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Abstract

Liver is an organ having extremely diversified functions, ranging from metabolic
and synthetic to detoxification of harmful chemicals. The multifunctionality of the
liver in principle requires the multidisciplinary and pluralistic interventions for its
management. Several studies have investigated liver function, dysfunction and
clinic. This editorial work discusses new ideas, challenges and perspectives of
current research regarding multidisciplinary and pluralistic management of liver
diseases. In one hand the discussions have carried out on the involvement of
extracellular vesicles, Na"/H* exchangers, severe acute respiratory syndrome
coronavirus 2 and Epstein-Barr virus infections, Drug-induced liver injury, sepsis,
pregnancy, and food supplements in hepatic disorders. In the other hand this
study has discussed hepatocellular carcinoma algorithms and new bio-chemical
and imaging experiments pertaining to liver diseases. Relevant articles with an
impact index value "> 0" from reference citation analysis, which is an open
multidisciplinary citation analysis database based on artificial intelligence
technology, have served for the study’s argumentation. This work may be a useful
tool for the clinical practice and research in managing and investigating liver
disorders.

Key Words: Liver management; Liver function; Liver dysfunction; Liver clinic; Liver
diagnosis; Multidisciplinary approach
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Core Tip: This study uses an open multidisciplinary citation analysis database based on
artificial intelligence technology to deal with multidisciplinary and pluralistic
approaches of liver diseases management, providing a useful and practical tool for
physician and scholars.
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INTRODUCTION

Liver is an organ having extremely diversified functions, ranging from metabolic and synthetic to
detoxification of blood-harmful chemicals. The biliary-metabolic function is highly important in the
digestive system. The liver helps in controlling sugar levels to provide the energy needed for biliary and
pancreatic functions. The energy generated allows bile to transform food into essential nutrients that can
be assimilated into the blood. This energy also allows the pancreas to produce certain digestive
enzymes. Cholesterol is produced in both the liver and pancreas. Individuals with surgically sectioned
pancreas (in portion or entirety) may have high cholesterol levels subsequent to hepatic hyperpro-
duction of cholesterol in response to an increased fatty diet. Many people with liver disease have clinical
symptoms as a result of conditions such as prediabetes, insulin resistance, and type 2 diabetes[1].

Infection is also a common characteristic of liver dysfunction, which can progress to chronicity. It can
be caused by liver tropism viruses [including hepatitis B virus (HBV) and hepatitis C virus (HCV)].
Secondarily liver dysfunction can occur via other viruses, such as cytomegalovirus, Epstein-Barr virus
(EBV), Mycobacterium avium-intracellular complex, or human immunodeficiency virus (HIV-1)[2].

In principle, the multifunctionality of liver requires multidisciplinary and pluralistic interventions for
its preservation or management.

A multidisciplinary approach can be defined as a program that integrates different disciplines to
exploit diverse perspectives to illustrate topics, themes, or problems. Such programs are benefited by
diverse perspectives from different disciplines to study a subject[3]. This makes it possible to deepen
knowledge of the subject under its multiple facets to provide efficient responses.

A pluralistic approach promotes mutual understanding and collaboration around a topic or problem,
similar to a multidisciplinary approach. Such an approach is vital for interdisciplinary courses because it
helps academies and students address multiple phenomena of concern through different disciplines[4].
A pluralistic intervention approach was suggested to mark an efficient response to the coronavirus
disease 2019 (COVID-19) pandemic[5].

This editorial work reports new ideas, challenges, and future directions of current research in the
field of the multidisciplinary and pluralistic management of liver diseases.

LIVER MANAGEMENT
Function and physiology

Exosomes (micronized vesicles) are known to play a role in the intercellular transportation of diverse
bioreactive molecules. Abundant evidence was suggestive of exosomes involvement in the pathologies
pertaining to liver such as: Chronic viral hepatitis, fibrosis and cirrhosis, Non-alcoholic fatty liver
disease (NAFLD), alcoholic liver disease, and hepatocellular carcinoma (HCC). These microvesicules are
present in almost all the bodily fluids. Hence exosomal miRNAs and proteins may be new potential
biomarkers for liver disease[6,7]. Regarding liver disease treatment, exosomes can contribute in
immune- and cell-based therapy. Exosomes may even serve in the transportation of medicines, nutrients
and nucleic-acids|[6,7].

Extracellular vesicles (EVs) are defined as particles wrapped in lipid bilayers, which are secreted by
various replicable nuclei-free cells. EVs may be categorized according to their biogenesis process
(exosomes, microvesicles, and apoptotic bodies) or length (small EVs < 200 nm and medium/large EVs
> 200 nm)[7-9]. EVs are drawing attention of scientists owing their remarkable roles in maintaining and
regulating liver homeostasis. Abundant evidence shows EVs involvement in intrahepatic cells
communications, and extrahepatic transportation between the liver and other organs via diverse
pathological conditions. However, a comprehensive experiments answering the question “how EVs
contribute to the pathogenesis and therapy processes in the liver?” is needed to develop innovative EV-
based approaches for hepatic disease diagnosis and therapy[7]. We agree with the authors that even if
there are technical limitations and knowledge lacking about EV cargoes, biogenesis, delivery, and
utilization, these particles have the high potential to be the targets and tools in novel cell-free EV-based
treatment for currently incurable hepatic diseases.

There are many nucleic receptors (NRs) in humans and mice[10]. NRs are categorized into 7
subfamilies in function of the structural homology. Metabolic NRs in majority belong to the NR1
subfamily (including farnesoid X receptor [FXRa/NR1H4] designed as FXR). FXR, a metabolic nuclear
receptor, was prior described as a receptor that recognizes farnesol before to be cloned in 1995, while a
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second form (FXRB/NR1H5) has been uncovered 8 years later. FXRp is an additional NR in mice,
encoding a human and primate pseudogene. While the two FXRs share 50% amino acid identity, they
differ regarding the ligand specificity. The release of co-repressors and recruitment of co-activators to
trigger the transcriptional process occur, when a metabolic ligand is bound to the NRs or RXR
(heterodimer partner). FXRP is trans-activated by the lanosterol (cholesterol precursor), but its
functional role is unknown. Bile acids are reported as natural ligands of FXR; to note they differ in their
chemical characteristics (i.e., affinity and trans-activation ability to bind FXR). The liver plays a central
metabolic role by processing nutritional inputs and metabolic outputs. Food consumption triggers the
secretion of bile acids, which are detectable by the bile acid receptor FXR in the liver and intestine.
Hepatic and intestinal FXRs cooperate to regulate postprandial nutrient disposal into a network where
metabolic nuclear receptors interact. FXR has been a fascinating target for diverse metabolic disorders
and its agonist obeticholic acid has served as second-line therapy in primary biliary cholangitis. Panzitt
et al[10] reviewed the FXR central- and integrator- role in response to feeding intake via the metabolic
processing of chemicals such as carbohydrates, lipids, proteins and bile acids. The authors discussed
FXR effects upon autophagic turnover, inflammation, amino acid and protein metabolism. They
reported knowledge on how FXR signaling is affected by both its isoforms and posttranslational
changes. Authors suggest that the changes in FXR signaling may be considered with regard to the
pharmacological targeting of FXR in clinical experiments. Whereas FXR agonists may be promising
targets for metabolic disorders therapy, distinct metabolic parameters may be worsening[10].

NHEs (Na*/H" ions transporters) are present in diverse organisms in which they participate in
regulation process at the cellular, tissue, and systemic levels[11]. Li ef al[11] have described NHEs'
physiopathology in the liver. Although NHEs participate in diverse inflammatory stimuli, there is still
need to investigate their effect into the liver regarding selective targeted therapy. Numerous studies
have shown the slight toxicity for NHEs' inhibitors, and many of them (including cariporide) were
experienced in preclinical and clinical trials. Many studies have only analyzed the effects of single
factors, without considering that various transporters may interact with NHEs in physiological and
pathological conditions. The authors suggest a more comprehensive studies using methods to inhibit,
regulate, and target the function of NHEs in liver disease[11].

Dysfunction and pathology

The need to assess abnormalities linked to COVID-19 in different organs and systems is becoming clear.
Bobermin et al[12] reported the link between liver disorder and brain dysfunction likely due to factors
such as ammonia, inflammatory mediators and cytokines. Considering the versatility of astrocyte
functions, we hypothesize these cells can extremely contribute to this relationship because they receive
and integrate peripheral signals stimulating central nervous system. To note liver damage may
potentiate the risk of neurological dysfunction in patient with COVID-19, hence the need to monitor
hepatic function after infection. Whereas transient encephalopathy is associated with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, COVID-19 may trigger late neurological
dysfunctions such as cognitive deficits, neurodegenerative and psychiatric disorders[12]. Patients with
COVID-19 may develop gastrointestinal symptoms accompanied by respiratory symptoms[13].
Recognizing and diagnosing gastrointestinal symptoms is difficult. Clinicians should be aware that
gastrointestinal disorders may characterize COVID-19. These clinical manifestations may allow early
COVID-19 diagnosis, isolation, and treatment. Owing the evidence of fecal-oral contagion of SARS-CoV-
2, there is need to intensify infection control and standardize healthcare practices[13]. Choudhary ef al
[14] discussed the literature regarding COVID-19 outcomes in patients with cirrhosis and liver
transplant recipients. They reported the link between COVID-19 and a high mortality in patients with
cirrhosis. This COVID-19 burden is significantly higher in decompensated cirrhotic patients than in
compensated ones and in cirrhotic patients than in non-cirrhotic patients with chronic liver disease.
Liver transplantation has decreased owing to the fear of COVID-19, hence patients with decompensated
cirrhosis are at risk of wait-list mortality. Older age and comorbidities were associated with COVID-19
mortality in liver transplant recipients[14].

Wau et al[15] reported that COVID-19 severity and mortality were associated with liver dysfunction.
The death patients and those with severe COVID-19 had high serum aspartate transaminase level
compared to the survivors and patients without severe COVID-19. They hypothesized that their
findings may be useful for liver clinical management in patients with COVID-19. Nevertheless, the
authors reported the study limitations. Informations such as types of liver damage, drug use, nutritional
factors, and parameters assessing liver function were missing. In fact, risk stratification in the subgroup
analysis of patients with liver damage was not possible. Only the available data were those related to
the age and sex of study patients. Other cofactors such as body mass index, underling chronic diseases,
instruments and experimental techniques, and sample size may have influenced the results. The authors
suggest conducting large-scale prospective studies to verify these results[15]. Liver damage is frequent
in patients with SARS-CoV-2 infection, especially in severe COVID-19 or underlying chronic liver
disease[16]. Patients with COVID-19 had better evolution during their hospital stay despite persistent
cytolysis. The exact origin of liver abnormalities was not determined in the study. Further investigations
are required to assess the impact of SARS-CoV-2 on HBV infection. In patients with chronic HBV, the
evolution was better with antiviral B resumption. The authors recommend careful monitoring of
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biochemical parameters in patients with COVID-19[16].

As for the liver damage linked to viral infection, EBV, along with chronic viral hepatitis B and C,
plays a significant role in the development of virus-mediated autoimmune liver diseases as well as
damage to other organs (intestine, heart, kidneys, thyroid gland, etc.)[17]. The similarity of these
nosologies is also evident in the nature of the disease course: The presence of a primary infection in a
manifest or latent form with possible progression toward chronicity and periodic reactivation
occurrence. The wide distribution of pathogens in the human population may favor mixed EBV, HBV,
and HCV infections. However, this problem has not been adequately addressed in the scientific
literature. This study suggests that EBV plays a role in the occurrence of liver and extrahepatic

pathologies. The combination of this pathogen with HBV and HCV requires further in-depth studies
[17].

