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Short Communication

INTRODUCTION
Coronavirus disease 2019  (COVID‑19) infection is caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2). Gastrointestinal symptoms and elevated liver 
enzymes may be observed in 14%–53% of cases.[1,2] It has been 
reported that an increase in aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) is related to the severity 
of the disease.[1] Angiotensin‑converting enzyme 2 (ACE2) 
receptors play a role in the entry of the virus into the cell, and 
these receptors are especially expressed in cholangiocytes. In 
addition, SARS‑CoV‑2 can cause cholangiocyte dysfunction 
and liver damage by triggering a systemic inflammatory 
response.[3]

In this study, we aimed to examine the frequency and pattern 
of liver enzyme changes and their relation to poor prognosis 
or mortality in hospitalised COVID‑19 patients.

METHODS
Study design and participants
The data of patients hospitalised due to COVID‑19 
infection between 16 March 2020 and 11 July 2020 were 
retrospectively analysed. The patients were categorised into 
two groups — intensive care unit (ICU) and non‑ICU.

Detailed medical history, initial physical examination findings 
and prior medical data of the patients were retrospectively 
evaluated. Our primary concern was evaluation of the liver 
enzyme patterns and their relation to mortality. This study 
protocol was not able to analyse the effect of COVID‑19 
infection on chronic liver disease and vice versa, and so 
patients with the following were excluded from the study: any 
known liver disease, a history of chronic alcohol consumption, 
imaging and/or laboratory findings suggestive of liver cirrhosis, 
immunodeficiency, haematological malignancies, solid organ 
tumour with liver metastases or active chemotherapy.

The diagnosis of COVID‑19 infection was established using 
the World Health Organization (WHO) interim guidance, 
which is by reverse transcription‑polymerase chain reaction 
(RT‑PCR) on nasal swab sample.[4]

This study was approved by the Ministry of Health, Turkey 
and the local ethics committee.

Data collection
We collected the patients’ initial, peak and last serum 
biochemistry test results: AST, ALT, alkaline phosphatase 

(ALP), gamma‑glutamyl transpeptidase (GGT), serum 
amylase, total bilirubin, international normalised ratio (INR) 
and C‑reactive protein (CRP), as well as the initial, lowest and 
last values for albumin. For ICU patients, the admission and 
discharge values for AST and ALT and the day of peak enzyme 
detection during the ICU follow‑up period were also noted. 
Normal limits were defined as follows: ALT ≤40 U/L, AST 
≤40 U/L, GGT ≤60 U/L, ALP ≤130 U/L and amylase ≤100 U/L. 
Initial, peak and last (excluding the patients who died) ALT–
AST values were grouped into normal, >1×–≤3 × upper limit 
of normal (ULN), >3×–≤10 × ULN and > 10 × ULN. Initial, 
peak and last AST to ALT ratios were calculated; patients were 
subcategorised based on their AST to ALT ratios — those with 
ratio >1 and those with ratio >1.5. A 20‑unit increase in ALT 
or AST value from the patient’s baseline was considered as 
an ALT or AST increase.

Statistical analysis
Comparison of qualitative variables was performed using 
the Pearson’s chi-square test. The only parametric data was 
age, for which Student’s  t‑test was used. Kruskal–Wallis 
test and Mann–Whitney U test were used for independent 
non‑parametric data; Wilcoxon signed rank test was used to 
compare the follow‑up enzyme levels. Parameters found to 
be related to need for intensive care/mortality in univariate 
analysis were further evaluated in binary logistic regression 
analysis. Statistical analysis was performed using IBM SPSS 
Statistics version 21.0 (IBM Corp, Armonk, NY, USA).

RESULTS
Four hundred and eight-five patients had positive COVID-19 
polymerase chain reaction (PCR) test results. There were 
362 patients in the non‑ICU group and 123 patients in the ICU 
group. Table 1 shows the distribution of gender, age, average 
hospitalisation duration and mortality by patient groups. 
Sixty‑one (16.9%) non‑ICU inpatients were transferred to ICU. 
There was a male preponderance in both the ICU and non-ICU 
groups, with a higher proportion of males in the former. There was 
no relation between gender and need for intensive care or mortality 
in the non‑ICU group (P = 0.1 and P = 0.14, respectively).

