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Introduction
In February 2020, the World Health Organisation (WHO)
designated the instances of severe pneumonia resulting
from the Severe Acute Respiratory Syndrome coronavirus
2 (SARS-CoV-2) virus originating in China in late 2019, as
coronavirus disease-2019 (COVID-19). Subsequently, it was
officially declared a pandemic.1 Emerging data has
highlighted COVID-19 as a comprehensive systemic
ailment that impacts various organ systems, encompassing
the lungs, liver, heart, kidneys and the coagulation
system.2,3

It is widely held that COVID-19 gains entry into cells by
utilising angiotensin-converting enzyme II (ACE-II), which
is abundantly present in the epithelial layers of the
gastrointestinal tract (GIT), including the gastric, duodenal

and rectal epithelial layers. Additionally, ACE-II is also
displayed on hepatocytes and cholangiocytes.3-5 Notably,
a substantial number of studies have revealed abnormal
liver function tests (LFTs) in COVID-19 patients, ranging
from 14% to 75%.1,3

Numerous researches have consistently revealed that
people with severe COVID-19 infections had increased
values of alanine aminotransferases (ALT), aspartate
aminotransferases (AST) and total bilirubin (T-Bili).
Additionally, deranged prothrombin values have also been
witnessed in such cases.6,7 These deranged LFT results have
been identified as an independent risk factor associated
with higher morbidity and death rates.8

The majority of studies9 examining the link between
deranged LFTs and COVID-19 were conducted
retrospectively, displaying significant variability in the
prevalence of LFT abnormalities. Moreover, limited
research had been conducted9,10 to elucidate the specific
patterns and correlations of LFT abnormality with COVID-
19 pneumonia severity. The current study was planned to
fill the gap in literature by investigating the incidence and
patterns of LFT abnormalities in conjunction with COVID-
19 pneumonia severity.
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Abstract
Objective: To explore the incidence of liver function test derangement, the precise patterns of derangement, and
their relationship with coronavirus disease-2019 pneumonia severity.
Method: The retrospective study was conducted at the Dow University Hospital and the Ojha Institute of Chest
Diseases, Karachi, and comprised consecutive data from December 16, 2020, to March 16, 2021, of adults of either
gender who had nasal swabs positive for coronavirus disease-2019 on real-time reverse transcriptase-polymerase
chain reaction. Data regarding patients' demographics, co-morbidities, addictions, laboratory results, and standard
information was retrieved from electronic and manual records. The severity of the disease was determined based on
World Health Organisation protocols. Data was analysed using SPSS 23.
Results: Of the 344 patients, 235(68.3%) were males and 109(31.7%) were females. The overall mean age was
54.58±14.75 years, 187(54.4%) had severe coronavirus disease-2019 pneumonia and 157(45.6%) had non-severe
disease at the time of admission. There was a significant prevalence of both mixed and cholestatic patterns of liver
function test abnormality among the cases (p=0.046). The presence of a mixed pattern was linked to the disease
severity (p<0.05). Advanced age and hypertension were significant risk factors for the development of severe
coronavirus disease-2019 pneumonia (p<0.001 and p=0.002).
Conclusion: Liver function test abnormality and coronavirus disease-2019 pneumonia severity were fund to have a
significant relationship.
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Materials and Methods
The retrospective study was conducted at the Dow
University Hospital (DUH) and the Ojha Institute of Chest
Diseases (OICD), Karachi, and comprised consecutive data
from December 16, 2020, to March 16, 2021, of adults of
either gender who had nasal swabs positive for COVID-19
on real-time reverse transcriptase-polymerase chain
reaction (rRT-PCR). Data was retrieved from electronic and
manual records after approval from the DUH ethics review
board, which waived the need for informed consent.
Patients with pre-existing liver diseases or incomplete/
missing LFT data were excluded. Data retrieved included
age, gender, addictions, vitals, pulse oxygen saturations,
fraction of inspired oxygen (FiO2) levels, comorbidities,
such as chronic respiratory disease, chronic kidney disease
(CKD), cerebrovascular disease (CVD), hypertension (HTN),
type 2 diabetes mellitus (T2DM) and cardiovascular disease.
Laboratory data included lactate dehydrogenase (LDH), C-
reactive protein (CRP), ferritin, white blood cell (WBC)
count, neutrophil and lymphocyte counts, alkaline
phosphatase (ALP), gamma-glutamyl transpeptidase
(GGT), T-Bili and direct bilirubin (D-Bili) levels, alanine
transaminase (ALT) and aspartate transaminase (AST).
Available D-dimer (D-D) and procalcitonin (PCT)
biochemical values were also incuded in the analysis.
Abnormal liver function was defined as T-Bili, ALT, ALP, GGT
and AST levels exceeding 1.2 mg/dL, 45 U/L, 128 U/L and
35 U/L, respectively. The pattern of LFT derangement was
classified based on the R factor: hepatocellular if the R
factor was >5, mixed if the R factor ranged 2-5 and
cholestatic if the R factor was <2. The R factor was
calculated using the formula (patient's ALT/upper limit of
normal ALT) / (patient's ALP/upper limit of normal ALP).11