Clinic, enzymology and immunology

Drug induced liver injury (DILI) should be suspected in patients with recent elevations in liver
biochemistry parameters[18]. To date, there are no helpful biomarkers for clinical and laboratory
diagnoses. Diagnosis is dependent on the temporal relationship with the recent consumption of drugs,
herbals, and dietary supplements, along with a high liver marker level, excluding competing etiologies.
Any implicated product should be discontinued, and the patient must follow a fortiori for jaundice
occurrence. Liver transplantation may be required, because the risk of liver-related damage death
(around 10%) is linked to the jaundice. DILI therapy is only symptomatic, such as itching, because no
specific treatment is currently available. Patients with coagulopathy or jaundice usually require hospit-
alization. Given immunomodulatory therapy for cancer is inducing DILI, corticosteroids dose-based
experiments are required, since ultrahigh doses recommended by oncological societies are not trivial
[18]. Liver implication in COVID-19 infection may reach 16%-29% of patients, with a high proportion in
adult and older patients[19]. The appearance of liver involvement during COVID-19 requires attention.
Although evidence-based prospective experiments are lacking, the underlying mechanisms are complex
(including cholangiopathy, cytokine storm, and DILI). The most probable mechanism may be DILI;
hence taking into account the liver injury triggered by certain medicines is required, a fortiori in severe
patients with underlying hepatic disorders. Liver toxicity and specific hepatic biochemical markers are
linked to COVID-19 death and severity, therefore a well-designed management of patients with hepatic
injury is required[19]. Aleem et al[20] reported a link between remdesivir and transient mild-to-
moderate elevation of liver biochemistry parameters in hospitalized patients with COVID-19. The
authors primarily recommend performing a baseline pretherapeutic biochemical test before conducting
daily monitoring during the treatment; second, to exclude possible drugs adverse reaction (including
hepatotoxicity and medicines interaction); and third, to discontinue remdesivir infusions in patients
with de novo alanine transaminase or aspartate transaminase elevations 10 times above the upper normal
limit[20].

D'Ardes et al[21] reported on the topic hepatic damage and coagulopathy. Liver damage triggered by
microvascular thrombosis is hypothesized; this mechanism is supported by postmortem results.
Another evidence demonstrated a correlation between coagulation and hepatic dysfunction in patients
with COVID-19. Nevertheless the authors suggest further investigation to better identify the link
between coagulation, liver damage and COVID-19[21].

Sepsis condition may trigger hepatic injury (including hypoxic hepatitis, cholestasis, DILI, and
secondary sclerosing cholangitis)[22]. The death rate caused by sepsis is extremely higher in cirrhotic
patients, which is suggestive for more probable infection, accurate diagnosis, and suitable antimicrobial
therapy. Sepsis is currently defined as sepsis-3 using systemic inflammatory response syndrome criteria,
and based on organ dysfunction symptoms. This organ defect may be evaluated by the sequential organ
failure assessment (SOFA) and quick SOFA scores[22].

The role of hyperthyroidism and liver dysfunction has been reported[23]. Hepatic biochemical
abnormalities in untreated thyrotoxicosis patients is closed between [15%-76%], which may be
explained by the conditions such as: direct liver cell injury, heart failure comorbidity, underlying
autoimmune disorders a fortiori in hyperthyroidism, preexisting hepatic disease, and drugs combining
antithyroid medicine. While some patients may experience mild liver injury, around 1%-2% may
develop fulminant hepatitis. A timely initiation of thionamides allows to normalize hepatic enzymes
levels. Clinicians should suspect hyperthyroidism in patients with unexplained hepatic defect or
unexplained Jaundice[23].

Rifampin used alone could not be responsible for liver toxicity reported in clinical assays; this
damage may be due to the induction-mediated accumulation of drug’s hepatotoxic metabolite in case of
rifampin concomitant administration[24]. In fact, liver defect could be triggered by metabolite activation
of some a number of medicines. The role of rifampin in metabolic activation regarding DILI needs to be
considered when conducting rifampin drug-drug interaction experiments, a fortiori those with unknown
metabolic profiles[24].

Birkness-Gartman et al[25] reported some a number of hepatic disorders in pregnancy condition.
Although intrahepatic cholestasis is anodyne in pregnancy condition, it may be linked to fetal morbidity
and death with elevated serum bile acids. Pre-eclampsia, eclampsia, and [hemolysis, elevated liver
enzymes and low platelets syndrome (HELLP)] are more frequently linked to maternal and fetal
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damages, which may necessitate expedient delivery. High hepatic enzymes levels may be see in
condition such as hyperemesis gravidarum. Pregnant women are at high risk to develop severe hepatitis
E, herpes virus infection, Budd-Chiari syndrome, and gall-stones. Preexisting chronic hepatic diseases
may be worsening in pregnancy condition. In addition hepatocellular adenoma and carcinoma may be
challenging for diagnosis and management in pregnancy. Fetal damages in fatty acid beta-oxidation
such as long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency may have an involvement on both
conditions acute fatty liver of pregnancy and HELLP[25].

Regarding complementary medicine, food supplements such as resveratrol, propolis, anthocyanin,
and cinnamon are reported to have some effects on liver enzymes. Whereas there have been conflicting
results regarding the effects of resveratrol on NAFLD, a systematic review reports that this supple-
mentation has no NAFLD-related effect. However, the authors suggest further investigations pertaining
to resveratrol supplementation effects on liver enzymes[26]. A study has shown the beneficial effect of
propolis supplementation on biological parameters such as: alanine aminotransferase (ALT), aspartate
aminotransferase (AST), fasting plasma glucose, hemoglobin Alc, insulin, C-reactive protein and tumor
necrosis factor-a[27]. Sangsefidi et al[28] reported a significant association between the duration of
anthocyanin supplementation experiment with the levels of ALT and AST. However, ALT-related
results should be interpreted with caution due to study limitation. Further representative experiments
are still needed. Cinnamon supplementation is suggested to have a beneficial effect on ALT and AST
levels in type 2 diabetic patients. Further experiments a fortiori in patients with liver enzymes
abnormality are needed to assess the clinical effects of cinnamon supplementation[29]. Grape products
are reported to have no established effect on hepatic enzymes in adults. Further investigations are
required due to the study’s limitation[30].

Diagnosis

Many biomarkers or mixed tests are being experienced to estimate liver fibrosis threshold for cirrhosis
diagnosis; some of them are commercialized. However, the gold standard test remains biopsy (an
invasive and risky procedure). Benyair et al[31] investigated sH2a, a soluble form of asialoglycoprotein
receptor in human. They detected for the first time sH2a in human serum. The levels of sH2a were
constant in the healthy group and extremely decreased in the group of patients with liver cirrhosis. The
authors suggest that sH2a may be a useful non-invasive biomarker, to estimate the functional mass of
hepatocytes[31].

Hepatic steatosis [fatty liver disease (FLD)] is caused by lipid accumulation in hepatocytes. During
the chronic stage, lobular inflammation occurs and the disease may progress to liver fibrosis, cirrhosis,
and HCC. The early diagnosis of patients is recommended, because they respond better to the
medication in this stage. Physical examination is often unremarkable in the early stages of FLD. Several
techniques, such as laboratory tests, imaging, and biopsy, can be used to diagnose and monitor FLD and
hepatic fibrosis. Ultrasound is an effective imaging method to diagnose and monitor patients with liver
disorders. Ultrasonography combined with elastography presents a great interest regarding the follow-
up of these patients. This combined imaging method that evaluates organ stiffness, has well
demonstrated liver alterations (including hardening, fibrosis and cirrhosis)[32]. Except magnetic
resonance (MR) elastography, the authors discussed the application of various ultrasound elastography
techniques such as transient-, point shear wave-, and two-dimensional shear wave- elastography.
Although liver fibrosis and NAFLD diagnosis is complex, the scientists are enthusiastically investigating
this topic. Ultrasound elastography is improving in term of image quality, handling, quantification, and
range of tissue characteristics. The authors suggested that it is a promising means for the replacement of
invasive procedure in steatosis diagnosis[32].

Diagnosis parameters to estimate hepatic disease severity (including albumin-bilirubin index, Model
for End Stage Liver Disease, and Child-Turcotte-Pugh score) have shown a good correlation with
gadoxetic acid-enhanced MRI in hepatobiliary phase[33]. Bastati et al[33] have estimated the accuracy of
the functional liver imaging score (FLIS) in predicting both hepatic decompensation and transplant-free
survival in patients with CLD. FLIS, a derivative method from gadoxetic acid-enhanced MRI, may
predict an initial hepatic decompensation among compensated advanced CLD patients. This is a less
complex and noninvasive imaging method that has predicted transplant-free survival among advanced
CLD patients. An MRI-based FLIS is a death predictor in compensated and decompensated advanced
CLD as reported by Bastati and coworkers. However, authors reported limitations (including possible
selection bias due to the study retrospective design. Nevertheless, they suggested that this bias is less
probable, since gadoxetic acid-enhanced MRI was used as standard of care for patients with focal
hepatic nodules or masses or CLD at their institution. Another potential bias was reported regarding the
lack of histologic proof for CLD etiology in most patients.

Gadoxetic acid disodium (Gd3+) is a contrast agent that tends to dominate magnetic resonance
imaging (MRI) as far as the clinical diagnosis of liver tumors is concerned. However, the need for safer
alternatives arises because of the non-trivial side effects associated with Gd3+ ions[34]. Kim et al[34]
carried out in-depth in vivo MRI studies and immunohistochemical experiments using three hepatic
tumor (HCC, neuroendocrine carcinoma, and adenocarcinoma) models, and demonstrated that hollow
manganese silicate nanoparticles (HMS), as a liver-specific MR contrast agent, exhibit high effectiveness
in hepatic tumor characterization by exerting burst-release of Mn** ions switching to physiological acidic
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conditions. HMS MRI time-sequential characteristics better reflect biological features such as
vascularity, cellularity, mitochondrial activity, and hepatocellular specificity, thus are improving HMS
bioimaging conspicuity, which allows a specific characterization of diverse hepatic tumors. HMS-
enhanced MR has shown through a necrotic HCC model that the extent of tumor necrosis was
correlated to residual mitochondrial activity. This multi-responsive spatio-biological distribution and
function of HMS, as a result of a time-depending bioimaging, coupled with a slight systemic toxicity,
supports the clinical potential in terms of accurate diagnosis and treatment response in diverse hepatic
tumors[34].

Non-invasive determination of absolute indocyanine green (ICG) concentration and methods to
calculate circulating blood volume have not been developed. To solve this problem, Savchenko et al[35]
experimented with the use of combined methods (invasive and non-invasive) to assess the rate of
removal of dyes on a single platform, which allows post-processing of data obtained by optical densit-
ometry. This study aimed to develop an invasive method to estimate plasma elimination of ICG for
diagnosing liver function. The authors used a program for collecting and displaying data, and an experi-
mental technique to assess ICG concentrations in various solutions. The measurements from aqueous
dye, albumin solution, and blood plasma correlated with the data from a commercial UV/visible
spectrophotometer. This platform is cost-effective, easy of use, and allows a quick real-time determ-
ination of results. The authors suggest that this new system can evaluate liver function and predict its
recovery with higher accuracy than existing methods[35]. Schwarz et al[36] conducted an extensive
retrospective analysis among patients who were diagnosed for preoperative ICG clearance before
hepatic resection in a university hospital setting. In patients with both poor ICG clearance and risk
factors such as male sex, major liver resections should be a caution option and patients informed in
consequence. While parenchymal sparing surgery and combinations with intraoperative ablations of
small lesions are suggested, extensive resection is not recommended. The authors suggested ICG
clearance testing is a helpful tool selecting patients at risk to develop postoperative hepatic dysfunction.
Suggestive liver remnant anticipation in patients with poor ICG clearance needs to be further invest-
igated[36]. However, the authors reported study’s limitations due to its retrospective design, and the
overlap of preoperative ICG clearance testing values which was noticed in both patients with presence
and absence of hepatic abnormality. They suggest the use of multiple parameters and not a single ones
to better estimate the risk for liver resection[36]. Jinghua Li et al[37]reported via a retrospective study
the usefulness of ICG fluorescence imaging-guided technique for the safe application of laparoscopic
right posterior hepatectomy.