First ALT–AST values were normal in approximately 80% of 
the non‑ICU inpatients; only 50% of the non‑ICU inpatients 
and 14% of the ICU patients had normal peak enzyme levels. 
The distributions of ALT and AST in the non‑ICU and ICU 
patients are shown in Figure S1 [see Supplemental Digital 
Appendix].
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In the non-ICU group, 40% had AST or ALT increase (>20 IU 
increase); peak enzyme levels in these patients were 4.9 times 
for AST and 5.7 times for ALT. In ICU patients, the proportion 
of patients with AST (65%) or ALT (58%) increase and their 
peak enzyme values were higher. Mean duration for AST to 
reach the peak value in ICU patients was shorter than for ALT to 
reach the peak value (6.9–7.8 days). Initial enzyme values were 
higher in males; this difference disappeared in the peak enzyme 
values. Male gender, need for intensive care and mortality were 
more frequent in groups with enzyme increase (P < 0.001). 
ALT increase and mortality  were not related (P = 0.6), but a 
but  significant relationship was found between AST increase 
and mortality (P = 0.008) in the ICU group. ALT and/or AST 
increase was found to be associated with a longer duration of 
stay in both patient groups (P < 0.001).

First and peak AST values were higher in patients who died 
in the ICU group  (P  =  0.01 and P  =  0.001, respectively), 
while there was no difference in the first and peak ALT 
values between patients who died and survived (P = 0.9 and 
P = 0.3, respectively). In the non‑ICU group, first AST, peak 
AST and peak ALT values were higher in patients who were 
transferred to ICU and/or died (all P < 0.001), but the first 
ALT values did not significantly differ between the groups 
(P = 0.9 and P = 0.5, respectively).

First, peak and last enzyme levels  (excluding patients 
who died) were compared to assess the normalisation 
patterns of ALT and AST. Although the enzyme levels 
regressed in the non‑ICU group, the last values before 
discharge were higher than the first hospitalisation values (all 
P < 0.001). In the ICU group, the last AST values decreased 
to the initial values  (P  =  0.2), while ALT remained 
high (P < 0.001) [Table S1, Supplemental Digital Appendix].

Initial AST to ALT ratios were evaluated. ALT was in the 
foreground in one‑third of the non‑ICU inpatients, and 26% of 
the remaining non-ICU inpatients had an AST to ALT ratio of 

>1.5. In the ICU group, AST was in the foreground in 78% of 
the patients, and half of the patients had a rate >1.5 times. First 
and peak AST to ALT ratio >1.5 was associated with mortality 
in the ICU group (P = 0.003 and P < 0.001, respectively) and 
with both mortality and need for intensive care in the non‑ICU 
group (all P < 0.001).

High levels of ALP were seen in 15.7% of non‑ICU inpatients 
(2.5 × ULN) and 32% of ICU patients (1.9 × ULN). GGT was 
found to be high in 36.2% of non‑ICU inpatients and 58.5% of 
ICU patients (3.1–3.3 × ULN). Total bilirubin levels exceeding 
1.2 mg/dL were seen in 7.8% and 30% of non‑ICU and ICU 
patients, respectively. Amylase values were high in one‑fourth 
of the non‑ICU inpatients and in 28.5% of the ICU patients 
2.0 × ULN and 2.6 × ULN, respectively.

Comparison of non‑ICU and ICU patients in terms of various 
laboratory parameters is shown in Table 2. In the ICU group, 
the mean age was higher and there were more males. While 
there was no difference between the groups in terms of final 
AST and ALT values, the median enzyme levels, AST–ALT 
increase frequencies and AST to ALT ratios, CRP and albumin 
values were found to be significantly different. Also, the peak 
INR and total bilirubin levels during follow‑up were found to 
be higher in the ICU group compared to the non‑ICU group.

