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Effect of COVID‑19 on liver 
abnormalities: a systematic review 
and meta‐analysis
Khalid Bzeizi1*, Maheeba Abdulla2, Nafeesa Mohammed2, Jehad Alqamish3, 
Negar Jamshidi4 & Dieter Broering5

Emerging evidence suggest association of severe acute respiratory syndrome coronavirus 2 (SARS‑
CoV‑2) infection with the development of many liver abnormalities. The overarching aim of this study 
was therefore to assess the available evidence on the clinical effects of SARS‑CoV‑2 on the profiles of 
liver chemistries and coagulation in COVID‑19 diagnosed patients. We considered all study designs 
including epidemiological and observational that reported liver function test abnormalities in patients 
confirmed with SARS‑CoV‑2 infection. Medline, Embase databases and Google Scholar as well as 
relevant reviews were searched to identify appropriate studies from inception to 31st of August 2020. 
We calculated the pooled mean with 95% confidence intervals (95% CI) through a random‑effect 
model meta‑analysis. A total of 35 studies with 10,692 participants were considered for the review 
from which 23 studies with sufficient quantitative data were included in the meta‑analysis. The pooled 
mean for liver enzymes and coagulation parameters did not significantly change in patients diagnosed 
with COVID‑19 and remained within normal range. Notwithstanding potential bias from confounding 
factors in interpretation of data in this review, findings from the observational studies and case 
reports suggest that COVID‑19 does not appear to have a significant impact on the transaminases or 
total bilirubin levels of patients with confirmed SARS‑CoV‑2 infection. Further controlled studies and 
larger sample size observational studies are needed with adequate reporting of other liver function 
parameters are warranted.

During December 2019, an outbreak of a novel coronavirus, the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) was reported in the Wuhan City,  China1. Initially, SARS-CoV-2 was reported as clusters of pneu-
monia with an unknown  etiology2. Since then, the SARS-CoV-2 infection has rapidly and exponentially spread 
across the globe with majority of the infected cases reported first in Europe (Italy, Spain, UK) followed closely by 
the US and South  America3. On 12th of March 2020, the World Health Organization (WHO) officially recognized 
and announced COVID-19 as a global pandemic disease. Globally by first week of September 2020, over 26 mil-
lion people affected with SARS-CoV-2 infection and nearly 865,000 confirmed COVID-19 related deaths have 
been  reported4. Unfortunately, no health care systems were prepared to combat this pandemic effectively resulting 
in major distress among all governments, health care professionals, researchers and communities  worldwide5.

Available evidence suggest that SARS-CoV-2 primarily invades the upper respiratory system and progres-
sively infects the lower respiratory  tract6. This virus is thought to enter the respiratory system through infected 
droplets or mucosal contact by binding to the Angiotensin Converting Enzyme 2 (ACE2)  receptor7. While some 
affected individuals remain  asymptomatic8, majority of the individuals diagnosed with the SARS-CoV-2 infec-
tion experience fatigue, fever, dry cough as well as shortness of breath, nasal congestion and muscular  pain9. 
Despite these symptoms, more than three-quarters of cases affected with SARS-CoV-2 resolve within 10–14 days 
of onset. However, the infection results in an estimated 3% mortality rate due to irreversible alveolar damage 
and progression to the fatal Acute Respiratory Distress  Syndrome10. Furthermore, aged populations, individu-
als at high risk or those with cardiovascular comorbidities such as hypertension, diabetes, Chronic obstructive 
pulmonary disease and cancer develop a very severe form of the disease with significantly higher fatality  rates11. 
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At the time of our study there were no robust evidence for an effective treatment for COVID-19 other than 
preliminary data indicating dexamethasone therapy with ventilation support reduces mortality in hospitalized 
COVID-19 patients with severe respiratory  complications12. Current preventive strategies to control spread of 
the SARS-CoV-2 infection include early diagnosis, quarantine and supportive treatment of infected  patients13.

SARS-CoV is believed to be a systemic infection with multiorgan involvement including the heart, kidney, 
pancreas and liver. Nearly half of the SARS-CoV-2 infected individuals exhibit some degree of liver impair-
ment which becomes more evident with the increasing severity of the  disease14. In addition to this, RNA from 
the SARS-CoV-2 has been detected in blood and hepatic cells of the affected  patients15–17. The high number of 
ACE2 receptors on the surface of the cholangiocytes in the  liver18,19 bile duct  cells20 presumably facilitate entry 
of SARS-COV-2 to the cells where they replicate leading to dysregulation of the liver  function21,22. There is also 
evidence to suggest that most of the viruses which affect respiratory system are harmful to the liver cells through 
the CD8+ mediated immune  response23.

Although data from a number of studies suggest an association between COVID-19 and abnormal liver func-
tion tests (LFTs) irrespective of health care  setting24–27, however the evidence from recent epidemiological and 
clinical studies on LFTs in patients with SARS-CoV-2 infection is largely inconsistent and  contradictory24,28–31. 
The prevalence of liver injury biomarker, alanine transferase (ALT) has been reported up to 32%, 38% and 39% 
in patients with COVID-19 from China, UK and USA,  respectively27,32,33. On the other hand, some studies did 
not find any significant difference in ALT levels of COVID-19 patients based on the severity of the  diseases30,34. 
Thus, as a result of reported inconsistency in findings for profile of liver chemistries in patients affected by 
COVID-19, a number of systematic reviews and meta-analyses have recently been published with a focus on the 
prevalence of abnormalities in liver biochemistry profile among patients affected by COVID-19 based on clinical 
severity and mortality of the  disease26,29,35–38. A recent review of the evidence for the impact of COVID-19 on 
liver biochemistry profile concluded that despite reports on transient transaminase elevations, most laboratory 
changes in liver function test profile were mild-moderate and their clinical significance to COVID-19 related liver 
injuries remains  unclear39. Another recent systematic review of available evidence on liver function tests found 
that although most of studies report significantly higher prevalence of liver test abnormalities in more severe 
hospitalized or non-surviving COVID-19 patients than milder cases, and given that other studies do not report 
significant changes in liver function tests of COVID-19 patients irrespective of severity, therefore in COVID-19 
patients liver function abnormalities may not be a major  characteristic35.

To our knowledge at the time of this publication, the reviews of the evidence for SARS-CoV-2 infection 
specific impact on the pooled estimate of liver functions is scarce. Therefore, we conducted a comprehensive 
systematic review with meta-analysis on the pooled mean of LFTs to provide an overview of the available evidence 
on the impact of SARS-CoV-2 infection on the liver function abnormalities.

Methods
This SR and meta-analysis was followed and conducted according to the Preferred Reporting Items for Systematic 
reviews and Meta-analysis (PRISMA) reporting checklist (see Additional File 1)40.

Search strategy. We searched Medline (via PubMed) and Embase databases without any language restric-
tions from inception to 31st of August, 2020. Key search terms related to COVID-19 and liver were used (see full 
list in Table 1). We also searched Google Scholar as well as performed manual searches of citations together with 
cross-checking of the references of recent reviews published until the 31st of August, 2020.

