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Does Raised Transaminases Predict Severity and
Mortality in Patients with COVID 19?
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Background: The most dreaded pandemic grappling world now, the Coronavirus Disease 2019 (COVID-19),
chiefly involves the respiratory system; nevertheless, it is a multisystem disorder. Its involvement of the hepatic
system is considerable; however, still emerging are its clinical implications and the effects onmorbidity andmor-
tality. Aim: The aim of this study is to report on the various aspects of its hepatic involvement by describing the
alterations in tests of liver function and its significance in the disease outcome in a cohort of hospitalized
COVID-19 patients at a tertiary center in northern India.Methods: This is a retrospective cohort study conducted
in a tertiary-care hospital in northern India. All confirmed hospitalized COVID-19 cases aged 15 and above from
Apr to Oct 2020 with no pre-existing liver disease were included. The primary endpoint was death at 28 days. Sta-
tistical analysis included descriptive analysis, sensitivity-specificity, and univariable andmultivariable regression
analysis as well as survival analysis. Results: A total of 708 patients with COVID-19 fulfilled the inclusion criteria
included 561 (79.2%)males and 147 (20.8%) females. Themedian age was 49 (IQR = 25) years.Mild andmoderate/
severe disease were seen in 508 (71.8%) and 200 (28.2) patients, respectively. Serum bilirubin, aspartate amino-
transferase (AST), and alanine aminotransferase (ALT) were elevated in 6.92%, 69.91%, and 80.22% of patients,
respectively. In univariable logistic regression, AST [odds ratio; OR 1.008 95% CI (1.005–1.012) per 1 IU/L in-
crease] and ALT [OR 1.005 95% CI (1.002–1.007) per 1 IU/L increase] were significantly associated with the
odds of moderate to severe disease but only AST was significant after adjustment to age, sex, and comorbidity
[adjusted odds ratio; aOR 1.007 95% CI (1.003–1.011) per 1 IU/L increase]. Serum albumin was negatively asso-
ciated with the odds ofmoderate to severe disease and remained significant in the adjustedmodel [aOR 0.217 95%
CI (0.149–0.316) per 1 g/dL increase].
Ninety-six patients succumbed to illness [case fatality rate; CFR 13.6%). In adjusted Cox Proportional-Hazards

Model for mortality, AST [adjusted hazard ratio; aHR 1.002 95% CI (1.000–1.003) per 1 IU/L increase] and serum
albumin [aHR 0.396 95% CI (0.285–0.549) per 1 g/dL increase] showed significant association with mortality.
Conclusion: Liver function abnormalities are common in patients with COVID-19. In particular, AST and serum
albumin levels are effective predictors of disease severity and mortality and can be used as markers of fatal dis-
ease in the management as well as prognostication of COVID-19. ( J CLIN EXP HEPATOL 2022;12:1114–1123)
Coronavirus Disease 2019 (COVID-19), the
pandemic of the 21st century, has created a signif-
icant burden on health care resources, infrastruc-

tures and the world economy. No country has been
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spared. COVID-19 primarily manifests as a lower respira-
tory tract infection and involves other organs or organ sys-
tems as well such as the gastrointestinal tract, liver and
kidneys along with neurological and hematological mani-
festations.

An initial cohort study describing the epidemiological
and clinical characteristics of 99 cases of COVID-19 pneu-
monia in Wuhan, China revealed elevated levels of the
liver enzyme Alanine Aminotransferase (ALT) in 28% of
patients and that of total bilirubin in 18% of patients.1

With no direct cytopathic effects being observed on liver
biopsy specimens obtained from fatal cases, the exact
mechanism of liver damage in COVID-19 was not clear.2,3

Subsequently, numerous studies have shown varying de-
grees of liver damage in patients with COVID-19 with a
prevalence ranging from 15 to 65%.4–10 However, the
studies reporting on liver damage and abnormality of
liver function tests associated with COVID-19 are small
and mostly inconclusive in reporting the prognostic sig-
nificance of these abnormalities. The present study
vier B.V. All rights reserved.
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reports on the characteristics of liver function abnormal-
ities and their significance in disease severity and out-
comes in a large cohort of 708 patients with COVID-19
hospitalized in a tertiary center in northern India.
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MATERIALS AND METHODS

