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Abstract

Background and Aims: The impact of coronavirus dis-
ease-2019 (COVID-19) on liver function remains to be fully
elucidated. This study was designed to investigate such and
determine the clinical significance in determining mortality
risk. Methods: A retrospective study was conducted in pa-
tients with COVID-19 from March 2020 to July 2020. Clini-
cal details were retrieved from electronic medical records
to obtain clinical characteristics, medical history, laboratory
tests, therapeutic intervention, and outcome data. Results:
A total of 184 patients with COVID-19 were included (medi-
an age: 45.5 years), comprised of 62.5% men. In total, 22
(12.0%) patients had severe infection and 162 (88.0%) had
mild to moderate infection. Overall, 95 (51.6%) showed ab-
normal liver function test (LFT) and 17 (9.2%) showed nor-
mal LFT at admission. The median age, hospital stay, and
LFT were significantly higher in severe vs. non-severe infec-
tion (p<0.001). Out of 12 deaths, the majority were due to
severe infection (n=11). Deaths were also due to acute res-
piratory distress syndrome (n=5), cardiac reasons (n=3),
and sepsis with multiorgan failure (n=3). The median age,
hospital stay and number of intensive care unit admissions
were higher in patients having abnormal LFT compared to
normal LFT. Incidence of elevated aspartate aminotrans-
ferase (42.8% and 40.4%), alanine transaminase (43.7%
and 41.6%), and hypoalbuminemia (71.4% and72.7%)
at admission and discharge were more common in severe
infection. The mean survival was significantly lower in se-
vere infection compared to those with non-severe disease
(17.2 vs. 52.3 days; p<0.001). Conclusions: Incidence of
abnormal liver function was higher in patients with severe
COVID-19 and was associated with prolonged hospital stay;
mortality was associated with severity of COVID-19. For rul-
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ing out the risk of liver injury, it is crucial to vigilantly moni-
tor the liver function parameters in patients with COVID-19
admitted to hospital.
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Introduction

Coronavirus disease 2019 (COVID-19) is the worst pandem-
ic seen to date worldwide, and currently India has become
the second most infected country, with higher incidence of
COVID-19.t! Overall, patients with severe COVID-19 are
more susceptible to multiorgan failure, which may be as-
sociated with high mortality.2 Elderly patients and comorbid
conditions are known predictors for increased risk of COV-
ID-19.34 On the other hand, abnormal liver function has
also come into the limelight as one of the important predic-
tive risk factors for COVID-19 progression and subsequent
poor outcomes.>~7

Several hospital-based studies conducted worldwide have
emphasized the potential role of severe liver injury in in-
creasing the mortality risk among COVID-19 patients.8-14 In
addition, hepatic dysfunction in severe COVID-19 cases has
been shown to be associated with fatal outcome.8-14 Several
studies have demonstrated higher incidence of elevated lev-
els of a alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST), gamma-glutamyl transferase (GGT)
and hypoalbuminemia in patients with severe COVID-19
compared to patients with non-severe COVID-19.7 There
might be multiple possible mechanisms for the development
of abnormal liver function in these patients. These include
immune-mediated inflammation, hypoxic injury due to se-
vere pneumonia, and drug-induced inflammation leading to
hepatic injury.1> The elevated load of viral infection in liver
cells can also cause liver injury in patients with COVID-19,16

There are very few Indian studies that have thrown a
light on the association between abnormal liver function
and COVID-19.17 The present study aimed to retrospec-
tively evaluate the impact of COVID-19 on liver function
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and its clinical significance in determining the mortality
risk.

Methods

Study design and participant criteria

This was a retrospective study, conducted among patients
with COVID-19 who were recruited during March 2020
through July 2020. Patients with COVID-19 were identi-
fied based on the World Health Organization (WHO) interim
guidance and enrolled in this study. The study was conduct-
ed in accordance with ethical principles that are consist-
ent with the Declaration of Helsinki. The inclusion criteria
were patients of either sex with a confirmed diagnosis of
COVID-19.

