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Purpose: COVID-19 is a new infectious disease with global spread. The aim of the present 
study was to explore possible risk factors and evaluate prognosis in COVID-19 with liver injury.
Methods: A retrospective study was conducted on 356 COVID-19 patients in the Third 
People’s Hospital of Yichang, Hubei, China. Clinical characteristics and laboratory tests 
between patients with and without liver injury were compared, while risk factors of COVID- 
19–related liver injury were analyzed. Univariate and multivariate Cox regression analyses 
were conducted to identify risk factors of in-hospital death.
Results: Of the patients with liver injury, severe and critical types of COVID-19 comprised 
12.43% and 14.69%, respectively, higher than in patients without liver injury (both P<0.05). 
CRP and male sex were independent risk factors for for patients with liver injury, while 
decreased lymphocyte count (HR 0.024, 95% CI 0.001–0.821) and elevated monocytes (HR 
1.951, 95% CI 1.040–3.662) and CRP (HR 1.028, 95% CI 1.010–1.045) were independent 
risk factors of prognosis of death in COVID-19 patients with liver injury.
Conclusion: Liver injury is a common complication in severe COVID-19 patients. Male sex 
and elevated CRP were independent risk factors in COVID-19 complicated by liver damage. 
Liver damage with increased CRP and monocyte count and decreased lymphocyte count may 
imply a poor prognosis.
Keywords: COVID-19, liver injury, risk factors, prognosis

Introduction
COVID-19 — infection with severe acute respiratory SARS-CoV2 — was first 
diagnosed in Wuhan, Hubei province in China.1,2 The main manifestations of 
COVID-19 include fever, dry cough, fatigue, diarrhea, and breathing difficulty, 
even respiratory distress syndrome in severe cases. It has been demonstrated that 
SARS-CoV2 can be spread from person to person via airborne droplets and close 
contact.3 COVID-19 is a rapidly increasing public health emergency of interna
tional propotions and highly contagious. Recent studies have suggested that 
COVID-19 patients are predisposed to liver injury, especially severe cases.4–6 

However, very few studies have been conducted to evaluate the outcome of patients 
with liver damage. In this study, we retrospectively investigated changes in differ
ent types of SARS-CoV2–infected patients, compared clinical characteristics and 
laboratory test results between normal liver function and liver dysfunction, and 
analyzed possible risk factors and prognosis of COVID-19 complicated by liver 
injury.
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Methods
Subjects
From January 17 to February 26, 2020, a total of 356 
participants referred from the Third People’s Hospital of 
Yichang, Hubei province were consecutively invited to 
take part in this retrospective study. All patients were 
confirmed cases of COVID-19 on chest computed tomo
graphy (CT) or real-time polymerase chain reaction, 
according to World Health Organization interim 
guidance.7 Subjects who had a disease history of alcoholic 
liver disease, viral hepatitis, autoimmune liver disease, 
liver malignancy, or other known chronic liver disease 
were excluded. Written informed consent was obtained 
from all subjects enrolled, and the study was approved 
by the Ethics Committee of the Third People’s Hospital 
of Yichang. All procedures performed were in accordance 
with the ethical standards of the institutional research 
committee and the 1964 Declaration of Helsinki and its 
later amendments or comparable ethical standards.

Experimental Grouping
Based on the Chinese diagnosis and treatment program for 
SARS-CoV2 (version 6),8 subjects were divided into mild/ 
moderate, severe, and critical groups. The mild/moderate 
group compriseed patients whose manifestations were slight 
with no signs of pneumonia found on radiography and patients 
presenting clinical symptoms, such as dry cough, fever, and 
signs of pneumonia on CT imaging. For the severe group. 
patients met any of dyspnea (breathing frequency ≥30 times/ 
minute), resting oxygen saturation ≤93% and arterial partial 
pressure of oxygen/oxygen concentration ≤300 mmHg (1 
mmHg = 0.133 kPa). In the critical group, patients were up 
to at least one of the following conditions: respiratory failure 
and mechanical ventilation, shock, or intensive care–unit mon
itoring and treatment for multiorgan failure. If liver-function 
tests met any of the conditions of alanine transaminase (ALT) 
>40 U/L, aspartate aminotransferase (AST) >40 U/L, or total 
bilirubin (TBil) >20.4 µmol/L, they were defined as having 
liver injury.