The abnormality cut-off points were set as >10 mg/L, 220
U/L, >0.5 ng/mL, >0.5mg/L, and 250ng/mL for CRP, LDH,
PCT, D-D and ferritin, respectively.

COVID-19 pneumonia severity was classified as per the
WHO provisional assistance,12 where severe pneumonia
was defined as saturation of peripheral oxygen (SpO2) less
than or equal to 90% in a symptomatic individual on room
air, and non-severe pneumonia as SpO2>90% in a
symptomatic patient on ambient air.

Data was analysed using SPSS 23. Data was expressed as
mean±standard deviation or as percentages and
frequencies, as appropriate. Inflammatory markers, COVID-
19 severity and LFTs were analysed using chi-square test.
Clinical and laboratory characteristics of severe and non-
severe COVID-19 pneumonia were compared using
independent-samples t-test. The relationship between
laboratory variables and LFT pattern was investigated using
one-way analysis of variance (ANOVA). Games-Howell and

Hochberg's GT2 tests and post-hoc tests were conducted
as part of ANOVA analysis. A 95% confidence interval (CI)
was generated, and p<0.05 was considered statistically
significant.

Results
Of the 344 patients, 235(68.3%) were males and 109(31.7%)
were females. The overall mean age was 54.58±14.75 years,
187(54.4%) had severe COVID-19 pneumonia and
157(45.6%) had non-severe disease at the time of
admission. Baseline characteristics of all the subjects were
noted in detail (Table 1).

The most common LFT patterns were cholestatic
121(35.2%) and mixed 121(35.2%), followed by
hepatocellular 45(13.1%). There were 57(16.6%) patients
without any LFT abnormality. T2DM 157(45.6%) and HTN
151(43.9%) were the most prevalent comorbidities 
(Table 2).

Table-1: Baseline characteristics (n=344).

Characteristics Mean±SD

Age (years) 54.58±14.75
Systolic BP (mmHg) 127.36±18.75
Diastolic BP (mmHg) 76.69±11.26
Pulse (beats / minute) 96.40±16.80
Temperature 98.44±4.90
Respiratory Rate (breaths/min) 22.60±4.11
SpO2 90.55±17.75
FiO2 39.15±22.53
Hb 12.35±2.16
Hct (%) 37.39±6.42
MCV 83.56±7.54
WBC 11.85±12.90
Neutrophil count 77.79±12.69
Lymphocyte Count 15.45±10.55
Platelet Counts 267.61±129.18
Ferritin Levels 724.21±893.91
D-Dimer Levels 2.3078±2.55
PCT Levels 2.53±7.99
CRP Levels 87.18±82.06
LDH Levels 543.87±280.37
PT 12.05±2.74
INR 1.12±0.27
T- Bili 0.90±2.22
D-Bili 0.48±1.22
I-Bili 0.42±1.32
ALT 66.52±69.82
ALP 125.38±162.51
GGT 119.38±163.20
AST 71.04±88.67