Severity of COVID-19

As per the national guidelines for community-acquired
pneumonia and the diagnosis and treatment plan for the
new coronavirus in India, all patients were classified into
non-severe or severe cases based on observations from
chest radiography, clinical examination, and symptoms.18
Patients with no clinical signs and symptoms (asymptomat-
ic) and patients with mild symptoms (such as fever, cough,
sore throat, headache, nasal congestion) and uncomplicat-
ed upper respiratory tract infection were classified as non-
severe type.

Definition

a) Mild COVID-19 was defined as symptomatic patients with
uncomplicated upper respiratory tract infection, mild symp-
toms such as fever, cough, sore throat, nasal congestion,
malaise, and headache, but without evidence of viral pneu-
monia or hypoxia.

b) Moderate COVID-19 was defined as patients (adult and
child) with pneumonia with no signs of severe disease and
with presence of clinical features of dyspnea and or hypoxia,
fever, cough, including oxygen saturation <94% (range 90-
94%) on room air, respiratory rate =24 breaths/m.

c) Severe COVID-19 was defined as patients either with
significant respiration rate 230 times/m, oxygen saturation
<93%, partial pressure of oxygen/fraction of inspired oxy-
gen <300 mmHg, or multiple organ or respiratory failure
that requires intensive care unit (ICU) monitoring.

The assessment of disease severity was performed at the
same time on the day of inpatient admission before treat-
ment.18

Liver function tests

Liver function test indicators including ALT (normal range:
9-40 U/L), AST (normal range: 13-40 U/L), alkaline phos-
phatase (ALP), (normal range: 38-126 U/L), and serum bili-
rubin (normal range: 0.2-1.3 mg/dL) were analyzed.

Liver test parameters and abnormalities

Liver test abnormalities were defined as the elevation of
serum levels of the following liver enzymes: ALT and AST
>40 U/L, GGT >49 U/L, ALP >135 U/L, serum bilirubin >1.3

mg/dL, total protein >8.3 g/dL, albumin >5.4 g/dL, globulin
>3.5 g/dL, serum creatinine >1.2 mg/dL, and blood urea
nitrogen >6.7 mmol/L. Liver injury can be defined as ALT
and/or AST over 3x upper limit of normal (ULN), ALP, GGT,
and/or serum bilirubin over 2x ULN.”

Data collection

Computed tomography or throat swab specimens were ob-
tained from all patients upon admission. COVID-19 was di-
agnosed by clinical manifestations, computed tomography
scan of the lungs, or real-time polymerase chain reaction
assay according to WHO interim guidance.®

Clinical report forms of all the study patients were ob-
tained from electronic medical records to obtain clinical
characteristics, medical history, laboratory tests, therapeu-
tic intervention, and outcome data. Demographic data in-
cluded age, sex, and oxygen therapy. Comorbidities, state
of illness, and symptoms were obtained and evaluated.
Blood samples were collected and analyzed by standard
methods in the laboratory. The routine biochemical tests
included ALT, AST, GGT, ALP, serum bilirubin, total protein,
albumin, globulin, serum creatinine, and blood urea nitro-
gen. The data collection forms were reviewed independently
by experienced physicians.

Statistical analysis

Data were analyzed using Statistical Package for The So-
cial Sciences (SPSS) software, version 23.0 (IBM Corp., Ar-
monk, NY, USA). Qualitative data were presented as number
and percentages, while quantitative data were presented as
mean (standard deviation) or median (range), depending
on the normal or skewed distribution of data. Normal dis-
tribution of quantitative data was assessed by Shapiro-Wilk
test. The independent sample t-test or the Mann-Whitney U
test was used for continuous variables and the chi-square
test was used for categorical variables. Cox regression mod-
eling was used to determine the correlation of mortality and
liver function test. Hazards ratio and 95% confidence inter-
val were computed. Kaplan-Meier event-free survival was
computed and plotted. A p-value of less than 0.05 was con-
sidered statistically significant.