Data Collection
Demographic features, clinical symptoms, laboratory 
examination results, medical history, and short-term 
prognosis were collected. Patients were followed up to 
April 10, 2020. At the end of the study, all patients were 
discharged. Demographic features were age, sex, and 
epidemiological history. Clinical characteristics included 

fever, dry cough, expectoration, fatigue, diarrhea, head
ache, dyspnea, and hemorrhage. Laboratory 
examinations comprising routine blood, CRP, procalcito
nin (Pct), liver function, kidney function, D-dimer, and 
coagulation function were conducted. Medical history 
included diabetes, chronic liver disease, hypertension, 
coronary heart disease, cerebrovascular disease, chronic 
obstructive pulmonary disease, and autoimmune dis
eases. Duration from symptom onset to hospitalization 
SARS-CoV2 infection diagnosis, length of hospital stay, 
and outcomes of all patients were also recorded.

Statistical Analysis
Categorical variables are described as frequency and per
centages, and continuous variables as means, medians, and 
IQR values. Means for continuous variables were com
pared using independent-group t-tests when data were 
normally distributed, and otherwise the Mann–Whitney 
test was used. Categorical variables were compared using 
χ2. Bivariate logistic regression analysis was used to iden
tify risk factors of patients with liver damage. Univariate 
and multivariate Cox regression analyses were used to 
identify risk factors of in-hospital death of liver injury in 
these patients. Kaplan–Meier survival curves were con
structed to compare survival rate for COVID-19 patients 
with and without liver injury by log-rank test. All statis
tical analyses were performed using SPSS 25.0. Two- 
tailed P<0.05 was considered statistically significant.

Results
Presenting Characteristics
We enrolled 356 patients with confirmed COVID-19 from 
January 17 to February 26, 2020 in Yichang. The average 
age of patients was 52.11±17.90 years, and 193 (54.21%) 
were male. Of all patients, 109 (30.62%) had one or more 
coexisting chronic medical conditions. Hypertension (81, 
22.75%), diabetes (38, 10.67%), cardiovascular disease 
(19, 5.34%), and cerebrovascular disease (13, 3.65%) were 
the most common coexisting conditions. Common symp
toms at onset of illness included fever (278, 78.09%), dry 
cough (262, 73.60%), expectoration (161, 45.22%), and 
fatigue (125 (35.11%). Median time from admission to first 
negative result on pharyngeal swab was 12 days. Median 
hospital stay was about 23 days (Table 1).

Laboratory measures were recorded on the day of 
hospital admission for all patients, then they were divided 
into mild/moderate, severe, and critical groups. There were 
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Table 1 Baseline characteristics of patients with COVID-19

Total (n=356) Mild/moderate (n=291) Severe (n=32) Critical (n=33) P-value

Clinical and epidemiological characteristics

Female, n (%) 163 (45.79) 138 (47.42) 14 (43.75) 11 (33.33) 0.165

Male, n (%) 193 (54.21) 153 (52.58) 18 (56.25) 22 (66.67)
Age (years) 52.11±17.90 49.78±17.70 62.22±14.68 62.85±15.29 <0.001

Comorbidities, n (%)

Hypertension 81 (22.75) 51 (17.53) 11 (34.38) 19 (57.58) <0.001
Diabetes 38 (10.67) 19 (6.53) 8 (25) 11 (33.33) <0.001

Cardiovascular disease 19 (5.34) 6 (2.06) 5 (15.63) 8 (24.24) <0.001

Cerebrovascular disease 13 (3.65) 4 (1.37) 5 (15.63) 4 (12.12) <0.001
COPD 9 (2.53) 4 (1.37) 2 (6.25) 3 (9.09) 0.003

Malignancy 4 (1.12) 1 (0.34) 1 (3.13) 2 (6.06) 0.002

Symptoms, n (%)

Fever 278 (78.09) 218 (74.91) 29 (90.63) 31 (93.94) 0.002
Dry cough 262 (73.60) 206 (70.79) 25 (78.13) 31 (93.94) 0.008