Inclusion and exclusion criteria. The current analysis included all types of study designs, patients of any 
age or gender with a confirmed diagnosis of the COVID-19 disease. We excluded letters, editorials, reviews 
and commentaries. Outcomes of interest were LFTs and coagulation parameters reported for patients hospital-
ized with SARS-CoV-2 infection in any setting, those who had recovered or non-survivors. We assessed abnor-

Table 1.  Search strategies.

PubMed (Medline)

1. COVID-19.mp. [mp = title, abstract, original title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier, synonyms]
2. Corona.mp. [mp = title, abstract, original title, name of substance word, subject heading word, floating sub-heading 
word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier, synonyms]
3. exp Coronavirus/
4. 1 or 2 or 3
5. Liver Diseases/or Liver/or liver abnormalities.mp.
6. exp Liver Cirrhosis/or exp Liver Failure, Acute/or exp Acute-On-Chronic Liver Failure/or exp Liver Function 
Tests/or exp Liver Failure/
7. 5 or 6
8. 4 and 7

EMBASE

1. COVID-19.mp.
2. Exp SARS coronavirus/
3. Corona.mp.
4. Corona virus.mp.
5. 1 or 2 or 3 or 4
6. exp liver function test/or exp liver dysfunction/or exp liver enzymes or exp liver cell damage or exp liver function/
7. 5 and 6
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malities in liver chemistry profiles of alanine aminotransferase (ALT), alkaline phosphatase (ALP), aspartate 
transaminase (AST), gamma-glutamyl transferase (GGT), total bilirubin, albumin, globulin and total protein. 
We also assessed changes in coagulation profiles of prothrombin time (PT) and activated partial thromboplastin 
time (aPTT). Studies that reported on patients with a history of liver disorders such as non-alcoholic fatty liver 
disease, acute/chronic liver injury, cirrhosis, liver failure, fibrosis and other liver related diseases were excluded. 
We also excluded non-English language studies due to lack of resources for accurate translation.

Two review authors independently assessed all identified studies for removal of duplication as well as initial 
eligibility assessment of title/abstract of all articles based on the eligibility criteria. Relevant studies were then 
subjected to full-text screening by the same reviewers. Disagreements were resolved by consensus or discus-
sions with a third review author. The study characteristic and all outcomes of interest, including trial year, study 
setting and design, number of participants, hospitalization days and death-related information were extracted 
independently by two review authors.

Data synthesis and statistical analysis. The data on the proportion of patients who had the abnormal 
(higher or lower) liver function tests were expressed as a percentage in narrative synthesis. The meta-analysis 
was performed using Review Manager Software. Case reports were excluded from the quantitative synthesis. The 
Mean and standard deviation (SD) were extracted from the included studies with the conversion of median and 
IQR to Mean and SD using the method described by Wan et al.41. The outcomes are presented as pooled mean 
together with the 95% confidence intervals (CI). Statistical heterogeneity of data was assessed using the  I2 sta-
tistics with the random effect model applied when substantial heterogeneity was present  (I2 > 50% or P ≤ 0.10)42. 
Subgroup analysis was planned where sufficient data from eligible studies was available. A funnel plot was used 
for visual inspection of publication  bias43. A sensitivity analysis was performed by removing the studies with 
higher outliers to validate the robustness of the analyzed meta-data.

Results
A total of 820 potential studies were identified through database and manual reference searches. After dedupli-
cation and screening a total of 35 studies were deemed eligible for this review with only 23 studies considered 
for the meta-analysis. A detailed study selection process based on PRISMA flow chart is presented in Fig. 1. The 
degree of agreement between review authors was 94% (33 studies agreed/35 studies) for inclusion of eligible 
studies and 92% for data extraction.

Characteristics of the included studies. From the 35 included studies: retrospective studies (n = 25), 
case series (n = 6), case reports (n = 2) and cross sectional study (n = 2), majority of studies were from China 
(n = 31; 89%), followed by one study each from Singapore, USA, Germany and  France14,25,27,31,44–73. The period 
of studies spanned from 11th of December 2019 to the 31st of August, 2020. The presence of SARS-COV-2 was 
confirmed using the molecular based technique of Reverse Transcriptase polymerase chain reaction (RT-PCR), 
while the diagnosis was based on the Chinese Center for Disease Prevention and Control (CDC) guidelines or 
WHO interim guidance. Table 2 summarizes the main characteristics of eligible studies.

Characteristics of the included patients. The 35 studies included 10,692 patients diagnosed with SARS-
CoV-2 of whom more than half consisted of females (n = 5469, 51.1%). The mean or median age of the patients 
ranged from 40 to 86 years. The most common comorbidities present in the included patients were diabetes, 
hypertension, kidney disease, acute cardiac injury, acute respiratory distress syndrome and shock. The major 
presenting symptoms of SARS-CoV-2 infection were fever, dry cough, expectoration, fatigue, anorexia, myalgia, 
dyspnea, pharyngalgia, diarrhea, nausea, breathlessness, chest tightness and dizziness. In addition to support-
ive and palliative care, the mainstay of treatment tailored to the presenting symptoms of the patients included 
antivirals, antibiotics, corticosteroids or immunoglobulin administration. The demographics, comorbidities, 
presenting symptoms and treatment modalities of patients diagnosed with COVID-19 are detailed in Table 3.

Abnormalities of the plasma proteins. Albumin. A meta-analysis of 13 studies revealed that the 
pooled mean of albumin levels was 38.04 g/L [36.78, 39.30] with a significant level of heterogeneity  (I2 = 97%, 
P < 0.00001). Majority of the studies did not report the number of patients who showed changes in albumin 
levels. However, Yang et al. and Huang et al. reported elevation of albumin in 2% (n = 3) and 20.6% (n = 7) of 
affected patients, respectively (Fig. 2A). In contrast, lower level of albumin were reported widely ranging from 
6% (n = 9)63 to 100% (n = 5)47.

Globulin. The pooled mean of globulin level from three studies was found to be 28.22 g/L [27.05, 29.38] with a 
significant level of heterogeneity  (I2 = 95%, P < 0.00001). Only Zhang et al. reported an elevation of globulin in a 
third of the included patients (n = 42; 36.5%) (Fig. 2B).

Total protein. Total protein was only reported by Xu et al. and estimated to be 56 g/L in the patients with SARS-
CoV-2 infection.

Alanine aminotransferase (ALT). A total of 23 studies reported on changes in ALT levels of the included 
patients. The pooled mean of ALT was found to be 28.18 U/L [26.03, 30.33] with a significant level of heteroge-
neity  (I2 = 96%, P < 0.00001). The proportion of patients with an elevated ALT level ranged from 3.75% (n = 3)49 
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to 36.79% (n = 117)48,50,53,64, while a decrease from the lower limit of ALT levels varied from 2 (1.34%) to 67% 
(n = 46)56 (Fig. 2C).

A sensitivity analysis performed by removing two  studies50,57 with outlier ALT values did not show a notice-
able change in the pooled results revealing mean of 28.65 U/L [26.47, 30.83] with a significant heterogeneity 
 (I2 = 92%, P < 0.00001) (Additional File 2, Supplementary Data Fig. S1).