Results

Baseline clinical characteristics

A total of 184 patients with COVID-19 were included in
the analysis. Of these, 32 (17.4%), 112 (60.8%), and 18
(9.7%) patients had asymptomatic, mild, and moderate
COVID-19 respectively, while 22 (11.9%) had severe COV-
ID-19. The median age was 45.5 years and 115 (62.5%)
patients were men. Hypertension (21.7%) and diabetes
mellitus (16.8%) were the most common comorbidities,
followed by ischemic heart disease (6.0%), chronic kid-
ney disease (5.4%), hypothyroid (3.3%), and malignancy
(2.2%). The most common symptoms at the initial stage of
iliness were fever (39.1%), cough (33.1%), breathlessness
(18.5%), and sore throat (15.7%). While, other less com-
mon symptoms reported were generalized weakness, loss
of appetite, headache, vomiting, nausea, acute weakness,
unconsciousness, insomnia, loose motions, and pain in the
abdomen. In the overall population, 95 (51.6%) patients
showed abnormal LFT and 17 (9.2%) showed normal LFT
at admission. Patients with severe and moderate COVID-19
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Fig. 1. Liver test abnormality during hospitalization in patients with
COVID-19 by severity of disease.

had abnormal LFT (100% and 83.3% respectively) (Fig. 1).

Hydroxychloroquine and azithromycin were given in
81.5% of patients and anticoagulant therapy administered
in 10.9% of patients. Tocilizumab was prescribed in 5.4% of
patients (Table 1).

Severe vs. non-severe COVID-19

The median age was significantly higher in patients with se-
vere COVID-19 compared to those with asymptomatic, mild,
and moderate COVID-19 (64.6 vs. 44.1 vs. 41.3 vs. 55.5
years; p<0.001). The proportion of patients with presence
of comorbidities was significantly higher in the severe group
compared to the non-severe group (81.8% vs. 30.2%;
p<0.001). The median hospital stay was two-fold longer in
patients with severe COVID-19 than those with non-severe
disease (14.5 vs. 7.0 days; p=0.007). Among symptoms,
breathlessness was significantly higher in patients with se-
vere COVID-19 compared to patients with non-severe COV-
ID-19 (p<0.001). In the overall population, 12 (6.5%) pa-
tients died. A total of 11 patients had in-hospital death due
to severe COVID-19, while only one patient with moderate
COVID-19 was reported as an in-hospital death. The overall
reasons reported for hospital deaths were acute respiratory
distress syndrome (n=5), cardiac (n=3; including myocar-
ditis with or without failure (n=2) or arrhythmia (n=1)),
and sepsis with multiorgan failure (n=3). The use of hy-
droxychloroquine and azithromycin were similar in patients
from severe and non-severe groups of COVID-19. However,
use of tocilizumab, anticoagulant agents, and awake prone
positioning, were more common in patients with severe
COVID-19. Only two patients with severe disease required
vasopressor support in the total study population (Table 1).

Clinical features of patients with COVID-19 at admis-
sion

All the LFT parameters, including serum bilirubin, AST, ALT,

Kalal C.R. et al: Liver abnormalities and COVID-19

GGT and ALP, were significantly higher in patients with mod-
erate to severe COVID-19, as compared to patients with
asymptomatic to mild COVID-19 (p<0.05) (Table 2). An
increasing trend was observed in median levels of serum
bilirubin and AST in patients with asymptomatic to severe
COVID-19 (p<0.05). The median albumin level was signifi-
cantly lower in patients with severe COVID-19 (p<0.001)
compared to patients from non-severe groups. The major-
ity of the patients with moderate and severe COVID-19 had
abnormal liver test results within 1-3xULN at admission
and only one patient each from the moderate and severe
disease group had abnormal GGT test higher than 3xULN,
suggesting liver injury. Hypoalbuminemia was more com-
mon with increasing severity of the disease (Table 2).