Expectoration 161 (45.22) 114 (39.18) 21 (65.63) 26 (78.79) <0.001

Dyspnea 43 (12.08) 11 (3.78) 10 (31.25) 22 (66.67) <0.001
Headache 15 (4.21) 10 (3.44) 2 (6.25) 3 (9.09) 0.112

Fatigue 125 (35.11) 92 (31.62) 16 (50.00) 17 (51.52) 0.004

Diarrhea 13 (3.65) 12 (4.12) 0 1 (3.03) 0.351
Hemorrhage 7 (1.97) 3 (1.03) 1 (3.13) 3 (9.09) 0.004

Length of stay (days) 23 (18–30.75) 22.5 (18–30.25) 35 (33.5–37.75) 18 (14–39.5) <0.001

Laboratory parameters on admission

Leukocyte count (×109/L) 4.40 (3.40–5.70) 4.30 (3.20–5.60) 4.25 (3.65–7.43) 5.50 (4.25–7.80) 0.096

Neutrophil count (×109/L) 2.70 (1.94–3.81) 2.47 (1.78–3.69) 3.10 (2.08–6.29) 4.33 (2.88–6.94) <0.001

Monocyte count (×109/L) 0.30 (0.22–0.40) 0.32 (0.25–0.41) 0.19 (0.14–0.37) 0.29 (0.22–0.39) 0.031
Lymphocyte count (×109/L) 1.19±0.53 1.26±0.52 0.89±0.43 0.82±0.39 <0.001

Albumin (g/L) 37.50 (34.20–41.00) 38.40 (35.15–42.60) 35.65 (28.25–39.83) 31.20 (28.55–33.55) <0.001

Globulin (g/L) 26.44±4.10 26.07±3.89 28.07±5.06 28.16±4.18 0.002
ALT (U/L) 20 (13–33) 21 (14–37) 21 (17–40) 25 (14–35) 0.895

AST (U/L) 21 (16–28) 21 (16–28) 28 (24–36) 26 (22–43) <0.001

TBil (µmol/L) 9.19 (6.66–13.78) 9.08(6.23–14.43) 8.16 (6.18–9.95) 10.57 (8.16–15.76) 0.411
Hemoglobin (g/L) 121 (109–133) 122 (112–136) 127 (106–136) 113 (105–130) 0.009

Platelets (×109/L) 139 (110–188) 152 (109–184) 107.5 (83–130) 150 (97–180) 0.026

LDH (U/L) 207 (164–264) 210.5 (164–255) 282 (221–319) 332 (232–458) <0.001

Peak laboratory parameters

ALT(U/L) 26 (20–40) 24 (20–38) 51 (28–65) 58 (43–177) <0.001

AST(U/L) 36 (24–61) 33 (21–57) 71 (37–118) 76 (34–312) <0.001

PT (seconds) 10.9 (10.5–11.3) 10.6 (10.3–11.2) 11.25 (10.7–12.2) 11.9 (11.0–16.3) <0.001
APTT (seconds) 29.7 (26.3–33.7) 28.6 (26.0–32.0) 30.6 (27.8–34.1) 33.4 (28.6–42.9) 0.001

D-dimer (mg/L) 0.59 (0.51–1.30) 0.58 (0.50–0.94) 2.74 (1.24–12.13) 10.75 (4.98–27.85) <0.001
Lactate (mmol/L) 2.20 (1.65–2.95) 1.96 (1.57–2.81) 2.28 (1.89–3.81) 3.27 (2.40–4.97) <0.001

CK (U/L) 63.0 (41.0–112.0) 59.5 (41.0–120.0) 103.5 (76.0–283.5) 213.0 (66.0–430.5) <0.001

CK-MB (U/L) 12.1 (9.4–16.9) 10.15 (8.6–13.6) 15.7 (12.7–20.9) 26.3 (14.2–62.0) <0.001
CRP (mg/L) 21.4 (4.8–51.8) 20.0 (4.5–42.3) 68.1 (44.2–114.1) 141.0 (63.3–182.9) <0.001

Pct (ng/mL) 0.08 (0.05–0.13) 0.08 (0.05–0.12) 0.17 (0.11–0.52) 1.25 (0.16–7.08) <0.001

