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Abstract

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [COVID-19] quickly turned into a pandemic. Gastroin-
testinal involvement, especially liver diseases, is one of the main complications of COVID-19 patients.
Objectives: The current study aimed to evaluate the high incidence of liver involvement in COVID-19 hospitalized patients and its
association with mortality.
Methods: A total of 560 hospitalized patients with a confirmed diagnosis of COVID-19 were included. Death was considered as the
outcome. In addition to liver enzymes, demographic, clinical, and other laboratory data were also collected. Alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) levels≥ 40 were considered as abnormal. To investigate the association between
abnormal levels of liver enzymes and death, multiple regression logistic was used.
Results: According to the findings, 29.1% (95% CI = 25.3% - 32.9%) of patients had high levels (≥ 40 IU) of ALT, and 45.1% (95% CI =
40.9% - 49.3%) had high levels of AST (≥ 40 IU). The frequency (based on %) of high levels of AST (≥ 40 U/liter) was significantly
higher in patients who died [67.3% (95% CI = 54.5% - 80.1%] of COVID-19 than those who survived [44.9% (95% CI = 39.7% - 50.0%)] (P-
value < 0.001). No significant difference was detected in ALT between expired [29.1% (95% CI = 16.7% - 41.5%)] and survived patients
[30.7% (95% CI = 25.9% - 35.5%] (P-value = 0.791). AST was found to have an independent association with death in multiple logistic
regression (Wald = 4.429, OR (95% CI) = 1.014 (1.008 - 1.020), P-value = 0.035).
Conclusions: Liver involvement is a common finding in COVID-19 hospitalized patients. Higher levels of AST were significantly
associated with an increased mortality rate in COVID-19 patients.
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1. Background

COVID-19, which originated in the city of Wuhan
(China), soon turned into a pandemic, as announced by
the World Health Organization on March 11, 2020 (1). This
disease is caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), which is a single-stranded
positive-sense RNA virus of the Coronaviridae family (2). In
most cases, the disease causes mild symptoms. However,
in some cases, especially in the elderly and people with
underlying diseases, such as cardiovascular diseases, dia-
betes, and respiratory diseases, it causes more severe symp-
toms and even death (3-5).

Because of its high infectivity and the fact that many
patients are asymptomatic, the disease quickly became a
pandemic (6). The average incubation period of COVID-
19 is 5.1 days, and each person, on average, can infect 2 to
3 other people (7). Although respiratory symptoms and
pulmonary involvement are the most common presenta-
tions of COVID-19, the disease can also affect other organs,
including the gastrointestinal tract (8, 9). Presentation
of gastrointestinal symptoms ranges from 3% to 40% and
may even be among the first presentations of the disease
(9). Based on the previous studies, liver damage is among
the complications of the COVID-19, so that increased level
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of liver enzymes occurs in 40% to 50% of patients.

2. Objectives

In the present study, we attempted to examine the as-
sociation between the possible liver damage diagnosed
based on elevated liver enzymes and the mortality of
COVID-19 patients, as well as the frequency of these lesions
in Iranian COVID-19 hospitalized patients.

3. Methods

In the present study, 560 hospitalized patients with
a confirmed diagnosis of COVID-19 referred to Firooz-
gar Hospital, a referral teaching hospital in Tehran, be-
tween March 1 and 30 April were included. Medical
records of patients were used to collect the required
data. Confirmed cases were defined based on a positive
test of high-throughput sequencing or real-time reverse-
transcriptase–polymerase-chain-reaction (RT-PCR) assay of
pharyngeal or nasal specimens (10). A team of expert clini-
cians and researchers collaborated to extract the data. The
collected data were fed into a computerized database, and
then the data cleaning and re-checking processes were per-
formed. The data collection was performed while the pa-
tients were hospitalized; as a result, the research team
could manage the possible missing data.

The patients’ death was considered as the outcome.
In addition to liver enzymes [alanine aminotransferase
(ALT) and aspartate aminotransferase (AST)], demographic
data (sex and age), clinical data (temperature, systolic
blood pressure, the type of treatment in hospital stay du-
ration, respiratory rate, pulse rate, diabetes mellitus sta-
tus, coronary artery status, and immune system status),
COPD/Asthma status, and some other laboratory data [alka-
line phosphatase, bilirubin, white blood count (WBC) and
platelet count] were collected. Liver enzymes were mea-
sured at the time of admission and on the third day. ALT
and AST levels ≥ 40 were considered abnormal (10).

