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Background: To investigate the liver function indexes and dynamic changes in patients with different clinical types of new
coronavirus pneumonia (COVID-19).
Methods: A retrospective analysis of 170 COVID-19 patients hospitalized in the Wuxi Fifth People’s Hospital was divided into
asymptomatic group (13 cases), mild-common group (142 cases) and seriously-critically ill group (15 cases), the clinical data and liver
function indexes of the three groups were compared.
Results: A total of 170 patients included 94 males and 76 females, with an average age of 44.7 ± 17.8 years. Seriously-critically ill
group was older, and the proportion of patients with diabetes and liver injury at admission was also higher. As the hospitalization time
increased, the changes of alanine aminotransferase (ALT) levels in asymptomatic group and mild-common group were not significant
(all P > 0.05), while the ALT levels of seriously-critically ill group showed a curve that first flattened and then decreased (degree of
freedom: 1.809, P = 0.002). Compared with the mild-common group, the daily decrease of ALT was 1.220U/L more in the seriously-
critically ill group (P<0.001). The aspartate aminotransferase (AST) in asymptomatic group and seriously-critically ill group did not
decrease significantly (all P > 0.05), while the AST in mild-common group decreased significantly (regression coefficient: −10.507,
P = 0.008). There was no significant difference in AST changes between the three groups (P = 0.250–0.904).
Conclusion: Liver injury is common in COVID-19 patients, especially for severe patients; the dynamic change pattern of liver
function indicators may be helpful to judge liver injury and evaluate treatment effects in patients with different clinical types.
Keywords: COVID-19, liver injury, ALT, AST

Introduction
Since the new coronavirus pneumonia (COVID-19) was reported in December 2019, it has expanded rapidly worldwide,
posing severe dangers to human health and great challenges to public health management.1 The main target organ of the
new coronavirus (SARS-CoV-2) is the lung, and the main clinical manifestations are fever, fatigue, and dry cough. Most
(81%) patients are mild, with a good prognosis; some patients (14%) are seriously ill; and a small number of patients
(5%) are critically ill, which can lead to the failure of multiple organs.2–4

In addition to respiratory symptoms, studies5–7 have shown that SARS-CoV-2 infection can cause other multi-organ
diseases, including liver injury. There are many potential causes of liver injury in COVID-19 patients, such as cell injury
caused by direct virus. SARS-CoV-2 can directly enter hepatocytes through angiotensin-converting enzyme 2 receptor
(ACE2), expressed in liver and bile duct cells.8 Cell apoptosis, hepatocyte swelling, acidophilic bodies, and lobular
inflammation found in liver biopsy specimens are considered the result of direct virus injury.9 In addition, the immune-
mediated excessive inflammatory response related to COVID-19 can also lead to liver injury, and inflammatory cytokine
storms have been found in most severely ill patients.10 Some studies have pointed out that the levels of pro-inflammatory
cytokines and chemokines in patients with liver dysfunction are higher than those in patients with normal liver
function,11,12 which indicates a correlation between liver injury and inflammatory response in COVID-19 patients.
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Hypoxia and shock caused by COVID-19 related complications such as systemic inflammatory response syndrome,
respiratory distress syndrome, and multiple organ injury may also lead to liver ischemia and hypoxia-reperfusion
dysfunction.13–16 Furthermore, basic liver diseases such as chronic hepatitis B and liver cirrhosis can also lead to
abnormally elevated liver enzymes,17 and the drugs used in the treatment of COVID-19 patients may also be related to
liver injury. For example, the use of multiple medications, such as antibiotics, antiviral drugs, antipyretics, analgesics,
and traditional Chinese medicines, may cause liver injury in patients.18,19

Studies have found that liver injury is mainly manifested as abnormal liver function indexes: about 14%-53% of
COVID-19 patients showed abnormal levels of alanine aminotransferase (ALT) and aspartate aminotransferase
(AST),20,21 and these indexes were more significantly elevated in severe patients.22 However, few reports describe the
dynamic changes in liver injury indexes during patient hospitalization. In clinical practice, the time interval between liver
function tests varies for each patient, and the baseline level of liver function alone cannot meet the needs of clinical
diagnosis and treatment. Therefore, our study aims to examine the dynamic changes in liver function indexes in patients
with different clinical types of COVID-19 and guide clinicians in early detection and monitoring of liver injury.