Alkaline phosphatase (ALP). A total of ten studies reported on changes in levels of ALP of the included 
patients. The pooled mean for ALP was found to be 64.45 U/L [60.31, 68.60] with a significant level heterogene-
ity  (I2 = 99%, P < 0.00001). The proportion of patients with an elevated ALP levels ranged from 0.3% (n = 1) to 
6.6% (n = 21)46,53, while a decrease from the lower limit of ALP levels was not reported by any study (Fig. 2D).

Aspartate aminotransferase (AST). A total of 22 studies reported on the changes in AST levels of the included 
patients. The pooled mean of AST was found to be 30.98 U/L [28.75, 33.20] with a significant level of heteroge-
neity  (I2 = 95%, P < 0.00001). The proportion of patients with an elevation of AST ranged from 3.75% (n = 3)49 to 
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Figure 1.  Study protocol according to PRISMA flow chart.
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36% (n = 9)47. In contrast, a decrease from the lower limit of AST level (n = 50; 72%) was reported only by Wang 
et al. (Fig. 2E).

The sensitivity analysis performed by removing two studies with outliers did not alter the findings of original 
analysis of the mean 32.01 U/L [29.61, 34.42] with the heterogeneity of  I2 = 96%; P < 0.00001 (Additional File 2, 
Supplementary Fig. S2).

Total bilirubin (TB). A total of 17 studies reported on the changes in levels of TB of the included patients. 
The pooled mean of TB was found to be 11.36 μmol/L [10.35, 12.38] with a significant level of heterogene-
ity  (I2 = 96%, P < 0.00001). The proportion of patients with an elevated TB level ranged from 1.25% (n = 1)49 

Table 2.  Characteristics of all included studies. RT-PCR real time polymerase chain reaction, CDC centre for 
disease control, WHO World Health Organization. a The follow-up period.

Study Author, Year Country Study design Study duration Diagnostic method References

Cai et al. (2020) China Cross-sectional study Jan 11 to Feb 21, 2020 RT-PCR and recommendations of CDC 
in China

46

Schattenberg et al. (2020) Germany Case series March 3 and April 30, 2020 PCR positive for SARS-CoV-2 by throat 
swab

72

Meszaros et al. (2020) France Retrospective cohort study March 10 to April 18, 2020 Reverse transcription polymerase chain 
reaction

69

Qi Wang et al. (2020) China Retrospective study January 12, and March 17, 2020 New Coronavirus Pneumonia Diagnosis 
and Treatment Plan (Trial Edition 4–6)

73

Rui Hao et al. (2020) China Retrospective, cross-sectional study January 17 to February 12, 2020 WHO interim guidance 71

Shasha Li et al. (2020) China Clinical trial NA
Pneumonia Treatment Plan for the 
Novel Coronavirus Infection, National 
Health and Health Commission of the 
People’s Republic of China (Version 1–6)

70

Fan et al. (2020) China Retrospective study January 20 through January 31, 2020 SARS-CoV-2 RNA by reverse tran-
scriptase polymerase chain reaction

74

Cui et al. (2020) China Case report 17  daysa RT-PCR 44

Fan et al. (2020) China Retrospective, single-centre study Jan 20 to 31, 2020 RT-PCR 45

Li et al. (2020) China Case series Jan 14 to Feb 13, 2020 RT-PCR 47

Qain et al. (2020) China Retrospective study Jan 20, to Feb 24, 2020 NR 66

Wang et al. (2020) China Retrospective study Jan 1 to Feb 6, 2020 RT-PCR 48

Wu et al. (2020) China Retrospective study Jan 22 to Feb 14, 2020 RT-PCR 49

Xie et al. (2020) China Retrospective study Feb 2, to Feb 23, 2020 According to WHO interim guidance 
with laboratory-identified COVID-19

27

Yang et al. (2020) China Retrospective study Jan 6 to Feb 25, 2020 RT-PCR and diagnosed by CDC China 50

Yang et al. (2020) China Single-centred, retrospective, observa-
tional study Late-December 2019, to Jan 26, 2020 According to WHO interim guidance 31

Yao et al. (2020) China Retrospective study NR NR 67

Zhang et al. (2020) China Retrospective, single-centre study Jan 8 to Feb 22, 2020 Commission of China 52

Guan et al. (2020) China Retrospective study Dec 11, 2019, to Jan 29, 2020 By RT-PCR and diagnosis according to 
WHO interim guidance

25

Cai et al. (2020) China Retrospective study Jan 11 to Feb 6, 2020 Based on WHO interim guidance 53

Xu et al. (2020) China Retrospective case series Jan 10 to 26, 2020 By RT-PCR and diagnosis according to 
WHO interim guidance

54

Mo et al. (2020) China Retrospective single-centre study Jan 1 to Feb 5, 2020 By RT-PCR 55

Wang et al. (2020) China Case series Jan 16 to 29, 2020 By RT-PCR 56

Zhu et al. (2020) China Retrospective study Jan 24 to Feb 20, 2020 Nucleic acid amplification 58

Wan et al. (2020) China Case Series Jan 23 to Feb 8, 2020 By RT-PCR 59

Shi et al. (2020) China Retrospective study Dec 20, 2019 to Jan 23, 2020, Next-generation sequencing or RT-PCR 60

Huang et al. (2020) China Retrospective study Dec 16, 2019 to Jan 2, 2020 Next-generation sequencing or RT-PCR 61

Xu et al. (2020) China Case report Jan 21, 2020 RT-PCR 62

Lie et al. (2020) China Multicentre retrospective cohort Dec 20, 2019 to March 8, 2020 RT-PCR 75

Wang et al. (2020) China Retrospective, single-centre case series January 1 to Feb 3, 2020 WHO interim guidance 64

Yang et al. (2020) China Retrospective cohort study January 17th to February 10th, 2020 By RT-PCR and diagnosis according to 
CDC China

63

Huang et al. (2020) China Retrospective study December 2019 to January 2020 NR 68

Qian et al. (2020) China Retrospective study 20 January 2020 to 11 February 2020 RT-PCR 65

Young et al. (2020) Singapore Descriptive case series Jan 23 to Feb 3, 2020 PCR 51

Arentz et al. (2020) US Case series Feb 20 to March 5, 2020 By RT-PCR 57
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Study Author, Year Sample size Age (range) Gender
Chronic diseases/
comorbidities

Clinical severity
n (%)

Signs and symptoms 
(n %) Treatment n (%)

Cai et al. (2020) 417 47 years (33–59)a Male: 81 (36%); 
Female: 336 (64%)

Diabetes: 12 (5%); 
Hypertension: 25 
(11%); Liver disease: 
4 (1.8%)

Mild: 326 (78.2); 
Severe: 91 (21.8)

Fever: 147 (65.3); 
Cough 73 (32.4) NR

Qiu et al. (2020) 1 56 years Female
Decompensated alco-
holic cirrhosis with 
a history of gastric 
varices

Severe Abdominal pain, 
fever and diarrhoea

Empiric antibiotic 
(Zosyn and Vanco-
mycin), intravenous 
hydration

Schattenberg et al. 
(2020) 44 68 years (range 

23–86)a
Male: 30 (68%); 
Female: 14 (32%); NR NR Dyspnoea, fever and 

cough
Hydroxychloroquine, 
Protease inhibitor and 
Antibiotics

Meszaros et al. (2020) 244 67 ± 14 years Male: 149 (63.7%); 
Female: 95 (36.3%);