This retrospective cohort study included 708 real-time
reverse transcription-polymerase chain reaction (RT PCR)
confirmed patients with COVID-19 who were 15 years or
older and were hospitalized in a tertiary hospital in north-
ern India over a 6-month period from April to October
2020. Cases that did not have complete data were excluded.
Data collected included demographic data, signs and
symptoms, comorbidities, vitals at admission inclusive of
pulse rate, blood pressure and oxygen saturation by pulse
oximetry (SpO2) and data on the outcome (i.e., discharge
or death). History of pre-existing liver disease and alcohol
consumption was recorded. Routine laboratory tests at
admission were done on the day of admission and were in-
clusive of complete blood count (CBC) including total
leukocyte-count (TLC), hemoglobin (Hb), platelet count
(PLT), and liver and renal function tests comprising of
serum bilirubin, aspartate transaminase(AST), alanine
transaminase (ALT), alkaline phosphatase (ALP), gamma
glutamyl transferase (GGT), serum total protein, serum al-
bumin and serum creatinine. Viral hepatitis screening was
done with hepatitis B surface antigen (HbSAg) and anti-
hepatitis C antibody in addition to human immunodefi-
ciency virus (HIV) using rapid test Markers of inflamma-
tion such as ferritin and C-reactive protein (CRP) were
investigated for, and prothrombin time (PT) was
measured, and international normalized ratio (INR) esti-
mated as and when indicated. Those who had abnormal
liver functions underwent ultrasound imaging of the
abdomen to rule out underlying chronic liver ailments
such as hepatic steatosis, biliary obstruction. Markers for
hepatitis A and Hepatitis E were done if indicated.

Clearance from the ethical committee was obtained for
the study.

Inclusion Criteria
1. Confirmed cases of SARS COVID-19 using RTPCR from pos-

terior pharyngeal and nasal swabs
2. Patients aged 15 years and above
Exclusion Criteria
1. Age less than 14 years
2. All suspected cases or cases with a positive rapid antigen test

where COVID-19 RT PCR was negative
3. Associated confounding infectious diseases such as dengue,

malaria, UTI at admission.
4. Patients with known HIV infection or those who were newly

diagnosed during screening
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
5. Patients with a known history of liver disease such as
cirrhosis of the liver, hepatitis B, hepatitis C, alcoholic liver
disease and acute viral hepatitis.

6. Those with a history of significant alcohol abuse defined as
those who consume more than two drinks per day for male
and more than one drink per day for female

7. All those on hepatotoxic drugs
8. Patients admitted with shock
9. Patient with heart failure
10. Pregnant or lactating females

Primary Endpoint
In-hospital all-cause mortality at 28 days.

Definitions
A confirmed case of COVID-19 was defined as a positive
result by the RT-PCR assay of nasal and pharyngeal
swab specimens.11 Based on national guidelines, the pa-
tients were categorized into mild, moderate, and severe
disease using clinical parameters. Mild disease included
patients with uncomplicated upper respiratory tract
symptoms such as fever, sore throat, cough, malaise,
and headache without evidence of breathlessness or
hypoxia. Patients with an oxygen-saturation of 90–94%
or respiratory rate more than or equal to 24 breaths
per minute were categorized as moderate disease, and
those who had an oxygen saturation of less than 90%
or a respiratory rate of more than 30 breaths per min-
ute with clinical signs of pneumonia constituted severe
disease.12 As per American College of Gastroenterology
(ACG) guidelines, ALT and AST levels up to 33 IU/L
for men and up to 25 IU/L for women were considered
normal.13

Statistical Analysis
Demographic, clinical parameters and outcomes were
initially analyzed using descriptive statistics. Continuous
variables were presented as the median and interquartile
range (IQR) and were compared by Mann–Whitney U
test. Categorical variables were presented as percentages
and frequency distribution and compared by Chi-square
tests. For continuous variables, receiver operating char-
acteristic (ROC) curves were plotted for sensitivity-
specificity analysis. Multiple logistic regression analysis
for disease severity at admission was used to determine
the predictive effect of deranged liver function tests
with odds ratio (OR) and 95% confidence intervals (CI)
being reported. Survival analysis was done using Cox-
proportional hazards regression. Univariable models
were adopted to evaluate independent risk factors per-
taining to mortality. Multivariable analysis using back-
ward elimination was done adjusting for potential
confounding effects of other parameters or factors, the
results being reported as hazards ratio (HR) and 95%
CI. A P-value less than 0.05 was considered to be
2 | No. 4 | 1114–1123 1115



Table 1 Demographic Profile of Patients with COVID-19.