Liver HCC management

Regarding BCLC recommendations patients with HCC (stage B) are not selected for hepatic resection,
but they may benefit of palliative medication[38]. Furthermore, patients with Child-Pugh class B are not
usually eligible for liver resection. However, the best survival benefit of resection has been
demonstrated by many studies regarding patients selected in very early-, early-, and intermediate-
BCLC stage. Moreover, this therapy provides better outcomes when multinodular liver and large
tumors in patients with portal hypertension and Child-Pugh class B cirrhosis. Romano ef al[38] explored
this controversial topic and showed liver resection may improve the short- and long-term survival for
patients with BCLC-B and Child-Pugh B HCC. However, the authors suggest further investigations to
identify patients with intermediate-stage HCC most likely to benefit from hepatic resection[38].

In patients with BCLC-B/C stage disease, there is a need to identify the benefits of direct-acting
antivirals (DAAs). Furthermore, the possibility of modifying the natural history of these patients should
be prospectively investigated[39]. Due to the lack of studies experiencing DAA impact in these patients,
Reig et al[39] proposed making decisions on a patient-by-patient approach. If liver dysfunction in
patients with BCLC-B/C is only linked to HCV infection, DAA prioritization should be based on a
patient-by-patient approach; thus each patient should be informed about potential advantages and risks
of this therapy[39].

The BCLC model evolves to better improve patient’s outcomes. The management of patients with
HCC is accomplished in a multidisciplinary model through specialties such as hepatology, surgery,
medical oncology, radiology, interventional radiology (IR) and radiation oncology[40-43]. The BCLC
staging system is preferred because it considers tumor, patient, and liver characteristics and links them
to specific therapies[40,41]. Reig et al[41] recently updated the BCLC algorithm providing new insights
in the clinical management of HCC. Note that three main setups are clearly delineated for patients with
this malignancy. Initial step stratifies patients in function of disease evolvement status, which is linked
to first therapy option. A focus should be kept on the combination of the overall required patient’s
characteristics for choosing the option expected to fulfill the best survival condition. Robust scientific
evidence supports the initial recommendations. The “clinical decision-making” section highlights the
complexity of individualized management and need to personalize decisions regarding tumour burden,
incorporating the concepts of treatment stage migration (TSM) and untreatable progression. We agree
with the authors that any exhaustive algorithm should not be expected for each patient. Hence a multi-
parametric evaluation for each patient is required; this should be integrated into multidisciplinary
tumour boards with the active collaboration of all partners involved in care. To be effective such boards
should clearly establish initial approach from which individual decisions can be made[41]. This update
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recognizes liver transplantation (LT) as one of the main study objectives[43]. Interventional radiologists
(IRs) can play a central role in multi-directional treatment to promote liver transplantation.

This latest update is being improved. Lucatelli et al[43] contributed to clarify the role of IRs into BCLC
0/A/B stages. For instance: In BCLC 0, ablation is better; whether it is no feasible, resection may be
prioritized and then transarterial chemo-embolization considering TSM concept. Transarterial radio-
embolization (TARE) is recommended only for single HCC B 8 cm given the LEGACY trial findings[41].
Although we can see a limited role given to TARE, there is hope. Owing the negative phase III trials, no
role for IRs in BCLC C patients. As expected, allocation and TSM arise the complexity of the algorithm,
but bring it closer to daily practice[43,44]. However, we are still far from reaching level one evidence
[43].

In the context of expanded therapy options pertaining to TSM, external beam radiotherapy (EBRT)
that is missing in the 2022 updated guidelines, may be a useful option in algorithms for HCC[42]. The
safety and efficacy of EBRT have been enough demonstrated regardless BCLC stage. Hallemeier et al[42]
recognize important advances in BCLC 2022 update even if EBRT is missing. Based on the current
available evidence, the authors suggest to incorporate EBRT into BCLC guidelines when “first treatment
options” suitable or not feasible, or disease progression after first therapy. Owing the American Society
for Radiation Oncology recommendations, they propose EBRT option for future BCLC updates as
follow: (1) In BCLC 0/ A HCC, EBRT may be an alternative non-surgical as definitive treatment or as a
bridge to transplant; (2) in BCLC B/C, EBRT may be used with or without embolization or systemic
treatment; and (3) in BCLC D HCC, EBRT may serve as palliative therapy for tumor-related pain.
Authors acknowledge the usefulness of current and future trials for overall therapies in refining HCC
therapy options, and suggest further EBRT experiments pertaining to HCC[42].

Elhence et al[44] recognize that this latest BCLC HCC update is improved regarding BCLC B group
stratification, a possible novel immunotherapy for BCLC-C group and LT option when tumor burden is
suitable for transplant regardless liver dysfunction. However, according to the authors, there is a lot to
be done regarding the use of hepatic function in BCLC stage allocation and linking with the first therapy
option. In fact, this new BCLC update recommends classifying a patient’s liver function in two
categories (preserved- and end-stage- liver function) for stage attribution and prognosis. A dichotomic
classification may not achieve the goal of stage attribution as it is susceptible to misinterpretation. The
authors recognize that the treatment decisions for patients with HCC are often complex and should
consider multiple dimensions and not single variable. However, the use of such staging allocation
systems is linked to the unambiguity, because they are only open to an interpretation[44].

Beside BCLC HCC therapy we describe other strategies for the management of liver diseases.

LT is recommended for patients with end-stage liver disease. However, the discordance between
offer and demand for suitable organs implies extended criteria in the field of transplantation, a fortiori
for steatotic liver grafts. To mitigate the risks linked to these criteria, a new platform such as ex situ
oxygenated machine perfusion (MP) is being experienced for dynamic preservation, reconditioning, and
viability tests to enhance organ use. MP at hyperthermic (> 38°C) condition (HyMPs) has received little
attention. The liver plays an important role in the regulation of the core body temperature. Although
hyperthermia significantly modifies vasculature and cellular and metabolic processes, it preserves liver
structural integrity[45]. In a state of mild hyperthermia (38°C-40°C), induced vasodilation redirects
blood flow out of the liver tissue, this leads to significant changes in the production of cellular proteins
and metabolites. Heat shock protein responses amplify to protect cells from membrane protein
dysfunction due to heat stress. This modified metabolism in the hepatic tissue increases glycogenolysis
and reduces triglyceride stores via the lipolysis pathway. The mitochondrial respiration increases,
indicating a hypermetabolic state. Consequently, the increase in CO, production may be considered as a
real-time measure indicator of metabolism during MP. The authors suggest that HyMP may promote
steatotic liver optimization. Initial evidence supports the high potential value of mild hyperthermia in
conditioning steatotic livers before to conduct transplantation[45].

Margonis et al[46] reported a great interest in solid benign liver tumors regarding the advanced
knowledge upon pathophysiology of these lesions. The authors conducted an evidence-based review by
focusing on the diagnosis and management of these tumors. They suggest further investigations to
better understand the underlying pathogenesis and natural history of benign liver tumors to provide
clinicians with evidence-based guidelines for therapeutic optimization of patients with such lesions[46].

Hydroxymethyglutaryl-coenzyme A reductase inhibitors (statins) are a commonly prescribed class of
medication for hyperlipidemia and coronary artery disease (CAD) treatment. This medicine has a
proven benefit in reducing death rate for patients with CAD. These drugs have the potential for adverse
effects, including myalgia, myopathy, and hepatotoxicity[47]. The authors summarized recent data on
statin-associated liver toxicity and highlighted the low risk of DILI. Preclinical data support the
potential hepatoprotective effects of statin therapy. They also reviewed preclinical data, suggesting the
potential hepatoprotective effects of statin therapy[47].
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CONCLUSION

Investigations regarding liver function have revealed the involvement of extracellular vesicles
(exosomes), FXR and ions exchangers (Na*/H") in liver physiology and hepatic disorders. Exosomal
miRNAs and proteins may be novel potential markers for hepatic disease. The effects of selective
targeted therapy of NHEs on the liver are inconclusive, and more comprehensive studies using methods
to inhibit and regulate the function and target NHEs in liver-related damage are needed. Regarding
liver dysfunction the relationship between COVID-19 and liver dysfunction has been extensively
discussed. Although liver defects are commonly reported, especially in patients with severe COVID-19
or underlying chronic liver disease, the exact association with liver abnormalities is still unknown.
Further studies are needed to investigate the impact of SARS-CoV-2 on HBV infection. The role of EBV
should be considered in the occurrence of liver and extrahepatic pathologies. The combination of this
pathogen with HBV and HCV requires further in-depth study. To date, there are no specific tools for the
diagnosis and treatment of DILIL As for the increase in indirect DILI induced by immunomodulatory
therapy of cancer, controlled trials comparing different doses of corticosteroids are required, since the
higher doses recommended by oncological societies are not anodyne.

The rate of mortality due to sepsis is extremely elevated in cirrhotic patients, which suggests more
probable infection, accurate diagnosis, and suitable antimicrobial therapy.

Unknown liver disorder or unexplained jaundice should attract clinician attention to suspect
hyperthyroidism.

Pregnancy condition may worsen chronic hepatic diseases state, while hepatocellular adenoma and
carcinoma may be challenging for diagnosis and management in pregnancy. Fatty acid beta-oxidation
disorder, linked to long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency, may cause acute fatty
liver and HELLP in the fetus.

New biochemical and imaging methods have also been described. Based on the necrotic HCC model,
HMS or HMS-enhanced MR demonstrated that the size of tumor necrosis is correlated with mit-
ochondrial activity. The time-dependent bioimaging improvement of HMS and weak systemic toxicity
support the impactful clinical potential for better management of various hepatic tumors, in terms of
accurate diagnosis and therapeutic response. Despite the progress made in ultrasound elastography,
there is still need to improve in terms of image quality, ease of use, quantitation, and range of
measurable tissue characteristics. This imaging technique is suggested as a promising method to
completely replace liver biopsy for steatosis diagnosis.

The level of sH2a in human serum is considerably reduced in cases of hepatic cirrhosis. Con-
sequently, sH2a may be a helpful non-invasive biomarker for functional mass evaluation of numerous
liver cell types. A system for collecting and displaying data and assessing ICG concentration in various
solutions has been developed, which allows a performant diagnosis of liver function and prediction of
its recovery with high accuracy.

HCC management has been discussed regarding BCLC algorithms. BCLC HCC 2022 update
incorporates novelties such as: (1) Staging stratification of patients in function of their evolutionary
status, which is linked to the first treatment option (combination of all patient’s characteristics required
for choosing the option expected to provide the best survival); (2) the “clinical decision-making” section
highlights individualized management and need to personalize decisions regarding tumour burden
(incorporating the concepts of TSM and untreatable progression); (3) further stratification in BCLC-B
group; (4) novel immunotherapy options for BCLC-C group; and (5) LT option when tumor burden is
suitable for transplantation. Another new idea is the EBRT incorporation suggestion into BCLC
guidelines. HyMP could be a promising therapeutic approach to optimize the use of steatotic livers.
Evidence supports the usefulness of mild hyperthermia in conditioning steatotic livers. IRs can even
play an important role in increasing the number of transplanted patients. There is a lot to be done
regarding the use of liver function in BCLC stage allocation and linking with the first treatment option.
Owing the negative phase III trials, the new BCLC update does not recognize any role to IRs in BCLC C
patients. HCC management will evolve as new informations become available and novel therapeutic
approaches will be experienced. Further RCTs of EBRT for HCC are needed.

Solid benign liver tumors need to be further investigated to better understand the underlying
pathogenesis and natural history of the disease to optimize the treatment of patients with these lesions.

Hydroxymethyglutaryl-coenzyme A reductase inhibitors (statins), a pharmacological class of
medicine with proven benefits, reduces CAD mortality. These drugs have been reported to have
potential adverse effects, mainly myalgia, myopathy, and hepatotoxicity. Recent data on statin-
associated liver toxicity highlights low clinical DILI risk attributable to this drug. Moreover, preclinical
data suggests potential hepatoprotective effects of statin therapy.

HyMP could be a promising therapeutic approach to optimize the use of steatotic livers. Evidence
supports the usefulness of mild hyperthermia in conditioning steatotic livers.

IRs can even play an important role in increasing the number of transplanted patients.