Arterial hyperten-
sion, Cardiovascular 
disease, diabetes 
mellitus, chronic liver 
disease, Malignancy 
Immunosuppression 
and Chronic alcohol 
consumption

NR NR
ACEI/ARB 
B-blockers, Diuretics, 
Calcium channel 
blocking agent

Qi Wang et al. (2020) 105 45 years (33.5–59.5)a Male: 56 (53.3%); 
Female: 49 (46.7%);

Hypertension, 
Diabetes

Mild: 79 (48.1%); 
Severe: 26 (69.2%)

Fever and respiratory 
distress

Antipyretic, 
nutritional support, 
recombinant human 
interferon α-2b, lopi-
navir ritonavir tablet, 
reduced glutathione 
and compound 
glycyrrhizin

Shasha Li et al. (2020) 159 43 years Male: 90 (56.6%); 
Female: 69 (44.4%);

Chronic hepatitis B 
virus, HBV-related 
cirrhosis, Hyperten-
sion, Diabetes, Coro-
nary heart disease and 
fatty liver

Mild: 125 (78.6%); 
Severe: 34 (21.4%); Fever

lopinavir/ritonavir 
and hydroxychloro-
quine

Fan et al. (2020) 148 50 years (36–64)a Male: 73 (50.7%); 
Female: 75 (50.7%); NR Mild: 92 (62.2%); 

Severe: 10 (6.8%)

Fever 127 (85.8%)
Cough 67 (45.3%)
Expectoration 38 
(26.7%)
Diarrhea 6 (4.1%)
Nausea and vomiting 
3 (2.0%)
Asymptomatic 5 
(3.4%)
With other liver 
diseases 9 (6.1%)

Antibiotics Antiviral 
Arbidol Oseltamivir 
Antipyretic analgesics

Cui et al. (2020) 1 55 days old Female: 1 NR NR Rhinorrhoea and a 
dry cough

Inhaled interferon 
α-1b (15 μg, bid), 
amoxicillin potassium 
clavulanate (30 mg/
kg, q8h, intravenous 
glucose tolerance test 
[IVGTT]), reduced 
glutathione, ursode-
oxycholic acid, and 
traditional Chinese 
medicine lotus 
qingwen

Fan et al. (2020) 148 50  yearsb Male 73 (49.3%); 
Female 75 (50.7%) NR NR

Fever 127 (85.8%); 
Cough 67 (45.3%); 
Expectoration 38 
(26.7%); diarrhoea 6 
(4.1%); Nausea and 
vomiting 3 (2.0%); 
Asymptomatic 5 
(3.4%); other liver 
diseases 9 (6.1%)

Antibiotics: 50 (68%); 
Antiviral: 39 (50.8%); 
Arbidol: 13 (15.8%); 
Oseltamivir: 27 
(36.5%); Antipyretic 
and analgesics: 14 
(17.3%); No medica-
tion: 69 (94.3%)

Li et al. (2020) 25 73 years (55–100)a Male: 10 (40%); 
Female: 15 (60%)

Hypertension: 16 
(64%); Diabetes: 10 
(40%); Heart diseases: 
8 (32%); Kidney 
diseases: 5 (20%); 
Cerebral infarction: 
4 (16%), Chronic 
obstructive pulmo-
nary disease: 25 (8%); 
Malignant tumours: 
2 (8%) and acute 
pancreatitis: 1 (4%)

NR NR NR

Qian et al. (2020) 324 51 years (15–88)a Males: 167 (51.5%)
HBsAg positive: 20 
(6.2%); Fatty Liver: 70 
(21.6%)

NR NR NR

Continued
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Study Author, Year Sample size Age (range) Gender
Chronic diseases/
comorbidities

Clinical severity
n (%)

Signs and symptoms 
(n %) Treatment n (%)

Wang et al. (2020) 339 69 years (65–76)a Male: 166 (49%); 
Female: 173 (51%)

Hypertension: 138 
(40.8%); Diabetes 54 
(16.0%); Cardio-
vascular disease: 53 
(15.7%); Cerebro-
vascular disease: 21 
(6.2%); Chronic 
kidney disease: 13 
(3.8%); Chronic liver 
disease: 2 (0.6%); 
COPD: 21 (6.2%); 
Malignancy: 15 
(4.4%); Autoimmune 
disease: 5 (1.5%); 
Bacterial Infection 
143 (42.8%); AKI 
27 (8.1%); ARDS 
71 (21.0%); Liver 
Enzyme Abnormali-
ties 96 (28.7%); Acute 
cardiac injury 70 
(21.0%); Arrhythmia 
35 (10.4%); Cardiac 
insufficiency 58 
(17.4%); Shock 8 
(2.4%)

Moderate: 100 (29.5); 
Severe: 159 (46.9); 
Critical: 80 (23.6);

Fever 311 (92.0); Dry 
cough 179 (53.0); 
Expectoration 93 
(27.5); Fatigue 135 
(39.9); Anorexia 94 
(27.8); Myalgia 16 
(4.7); dyspnoea 138 
(40.8); Pharyngalgia 
13 (3.9); Diarrhoea 
43 12.7); Nausea 13 
(3.8); Chest tightness 
88 (26.0); Dizziness 
13 (3.8); Headache 
12 (3.5);

NR

Wu et al. (2020) 80 46.10 ± 15.42b Male: 39 (48.75%); 
Female: 41 (51.25%)

Cardiovascular and 
cerebrovascular 
diseases: 25 (31.25%); 
Endocrine system 
diseases: 5 (6.25%); 
Digestive system 
disease 3 (3.75%): 
Respiratory system 
diseases: 1 (1.25%): 
Malignant tumor: 
1 (1.25%); Nervous 
system diseases: 1 
(1.25%); Chronic 
kidney disease: 1 
(1.25%); Chronic liver 
disease: 1 (1.25%)

NR NR

Xie et al. (2020) 79 60 years (27–87)a Male: 44 (55.7%); 
Female: 35 (44.3%)

Hypertension: 14 
(17.7%); Diabetes 
mellitus: 8 (10.1%); 
CHD: 7 (8.9%)

NR NR NR

Yang et al. (2020) 92 69.8 ± 14.5b 30–97c Male 49/92 (53.3%); 
Female 43/92 (46.7%)

All 65/92 (70.7%); 
Hypertension 51/92 
(56.1%); Heart disease 
16/92 (20.7%); Dia-
betes 13/92 (18.3%); 
Cerebrovascular 
disease 10/92 (10.9%); 
Malignancy 4/92 
(4.3%)
Chronic liver disease 
3/92 (3.3%); Chronic 
renal insufficiency 
2/92 (2.2%); Hae-
matological system 
disease 2/92 (2.2%); 
Chronic obstructive 
pulmonary disease 
1/92 (1.1%)

NR NR NR
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Study Author, Year Sample size Age (range) Gender
Chronic diseases/
comorbidities

Clinical severity
n (%)