Characteristics N = 708

Age (Years) Mean SD

50 17
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statistically significant at 95% CI. For data handling and
analysis, MS Excel 2016 (Microsoft Corporation) and
SPSS 23 for Windows (IBM SPSS Statistics for Windows
Version 23.0 Armonk NY: IBM Corp) were used, respec-
tively.
Median IQR

49 25

Sex N %

Male 561 79.2

Female 147 20.8

Duration of admission (Days) Mean SD

11 7

Median IQR

11 8

Comorbidities N %

Any comorbidity 316 44.6

DM 130 18.4

Pr HTN 126 17.8

CAD 54 7.6

Malignancy 36 5.1

COPD 19 2.7

CKD 13 1.8

CVA 6 0.8

Others 131 18.5%

Disease severity N %

Mild 508 71.8%

Moderate/Severe/critical 200 28.2%

Mortality N %

Died 96 13.6%

Survived 612 86.4%

Base Line Laboratory investigations Median IQR

Hb (g/dL) 13.4 2.81

TLC (/mL) 5890 3615

ANC (/mL) 2976 3255.4

ALC (/mL) 1127 1314

NLR 2.58 3.67

Platelets (/mL) 1,63,500 81,000

Total Bili (mg/dL) 0.40 0.30

AST (IU/L) 41.00 35.8

ALT (IU/L) 50.00 45.8

ALP (IU/L) 116.7 124.8

GGT (IU/L) 46.43 20.4

Total Protein (g/dL) 7.06 0.73

Serum Albumin (g/dL) 3.6 0.8
RESULTS

Demographic Characteristics, Comorbidities
and Laboratory Investigations at Admission
A total of 708 patients fulfilled the inclusion criteria. The
median age of patients was 49 years, interquartile range
(IQR) of 25 years with 561 (81.9%) males and 147
(19.4%) females. The median duration of admission was
10 (IQR 8) days. Comorbid conditions were present in
316 patients (44.6%). Among those patients with pre-
existing comorbidities, 130 (18.4%) patients had diabetes
mellitus and 126 (17.8%) patients had primary hyperten-
sion. Mild and moderate/severe disease was observed in
508 (71.8%) and 200 (28.2) patients, respectively. The de-
mographic profile and baseline investigations at admis-
sions are shown in Table 1.

Liver Function Tests at Admission
The median (IQR) levels of total bilirubin, AST, ALT, ALP,
GGT, total protein, and serum albumin are presented in
Table 2.

Total bilirubin
Total bilirubin was elevated in 49 patients (6.92%). It was
between 1–2 mg/dL in 35 (4.94%) patients, 2–3 mg/dL in
3 (0.42%) patients and more than 3 mg/dL in 11 patients
(1.55%).

AST
The AST levels were elevated in 495 (69.91%) patients. Most
patients had AST levels between 1–2 times ULN (upper
limit of normal), which was observed in 301 patients
(42.51%). AST levels were between 2–3 times ULN in 101
(14.26%) patients, 3–5 times ULN in 58 (8.19%) patients,
5–10 times ULN in 18 (2.54%) patients, and more than
10 times ULN in 17 (2.4%) patients.

ALT
The ALT levels were elevated in 568 (80.22%) patients.
Among these ALT levels were between 1–2 times ULN
were observed in 304 patients (42.93%), 2–3 times ULN
in 127 (17.93%) patients, 3–5 times ULN in 86 (12.14%) pa-
tients, 5–10 ULN in 42 (5.93%) patients and more than 10
ULN in 9 (1.25%) patients.

ALP and GGT
The ALP and GGT levels were normal in most of the pa-
tients and hence not included in the analysis.
1116 © 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 2 Liver Function Tests.

Liver function tests N = 708

Bili (mg/dl) n Percentage (%)

<1 659 93.07

Abnormal > ULN 49 6.92

1–2 35 4.94

2–3 3 0.42

>3 11 1.55

AST (IU/L) n Percentage (%)
#ULN IU/L 213 30.08

Abnormal >ULN 495 69.91

>ULN-#2 ULN 301 42.51

>2ULN-$3ULN 101 14.26

>3ULN-#5ULN 58 8.19

>5ULN-#10ULN 18 2.54

>10 ULN 17 2.40

ALT (IU/L) n Percentage (%)
#ULN IU/L 140 19.77

Abnormal >ULN 568 80.22

>ULN-#2 ULN 304 42.93

>2ULN-$3ULN 127 17.93

>3ULN-#5ULN 86 12.14

>5ULN-#10ULN 42 5.93

>10 ULN 9 1.25

Serum Albumin n Percentage
$3.5 g/dL 501 70.76

2.6–3.4 g/dL 53 7.48

1.6–2.4 151 21.32

#1.5 3 0.42

AST, Aspartate Transaminase; ALT, Alanine Transaminase; Bili, Bili-
rubin; ULN, Upper Limit of Normal.