This work may be helpful for physicians and researchers in managing and further investigating liver
defects. In addition to the study’s perspectives, future experiments should be focused on either aspect of
liver diseases management: decompensated cirrhosis, hepatocellular carcinoma, transplantation,
COVID-19 and liver, or pathophysiology of liver damage to make more impact.
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Abstract

Haemochromatosis is a genetic disease caused by hepcidin deficiency, responsible
for an increase in intestinal iron absorption. Haemochromatosis is associated with
homozygosity for the HFE p.Cys282Tyr mutation. However, rare cases of hae-
mochromatosis (non-HFE haemochromatosis) can also be caused by path-ogenic
variants in other genes (such as HJV, HAMP, TFR2 and SLC40A1). A working
group of the International Society for the Study of Iron in Biology and Medicine
(BIOIRON Society) has concluded that the classification based in different
molecular subtypes is difficult to be adopted in clinical practice and has proposed
a new classification approaching clinical questions and molecular complexity. The
aim of the present review is to provide an update on classification, path-
ophysiology and therapeutic recommendations.

Key Words: Haemochromatosis; Iron overload; HFE; Molecular diagnosis; Hepcidin
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Core Tip: Haemochromatosis is a genetic disease caused by hepcidin deficiency,
responsible for an increase in intestinal iron absorption. Haemochromatosis is associated
with homozygosity for the HFE p.Cys282Tyr mutation. However, rare cases of
haemochromatosis (non-HFE haemochromatosis) can also be caused by pathogenic
variants in other genes (such as HJV, HAMP, TFR2 and SLC40A41). A working group of
the International Society for the Study of Iron in Biology and Medicine (BIOIRON
Society) has concluded that classification based on different molecular subtypes is
difficult to be adopted in clinical practice and has proposed a new classification
approaching clinical questions and molecular complexity. The aim of the present review
is to provide an update on classification, pathophysiology and therapeutic recommend-
ations.
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INTRODUCTION

Haemochromatosis is characterized as systemic iron overload of genetic origin caused by hepcidin
deficiency, including decreased production of this hormone or decreased activity of hepcidin-
ferroportin binding[1] (Figure 1). Iron overload leads to damage such as liver cirrhosis, cardiomyopathy,
diabetes, arthritis, hypogonadism and skin pigmentation. Therapeutic phlebotomy is effective and safe
[2]. Iron chelation, mostly confined to iron overload related to chronic anaemia needing repeated
transfusions, is an alternative (or adjuvant) treatment in haemochromatosis, especially when phle-
botomies are medically contraindicated[3] or iron overload is so great that iron depletion is urgently
needed.

Mostly, the disease is related to homozygosity for the gene HFE p.Cys282Tyr genetic alteration
(which is the classical type 1 haemochromatosis). p.Cys282Tyr/p.His63Asp compound heterozygosity
has been reported to be linked to haemochromatosis. Rarely, the cases of haemochromatosis can be
caused by pathogenic variants in the other genes (called non-HFE haemochromatosis). Juvenile
haemochromatosis corresponds classically to type 2, which can be subdivided into type 2A, related to
mutations in the hemojuvelin gene, and type 2B, related to mutations in the hepcidin gene.
Furthermore, mutations in the TFR2 and SLC40A1 genes can be associated to haemochromatosis (more
details below)[4].

The clinical diagnosis of iron overload is of course the starting point before treating and monitoring
the patient. Early diagnosis and treatment are essential for improving survival and for a better quality of
life[5]. The present review focuses on new information on classification, pathophysiology, and
therapeutic recommendations.

EPIDEMIOLOGY

The HEIRS study evaluated, among other aspects, the prevalence of the HFE p.Cys282Tyr and
p-His63Asp genetic alterations in a sample with 100000 adults during a period of 5 years in the United
States and Canada. Among the obtained results, 299 subjects were homozygous for p.Cys282Tyr, and
the estimated prevalence of p.Cys282Tyr homozygous was of 0.44% in white non-Hispanic subjects,
0.11% in native and American indigenous, 0.027% in Hispanic, 0.014% in Black, 0.012% in Pacific Island
descendants and 0.000039% in Asiatic[6] subjects.

A review that selected 27 studies, totalling 6302 samples of subjects of European countries, showed
the average prevalence of 0.4% for p.Cys282Tyr homozygotes and 9.2% for p.Cys282Tyr heterozygotes
[7]. A cohort study with 22 centres across England, Scotland, and Wales in UK Biobank, including
451243 participants of European descent, identified 2890 (0.6%) individuals with p.Cys282Tyr
homozygous genotype. The authors diagnosed haemochromatosis in 21.7% (95% confidence interval
19.5%-24.1%, 281/1294) of men and 9.8% (8.4%-11.2%, 156/1596) of women. Since p.C282Y-associated
iron overload is preventable and treatable provided intervention is early, their findings justify re-
examination of options for expanded early case ascertainment and screening[8]. Another study in blood
donors in Brazil found 2.1% for the HFE 282Tyr allelic frequencies[9].

SYSTEMIC IRON REGULATION

Plasma iron finds its source in enterocytes and macrophages. It circulates, bound to transferrin, its iron
transporter that can link up to two atoms of ferric iron (Fe**). Transferrin-bound iron binds to transferrin
receptor 1 on the plasma membrane of most cells, and forms a complex that is endocytosed. In the acidic
environment of the endosome, ferric iron is reduced to ferrous iron (Fe?') through the activity of a
ferrireductase ( STEAP3). Ferrous iron is, then, released from the endosome to the cytosol via DMT1,
and forms a labile iron pool. Iron leaves the cell through the activity of ferroportin, which is the only
known protein to ensure cellular iron export into the plasma. Ferroportin export activity is regulated by
the circulating hormone called hepcidin[10-13]. Hepcidin is a peptide essentially liberated by the
hepatocytes[14-16]. The ferroportin-hepcidin binding at the level of the cell membrane induces the
internalization, ubiquitination and degradation of intracellular ferroportin so that plasmatic levels of
hepcidin strongly affect plasma iron concentration[17]. Low levels of hepcidin increase iron export from
the enterocytes and macrophages, leading in turn to increased plasma iron concentration and transferrin
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Figure 1 Mechanism of iron overload in HFE-related hemochromatosis. The C282Y/C282Y mutations (homozygosity for C282Y) lead to decreased
synthesis of the iron hormone hepcidin, which in turn causes an increased activity of the iron export protein ferroportin both at the digestive and splenic levels. The
result is increased plasma iron leading to organ iron overload.
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saturation (TS) (Figure 2).

The adequate content of body iron requires the maintenance of plasma iron concentration within
normal limits (12-25 pM) and the regulation of TS. Normal TS is between 20% and 45%, allowing
adequate iron delivery to the cells[18]. In mammals, plasma iron binds to transferrin that is synthetized
by the hepatocytes and, once released in the plasma, receives two atoms of ferric iron by an active
process involving ferroxidase enzymes. When TS increases, non-transferrin bound iron may appear in
the plasma and can lead to cell toxicity. The body is not capable of increasing iron excretion, even in
case of iron excess. This holds true for genetic iron overload related to increased intestinal iron
absorption, as well as for secondary iron overload that can be caused by repeated blood transfusions in

the setting especially of chronic haemolytic anaemias, and various other haematological situations[19-
24].

DIAGNOSIS

The diagnostic approach to haemochromatosis has become a noninvasive one, meaning that liver biopsy
is no more needed. Indeed, haemochromatosis can be diagnosed on the sole combination of clinical,
laboratory and imaging data.

Clinical features

Haemochromatosis can be asymptomatic for many years, and the lack of symptoms usually persists
until adulthood, > 30 years old (and often > 40 in men and > 50 in women) in HFE-related haemochro-
matosis. In non-HFE haemochromatosis, the symptoms can appear around 20-30 years old. In general,
the symptoms are diverse, which explains the frequent and harmful diagnosis delay[25-27].

Among the most common symptoms are fatigue and joint pain[28]. The dermatological signs are
mainly melanoderma (dark pigmentation of the skin), but can also include skin dryness and nails
alterations (and paradoxically koilonychia, a classical symptom of iron deficiency anaemia). The main
liver symptoms are hepatomegaly and slight transaminase increase, contrasting with well-preserved
liver functioning. Haemochromatosis can cause diabetes, hypogonadism or hypopituitarism[29]. It is of
utmost importance to have in mind that HFE-haemochromatosis is only present in Caucasian
populations or descents, and that non-HFE haemochromatosis, although much rarer, can be observed in
many ethnic groups.

Laboratory tests

The most common diagnostic biochemical tests consist of the following plasma parameters: iron,
transferrin saturation (TS - determined from plasma transferrin concentration rather than from total iron
binding capacity) and serum ferritin (SF). Increased TS is the earliest biochemical abnormality in
haemochromatosis, reflecting increased iron absorption. It is > 45% (often > 60% in men and > 50% in
women) and should be confirmed by a second assay. SF (> 300 pg/L in men and postmenopausal
women, and > 200 pg/L in premenopausal women) can be raised in the inflammatory process, the
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Figure 2 Schematic representation of systemic iron regulation. Physiologically, increased plasma iron leads to an increased synthesis of the iron
hormone hepcidin, causing in turn decreased activity of the iron export protein Ferroportin both at the digestive and splenic levels, which leads to compensatory
decreased plasma iron. The reverse mechanism occurs in case of physiological iron deficiency. Please note that, in haemochromatosis, the body behaves as if it was
chronically iron deficient.
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metabolic syndrome (especially with diabetes), alcohol consumption and liver injury[30,31].

Genetic testing

Genetic testing is indicated whenever the patient has confirmed high levels of TS, provided other
mechanisms than body iron excess have been ruled out (especially hypotransferrinemia due to hepato-
cellular failure, nephrotic syndrome or malnutrition). Haemochromatosis should not be seen as a simple
monogenic disease, but as the complex result of the environment interaction, lifestyle and genetic
factors that have not yet been fully identified. In case of HFE p.Cys282Tyr homozygosity, it is widely
accepted that this genetic profile forms the necessary basis for the development of body iron excess[32].
Concerning the profile of compound heterozygosity p.Cys282Tyr and p.His63Asp, it can only
predispose to mild iron overload and the physician should be careful when informing the patient,
because alluding to haemochromatosis can cause unnecessary anxiety to the patient and its family[33,
34].

When genetic testing for HFE provides a negative result, further genetic explorations, related to other
genes involved in iron metabolism and hepcidin synthesis, can be conducted, requiring expert
laboratories. Non-HFE haemochromatosis is less influenced by cofactors and characterized by a more
severe and homogeneous clinical condition appearing at a younger age. Modern approaches, based on
next generation sequencing (NGS), widely expand the possibilities of diagnosing these rare entities, but,
at the same time, raise challenges for interpreting the results. NGS requires expert centres, either public
or private, and its cost remains high but tend to decrease over time[35].

It should be kept in mind that, for most clinical practice worldwide, screening of HJV, HAMP, TFR2
and SLC40A1, and even of HFE, through direct sequencing is not widely available. Treatment is usually
not dependent on molecular diagnosis[36-39]. It is therefore important to remember that, in this setting
of difficult access to genetic identification, patients with a clinical diagnosis of haemochromatosis
should not wait for the result of a DNA test before starting treatment.

Imaging tests

Magnetic resonance imaging (MRI) can be useful to assess and quantify body iron overload, especially
in the liver, without forgetting to evaluate also the iron status of the spleen (the contrast between major
liver iron excess and absence of spleen iron overload being highly suggestive of hepcidin deficiency).
Laboratory examinations together with MRI have now largely replaced liver biopsy[40,20-22].

THERAPEUTIC RECOMMENDATIONS

The standard treatment for haemochromatosis remains phlebotomy (or therapeutic bleeding). This
treatment has been shown to be effective and safe and has contributed to the reduction of morbidity and
mortality in patients with haemochromatosis[41]. With each phlebotomy of 500 mL blood, approximate
250 mg iron are extracted and subsequently mobilized in a compensatory process from the organs
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where it had accumulated (especially the liver). Repeated phlebotomies result in the total removal of
excess iron from the body. The therapeutic schedule must be individually adapted to each patient, and
should take into account the patient’s levels of ferritin (according to the local reference values), age,
gender and comorbidities. Recent studies have observed a beneficial effect in early and sustained tr-
eatment of patients with excess iron, even when iron overload was mild and/or SF only mildly elevated
[32,42].