Materials and Methods
General Information
This study is a retrospective cohort study. We analyzed the data from COVID-19 patients who received treatment in the
negative pressure ward of Wuxi Fifth People’s Hospital from January 2020 to April 2020. This study followed the
principles stipulated in the Declaration of Helsinki and was approved by the institutional ethics committee for retro-
spective analysis (No. 2020-015-1). Each patient signed written informed consent, and the patients under 18 signed
informed consent by their legal guardian. Inclusion criteria: ① Positive for COVID-19 nucleic acid detection via real-
time fluorescent RT-PCR; ② follows the diagnostic criteria of “COVID-19 Pneumonia Diagnosis and Treatment Plan
(Trial Version 7)”.23 Exclusion criteria:① pregnant women;② no complete medical history, especially no liver function
tests during hospitalization. The general information, complications, biochemical indexes at admission, and liver function
indexes across the hospitalization period of each patient were collected.

Diagnosis and Treatment
The clinical classification of COVID-19 patients is mainly based on symptoms and imaging features. According to the
“COVID-19 Pneumonia Diagnosis and Treatment Plan (Trial version 7)” issued by the General Office of National Health
Commission of China,23 the patients were divided into four types: mild, common, seriously ill, and critically ill. The
clinical symptoms of mild patients are minor, and there is no pneumonia manifestation from imaging. The common type
of patient has fever and signs in the respiratory tract and pneumonia manifestations from imaging. The seriously ill
patient has one or more of the following symptoms: shortness of breath, RR ≥ 30 times/min, oxygen saturation ≤93% at
rest, arterial blood oxygen partial pressure/oxygen concentration ≤300 mmHg. The critically ill patient has one or more
of the following conditions: respiratory failure and the requirement for mechanical ventilation; shock; combined with
other organ failures that require ICU monitoring. The COVID-19 patients can be treated with antiviral therapies, such as
α-interferon, lopinavir/ritonavir, and ribavirin, together with effective and timely oxygen therapy. Chinese medicine can
also be used on some occasions. In addition to symptomatic treatment for seriously and critically ill patients, it is also
important to prevent complications, treat the underlying diseases, prevent secondary infections, and provide timely
support for organ function. Silymarin will be used for patients with abnormal liver function.

Laboratory Testing
The laboratory test parameters were as follows: Alanine aminotransferase (ALT, reference range: 6–32U/L), aspartate
aminotransferase (AST, reference range: 9–45U/L), total bilirubin (TBIL, reference range: 5–21umol/L), albumin (ALB,
reference range: 40–55g/L), globulin (GLO, reference range: 20–40 g/L), glucose (GLU, reference range: 4.1–5.9 mmol/
L), blood urea nitrogen (BUN, Reference range: 1.25–5.29 mmol/L), serum creatinine (SCr, reference range: 41–77μmol/
L), blood potassium (K, reference range: 3.5–5.3 mmol/L), blood sodium (Na, reference range: 137–147 mmol/L), blood
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chlorine (Cl, reference range: 96–108 mmol/L). All the parameters were measured using BECKMAN COULTER
AU5800 (Brea, CA, USA).

Statistical Analysis
Continuous variables were expressed as mean ± SD or median (Q1-Q3), and categorical variables were expressed as
frequency (%). Unpaired Student’s t-test or Mann Whitney nonparametric test was used to compare continuous variables.
Pearson chi-square test and Fisher's exact test were used to analyze categorical variables.

Using linear regression, we analyzed the changes in patient ALT and AST levels with hospitalization time. Next, the
Generalized Additive Mixed Model (GAMM) was used to examine the changes in ALT and AST with hospitalization
time in patients with different disease classifications. GAMM can eliminate the effect of individual variation on repeated
measurements by introducing random factors in statistical analysis.24 The linear and non-linear relationships between
ALT/AST changes and hospitalization time were examined and were adjusted for potential confounding factors, such as
sex, age, hypertension, diabetes, coronary heart disease, cerebrovascular disease, tumor, hepatitis B virus (HBV), chronic
kidney disease (CKD), chronic liver disease, smoking history, alcoholism, etc. R 3.4.3 (http://www.r-project.org) was
used for all analyses. P<0.05 was considered statistically significant, and all statistical tests were two-tailed.