Table 1 (Continued )

Characteristics N = 708

INR 1.06 0.21

BUN (mg/dL) 25.00 15.0

Serum Creatinine (mg/dL) 1.05 0.41

LDH IU/L 395.7 211

Serum Ferritin (ng/ml) 265 425

CPK IU/L 116 128.3

CRP (mg/dL) 19.50 66

D dimer (ng/ml) 293 313

Blood glucose (mg/dL) 91 60

ALC, Absolute Lymphocyte Count; ALP, Alkaline Phosphatase; ALT,
Alanine Transaminase; ANC, Absolute Neutrophil Count; Bili, Bilirubin;
BUN, Blood Urea Nitrogen; CAD, Coronary Artery Disease; AST, Aspar-
tate Transaminase; CKD, Chronic Kidney Disease; COPD, Chronic
Obstructive Pulmonary Disease; CPK, Creatinine Phosphokinase; CRP,
C-Reactive Protein; CVA, Cerebrovascular Accident; DM, Diabetes Melli-
tus; GGT, Gamma Glutamyl Transaminase; Hb, Hemoglobin; INR, Inter-
national Normalized Ratio; IQR, Interquartile Range; LDH, Lactate
Dehydrogenase; NLR, Neutrophil-Lymphocyte Ratio; Pr HTN, Primary Hy-
pertension; TLC, Total Leukocyte-Count; SD, Standard Deviation.
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Serum albumin

Serum albumin was normal (>3.5 g/dL) in 501 (70.76%) pa-
tients. It was between 2.6–3.4 g/dL in 53 (7.48%) patients,
1.6–2.5 g/dL in 151 (21.3%) patients, and less than 1.5 g/
dL in 3 (0.42%) patients.

PT and INR
PT and INR were normal in most of the patients.

Liver Function as Predictors of Disease Severity
Among 708 patients, 200 (28.2%) had moderate to severe
disease during admission. Significant differences existed
in the levels of liver function tests, including serum bili-
rubin, AST, ALT, and serum albumin, with levels of these
markers of liver injury being higher in patients with mod-
erate to severe disease (Table 3). The results of the univari-
able and multivariable logistic regression for predictors of
disease severity are shown in Table 4. In the univariable lo-
gistic regression, both AST [OR 1.008 95% CI (1.005–1.012)
per 1 IU/L increase] and ALT [OR 1.005 95% CI(1.002–
1.007) per 1 IU/L increase] were significantly associated
with greater odds of moderate to severe disease at presen-
tation, but only AST remained significantly associated
with the odds of moderate to severe disease at presentation
after adjustment for age, sex, and comorbidity status
[adjusted odds ratio; aOR 1.007 95% CI (1.003–1.011) per
1 IU/L increase). Its association is mild, yet significant.
Serum albumin was negatively associated with the odds
moderate to severe disease [OR 0.145 95% CI (0.103–
0.204) per 1 g/dL increase] and was significant even after
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
adjustment for sex, age, and comorbidity status [aOR
0.217 95% CI (0.149–0.316) per 1 g/dL increase] (Table 4).

Outcome Predictors
A total of 96 patients succumbed to illness (case fatality
rate, CFR 13.6%). Significant differences in the levels of to-
tal bilirubin, AST, and ALT were observed between survi-
vors and non-survivors (Table 3). The sensitivity and
specificity of an abnormal AST to predict mortality was,
respectively, 90.6% and 67%. But its positive predictive
value (PPV) was only 17.5%, the negative predictive
value (NPV) being 95.73%. Similarly, an abnormal
ALT predicted mortality with a sensitivity of 84.4% and a
specificity of 89.3%, with PPV of 14.3% and NPV of 89.3%.

The results of the univariable and multivariable Cox
proportional hazard regression are presented in Table 5.
2 | No. 4 | 1114–1123 1117



Table 3 Baseline Characteristics, and Comorbidities of 708 RTPCR Confirmed Patients Hospitalized with COVID-19.

Predictors Predictor variables Mild disease
(n = 508)

Mod-severe
(n = 200)

P value Died (n = 96) Survived
(n = 612)

P value

Age (Years) Median (�IQR) 43 (22) 62.5 (22) <0.001 66 (20.8) 46 (23) <0.001

Gender Male (No %) 414 (81.5) 147 (73.5) 0.023 70 (73.0%) 491 (80.2%) 0.105

Female (No %) 94 (18.5) 53 (26.5) 26 (27.0%) 121 (19.8%)

Severity Mild disease (SpO2 $94%) – – 9 (9.38%) 499 (81.5%) <0.001

Moderate to severe disease (SpO2 <94%) – – 87 (90.6%) 113 (18.5%)

Comorbidities At least one comorbidity (No %) 180 (35.4) 136 (68) <0.001 78 (81.3%) 238 (38.9%) <0.001
DM (No %) 68 (13.4) 62 (31) <0.001 34 (35.4%) 96 (15.7%) <0.001
Pr HTN (No %) 65 (12.8) 61 (30.5) <0.001 31 (32.3%) 95 (15.5%) <0.001
CAD (No %) 27 (5.3) 27 (13.5) <0.001 15 (15.6%) 39 (6.4%) <0.003
COPD (No %) 6 (1.2) 13 (6.5) <0.001 5 (5.2%) 14 (2.3%) 0.162
CKD (No %) 8 (1.6) 5 (2.5) <0.001 2 (2.1%) 11 (1.8%) 0.693
Malignancy (No %) 24 (4.7) 12 (6) <0.001 12 (12.5%) 24 (3.9%) 0.001
CVA (No %) 3 (0.6) 3 (1.5) <0.001 3 (3.1%) 3 (0.49%) 0.036