Signs and symptoms 
(n %) Treatment n (%)

Yang et al. (2020) 52 59·7 ± 13·3b Female: 17 (33%); 
Male: 35 (67%)

Chronic medical 
illness: 21 (40%); 
Chronic cardiac 
disease: 5 (10%); 
Chronic pulmonary 
disease: 4 (8%); 
Cerebrovascular 
disease: 7 (13·5%); 
Diabetes: 9 (17%); 
Malignancy: 2 (4%); 
Dementia: 1 (2%); 
Malnutrition: 1 (2%); 
Acute respiratory 
distress syndrome: 35 
(67%); Acute kidney 
injury: 15 (29%); 
Cardiac injury: 12 
(23%); Liver dys-
function: 15 (29%); 
Hyperglycaemia: 18 
(35%); Gastrointes-
tinal haemorrhage: 2 
(4%); Pneumothorax: 
1 (2%); Hospital-
acquired pneumonia: 
6 (11·5%); Bacterae-
mia: 1 (2%); Urinary 
tract infection: 1 (2%)

NR

Fever: 51 (98%); 
Cough: 40 (77%); 
Dyspnoea: 33 
(63·5%); Myalgia: 6 
(11·5%); Malaise: 18 
(35%); Rhinorrhoea: 
3 (6%); Arthralgia: 
1 (2%); Chest pain: 
1 (2%); Headache: 
3 (6%); Vomiting: 
2 (4%)

High flow nasal 
cannula: 33 (63·5%); 
Mechanical ven-
tilation: 37 (71%); 
Non-invasive MV: 
29 (56%); Invasive 
MV: 22 (42%); Prone 
position ventilation: 6 
(11·5%); Extracorpor-
eal membrane oxy-
genation: 6 (11·5%); 
Renal replacement 
therapy: 9 (17%); 
Vasoconstrictive 
agents: 18 (35%); 
Antiviral agents: 23 
(44%); Antibacterial 
agents: 49 (94%); 
Glucocorticoids: 30 
(58%); Immunoglob-
ulin: 28 (54%)

Yao et al. (2020) 40 22–83c; 53.87 ± 15.84b Male: 25 (62.5%); 
Female: 15 (37.5%) NR NR NR NR

Young et al. (2020) 18 47 years (31–73)a Male: 9 (50%); 
Female: 9 (50%) Any: 5 (28%) NR

Fever: 13 (72); Cough: 
15 (83); Shortness 
of breath: 2 (11); 
Rhinorrhoea: 1 (6); 
Sore throat: 11 (61); 
diarrhoea 3 (17)

Supplemental oxygen: 
6 (33%); Admission 
to ICU: 2 (11%); 
Mechanical ventila-
tion: 1 (6%); Antiviral: 
5 (27.8)

Zhang et al. (2020) 115 49.52 ± 17.06b Male: 49 (42.6%); 
Female: 66 (57.4%) NR Mild: 84 (73%); 

Severe: 31 (27%) NR NR

Guan et al. (2020) 1099 47.0 (35.0–58.0)a
Female: 459/1096 
(41.9); Male: 637/1096 
(58.1)

Any: 261 (23.7); 
Chronic obstructive 
pulmonary disease: 
12 (1.1); Diabetes: 81 
(7.4); Hypertension: 
165 (15.0); Coronary 
heart disease: 27 
(2.5); Cerebrovascu-
lar disease: 15 (1.4); 
Hepatitis B infection: 
23 (2.1); Cancer: 
10 (0.9); Chronic 
renal disease: 8 (0.7): 
Immunodeficiency: 
2 (0.2)

NR

Fever: 473/1081 
(43.8); Conjunctival 
congestion: 9 (0.8); 
Nasal congestion 53 
(4.8); Headache: 150 
(13.6); Cough: 745 
(67.8); Sore throat: 
153 (13.9); Sputum 
production: 370 
(33.7); Fatigue: 419 
(38.1); Haemoptysis: 
10 (0.9); Shortness 
of breath: 205 (18.7); 
Nausea or vomiting: 
55 (5.0); diarrhoea: 
42 (3.8); Myalgia or 
arthralgia: 164 (14.9); 
Chills: 126 (11.5); 
Throat congestion: 19 
(1.7); Tonsil swelling: 
23 (2.1); Enlargement 
of lymph nodes: 2 
(0.2); Rash: 2 (0.2)

NR

Cai et al. (2020) 298 47.5 (33–61)a Male: 145 (48.66); 
Female: 155 (51.44)

T2DM: 18 (6.04); 
Hypertension: 47 
(15.8); Cardiovascular 
diseases: 25 (8.39); 
Liver disease: 28 (9.4); 
Cancer: 4 (1.3)

Non-severe: 240 
(80.5%); Severe: 58 
(19.5%)

No symptoms: 30 
(10.1); Fever: 218 
(73.15); Cough: 105 
(35.23); Fatigue: 13 
(4.36); Headache: 5 
(1.68); diarrhoea: 9 
(3.02); Sore throat: 2 
(0.67); Nasal conges-
tion: 3 (1.01)

Lopinavir/ritonavir: 
236 (79.2); NSAID: 
121 (40.6); Corti-
costeroid: 91 (30.5); 
Gamma-globulin: 94 
(31.5); Need ICU care: 
30 (10.1); Invasive 
mechanical ventila-
tion: 30 (10.1); Extra-
corporeal membrane 
oxygenation: 3 (1.0)
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Study Author, Year Sample size Age (range) Gender
Chronic diseases/
comorbidities

Clinical severity
n (%)

Signs and symptoms 
(n %) Treatment n (%)

Xu et al. (2020) 62 41 (32–52)a Male: 35 (56); Female 
27 (44)

Any: 20 (32); 
Hypertension: 5 
(8); Diabetes: 1 (2); 
Chronic obstructive 
pulmonary disease: 1 
(2); Cerebrovascular 
disease: 1 (2); Renal 
diseases: 1 (2); Liver 
disease: 7 (11)

NR

Fever: 48 (77); Cough: 
50 (81); Myalgia 
or fatigue: 32 (52); 
Expectoration: 35 
(56); Haemoptysis: 
2 (3); Headache: 21 
(34); Diarrhoea 3 (8)

Antiviral treatment: 
55 (89); Interferon 
alpha inhalation: 
8 (13); Lopinavir/
ritonavir: 4 (6); 
Arbidol + interferon 
alpha inhalation: 1 
(2); Lopinavir/ritona-
vir + interferon alpha 
inhalation: 21 (34); 
Arbidol + lopinavir/
ritonavir: 17 (28); 
Arbidol + lopinavir/
ritonavir + interferon 
alpha inhalation: 4 
(6); Antibiotics: 28 
(45); Corticosteroid 
and gamma globulin: 
16 (26)

Mo et al. (2020) 155 54 (42–66)a Male 86

Hypertension: 37 
(23.9), Diabetes: 15 
(9.7), Cardiovascular 
diseases: 15 (9.7), 
Cerebrovascular 
diseases: 7 (4.5), 
Malignancy: 7 (4.5), 
Chronic liver diseases: 
7 (4.5), Chronic renal 
diseases: 6 (3.9)