Age, AST and/or ALT increase and admission AST to ALT 
ratio >1.5 times were found to be associated with mortality 
in the whole group in univariate analysis. Again, first AST, 
peak AST and peak ALT values were significantly higher 
in the patients who died. Results of the logistic regression 
analysis of parameters related to mortality in the whole 
group are summarised in Table 3. In the non‑ICU group, AST 
increase was independently associated with the need for ICU 
transfer (P = 0.006, relative risk [RR] [1.6–15.1]).

DISCUSSION
In this study, we have examined the incidence of liver enzyme 
alterations, their pattern and relation to need for intensive 
care and mortality among hospitalised COVID‑19 patients. 
Previous studies have indicated that age >50 years may be 
associated with severe course.[5‑7] In our study, mean age and 
frequency of male gender were higher in ICU patients.

It has been shown in the literature that SARS‑CoV can 
infect hepatocytes. The genetic similarity of the COVID‑19 
agent, SARS‑CoV‑2, to SARS-CoV suggests that COVID‑19 
infection may also involve the liver.[8,9] It has been shown 
that SARS‑CoV‑2 requires the ACE2 receptor to enter the 
cell.[10,11] This receptor is more abundant on cholangiocytes, 
while it is also expressed in small amounts on hepatocytes.[3] 
There are different reports about how the liver enzymes change 
during COVID‑19 infection. The incidence of high AST and/
or ALT has been reported to be between 4% and 50% in the 
literature.[12,13] While in the non‑ICU group, the rate of normal 

Table 1. Demographics and treatment characteristics of 
patient groups.a

Variable n (%)

Non‑ICU (n=362) ICU (n=123)
Ageb (yr) 54.7±16.4 66±15.4

Gender

Male 203 (56.1) 84 (68.3)

Female 159 (43.9) 39 (31.7)

Duration of stayb (day) 9.8±6.5 10.3±9

Medication 

Tociluzmab 57 (15.7) 38 (30.9)

Favipiravir 193 (53.5) 114 (92.7)

Died 42 (11.6) 61 (49.6)
aInitial laboratory data of patient groups and their statistical analysis 
are shown in Table 2. bData presented as mean ± standard deviation. 
ICU: intensive care unit
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AST–ALT at baseline was approximately 80%, nearly 75% of 
the initial ALT values and only half of the initial AST values 
of ICU patients were within the normal range. In the literature, 
the reported peak enzyme level is around 5 × ULN.[14,15] In 

our patient population, peak enzyme values were 6 × ULN 
and 7 × ULN in the non-ICU and ICU groups, respectively.

Higher amount of ACE2 receptors in cholangiocytes suggests 
that cholestatic‑type enzyme elevation would be the prominent 
biochemical presentation of liver damage.[3,10,11] However, AST 
and ALT elevation is more frequently reported.[16,17] Cholestatic 
enzyme elevation was less prominent when compared to AST 
and ALT elevation in our study. GGT elevation was more 
common and prominent than ALP elevation, and the prevalence 
of cholestatic enzyme elevation was higher in ICU patients. 
This is parallel to the higher GGT levels seen in severe cases 
in the literature.[13,18,19]

Although it is theoretically known that COVID‑19 infection 
can cause liver damage, it is difficult to say that these enzyme 
elevations are caused only by direct viral hepatotoxicity. 
Hepatotoxicity may arise from four different possible 
mechanisms: viral; drug induced; overactive immune 
response; and circulatory impairment or microthrombi‑induced 
hypoxia.[2,20‑22] Even the physiopathology has not been clearly 
demonstrated; AST–ALT elevation is more common in 
patients with severe infection.[18,23] In our study, the frequency 
of enzyme increases and the first and peak AST–ALT values 
were found to be higher in the ICU group. However, there was 
no difference between the final enzyme values. Secondary 
infections, multiple antibiotic usage, sepsis or shock in patients 
under intensive care make it difficult to interpret the real cause 
of the enzyme elevation, and the association of high cytokine 
levels with severe disease may indicate immune overaction 
among the causes of enzyme elevation.[24]