Table 1 shows two treatment phases: initial or intensive (induction), and the maintenance phase.
Haemochromatosis patients under venesection therapy should never stop watching their iron
parameters since the natural trend of increased iron absorption persists opening the risk of progressive
iron excess reconstitution. Oral iron chelation is the commonly recommended treatment for iron
overload related to chronic anaemia requiring regular blood transfusions. However, iron chelators may
also be used as an alternative, or adjuvant, form of treatment in rare cases of haemochromatosis in
which phlebotomies are contraindicated, not feasible due to problems in venous access, or if efficacy
may not be not sufficiently achieved with phlebotomies alone in case of massive iron excess[43].

In the future, hepcidin-based treatments could potentially become an adjunct treatment to
phlebotomy in the intensive phase or a substitute in the maintenance phase. The interest of restoring
hepicidin levels is, of course, based on the fact that hepcidin deficiency is the mechanism accounting for
the development of iron overload in patients with haemochromatosis[44].

EVOLUTION OF HAEMOCHROMATOSIS NOMENCLATURE

A working group of the International Society for the Study of Iron in Biology and Medicine (BIOIRON
Society) proposed a new classification for haemochromatosis. The recent advances of pathophysiology
and molecular basis of iron metabolism have highlighted that haemochromatosis is caused by mutations
in at least five genes, resulting in insufficient hepcidin production or, rarely, resistance to hepcidin
action. All these different data have led to a disease classification based on different molecular subtypes,
mainly reflecting successive gene discoveries. When analysing the name of the disease, we can see the
relation of something circulating in the blood haemo-) being responsible for skin and organ damage and
pigmentation (-chromatosis). The work of recognizing excess iron as the aetiology of organ toxicity took
several decades, and was attributable to Joseph Sheldon in 1935, who was also the first to suggest the
genetic origin of the metabolic defect. Over time, it became evident that the genetic basis of haemochro-
matosis was more heterogeneous than initially thought, and several variants in other iron-controlling
genes were progressively associated with the disorder. Unlike in the past, fully expressed and
potentially lethal haemochromatosis with the full-blown picture associating liver cirrhosis, diabetes,
endocrine dysfunction, and heart failure is rarely seen in current clinical practice. The novel classi-
fication aims to be practical whenever a detailed molecular characterization of haemochromatosis is not
available[45].

Previous classification of haemochromatosis

Table 2 shows the previous classification of haemochromatosis. Most cases of haemochromatosis are
caused by homozygous HFE p.Cys282Tyr genotype (type 1 haemochromatosis). The HFE gene is located
on chromosome 6p21, encodes the haemochromatosis protein (HFE) which plays, through a not yet
fully elucidated mechanism, a role in hepcidin regulation. As previously mentioned, the main
symptoms are arthropathy, skin hyperpigmentation, liver damage, diabetes, endocrine dysfunctions,
cardiomyopathy and hypogonadism. Haemochromatosis can also be caused, but much more rarely, by
changes in other genes than HFE. These rare cases of haemochromatosis can be due to pathogenic
variants in other genes, corresponding to non-HFE haemochromatosis. There were four entities: juvenile
haemochromatosis (JH) or type 2 haemochromatosis, subdivided into two forms: Type 2A JH, caused by
mutations in the HJV gene on chromosome 1q21, and type 2B JH, caused by mutations in the HAMP
gene on chromosome 19q13. Type 2A genetic changes are involved in hepcidin synthesis, and are
related to the BMP co-receptor. It has an early onset, in subjects younger than 30 years, and corresponds
to severe forms of haemochromatosis. Type 2B haemochromatosis is related to a genetic defect of the
HAMP gene, which encodes hepcidin. The main signs and symptoms are hypogonadism and cardiomy-
opathy. Haemochromatosis types 3 and 4 are caused by mutations in the TFR2 and SLC40A1 genes on
chromosomes 7q22 and 2q32. Type 4 haemochromatosis, due to SLC40A1 mutations, is divided into 4A
and 4B and has autosomal dominant inheritance. In type 4A, also named ferroportin disease, there is an
alteration of ferroportin export activity leading to massive iron overload in the spleen, whereas TS is not
elevated. Type 4B haemochromatosis is related to a gain of function process leading to ferroportin
resistance to hepcidin and to clinical phenotype very close to that of type I haemochromatosis[46,47].

New classification of haemochromatosis proposed by an international expert working group

This working group proposed to de-emphasize the use of the molecular subtype criteria in favour of a
classification better related to clinical issues. The group included both clinicians and basic scientists
during a meeting in Heidelberg, Germany. The main ideas showing the need for changing the
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Table 1 Review about therapeutic recommendations

Who to start
treatment

Initial phase or
intensive (of
induction)

Maintaining phase

When to stop

Patient with homozygous genotype HFE p.Cys282Tyr (C282Y/C282Y) and with biochemical indication of iron overload, namely,
fasting transferrin saturation increase (> 45%) together with serum ferritin increase (> 300 g/ L for men and postmenopausal
women, and > 200 pg/L in premenopausal women).

Phlebotomies of 400-500 mL (according to body weight) weekly or every 2 wk (depending on the amount of initial iron excess).
Objective: to reach a serum ferritin value of 50 pg/L, in the absence of anaemia.

One phlebotomy every 1-4 mo, depending on iron parameters.Objective: to maintain ferritin levels around 50 ng/L (without
anaemia; haemoglobin levels should not be <11 g/dL). Plasma ferritin should be verified prior to each phlebotomy, and
transferrin saturation approximately twice a year.

Patients presenting iron overload should never stop checking their iron parameters, and their treatment must be planned
according to their iron parameters, general health condition, and age.

Table 2 Previous classification of haemochromatosis

Haemochromatosis

e Gene Location Inheritance Gene product function Main clinical manifestations
1 HFE 6p21.3 AR Involved in hepcidin synthesis  Iron overload and known manifestation of classical
via BMP6, interaction with haemochromatosis (HFE type). Arthropathy, skin
TFR1. hyperpigmentation, liver damage, diabetes, endocrine
dysfunction, cardiomyopathy, hypogonadism.
2A HJV 1p21 AR Involved in hepcidin synthesis, Type 2: earlier onset, < 30 yr. Severe iron overload and
BMP co-receptor. juvenile form of haemochromatosis.
2B HAMP  19q13 AR Hepcidin, produced mainly in ~ Hypogonadism and cardiomyopathy more prevalent.
hepatocytes, downregulates Severe iron overload and juvenile form of haemochro-
iron efflux from enterocytes via  matosis.
ferroportin.
3 TFR2 7q22 AR Transferrin receptor 2, Phenotypes can range from moderate to severe form of
mediates cellular uptake of haemochromatosis.
transferrin-bound iron and is
involved in hepcidin synthesis.
4A SLC40A1 2q32 AD Ferroportin is an iron exporter ~ Lower tolerance to phlebotomies with risk of anaemia.
gl P P p
in duodenal. The phenotype strongly differs from newly defined
haemochromatosis (mild clinical symptoms, major spleen
iron overload, major hyperferritinemia without transferrin
saturation increase).
4B SLC40A1 AD Ferroportin acting a hepcidin ~ Very rare; in general, clinically similar to HFE-haemochro-

receptor. matosis.

TFR2: Transferrin receptor 2; HFE: Encodes HFE protein; H]V: Encodes hemojuvelin; HAMP: Encodes hepcidin; TFR2: Encodes transferrin receptor 2;
SLC40A1: Encodes ferroportin; BMP6: Bone morphogenetic protein 6, AR: Autosomal recessive; AD: Autosomal dominant.
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nomenclature were as follows: (1) Poor applicability in clinical practice; (2) Need for complex
cooperation between geneticists, bioinformaticians and clinicians for resolving the most difficult cases,
to determine the pathogenic nature or not of many variants; (3) Former type 4A haemochromatosis
represents an iron overload syndrome strongly and clinically distinct from haemochromatosis (due to a
different pathogenesis); (4) Former type 3 can correspond to JH; (5) Former type 3 haemochromatosis
can be observed at an older age than JH[45]; and finally (6) Former type 4B, which corresponds to a
hepcidin-refractory syndrome shares a similar phenotype to hepcidin-deficiency-related forms of
haemochromatosis. Table 3 presents this new classification.

Rigorously speaking, the term haemochromatosis should now be reserved for a unique genetic
clinicopathological condition characterized by increased TS, iron overload in the liver (but not in the
spleen), prevalent involvement of periportal hepatocytes with iron spared Kupffer cells, and signs
and/or symptoms associated with iron overload. Therefore, the term haemochromatosis should no
longer be applied to all the previous subtypes. Finally, the panellists agreed that the definition of
haemochromatosis should also include the absence of haematological signs of a primary/predominant
red blood cell disorder, such as anaemia or reticulocytosis. In summary, as stated by the panellists, the
novel classification proposed is based on a pathophysiological cornerstone (hepcidin deficiency) and a
distinct clinical/biochemical phenotype. It recognizes the difficulties of a complete molecular character-
ization and has the potential of being easily shareable between practicing physicians and referral
centres. Avoiding any ambiguity is essential for clear and effective communication that will facilitate
proper diagnosis and treatment of haemochromatosis and was the main incentive for a real nom-
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Table 3 New classification of haemochromatosis proposed by the working group

New
classification

Molecular pattern

Note

HFE-related

Non HFE-
related

Digenic’

Molecularly
undefined

p.Cys282Tyr homozygosity or compound heterozy-
gosity of p.Cys282Tyr with other rare HFE
pathogenic variants or HFEdeletion.

Rare pathogenic variants in non-HFE genes: - H[V-
related; - HAMP-related; - TFR2-related; - SLC40A1
(very rare gain-of-function variant)-related.

Double heterozygosity and/or double homozy-
gosity/heterozygosity for variants in two different
genes involved in iron metabolism (HFE and/or
non-HFE).

Molecular characterization (still) not available after

sequencing of known genes (provisional diagnosis).

Low penetrance; consider presence of host-related or environmental cofactors

for iron overload. In subjects with other HFE genotypes (p.Cys282Tyr/His63Asp
compound heterozygosity or p.His63Asp homozygosity) consider second-line
genetic testing for rarer variants.

Potentially, variants in any hepcidin-regulatory gene may be causative (the
effects of novel mutations should be confirmed through functional and epidemi-
ological studies). Molecular subtypes characterization only at specialized
canters, but diagnosis of non-HFE related haemochromatosis is sufficient to start
phlebotomies at nonspecialized centres'.

More commonly, p.Cys282Tyr variants in HFE gene might coexist with variants
in other genes; rarely, both variants involve non-HFE genes.

Patients should be referred (or DNA should be sent) to specialized centers.

1Providing that iron overload is confirmed by magnetic resonance imaging (MRI). If MRI is not accessible, close monitoring of haemoglobin level is needed

to avoid occurrence of anaemia.
“Caution is needed to interpret as digenic inheritance results from next generation sequencing outputs reporting several variants in gene panels. Whenever
possible, strict criteria for defining pathogenic variants should be adopted, and corroborated by family segregation and/or functional studies.
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enclature review|[48].

CONCLUSION
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It is strongly proposed to adopt, from now on, this new and more relevant classification of haemochro-
matosis that can be easily shared between practicing doctors and reference canters and will contribute to
facilitate the diagnosis and therefore to improve the therapeutic management of haemochromatosis
patients.
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disparities in liver disease and describe current efforts to minimize these
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Core Tip: The liver is a uniquely complex system, the function of which can be difficult for patients to
conceptualize. Given the complexity associated with managing liver disease, patients of different
backgrounds can face significant disparity in care, which populations are at increased risk, and what
factors cause these differences are not well understood. This review aims to summarize the disparities that
exist in patients with liver disease and to bring attention to interventions that have been successful in
reducing disparity among vulnerable populations.
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INTRODUCTION

In 2017, an estimated 1.5 billion people worldwide had some type of chronic liver disease, and this
increased by nearly 35% from the previous decade[1]. About 60% of this chronic liver disease was due to
non-alcoholic fatty liver, while 38% was due to viral hepatitis and 2% due to alcohol-related liver
disease. Both acute and chronic liver diseases are prevalent worldwide, but the specific etiology of liver
disease has geographic variations based on underlying risk factors[2]. In general, viral hepatitis,
especially hepatitis B virus (HBV) infections, is more common in Asian and African countries. Non-
alcoholic fatty liver disease (NAFLD) is more common in North American and Latin American countries
due to a high prevalence of obesity. In addition, underlying genetic factors, such as the Patatin-like
phospholipase domain-containing protein 3 (PNPLA3) allele, may contribute to a different phenotype of
liver disease[3].

