
World Journal of
Meta-Analysis

ISSN 2308-3840 (online)

World J Meta-Anal  2021 April 28; 9(2): 101-219

Published by Baishideng Publishing Group Inc



WJMA https://www.wjgnet.com I April 28, 2021 Volume 9 Issue 2

World Journal of 

Meta-AnalysisW J M A
Contents Bimonthly Volume 9 Number 2 April 28, 2021

OPINION REVIEW

Effect of resistance exercise on insulin sensitivity of skeletal muscle101

Wang B, Luo X, Li RR, Li YN, Zhao YC

REVIEW

Is COVID-19-induced liver injury different from other RNA viruses?108

Al-Nimer MS

MINIREVIEWS

Ankle injuries in athletes: A review of the literature128

Jona James J, Al-Dadah O

Viral hepatitis: A brief introduction, review of management, advances and challenges139

Fagan O, Amstrong P, Merwe KVD, Crosnoi D, Steele C, Sopena-Falco J, Parihar V

Metabolic and biological changes in children with obesity and diabetes153

Matsumoto S, Nakamura T, Nagamatsu F, Kido J, Sakamoto R, Nakamura K

Nonalcoholic fatty liver disease and cardiovascular concerns: The time for hepatologist and cardiologist 
close collaboration

164

Ashraf H, Karbalai S, Jamali R

Therapeutic applications of dental pulp stem cells in regenerating dental, periodontal and oral-related 
structures

176

Grawish ME, Saeed MA, Sultan N, Scheven BA

SYSTEMATIC REVIEWS

Laboratory hematologic features of COVID-19 associated liver injury: A systematic review193

Frater JL, Wang T, Lee YS

META-ANALYSIS

Helicobacter pylori infection and susceptibility to cardiac syndrome X: A systematic review and meta-
analysis

208

Karbalaei M, Sahebkar A, Keikha M



WJMA https://www.wjgnet.com II April 28, 2021 Volume 9 Issue 2

World Journal of Meta-Analysis
Contents

Bimonthly Volume 9 Number 2 April 28, 2021

ABOUT COVER

Editorial Board Member of World Journal of Meta-Analysis, Fernando Anschau, MD, PhD, Assistant Professor, 
School of Medicine, Pontifícia Universidade Católica do Rio Grande do Sul, Porto Alegre 90610000, Brazil. 
afernando@ghc.com.br

AIMS AND SCOPE

The primary aim of World Journal of Meta-Analysis (WJMA, World J Meta-Anal) is to provide scholars and readers 
from various fields of clinical medicine with a platform to publish high-quality meta-analysis and systematic 
review articles and communicate their research findings online. 
    WJMA mainly publishes articles reporting research results and findings obtained through meta-analysis and 
systematic review in a wide range of areas, including medicine, pharmacy, preventive medicine, stomatology, 
nursing, medical imaging, and laboratory medicine.

INDEXING/ABSTRACTING

The WJMA is now abstracted and indexed in China National Knowledge Infrastructure (CNKI), China Science and 
Technology Journal Database (CSTJ), and Superstar Journals Database

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Meta-Analysis https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2308-3840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

May 26, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Bimonthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Saurabh Chandan https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2308-3840/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

April 28, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2308-3840/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJMA https://www.wjgnet.com 193 April 28, 2021 Volume 9 Issue 2

World Journal of 

Meta-AnalysisW J M A
Submit a Manuscript: https://www.f6publishing.com World J Meta-Anal 2021 April 28; 9(2): 193-207

DOI: 10.13105/wjma.v9.i2.193 ISSN 2308-3840 (online)

SYSTEMATIC REVIEWS

Laboratory hematologic features of COVID-19 associated liver injury: 
A systematic review

John L Frater, Tianjiao Wang, Yi-Shan Lee

ORCID number: John L Frater 0000-
0002-4614-681X; Tianjiao Wang 
0000-0002-2233-8841; Yi-Shan Lee 
0000-0001-6070-8375.

Author contributions: Frater JL 
designed the research study, 
performed the research, analyzed 
the data, and wrote the 
manuscript; Wang T and Lee YS 
analyzed the data; All authors have 
read and approved the final 
manuscript.

Conflict-of-interest statement: All 
authors declare no conflicts-of-
interest related to this article.

PRISMA 2009 Checklist statement: 
The manuscript was prepared and 
revised according to the PRISMA 
2009 Checklist.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

John L Frater, Tianjiao Wang, Yi-Shan Lee, Department of Pathology and Immunology, 
Washington University School of Medicine, St. Louis, MO 63110, United States

Corresponding author: John L Frater, MD, Associate Professor, Department of Pathology and 
Immunology, Washington University School of Medicine, 660 S. Euclid Ave, Campus Box 
8118, 3rd Floor, Rm 3421, Institute of Health Bldg, St. Louis, MO 63110, United States. 
jfrater@wustl.edu

Abstract
BACKGROUND 
Liver injury is a common complication of infection by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) virus. The utility of laboratory 
hematology data in the diagnosis and risk stratification of patients with 
coronavirus disease 2019 (COVID-19) has not been comprehensively examined.

