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Abstract
Background and objectives: Multiple factors are responsible for severe acute respiratory syndrome coronavirus 2 (SARS-CoV 
2)-associated liver dysfunction. The impact of variants of concern (VoCs) on liver function is less clear. The aims were to de-
termine (1) the prevalence and risk of abnormal liver biochemistry (ALB) and liver injury (LI) and (2) differences in ALB and 
LI with the Delta variant compared with wild-type and VoCs before Delta variant coronavirus disease of 2019 (COVID-19) 
infections in Malaysian adults.

Methods: This prospective single-center, observational study enrolled adults hospitalized for COVID-19 infection between 
1 February 2020 and 30 October 2021 using a convenience sampling method. Patients with COVID-19 confirmed by real-
time reverse-transcriptase polymerase chain reaction of nasal and pharyngeal swabs and having at least one liver function 
test were recruited and assigned to cohort A (wild-type strain and all VoCs before the Delta variant) or cohort B (Delta 
variant).

Results: Of 1,246 patients with COVID-19 infection, 58.7% developed ALB and 26.6% developed LI. Multivariate analysis 
showed that men, moderate and severe disease, and underlying chronic liver disease (CLD) were associated with ALB and LI. 
Patients with the Delta variant had a significantly higher risk of developing both ALB (71.6% vs. 48.5%, p < 0.001) and LI (38.8% 
vs. 17.1%, p < 0.001) compared with previous strains.

Conclusions: ALB was more common than LI, but LI was more frequent in men with underlying CLD, and in those with mod-
erate or severe COVID-19 infections. Patients with Delta variant infections were more likely to have ALB and LI than those 
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Introduction
In December 2019, the outbreak of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV 2) virus spread globally to the 
extent of becoming a pandemic. In Malaysia, the first confirmed 
case of coronavirus disease of 2019 (COVID-19) was detected on 
23 February 2020 and until now there have been 3.5 million cases 
nationwide, with a lower mortality rate of 0.91%.1 Over 2 years, 
multiple variants of the original virus have emerged. Variants of 
concern (VoCs) include Alpha, Beta, Gamma, Delta, and Omi-
cron.2 The Delta variant is recognized as more infective than the 
other VoCs and causes more severe infections and more deaths.3–5 
The first case of Delta variant infection was detected in Malaysia 
on 19 April 2021 and continued to be the predominant strain until 
January 2022.1
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SARS-CoV-2 is known to primarily cause upper respiratory 
tract infections that lead to lower respiratory tract infections in a 
subset of patients, causing alveolar damage and subsequent res-
piratory failure.6–8 Although respiratory tract involvement is the 
prominent clinical manifestation, liver dysfunction in COVID-19 
patients is a recognized entity, and the cause of this phenomenon 
is multifactorial.9–15 The incidence of abnormal liver biochemis-
try (ALB) is common (14–76.3%) and varies widely among pop-
ulations.11–14,16–18 These studies also revealed that disease sever-
ity, increasing age, and underlying chronic liver disease (CLD) 
were factors that increased the risk of liver injury (LI). However, 
data on the extent of liver dysfunction caused by different VoCs 
are lacking. There is also a paucity of local data regarding factors 
that increase the risk of liver dysfunction in people with COV-
ID-19 infection. This study aimed to determine (1) the preva-
lence and risk factors of ALB and LI in adult COVID-19 patients 
and (2) the differences of ALB and LI in patients with the Delta 
variant compared with the wild-type and all VoCs that appeared 
prior to the Delta variant in Malaysia.

Materials and methods

Study design and participants
This study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki and was approved by the 
Research Ethics Committee of University of Malaya (MECID 
No. 202146-10036). All subjects gave written informed consent. 
We performed a prospective observational study and recruited 
patients who were admitted between 1 February 2020 and 30 Oc-
tober 2021 using a convenience sampling method. Patients 18 
years of age and older who were admitted to one hospital in Ma-
laysia with laboratory-confirmed COVID-19 confirmed by real-
time reverse-transcriptase polymerase chain reaction (RT-PCR) 
assay of nasal and pharyngeal swab specimens and had at least 
a single liver function test (LFT) during hospitalization were re-
cruited into the study. Patients were divided into cohort A (admis-
sion between February 2020 and 30 April 2021), which included 
the COVID-19 wild-type strain and all VoCs before the Delta 
variant and cohort B (admission between 1 May 2021 and 31 
October 2021), which included COVID-19 Delta variant cases. 
Owing to lack of genomic sequencing, COVID-19 cases detected 
from May 2021 onwards were presumed to be of the Delta vari-
ant, as the first case of Delta variant infection in Malaysia was 
detected on 12 April 2021 and cases increased rapidly from May 
2021 onward.