3.1. Statistical Analysis

Descriptive statistics were presented as mean (± SD),
median (IQR), and proportions (95% CI). After evaluating
the normality of data, the two groups were compared
using the independent sample t-test (for normally dis-
tributed data) and Mann-Whitney test (for data that were
not normally distributed). Also, the related proportions
were compared between two groups using classical tests
of the hypothesis (two-group proportion test) in STATA ver-
sion 12 (STATA Corp., Texas, USA). Also, multiple logistic re-
gression was used to assess the association between abnor-
mal levels of liver enzymes (on the admission day, the third

day of admission, and discharge day) and death. In this
analysis, age, SBP, diabetes mellitus, immunodeficiency
status, coronary artery disease status, COPD/asthma status,
respiratory rate, pulse rate, temperature, and the type of
treatment during hospitalization were considered as po-
tential mediators. Multicollinearity was evaluated, which
was found to be sound. The all variance inflation factors
(VIF) had a range of 1.014 to 2.490. Statistical significance
was considered when P-value < 0.05. Statistical analyses
were performed using STATA version 12 (STATA Corp., Texas,
USA) and SPSS version 21 (Inc., Chicago statistical software).

4. Results

Of 560 patients with COVID-19, 320 (58.4%) were male.
Based on our results, 29.1% (95% CI = 25.3% - 32.9%) of partic-
ipants had a high level (≥ 40 U/Liter) of ALT, and 45.1% (95%
CI = 40.9% - 49.3%) had a high level of AST (≥ 40 U/Liter).
Death occurred in 83 patients (14.8%). The mean duration
of hospitalization was 8.10± 5.29. The basic characteristics
of the participants are provided in Table 1. Mean age was
59.17± 15.93 and median of (Interquartile range = IQR) AST,
ALT, and Alkaline phosphatase values were 36.00 (28.00),
29.00, and 165.00 (84.5), respectively. Other data are also
provided in Table 1. Based on the results, there was no sig-
nificant association between sex and death. While 57.7%
(275/477) of patients who survived were male, the percent-
age of the patients who died (62.7%, 52/83) was also insignif-
icantly higher in men (P-value = 0.394).

The basic characteristics and the potential predictors
of death in patients who survived and died are provided
in Table 2. Age (P-value < 0.001), respiratory rate (P-value
< 0.001), systolic blood pressure (P-value = 0.014), pulse
rate (P-value < 0.001), temperature (P-value < 0.001), AST
(P-value < 0.001), WBC count (P-value < 0.001), immunode-
ficiency status (P-value = 0.003), diabetes mellitus (P-value
< 0.001), and coronary artery disease (P-value < 0.001),
COPD/asthma (P-value < 0.001) had a significant associa-
tion with death. Moreover, a higher proportion of people
who died were treated with drugs such as steroids (P-value
< 0.001), IV IG (P-value < 0.001), and N-acetyl cysteine (P-
value < 0.001), in comparison to those who survived.

Based on our results, the frequency (based on percent-
age) of a high level of AST (≥ 40 U/Liter) was significantly
higher in patients who died [67.3% (95% CI = 54.5% - 80.1%]
than those who survived [44.9% (95% CI = 39.7% - 50.0%)]
(P-value < 0.001). There was no significant difference con-
cerning the ALT level between expired [29.1% (95% CI = 16.7%
- 41.5%)] and survived patients [30.7% (95% CI = 25.9% - 35.5%]
(P-value = 0.791) (Table 3).

To remove the effects of potential mediators of death
and AST status, we conducted multiple logistic regression
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Table 1. The Basic Characteristics of the Study Populationa

Variable Values

Age, mean ± SD, y 59.17 ± 15.93

SBP, mean ± SD, mmHg 118.34 ± 13.04

Respiratory rate, median (IQR) 18.00 (4.00)

Pulse rate, median (IQR) 80.00 (11.50)

Temperature, mean ± SD, °C 37.02 ± 3.13

AST, median (IQR), U/Liter 36.00 (28.00)

ALT, median (IQR), U/Liter 29.00 (23.00)

Alkaline phosphatase, median (IQR), U/Liter 165.00 (84.5)

Bilirubin (total), median (IQR), mg/dL 0.7 (0.4)

Bilirubin (direct), median (IQR), mg/dL 0.3 (0.2)

WBC, median (IQR), mL 6100 (3700.00)

Platelet, median (IQR), mL 185000.00 (84500.00)

People with DM-based on % (95% CI) 26.1 (22.4 - 29.7)