AIM 
To address the following. (1) Are the abnormalities in hematologic parameters 
seen in the general population of patients with COVID-19 also seen in those 
patients with associated liver injury? (2) Is liver injury in COVID-19 a sign of 
severe disease and does liver injury correlate with hematologic markers of severe 
disease? And (3) What is the quality of this evidence?

METHODS 
To address these questions, a comprehensive systematic review was performed. 
We searched the peer reviewed medical literature using MEDLINE (PubMed 
interface), Web of Science, and EMBASE for cohort studies that specifically 
addressed liver injury and COVID-19 without limitation of date of publication or 
language. A quality assessment of the studies was performed using the 
Newcastle-Ottawa Scale.

RESULTS 
Thirty-two articles were suitable for inclusion in our systematic review. These 
included 22 articles with a cohort of COVID-19 patients with liver injury, 5 
comparing non-severe vs severe COVID-19 populations in which liver injury was 
addressed, and 5 other cohort studies with a focus on liver injury. White blood 
cell count, absolute neutrophil count, absolute lymphocyte count (ALC), and 
hemoglobin were the parameters most helpful in distinguishing COVID-19 with 
liver injury from COVID-19 without liver injury. ALC and d-dimer were 
identified as being potentially useful in distinguishing non-severe from severe 
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COVID-19. Liver injury was more frequently seen in cohorts with severe disease. 
Most studies were of high quality (24/48, 86%) with 4/28 (14%) of moderate 
quality and 0 of low quality.

CONCLUSION 
Our study supports the use of select hematologic parameters in diagnosis and risk 
stratification of liver injury in COVID-19 patients. Although of overall high 
quality, the current medical literature is limited by the small number of studies 
with high statistical power and the variable definition of COVID-19 liver injury in 
the literature.

Key Words: COVID-19; SARS-CoV-2; Laboratory hematology; Systematic review; 
Coagulation; Liver injury
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Core Tip: The use of laboratory hematology data as biomarkers of disease has not been 
examined for coronavirus disease 2019 (COVID-19) patients with liver injury, and the 
clinical significance of liver injury in COVID-19 is unclear. By means of a systematic 
review we showed that blood cell count, absolute neutrophil count, absolute 
lymphocyte count (ALC), and hemoglobin are of potential use in identifying liver 
failure in COVID-19. ALC and d-dimer have potential utility in distinguishing severe 
from non-severe disease in patients with liver injury. Our findings provide a rationale 
for further studies with sufficiently large numbers of patients and rigorous definition of 
liver injury to validate these findings.

Citation: Frater JL, Wang T, Lee YS. Laboratory hematologic features of COVID-19 associated 
liver injury: A systematic review. World J Meta-Anal 2021; 9(2): 193-207
URL: https://www.wjgnet.com/2308-3840/full/v9/i2/193.htm
DOI: https://dx.doi.org/10.13105/wjma.v9.i2.193

INTRODUCTION
Rationale
The coronavirus disease 2019 (COVID-19) pandemic, caused by infection by the beta 
coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has been 
the subject of a vast number of studies in the medical literature; a January 16, 2021 
search of the MEDLINE database (PubMed interface) for “COVID-19” identified 92967 
results. A recent scoping review of the laboratory hematology literature identified > 
400 studies, of which a high fraction were related to the roles of automated 
hematology, coagulation, and flow cytometry for diagnosis, prognosis, and risk 
stratification in COVID-19[1]. As a result of this work, several abnormalities of 
complete blood count (CBC) and coagulation testing have been identified as 
biomarkers of adverse risk in infected patients. These include leukocytosis[2], 
lymphopenia[2-4], thrombocytopenia[2,5], neutrophilia[2,3,6-9], prolonged prothro-
mbin time (PT) and activated partial thromboplastin time (aPTT)[2], and elevated d-
dimer[1,2]. It is unclear whether this information can be applied to specific 
subpopulations of patients with COVID-19 disease, such as those with liver injury[10].

Liver injury in COVID-19 has been defined as “any liver damage occurring during 
disease progression and treatment of SARS-CoV-2 infection”[11]. The classification of 
liver injury in COVID-19 is not systematized due to a lack of international consen-
sus[12-15]. Elevated biochemical liver enzymes including aspartate transaminase 
(AST), alanine transaminase (ALT), and bilirubin (BILI) are a common finding in 
COVID-19 infection[2,4,6,16,17] and have been reported in approximately 50% of all 
COVID-19 patients and approximately 75% of hospitalized patients at 
admission[18-23]. COVID-19-related liver injury has been variously defined by 
increased levels of AST, AST, gamma-glutamyltransferase (GGT), lactate 
dehydrogenase, alkaline phosphatase (ALP), or total bilirubin (T-BIL) above the upper 
limit of normal (ULN)[13,19,21,24-28]. Whether the elevation of liver enzymes in 
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COVID-19 patients reflects liver injury in all cases is controversial[29], although a 
study by Bloom et al[30] concluded that elevated liver enzymes in hospitalized patients 
appeared to be related to true liver injury. The mechanism of liver injury is unclear 
and may be due to the direct effects of the virus, drug effect, the impact of systemic 
inflammation, microthrombosis, or some combination of factors[21,31-37]. The extent 
to which COVID-19-associated liver injury contributes to morbidity and mortality is 
controversial, although the current literature suggests that higher levels of liver 
enzymes correlate with more severe liver injury[16,38-42].