Abnormal LFT vs. normal LFT

Median age was comparatively higher in patients having ab-
normal LFT (50.0 years) than in patients having normal LFT
(37.0 years). Compared with the patients having normal
LFT, the patients with abnormal LFT were more likely to have
underlying comorbidities, including hypertension (30.5%
vs. 17.6%) and cardiovascular disease (24.2% vs. 17.6%).
The median duration of hospital stay was longer in patients
having abnormal LFT compared to patients having normal
LFT (10 vs. 7 days; p=0.423). Number of ICU admissions
was higher in patients having abnormal LFT (n=20, 90.9%)
compared to patients having normal LFT (n=2, 10.1%). All
other parameters were comparable between patients with
abnormal LFT and those with normal LFT. Significantly in-
creased blood urea nitrogen was observed in more patients
having abnormal LFT than in those with normal LFT (8.7 vs.
5.8; p<0.001) (Table 3).

Table 4 summarizes the prevalence of patients with ab-
normal LFT markers at admission and at discharge in pa-
tients with severe and non-severe COVID-19. Incidence of
elevated AST (50.0% and 33.3%) and GGT (88.9% and
50.0%) at admission and discharge were more common in
patients with severe COVID-19. Incidence of hypoalbumine-
mia (91.7%) at discharge and elevated globulin (91.7%) at
admission was common in patients with severe COVID-19.
Among five patients who died, at least three LFT parameters
had abnormal levels (Patient 1: AST, ALT, serum creatinine,
blood urea nitrogen, hypoalbuminemia; Patient 2: AST, ALT,
GGT, ALP, globulin, blood urea nitrogen, hypoalbuminemia;
Patient 3: Bilirubin, AST, ALT, GGT, BUN, hypoalbuminemia;
Patient 4: ALT, GGT, blood urea nitrogen; and Patient 5:
AST, serum creatinine, blood urea nitrogen, hypoalbumine-
mia). Ordinal regression analysis showed that mortality was
not associated with any of the parameters of LFT (Table 5).

Survival analysis

In patients with elevated AST levels, the risk of mortality
were 2.946 times more compared to patients with normal
AST levels. Similarly, in patients with elevated ALT, GGT
and hypoalbuminemia levels, the risk of mortality were
7.366, 74.349 and 88.55 times more compared to patients
with normal marker levels. However, none of these results
reached the threshold for statistical significance (p>0.05).
The mean survival was significantly lower in patients
with severe COVID-19 compared to those with non-severe
COVID-19 disease (17.2 vs. 52.3 days; p<0.001) (Fig. 2).
Patients with elevated AST (24.5 vs. 50.0 days; p=0.258)
and those with elevated GGT (24.7 vs. 50.7 days; p=0.167)
had comparatively lower mean survival compared to those
with normal levels (Fig. 3A, C). Patients with elevated ALT
(31.6 vs. 27.3 days; p=0.043) had higher mean survival
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Table 2. Characteristics of patients with COVID-19 at admission by laboratory tests