Abbreviations: COPD, chronic obstructive pulmonary disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total bilirubin; PT, prothrombin time; 
APTT, activated partial thromboplastin time; LDH, lactate dehydrogenase; CK, creatine kinase; CK-MB, MB isoenzyme of creatine kinase; Pct, procalcitonin.
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numerous differences in laboratory findings among the 
groups. Neutrophil count, albumin, AST, hemoglobin, 
and lactate dehydrogenase (LDH) on admission in the 
critical group were significantly higher than the other 
two, as well as peak ALT, AST, prothrombin time (PT), 
activated partial thromboplastin time (APTT), D-dimer, 
lactate, creatine kinase (CK), and CK-MB isoenzyme (all 
P<0.05). Moreover, lymphocyte counts on admission in 
critical patients were lower than in the mild/moderate and 
severe groups (P<0.05; Table 1).

Clinical Features and Laboratory 
Parameters
Compared with patients with normal liver function, those 
with liver damage had more hypertension (28.81% vs 
16.76%), diabetes (14.69% vs 6.70%), cardiovascular dis
ease (8.47% vs 2.23%), malignancy (2.26% vs 0), and 
dyspnea (18.08% vs 6.15%). However, age showed no 
significant difference between the groups. More impor
tantly, the rate of severe and critical types was markedly 
increased in COVID-19 patients with liver damage over 
those without liver injury (12.43% vs 5.59% and 14.69% 
vs 3.91%; both P<0.05), and men (P<0.05). Patients with 
liver damage stayed in hospital longer than patients with
out liver injury (P<0.05; Table 2).

Comparisons of laboratory parameters between 
patients with and without liver injury are provided in 
Table 3. There were higher levels of ALT, AST, TBil, 
LDH on admission, and lower platelet counts in the liver- 
damage group than the normal liver–function group (all 
P<0.05). There were increased peak values of ALT, AST, 
CRP, Pct, PT, APTT, D-dimer, CK, CK-MB, and lactate in 
the liver-injury group (all P<0.05). Leukocyte, lympho
cyte, and neutrophils number showed no statistical differ
ence between patients with and without liver injury (all 
P>0.05).

Risk Factors of COVID-19 Patients with 
Liver Injury
Compared with patients with normal liver function, 19 
factors for patients with liver injury were identified on 
univariate analysis, including increased male numbers, 
hypertension, diabetes, cardiovascular disease, and dys
pnea, some on admission parameters (eg, LDH and 
platelet, leukocyte, neutrophil, lymphocyte, and mono
cyte counts), some on peak parameters (eg, PT, APTT, 
D-dimer, lactate, CK, CK-MB, CRP, and Pct). Based 

on these variables, further multivariate logistic regres
sion analysis using logistic regression was performed, 
and we found that being male (OR 0.325, 95% CI 
0.119–0.884; P=0.028) and increased CRP (OR 1.016, 
95% CI 1.002–1.031; P=0.027 levels were independent 
predictors for COVID-19 patients with liver injury 
(Table 4).

Prognosis of COVID-19 Complicated by 
Liver Injury
Univariate Cox analyses for patients with liver damage 
indicated that 23 variables, including age, smoking, 

Table 2 Characteristics of COVID-19 patients with and without 
liver injury

No liver injury 
(n=179)

Liver injury 
(n=177)

P-value

Clinical and epidemiological characteristics

Female, n (%) 104 (58.10) 59 (33.33) <0.001

Male, n (%) 75 (41.90) 118 (66.67)

Age (years) 53.5 (43.5–66.5) 59 (45–68.5) 0.072
Length of stay 
(days)

20.5 (17–29) 30 (21–37) <0.001

Clinical type on admission, n (%)

Mild 5 (2.79) 1 (0.56) <0.001

Ordinary 157 (87.71) 128 (72.32)

Severe 10 (5.59) 22 (12.43)
Critical 7 (3.91) 26 (14.69)

Symptoms, n (%)

Fever 137 (76.54) 141 (79.66) 0.476

Dry cough 130 (72.63) 132 (74.58) 0.676
Expectoration 79 (44.13) 82 (46.33) 0.678