Objectives
The purpose of this study was to assess the medical literature to answer the following 
questions. (1) To what extent are previously reported hematologic abnormalities seen 
in patients with COVID-19-associated liver injury? (2) Based on the combination of 
outcome data and hematologic findings, is liver injury in COVID-19 a sign of severe 
disease? Does liver injury correlate with markers of severe disease? And (3) What is 
the quality of this evidence? These questions are significant, since CBC and 
coagulation testing are among the most commonly ordered clinical laboratory tests, 
provide rapid results, and can be performed in virtually any setting, including 
resource-limited environments in which SARS-CoV-2 testing is unavailable. This is a 
systematic review that uses specific evidence-based criteria based on “explicit, pre-
specified, and reproducible methods”[43] to demonstrate where knowledge is lacking 
and provide guidance for future research[44].

MATERIALS AND METHODS
Format
This study was performed using the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses checklist.

Information sources and search strategy
We conducted an electronic search of Medline (PubMed interface), EMBASE, and Web 
of Science using the keywords “COVID-19” and synonyms (“SARS-CoV-2,” “2019 
novel coronavirus,” “2019-nCoV,” “Wuhan coronavirus,” “novel coronavirus,” 
“Wuhan seafood market pneumonia virus,” “Wuhan virus”) AND “liver injury.” The 
search was performed performed on January 13, 2021 without date limitations. This 
protocol has not been registered. Individual authors were not contacted.

Eligibility criteria
We included the COVID-19 literature related to liver injury indexed by January 13, 
2021. There was no restriction of article type in the search; restrictions of article type 
were applied during the screening process to avoid inadvertently missing relevant 
articles.

Data collection process
Titles and abstracts of all articles were screened. Following initial screening, the full 
text of all studies considered for potential inclusion in the analyses were reviewed for 
suitability. For articles published in Chinese, the full text was evaluated by a member 
of the research team fluent in that language (Lee YS). Then reviews, meta-analyses, 
editorials and other opinion pieces, and articles not focused on the study topic were 
removed. The full text of the articles was reviewed, resulting in another group of 
papers being eliminated. This resulted in a final group of articles remaining for the 
qualitative analyses, which included: Studies with a COVID-19 (+) cohort with liver 
injury provided as a distinct cohort; studies that compared patients with severe vs 
non-severe COVID-19 disease, in which information about liver injury in these groups 
was provided; and papers with other study designs that included information 
regarding liver injury in COVID-19 disease. The content of the included studies was 
critically appraised by the authors, who are experts in the field of pathology/ 
laboratory hematology (Lee YS, Frater JL) or clinical science (Wang T).

Synthesis of results
Extracted data and descriptive statistics were entered and performed using Excel 
(Microsoft, Redmond, WA, United States). For studies in which a COVID-19 (+) cohort 
with liver injury provided as a distinct group, the following data were extracted: 
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Authors; date of publication; country where study was performed; number of patients 
in COVID-19 (+) cohort with liver injury; percentage of male patients in COVID-19, (+) 
cohort with liver injury; setting in which the study was performed; criteria for liver 
injury used by the study; presence of, and criteria for inclusion in the control group; 
hematologic parameters evaluated in the study; and results of studies of statistical 
significance of each hematologic parameter. For studies that compared patients with 
severe vs non-severe COVID-19 disease, the following information was extracted: 
Authors, date of publication, country where study was performed, number of patients 
in the COVID-19 (+) cohort with liver injury, setting in which the study was 
performed, criteria used by the study to categorize patients as having severe disease, 
criteria for liver injury used by the study, hematologic parameters evaluated in the 
study, and summary of the main findings as they pertain to the study topic. For papers 
with other study designs, the following information was extracted: Authors, date of 
publication, country where study was performed, setting in which the study was 
performed, hematologic parameters evaluated in the study, description of study 
design, and summary of the main findings as they pertain to the study topic.

Additional analyses (quality assessment)
Two authors (Wang T and Frater JL) assessed the study quality of the cohort studies 
using the Newcastle-Ottawa Scale (NOS)[45]. We designated the quality of each study 
as high (7-9 points), moderate (4-6 points), or low (0-3 points). In situations where the 
reviewers disagreed on a rating, a third reviewer (Lee YS) adjudicated and provided 
consensus.

RESULTS
Study selection
Through a search of the databases, we identified a total of 967 potential articles. 
Following the removal duplicate articles, we screened the titles and abstracts of the 
remaining articles to further identify potentially relevant articles. After thorough 
assessment of all full-text articles, 32 studies met the established inclusion criteria and 
were included in this systematic review (Figure 1).

Study characteristics
A total of 22 studies had a COVID-19 (+) cohort with liver injury provided as a distinct 
group (Table 1)[26,46-66].