Results
A total of 170 COVID-19 patients (including 13 asymptomatic patients) were involved in this study, including 94 males
and 76 females, with an average age of 44.7 ± 17.8 years (range: 5–91 years). Besides asymptomatic patients, the
remaining 157 patients were divided into 37 mild cases, 105 common cases, 13 seriously ill cases, 2 critically ill cases (1
patient changed from mild to seriously ill at 2 days after admission, so this patient was classified as seriously ill). Based
on the clinical significance, the patients were further divided into asymptomatic group (13 cases), mild-common group
(142 cases), and seriously-critically ill group (15 cases).

The general information of the three groups and the comparison of liver function and biochemical indexes at
admission are shown in Table 1. The patients in seriously-critically ill group were older than that of the other two
groups (P<0.05), and the proportion of patients with diabetes mellitus was significantly higher than that of the
asymptomatic group (33.3% vs 0%, P<0.05), but there was no significant difference in the proportion of hypertension
with the other two groups. The ALT in the seriously-critically ill group was higher than that in the other two groups, but
the difference was not significant (P>0.05), AST was significantly higher than that in the mild-common group at
admission (P<0.05), and the proportion of liver injury in the seriously-critically ill group was significantly higher than
that in the mild-common group (53.3% vs 8.5%, P<0.05). In addition, compared with the mild-common group, the blood
glucose was higher, and albumin was lower in seriously-critically ill group (all P<0.05); compared with the asymptomatic
group, the blood sodium and chlorine in the seriously-critically ill group was lower (all P<0.05).

The Changes in ALT and ASTwith Hospitalization in All Patients
After adjusting for clinical classification, sex, age, hypertension, and diabetes, we found that the ALT levels of all
patients stabilized first and then gradually decreased as hospitalization time prolonged (degree of freedom: 1.893,
P=0.014) (Figure 1A). Moreover, the AST levels of all patients linearly reduced as time increased (regression coefficient:
−13.228, 95% CI: −19.856 - −6.601, P<0.001) (Figure 1B).

The Changes in ALT and AST in Patients with Different Clinical Types
The asymptomatic group has a shorter hospital stay (approximately 15 days) than the other two groups. After adjusting
for sex, age, hypertension, and diabetes, we found that, as the hospitalization time increased, the ALT levels of
asymptomatic group decreased, but the change was not significant (regression coefficient: −55.034, 95% CI: −-
110.564–0.496, P=0.053), the ALT levels of mild-common group slightly increased but not yet significant (regression
coefficient: 6.821, 95% CI: −3.249–16.891, P=0.185), while the ALT levels of seriously-critically ill group showed
a curve that was first flat and then decreased (degree of freedom: 1.809, P=0.002) (Figure 2A). When compared with the
asymptomatic group, there was no significant difference in the daily ALT changes between the mild-common group and
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the seriously-critically ill group (P=0.253 and 0.928); however, compared with the mild-common group, we found that
the daily decrease in ALT was 1.220 (95% CI: 0.562 −1.879) more in the seriously-critically ill group, and the difference
was statistically significant (P<0.001) (Figure 2A).

For the AST levels, after adjusting for sex, age, hypertension, and diabetes, we found that asymptomatic group and
the seriously-critically ill group showed decreased AST as hospitalization time increased, but the change was not
significant (regression coefficient: −35.091 and −13.366, 95% CI: −78.474–8.292 and −29.283–2.552, P=0.114 and
0.100), while the mild-common group showed a significantly decreased (regression coefficient: −10.507, 95% CI:
−18.293 - −2.722, P=0.008) (Figure 2B). In addition, there was no significant difference in daily AST changes between
the three groups (P=0.250–0.904) (Figure 2B).

Discussion
Su and Kao2 reported that older people and patients with underlying diseases (such as diabetes, hypertension) had
a higher risk of severe COVID-19. Kukla et al25 suggested that diabetic patients were more susceptible to SARS-CoV-2

Table 1 The General Information, Liver Function, and Biochemical Indexes of the Three Groups at Admission

Combined Classification Asymptomatic
Group

Mild-Common
Group

Seriously-Critically Ill
Group

P-value

N 13 142 15

Sex 0.540
Female 7 (53.8%) 64 (45.1%) 5 (33.3%)

Male 6 (46.2%) 78 (54.9%) 10 (66.7%)

Age 40.1 ± 15.1 43.5 ± 17.7 60.2 ± 14.6*# 0.001
Grouping 0.070

<60 13 (100.0%) 117 (82.4%) 10 (66.7%)

≥60 0 (0.0%) 25 (17.6%) 5 (33.3%)
Hypertension 7 (53.8%) 31 (21.8%)* 5 (33.3%) 0.030