Fatigue 62 (34.64) 63 (35.59) 0.85

Dyspnea 11 (6.15) 32 (18.08) 0.001
Headache 4 (2.23) 11 (6.21) 0.062

Diarrhea 4 (2.23) 9 (5.08) 0.152

Hemorrhage 5 (2.79) 2 (1.13) 0.258

Comorbidities, n (%)

Hypertension 30 (16.76) 51 (28.81) 0.007

Diabetes 12 (6.70) 26 (14.69) 0.015

Cardiovascular 
disease

4 (2.23) 15 (8.47) 0.009

Cerebrovascular 

disease

4 (2.29) 9 (5.14) 0.265

COPD 3 (1.68) 6 (3.39) 0.303

Malignancy 0 4 (2.26) 0.043

Abbreviation: COPD, chronic obstructive pulmonary disease.
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hypertension, chronic pulmonary disease, cardiovascular 
disease, leukocytes on admission, neutrophils on admis
sion, peak PT, elevated CRP, and elevated Pct, among 
others, were correlated with fatal outcomes. In addition, 
multivariate Cox regression analyses showed that 
decreased lymphocyte count on admission (HR 0.024, 

95% CI 0.001–0.821; P=0.039), elevated monocytes on 
admission (HR 1.951, 95% CI 1.040–3.662; P=0.037), 
and peak CRP (HR 1.028, 95% CI 1.010–1.045; 
P=0.002) were independent risk factors of a prognosis of 
death complicated by liver injury (Table 5).

Kaplan–Meier survival curves showed that cases with 
liver dysfunction had significantly poorer survival than 
cases without liver injury, as determined by the log-rank 
test (χ2=15.801, P<0.01; Figure 1). Fifteen (8.4%) patients 
with liver injury died, while no patients without liver 
injury died. Of the 15 who died, the leading cause of 
death was acute respiratory distress syndrome (13), heart 
failure (1), and acute kidney failure (1).

Discussion
In this study, we found that half the COVID-19 patients had 
abnormal liver function. Elevation of inflammatory markers, 
liver injury, and coagulation disorders were more frequent in 
critical patients than mild/moderate and severe patients on 
hospital admission. Furthermore, the results demonstrated 
that sex and CRP were independently associated with liver 
injury. In addition, elevated levels of CRP and monocytes and 
decreased lymphocyte count were independent risk factors of 
a fatal prognosis in COVID-19 with liver injury.

Table 3 Laboratory parameters in COVID-19 patients with and 
without liver injury

No liver injury 
(n=179)

Liver injury 
(n=177)

P-value

On admission

Leukocyte count 

(×109/L)

4.35 (3.28–5.63) 4.50 

(3.50–5.90)

0.268

Neutrophil count 
(×109/L)

2.40 (1.89–3.76) 2.82 
(2.10–4.21)

0.086

Lymphocyte count 

(×109/L)

1.21 (0.82–1.52) 1.03 

(0.76–1.41)

0.114

Platelets (×109/L) 153 (113–186) 132 (93–180) 0.025

Hemoglobin (g/L) 117.73±14.96 124.64±17.63 0.063
ALT (U/L) 15 (11–20) 33 (22–48) <0.001

AST (U/L) 20 (15–23) 29 (22–43) <0.001

TBil (µmol/L) 7.35 (5.68–11.32) 10.00 
(7.61–15.24)

<0.001

Albumin (g/L) 37.35 

(34.35–41.80)

36.60 

(31.90–40.45)

0.481

Globulin (g/L) 26.36±4.11 26.52±4.09 0.445

LDH (U/L) 204 (164–25) 253 (184–343) <0.001

Peaks

ALT (U/L) 26 (17–32) 66 (47–115) <0.001
AST (U/L) 21 (17–25) 50 (31–67) <0.001

CRP (mg/L) 19.0 (1.8–41.5) 51.3 

(26.6–85.6)

<0.001

Pct (ng/mL) 0.07 (0.05–0.11) 0.13 

(0.08–0.30)

<0.001

PT (sec) 10.6 (10.4–11.1) 11.0 
(10.6–11.8)

0.001

APTT (sec) 28.1 (25.5–32.9) 29.7 

(27.2–34.2)

0.016

D-dimer (mg/L) 0.59 (0.50–1.28) 1.11 

(0.56–5.30)

<0.001

CK (U/L) 57.0 (41.8–84.8) 94 
(56.5–235.5)

<0.001

CK-MB(U/L) 9.6 (8.6–13.0) 14.0 

(10.7–21.0)

<0.001

Lactate (mmol/L) 1.91 (1.48–2.67) 2.42 

(1.79–3.77)

0.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
TBil, total bilirubin; LDH, lactate dehydrogenase; Pct, procalcitonin; PT, prothrom
bin time; APTT, activated partial thromboplastin time; CK, creatine kinase.