However, the true prevalence of liver disease may be a function of the health care providers available
to make these diagnoses. A study from the American Association for the Study of Liver Disease
(AASLD)’s workforce study group reported a critical shortage of hepatology providers[4]. They
identified about 8000 gastroenterologists, hepatologists, and advanced practice providers who had
practices in which = 50% of their time was spent in hepatology. Their modeling analysis predicted that
by 2033, the United States would have 35% fewer hepatology providers than needed to care for the
population. As the recognition and management of the liver disease can be complex and often require
specialized care, patients with liver disease will be at risk of receiving suboptimal care based on access-
ibility to hepatologists. This review will discuss the studies to characterize the current status of
disparities in liver disease and describe current efforts to minimize disparities.

VIRAL HEPATITIS

Hepatitis A, B, and C viruses (HAV, HBV, and HCV, respectively) are the most common causes of viral
hepatitis. Hepatitis Delta is less common and tends to occur as a coinfection with HBV. Hepatitis E,
though less common than the others, is similar to HAV as it is transmitted via the fecal-oral route. HBV
is primarily transmitted vertically, especially in Asian countries, but like HCV, this can be transmitted
with direct blood contact from transfusions, intravenous drug use, other needle stick injuries, tattoos, or
sexual contact. The incidence of these viruses varies based on geographic and socioeconomic factors, but
there are also disparities in access to the prevention and treatment of these viruses. Outcome may also
differ by race as Asians had higher HBV mortality while non-Hispanic Whites had increased HCV
mortality despite the decrease in all other ethnic groups|[5].

Disparities in vaccination

Prevention of these viruses can be accomplished with vaccination, proper screening of the blood supply
for transfusion, minimizing food contamination and public education. Only HAV and HBV can be
prevented with appropriate vaccines. Access to immunizations may be limited by geographic and
socioeconomic factors, and populations affected by this disease prevention disparity may be at an
increased risk for HBV infection. A descriptive epidemiologic study in rural China showed that HBV
vaccination was more likely among those in higher income quintiles, higher education levels, and non-
farm occupations[6]. A cross-sectional study from South Korea evaluated HBV vaccination rates among
the homeless population, finding only 39.8% completed their HBV vaccination series[7]. In the United
States (U.S.), other factors decrease the probability of vaccination, including the vaccine costs, service
fees, travel costs, the time required to receive a vaccine, and older age. Overall, income was the single
greatest variable affecting HBV vaccination inequality, with a relative weight of > 52%[8]. Advanced
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age, lower income, a lack of private insurance, and lower education levels have a marked negative
influence on the completion of immunization[7]. Residing within an urban area was associated with a
higher compliance rate with completing the vaccinations. Clearly, the availability of vaccinations alone
is not enough to ensure universal protection by immunization.

Disparities in screening for viral hepatitis
Proper identification of patients with viral hepatitis may also depend on access to care. More than 80%
of HBV in the U.S. were not diagnosed, and 40% of patients with HCV in the U.S. from 2015-2018 were
unaware that they had this infection[9]. Currently, the Center for Disease Control (CDC) recommends a
one-time HCV screening for all adults aged 18 or older and for all pregnant women during each
pregnancy. A systematic review of 19 studies reported that screening for HCV in the general population
was variable in terms of cost-effectiveness[10]. However, screening intravenous drug users, pregnant
women, HIV-infected, and certain immigrant populations may be more consistently cost-effective. For
HBYV, the AASLD recommends screening of HBV for persons born in areas in which HBV is endemic,
pregnant women, dialysis patients, or those with high-risk behavior, including intravenous drug use
[11].

However, there are barriers to successful HBV screening in Asian and Pacific Islander (API)
communities, including cultural beliefs of wellbeing, misinformation about HBV, and lack of access to
culturally sensitive healthcare[8].

Disparities in treatment of viral hepatitis

While community campaigns can promote screening for viral hepatitis, screening can only be truly
effective if there is an appropriate linkage to care. Of the estimated 700000 people with HBV in the U.S.,
only 15% are aware of their diagnosis, and only 4.5% are receiving treatment[12]. While HCV infection
is not preventable with vaccination, it is curable with direct-acting antiviral (DAA) medications.
However, the high cost of these medications may have further exacerbated disparities in HCV care. In a
large cohort of 29544 patients with HCV in 4 different health care systems, older age and enrollment in
commercial insurance correlated with increased rates of HCV treatment[13]. Patients not receiving
treatment had more comorbidities, including HIV, mental health disorders, and non-HCC cancers.
Additionally, the Hispanic race and those with Medicare, Medicaid, and indigent care/no insurance
were significantly less likely to receive treatment. Even after access to DAAs improved (after 2014), the
treatment of chronic HCV remained low at < 20%, and patients who were Hispanic and with publicly
funded or no insurance were less likely to receive treatment[13]. Jung et al[14] found socioeconomic
disparities in prescribing patterns for DAA medications among Medicare patients. Schaeffer et al[15], in
exploring low HCV treatment rates among underserved African Americans in San Francisco found that
most of those not receiving treatment were lost to follow-up before eligibility was determined.

Other potential disparities

Other factors that affect the diagnosis and progression of viral hepatitis that may potentially be
perceived as disparities include gender, genetic factors, diet, environment/geography, and other patient
comorbidities. Higher rates of specific circulating microRNAs, which may increase disease progression,
were found in Black patients diagnosed with HCV-mediated HCC and cirrhosis[16]. This may be a
contributing factor to the high prevalence of chronic HCV in this population. An ecologic study done in
New York City demonstrated a geographic disparity in HCV-related mortality[17]. Neighborhoods with
higher proportions of Hispanic and Black residents, poverty, non-English speaking households, and/or
lower mean education level were positively associated with HCV mortality. Women with HCV also had
a lower fibrosis score at younger ages, but this disparity does not persist after 50 years of age[18]. Rates
of fibrosis progression were also highest among women with low socioeconomic status and among
those with HIV coinfection. This population is also less likely to achieve sustained virologic response
(SVR). However, racial disparities can be eliminated once SVR is achieved in terms of liver disease
progression and overall survival[19].

Vulnerable populations

Vulnerable populations have been the focus of numerous efforts aiming to understand and address the
disparities in the prevention, screening, and treatment of viral hepatitis. Incarcerated individuals are
particularly susceptible to viral infections both chronically and acutely. Worldwide, the prevalence of
HCV is 10%-30% in prisoners, with an overall prevalence of 17.7%[20]. In 2019, an HAV outbreak
occurred at a county jail in Minnesota, U.S.[21]. In response, the county jail’s health service promoted
HAV vaccination among inmates, increasing vaccination from 0.6 to 7.1% within three days. Homeless
individuals are another vulnerable population with limited access to appropriate healthcare. HCV
screening in 6767 homeless individuals in Los Angeles, California, identified that 11.4% were HCV
antibody positive. More than half of these patients were viremic, but 95% of the viremic patients were
treated successfully with resources that were accessible within the local community[22]. A study in New
South Wales, Australia, was done to identify the hurdles to treatment in the indigenous Aboriginal
people, who have a high prevalence of HCV[23]. They interviewed 39 Aboriginal Australians in-depth
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and identified several specific challenges, including a lack of information provided at diagnosis, the
stigma associated with HCV, and concerns about treatment's side effects and efficacy. Several groups
have created healthcare policies to improve HCV screening and treatment, such as the Cherokee Nation
Health Services in 2012. Through their collaborative efforts with the Center for Disease Control, HCV
testing and treatment were significantly increased among Cherokee individuals[24]. Similar strategies
have since been implemented by the Indian Health Services, resulting in HCV screening rate increases
from 7.9% to 32.5%[25]. With targeted efforts and programs, identification and treatment of viral
hepatitis can be possible in these vulnerable populations.

NON-ALCOHOLIC FATTY LIVER DISEASE

Racial/ethnic disparities

The prevalence of NAFLD has continued to increase and now accounts for about 60% of all chronic liver
disease, which surpasses all other etiologies. In fact, NASH is the leading cause of liver transplantation
among Asians and Hispanics[26]. Much of the NAFLD is driven by the high prevalence of obesity and
metabolic syndrome. Nearly 2 billion people in the world are currently overweight, and by 2040, one
billion people are expected to be living with obesity[27]. There was a strong association between
NAFLD prevalence and national economic status[28]. European countries had a higher NAFLD
prevalence (28.04%) than the Middle East (12.95%) and East Asia (19.24%). A systemic review and meta-
analysis published in 2019 showed that roughly 16.7% of U.S. populations and 50% of the high-risk
population had NAFLD[29]. In the United States, both the NAFLD prevalence and the risk for
developing non-alcoholic steatohepatitis was the highest among Hispanics, followed by Whites, and the
lowest in Blacks[29]. Underlying genetic factors may affect the progression of fatty liver disease. Hepatic
steatosis within Hispanic communities may be partially attributable to the high rates of obesity,
metabolic syndrome, and PNPLA3 polymorphism but this disparity in hepatic steatosis may be more
evident in Hispanic communities of Mexican descent[30]. Asians have more central fat deposition at a
lower body mass index (BMI) and have a higher prevalence of NAFLD with BMI < 25 kg/m? compared
to Western countries[31]. It is estimated that 8-19% of people with BMI < 25 kg/m?* have NAFLD.
Underlying genetic factors such as the PNPLA3 polymorphism may play a role in the development of
lean NAFLD; 13%-19% of Asians have PNPLA3 rs738409 GG genotype, compared to 4% in White and
25% of Hispanics. It is also important to note that the high prevalence of HBV infections in Asian
countries poses a risk for concurrent chronic HBV infection and NAFLD. Unfortunately, few studies
have explored the problem of multiple contributing factors in the totality of a patient’s liver condition.

Gender disparities

While the predisposing factors for NAFLD have not been entirely elucidated, variations in sex
hormones, insulin resistance, and hyperlipidemia may contribute to gender differences apparent in
NAFLD. The prevalence of NAFLD is higher in men but increases steadily with age in women, es-
pecially after menopause, such that 31% of women over 60 years have NAFLD. A lower prevalence was
noted in postmenopausal women on hormone replacement therapy[32]. While this suggests that
estrogen may play a protective role in NAFLD, a longer duration of estrogen has been shown to increase
the likelihood of NALFD development[33]. Women may also be at risk of faster liver fibrosis pro-
gression than men[34]. Furthermore, lower total testosterone level has been associated with severe
NAFLD in men[35,36]. Differences in hyperlipidemia may also contribute to prognosis with NAFLD,
and eventual outcomes as women with NAFLD were more likely to have a less atherogenic lipid profile
and more favorable cardiovascular risk profile compared to males[37]. NASH is currently the leading
cause of liver transplantation among females[26].