Data collection
Relevant clinical data, laboratory, and imaging results were ob-
tained by reviewing the electronic medical record of the patients. 
Information regarding the presence of liver disease diagnosed 
either before or during admission, pharmacotherapy, disease se-
verity, and outcome were documented. CLD was defined when a 
patient had a diagnosis of liver cirrhosis, chronic hepatitis B, or 
C infection, alcoholic liver disease, nonalcoholic steatohepatitis, 
and/or autoimmune liver disease.

ALB was defined and categorized into hepatocellular type 
when alanine aminotransaminase (ALT) or aspartate aminotrans-
ferase (AST) was more than 40 U/L, cholestatic type when alka-
line phosphatase (ALP) was more than 130 U/L or gamma-glu-
tamyl transferase (GGT) was more than 50 U/L, or mixed type 
if both patterns were present. LI was defined and categorized 

as hepatocellular if AST or ALT was more than three times the 
upper limit of normal, cholestatic type if ALP or GGT or total 
bilirubin was more than two times the upper limit of normal, or 
mixed if both patterns were present. For patients with more than 
one LFT result during hospitalization, the most deranged LFT 
result was documented. COVID-19 disease severity was catego-
rized as mild (category 1–2), moderate (category 3), or severe 
(category 4–5). Definitions of the categories were: category 1, 
asymptomatic COVID-19 patients; category 2, symptomatic pa-
tients with no evidence of pneumonia and not requiring oxygen 
support; category 3, patients with clinical or radiological evi-
dence of pneumonia but not requiring oxygen support; category 
4, patients with pneumonia and requiring oxygen support; and 
category 5, patients requiring mechanical ventilation or with or-
gan failure.

Statistical analysis
Categorical variables were reported as numbers and percentages. 
Chi-square and Fisher’s exact tests were used to compare cat-
egorical variables. Continuous values were reported as means 
(standard deviations) and were compared with Student’s t-test 
or one-way analysis of variance for parametric data. Continu-
ous values were reported as medians and were compared with 
Mann-Whitney U or Kruskal-Wallis H tests for nonparametric 
data. Multivariate analysis was performed using multiple linear 
regression. The statistical analyses were performed with SPSS 
version 21 (IBM Corp., Armonk, NY, USA). A two-sided signifi-
cance level of p ≤ 0.05 was used for all models.

Results
We included 1,246 patients, 697 (58.7%) in cohort A and 549 
(44.1%) in cohort B who were admitted to our hospital with 
COVID-19 infection between 1 February 2020 and 30 October 
2021. The median age was 50.0 years with a male:female ratio of 
1:1.02. More than half (52.1%) had mild disease and 47.1% were 
given specific treatment. CLD was present in 11.7% of patients. 
The baseline and clinical characteristics of these patients are out-
lined in Table 1.

Prevalence and risk factors for ALB and LI
ALB was seen in 731 (58.7%) patients, but only 26.6% expe-
rienced LI and 14 (1.1%) patients had liver failure. Mixed type 
and cholestasis were the predominant patterns of liver insult 
seen among patients with ALB and LI, respectively; specifically, 
69.3% above 60 years and 72% of male patients had ALB, and 
incidence increased with disease severity, and 78% of patients 
who received any disease-modulating pharmacotherapy had 
ALB. Notably, the majority of patients with comorbidities who 
required intensive care unit (ICU) admission, or died were found 
to have ALB as well (Table 2). Multivariate analysis showed a 
significantly higher risk of developing ALB in men (OR = 2.93, 
95% CI: 2.24, 3.83), patients with moderate (OR = 1.66, 95% 
CI: 1.10, 2.50) or severe (OR = 3.17, 95% CI: 1.53, 6.57) dis-
ease, CLD (OR = 19.31, 95% CI: 2.38, 156.53), or hyperten-
sion (HTN) (OR = 1.64, 95% CI: 1.16, 2.33). In total, 34.8% 
of patients older than 60 years of age and 43.8% who received 
disease-modulating pharmacotherapy were reported to have LI. 
The frequency of LI also increased with disease severity. The 
majority of patients who required mechanical ventilation, ICU 
admission, or died also had LI (Table 3). Multivariate analysis for 
LI showed significantly higher frequencies in men (OR = 1.79, 
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Table 1.  Demographics and clinical characteristics of COVID-19 patients (n = 1,246)