All studies were retrospective and included nine studies from China, five studies 
from the United States, two studies from Japan, two studies from Iran, and one study 
each from Germany, Portugal, France, and Italy. The median number of patients in the 
liver injury cohort of each study varied from 2 to 1784 (median 73.5 patients). A male 
predominance was identified in all but four studies. In 19 studies, the COVID-19(+) 
with liver injury group was presented as a single cohort. Inclusion criteria for the 
study groups were variable. In 15 studies, all patients with a combination of AST, ALT, 
BILI, and GGT exceeding the ULN were categorized in the liver injury group. In one 
study, the liver injury group was limited to patients with ALT ≥ 3 times the ULN[53]. 
In the remaining studies, the COVID-19(+) with liver injury groups were stratified into 
two[48,55] or three groups[60] based on serum liver enzyme levels. In one study[54], a 
study reporting the results of liver biopsy in two COVID-19 patients with liver 
involvement and no evidence of pulmonary disease, inclusion in the study was based 
on the results of the liver biopsies. In another study[56], an autopsy-based report of 11 
patients, inclusion was based on positive RT-PCR testing of liver tissue for SARS-Cov-
2. The average age of the study group ranged from 41-years-old to 70-years-old. In all 
but three studies a male predominance was seen in the liver injury group. Most studies 
drew their study group from hospitalized inpatients, one study was conducted with 
critical care patients, and two studies were conducted with non-critical care inpatients.

Eighteen studies (4973 patients) in this group contained statistical data that allowed 
comparative analyses of the following hematologic parameters: White blood cell count 
(WBC), absolute neutrophil count (ANC), absolute lymphocyte count (ALC), 
hemoglobin (HGB), platelet (PLT) count, d-dimer (DDIM), PT, PTT, and international 
normalized ratio (INR) (Table 2).

Although a direct comparison of the studies is limited by several factors such as 
heterogenous inclusion criteria and variable sample sizes, the majority of studies in 
which the inclusion criteria for liver injury were liver enzyme levels > ULN have 
demonstrated statistically significant differences in WBC, ANC, and ALC between 
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Table 1 Studies with a coronavirus disease 2019 (+) cohort with liver injury provided as a distinct group

Ref. Country Number of 
patients

% of total 
patients

Age, 
mean

% 
male Setting

Study group 
inclusion 
criteria

Control 
group

Evaluated 
parameters NOS

Abe et al[46] Japan 15 68 47 59 Hospitalized 
patients

ALT OR GGT 
over ULN

COVID+ WBC, ALC, 
HGB

8

An et al[47] China 51 21 52 45.1 Hospitalized 
patients

AST OR ALT 
over ULN

COVID+ WBC, ALC, 
ANC, DDIM

8

Anastasiou 
et al[48]

Germany 82 56.2 64.5 74 Hospitalized 
patients

ALT OR BILI 
over ULN

COVID+ WBC, INR 6

11 6.8 51 100 EASL ALF 
criteria (see 
ref[10])

Cardoso 
et al[49]

Portugal 20 100 67 90 ICU GGT OR/AST 
OR/ALT over 
ULN

None SOFA, APACHE 
II

NA

Chen et al[50] China 227 38 56 63 Hospitalized 
patients

ALT OR AST 
OR GGT over 
ULN

COVID+ ALC, DDIM 9

Chen et al[51] China 301 59 62 82 Hospitalized 
patients

AST OR ALT 
OVER ULN/ 
OR elevated 
ALP/GGT over 
ULN

COVID+ WBC, ALC, 
ANC, PLTs, PT, 
PTT, INR

7

Chu et al[52] China 429 51 61 65 Hospitalized 
patients

ALT/ALP ratio 
over ULN

COVID+ WBC, ALC, 
ANC, PLTs, 
HGB, DDIM, PT, 
INR

7

Da et al[53] U.S. 109 62 61 78 Hospitalized 
patients

AST or ALT ≥ 3 
times ULN

COVID+ DDIM, PT, INR 8

Fiel et al[54] United 
States

2 100 NA 50 Hospitalized 
patients

Biopsy proven 
disease without 
pneumonia

None DDIM NA

Huang 
et al[55]

China 253 37.5 58 59 Hospitalized 
patients

AST, ALT, TBIL 
over ULN

COVID+ WBC, ALC, 
PLTs, HGB

5

52 7.7 51.5 81 ALT ≥ 3 times 
ULN

Lagana 
et al[56]

United 
States

11 100 70 70 NS PCR testing of 
liver 

None DDIM NA

Li et al[57] China 7 NS 61 43 Hospitalized 
patients

AST or ALT 
over ULN

None WBC, ALC, 
ANC, DDIM, 
HGB

NA

Meszaros 
et al[58]

France 156 66.7 66.5 73 Hospitalized 
patients

AST OR ALT 
OR GGT over 
ULN

COVID+ ALC, PLTs, 
DDIM

7

Mishra 
et al[59]

United 
States

184 52.9 62.7 58 Hospitalized 
patients

AST OR ALT 
over ULN

COVID+ WBC, ALC, 
ANC, HGB

7

Phipps 
et al[60]

United 
States

1784 66 73 Hospitalized 
patients

ALT > 1-2× 
ULN

COVID+ WBC, ALC, 
ANC, PLTs, 
DDIM, HGB

8

344 61 ALT 2-5× ULN

145 63 ALT > 5× ULN

Piano et al[61] Italy 329 58 66 63 Hospitalized 
patients

AST OR ALT 
OR GGT OR 
ALP OR BILI > 
ULN

COVID+ WBC, ALC, 
ANC, PLTs, 
DDIM, INR

7

Qi et al[62] China 32 46 41 72 Hospitalized 
patients

AST OR ALT 
OR BILI over 
ULN

COVID+ WBC, ALC, 
ANC

6
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Sadeghi 
et al[64]