Disparities in access to care /difficulties in diagnosis

The shortage of hepatology providers may outpace the epidemic of patients with chronic liver disease,
especially NAFLD. While primary care providers may be managing diabetes, hyperlipidemia, and
obesity, there are no definitive guidelines on clinical management of NAFLD, so much of NAFLD is
likely undiagnosed. A U.S.-based study showed that only 5.1% of patients with NAFLD were aware of
their diagnosis[38]. Currently, universal screening for NAFLD is not recommended, but certain high-
risk populations may benefit from screening for NAFLD; including metabolic syndrome, age older than
50-year-old, type 2 diabetes for more than 10 years, or obesity with BMI > 35 kg/m?[39]. Without
definitive strategies for diagnosis and therapy, primary care providers may rely on their hepatology
colleagues for assistance; however, referral patterns may vary by race, insurance, location, and
availability of a tertiary referral center for liver disease. One study showed that only 17% of Blacks were
referred to specialized care, compared to 92% of Hispanics and 97% of Whites[38]. Efforts are currently
underway to develop more uniform guidelines to assist providers with NAFLD. Because patients with
NAFLD have concurrent diabetes, cardiovascular disease and dyslipidemia, multidisciplinary care with
various specialists is essential[40,41].
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ALCOHOL-ASSOCIATED LIVER DISEASE

Three million deaths worldwide are due to harmful alcohol use, accounting for 5.3% of all deaths and
13.5% of deaths in people aged 20-39 years[42]. Alcohol intake and the sequelae of excessive con-
sumption are complex problems that vary widely depending on socioeconomic, cultural, religious,
geographic, and racial factors. Patterns of alcohol use can be related to a myriad of social problems,
including racial discrimination, socioeconomic disadvantage, and interpersonal issues, and can be
magnified by stressors and current events. The coronavirus disease 2019 (COVID-19) pandemic
necessitated social distancing and isolation, which markedly increased the rate of excessive alcohol use
(binge drinking)[43]. One modeling study predicted this increase would ultimately affect long-term
mortality and morbidity[44]. Disparities in alcohol-associated liver disease may also be related to the
differences in any of these factors, and alcohol frequently exacerbates those with underlying chronic
liver disease from any other etiology.

Racial disparities

Underlying genetic factors and cultural differences contribute to the behavior related to alcohol
consumption and thus rates of alcohol-associated liver disease. For moderate alcohol intake, Blacks had
increased mortality secondary to liver disease, but not Whites[45]. This study suggested that Black
individuals were more susceptible to alcohol-associated liver injury. This observation may be due to
underlying comorbidities and genetic polymorphisms. During the COVID-19 pandemic, Black patients
were more likely to be treated for alcoholic hepatitis, pancreatitis, and gastritis[43]. Providers’ racial bias
may also influence treatment decisions for alcoholic liver disease. A recent United Network for Organ
Sharing (UNOS) based study suggested that Black patients with alcohol-associated liver disease had less
access to liver transplantation, but socioeconomic factors may have confounded this conclusion[46]. A
population-based study from the U.S. National Vital Statistics System from 2007 to 2016 demonstrated
that non-Hispanic Whites had the highest mortality rates for alcoholic liver disease; however, increases
were seen in all Asian subgroups, with the highest increase in Japanese[5].

Gender disparities

Gender disparity for alcohol-associated liver disease can be attributed to differences in alcohol
metabolism and perhaps social and cultural biases in women with heavy alcohol consumption. Men and
women metabolize alcohol differently, as women typically have a higher serum alcohol level per drink
[46]. Such factors may impact whether an individual seeks treatment and the severity of liver disease at
presentation. For the treatment of alcohol use disorder, appropriate care provided by a mental health
provider is often necessary, but only 10% of patients utilize this service. Women were less likely to seek
specialist treatment for alcohol use disorder and to receive relapse prevention medications[47]. In recent
years, there has been a rapid increase in the prevalence and mortality of women with alcohol-associated
liver disease, especially alcoholic hepatitis[48]. This trend was more evident in Asian and Native
American women. However, women with alcohol-associated liver disease were less likely to pursue
liver transplant evaluation[46]. Among liver transplant recipients due to alcohol-associated liver
disease, women had higher model for end-stage liver disease (MELD) scores, higher rates of renal
failure requiring dialysis, and higher rates of ventilator dependence before the transplant than men[49].

Men with alcohol-associated liver disease were more likely to be listed and receive liver transplantation
than their female counterparts[50]. A history of other substance abuse was also more common in men,
while women more often had an underlying psychiatric illness. Women were 9% less likely than men to
experience long-term graft loss, though this gender disparity was isolated to patients with additional
comorbidities.

Geographic disparities

Patterns of alcohol use may differ based on geography, and this may be related to restrictions on the
purchase of alcohol, laws/ prosecution of drivers under the influence of alcohol, and local advertising of
alcoholic beverages. Many states have policies to regulate alcohol in the United States, though specific
restrictions differ by state. Hadland et al[51] showed a strong correlation between state alcohol policies
and the incidence and mortality of alcohol-associated cirrhosis. Mortality of alcohol-associated cirrhosis
was highest among males in Western states and states with proportionally higher American
Indians/ Alaska Natives. A stricter alcohol policy was associated with lower mortality in females but not
males. Among non-Indigenous descendants, more robust alcohol policy environments were linked to
lower alcoholic cirrhosis mortality rates in both sexes.

AUTOIMMUNE LIVER DISEASE

Autoimmune liver disease includes autoimmune hepatitis (AIH), primary sclerosing cholangitis (PSC),
and primary biliary cholangitis (PBC). While the etiology of autoimmune liver is largely unclear, it is
likely less to be related to behavioral or preventable causes. Disparities in autoimmune liver disease
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may be related to genetic factors, concurrent illnesses and socioeconomic issues that affect access to care.
The current literature is predominantly based on White patients, and the data from racial minorities are
limited[52]. Autoimmune liver disease often requires complex treatment provided by a hepatologist and
often in coordination with a rheumatologist. Those with less access to specialists may experience
inadequate or delayed care. In addition, racial minorities and recent immigrants may have issues with
language barrier, which impacts health literacy and may result in resistance to treatment. Genetic
polymorphism with the subtype of PNPLA3 in Hispanic patients with AIH predicted more severe liver
disease and increased mortality after liver transplantation[53,54]. A single-center, retrospective case-
control study evaluated the association between race/ethnicity and AIH[55]. After controlling age and
sex, the odds of AIH were higher among Black, Latinos, or API compared to Whites. Though not quite
statistically significant, Black patients trended to have higher ALT, IgG, INR, bilirubin, inflammation on
biopsy, hospitalizations, and other concomitant autoimmune diseases. A small study suggested worse
outcomes for Black and Asian patients with AIH[52]. A National inpatient sample-based study on PBC
showed increased hospitalization rates in Hispanics and females[56]. Patients with PBC who were Black
or had Medicaid have had significantly higher in-hospital mortality[57]. Black patients with PSC with
inflammatory bowel disease reportedly had worse PSC-related survival outcomes and higher need for
liver transplantation[52,58]. More studies are needed to clarify the impact of socioeconomic and racial
disparities on each of these specific autoimmune liver diseases.

MALIGNANCY

HCC is the sixth most common malignancy and the second leading cause of cancer mortality
worldwide. It frequently develops in patients with underlying liver diseases, such as those with
cirrhosis, HCV, or HBV infections[59]. While appropriate surveillance can facilitate early detection HCC
and improve survival, most cases are found at an advanced stage. There are significant differences in
the incidence of HCC by race, but this may be likely be related to differences in the underlying chronic
liver disease that predisposed a patient to HCC.

Gender disparities

HCC occurs two to four times higher in men compared to women[18,60]. Some of this is likely due to
the differences in viral hepatitis between genders and behavioral risk factors which may have led to
viral hepatitis. In addition, differences in comorbidities such as alcohol use, smoking, and obesity may
contribute to hepatocarcinogenesis and outcome. In the United States, increased mortality rates for HCC
from 2000 to 2015 were seen in less educated patients, particularly men[61]. In contrast, women had
significantly lower mortality from HCC[62], possibly due to early detection and response to the first
treatment'’l. Studies have also suggested that estrogen may have protective role in HCC development
through reduction of interleukin-6 mediated hepatic inflammatory responses[60].

Racial disparities

While the etiology of liver disease is an essential factor affecting incidence and survival in HCC,
previous U.S. studies have shown that age-adjusted HCC incidence was highest in APlIs, followed by
Hispanics, Blacks, and Whites[63,64]. Among Asian ethnic groups, the highest HCC incidence rates
were observed among Vietnamese, Cambodians, and Laotians. Southeast Asians were twice as likely to
have HCC as other Asians and an 8-fold risk compared to Whites. While Asian countries have a consid-
erably higher burden of disease, there are subgroups within these countries that demonstrate
differences in HCC. A study from China, showed differences in mortality between Mongols vs Non-
Mongols, primarily attributed to the difference in underlying HBV infections[65]. For other races, Black
patients had a lower survival overall from HCC than their White or Hispanic counterparts[66]. Black
patients typically present with advanced stages of HCC at the time of diagnosis and are thus less likely
to receive curative treatment[66,67]. Even after adjusting for stages, Blacks and Hispanics were less
likely to receive curative treatment for HCC and lower healthcare utilization for HCC. Blacks had a
higher risk of inpatient mortality[68]. On the other hand, Asians are more likely to have underlying
HBYV infection without underlying cirrhosis; therefore, they are more likely to undergo curative
resection[66].

Socioeconomic status

The role of socioeconomic status has been evaluated for disparities in HCC outcomes. A Surveillance,
Epidemiology and End Results (SEER) database study showed that patients who reside in the area with
a higher cost of living index was associated with stage I disease, smaller tumor size, and increased
likelihood of surgical intervention or loco-regional therapy[69]. Earlier detection of HCC in wealthier
patients may infer more effective surveillance in this population. Similar findings were found in a study
based on the Korean National Health Insurance sampling cohort[70]. This study of 7325 patients
showed a decreased 5-year mortality for HCC among lower-income patients and middle-aged men.
HCC outcomes also vary by hospital. Safety-net hospitals in the U.S. provide much of the care for
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patients with lower household income, education levels, and racial minorities. HCC patients in these
safety-net hospital were less likely to undergo liver resection or transplantation and had higher
procedure-specific mortality[71]. Insurance and employment status may also affect specialist referral
and outcome. In a study conducted in China, Wu et al[72] showed increased mortality from HCC in
patients with a basic health insurance compared to those with an employment-based insurance.
Unemployment may also be a factor in HCC development and care. A U.S. census and National Health
Interview survey based study showed that there was that alcohol use disorder and viral hepatitis was

nearly 40% higher among the unemployed, and HCC mortality was worse in the unemployed group
[73].

Geographic disparities

Place of residence may also affect the incidence and survival in HCC. A U.S. based SEER database study
based on 83638 patients showed that rural and suburban residents had higher HCC mortality and were
less likely to receive treatment than urban residents[74]. Insurance status itself may not guarantee
appropriate access to healthcare providers as patients are unable to pay for associated costs in travelling
to tertiary referral centers. Lee ef al[75] showed in the SEER database and CDC’s cancer registries that
there was a state-level racial and ethnic disparity in the incidence of HCC. This incidence trends had
some correlation with obesity rates of the states. Geographic disparities were also identified in a study
from Australia, where HCC incidence was highest amongst those residing in metropolitan cities and
remote areas with high Indigenous populations[76].

Disparities in surveillance for HCC

While primary care providers are very familiar with screening for common cancers like breast and
colon, many are not aware of current surveillance guidelines for HCC. As such, access to hepatologist or
gastroenterologist may improve the rate of appropriate HCC surveillance. Current AASLD guidelines
for HCC surveillance recommend ultrasound every 6 mo with or without alpha feto-protein, in patients
with cirrhosis, chronic HBV, and chronic HCV with greater than stage 3 fibrosis[59]. Therefore, an
appropriate surveillance for HCC requires recognition of the underlying chronic liver disease,
appropriate testing and then referral for contrast-enhanced imaging for suspicious lesions. Without
recognition of the underlying chronic liver disease and indications, surveillance cannot occur. As
mentioned previously, many patients in the U.S. have unrecognized viral hepatitis and will neither
receive antiviral agents nor undergo surveillance[9,12,77]. Despite guidelines, only 17% of HCC are
detected in early stages (BCLC 0 and A) in the U.S., while European countries was 10%-30%[78]. On the
other hand, Japan implemented nationwide HCC surveillance in 1980’s with free testing for hepatitis B
surface antigen and HCV Ab in the clinics and meticulous surveillance. This eventually led to early-
stage detection of HCC in 60%-65% of patients. Factors such as race, obesity, ascites, operator’s
experience may also affect the early detection rates of HCC[12,79,80]. Finally, there is likely a complex
interplay between these factors, socioeconomics and access to care that all affect surveillance and early
detection in HCC.