Characteristic
Cohort*

p-value
All, n = 1,246 Cohort A, n = 697 Cohort B, n = 549

Age in years
Median [IQR] 50.0 (31) 44.0 (31) 55.0 (27) <0.001
  1–60 846 (67.9) 508 (72.9) 338 (61.6) <0.001
  >60 400 (32.1) 189 (27.1) 211 (38.4)
Sex
  Male 618 (49.6) 325 (46.6) 256 (53.4) 0.018
  Female 628 (50.4) 372 (53.4) 293 (46.6)
Ethnicity
  Malay 779 (62.5) 427 (61.3) 352 (64.1) 0.123
  Chinese 233 (18.7) 126 (18.1) 107 (19.5)
  Indian 189 (15.2) 112 (16.1) 77 (14.0)
  Others 45 (3.6) 32 (4.6) 13 (2.4)
COVID-19 severity
  Mild 649 (52.1) 450 (64.6) 199 (36.2) <0.001
  Moderate 200 (16.1) 108 (15.5) 92 (16.8)
  Severe 397 (31.9) 139 (19.9) 258 (47.0)
Disease-modulating pharmacotherapy
  Yes 587 (47.1) 231 (33.1) 356 (64.8) <0.001
  No 659 (52.9) 466 (66.9) 193 (35.2)
Type of treatment
  NSAID 81 (6.5) 68 (12.4) 13 (1.9) <0.001
  Hydroxychloroquine 25 (2.0) 22 (3.2) 3 (0.5) 0.001
  Favipiravir 175 (14.0) 56 (8.0) 119 (21.7) <0.001
  Methylprednisolone 121 (9.7) 40 (5.7) 81 (14.8) <0.001
  Clexane 273 (21.9) 73 (10.5) 200 (36.4) <0.001
  Tocilizumab 110 (8.8) 48 (6.9) 62 (11.3) 0.006
  Dexamethasone 455 (36.5) 164 (23.5) 291 (53.0) <0.001
  Baricitinib 5 (0.4) 0 (0.0) 5 (0.9) 0.012
Comorbidities
  CLD 146 (11.7) 75 (10.8) 71 (12.9) 0.237
  NAFLD 126 (10.1) 67 (9.6) 59 (10.7) 0.510
  DM 388 (31.1) 179 (25.7) 209 (38.1) <0.001
  HTN 441 (35.4) 205 (29.4) 236 (43.0) <0.001
  CKD 91 (7.3) 44 (6.3) 47 (8.6) 0.130
  CCF 74 (5.9) 42 (6.0) 32 (5.8) 0.884
  Chronic lung disease 86 (6.9) 42 (6.0) 44 (8.0) 0.169
  Cancer 51 (4.1) 31 (4.4) 20 (3.6) 0.477
ALB
  Yes 731 (58.7) 338 (48.5) 393 (71.6) <0.001
  No 515 (41.3) 359 (51.5) 156 (28.4)
Type of ALB
  Hepatocellular 205 (16.5) 116 (16.6) 89 (16.2) <0.001

(continued)
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95% CI: 1.33, 2.41), in patients with moderate (OR = 3.03, 95% 
CI: 1.87, 4.92) or severe (OR = 4.56, 95% CI: 2.27, 9.18) disease, 
or CLD (OR = 2.93, 95% CI: 1.04, 8.28). The risk was lower in 
Indian patients (OR = 0.61, 95% CI: 0.39, 0.95) compared with 
other ethnic groups.