Hb: Haemoglobin; Hct: Haematocrit; MCV: Mean corpuscular volume; WBC: White blood cells; 
PCT: Procalcitonin; CRP: C-reactive protein; LDH: Lactate dehydrogenase; PT: Prothrombin time;
INR: International normalised ratio; T-Bili: Total bilirubin; D-Bili: Direct bilirubin; I-Bili: Indirect
bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline
phosphatase; GGT: Gama glutamyl transpeptidase.
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COVID-19 pneumonia severity was significantly linked only
with HTN (Table 3).

There were significant disparities in the outcomes between
severe and non-severe cases in terms of age (p<0.001), WBC
count (p=0.04), neutrophil count (p<0.001), lymphocyte
count (p<0.001), international normalised ratio (INR) level
(p=0.01), T-Bili (p=0.02), and AST level (p<0.001).

There were no significant variations between the two
clusters in terms of gender, haemoglobin (Hb), haematocrit
(Hct), mean corpuscular volume (MCV), GGT, ALP, ALT levels

and platelet count (p>0.05).

There were significant disparities in the four LFT groups in
terms of age (p=0.007), Hb level (p<0.001), Hct level
(p=0.001), neutrophil count (p=0.031), lymphocyte count
(p=0.047), and platelet count (p=0.031).

Patients with hepatocellular pattern were significantly
older than patients with normal pattern (p=0.02). Patients
with cholestatic (p=0.003) and normal (p=0.001) patterns
had significantly lower Hb levels than those with
hepatocellular pattern. The cases with mixed pattern had
significantly lower Hb levels than those with normal
pattern (p=0.013). Patients with cholestatic (p=0.033) and
normal (p=0.009) patterns had significantly lower Hct levels
than the cases with hepatocellular pattern. The cases with
mixed pattern had lesser Hct levels than those with normal
pattern (p=0.013).  The cases with mixed pattern had
significantly higher neutrophil count than patients with
normal pattern (p=0.024). Patients with mixed pattern had
significantly lower lymphocyte counts than individuals
with normal pattern (p=0.045). Patients with hepatocellular
pattern had lower platelet count than cases with
cholestatic pattern (p=0.050). There were no significant
variations among the four LFT patterns concerning
prothrombin time and INR level (p>0.05).

Discussion
The current study was planned to determine the frequency
of liver function abnormalities in individuals diagnosed
with COVID-19 pneumonia, to categorize the abnormalities
depending on the severity of COVID-19 pneumonia, and to
identify any discernible patterns associated with the
severity of the disease.

The cohort's average age was 54.58±14.75 years, and male
patients were in majority (68.3%). There was a significant
association between older age and COVID-19 pneumonia
severity, which was compatible with previous studies.13-19

In contrast, the current study found no significant
relationship between gender and the severity of COVID-19
pneumonia. The findings implied that age could serve as a
crucial risk factor in determining the severity of COVID-19,
while gender may not have a substantial influence. HTN
and T2DM were the most common prevailing
comorbidities among the patients, but only HTN was
associated with COVID-19 pneumonia severity. The finding
was in line with other studies.16,18 Other comorbidities did
not show significant association with COVID-19 severity,
but their assessment remains important for comprehensive
patient care, and should not be overlooked.

The current study excluded patients with a history of liver
disease, and found that 16.6% of the patients had normal
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Table-2: Clinical features.