Iran 65 64 55 64 Non-ICU 
hospitalized

AST OR ALT 
OR BILI over 
ULN

COVID+ WBC, ALC, 
ANC

9

Safari et al[63] Iran 41 17 52 31 Hospitalized 
patients

ALT above 
ULN

COVID+ WBC, PLTs, 
HGB

8

Tsutsumi 
et al[65]

Japan 31 52 46 84 Hospitalized 
patients

ALT ≥ 40 U/L COVID+ WBC, ALC, 
PLTs, DDIM, PT

8

Wang 
et al[66]

China 303 46.1 62 63.4 Hospitalized 
patients

ALT OR GGT 
OR BILI over 
ULN

COVID+ WBC, ALC, 
ANC, PLTs, 
HGB, PT

8

Xie et al[26] China 29 26.9 62 72.4 Non-ICU 
hospitalized

AST OR ALT 
OR BILI over 
ULN

COVID+ WBC, ALC, 
ANC, DDIM

8

ALC: Absolute lymphocyte count; ALP: Alkaline phosphatase; ALT: Alanine transaminase; ANC: Absolute neutrophil count; APACHE II: Acute 
Physiology and Chronic Health Evaluation II scoring system; AST: Aspartate transaminase; BILI: Bilirubin; COVID-19: Coronavirus disease 2019; DDIM: 
D-dimer; EASL ALF criteria: European Association for the Study of the Liver Acute Liver Failure Guidelines; GGT: Gamma-glutamyltransferase; HGB: 
Hemoglobin; INR: International normalized ratio; NA: Not applicable; NOS: Newcastle-Ottawa Scale; NS: Not stated; PLT: Platelet count; PT: Prothrombin 
time; PTT: Partial thromboplastin time; SOFA: Sequential Organ Failure Assessment scoring system; ULN: Upper limit of normal; WBC: White blood cell 
count.

non-liver injury vs liver injury groups. Although smaller numbers of studies have 
addressed patients with higher elevations of liver enzymes, there were still statistically 
significant differences in WBCs between non-liver injury vs liver injury groups. 
Limiting the analysis to studies with > 100 patients in the high liver function test (LFT) 
cohort (n = 10 studies, 4564 patients), statistically significant differences in WBC, ANC, 
ALC, and HGB were identified between non-liver injury vs liver injury groups in the 
majority of studies. These differences appear most pronounced for WBCs and HGB, in 
which all studies demonstrated statistical significance; and ANC, in which 5/6 studies 
demonstrated statistical significance.

Five additional studies (425 patients), all retrospective, compared COVID-19 
patients with severe vs non-severe disease and contained information about liver 
injury[67-71]. The major features of these studies are summarized in Table 3 and 
provide some additional context to the information in the liver injury vs non-liver 
injury cohort studies about the potential use of hematology data. These include the 
study of Liao et al[70], which demonstrated that liver injury correlated with 
inflammatory cytokine level, ALC, and DDIM; the study by Lei et al[69], which 
showed that liver injury correlated with disease severity and ALC; and the studies of 
Cai et al[67] and Jiang et al[68], which identified a high percentage of patients with 
liver failure in the severe disease cohorts, which differed from the non-severe cohorts 
in ALC and DDIM levels.

Five other retrospective cohort studies (Table 4) likewise demonstrated the potential 
usefulness of hematology data in COVID-19 disease and liver injury[72-76]. These 
included the study of Cao et al[72] which demonstrated that serum ferritin levels 
correlated with disease severity and degree of liver injury, as well as showed 
statistically significant differences in WBC, ANC, ALC, and DDIM between the two 
groups. Another study correlating elevated liver enzymes/liver injury with increased 
risk of COVID-19 disease recurrence noted significant differences in PLTs between 
patients with non-recurrent vs recurrent disease[73]. The study of Ding et al[74], which 
associated AST and direct bilirubin elevation with increased risk of mortality also 
noted significant differences in ALC, PLTs, and DDIM between the two groups. Lei 
et al[75] in a study examining peak levels of AST, ALC, ALP, and TBIL in patients with 
COVID-19 and liver injury noted that peak levels correlated with ANC, ALC, PLTS, 
and DDIM. Finally, Luan et al[76], who noted the correlation of COVID-19-related 
coagulopathy with liver injury, also found an associated significant difference in ALC, 
ANC, and DDIM between patients with and without coagulopathy.