Diabetes 0 (0.0%) 20 (14.1%) 5 (33.3%)* 0.040

Coronary heart disease 0 (0.0%) 5 (3.5%) 0 (0.0%) 1.000
Cerebrovascular disease 0 (0.0%) 1 (0.7%) 1 (6.7%) 0.303

Tumor 0 (0.0%) 3 (2.1%) 0 (0.0%) 1.000

HBV 0 (0.0%) 1 (0.7%) 0 (0.0%) 1.000
CKD 0 (0.0%) 1 (0.7%) 1 (6.7%) 0.305

Chronic liver disease/cirrhosis 1 (7.7%) 2 (1.4%) 0 (0.0%) 0.233

Alcoholism 0 (0.0%) 5 (5.2%) 0 (0.0%) 1.000
Smoking 0 (0.0%) 7 (7.3%) 0 (0.0%) 0.655

Liver function and biochemical indicators at

admission
ALT (U/L) 30.0 (26.5–69.5) 20.0 (14.5–26.1) 48.0 (15.0–71.0) 0.056

AST (U/L) 24.0 (21.0–53.5) 22.0 (18.5–28.5) 39.0 (28.0–49.0)# 0.007

Total bilirubin (umol/L) 9.0 (7.5–13.0) 7.7 (5.0–13.9) 9.0 (7.0–12.0) 0.866
Albumin (g/L) 42.6 ± 3.7 43.1 ± 5.4 36.6 ± 4.3# 0.003

Globulin (g/L) 28.4 ± 3.0 28.0 ± 6.4 29.3 ± 2.8 0.826
Glucose (mmol/L) 5.6 (5.4–6.2) 5.4 (4.8–6.1) 8.0 (6.0–11.6)# 0.006

BUN (mmol/L) 4.2 (3.3–5.5) 4.1 (3.6–5.2) 4.6 (3.3–5.9) 0.982

Creatinine (umol/L) 56.5 (49.0–76.0) 65.0 (48.5–78.5) 64.0 (55.0–73.0) 0.863
Potassium (mmol/l) 4.0 ± 0.5 4.0 ± 0.5 3.6 ± 0.4 0.073

Sodium (mmol/l) 141.9 ± 1.6 139.0 ± 3.7 137.6 ± 4.3* 0.045

Chlorine (mmol/l) 105.6 ± 1.1 103.0 ± 3.3 101.4 ± 5.0* 0.038
Liver injury 4 (30.8%) 12 (8.5%)* 8 (53.3%)# <0.001

Notes: The above results are expressed as Mean ± SD/Median (Q1-Q3)/N (%); *there was a significant difference compared with asymptomatic group; #there was
a significant difference compared with mild-common group.
Abbreviations: HBV, hepatitis B virus; CKD, chronic kidney disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen.
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infection and had more severe disease. This study found that critically ill patients were older, had a higher proportion of
diabetes, and had lower albumin, serum sodium, and chloride levels. Xu et al21 pointed out that severe COVID-19
patients exhibited a significantly higher chance of liver injury than mild patients. In the death cases of COVID-19, the
incidence of liver injury can be as high as 58% or 78%.22 In this study, although the percentage of liver injury in severe
patients was significantly higher than mild patients, the relationship between liver injury and mortality could not be
assessed since there was no death case.

Lei et al26 pointed out that, compared with ALT, the AST level was more frequently increased in severe patients at
admission. Our study also found that the difference in AST levels at admission between different clinical types was more

Figure 1 (A) Curve fitting of ALTwith hospitalization time in all patients. (B) Curve fitting of ASTwith hospitalization time in all patients. Solid line indicates the fitted line of
ALT/ASTwith hospitalization time; dotted line is the 95% confidence interval. Adjusted for: clinical classification, sex, age, hypertension, diabetes.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Figure 2 (A) Curve fitting of ALTwith hospitalization time among asymptomatic group, mild-common group and seriously-critically ill group. (B) Curve fitting of ASTwith
hospitalization time among asymptomatic group, mild-common group and seriously-critically ill group. Adjusted for: sex, age, hypertension, diabetes.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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significant than ALT. In consideration of the advantages of AST, mitochondrial injury may be a potential mechanism of
liver injury in severe patients. The recently published data indicated that ribosomal proteins were important host-
dependent factors of SARS-CoV-2, so the virus may directly cause mitochondrial injury and increase AST levels.27,28