Table 4 Multivariate logistic regression analysis of risk factors 
for COVID-19 patients with liver injury

OR 95% CI P-value

Male sex 0.325 0.119–0.884 0.028

Hypertension 1.769 0.544–5.754 0.343

Diabetes 0.499 0.104–2.388 0.384
Cardiovascular disease 0.795 0.099–6.355 0.828

Dyspnea 0.915 0.207–4.042 0.906

Platelets on admission 0.999 0.99–1.007 0.749
LDH on admission 1.004 0.997–1.010 0.308

Leukocyte count on admission 1.208 0.162–9.014 0.854
Neutrophil count on admission 0.746 0.090–6.161 0.786

Lymphocyte count on admission 1.136 0.094–13.742 0.92

Monocyte count on admission 0.705 0.133–3.730 0.681
Peak PT 0.818 0.599–1.117 0.206

Peak APTT 0.978 0.920–1.040 0.487

Peak D-dimer 1.012 0.945–1.083 0.74
Peak lactate 1.168 0.857–1.592 0.327

Peak CK 0.999 0.996–1.002 0.528

Peak CK-MB 1.075 0.994–1.163 0.071
Peak CRP 1.016 1.002–1.031 0.027

Peak Pct 1.102 0.797–1.525 0.557

Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin 
time; LDH, lactate dehydrogenase; CK, creatine kinase; Pct, procalcitonin.
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Elders and comorbidities, such as hypertension, dia
betes, and cardiovascular disease, were more prevalent in 
the severe and critical groups than the mild/moderate 
group. In general, elders are more prone to chronic dis
ease, such as hypertension and diabetes. It has been proved 
that elderly patients have increased severity and fatality in 
COVID-19.9 Therefore, this indicates that comorbidities 
may be associated with severity of COVID-19 disease.

Recent studies on COVID-19 evaluating the associa
tion between liver injury and COVID-19 have shown that 
patients were at high risk of liver damage, due mainly to 
raised AST/ATP with slightly elevated Bil. A study on 
1,100 COVID-19 patients showed elevated ALT and 
AST (>40 IU/L) in 39.4% and 28.1% of severe indivi
duals, respectively, and prevalence of increased ALT and 
AST 19.8% and 18.2% among patients without severe 
disease, respectively.10 A meta-analysis proved that there 
was a relationship between liver injury and severity and 
mortality of patients with COVID-19.11 However, Wang 
et al9 reported there were no differences in ALT between 
survival and death, and argued that although liver injury 

was common in patients with infectious SARS-Cov-2, 
abnormal liver functioning may not a notable symptom 
of COVID-19 disease. Our study found that AST on 
admission and at its peak was higher in critical patients 
than the other two groups, suggesting that AST was asso
ciated with disease severity; however, ALT on admission 
showed no difference among the three groups. The results 
indicated that AST appears to more sensitive than ALT in 
predicting COVID-19–complicated liver dysfunction. 
Similarly, a recent report revealed elevation of AST was 
more frequent than elevated ALT in ICU patients on 
admission.12 It is noteworthy that AST and ALT are 
distributed in cardiac, muscle, and other tissue types. 
Whether AST can be used as an early indicator of 
COVID-19 disease needs further investigation.

