7%) 201 (60.2%) 0.067

No 79 (47.3%) 381 (41.4%) 79 (47.3%) 133 (39.8%)
Corticosteroid Yes 27 (16.2%) 208 (22.6%) 0.037 27 (16.2%) 84 (25.1%) 0.014

No 140 (83.8%) 712 (77.4%) 140 (83.8%) 250 (74.1%)
Nutritional support Yes 10 (6.0%) 107 (11.6%) 0.017 10 (6.0%) 40 (12.0%) 0.023

No 157 (94.0%) 813 (88.4%) 157 (94.0%) 294 (88.0%)
TCM Yes 139 (83.2%) 690 (75.0%) 0.012 139 (83.2%) 245 (73.4%) 0.008

No 28 (16.7%) 230 (25.0%) 28 (16.7%) 89 (26.6%)
ICU, intensive care unit; TCM, traditional Chinese medicine.

reduces some inflammatory molecules such as IL-6 and CRP,
enhances mucosal cilia clearance, stimulates bronchiectasis,
and may reduce airway inflammation and injury observed in
asthma and chronic obstructive pulmonary disease (COPD)
[31]. Similarly, some studies suggest that moderate short-
term drinking can improve respiratory symptoms [31, 32].
However, heavy drinking may play the opposite role, and more
studies have shown that long-term heavy drinking makes the
host vulnerable to lung diseases such as pneumonia, tubercu-
losis, and acute respiratory distress syndrome [33]. This is
mainly associated with excessive alcohol consumption leading
to the formation of reactive aldehydes in the lung, which react
with nucleophilic targets in cells to form compounds that may
interfere with cell function, disrupt proteins, nucleic acids, etc.
This causes abnormal synthesis and secretion of pulmonary
surfactants as well as increased apoptosis in II cells and play
a role in the pathobiology of airway mucus, bronchial blood
flow, and airway smooth muscle regulation [30]. Alcohol
exposure time, alcohol consumption concentration and alcohol
consumption of COVID-19 patients were not measured in this
study, so the advantages and disadvantages of drinking for lung
diseases still need to be further discussed.

Our study showed that the incidence of stroke in the drinking
group of COVID-19 patients was lower than that in the non-
drinking group and negatively correlated with the incidence
and mortality of stroke during moderate drinking in some stud-
ies, and the conclusion that moderate drinking was a protective
factor for stroke was consistent [17]. The main reason for
this finding may be that a low alcohol concentration increases
high-density lipoprotein cholesterol levels, reduces platelet
aggregation, increases fibrinolysis, reduces plasma fibrinogen
levels, and achieves antithrombotic activity [17, 34]. However,

most of the results are the same as those of some ischemic
stroke studies, and there is still controversy about hemorrhagic
stroke, which is likely to be related to hypertension caused
by drinking. At the same time, long-term heavy drinking
increases the risk of stroke. The association between alcohol
intake and stroke morbidity and mortality was U shaped [34].
This study did not identify the type of stroke, so it failed to
exclude the interference of ischemic and hemorrhagic diseases.

Our study found that drinking is not an independent risk
factor for the prognosis of ICU admission and in-hospital
death. There was no significant difference in ICU admission
or in-hospital mortality between the drinking group and the
nondrinking group. Age (> 65 years), respiratory rate (22
breaths/min), underlying chronic kidney disease andARDS are
associated with ICU admission and hospital mortality, which is
consistent with most previous studies [35]. Previous research
has identified that comorbidities, especially cardiovascular
system disease, play a key role in the prognosis of patients with
COVID-19 [8, 36]. In this study, we observed that patients
with CKD and AKI were more likely to be admitted to the ICU
and that kidney disease was an independent risk factor for ICU
admission in patients with COVID-19. This finding suggested
that patients with a comorbidity of CKD on admission possibly
had a high risk of deterioration. This study also found that the
incidence of chronic liver disease in the drinking group was
significantly higher than that in the nondrinking group, and
the complication rate of liver function injury in the drinking
group was significantly higher than that in the nondrinking
group. This is in line with most previous studies indicating that
alcohol intake can lead to elevated serum aminotransferase,
liver inflammatory response, and oxidative/nitrification stress
and then induce hepatic steatosis and metabolic disorders [37,
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38].
The limitations of this study are as follows: first, this study

is a retrospective observational study; second, the alcohol
consumption in this study did not specify the patient’s alco-
hol exposure time, alcohol concentration, alcohol category or
other detailed information; third, stroke subtypes (hemorrhagic
stroke and ischemic stroke) were not classified in this study
because they may have different effects on alcohol exposure;
fourth, this study is a multicenter study mainly comprising the
clinical databases of hospitals in Sichuan Province andWuhan,
Hubei Province. The timing and dosage of drugs used in
patient treatment, which may affect the prognosis of patients,
were not provided in detail.

5. Conclusions

Drinking is not associated with the patient’s ICU admission
or hospital mortality. However, COVID-19 patients who
drink alcohol had fewer wheezing symptoms and fewer stroke
complications.
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