Differences between cohort A and cohort B
In cohort B, patients were significantly older and more had diabe-
tes mellitus (DM) and HTN compared to cohort A. The majority 

of patients in cohort A had mild disease (64.6%), whereas cohort 
B had significantly more patients with severe disease (47%) and 
required specific treatment, mechanical ventilation, and ICU ad-
mission. Notably, both ALB (71.6% vs. 48.5%, p < 0.001) and LI 
(38.8% vs. 17.1%, p < 0.001) were more prevalent in cohort B 
patients. The mean value of ALT and AST is consistently higher in 
cohort B across all severity of disease for both ALB and LI. Cohort 
B patients with ALB had significantly higher mean values of ALT, 
AST, and GGT, whereas ALT and GGT were significantly higher 

Characteristic
Cohort*

p-value
All, n = 1,246 Cohort A, n = 697 Cohort B, n = 549

  Cholestasis 80 (6.4) 46 (6.6) 34 (6.2)
  Mixed 446 (35.8) 176 (25.3) 270 (49.2)
Deranged LFT
  Total bilirubin 153 (21.2) 61 (18.3) 92 (23.6) 0.084
  ALP 135 (18.8) 59 (18.0) 76 (19.4) 0.620
  ALT 475 (65.1) 192 (57.0) 283 (72.0) <0.001
  AST 583 (82.3) 237 (75.0) 346 (88.3) <0.001
  GGT 391 (54.4) 162 (49.2) 229 (58.7) 0.011
Liver injury
  Yes 332 (26.6) 119 (17.1) 213 (38.8) <0.001
  No 914 (73.4) 578 (82.9) 336 (61.2)
Type of liver injury
  Hepatocellular 54 (4.3) 27 (3.9) 27 (4.9) <0.001
  Cholestasis 149 (12.0) 54 (7.7) 95 (17.3)
  Mixed 123 (9.9) 37 (5.3) 86 (15.7)
Abnormal LFT
  Total bilirubin 86 (26.2) 30 (25.4) 56 (26.7) 0.806
  ALP 100 (30.3) 39 (33.1) 61 (28.8) 0.418
  ALT 267 (80.4) 86 (72.3) 181 (85.0) 0.005
  AST 306 (94.4) 102 (91.1) 204 (96.2) 0.054
  GGT 291 (88.4) 97 (82.9) 194 (91.5) 0.019
Liver failure
  Yes 14 (1.1) 7 (1.0) 7 (1.3) 0.653
  No 1,232 (98.9) 690 (99.0) 542 (98.7)
ICU admission
  Yes 172 (13.8) 84 (12.1) 88 (16.0) 0.043
  No 1,074 (86.2) 613 (87.9) 461 (84.0)
Ventilator
  Yes 354 (28.4) 123 (17.6) 231 (42.1) <0.001
  No 892 (71.6) 574 (82.4) 318 (57.9)
Death
  Yes 61 (4.9) 28 (4.0) 33 (6.0) 0.105
  No 1,185 (95.1) 669 (96.0) 516 (94.0)

Data are presented as n (%) or median (IQR). *Cohort A: 26 Feb 2020–31 March 2021 and before; Cohort B: 1 April 2021–30 Oct 2021. ALB, abnormal liver biochemistry; CCF, 
chronic cardiac failure; CLD, chronic liver disease; CKD, chronic kidney disease; DM, diabetes mellitus; HTN, hypertension; ICU, intensive care unit; LFT, liver function test; NAFLD, 
nonalcoholic fatty liver disease; NSAID, nonsteroidal anti-inflammatory drug.

Table 1. (continued)
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in those with LI (Fig. 1). The mean values of ALT and AST were 
consistently higher in cohort B across all severities of disease for 
both ALB and LI (Figs. 2 and 3).

Multivariate analysis of cohort A found a significantly higher 
risk of developing both ALB and LI in male patients, those with 
underlying CLD, who received specific disease-modulating treat-
ment, or who required ICU admission. Additionally, patients in co-
hort A with moderate or severe disease had a significantly higher 
risk of developing LI, with a lesser risk in DM patients (Tables 
2 and 3). In cohort B, multivariate analysis identified male sex, 
moderate or severe disease, and HTN as factors that increased the 
risk of ALB. Male sex, moderate or severe disease, and requiring 
mechanical ventilation increased the risk of LI (Tables 2 and 3).