Stable: 63 (40.6); 
Serious: 55 (35.5); 
Critical: 37 (23.9)

Fever: 126 (81.3); 
Cough: 97 (62.6); 
Chest distress: 61 
(39.4); Fatigue: 
60 (73.2); Breath 
shortness: 50 (32.3); 
Myalgia or arthralgia: 
50 (61.0); Anorexia: 
26 (31.7)

Oxygen: 102 (65.8); 
Mechanical ventila-
tion: 36 (23.2); Expec-
torant: 87 (56.1); Cor-
ticosteroid: 79 (51.0); 
Antiviral treatment: 
45 (29.0); Arbidol: 31 
(20.0); Lopinavir and 
ritonavir: 27 (17.4); 
Interferon inhalation: 
30 (19.4); Immune 
enhancer: 14 (9.0); 
Thymalfasin: 11 (7.1); 
Immunoglobulin: 
9 (5.8)

Wang et.al. (2020) 69 42 (35–62)a Male: 32 (46%); 
Female 37 (54%)

Hypertension: 9 
(13%); Cardiovascular 
disease: 8 (12%); 
Diabetes: 7 (10%); 
Malignancy: 4 (6%); 
Asthma: 2 (3%); 
Chronic hepatitis: 
1 (1%)

NR

Sputum production 
20 (29%); Dyspnoea 
20 (29%); Oppression 
in chest 14 (20%); 
diarrhoea 10 (14%); 
Headache 10 (14%); 
Anorexia 7 (10%); 
Chest pain 6 (9%); 
Pharyngalgia 6 (9%); 
Dizziness 5 (7%); 
Palpitation 5 (7%); 
Vomiting 3 (4%); 
Cough 38 (55%); 
Fatigue 29 (42%); 
Myalgia 21 (30%)

Antiviral therapy: 66 
(98.5%); Antibiotic 
therapy: 66 (98.5%); 
Antifungal therapy: 
8 (11.9%); Use of 
corticosteroids: 10 
(14.9%); Arbidol: 36 
(53.7%)

Arentz et al. (2020) 21 70b; 43-92c Male: 11 (52%); 
Female 10 (48%)

Asthma: 2 (9.1); 
Chronic obstructive 
pulmonary disease: 
7 (33.3); Congestive 
heart failure: 9 (42.9); 
Diabetes: 7 (33.3); 
Rheumatologic dis-
ease: 1 (4.8); Obstruc-
tive sleep apnea: 
6 (28.6); Chronic 
kidney disease: 10 
(47.6); End-stage kid-
ney disease: 2 (9.5); 
History of solid organ 
transplant: 2 (9.5); 
Cirrhosis 1 (4.8); 
Immunosuppression: 
(14.3)

Acute respiratory 
distress syndrome 
(ARDS): none: 1 
(4.8); Mild: 2 (9.5); 
Moderate: 6 (28.6); 
Severe: 12 (57.1)

Cough:11 (47.6); 
Shortness of breath: 
17 (76.2); Fever: 11 
(52.4); Temperature 
(range) °C: 37.6 
(35.3–39.2)

Use of non-invasive 
positive pressure 
ventilation: 4 (19.0): 
Use of high-flow 
oxygen therapy > 15 L/
min: 1 (4.8): Required 
mechanical ventila-
tion: 15 (71.0): Use of 
prone positioning for 
ARDS: 8 (50.0); Use of 
inhaled epoprostenol 
for ARDS: 5 (31.3); 
Use of vasopressors: 
14 (67.0)

Zhu et al. (2020) 116 40 (27‐53)a Male: 56 (46%); 
Female: 65 (54%)

Hypertension: 22 
(19); Diabetes: 10 (9); 
Chronic obstructive 
pulmonary disease: 6 
(5); Cerebrovascular 
disease: 5 (4); Mental 
disorder: 4 (3); Coro-
nary heart disease: 5 
(4); Tumour: 4 (3); 
Liver disease: 5 (4); 
Renal diseases: 2 (2)

NR

Fever: 84 (72); Cough: 
73 (63); Myalgia 
or fatigue: 11 (9); 
Expectoration: 22 
(19); Chest stuffiness: 
5 (4); Haemoptysis: 1 
(1); Headache: 3 (3); 
diarrhoea: 2 (2)

NR
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Study Author, Year Sample size Age (range) Gender
Chronic diseases/
comorbidities

Clinical severity
n (%)

Signs and symptoms 
(n %) Treatment n (%)

Wan et al. (2020) 135 47 (36‐55)a Male: 72 (53.3%); 
Female: 63 (46.7%)

Diabetes: 12 (8.9%); 
Cardiovascular dis-
ease: 7 (5.2%); Hyper-
tension: 13 (9.6); 
Malignancy: 4 (3.0%); 
Pulmonary disease: 
1 (0.7%); Chronic 
liver disease: 2 (1.5%); 
Acute respiratory 
distress syndrome: 21 
(15.6%); Acute car-
diac injury: 10 (7.4%); 
Acute kidney injury: 
5 (3.7%); Secondary 
infection: 7 (17.5%); 
Shock: 1 (0.7%)

Severe: 40 (29.6%); 
mild: 95 (70.4%)

Fever: 120 
(88.9%);Cough: 102 
(76.5′%); Myal-
gia or fatigue: 44 
(32.5%);Headache: 34 
(32.5%); Pharyn-
galgia: 24 (17.7%); 
diarrhoea: 18 (13.3%); 
dyspnoea: 18 (13.3%); 
Chest tightness 
and shortness of 
breath:12 (8.8%); 
Sputum production: 
12 (8.8%); Fear of 
cold: 14 (10.3%); 
Loss of appetite: 6 
(4.4%); Palpitation: 5 
(3.7%); Haemoptysis: 
4 (3.0%); Retching: 4 
(3.0%)

Antiviral therapy: 135 
(100%); Antibiotic 
therapy: 59 (43.7%); 
Use of corticoster-
oid: 36 (26.7%); 
Traditional Chinese 
medicine: 124 
(91.8%); Continuous 
renal replacement 
therapy: 5 (3.7%); 
Oxygen support: 90 
(66.7%); Non-invasive 
ventilation or high‐
flow nasal cannula: 
34 (25.2%); Invasive 
mechanical ventila-
tion: 1 (0.7%)

Shi  et al. (2020) 81 49.5 (11.0)a Male: 42 (52%), 
Female: 39 (48%)

Chronic pulmonary 
disease 9 (11%); 
Diabetes 10 (12%); 
Hypertension 12 
(15%); Chronic renal 
failure 3 (4%); Car-
diovascular disease 8 
(10%); Cerebrovas-
cular disease 6 (7%); 
Malignancy 4 (5%); 
Hepatitis or liver cir-
rhosis 7 (9%)

NR

Fever 59 (73%); 
Dyspnoea 34 (42%); 
Chest tightness 18 
(22%); Cough 48 
(59%); Sputum 15 
(19%); Rhinorrhoea 
21 (26%); Anorexia 
1 (1%); Weakness 
7 (9%); Vomiting 4 
(5%); Headache 5 
(6%); Dizziness 2 
(2%); Diarrhoea 3 
(4%)