Additional analysis (study quality)
Twenty-eight studies in our series contained control groups and could be evaluated 
using the NOS for cohort studies. Overall, 24/28 (86%) studies had a NOS in the high 
quality (7-9) range, 4/28 (14%) in the moderate quality (4-6) range, and no studies 
were rated in the low quality (0-3) range. Notably, for 24/28 (86%) papers, there was 
consensus in the initial evaluation by Frater JL and Wang T.
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Table 2 Summary of statistical data from studies comparing liver injury vs non-liver injury

Significance
LFT criteria Parameter

NS < 0.05 < 0.01 < 0.001

LFT > ULN WBC 4 2 0 6

ANC 4 1 0 4

ALC 4 2 1 5

HGB 4 2 0 5

PLT 4 2 0 2

DDIM 4 2 1 0

PT 4 2 1 0

PTT 4 2 0 0

INR 4 2 1 0

LFT > 2 × ULN WBC 4 2 0 3

ANC 4 2 0 1

ALC 4 2 1 1

HGB 4 2 0 2

PLT 4 2 0 1

DDIM 4 2 0 1

PT 4 2 0 0

INR 4 2 0 0

Studies with > 100 patients in high 
LFT cohort

WBC 0 0 0 5

ANC 1 0 0 5

ALC 4 0 1 5

HGB 0 0 0 5

PLT 5 0 0 2

DDIM 3 0 0 3

PT 2 1 1 0

PTT 1 0 0 0

Numbers indicate number of studies. ALC: Absolute lymphocyte count; ANC: Absolute neutrophil count; DDIM: D-dimer; HGB: Hemoglobin; INR: 
International normalized ratio; LFT: Liver function test; NS: Not significant; PLT: Platelet count; PT: Prothrombin time; PTT: Partial thromboplastin time; 
ULN: Upper limit of normal; WBC: White blood cell count.

DISCUSSION
Summary of evidence
The purpose of this systematic review was to evaluate whether the hematologic 
parameters of importance in diagnosis and risk stratification in COVID-19 can be 
applied to the subpopulation with liver injury, and to determine whether the current 
state of the evidence supports whether SARS-CoV-2 patients should be categorized as 
having severe disease. A total of 32 studies met our inclusion criteria and were 
included in the analyses. The overall quality of the studies was strong, with 86% 
having an NOS ≥ 7. Based on our evaluation, WBCs, ANC, ALC, and HGB appear to 
the most useful parameters in addition to LFT to distinguish COVID-19 patients with 
liver injury from those without liver injury. Similarly, studies that analyzed severe vs 
non-severe COVID-19 cohorts showed that liver injury was present in a high 
proportion of patients with severe disease, who also had significant differences in ALC 
and DDIM. Studies focused on liver injury with other study designs likewise 
supported the association of liver injury with altered WBC, ANC, ALC, PLTs, and 
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Table 3 Studies comparing coronavirus disease 2019 patients with severe vs non-severe disease

Ref. Country
Patients with 
severe disease 
(% of total)

Setting Definition of SEVERE disease Definition of liver Injury Evaluated 
parameters Summary of main findings NOS

Cai 
et al[67]

China 58 (19.5) Hospitalized 
patients

Radiography supporting severe disease ALT OR AST > 3 times ULN 
or GGT or TBIL > 2 times 
ULN

WBC, ANC, ALC, 
DDIM

LFT significantly elevated in severe cohort at 
admission

8

Jiang 
et al[68]

China 27 (20.6) Hospitalized 
patients

Chinese National Health Committee criteria (see ref[82]) AST OR ALT OR ALP OR 
TBIL > 5 times ULN

WBC, ANC, ALC, 
PLTS, HGB

Liver injury in 81% of severe cohort over course 
of hospitalization; slow recovery from liver 
injury compared to other cohorts

7

Lei 
et al[69]

China 48 Severe cohort Hospitalized 
patients

National Health Commission of the People’s Republic of China 
and National Administration of Traditional Chinese Medicine of 
the People’s Republic of China criteria (see ref[83])

CT showing liver 
hypodensity and 
pericholecystic fat stranding

WBC, ALC, PLTS Severity of COVID-19 disease correlated with 
liver function

7

China 48 Critical cohort Hospitalized 
patients

Health Commission of the People’s Republic of China and 
National Administration of Traditional Chinese Medicine of the 
People’s Republic of China criteria (see ref[83])

CT showing liver 
hypodensity and 
pericholecystic fat stranding

WBC, ALC, PLTS Severity of COVID-19 disease correlated with 
liver function

Liao 
et al[70]

China 29 (15.1) Hospitalized 
patients

National Guidelines for 2019 novel coronavirus-associated 
pneumonia (the fifth revised version)

AST OR ALT OR TBIL over 
ULN

WBC, ANC, ALC, 
HGB, DDIM

Liver injury in high percentages of patients from 
both groups; correlated with inflammatory 
cytokine levels

7

Yang 
et al[71]

China 215 (72.9) Hospitalized 
patients

WHO criteria (see ref[8] from[68]) AST > 1.5 times ULN WBC, ANC, ALC, 
PLT, DDIM, PT

AST and GGT levels correlated with disease 
severity

7

ALC: Absolute lymphocyte count; ALT: Alanine transaminase; ANC: Absolute neutrophil count; AST: Aspartate transaminase; COVID-19: Coronavirus disease 2019; CT: Computerized tomography; DDIM: D-dimer; GGT: Gamma-
glutamyltransferase; HGB: Hemoglobin; NOS: Newcastle-Ottawa Score; PLT: Platelet count; PT: Prothrombin time; TBIL: Total bilirubin; WBC: White blood cell count; WHO: World Health Organization; ULN: Upper limit of normal.

DDIM.