People with CAD-based on % (95% CI) 18.0 (14.8 - 21.2)

Immunodeficient people-based on % (95% CI) 6.1 (4.1 - 8.1)

Smoker people-based on % 10.8 (4.0 - 17.6)

People with COPD or asthma-based on % 13.2 (5.8 - 20.7)

Steroid use-based on % (95% CI) 21.5 (17.9 - 25.2)

IV IG use-based on % (95% CI) 7.3 (5.0 - 9.6)

N-acetyl cysteine use-based on % (95% CI) 16.1 (12.8 - 19.3)

Kaletra use-based on % (95% CI)a 49.8 (45.4 - 54.2)

Hydroxychlorquine use-based on % (95% CI) 86.0 (83.0 - 89.0)

Ribavirin use-based on % (95% CI) 23.3 (19.7 - 26.9)

Sofosbuvir use-based on % (95% CI) 50.1 (45.8 - 54.4)

Abbreviations: ALT, denotes alanine aminotransferase; AST, aspartate amino-
transferase; CI, confidence interval; COPD, chronic obstructive pulmonary dis-
ease; DM, diabetes mellitus; IQR, interquartile range; IV IG, intravenous im-
munoglobulin; SBP, systolic blood pressure; SD, standard deviation.
aLopinavir/ritonavir.

analyses in which age, SBP, diabetes mellitus, immunode-
ficiency status, coronary artery disease status, asthma and
COPD status, respiratory rate, pulse rate, temperature, and
drug use were considered potential mediators. AST on ad-
mission showed an independent association with death in
the multiple logistic regression analysis (Wald = 4.429, odd
ratio [OR] (95% CI) = 1.014 (1.008 - 1.020), P-value = 0.035).
A significant association was also detected between AST at
the third day of admission and death (Wald = 10.78, odd ra-
tio [OR] (95% CI) = 1.046 (1.018 - 1.074), P-value = 0.001). No
significant association was detected between AST change
(from the first day of hospitalization to the third day) and
death. The results of multiple logistic regression analyses
are reported in Table 4 (the results of multiple regression
analyses are described Tables S1, S2, and S3 in Supplemen-

tary File).

5. Discussion

This study demonstrated a significant association be-
tween AST and the death of COVID-19 hospitalized patients.
This association was significant when we removed the ef-
fects of potential mediators, including age, underlying dis-
eases, such as coronary artery disease, diabetes mellitus,
and systolic blood pressure, COPD/asthma, immune func-
tion status history, and the type of treatment during the
hospitalization. Based on the results, with a single U/Liter
increase in AST level, the chance of death increases by 1.4%
[(odd ratio (95% CI) = 1.014 (1.008 - 1.020) and P-value = 0.035
for AST in multiple logistic regression with death as out-
come]. As noted before, this association was obtained by
removing the effects of other potential mediators. How-
ever, in the present study, ALT and some other liver mark-
ers, such as bilirubin level and alkaline phosphatase, did
not show a significant association with death.

Overall, patients with more severe forms of COVID-19
appear to be more likely to have liver disorders. Huang
et al. (11) reported an increased level of enzyme in 62% of
patients (8 out of 13) with COVID-19 who were hospitalized
at the intensive care unit (ICU), compared to only 25% (7
out of 25) of those who did not require ICU hospitalization.
Guan et al. (10) reported an increased level of liver enzyme
in patients with more severe forms of COVID-19. Also, an-
other study reported that people in the subclinical phase
had a lower level of AST compared to those in the clinical
phase (12). Cai et al. (13) found that patients with COVID-
19, who had abnormal levels of liver enzymes, were more
likely to develop more severe forms of the disease. In a
systematic review, Parohan et al. (14) showed that higher
serum levels of AST, ALT, and total Bilirubin, as well as lower
serum levels of Albumin, were associated with a significant
increase in the severity of COVID-19 infection.