NR

Huang et al. (2020) 41 49.0 (41.0–58.0)a Male: 30 (73%); 
Female: 11 (27%)

Diabetes 8 (20%); 
Hypertension 6 
(15%); Cardiovascu-
lar disease 6 (15%); 
Chronic obstructive 
pulmonary disease 1 
(2%); Malignancy 1 
(2%); Chronic liver 
disease 1 (2%)

NR

Fever 40 (98%); 
Cough 31 (76%); 
Myalgia or fatigue 
18 (44%); Sputum 
production 11/39 
(28%); Headache 3/38 
(8%); Haemoptysis 
2/39 (5%); Diarrhoea 
1/38 (3%); Dyspnoea 
22/40 (55%);

Antibiotic therapy 
41 (100%); Antiviral 
therapy 38 (93%); 
Use of corticosteroid 
9 (22%)

Xu et al. (2020) 1 50 Male NR NR
Fever, chills, cough, 
fatigue and shortness 
of breath

Interferon alfa-2b (5 
million units twice 
daily, atomisation 
inhalation) and lopi-
navir plus ritonavir 
(500 mg twice daily, 
orally) as antiviral 
therapy, and moxi-
floxacin (0·4 g once 
daily, intravenously

Lie et al. (2020) 5771 56 (43–65)a Male: 2,724 (47.2%) NR NR NR NR

Wang et al. (2020) 138 56 (42–68)a Male: 75 (54.3%); 
Female: 63 (45.7%

Hypertension 43 
(31.2); Cardiovascular 
disease 20 (14.5); 
Diabetes 14 (10.1); 
Malignancy 10 (7.2); 
Cerebrovascular 
disease 7 (5.1); COPD 
4 (2.9); Chronic 
kidney disease 4 (2.9); 
Chronic liver disease 
4 (2.9); HIV infection 
2 (1.4),

NR

Fever 136 (98.6); 
Fatigue 96 (69.6); 
Dry cough 82 (59.4); 
Anorexia 55 (39.9); 
Myalgia 48 (34.8); 
dyspnoea 43 (31.2); 
Expectoration 37 
(26.8); Pharyngalgia 
24 (17.4); diarrhoea 
14 (10.1); Nausea 
14 (10.1); Dizziness 
13 (9.4); Headache 
9 (6.5); Vomiting 5 
(3.6); Abdominal pain 
3 (2.2)

Antiviral therapy 124 
(89.9); Glucocorticoid 
therapy 62 (44.9); 
invasive mechanical 
ventilation 17 (12.32); 
extracorporeal mem-
brane oxygenation 
4 (2.9)
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to 44.02% (n = 140)46. Whereas, only Yang et al., 2020 reported a decrease in TB levels among seven patients 
(4.70%) (Supplementary Fig. S3).

A sensitivity analysis by removing two studies demonstrated no noticeable change in the overall results 
(11.25 μmol/L [10.27, 12.22]) with the heterogeneity  (I2 = 96%, P < 0.00001) (Additional File 2, Supplementary 
Data Fig. S4).

Gamma-glutamyl transferase (GGT). A total of seven studies reported on the levels of GGT in the included 
patients. The pooled mean of GGT was found to be 31.21 U/L [26.89, 35.53] with a significant level of heteroge-
neity  (I2 = 96%, P < 0.00001). The proportion of patients with an elevated level of GGT ranged from 0.9% (n = 3)66 
to 28.61% (n = 91)53. However, none of the studies reported a decreased level of GGT among the affected patients 
(Fig. 2F).

Prothrombin time (PtT). A total of eight studies reported on changes in the levels of PtT of the included 
patients. The pooled mean of PtT was found to be 10.30 s [5.18, 15.43] with a significant level of heterogeneity 
 (I2 = 100%, P < 0.00001). An elevation of PtT was reported by Zhang et al. and Yang et al. among 52.2% (n = 60) 
and 11.41% (n = 17) of the patients, respectively. In contrast, a decrease from the lower limit in PtT levels was 
reported by Yao et al. (7.5%, n = 3), Wu et al. (3.75%, n = 3) and Yang et al. (2.68%, n = 4) (Fig. 3A).

Activated partial thromboplastin time (aPTT). A total of seven studies reported on the levels of aPTT in the 
included patients. The pooled mean of aPTT was found to be 28.97 s [26.91, 31.04] with a significant level of 
heterogeneity  (I2 = 100%, P < 0.00001). An elevation of aPTT was reported by Yang et al., among quarter of the 

Study Author, Year Sample size Age (range) Gender
Chronic diseases/
comorbidities

Clinical severity
n (%)

Signs and symptoms 
(n %) Treatment n (%)

Yang et al. (2020) 149 45.11 ± 13.35b Male: 81; Female: 68

Cardio-cerebro-
vascular disease 28 
(18.79%); Digestive 
system diseases 8 
(5.37%); Endocrine 
diseases 9 (6.04%); 
Malignant tumour 2 
(1.34%); Neural sys-
tem diseases 0 (0%); 
Respiratory system 
diseases 1 (0.67%); 
Others 4 (2.68%)

NR

Fever 114 (76.51%); 
cough 87 (58.39%); 
Expectoration 48 
(32.21%); dyspnoea 2 
(1.34%); Muscle pain 
5 (3.36%); Headache 
13 (8.72%); Sore 
throat 21 (14.09%); 
Snotty 5 (3.36%); 
Chest pain 5 (3.36%); 
Chest tightness 16 
(10.74%); Chill 21 
(14.09%); diarrhoea 
11 (7.38%); Nausea 
and vomiting 2 
(1.34%)

Antibiotic treat-
ment 34 (22.82%); 
Antifungal treatment 
0 (0.0%); Antivi-
ral treatment 140 
(93.96%); Interferon 
administration 144 
(96.64%); Glucocor-
ticoids 5 (3.36%); 
Immunoglobulin 
therapy 19 (12.75%)

Huang et al. (2020) 34 56.24 ± 17.14b Male: 14 (41.2%); 
Female: 20 (58.8%)

Diabetes 4 (11.8%); 
Hypertension: 8 
(23.5%); Cardiovascu-
lar disease: 6 (17.6%); 
Chronic obstructive: 
1 (2.9%); Pulmonary 
disease: 2 (5.9%); 
Malignancy: 3 (8.8%); 
Chronic liver disease: 
1 (2.9%); Hyper-
uricemia: 1 (2.9%); 
Hypothyroidism: 2 
(5.9%); HIV infection: 
2 (5.9%)

NR

Fever: 32 (94.1%); 
Cough: 17 (50.0%); 
Myalgia or fatigue: 22 
(64.7%); Sputum pro-
duction: 8 (23.5%); 
Headache: 2 (5.9%); 
diarrhoea: 5 (14.7%); 
dyspnoea: 5 (14.7%)

Antibiotic therapy: 
31 (91.2%); Antiviral 
therapy (other drugs 
but not lopinavir/
ritonavir): 32 (94.1%); 
Antiviral therapy 
(switch to lopinavir/
ritonavir later): 9 
(26.5%); Use of corti-
costeroid 21 (61.8%)