Studies have shown that during severe COVID‑19 infection, 
AST increases earlier, more frequently and progresses to 
higher values than ALT. Also, AST increase is associated 
with mortality.[1,16,17,25‑27] In univariate analysis, we found that 
AST or ALT increase during follow‑up, first AST, peak AST 
and peak ALT values were associated with mortality, and in 
multivariate regression analysis, AST increase and first and 
peak AST values were found to be related to mortality. AST, 
which is a less liver‑specific enzyme, was also associated 
with poor prognosis in our study. AST elevation may not 
be merely due to hepatocyte damage; it may also be caused 
by widespread tissue damage that could be experienced 
during sepsis, circulatory dysfunction or immune activation 
syndrome.[28] Another parameter we evaluated was the AST 
to ALT ratio. In the ICU group, the incidence of first or peak 
AST to ALT ratio >1.5 was higher than in the non‑ICU group. 
In a similar patient population, AST to ALT  ratio >1 was 
associated with severe course.[29] Since AST has been shown 
to be associated with poor prognosis, we think that it may be 
more valuable to have an AST to ALT ratio cutoff of >1.5. 
This ratio was significant in terms of the need for intensive 
care and was associated with mortality in the whole group 
in logistic regression analysis. As we mentioned earlier, it 

Table 3. Independent risk factors of mortality in the 
whole group.

Risk parameter RR (95% CI) P
Age 1.05 (1.02–1.08) <0.001

First AST 1.02 (1.01–1.03) 0.001

Peak AST 1.01 (1.00–1.01) 0.019

Peak ALT 1.01 (0.99–1.01) 0.102

With AST increase 3.93 (1.4–10.8) 0.008

With ALT increase 2.07 (0.7–5.9) 0.171

First AST to ALT ratio >1.5 4.3 (1.9–9.6) <0.001
ALT: alanine aminotransferase, AST: aspartate aminotransferase, 
CI: confidence interval

Table 2. Comparison of some parameters in ICU versus 
non-ICU patients.

Parameter Mean (median)/% P

ICUa Non-ICUa

Ageb (yr) 66±15.4 52.7±15.7 <0.001

Male gender 67.9 54.1 0.007

AST (U)

First 52.2 (38) 28.9 (24) <0.001

Peak 207 (93) 59.7 (37) <0.001

Lastc 30.7 (24) 30 (24) 0.89

ALT (U)

First 40.1 (25) 26.3 (21) 0.06

Peak 184 (80) 62.2 (37) <0.001

Lastc 43 (27) 42 (27) 0.96

Peak ALP (U) 176.5 (138) 97.1 (71) <0.001

Peak GGT (U) 154.5 (128) 67.8 (33) <0.001

Lowest albumin (g/dL) 2.8 (2.4) 3.6 (3.6) <0.001

Peak total bilirubin (mg/dL) 1.8 (0.9) 0.7 (0.5) <0.001

CRP (mg/L)

First 164.7 (139) 42.2 (20) <0.001

Peak 222.3 (253) 71.5 (43) <0.001

High amylase (>100 U/L) 28.5 20.1 0.02

High ALP (>130 U/L) 33.1 11.0 <0.001

High GGT (>60 U/L) 60.3 30.9 <0.001

With AST increased 65.1 36.2 <0.001

With ALT increased 58.0 37.9 <0.001

First AST to ALT ratio >1 78.1 66.0 0.014

First AST to ALT ratio >1.5 55.3 26.2 <0.001

Peak AST to ALT ratio >1 63.4 48.1 0.004

Peak AST to ALT ratio >1.5 43.1 23.4 <0.001

Died 49.6 3.2 <0.001
aPatients with both ICU and non-ICU follow-up are evaluated in the ICU 
group only. bData presented as mean ± standard deviation. cLast AST and 
ALT values are only evaluated in nondeceased patients. d20unit increase 
from the patient’s baseline. ALP: alkaline phosphatase, ALT: alanine 
aminotransferase, AST: aspartate aminotransferase, CRP: Creactive 
protein, GGT: gammaglutamyl transpeptidase, ICU: intensive care unit
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is difficult to interpret the real cause of the liver enzyme 
elevation; contribution of extrahepatic  (muscle, kidney and 
cardiac) injury to the AST increase, especially during the late 
hospital stay, is possible. Higher need for intensive care and 
mortality of patients with predominant AST increase may 
be because of the underlying multi‑organ injury. However, 
our study was neither designed to differentiate between the 
hepatic–extrahepatic sources of enzyme elevation nor to 
evaluate the contribution of associated complications to liver 
enzyme elevations. Nevertheless, it is important to emphasise 
that ALT was high in almost all cases where AST was high 
at the foreground, suggesting a non‑ignorable contribution 
of ongoing liver injury to high AST levels. Despite these, 
an initial (at the point where clinical complications are still 
scarce) AST to ALT ratio >1.5, which we have shown to be 
associated with morbidity and mortality, may be an early 
warning regardless of the underlying physiopathology.