Labs tomatic (nezl)  (no52) orate(n=10) vere (neiq) P values
Bilirubin in mg/dL 0.3 (0.4-0.5) 0.4 (0.3-0.6) 0.35 (0.3-0.6) 0.6 (4.0-1.3) 88(3)32, 0.026b,
Normal 21 (100.0) 52 (100.0) 10 (100.0) 11 (78.6)
1-2 ULN - - - 2 (14.3) 0.005
2-3 ULN = = = 1(7.1)
AST in U/L 18.0 (15.5-22.0) 23.0 (20.0-29.0) 31.5 36.0 (27.7- 0.0014, <0.001&2b,
(25.5-49.3) 73.0) 0.006f
Normal 21 (100.0) 45 (86.5) 6 (60.0) 8 (57.1)
1-2 ULN - 7 (14.5) 4 (40.0) 4 (28.6) 0.001
2-3 ULN = = = 2 (14.3)
ALT in U/L 15.0 (10.5-19.5) 22.0 (14.3-35.8) 43.0 36.0 0.0169, 0.001¢,
(26.0-49.7) (21.3-55.0), <0.0012, 0.024f,
[n=16] 0.026°
Normal 20 (95.2) 43 (82.7) 4 (40.0) 9 (56.3) 0.005
1-2 ULN 1(4.8) 8 (15.4) 6 (60.0) 6 (37.5)
2-3 ULN = 1(1.9) = 1 (6.3)
GGT in IU/L 17.0 (12.0-27.5) 27.0 74.5 57.0 0.0109, <0.001¢e72,
(16.0-43.5), (38.3-121.0) (25.0-64.0), 0.003f, 0.025b
[n=49] [n=11]
Normal 20 (95.2) 39 (79.6) 3 (30.0) 3 (27.3) <0.001
1-2 ULN 1(4.8) 8 (16.3) 3 (30.0) 7 (63.7)
2-3 ULN = 1 (2.0) 3 (30.0) =
>3 ULN - 1 (2.0) 1 (10.0) 1 (9.0)
ALP in U/L 67.0 (56.0-86.5) 74.5(61.0-89.0) 104.0 76.0 0.003ef
(95.0-135.3) (59.0-120.3)
Normal 20 (95.2) 52 (100.0) 8 (80.0) 12 (85.7) 0.021
1-2 ULN 1 (4.8) = 2 (20.0) 2 (14.3)
Total protein in g/dL 7.3 (7.1-7.6) 7.2 (6.9-7.7) 6.7 (6.3-7.3) [6.2 §56.]9—6.3), <0.0012, 0.005¢
n=
Normal 21 (100.0) 52 (100.0) 9 (90.0) 15 (93.8) 0.027
Abnormal - - 1 (10.0) 1(6.3)
Albumin in g/dL 4.2 (4.0-4.4) 4.2 (3.9-4.5) 3.4 (3.2-3.8) 3.2 (3.0-3.5) <0.001e2fb
Normal 20 (95.2) 46 (88.5) 4 (40.0) 3(21.4) <0.001
Hypoalbuminemia 1(4.8) 6 (11.5) 6 (60.0) 11 (78.6)
Globulin in g/dL 2.9 (2.8-3.4) 3.1 (2.7-3.3) 3.3 (3.1-3.6) 3.1 (2.8-3.2) 0.034f, 0.045¢
Normal 20 (95.2) 47 (90.4) 8 (90.4) 13 (92.9) 0.581
Abnormal 1(4.8) 5(9.6) 2 (20.0) 1(7.1)
Albumin/globulin ratio 1.4 (1.2-1.6) 1.4 (1.2-1.6) 1.01 (0.9-1.1) 1.1 (0.9-1.2) <0.001e2fb
Serum creatinine 0.6 (0.5-0.9), 0.8 (0.6-0.8), 0.9 (0.7-0.1), 0.8(0.7-1.8) 0.009¢, 0.036,
in mg/dL [n=22] [n=59] [n=12] 0.045P
Normal 21 (95.5) 54 (91.5) 10 (83.3) 9 (64.3) 0.036
Abnormal 1 (4.5) 5 (8.5) 2 (16.6) 5 (35.7)
BUN in mg/dL 9.1 (7.6-10.7), 7.8 (6.6-9.1), 11.0 (7.8- 20.1 (11.0- 0.0012:b, 0.036f
[n=20] [n=48] 22.0), [n=9] 24.7)
Normal 1 (5.0) 12 (25.0) 1(11.1) - <0.001
Abnormal 9 (95.0) 36 (75.0) 8 (88.9) 14 (100.0)

Data shown as n (%), unless otherwise specified. *n=21; **n=52; #n=10; ##n=14, unless otherwise specified. BUN, blood urea nitrogen. ; @Group A vs. D; PGroup B
vs. D; Group C vs. D; 9Group A vs. B; ¢Group A vs. C'Group B vs. C
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Table 3. Characteristics of patients with COVID-19 by abnormal and normal LFT