Clinical characteristics n (%)

Gender
Male 235 (68.3)
Female 109 (31.7)

COVID-19 Severity
Non-severe 157 (45.6)
Severe 187 (54.4)

HTN 151 (43.9)
Cardiovascular Disorder 35 (10.2)
Chronic Lung Disease 21 (6.1)
T2DM 57 (45.6)
Cerebrovascular Disease 15 (4.4)
CKD 22 (6.4)
Addictions

Smoking 23 (6.7)
Chewing tobacco 8 (2.3)
Alcohol 3 (0.9)

Pattern of Liver Function Tests
Hepatocellular 45 (13.1)

Cholestatic 121 (35.2)
Mixed 121 (35.2)
Normal 57 (16.6)

HTN: Hypertension, T2DM: Type 2 diabetes mellitus, CKD: Chronic kidney disease.

Table-3: Comparison of clinical characteristics between non-severe and severe
coronavirus disease-2019 (COVID-19) cases.

COVID-19 Severity x2 p-value
Non-severe Severe

n (%) n (%)

Gender 0.003 0.95
Male 107 (45.5) 128 (54.5)
Female 50 (45.9) 59 (54.1)

HTN 55 (35.0) 96 (51.3) 9.21 0.002*
Cardiac Disease 15 (9.6) 20 (10.7) 0.12 0.73
Chronic Lung Disease 12 (7.6) 9 (4.8) 1.19 0.27
T2DM 65 (41.4) 92 (49.2) 2.09 0.15
Cerebrovascular Disease 5 (3.2) 10 (5.3) 0.96 0.33
CKD 10 (6.4) 12 (6.4) <0.001 0.99
Smoking 14 (8.9) 9 (4.8) 2.30 0.13
Alcohol 3 (1.9) 0 (0) 3.60 0.06
Chewing tobacco 3 (1.9) 5 (2.7) 0.22 0.64

HTN: Hypertension; T2DM: Type 2 diabetes mellitus; CKD: Chronic kidney disease; *p-values lower
than 0.05 will be regarded as significant; X2: Chi square.
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LFT on admission. Previous studies suggested
hepatocellular derangement as the prevailing pattern of
LFT abnormalities in COVID-19 pneumonia4,8,13,20 but in the
current study, majority of patients had cholestatic (35.2%)
and mixed (35.2%) patterns. Additionally, the current study
demonstrated a positive association between advancing
age and the presence of hepatocellular pattern of liver
injury. In patients with severe COVID-19 pneumonia,
inflammatory markers were found to be raised, including
WBC and neutrophil counts, which have also been
correlated with LFT derangement.4,8 Among the LFT
elements assessed, only AST level exhibited a significant
association with the severity of COVID-19 pneumonia,
aligning with earlier reports.3,16,21

The precise mechanism underlying liver damage in
individuals with COVID-19 is not completely understood.
Numerous possible explanations have been proposed,
such as direct viral invasion of hepatocytes and
cholangiocytes via ACE-II receptors4,5,20,22 the virus
interacting with mitochondrial proteins, resulting in a
mainly AST pattern of liver damage,4,23 cytokine storm
induced by viral infection,4 drug-induced hepatotoxicity24

and cardiovascular dysfunction causing congestive liver
damage.4

Based on its findings, the current study found that older
patients with HTN, elevated WBC and lymphopaenia were
at a greater risk of developing severe COVID-19
pneumonia. It is important for emergency department staff
to closely monitor these individuals for any signs of
deterioration, as they may need to be transferred to an
intensive care unit (ICU) promptly. Additionally, the current
findings indicated that cholestatic and mixed patterns of
LFT derangement were more frequently observed. Notably,
the mixed pattern was linked to severe illness and high
inflammatory indicators, such WBC count, neutrophil count
and lymphopaenia.

AST levels were significantly linked with COVID-19 severity
in the current study, making it a potential marker for ICU
monitoring. Age and certain LFT characteristics identified
as possible indicators for COVID-19 pneumonia severity in
individuals with liver illnesses might help healthcare
providers with risk assessment, prompt interventions, and
individualised treatment modalities. The findings
emphasised the importance of considering liver function
and associated derangement patterns when managing
COVID-19 cases.