Vital parameters SpO2% (Median � IQR) 98 (1) 88 (8) <0.001 84 (12) 98 (2) <0.001

Laboratory indices Sr Bilirubin, mg/dL (Median � IQR) 0.4 (0.3) 0.5 (0.4) <0.006 0.60 (0.5) 0.40 (0.30) 0.006

AST, U/L (Median � IQR) 38 (27) 60 (51.0) <0.001 67 (64.8) 39.00 (31.00) 0.080

AST > ULN (No%) 321 (63.2) 172 (88) <0.001 87 (90.6) 408 (6.7) <0.001

ALT, U/L (Median � IQR) 49 (41.0) 59 (66.0) <0.001 57.5 (67.00) 50.0 (42.0) <0.001

ALT > ULN (No %) 396 (78) 172 (86) <0.016 81 (84.38) 487 (79.57) 0.335

Serum Albumin g/dL (Median � IQR) 3.8 (0.8) 3.2 (0.9) <0.001 2.85 (1.1) 3.7 (0.7) <0.001

TLC, cells/mcL (Median � IQR) 5480 (2450.0) 8220 (6885.0) <0.001 9740.00 (6576.3) 5650 (2830) <0.001
ALC, cells/mcL (Median � IQR) 1548.95 (927.9) 910 (640.75) <0.001 732 (800.6) 1196 (1290.9) <0.001
ANC, cells/mcL (Median � IQR) 3104 (1969.6) 6441 (6770.9) <0.001 7286 (7117.0) 2774 (2859.0) <0.001
NLR (Median � IQR) 2.00 (1.7) 7.08 (8.23) <0.001 10.00 (16.92) 2.29 (2.23) <0.001
Hb, g/dL (Median � IQR) 13.8 (2.63) 12.3 (3.05) <0.001 11.90 (3.26) 13.67 (2.7) 0.001
Platelet, cells/micL (Median � IQR) 162,000 (76,750) 168,000 (121,000) 0.693 1,66,000 (80,000) 1,50,000 (124,000) 0.693
Ferritin, ng/dL (Median � IQR) 224.0 (306.0) 876.0 (734.0) <0.001 934.0 (768.0) 223.0 (345.0) <0.001
CPK IU/L (Median � IQR)) 97 (89.5) 119.5 (166.8) 0.578 177 (301.3) 114 (108.5) 0.578
D dimer ng/mL (Median � IQR 262.0 (151.0) 447.0 (648.0) <0.001 264.0 (214.0) 741.0 (703.0) <0.001
CRP,mg/L (Median � IQR) 5.75 (17.0) 76.75 (43.0) <0.001 87.75 (63.00) 11.0 (42.00) <0.001
BUN (Median � IQR) 23.0 (10.0) 36.0 (37.0) <0.001 53.5 (64.0) 24.0 (12.0) <0.001
Serum Creatinine, mg/dL (Median � IQR) 1.02 (0.34) 1.15 (0.75) <0.001 1.48 (1.34) 1.01 (0.36) <0.001

Blood glucose mg/dL (Median � IQR) 95.5 (49.3) 119.5 (112.8) <0.001 157 (140.3) 87 (52.5) <0.001

ALC, Absolute Lymphocyte Count; ALP, Alkaline Phosphatase; ALT, Alanine Transaminase; ANC, Absolute Neutrophil Count; AST, Aspartate Transaminase; Bili, Bilirubin; BUN, Blood Urea Nitrogen;
CAD, Coronary Artery Disease; CKD, Chronic Kidney Disease; COPD, Chronic Obstructive Pulmonary Disease; CPK, Creatinine Phosphokinase; CRP, C-Reactive Protein; CVA, Cerebrovascular Ac-
cident; DM, DiabetesMellitus; GGT, GammaGlutamyl Transaminase; Hb, Hemoglobin; INR, International Normalized Ratio; IQR, Interquartile Range; LDH, Lactate Dehydrogenase; NLR, Neutrophil-
Lymphocyte Ratio; Pr HTN, Primary Hypertension; TLC, Total Leukocyte-Count.
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Table 4 Predictors of Moderate to Severe Disease- Multiple Logistic Regression for Adjusted and Unadjusted Odds Ratio.