Qian et al. (2020) 91 50 (36.5–57)a Female: 54 (59.34%); 
Male: 37 (40.66%)

Hypertension: 15 
(16.48%); Diabetes 
Mellitus: 8 (8.79%); 
Cardiovascular and 
cerebrovascular 
disease: 3 (3.30%)

NR

Fever 65 (71.43); 
unknown 2 (2.2); 
cough 55 (60.44%); 
Fatigue 40 (43.96%); 
Expectoration 30 
(32.97%); Anorexia 23 
(25.27%); diarrhoea 
21 (23.08%); Chest 
distress: 17 (18.68%); 
Nausea: 11 (12.09%); 
Shortness of breath: 
10 (10.99%); 
dyspnoea: 3 (3.3%); 
Headache7 (7.69%); 
Vomiting 6 (6.59%); 
Myalgia: 5 (5.49%); 
Back discomfort 3 
(3.3%)

NR

Table 3.  Characteristics of participants in the included studies. T2DM type 2 diabetes mellitus, ACEi/ARBi 
Angiotensin II Receptor Blockers and angiotensin-converting enzyme inhibitor, NR not reported. a The Median 
with IQR. b Mean with SD. c The range.



12

Vol:.(1234567890)

Scientific Reports |        (2021) 11:10599  | https://doi.org/10.1038/s41598-021-89513-9

www.nature.com/scientificreports/

Figure 2.  Meta-analyses of the pooled mean of Liver enzymes. (A) Albumin; (B) Globulin; (C) Alanine 
aminotransferase; (D) Alkaline phosphatase; (E) Aspartate aminotransferase; (F) Gamma-glutamyl transferase.
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Figure 2.  (continued)
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patients (n = 40; 26.85%). In contrast, a decrease from the lower limit of aPTT level was reported by Wu et al., in 
only two patients (Fig. 3B).

Publication bias. The visual inspection of the funnel revealed that all studies concentrated on a single point 
which could represent a potential publication bias in the studies.

Discussion
We have shown in this systematic review with meta-analysis that most of the liver enzymes and coagulation 
parameters in patients diagnosed with SARS-CoV-2 infection are not significantly impacted by COVID-19. We 
have presented an in depth analysis of pooled mean data for liver chemistries and each of the liver function test 
markers in patients diagnosed with SARS-CoV-2 infection upon hospital admission. The same findings were 
observed with the prothrombin and activated prothrombin time. In these patients, the enzymatic liver function 

Figure 2.  (continued)
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tests for albumin, globulin, ALT, ALP, AST, GGT and TB together with the coagulation profile were not signifi-
cantly associated with COVID-19 at initial presentation.

In this review, all the mean values of liver function tests were found to be within the normal range and not 
associated with disease progression consistent with the findings of Wang et al.38 and Mantovani et al.31 meta-
analyses. Although Wang et al. conducted a meta-analysis on gastrointestinal symptoms in patients with COVID-
19, however they only reviewed evidence of liver injury qualitatively. Their review of evidence on liver injury in 
patients with COVID-19 revealed that 2.6–53% of the affected patients had abnormal levels of ALT, AST and TB 
based on the severity of the  disease38. A recent meta-analysis of observational studies on the prevalence of liver 
injuries in patients with SARS-CoV-2 infection further showed a relatively low association at initial presenta-
tion but reported important changes in liver enzymes of the patients with severe form of the  disease37. However, 
similar to the systematic review by Wang et al.38, the study by Mantovani et al.31 did not include a meta-analysis 
of liver function tests whereas we analysed pooled means of liver enzymes as well as the profiles of coagulative 
and fibrinolytic pathways in patients with COVID-19.

A meta-analysis conducted by Mao et al. on the prevalence of abnormal liver enzyme levels in confirmed 
COVID-19 patients, reported the pooled prevalence of elevated ALT, AST, and TB among patients with COVID-
19 as 18%, 21% and 6%  respectively26. Our meta-analysis also revealed reduced ALT and albumin levels in 
patients with COVID-19 albeit with wide ranges. However, only one study reported reduced AST and TB levels 
(72% and 4.70%, respectively)56. Although we did not find any increase in the coagulation time, nevertheless 
the physicians need to be vigilant and closely monitor the coagulation profile of the patients with COVID-19. 
Additionally, we found elevated levels of GGT, PtT, and ALP in several studies. Of note, none of the studies 
evaluated the proportion and mean changes in total protein.

The underlying mechanism of liver injury in patients with SARS-CoV-2 infection is poorly  understood35. 
Several potential mechanisms have been proposed. There is evidence to suggest that liver functional impairment 
in the COVID-19 patients could have resulted from drug-induced  hepatotoxicity76. Another mechanism for liver 
injury involves the inflammatory response of immune system, especially cytokine storms which can lead to the 
damage of the liver  cells77. While contribution from other viral infections or drug-induced toxicity cannot be 
ruled out, given the propensity of data on abnormal liver tests in severe cases of COVID-19 it is plausible that 

Figure 3.  Meta-analyses of the pooled mean of coagulation parameters. (A) prothrombin time; (B) Activated 
Partial Thromboplastin time.
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liver injury may also occur from the direct effects of SARS-CoV-2 as part of a complex multifactorial mechanism 
but further focused research is needed to clarify the contribution of abnormal liver tests to the pathogenetic 
mechanism of COVID-1924,35,36.

Limitations
There are several limitations and confounding factors that my present as potential bias and therefore results 
should be interpreted with caution. The major imitation of this review was the presence of a high level of het-
erogeneity across all included studies. We could not assess sources of heterogeneity in our included studies, due 
to lack of reporting of subgroup data such as comorbidities, hospitalization (ICU setting) and asymptomatic 
patients. There was also a significant publication bias noted in this meta-analysis. Moreover, we did not conduct 
quality assessment of included studies due to the low number of studies reporting assessment of liver function 
tests as the primary outcome, hence assessing the quality of assessment was deemed not appropriate. In addition, 
most studies were retrospective with small sample sizes and we only identified one controlled trial.

Since COVID-19 is a rapidly evolving disease and given majority of our included studies were from China, 
generalizability of these results are not possible and therefore ethnic subgroup analysis and epigenetics were not 
possible. One of the main drawbacks of the currently available literatures on COVID-19 is the lack of control 
group reporting in studies. Hence, there is a growing need to compare the laboratory liver function tests con-
ducted in the primary studies with a comparator or a control group. Another limitation is the lack of sufficient 
data on the proportion of patients with changes in liver function parameters at discharge. Furthermore, most 
studies did not report on some of the variables that we investigated including globulin, GGT, total protein and 
coagulation profile. Therefore, to assess whether there is a causal association between SARS-CoV-2 infection 
and liver injury, it is important that future studies report other important liver function tests, the proportion 
of patients with altered levels of liver function parameters and number of patients who have recovered from 
COVID-19 at discharge.

Conclusion
The findings from the available evidence to date from observational studies and case reports indicate that at least 
the transaminases and total bilirubin levels in COVD-19 diagnosed patients appear not to have significantly 
changed. Future studies would benefit from inclusion of a control group and larger sample size observational 
studies are needed with reporting of the number of patients with changes in levels of liver function abnormalities.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.
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