Discussion
From our data, the incidence of mild liver dysfunction in the form 
of ALB was common (58.7%) among COVID-19 patients. World-
wide, the incidence of mild liver dysfunction ranges from 11.0% to 
76.3%.12,14,16,19–27 Lack of a standard definition of liver dysfunction 
and heterogeneity of the study population probably contribute to the 
wide variation. Elevated ALT, AST, and GGT had nearly the same 
incidence, 36.83%, 34.99%, and 34.91% respectively, which mirrors 
the findings in other studies that included GGT in the analysis.25,27 
Our data also showed that severe liver dysfunction, represented by 
LI (26.6%) was less common, and liver failure (1.1%) was very rare 
in these hospitalized COVID-19 patients. A similar frequency of se-
vere liver dysfunction was reported by Cai et al.16 and Phipps et al.19 

Fig. 1. Liver biochemistry of COVID-19 patients with abnormal liver biochemistry and liver injury. *Significant difference of mean value compared with 
cohort A (p < 0.05). ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma glutamyl transpeptidase.

Fig. 2. Liver biochemistry of COVID-19 patients with abnormal liver biochemistry and differing disease severity. *Significant difference of mean value com-
pared with cohort A (p < 0.05). ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma glutamyl transpeptidase.
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at 21.5% and 27.4%, respectively. Clinical characteristics that were 
significantly associated with LI were male sex, moderate and severe 
COVID-19 infection, and underlying CLD.

Several possibilities for liver dysfunction in COVID-19 infec-
tion have been suggested. Firstly, SARS-COV-2 virus has been 
shown to have a direct cytopathic effect on hepatocytes and chol-
angiocytes.11,17,28,29 This is supported by presence of SARS-CoV 
2-interacting host receptors such as angiotensin-converting enzyme 
2, transmembrane serine protease 2, and paired basic amino acid 
cleaving enzyme, which is expressed at varying levels in hepato-
cytes, cholangiocytes, and periportal liver sinusoidal endothelial 
cells.30,31 Also, as enterocytes are able to bind angiotensin-convert-
ing enzyme 2, there is a high possibility of portal vein viremia lead-
ing to an increased likelihood of a direct cytopathic effect.30 Fur-
thermore, analysis of liver samples from two deceased COVID-19 
patients with elevated liver enzymes demonstrated the presence of 
intact viral particles in the cytoplasm of hepatocytes.32 Secondly, 
pre-existing CLD may be a contributing factor for liver dysfunction 
in COVID-19 infection. CLD in COVID-19 patients is a well-es-
tablished risk factor for developing severe liver dysfunction,16,33–35 
which is also reflected in our study findings (Tables 2 and 3). How-
ever, two other studies reported that CLD was not a significant 
risk factor for developing liver dysfunction.19,27 This could be at-
tributed to the inclusion of nonalcoholic fatty liver disease which 
represents the majority of CLD patients and the low prevalence of 
CLD among the study patients17 as well as the small number of 
patients in the study.27 Thirdly, drug-induced LI has been postulated 
to cause abnormal liver function in COVID-19 patients. The use of 
disease-modulating pharmacotherapy such as hydroxychloroquine 
(HCQ),17 lopinavir/ritonavir,16 or even tocilizumab11,28,29 in moder-
ate and severe COVID-19 infection has been widely reported to 
cause drug-induced LI. Cohort A patients, who were treated with 
disease-modulating drugs, were found to have significantly in-
creased occurrences of ALB and LI, but this trend was not observed 
in cohort B patients. One possible explanation for this would be 
the use of HCQ in our center during the early wave of COVID-19 
infection which fell out of favor thereafter. Hundt et al.20 reported 
significant liver dysfunction with the use of HCQ, but another cent-

er reported no increase in liver dysfunction associated with HCQ.27

Additional factors that have been postulated to cause liver 
dysfunction in COVID-19 infection are cytokine storm, ischemic 
hepatitis, and liver congestion associated with mechanical venti-
lation.17,28,29 In our study, LI was more frequent in Delta-variant 
patients who required ventilatory support than in those who did 
not require it. Mechanical ventilation19,20 and the presence of cy-
tokine storm, in which inflammatory markers such as interleukin-6 
and ferritin are elevated have been associated with significant liver 
dysfunction.19 The presence of these factors usually implies severe 
COVID-19 infection. This is in line with our data that showed pa-
tients with moderate and severe COVID-19 infection were more 
likely to develop ALB and LI. Multiple studies have demonstrated 
that the severity of liver dysfunction was proportionate to the se-
verity of COVID-19 infection.19,20,26,27