However, in the present study, as mentioned above,
only AST showed an independent association with death.
The observed difference in the results of various studies
can be attributed to the difference in investigated out-
comes. The difference in interesting outcomes can be the
main cause of the observed difference in the findings of
previous studies. On the other hand, overall, in patients
with COVID-19, the AST level is more likely to be elevated
compared to ALT (15). This may be because AST, in addi-
tion to liver involvement, also increases when other organs
are involved, as well (15). As a result, in addition to damag-
ing the liver, an increased level of AST may indicate dam-
age to other organs, making the patient experience even
worse consequences when this enzyme rises. Thus, a worse
prognosis can be expected in people with COVID-19 when
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Table 2. The Basic Characteristics and Potential Predictors of Death in Patients Who Survived and Those Who Died

Variable Patients Who Died Patients Who Survived P-Valuea

Age, mean ± SD, y 69.06 ± 13.26 57.45 ± 15.73 < 0.001

SBP, mean ± SD, mmHg 115.36 ± 16.02 119.49 ± 11.52 0.014

Respiratory rate, median (IQR), no 22.00 (8.00) 18.00 (3.00) < 0.001

Pulse rate, median (IQR), no 90.00 (19.00) 80.00 (11.00) < 0.001

Temperature, mean ± SD, °C = 37.50 ± 0.71 36.92 ± 3.42 < 0.001

AST, median (IQR), U/Liter 45.00 (40.00) 36.00 (25.00) < 0.001

ALT, median (IQR), U/Liter 30.00 (28.00) 28.00 (23.75) 0.127

Alkaline phosphatase, median (IQR), U/Liter 170.00 (113.25) 162.50 (80.00) 0.257

Bilirubin (total), median (IQR), mg/dL 0.70 (0.40) 0.7 (0.40) 0.820

Bilirubin (direct), median (IQR), mg/dL 0.3 (0.20) 0.3 (0.20) 0.792

WBC, median (IQR), per mL 8250.00 (7500.00) 5900.00 (3300.00) < 0.001

Platelet, median (IQR), per mL 170000.00 (128250.00) 185500.00 (76500.00) 0.117

People with DM-based on % (95% CI) 43.4 (32.5 - 54.3) 23.1 (19.3 - 26.8) < 0.001

People with CAD-based on % (95% CI) 33.7 (23.3 - 44.1) 15.3 (12.1 - 18.5) < 0.001

Immunodeficient people-based on % (95% CI) 13.2 (5.8 - 20.7) 4.8 (2.9 - 6.7) 0.003

Smoker people- based on % 10.8 (4.0 - 17.6) 7.8 (5.4 - 10.2) 0.345

People with COPD or asthma-based on % 13.2 (5.8 - 20.7) 3.3 (1.7 - 4.9) < 0.001

Steroid use-based on % (95% CI) 57.8 (47.0 - 68.6) 14.2 (10.8 - 17.6) < 0.001

IV IG use-based on % (95% CI) 20.5 (11.6 - 29.4) 4.6 (2.5 - 6.7) < 0.001

N-acetyl cysteine use-based on % (95% CI) 30.1 (20.0 - 40.2) 13.2 (9.9 - 16.5) < 0.001

Kaletra use-based on % % (95% CI) 47.0 (36.0 - 58.0) 50.4 (45.5 - 55.2) 0.289

Hydroxychlorquine use-based on % (95% CI) 85.5 (77.8 - 93.2) 86.1 (82.7 - 89.4) 0.876

Ribavirin use-based on % (%95CI) 28.9 (18.9 - 38.9) 22.2 (18.3 - 26.1) 0.185

Sofosbuvir use-based on % (95% CI) 45.8 (34.8 - 56.7) 50.9 (46.3 - 55.5) 0.393

Abbreviations: ALT denotes, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; COPD, chronic obstructive pulmonary disease; DM,
diabetes mellitus; IQR, interquartile range; IV IG, Intravenous immunoglobulin; SBP, systolic blood pressure; SD, standard deviation.
aMean age of the two groups was compared by independent t-test. Medians were compared by the Mann-Whitney test. The proportions were compared using the two-
group proportion test.

Table 3. The Prevalence of High Level of AST and ALT in Patients Who Survived and Died (Percentages)

Variable Status
Percent (95% CI)

P-Value
Patients Who Died Patients Who Survived

AST (at the first time of hospitalization)
< 40 32.7 (19.9 - 45.5) 55.1 (50.0 - 60.2)

< 0.001
≥ 40 67.3 (54.5 - 80.1) 44.9 (39.7 - 50.0)

ALT (at the first time of hospitalization)
< 40 70.9 (58.5 - 83.3) 69.2 (64.5 - 74.0)

0.791
≥ 40 29.1 (16.7 - 41.5) 30.7 (25.9 - 35.5)

AST (at the third day)
< 40 35.1 (22.3 - 47.9 56.7 (51.6 - 61.8)

0.025
≥ 40 64.9 (52.1 - 77.7 43.3 (38.2 - 48.4)

ALT (at the third day)
< 40 49.1 (35.7 - 62.5) 48.5 (43.3 - 53.7)

0.929
≥ 40 50.9 (37.5 - 64.3) 51.5 (46.3 - 56.7)

Abbreviations: ALT, denotes alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval.