Predictors Predictor variables CRUDE OR (95% CI) P Value ADJUSTED OR (95%CI) P Value

General Age 1.068 (1.055–1.081) <0.001 1.047 (1.032–1.062) <0.001

Gender (Male vs Female) 1.588 (1.080–1.081) <0.019 0.879 (0.548–1.409) 0.592

Comorbidity Any comorbidity 3.872 (2.733–5.486) <0.001 1.387 (0.880–2.184) 0.159
DM 2.907 (1.961–4.310) <0.001 –

Pr HTN 2.991 (2.009–4.453) <0.001 –

CAD 2.780 (1.587–4.872) <0.001 –

COPD 5.816 (2.179–15.525) <0.001 –

CKD 1.603 (0.518–4.959) <0.413 –

Malignancy 1.287 (0.631–2.626) <0.488 –

CVA 2.563 (0.513–12.808) 0.251 –

Liver function tests Serum Bili 1.101 (0.978–1.240) 0.112 0.880 (0.739–1.049) 0.154

Albumin 0.145 (0.103–0.204) <0.001 0.217 (0.149–0.316) <0.001

AST 1.008 (1.005–1.012) <0.001 1.007 (1.003–1.011) <0.001

ALT 1.005 (1.002–1.007) <0.001 0.999 (0.995–1.003) 0.682

ALT > ULN 1.743 (1.110–2.736) 0.016 –

Other Lab parameters Hb 0.734 (0.670–0.804) <0.001
ANC 1.000 (1.000–1.000) <0.001
ALC 1.001 (1.000–1.001) <0.011
NLR 1.212 (1.153–1.273) <0.001
Platelets 1.00 (1.000–1.000) 0.04
BUN 1.039 (1.029–1.049) <0.001
Serum Creatinine 1.276 (1.105–1.474) 0.001
LDH 1.007 (1.006–1.008) <0.001
CPK 1.001 (1.000–1.001) 0.036
Blood glucose 1.006 (1.003–1.009) <0.001
Serum Ferritin 1.003 (1.002–1.004) <0.001
CRP 1.042 (1.033–1.051) <0.001
D Dimer 1.002 (1.001–1.002) <0.001

ALC, Absolute Lymphocyte Count; ALT, Alanine Transaminase; ANC, Absolute Neutrophil Count; AST, Aspartate Transaminase; Bili, Bilirubin; BUN,
Blood Urea Nitrogen; CAD, Coronary Artery Disease; CKD, Chronic Kidney Disease; CPK, Creatinine Phosphokinase; COPD, Chronic Obstructive Pul-
monary Disease; CRP, C-Reactive Protein; CVA, Cerebrovascular Accident; DM, Diabetes Mellitus; Hb, Hemoglobin; NLR, Neutrophil-Lymphocyte Ra-
tio; LDH, Lactate Dehydrogenase; Pr HTN, Primary Hypertension; ULN, Upper Limit of Normal.
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Among Liver function tests in univariable Cox regression
analysis, serum bilirubin, AST, ALT, and serum albumin
were significant predictors of fatal outcome. However, after
adjustment for age, sex, comorbidities and SpO2 at admis-
sion, only AST was significantly associated with fatality
[adjusted hazard ratio; aHR 1.002 95% CI (1.000–1.003)
per 1 IU/L increase]. The ROC curve revealed an area under
the curve (AUC) of 0.726, indicating moderate prognostic
value (Figure 1). Higher serum albumin was a negative pre-
dictor of mortality that remained statistically significant in
themultivariable analysis [aHR 0.396 95% CI (0.285–0.549)
per 1 g/dL increase] (Table 5). The ROC curve revealed an
AUC of 0.842 for survival indicating a relatively good prog-
nostic survival value (Figure 2).
DISCUSSION

This is one of the largest studies addressing liver dysfunc-
tion in hospitalized patients with COVID-19. This study
attempts to systematically evaluate the impact of liver
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
function profile at admission on the severity of COVID-
19 at admission and further analyses its prognostic role.

The prevalence of comorbidities in our study was 44.6%
which was similar to studies from Wuhan, where it was
37.3%,14 and an Indian study which showed 47.11% pa-
tients having at least one comorbidity.15

The median AST and ALT levels in our study were 41
(IQR 35.8) IU/L and 50 (IQR 45.8) IU/L, respectively,
whereas a study from China involving 1141 patients the
median AST and ALT were 65.8 � 12.7 IU/L and
66.4 � 13.2 IU/L, respectively,16 which were higher.

AST levels were abnormally high in 69.91% of patients
in our study, corroborating with the results of an early In-
dian study involving 170 patients wherein raised liver en-
zymes were observed in 58.5%.17 Similarly, in a large
study from the US involving 5700 patients, AST levels
were reported to be elevated in 58.4% patients.8 In compar-
ison, multiple Chinese cohort studies reported the preva-
lence of elevated AST levels in patients with COVID-19
to be ranged between 4% and 53%.18 In a systematic review
2 | No. 4 | 1114–1123 1119



Table 5 Predictors of Mortality-Univariable and Multivariable Cox Proportional Hazard Regression.