Abnormal liver func-

Normal liver func-

Parameters tion test (n=95)* tion test (n=17)** p value
Age in years, median (range) 50.0 (20.0-85.0) 37.0 (17.0-80.0) 0.106
Sex 1.000
Men 61 (64.2) 11 (64.7)
Women 34 (35.8) 6 (35.3)
Comorbidities
HTN 29 (30.5) 3(17.6) 0.387
DM 23 (24.2) 3(17.6) 0.758
IHD 5 (5.3) 1(5.9) =
CKD 7 (7.4) - -
Hypothyroid 6 (6.3) - -
Malignancy 3(3.2) - -
Others 8 (8.4) = =
Hospital stay in days, median (range) 10.0 (3.0-53.0) 7.0 (1.0-25.0) 0.423
State of illness 0.247
Asymptomatic 21 (22.1) 2 (11.8)
Mild 48 (50.5) 13 (76.5)
Moderate 10 (10.5) 2 (11.8)
Severe 5 (5.3) =
Critical illness 11 (11.6) -
ICU admission 20 (21.1) 2 (11.8) 0.517
Oxygen [n=27] [n=3] 0.349
Mechanical ventilation 11 (40.7) -
Nasal oxygen mask 6 (22.2) 2 (66.7)
Non-rebreather facemask 4 (14.8) 1 (33.3)
Facemask oxygen 4 (14.8) -
Noninvasive ventilation 2(7.4) =
Patients on dialysis 8 (8.4) - 0.605
Laboratory values on admission, median range
Serum bilirubin in mg/dL 0.4 (0.2-3.0), [n=92] 0.3 (0.2-0.9), [n=5] 0.294
AST in U/L 23.5 (5.0-107.0), [n=92] 22.0 (16.0-29.0), [n=5] 0.419
ALT in U/L 21.5 (5.0-129.0), [n=94] 21.0 (9.0-35.0), [n=5] 0.507
Gamma glutamyl transferase in IU/L 32.5 (7.0-188.0), [n=92] 18.0 (9.0-35.0), [n=5] 0.098
Alkaline phosphatase in U/L 73.5 (36.0-247.0), [n=92] 79.0 (52.0-83.0), [n=5] 0.948
Total protein level in g/dL, mean (SD) 6.9 (0.9), [n=94] 7.1 (0.5), [n=5] 0.525
Albumin in g/dL, mean (SD) 3.9 (0.5), [n=92] 4.1 (0.4), [n=5] 0.414
Globulin in g/dL, mean (SD) 3.0 (0.5), [n=92] 3.0 (0.2), [n=5] 0.781
Albumin to globulin ratio, mean (SD) 1.3 (0.3), [n=92] 1.4 (0.2), [n=5] 0.523
Serum creatinine in mg/dL 0.8 (0.4-9.3), [n=91] 0.7 (0.3-1.0), [n=16] 0.125
Blood urea nitrogen in mg/dL 8.7 (2.0-48.2), [n=87] 5.8 (4.4-6.5), [n=4] 0.001
Hydroxychloroquine and azithromycin 95 (100.0) 16 (94.1) 0.152
Tocilizumab 10 (10.5) - 0.355
Awake prone positioning 11 (11.6) 1 (5.9) 0.689
Anticoagulation 19 (20.0) - 0.072
Patients on vasopressor support 2 (2.1) = 1.000
Outcome 1.000
Discharge 90 (94.7) 17 (100.00)
Death 5(5.3) -

Data shown as n (%), unless otherwise specified. *n=95; **n=17, unless otherwise specified. SD, standard deviation. Other comorbid conditions include bronchial asthma
chronic obstructive pulmonary disease, pulmonary tuberculosis, cerebrovascular accident, congestive cardiac failure, dementia, epilepsy, idiopathic pulmonary fibrosis, and
rheumatoid arthritis. Other symptoms include unconsciousness [(n=2), injury], insomnia [(n=2), injury], loose motions [(n=1), injury], and pain in abdomen [(n=1), injury].
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Table 4. Prevalence of patients with abnormal LFT markers at admission and at discharge in patients with severe and non-severe COVID-19

Non-severe COVID-19 (n=159)

Severe COVID-19 (n=20)