We observed that both AST and ALT did not return to basal 
levels in the non‑ICU group, while only the last ALT values 
were higher in the ICU group. This suggests that although there 
is a reduction in enzyme levels, normalisation may be achieved 
after clinical improvement. The normalisation of AST values 
with still relatively high ALT levels in the ICU group may be 
related to the shorter half‑life of AST and the possible longer 
disease duration of these patients. Still, long‑term enzyme 
change pattern after COVID‑19 infection is another issue 
open to evaluation.

It has been reported that hypoalbuminaemia (<4 g/dL) can be seen 
in half of patients with COVID‑19 infection and is associated 
with severity and mortality.[19,30,31] In our study, albumin level  
was lower in the ICU group (2.4–3.6 g/dL, P < 0.001). Studies 
report that during COVID‑19 infection, pre‑albumin levels 
and hepatic synthesis capacity decrease and malnutrition 
may contribute to the process.[19] However, albumin is also a 
negative acute phase reactant and cytokine levels are higher in 
severe infection.[32] In addition to malnutrition, this situation 
probably influences the frequency of hypoalbuminaemia.

Our study has some limitations. Firstly, it has a retrospective 
design. Another limitation is that although the first and 
follow‑up enzyme values were evaluated, it is difficult to 
reveal the primary cause  (COVID‑19 infection, secondary 
infection, drug effect, adult respiratory distress syndrome, 
disseminated Iintravascular coagulation or cytokine storm) 
leading to the enzyme elevations. It is reported that obesity 
and non‑alcoholic fatty liver disease  (NAFLD) may be 
associated with higher incidence of enzyme elevation during 
COVID‑19 infection.[33] Since data on NAFLD frequency 
in our patients were not available, we cannot comment on 
this relationship. We evaluated liver enzyme levels only in 
hospitalised patients. The fact that AST elevation is associated 
with poor outcomes evoked the question whether this pattern 
could predict hospitalisation or be incorporated to screen 

suspected COVID‑19 infection. Further studies should assess 
this potential.

In conclusion, our study showed that elevated liver enzymes 
with AST in the foreground can be frequently seen in 
hospitalised COVID‑19  patients. Increase in AST during 
hospitalisation and higher AST levels may be a sign that a 
patient needs intensive care. Increasing AST and an initial 
AST to ALT ratio >1.5 are associated with mortality and may 
be an early warning.
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APPENDIX 

aData presented as median (mean) U. ALT: alanine aminotransferase, AST: aspartate aminotransferase, ICU: intensive 
care unit 

 
 
 

 
Figure S1: Distribution of first, peak and last ALT & AST values in ICU and Non‑ICU patients. 
ALT: alanine aminotransferase, AST: aspartate aminotransferase, ICU: intensive care unit 

 

Table S1. Comparison of first and last AST and ALT values according to enzyme increase among non-deceased 
patients. 
Variable Non-ICU  group ICU group 

First valuea Last valuea P n First valuea Last valuea P n 
With AST 
increase 

28(32) 40 (47) <0.001 101 35 (38) 34 (35) 0.261 32 

Without AST 
increase 

22 (27) 21 (23) <0.001 215 36 (44) 20 (25) 0.001 27 

With ALT 
increase 

25 (30) 57(77) <0.001 121 31 (38) 57 (58) <0.001 35 

Without ALT 
increase 

19 (24) 19 (23) 0.016 195 21 (27) 20 (28) 0.483 26 