Predictors Predictor variables CRUDE HR (95% CI) P Value ADJUSTED HR (95%CI) P Value

General Age 1.055 (1.043–1.067) <0.001 1.020 (1.005–1.035) 0.007

Gender 1.660 (1.057–2.606) <0.028 0.718 (0.431–1.197) 0.204

Mild Disease vs Severe disease 27.861 (14.017–55.376) <0.001

Comorbidity Any comorbidity 6.374 (3.815–10.651) <0.001 2.516 (1.417–4.466) 0.002

DM 2.963 (1.945–4.513) <0.001 –

Pr HTN 2.178 (1.419–3.345) <0.001 –

CAD 2.612 (1.504–4.538) <0.001 –

COPD 2.723 (1.104–6.721) <0.030 –

CKD 1.147 (0.282–4.657) <0.848 –

Malignancy 2.882 (1.573–5.283) <0.001 –

CVA 6.194 (1.952–19.659) 0.002 –

Clinical parameter SpO2 0.917 (0.906–0.928) <0.001 0.945 (0.929–0.962) <0.001

Liver function tests Serum Bili 1.098 (1.044–1.155) <0.001 1.037 (0.966–1.112) 0.315

Serum Albumin 0.206 (0.160–0.266) <0.001 0.396 (0.285–0.549) <0.001

AST 1.004 (1.003–1.005) <0.001 1.002 (1.000–1.003) 0.016

AST > ULN 4.679 (2.354–9.298) <0.001 –

ALT 1.003 (1.002–1.005) <0.001 1.000 (0.998–1.002) 0.958

ALT > ULN 1.335 (0.769–2.318) 0.304 –

Other Lab parameters Hb 0.720 (0.663–0.782) <0.001 –

ANC 1.000 (1.000–1.000) <0.001 –

ALC 1.000 (1.000–1.001) <0.195
NLR 1.024 (1.017–1.030) <0.001
Platelets 1.00 (1.000–1.000) 0.651
BUN 1.021 (1.018–1.024) <0.001
Serum Creatinine 1.275 (1.018–1.359) 0.001
LDH 1.002 (1.002–1.002) <0.001
CPK 1.000 (1.000–1.000) 0.09
Blood glucose 1.005 (1.004–1.007) <0.001
Serum Ferritin 1.002 (1.001–1.003) <0.001
CRP 1.024 (1.017–1.031) <0.001
D Dimer 1.000 (1.000–1.001) <0.001

ALC, Absolute Lymphocyte Count; ALT, Alanine Transaminase; ANC, Absolute Neutrophil Count; AST, Aspartate Transaminase; Bili, Bilirubin; BUN,
Blood Urea Nitrogen; CAD, Coronary Artery Disease; CKD, Chronic Kidney Disease; COPD, Chronic Obstructive Pulmonary disease; CPK, Creatinine
Phosphokinase; CRP, C-Reactive Protein; CVA, Cerebrovascular Accident; DM, DiabetesMellitus; Hb, Hemoglobin; NLR, Neutrophil-Lymphocyte Ratio;
LDH, Lactate Dehydrogenase; Pr HTN, Primary Hypertension; SpO2, Oxygen saturation at room air by pulse oximetry; ULN, Upper Limit of Normal.
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of 6537 patients, elevated AST levels were observed in
53.3% patients.19 A recently published Indian study from
southern India involving 445 patients with COVID-19
described abnormalities in AST levels to be present
in63.9% patients.20 Our study shows a slightly higher prev-
alence of elevated AST levels.

Elevated ALT levels were seen in 80.22% of our patients
in contrast to Chinese studies where in it ranged between
4% and 33%, whilst a US study reported abnormal ALT
levels to be observed in 39% of patients.8,17 A systematic re-
view analyzing the impact of COVID-19 on liver dysfunc-
tion placed this prevalence at 36.65%.18 In a recent
Indian study, 42.4% of patients had elevated ALT leves.21

In comparison, our study showed a higher prevalence.
1120 © 2022 Indian National Associa
These differences could possibly be attributed to the cut-
offs considered in the respective studies. The cut-off
considered in our study was as per the American College
of Gastroenterology13 (25 IU/L for women and 33 IU/L
for men), whereas most other studies have taken 40 U/L
as the cut-off. This could also be due to the increased
severity of patients with COVID-19 , as most of our pa-
tients were symptomatic and had significant comorbid-
ities. Total bilirubin was elevated in only 6.92% patients,
which was similar to a Chinese study20 that reported
4.1% patients with elevated bilirubin levels. A recent sys-
tematic review reported the prevalence of patients with
elevated bilirubin levels to be 3%.20 An Indian study
observed hyperbilirubinemia in 4.2% patients.21
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 1 ROC for AST and mortality with AUC-0.726. AUC, area under
the curve; AST, aspartate aminotransferase; ROC, receiver operating
characteristic curve.