Parameters Elevated levels at
n (%) n n (%)
AST in U/L Admission 80 11 (13.7) 12 6 (50.0)
Discharge 8 1(12.5) 9 3 (33.3)
ALT in U/L Admission 80 16 (20.0) 14 7 (50.0)
Discharge 8 2 (25.0) 10 5 (50.0)
GGT in IU/L Admission 77 18 (23.4) 9 8 (88.9)
Discharge 7 4 (57.1) 6 3 (50.0)
ALP in U/L Admission 80 3 (3.7) 12 2 (16.7)
Discharge 7 1 (14.3) 11 4 (36.3)
Bilirubin in mg/dL Admission 80 0 12 3 (25.0)
Discharge 8 0 9 0
Total protein in g/dL Admission 80 1(1.2) 14 1(7.1)
Discharge 8 1(12.5) 14 0
Hypoalbuminemia in g/dL  Admission 80 0 12 1(8.3)
Discharge 79 10 (12.7) 12 11 (91.7)
Globulin in g/dL Admission 80 7 (8.7) 12 11 (91.7)
Discharge 79 6 (7.5) 12 1(8.3)

Table 5. Correlation of study parameters with death

Parameters Odds ratio (95% CI); p value
Age in years 0.710 (0.055, 9.200); 0.794
Serum bilirubin 452.236 (0.067, 3,051,506.123); 0.174
AST in U/L 0.938 (0.702, 1.255); 0.667
ALT in U/L 1.360 (0.723, 2.560); 0.340
GGT in IU/L 1.340 (0.719, 2.500); 0.357
ALP in U/L 0.665 (0.293, 1.512); 0.330
Serum creatinine in mg/dL 0.168 (0.000, 3,651.678); 0.726
BUN in mg/dL 1.792 (0.161, 19.892); 0.635
Survival Functions compared to those with normal levels (Fig. 3B). Patients
oo Group with hypoalbuminemia I_1ad median surviyal of 26.0 days
M N _Non-severe (p=0.015) and those with normal albumin levels showed
[m teEm SRel, SAA RS YR e censored 100% survival (Fig. 3D).

——Severe-censored
0.8

0.67 | M

P<0.001

Cum Survival

0.4+

Mean survival, 17.2 days

0.2+

0.09

T T T T T T T
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Time (Days)

Fig. 2. Kaplan-Meier plots for survival severe vs. non-severe disease.

Discussion

The present retrospective study assessed the liver func-
tion abnormalities in patients with severe and non-severe
COVID-19 to elucidate if there is any association of liver in-
jury with mortality of patients. The key observations were:
a) male preponderance in the overall study population and
absence of underlying chronic liver disease as comorbidity;
b) more than three-quarter of the study population had
abnormal liver function test at the time of admission; c)
presence of higher number of comorbidities were associ-
ated with severe COVID-19 disease; d) age and duration
of hospital stay were higher in patients with severe disease
and patients with abnormal liver function parameters; e)
mortality was associated with severity of COVID-19 and
abnormal liver function parameters; f) patients with ab-
normal LFT parameters were most commonly admitted to
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Fig. 3. Overall survival. In patients with COVID-19 and (A) elevated AST (U/L), (B) elevated ALT (U/L), (C) elevated GGT (IU/L), and (D) hypoalbu-

minemia (g/dL).

ICU; and g) incidence of elevated AST, ALT, and GGT, and
hypoalbuminemia were more common in patients with se-
vere COVID-19.

The male predominance in severe cases of COVID-19
and in patients with abnormal LFT observed in this study is
in concordance with the previous studies.”17.20 Underlying
chronic liver disease can have profound effect on COVID-19
outcomes in terms of high risk of mortality and rapid pro-
gression of disease, ultimately leading to multiple organ
damage and poor survival outcome.2! Evidence highlight-
ing association between presence of underlying chronic liver
disease as a comorbidity and increased risk of death have
been inconsistent.421-23 A large-scale study that included
patients with chronic liver disease and COVID-19 from 13
Asian countries suggested that COVID-19 causes significant
liver injury in these patients, decompensating one-fifth of
cirrhosis, and worsening the clinical status of the already
decompensated.2! Further, presence of other comorbidi-
ties (diabetes and obesity) along with chronic liver disease

makes them more susceptible to worse outcomes. In the
present study, none of the patients had preexisting chronic
liver disease.