The current study had limitations, such as missing data or
potential confounding factors due to its retrospective
design. Generalisability of the findings may be limited by
the fact that it was a single-centre study. The cross-

sectional design restricted the study from exploring the
causal relationship.

Despite the limitations, however, the findings highlighted
the potential role of age and specific LFT parameters as
indicators of COVID-19 pneumonia severity in the patient
population. Incorporating these factors into clinical
assessments could improve risk stratification and guide
appropriate management strategies for individuals with
liver diseases affected by COVID-19 pneumonia.

Conclusion
Older individuals with a previous history of medical
conditions, especially HTN, had a greater risk of developing
severe COVID-19 pneumonia. With respect to LFT
derangement, the mixed pattern demonstrated a
significant link with COVID-19 severity, and was also
associated with elevated levels of inflammatory markers,
including WBC and neutrophil counts. AST was associated
with increased levels of inflammatory markers and greater
disease severity.

Acknowledgement: We are grateful to Dr Muhammad
Umair, Dr Radia Shafique and Dr Sukaina Kaimkhani for
facilitating the data-collection process.

Disclaimer: The text was presented as an Abstract at the
PSSLD Conference 2021, and was published in the Abstract
Book of Hepatology International 2022 springer (Abstract.
Hepatol Int 16 (Suppl 1), 1–503 (2022). https://doi.org/
10.1007/s12072-022-10337-4.

Conflict of Interest: None.

Source of Funding: None.

References 
1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of

patients infected with 2019 novel coronavirus in Wuhan, China.
Lancet 2020;395:497-506. doi: 10.1016/S0140-6736(20)30183-5

2. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics
of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected
Pneumonia in Wuhan, China. JAMA 2020;323:1061-9. doi:
10.1001/jama.2020.1585

3. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
Characteristics of Coronavirus Disease 2019 in China. N Engl J Med
2020;382:1708-20. doi: 10.1056/NEJMoa2002032

4. Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and
challenges. Lancet Gastroenterol Hepatol 2020;5:428-30. doi:
10.1016/S2468-1253(20)30057-1

5. Xu L, Liu J, Lu M, Yang D, Zheng X. Liver injury during highly
pathogenic human coronavirus infections. Liver Int 2020;40:998-100.
doi: 10.1111/liv.14435

6. Sultan S, Altayar O, Siddique SM, Davitkov P, Feuerstein JD, Lim JK,
et al. AGA Institute Rapid Review of the Gastrointestinal and Liver
Manifestations of COVID-19, Meta-Analysis of International Data, and
Recommendations for the Consultative Management of Patients
with COVID-19. Gastroenterology. 2020;159:320-34.e27. doi:



1427

Open Access J Pak Med Assoc

A.K. Khemchandani, H. Shaikh, M. Khemchandani

10.1053/j.gastro.2020.05.001.
7. Youssef M, H Hussein M, Attia AS, M Elshazli R, Omar M, Zora G, et al.

COVID-19 and liver dysfunction: A systematic review and meta-
analysis of retrospective studies. J Med Virol 2020;92:1825-33. doi:
10.1002/jmv.26055

8. Piano S, Dalbeni A, Vettore E, Benfaremo D, Mattioli M, Gambino CG.
et al. Abnormal liver function tests predict transfer to intensive care
unit and death in COVID-19. Liver Int 2020;40:2394-406. doi:
10.1111/liv.14565

9. Goel H, Harmouch F, Garg K, Saraiya P, Daly T, Kumar A, et al. The liver
in COVID-19: prevalence, patterns, predictors, and impact on
outcomes of liver test abnormalities. Eur J Gastroenterol Hepatol
2021;33(Suppl 1):e274-81. doi: 10.1097/MEG.0000000000002021.