Association of liver injury with abnormalities of hematologic parameters: Diagnosis 
and risk stratification
Automated hematology data and basic coagulation testing is widely available, cost-
effective, and can be performed with rapid turnaround time. In situations where this 
data is of proven utility, it can provide value to the clinical team, either alone or as a 
component of other clinical and laboratory testing predictive models, such as the 
Sequential Organ Failure Assessment (SOFA) and Acute Physiology and Chronic 
Health Evaluation II scoring systems, which are widely used in critical care medicine.

Increased WBC has been associated with severe disease in COVID-19, and in some 
cases with an increased neutrophil-to-lymphocyte ratio and increase in 
eosinophils[77,78]. In our study 8/12 studies showed a significant increase in WBC in 
COVID-19 patients with liver injury vs those without liver injury. Notably, all 
evaluated studies with > 100 patients (n = 5) in the liver injury group had a significant 
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Table 4 Other retrospective cohort studies

Ref. Country Setting Evaluated parameters Comparison Summary of main findings NOS

Cao et al[72] China Hospitalized 
patients

WBC, ANC, ALC, DDIM Elevated ferritin vs disease 
controls

Elevated ferritin corelated with 
disease severity and degree of 
liver injury

7

Chen 
et al[73]

China Hospitalized 
patients

ANC, ALC, PLT, DDIM Recurrent cases vs disease 
controls

Elevated AST and ALT are 
predictive of COVID-19 
recurrence

7

Ding 
et al[74]

China Hospitalized 
patients

ALC, PLT, DDIM Deceased vs discharged Abnormal AST and D-Bil were 
independent predictors of 
mortality

7

Lei et al[75] China Hospitalized 
patients

ANC, ALC, PLT, DDIM Comparison of parameters 
for peak levels of each LFT

Associated ANC, ALC, PLT, 
and DDIM with peak levels of 
AST, ALC, ALP, and TBIL

6

Luan 
et al[76]

China ICU hospitalized WBC, HGB, ANC, ALC, 
PLTS, DDIM, PT, PTT, 
INR

CAC vs non-CAC CAC correlates with liver injury 8

ALC: Absolute lymphocyte count; ALP: Alkaline phosphatase; ANC: Absolute neutrophil count; CAC: COVID-associated coagulopathy; COVID-19: 
Coronavirus disease 2019; D-Bil: Direct bilirubin; DDIM: D-dimer; HGB: Hemoglobin; ICU: Intensive care unit; INR: International normalized ratio; LFT: 
Liver function test; NOS: Newcastle-Ottawa Scale; PLT: Platelet count; PT: Prothrombin time; PTT: Partial thromboplastin time; WBC: White blood cell 
count.

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2009 flow diagram.

difference in WBC (P < 0.001), suggesting that the WBC is a useful addition to LFT for 
assessing liver function in COVID-19. However, the available data do not appear to 
support a role for WBC in risk stratification, as only 1/5 studies of non-severe vs 
severe disease demonstrated a significant difference in the WBC.

Lymphopenia, believed to be due to a defective host response, has been identified in 
COVID-19 patients and has been associated with increased risk of severe 
disease[2-4,79]. The overall performance of ALC as a biomarker of liver injury appears 
mixed, as it is not significantly different from COVID-19 patients without liver injury 
in 4/10 studies with > 100 liver injury patients. Likewise, 3/5 studies showed the ALC 
to be associated with severe disease and increased risk of liver injury.
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Neutrophilia appears to be associated with cytokine storm and hyperinflammation, 
which has been implicated as a major factor in the pathophysiology of COVID-19. 
Accordingly, differences in the ANC have been noted in studies evaluating the roles of 
hematologic data in more generalized populations of COVID-19 patien-
ts[3,6,8,9,50,79]. In our study, altered ANC appears to be associated with liver injury in 
COVID-19, with 5/6 studies with > 100 participants with liver injury having 
significant differences in ANC compared to those without liver injury. Its usefulness 
for risk stratification is more difficult to interpret. Although only 1/4 non-severe vs 
severe COVID-19 studies demonstrated a difference in ANC, it has been associated 
with increased risk of COVID-associated coagulopathy, increased serum ferritin, and 
increased liver enzymes[72,75,76]. Thus, although ANC appears to be a useful maker 
of liver injury, its potential as a marker for disease stratification is unclear at this point.

Thrombocytopenia has been identified as a maker of severe COVID-19 and has been 
associated with consumptive coagulopathy[5,79]. In our study, the majority of studies 
of COVID-19 with liver injury vs those without liver injury did not identify significant 
difference in PLTs, with only 2/7 studies with > 100 patients in the liver injury group 
demonstrating significant differences in PLTS. Likewise, 0/4 studies of severe vs non-
severe COVID-19 patients in our analysis demonstrated significant differences in 
PLTs. These results indicate that PLTs are not useful either for diagnosis or risk 
stratification in this group.

An association of decreased HGB with severe COVID-19 has been proposed, but is 
controversial due to the high heterogeneity of available data[80]. Interestingly, our 
data imply a potential role of HGB for assessment of liver function in COVID-19, with 
significant differences in hemoglobin detected in 5/5 studies of liver injury with > 100 
participants. Unfortunately, HGB was analyzed in only 1 study in the severe vs non-
severe study group[70], and a significant difference was not identified. Although these 
results are promising for the use of HGB as an adjunct to detection of liver injury, 
further work is necessary to determine whether HGB is a predictor of high risk in this 
population.