The present study showed significantly longer duration
of hospital stay in patients with severe disease and pa-
tients with abnormal liver function parameters compared
to those with non-severe disease and with normal liver
function parameters. These observations were in concord-
ance with those from previous studies reported in the lit-
erature.17.20 A study by Fan et al.2° showed prevalence of
abnormal liver function in more than one-third of patients
admitted to the hospital with COVID-19. The authors fur-
ther reported a significantly prolonged hospital stay in pa-
tients with abnormal liver function compared to those with
normal function test (15.09 vs. 12.76 days; p=0.021).
Therefore, all these observations suggest an association
of abnormal liver function with longer hospital stay in pa-
tients with severe COVID-19.

The higher incidence of elevated levels of AST, ALT, GGT,
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and hypoalbuminemia among the present study patients
with severe COVID-19 is in accordance with previous studies
across the globe; however, these incidences are in the high-
er range than other reports in the literature.>8:11.16 Similar
Indian studies are few and larger studies are required to
validate these higher proportions in Indian settings. Guan et
al.11 reported high incidence of elevated AST levels (39.4%
vs. 18.2%) and ALT levels (28.1% and 19.8%) in patients
with severe disease compared to those with non-severe
disease. Similarly, another study from China demonstrated
higher prevalence of elevated AST and ALT levels in patients
admitted to ICU (p=0.007 and p<0.001).1% A meta-analysis
showed that about 80.4% of patients with abnormal liver
function in COVID-19 had hypoalbuminemia, which was as-
sociated with prognosis and outcome.2* Therefore, all these
lines of evidence along with the present study allude to the
predominance of liver injury in severe disease rather than
mild or moderate COVID-19 disease.

Previous studies suggest high incidence of hepatic dys-
function in patients with COVID-19 disease who are criti-
cally ill and hepatic dysfunction also contributes to poor
outcome.?> A study by Zhang et al.'® showed that around
14-53% of patients with COVID-19 developed hepatic dys-
function, particularly those with severe COVID-19. An In-
dian study by Kaushik et al.l” reported more than half of
the study population with abnormal LFT. A systematic meta-
analysis of 107 studies showed 2.87-fold increased risk of
developing severe disease in patients with COVID-19 hav-
ing elevated liver chemistries (odds ratio: 2.87 [95% con-
fidence interval: 2.29-3.6, p<0.001]) compared to those
without elevated liver chemistries.* In the present study,
the elevated levels of AST, ALT, and GGT and reduced levels
of total protein, albumin, and albumin to globulin ratio are
associated with severe COVID-19 disease.

No statistically significant association was observed be-
tween any of the parameters of LFT and death in the present
study population. Several analysis factors, such as a smaller
number of deaths, relatively small sample size with all the
available data, and skewed data, might be responsible for
this outcome. On the contrary, other study reports have
provided evidence supporting association of abnormal liver
function with mortality observed in COVID-19 patients.4:9:26
Huang et al.® demonstrated presence of an inverse relation-
ship between the level of albumin and the risk of death in
COVID-19 patients and revealed that serum albumin level
<35 g/L at presentation independently increased the risk of
death in COVID-19 by at least 6-fold.

The major limitations of this study are its retrospective
design and unavailability of data of LFT parameters for
around 40% (n=77) of patients during the data collection
process from the case record forms. There was a hetero-
geneity in protocol maintenance and this could impact the
retrospective analysis of outcome measures. The use of an-
tibiotics can impact liver function independent of COVID-19
and hence false liver test and outcome measures might be
considered. Therefore, a prospective study with a single
protocol, homogenized throughout, among such specific
groups as mild, moderate, severe or critically ill COVID-19
is required.

Conclusions

Overall observations suggest that incidence of abnormal
liver function was higher in patients with severe COVID-19
and was associated with prolonged hospital stay; moreover,
mortality was associated with severity of COVID-19. There-
fore, for ruling out the risk of liver injury, it is crucial to
vigilantly monitor the liver function parameters in patients
with COVID-19 admitted to hospital.
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