10. Kwo PY, Cohen SM, Lim JK. ACG Clinical Guideline: Evaluation of
Abnormal Liver Chemistries. Am J Gastroenterol 2017;112:18-35. doi:
10.1038/ajg.2016.517

11. World Health Organization (WHO)�. Laboratory testing for
coronavirus disease (�COVID-19)� in suspected human cases: interim
guidance. [Online] �2020 [Cited 2024 July 07]. Available from URL:
https://iris.who.int/handle/10665/331501.

12. Cai Q, Huang D, Yu H, Zhu Z, Xia Z, Su Y, et al. COVID-19: Abnormal
liver function tests. J Hepatol 2020;73:566-74. doi: 10.1016/j.jhep.
2020.04.006

13. Meszaros M, Meunier L, Morquin D, Klouche K, Fesler P, Malezieux E,
et al. Abnormal liver tests in patients hospitalized with Coronavirus
disease 2019: Should we worry? Liver Int 2020;40:1860-4. doi:
10.1111/liv.14557

14. Wang Q, Zhao H, Liu LG, Wang YB, Zhang T, Li MH, et al. Pattern of
liver injury in adult patients with COVID-19: a retrospective analysis
of 105 patients. Mil Med Res 2020;7:28. doi: 10.1186/s40779-020-
00256-6

15. Ahmed M, Umar M, Sufyan A, Zeb S, Ahmad H, Shahid R, et al. Liver
Function Tests; a Marker of Severity in Covid 19 Patients. Austin
Hepatol 2020;5:1013.

16. Saithanyamurthi HV, Munirathinam M, Ananthavadivelu M.
Prevalence of liver injury in 445 patients with Corona Virus Disease-
19-Single-centre experience from southern India. Indian J Gastro-
enterol 2021;40:303-8. doi: 10.1007/s12664-021-01147-x

17. Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus disease
2019 in elderly patients: Characteristics and prognostic factors based
on 4-week follow-up. J Infect 2020;80:639-45. doi: 10.1016/j.jinf.
2020.03.019

18. Li LQ, Huang T, Wang YQ, Wang ZP, Liang Y, Huang TB, et al. COVID-
19 patients' clinical characteristics, discharge rate, and fatality rate
of meta-analysis. J Med Virol 2020;92:577-83. doi: 10.1002/jmv.25757

19. Qi X, Liu Y, Wang J, Fallowfield JA, Wang J, Li X, et al. Clinical course
and risk factors for mortality of COVID-19 patients with pre-existing
cirrhosis: a multicentre cohort study. Gut 2021;70:433-6. doi:
10.1136/gutjnl-2020-321666

20. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and
outcomes of critically ill patients with SARS-CoV-2 pneumonia in
Wuhan, China: a single-centered, retrospective, observational study.
Lancet Respir Med 2020;8:475-81. doi: 10.1016/S2213-2600(20)
30079-5

21. Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Evidence for
Gastrointestinal Infection of SARS-CoV-2. Gastroenterology
2020;158:1831-3. doi: 10.1053/j.gastro.2020.02.055

22. Gordon DE, Jang GM, Bouhaddou M, Xu J, Obernier K, White KM, et
al. A SARS-CoV-2 protein interaction map reveals targets for drug
repurposing. Nature 2020;583:459-68. doi: 10.1038/s41586-020-
2286-9

23. Bin Arif T, Khalid S, Siddiqui MS, Hussain H, Sohail H. Incidence,
patterns, risk factors, and histopathological findings of liver injury in
coronavirus disease 2019 (COVID-19): a scoping review. Hong Kong
Med J 2021;27:198-209. doi: 10.12809/hkmj208732

24. Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong M, et al.
Characteristics and Outcomes of 21 Critically Ill Patients With COVID-
19 in Washington State. JAMA 2020;323:1612-4. doi: 10.1001/jama.
2020.4326

Author Contribution:
AKK: Concept, data acquisition and analysis, drafting, revision, final approval and agreed to be accountable for all aspects of work.
HS: Concept, revision, final approval and agreed to be accountable for all aspects of work.
MK: Data acquisition, revision, final approval and agreed to be accountable for all aspects of work.