Several studies29–31 have shown that the angiotensin-converting enzyme 2 (ACE2) receptor mainly exists in bile duct
epithelial cells, and SARS-CoV-2 can cause liver injury by binding to the ACE2 receptor; moreover, the observed liver
injury is mainly from hepatocytes, and the increase in bilirubin is rarely seen. Our study also showed that even severe
patients did not have significantly increased bilirubin levels, and they showed lower albumin levels. Sivandzadeh et al32

proposed that decreased serum albumin synthesis, increased catabolism, and nutritional problems are the possible causes
of hypoalbuminemia in patients with severe COVID-19 and liver injury, which has been proved to be a predictor of
mortality in COVID-19 patients with liver injury.33

SARS-CoV-2 infection is often associated with different degrees of abnormal liver function indexes. Current
studies have shown that most COVID-19 patients have mild-to-moderate elevations in ALT/AST or both,20,28,34

especially the correlation between AST level and mortality is higher.26 The clinical evidence also shows that liver
injury is common even in non-severe COVID-19 patients,35 which can be considered as a non-specific response to the
general inflammation of SARS-Cov-2 infection,13 and these patients usually had a good prognosis.31 In this study,
after correcting for confounding factors, we found that, as the hospitalization time prolonged, the ALT level of all
patients flattened first and then gradually decreased, while the AST level decreased linearly. This observation
suggested the possibility of extrahepatic AST sources. Since AST is also produced in muscles, myositis, or heart
injury, likely leads to an increase in AST,29,36 which reduces its liver specificity. Therefore, in the analysis of abnormal
liver functions in most COVID-19 patients, ALT levels should be focused more, which is different from the view of
Lei et al.26

Severe COVID-19 patients are more likely to have liver dysfunction, and the mechanism is still unclear. It is difficult
to separate the independent effects of viral infection from various treatment methods, including antibiotics and the
experimental antiviral drugs.17,30,37,38 Besides, these changes can be non-specific damages related to impaired immune
function, infection, or hypoxia. SARS-CoV-2 infection activates the immune system, leading to reduced CD4+ and CD8+
cells28,39 and increased secretion of proinflammatory cytokines, which then cause systemic ischemia and hypoxia.36

Hypoxia can cause liver cell death and inflammatory cell infiltration, resulting in liver injury.15,40–42 When severe liver
injury occurs, we will give patients liver protection drugs.43,44 Therefore, it is necessary to monitor the levels of liver
injury markers more deeply during hospitalization to develop personalized treatment plans for different patients. Since
liver function indexes are not tested every day, it is particularly important to examine the changes of ALT and AST in
COVID-19 patients during hospitalization. Many studies only discussed the liver enzyme indexes at admission, but our
study analyzed the dynamic changes of liver function indexes in patients with different clinical types of COVID-19. As
the hospitalization time increased, the changes of ALT and AST in asymptomatic patients were not significant; the ALT
levels of mild-common patients did not change significantly, but AST levels significantly decreased; for seriously-
critically ill patients, the ALT levels show a significant change that first flattened and then decreased, and the daily
decrease was greater than that of mild-common patients, while the change in AST was not significant. These results
suggest that ALT levels can be an effective indicator to evaluate liver injury in patients with severe COVID-19.
Therefore, we should dynamically monitor the liver function indicators of COVID-19 patients instead of focusing only
on the baseline values at admission, particularly for critically ill patients. This will help with the symptomatic and
supportive treatment and timely assessment of the patient condition and treatment efficacy.

This study also has some limitations. First of all, this is a retrospective, small sample size, single-center study, and it
mainly focuses on mild and common patients, which could cause deviations in conclusion. Second, serum gamma-
glutamyl transferase (GGT) is also one of the potential markers of liver injury, which was not detected in our patients, so
it was not evaluated. Third, although our results have corrected for viral hepatitis, alcoholic hepatitis, and cirrhosis to
eliminate the effects of chronic liver disease, the impact of fatty liver cannot be completely ruled out; finally, because
there were no deaths, the potential effect of liver function indexes on mortality cannot be assessed.

In conclusion, liver injury in COVID-19 patients is very common, especially for severe patients, and the dynamic
changes of liver function indexes can provide important information for judging liver injury and evaluating the treatment
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efficacy of COVID-19 patients with different clinical types. Thus, these parameters need to be monitored during
hospitalization.
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