AST is elevated in comparison to cases with elevated ALT.
Our study also showed that 29.1% of participants had a high
level of ALT (≥ 40 IU). Also, we found that 45.1% of our
study’s population had a high level of AST (≥ 40 IU). Pre-
vious studies showed that about 60% of people with SARS

had liver damage, and SARS coronavirus could be found in
hepatocytes, too (16).

In vitro studies have also confirmed that SARS coron-
avirus causes liver lesions (17). Moreover, abnormal AST
and ALT levels are reported as 22.2% and 21.3% in people
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Table 4. Multiple Logistic Regression Analysis on Death with Data of ALT and AST at
Days 1 and 3 and Their Changes (From at the First Time of Hospitalization to the Third
Day) as a Potential Predictor

Variables Wald Odd Ratio (95%) P-Value

ALT (at the first time of
hospitalization)

3.984 0.993 (0.985 - 1.000) 0.046

AST (at the first time of
hospitalization)

4.429 1.014 (1.008 - 1.020) 0.035

ALT (on the third day) 8.66 0.973 (0.955 - 0.991) 0.003

AST (on the third day) 10.78 1.046 (1.018 - 1.074) 0.001

ALT change (from at the first
time of hospitalization to
third day)

2.537 1.006 (0.999 - 1.012) 0.111

AST change (from at the first
time of hospitalization to
third day)

1.264 1.007 (0.995 - 1.020) 0.261

Abbreviations: ALT, denotes alanine aminotransferase; AST, aspartate amino-
transferase; CI, confidence interval.

with COVID-19 by Guan et al, respectively (10). Based on
the results of the present study, 67% of the subjects with
COVID-19 who died had a higher level of AST. This finding
is in line with the findings reported by a previous study,
which showed that the presence of liver lesions in people
who died due to COVID-19 was 58% to 78% (18). The under-
lying mechanisms for liver involvement in COVID-19 are
not fully understood. However, the high presence of an-
giotensin 2 receptors in the small intestine and the high
blood flow from the small intestine to the liver can provide
the basis for the presence of the virus in the liver. On the
other hand, there are a lot of liver macrophages that can
produce cytokines, which provides a basis for liver dam-
age (19). Iatrogenic hepatic injury can also play a role in
causing liver damage in more severe forms of the COVID-19.
For instance, positive end-expiratory pressure in mechan-
ical ventilation can cause hepatic congestion by increas-
ing right atrial pressure as well as preventing venous re-
turn (20). Drug hepatotoxicity during the treatment pe-
riod, immune-mediated inflammation, and pneumonia-
associated hypoxia might also be other causes of liver dam-
age in severe forms of COVID-19 (21).

Our study showed that liver involvement, defined by
high levels of liver enzymes, is a common finding in COVID-
19 hospitalized patients. We also found that AST may be
a good independent predictor of severe forms of COVID-
19 that can even lead to death. As a result, the clinicians
should monitor the status of hepatic involvement in peo-
ple with COVID-19 at the onset of consultation and during
treatment. This is especially important for the AST, as it
has been shown to be linked to adverse effects, particularly
death, and an increase in this enzyme may be a marker of
the severity of the disease. However, we couldn’t find any

association between death and other evaluated markers
of liver involvement, such as bilirubin and alkaline phos-
phatase. Also, it should be noted that although we found
that a high proportion of hospitalized patients had a high
level of liver enzymes, a part of this high proportion may
be due to the lesions that had previously been developed,
which patients were unaware of them. The current study
had limitations. Elevated liver enzymes can be a common
condition in the general population, and relevant infor-
mation were not available for many patients. However, as
noted, the current study aimed to investigate the associa-
tion between liver enzymes and in-hospital mortality. This
finding can be used by clinicians as a potential criterion
for classifying patients based on their risk, particularly re-
garding the AST. Furthermore, case-control studies are not
sufficient for confirming cause and effect associations. Al-
though the hypothetical cause (increase in liver enzymes)
occurred before the outcome, the other Hill’s criteria may
not be completely addressed by our study.

5.1. Conclusions

This study demonstrated that liver involvement is a
common finding in COVID-19 hospitalized patients. Be-
sides, we found a significant and independent association
between AST and death.
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supplementary materials, please refer to the journal web-
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