We found that compared with patients without liver 
injury, more hypercoagulable states, coagulation disorders, 
and inflammation were found in patients with liver injury, 
and critical cases were more likely to suffer from liver 
damage than mild/moderate and severe cases. In addition, 
elevation of CRP, suggesting bacterial infection, was an 

Table 5 Cox regression analyses of risk factors of in-hospital death of COVID-19 patients with liver injury

Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Age 1.079 1.041–1.119 <0.001 — — —

Smoking 3.838 1.311–11.234 0.014 — — —
Hypertension 13.738 4.370–43.190 <0.001 — — —

Diabetes 3.848 1.225–12.088 0.021 — — —

Cardiovascular disease 7.231 2.299–22.744 0.001 — — —
COPD 7.685 2.164–27.285 0.002 — — —

Oxygenation index on admission 0.993 0.988–0.998 0.011 — — —

Leukocyte count on admission 1.138 1.004–1.291 0.044 — — —
Neutrophil count on admission 1.218 1.100–1.349 <0.001 — — —

Lymphocyte count on admission 0.009 0.001–0.058 <0.001 0.024 0.001–0.821 0.039

Monocyte count on admission 1.875 1.251–2.811 0.002 1.951 1.040–3.662 0.037
Hemoglobin on admission 0.959 0.933–0.987 0.004 — — —

Albumin on admission 0.891 0.850–0.935 <0.001 — — —

LDH on admission 1.003 1.001–1.004 <0.001 — — —
Peak ALT 1.002 1.001–1.003 <0.001 — — —

Peak AST 1.002 1.001–1.003 <0.001 — — —

Peak PT 1.162 1.103–1.225 <0.001 — — —
Peak APTT 1.031 1.018–1.043 <0.001 — — —

Peak D-dimer 1.032 1.022–1.043 <0.001 — — —

Peak CK 1.003 1.002–1.004 <0.001 — — —
Peak CK-MB 1.004 1.001–1.007 0.012 — — —

Peak CRP 1.027 1.018–1.035 <0.001 1.028 1.010–1.045 0.002

Peak Pct 1.094 1.051–1.138 <0.001 — — —

Abbreviations: COPD, chronic obstructive pulmonary disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; APTT, activated 
partial thromboplastin time; LDH, lactate dehydrogenase; CK, creatine kinase; Pct, procalcitonin.
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independent risk factor of disease fatality in liver-injury 
cases. In general, there is a positive correlation between 
the severity of infection and inflammation, and hepatopa
thy is often accompanied by high inflammation. Therefore, 
CRP and Pct, indicators of inflammation, were higher in 
patents with liver damage in our study than those with 
normal liver function. Our findings are consistent with 
previous studies.2,13–15 Ali et al16 believed CRP levels 
were related strongly with severity of COVID-19 and 
may be an appropriate biomarker in assessing conditions 
of patients combined with clinical symptoms. Luo et al15 

showed that CRP on admission tended to be a good pre
dictor of adverse outcomes in COVID. Also, findings of 
inhibition of systemic inflammation by dexamethasone 
reducing COVID-19–related mortality indicates that there 
may be a causal association between systemic inflamma
tion and prognosis in COVID-19 patients.17 Inflammation 
storm may contribute to liver injury in COVID-19, with 
a possible reason being that immunomediated inflamma
tion is harmful to hepatocytes through hypoxia leading to 
liver dysfunction. Besides, these observations indicate that 
early secondary bacterial infections may play a vital part 
in disease progression.

Despite COVID-19 posing a high risk of liver injury in 
several studies, mechanisms of liver dysfunction during 

SARS-CoV2 infection are still unclear. One possible rea
son may be inflammatory storm, as already mentioned. 
Another liver-injury mechanism could be related to direct 
viral attack. It has been demonstrated SARS-CoV2 uses 
ACE2 as a receptor for invading host cells.18 ACE2 
is expressed in alveolar type 2 lung cells, bile-duct cells, 
liver cells, and blood vessels.19 In addition, ACE2 expres
sion in bile-duct epithelial cells is much higher than in 
liver cells, suggesting that the bile duct may be a direct 
target for SARS-CoV2 injuring the liver. Autopsy analysis 
of COVID-19 has shown that liver tissue had microvas
cular steatosis and focal central lobular necrosis with neu
trophil infiltration,20 suggesting damage induced by 
SARS-CoV2 infection or drug-induced liver injury. Drug 
hepatotoxicity may also play a role in liver damage occur
ring during COVID-19. Our study found that peak ALT 
and AST was higher in severe and critical patients during 
hospitalization. Although liver enzymes on hospital admis
sion were in the normal range, they elevated after hospi
talization in severe and critical patients. Generally 
speaking, the short period and regular doses use of these 
drugs may not cause clinically noticeable liver abnormal
ities. It is feasible that liver injury might be caused by 
combinations of systemic inflammation, hypoxic status, 
direct viral attack, and drug hepatotoxicity in severe and 

Figure 1 Kaplan–Meier survival curve for COVID-19 patients with normal liver function and abnormal liver function.
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critical cases, while for mild and moderate patients, drug 
side effects possibly plays an important role in liver 
impairment. This suggests that more attention should be 
paid to the application of medication that may cause liver 
damage.