Acquired coagulopathies are a major feature of COVID-19, and a subset of patients 
develop disseminated intravascular coagulation and multiorgan failure[79,81,82]. In 
patients with liver injury, significant differences in DDIM were identified in 3/6 
studies with > 100 participants; prolongation of PT was identified in 2/4 studies; and 
prolonged aPTT was present in 0/1 of these studies. In studies comparing non-severe 
to severe COVID-19 disease differences in DDIM level were identified in 3/3 studies 
and PT prolongation was identified in 1/1 study. These findings, although based on 
only a limited number of studies, imply that coagulopathy in COVID-19 is not limited 
to patients with liver injury and is associated with more severe disease.

Limitations
There were some limitations to this study. Despite an effort to comprehensively search 
the peer-reviewed medical literature, publications that did not mention liver injury in 
the title, abstract, or keywords of the papers may not have been included in the search 
results. Delays in indexing in the databases may also have contributed to papers not 
being identified in the search. Although some national and international organizations 
have worked to precisely define the term COVID-19 liver injury[83,84], the lack of 
precision, especially in papers published early in the pandemic, makes it challenging 
to confidently compare the results of individual studies.

CONCLUSION
We conducted a systematic review of the peer-reviewed literature regarding 
laboratory hematology data and their potential use in diagnosis and risk stratification 
in COVID-19 patients with liver injury. Based on our interpretation of the evidence, 
evaluation, WBC, ANC, ALC, and HGB may be of interest in addition to LFT in the 
distinction of patients with liver injury from those without. Since these markers are 
cited as markers of severe disease in many studies in the medical literature[1], this 
implies that COVID-19 patients are at increased risk of severe disease. This claim is 
supported by our evaluation of the medical literature that discusses liver injury in the 
context of non-severe vs severe disease. Our findings support the conclusion that 
WBC, ANC, ALC, and HGB may be useful for diagnosis and risk stratification in the 
subset of COVID-19 patients with liver failure, as they are for the general population 
of patients infected by SARS-CoV-2. Other hematology parameters, such as PLTs, 
which are widely used in critical care medicine and are a component of the SOFA 
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score, appear to be less relevant in liver failure patients with COVID-19. Our 
evaluation of the literature concludes that, although it has a high methodological 
quality, it is limited by the lack of a clear definition for COVID-19 liver injury, and by 
the lack of comprehensive reporting of laboratory data in many epidemiological 
studies. The limited statistical power of a high fraction of these studies, and the lack of 
statistical analysis of hematologic parameters beyond the univariate t-test are further 
issues. Further work with larger numbers of patients and more robust data analysis 
may be of interest to determine the precise role of hematologic parameters in the 
diagnosis and stratification of COVID-19 patients with liver injury.

ARTICLE HIGHLIGHTS
Research background
Hematology laboratory testing has an established role in risk stratification in patients 
with coronavirus disease 2019 (COVID-19) disease. Liver injury is common in patients 
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. The 
utility of hematology laboratory data in diagnosis and risk stratification of patients 
with COVID-19-related liver injury is unclear.

Research motivation
To what degree are the abnormalities in hematologic parameters seen in the general 
population of patients with COVID-19 also seen in the subpopulation of patients with 
associated liver injury? Is liver injury in COVID-19 indicative of severe disease. Does 
liver injury correlate with hematologic markers of severe disease? What is the quality 
of literature that addresses these questions?

Research objectives
The objectives of this study were: To determine the extent to which previously 
reported hematologic abnormalities are seen in patients with COVID-19-associated 
liver injury; to assess whether liver injury in COVID-19 is a sign of severe disease, and 
the extent to which liver injury correlates with markers of severe disease; and based on 
the extant literature, to determine the quality of this evidence.

Research methods
This study was conducted as a Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses-compliant systematic review. We extracted information from cohort 
studies related to the topic of liver injury in COVID-19 in which laboratory 
hematology data were included.

Research results
In all, 32 articles were included in the systematic review, which consisted of 22 articles 
with a cohort of COVID-19 patients with liver injury; 5 comparing non-severe vs 
severe COVID-19 populations in which liver injury was addressed and 5 other cohort 
studies with a focus on liver injury. White blood cell count, absolute neutrophil count, 
absolute lymphocyte count (ALC), and hemoglobin were the parameters most useful 
to distinguish COVID-19 with liver injury from COVID-19 without liver injury. ALC 
and d-dimer were potentially useful in distinguishing non-severe from severe COVID-
19. Liver injury was more frequently seen in cohorts with severe disease. Most studies 
were of high quality (24/48, 86%) with 4/28 (14%) of moderate quality and 0 of low 
quality.

Research conclusions
The use of select hematologic parameters in diagnosis and risk stratification of liver 
injury in COVID-19 patients appears warranted. The relevant literature is high quality, 
but is limited by the small number of studies with high statistical power and the 
variable definition of COVID-19 liver injury in the literature.

Research perspectives
Future studies, preferably with a prospective design, large numbers of patients, and 
rigorous definition of liver injury would be useful to validate these findings.
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