Apart from the severity of illness and presence of CLD, male 
sex increased the likelihood of developing ALB and LI. Other 
studies have reported significantly higher liver dysfunction in 
men.20,27 Previous studies have shown that men tended to have a 
more severe course of illness than women. This was possibly due 
to several factors such as the difference in sex-related immunologi-
cal response driven by sex hormones and the X chromosome as 
well as a high expression of coronavirus receptors (angiotensin-
converting enzyme 2) in men.36,37 Less healthy lifestyle options 
such as higher levels of smoking and drinking among men than in 
women may also be a contributing factor.

Only a handful of studies have analyzed the clinical character-
istics of the Delta variant. Budhiraja et al.,38 who reviewed nearly 
20,000 COVID-19 patients, found that almost 40% of Delta-variant 
patients had a severe course of disease with significantly increased 
need of ICU admission, oxygen support, and use of remdesivir, 
steroids, intravenous immunoglobulin, and enoxaparin. Interest-
ingly, a significant difference in age was not observed, although 
presence of the Delta variant was notably higher in male patients 
and in those with DM and HTN.38 Al Bahrani et al.,39 who ana-
lyzed 619 patients, reported those infected with the Delta variant 
were significantly older but reported a similar need of ICU admis-
sion, use of mechanical ventilation, and use of methylprednisolone 

Fig. 3. Liver biochemistry of COVID-19 patients with liver injury and differing disease severity. *Significant difference of mean value compared with cohort 
A (p < 0.05). ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma glutamyl transpeptidase.
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for both groups of patients. The mortality rate among Delta-variant 
patients was lower than the rates in patients with other VoCs.

The frequency of ALB and LI was higher among patients with 
Delta variant COVID-19 infection (cohort B) compared with pre-
decessor strains (cohort A). In particular, transaminitis was higher 
in patients infected with Delta variant compared with predeces-
sor strains across all categories of severity for both ALB and LI. 
Al Bahrani et al.39 reported similar findings, where ALT and AST 
were significantly higher in patients infected with the Delta vari-
ant.39 Differences in admission criteria that led to differences in 
the baseline demographics of the cohorts may have contributed to 
significantly higher ALB and LI rates in patients with mild disease 
in cohort B than in cohort A, as this would have excluded a propor-
tion of asymptomatic Delta variant patients who most likely would 
have had no or very slight liver derangement. However, the reason 
for the higher proportion of ALB and LI among Delta variant pa-
tients with moderate and severe disease is not well understood. A 
possible explanation is that Delta variant has a higher affinity to 
hepatocytes and cholangiocytes which results in a higher incidence 
of hepatitis and cholestasis. The Delta variant has a higher cell af-
finity with better cell fusion and enhanced cell entry.4,40 Arora et 
al.40 demonstrated the Delta variant to have enhanced lung and co-
lon cell entry, resulting in more tissue damage and higher virulence 
than previous variants. This could likely result in a higher burden 
of portal vein viraemia, further increasing the risk of damage to 
hepatocytes and cholangiocytes.

This study has some limitations. As the study population is 
based on convenience sampling, some of the patients with mild 
disease and relatively short stays with normal LFTs on admission 
do not have a repeat blood test. Hence, there could be a small pro-
portion of patients who developed liver dysfunction during hospi-
talization that was not captured in the data. Furthermore, for this 
same reason, baseline and peak abnormalities of LFT could not be 
compared. Differences in admission criteria for both cohorts also 
led to sampling bias among patients with mild disease in this study. 
As this is a single-center study in an urban area, these data may 
not be representative of patients in a semi-urban or rural setting. 
Additionally, vaccination history, which may contribute to liver 
dysfunction, was not included due to a lack of data.

Conclusions
ALB among COVID-19 patients is common. However, LI is less 
common among COVID-19 patients. Risk factors that are more 
likely to be associated with the development of LI were male sex, 
with moderate and severe COVID-19 infection, underlying CLD, 
and Delta variant COVID-19 infection.
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