This research also revealed that males were indepen
dently predisposed to abnormal liver enzymes. More 
recently, a study21 comprising 72,314 patients identified 
a higher proportion of males in a COVID-19 group with 
hepatic dysfunction. Similarly, Xie et al22 demonstrated 
that male sex was correlated with elevation of liver 
enzymes. A meta-analysis revealed that sex played role 
in COVID-19 infection, with men showing higher mor
bidity, incidence of severe disease, and mortality than 
women.23 A possible explanation for males being sus
ceptible to liver damage is that they have a higher per
centage of ACE2 expression than women.24 Also, 
androgen receptors, which may directly regulate the 
ACE2 expression are positively correlated with ACE2. 
However, our study found that sex was not a risk factor 
of death in COVID-19 patients with liver injury on 
multivariate Cox regression analysis.

We study found that the liver-injury group had shorter 
median survival following hospital admission than those 
without liver injury. Meanwhile, increased CRP and 
monocytes on admission and decreased lymphocyte 
counts were independent risk factors of mortality for 
COVID-19 with liver injury on multivariate Cox regres
sion analyses. In line with our study, recent studies have 
found that the decline in lymphocyte count was related to 
poor prognosis in the progression of COVID-19.25,26 Sun 
et al27 posited that decreased lymphocyte count on admis
sion was a risk factor of mortality for patients hospitalized 
with COVID-19. Lymphocytes and their subsets play 
a significant part in immune-system function. In patients 
with SARS-CoV2 infection, increased exhaustion and 
diminished functional diversity of T cells may predict 
severe disease.28 Direct viral invasion, immunoimpairment 
by inflammatory mediators, and lymphocyte recruitment 
by the pulmonary system and infiltrating into the airway 
may partly explain lymphopenia in COVID-19. 
Furthermore, liver injury may due to immune-system dys
function, further aggravating the decreased lymphocyte 
count in COVID-19 patients. Therefore, for patients with 
liver injury, lower lymphocyte counts could mean the 
probability of death rising. A recent study has confirmed 
ACE2 expression in bronchial epithelium is upregulated 
by COPD and negatively related to FEV1% predicted, 

suggesting COPD may promote SARS-CoV2 cellular 
entry because of increased access to AEC receptors. 
However, our multivariate analyses showed COPD was 
not a risk factor of in-hospital death in patients with liver 
injury. This may be related to low percentages in the 
severe and critical groups and the few deaths in our 
study. Further longer-term and larger-sample studies are 
required to confirm risk factors of fatal outcomes in 
COVID-19 with liver dysfunction.

This study has some limitations. Firstly, we used 
a retrospective design, which cannot show a causative 
relationship between liver dysfunction and COVID-19. 
Secondly, all patients were from a single center and 
some cases did not have a complete history of illness, 
laboratory testing, or drug treatment. Thirdly, we did not 
match some confounding factors, such as illness and his
tory of cardiovascular disease. Multivariate analysis was 
conducted to overcome this problem. In addition, we 
excluded chronic liver disease and probably neglected 
underlying liver diseases, such as NAFLD and autoim
mune hepatitis, in COVID-19 patients with limited medi
cal resources.

Conclusion
In conclusion, elevation of liver enzymes is associated 
with the severity of COVID-19. Male sex and CRP were 
independent risk factors of COVID-19 complicated by 
liver injury. Increased CRP and monocytes and decreased 
lymphocyte counts played important roles in contributing 
to the mortality of COVID-19 patients with liver injury. 
From a clinical perspective, attention should be paid to 
monitoring liver function and indicators of inflammation 
in COVID-19 patients with high disease severity.
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