Figure 2 ROC curve for Serum Albumin at admission and Survival AUC
= 0.842. AUC, area under the curve; ROC, receiver operating character-
istic curve.
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Liver Functions as a Predictor of Severity and
Mortality
Our study finds AST and ALT to be significantly associated
with the odds of moderate to severe disease in the univari-
able logistic regression. However, only AST was significant
after adjustment for age, sex, and comorbidity status, with
AST being associated with 0.7% greater odds per 1 IU/L in-
crease in its levels [aOR 1.007 95% CI (1.003–1.011)]. A
large study from the US involving 3381 patients showed se-
vere liver injury defined by >5 times ULN to be associated
with severity of COVID-19, need for intubation, renal
replacement therapy as well as mortality in 42% patients.22

Another large study from China involving 5771 patients
showed that elevated liver enzyme was associated with a
significant mortality risk.23 A systematic review and
metanalysis of 2115 patients showed the association of
elevated liver enzymes with severity of COVID-19 as well
as that with mortality, reporting OR of 2.57 in its associa-
tion with disease severity and OR of 1.66 associated with
mortality.24

A large meta-analysis of 20 retrospective studies with
3428 patients with COVID-19 revealed that higher levels
of ALT, AST, and bilirubin were associated with a signifi-
cant increase in the severity of COVID-19 infection.25

Another large study estimated a ninefold risk of severe
COVID-19 infection in patients with liver injury.26 The
reason for liver enzyme abnormalities have been postu-
lated to be multifactorial. Liver histopathology has shown
nonspecific findings with steatosis, mild lobular and/or
periportal inflammation, and vascular pathology. The po-
tential contributors possibly stem from immune-
mediated inflammatory response, hepatic congestion, sys-
temic hypoxemia, direct infection of hepatocyte, cytokine
release, ischemic hepatitis and venous and arterial throm-
bosis.27

Our study shows a negative association of serum al-
bumin with the odds of moderate to severe disease
[OR 0.145 95% CI (0.103–0.204) per 1 g/dL increase],
which retained its significance even after adjustment
age sex, age, and presence of pre-existing comorbidities
[aOR 0.217 95% CI (0.149–0.316)]. Hypoalbuminemia
has been described in patients with severe COVID- 19
and may not parallel changes in AST and ALT. In a
retrospective cohort of 299 patients, 106 (35.5%) patients
had low albumin, with significant differences in the al-
bumin levels between survivors and non-survivors
(37.6 g/L vs. 30.5 g/L).28

In our study, in the multivariable Cox proportional
hazard regression, only the AST and serum albumin
were significant predictors of mortality. A Chinese study
showed AST to be a potential diagnostic marker, and
its level was significantly higher in non-survivors than
survivors, with its ROC curve revealing an AUC of
2 | No. 4 | 1114–1123 1121
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0.854 indicating its prognostic value.9 Another meta-
analysis linked elevated admission levels of these markers
to patient mortality.29 Albumin levels have also been re-
ported in other studies to be an independent predictive
factor for mortality.23 In a meta-analysis of factors associ-
ated with disease outcomes in 1990 patients hospitalized
COVID-19, hypoalbuminemia was observed to be associ-
ated with severe disease as well as death.30 Serum albu-
min is a good prognostic marker and reflects not only
liver function but also the nutritional status. It is a robust
marker for survival with AUC of 0.842 for survival. Addi-
tionally, it is also a negative acute phase reactant which
correlates with immune markers.29

Strength and limitations
This study provides results from an in-depth analysis of
data from a large cohort of patients and involving a consid-
erable number of risk factors on the association of
deranged liver function tests on COVID-19 severity and
mortality. Routinely available lab tests such as AST and al-
bumin can be used to prognosticate the disease among
hospitalized patients which, at the same time, is cost
economical as well as time accurate. The AST and ALT as
negative predictive value is unique to our study. Limita-
tions of our study include its retrospective nature and
absence of pathological or radiological correlation. As the
study included patients admitted to the hospital, the
data involve a slight under-representation of patients
with milder disease.

Abnormalities in liver function, being observed in over
80% of patients hospitalized with COVID-19 is indeed a
common phenomenon, however, its association with
disease severity and mortality is strong and statistically sig-
nificant. In particular, elevated AST levels and hypoalbumi-
nemia are effective indicators of disease severity and
mortality. Our study advocates the utilization of these
readily available laboratory indices in triage, management
and prognostication of patients with COVID-19 pneu-
monia.
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