LIVER TRANSPLANTATION

Liver transplantation is considered the definitive treatment for end stage liver disease and early-stage
HCC that is not amenable to resection. Because this is a risky operation, an expensive endeavor and a
limited resource, it is not unexpected that disparities would be evident. Patients must be medically
suitable with no active non-HCC malignancy, no ongoing infection, and adequate cardiovascular
function. In addition, patients must be medically compliant, without active substance abuse and have
financial stability/medical insurance coverage to ensure adequate access to immunosuppressive
medications post-transplant. Unfortunately, the COVID-19 pandemic influenced liver transplant access
among the minority population. A UNOS-based study showed minority had a more significant
reduction in transplant (Minority: 15% vs White: 7% reduction) and listing for transplant (14% vs 12%
reduction, respectively), despite a higher median MELD score (23 vs 20, respectively) during early
COVID-19 period[81]. The reduction in transplants became more prominent for patients with public
insurance than private insurance. Another study from Mexico showed an unequal reduction of liver
transplantation for public (88% reduction) and private (35% reduction) hospitals during the COVID-19
pandemic[82].

Gender disparity

In the United States, the MELD-Na score is the current organ allocation method for liver
transplantation. This score is predictive of mortality on the waiting list but can create disparities.
Gender disparities can occur because differences in muscle mass in males vs females affects creatinine,
which is a variable in MELD. The current allocation system does not account for these sex differences in
creatinine and anthropometric measure. In fact, Locke et al[83] showed that women had higher waitlist
mortality and less likelihood of receiving deceased donor liver transplantation. Another cohort study by
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Figure 1 Summary of liver disease disparity. NAFLD: Non-alcoholic fatty liver disease.
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Cullaro et al[84] showed that women were 10% more likely to be removed from the waitlist for being too
sick for liver transplantation. One study found that women removed from the list were older, had non-
HCYV liver disease, and had higher rates of hepatic encephalopathy. Another cohort study on liver
transplantation for NASH showed that women were less likely to be White and listed with MELD
exception points[85]. In multivariable analysis, women with NASH were 19% less likely to receive liver
transplantation compared to men with NASH through the follow-up period even after adjusting for
multiple other factors. Overall, women were less likely to have liver transplantation while more likely
to die without transplant, be removed from the waiting list due to clinical deterioration or remain on the
waiting list without liver transplantation. In order to decrease gender disparities in liver
transplantation, Kim et al[86] attempted to address sexual disparity by creating an updated MELD 3.0,
incorporating sex difference, which may provide a better mortality prediction. Efforts are currently
underway to implement this in the U.S. Another study from Toronto, Canada, highlighted that there is a
broader availability of living donor liver transplants (LDLT) to women, which may provide a protective
factor to minimize the gender disparity[87].

Racial disparity
Racial disparities in transplant can be seen in wait list mortality, use of simultaneous liver-kidney
transplant (SLK), LDLT and eventual outcomes. A study on the UNOS liver transplant registry showed
lower waitlist mortality among Asian compared to White after correcting for the MELD score[88]. Black
patients tended to have higher MELD scores at the time of listing for liver transplantation but similar
rates of waitlist mortality after correcting for MELD scores. Patients with end stage liver disease often
have comorbid renal dysfunction, and SLK is considered. However, Black and Hispanic patients with
renal dysfunction who are listed for liver transplantation were more likely to undergo SLK than White
[89]. LDLT was noticeably lower among Hispanic, Black, and Asian patients compared to White
patients. Blacks in particular, were less likely to inquire about LDLT during the evaluation process[90].
Finally, there are disparities in outcome and survival after liver transplantation. Differences in
outcome after transplant may be biologically driven and may also be related to medical compliance.
Blacks and women with HBV had worse long-term outcomes post-transplant compared to other races
[91]. Recurrence of HBV was significant for Blacks even ten years post liver transplant, affecting the
survival rate. While there have been racial disparities to liver transplantation in the past, the U.S.
continues to develop broader sharing policies and allocation schemes which have helped equalize access
to liver transplantation for all populations[92]. Longer term coverage of immunosuppression by
Medicare and other insurances will also help improve long-term outcomes after liver transplant.

CONCLUSION

Disparities in liver disease and treatment are frequent and may be related to gender, race, geography,
socioeconomic status and specific behaviors that predispose to liver disease (Figure 1). The need for
complex management of these diseases, limited resources of liver transplantation and the inadequate
number of specialists to care for these patients is further magnifying these disparities. Future studies
should focus on evaluation of a language barrier among immigrant in regard to disparity and
interventions to address these disparities.
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Abstract

BACKGROUND
Asymptomatic infections and mild symptoms are common in patients infected
with the Omicron variant, and data on liver test abnormalities are rare.

AIM
To evaluated the clinical characteristics of asymptomatic and mild coronavirus
disease 2019 (COVID-19) patients with abnormal liver test results.

METHODS

This retrospective study included 661 laboratory-confirmed asymptomatic and
mild COVID-19 patients who were treated in two makeshift hospitals in Ningbo
from April 5, 2022 to April 29, 2022. Clinical information and viral shedding time
were collected, and univariate and multivariate logistic regression models were
performed in statistical analyses.

RESULTS

Of the 661 patients, 83 (12.6%) had liver test abnormalities, and 6 (0.9%) had liver
injuries. Abnormal liver tests revealed a reliable correlation with a history of liver
disease (P < 0.001) and a potential correlation with male sex and obesity (P < 0.05).
Elevated alanine aminotransferase was reliably associated with obesity (P < 0.05)
and a history of liver disease (P < 0.001). Elevated aspartate transaminase (AST)

1953 November 27,2022 | Volume14 | Issuell |


https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v14.i11.1953
mailto:cxq2316@163.com

Yu SY et al. Liver test abnormalities in mild COVID-19

Jaishideng®

was reliably correlated with a history of liver disease (P < 0.001), and potentially correlated with
age over 30 years (P < 0.05). There was a reliable correlation between AST = 2x the upper limit of
normal and a longer viral shedding time, especially in mild cases.

CONCLUSION

Obesity and a history of liver disease are risk factors for liver test abnormalities. Being male and an
older age are potential risk factors. Attention should be given to liver tests in asymptomatic and
mild COVID-19 patients, which has crucial clinical significance for evaluating the viral shedding
time.

Key Words: COVID-19; Liver test abnormalities; Asymptomatic carriers; Mild cases; Viral shedding time;
Risk factors

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is the first clinical study focusing on liver test abnormalities in asymptomatic and mild
coronavirus disease 2019 patients. Unlike studies concerning severe cases, we focused on the association
between liver test results and viral shedding time in patients infected with the Omicron BA2.2 variant,
with a relatively high proportion of asymptomatic carriers and mild cases. The viral shedding time for
patients with elevated aspartate transaminase were significantly longer, especially in mild patients. This
provides crucial evidence for identifying high-risk patients with a prolonged viral shedding time.

Citation: Yu SY, Xie JR, Luo JJ, Lu HP, Xu L, Wang JJ, Chen XQ. Liver test abnormalities in asymptomatic and
mild COVID-19 patients and their association with viral shedding time. World J Hepatol 2022; 14(11): 1953-1963
URL: https://www.wjgnet.com/1948-5182/full/v14/i11/1953.htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i11.1953

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a respiratory disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). This highly contagious disease poses a great threat to global
public health. By September 2, 2022, the disease had resulted in 601189435 infections and 6475346 deaths
[1]. In addition to respiratory symptoms and fever, 14%-69% of patients with COVID-19 have abnormal
liver function tests, mainly manifested by elevations of hypoalbuminemia, gamma-glutamy]l transferase,
alanine aminotransferase (ALT) and aspartate aminotransferase (AST)[2,3]. Patients with severe diseases
are more likely to develop elevated liver tests, suggesting an association between liver injury and the
severity of disease[2,4]. Possible mechanisms of COVID-19-related liver injury include direct SARS-
CoV-2-induced cytopathic injury to hepatocytes and cholangiocytes, immune dysregulation and
hypoxic liver injury, and drug-induced liver injury[5].

The Omicron B.1.1.529 (BA.1) variant was first discovered in South Africa on November 9, 2021[6].
Omicron variants have rapidly replaced delta variants due to their strong interpersonal infectivity,
which has caused a worldwide pandemic. Compared with patients infected with previous variants,
those infected with the Omicron variants are younger, have fewer comorbidities, and develop lower
severity and mortality, and asymptomatic infections and mild symptoms are more common([7-9].
However, no studies have systematically focused on liver abnormalities in asymptomatic carriers or
mild cases. Previous studies have revealed that liver test abnormalities are associated with prolonged
hospitalization time and viral shedding time in COVID-19 patients[10,11], indicating a prognostic
indicator of poor outcome. At present, no studies have examined the association between liver
abnormalities and viral shedding time in asymptomatic and mild COVID-19 patients.

The epidemic prevention policies of different countries are established based on their own political,
economic and health conditions, which are in line with the national circumstances and none is superior
to others. This study was carried out under the policy of Chinese government, aiming to determine the
clinical characteristics of liver test abnormalities in asymptomatic and mild COVID-19 patients infected
with the Omicron BA2.2 variant[12] and their association with the viral shedding time. Our research
provides suggestions for health policymakers and medical practitioners.
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MATERIALS AND METHODS

Participants

In this cross-sectional study, we recruited patients with COVID-19 who were treated in Ningbo
Makeshift Hospital and Dapengshan Makeshift Hospital in Ningbo, Zhejiang from April 5, 2022 to April
29, 2022. All patients were transferred from Shanghai. The inclusion criteria were as follows: (1) Age
over 14 years; (2) complete clinical information; and (3) asymptomatic carriers or mild cases of COVID-
19. Asymptomatic carriers were those who had positive etiological tests of COVID-19 but with no
clinical symptoms or imaging features of COVID-19. Mild cases were defined as confirmed cases with
mild clinical symptoms and no pneumonia manifestation on imaging[13]. The exclusion criteria were as
follows: (1) Ordinary cases whose pneumonia manifestation could be seen in imaging, or severe cases
with respiratory distress[13]; and (2) patients who were transferred to designated hospitals for further
diagnosis and treatment due to underlying diseases or other reasons. This study complied with the
Declaration of Helsinki and was approved by the Ethics Committee of Ningbo First Hospital (No.
2022RS069).

Measures

The clinical information of patients, including age, sex, height, weight, symptoms, medical history
(hypertension, diabetes, and liver diseases), and laboratory tests (complete blood count, liver tests, chest
computed tomography (CT) scans, and nucleic acid tests for COVID-19), were retrospectively collected.
Obesity was defined as a body mass index (BMI) > 28 kg/m? Symptoms included fever, fatigue
(weakness and muscle soreness), respiratory symptoms (sore throat, dry throat, cough, and chest
stuffiness), and gastrointestinal symptoms (nausea, anorexia, and diarrhea). The patients” symptoms
were collected from the electronic medical records, and were double-checked on the day of discharge.
Liver diseases included chronic hepatitis B, alcoholic/nonalcoholic fatty liver disease (NAFLD) and
other liver diseases. NAFLD was defined as hepatic steatosis detected by ultrasound or CT, excluding
secondary causes and excessive alcohol consumption (> 30 g/d for males, and > 20 g/d for females).
Hepatitis B was defined as positive serum hepatitis B surface antigen. Complete blood counts, liver and
kidney tests, and chest CT scans were performed on the admission day, and nasal swabs for SARS-CoV-
2 were tested every two days. All patients received Chinese medicine and symptomatic therapy (if
necessary), but not antivirals or monoclonal antibodies.

Real-time reverse transcription PCR was used to detect SARS-CoV-2, and primers targeting the open
reading frame lab (ORFlab) and nucleocapsid protein N were used for amplification and detection. The
corresponding sequences for ORFlab were 5'-CCCTGTGGGTTTTACACTTAA-3'(F), 5'-ACGATTGT-
GCATCAGCTGA-3' (R), and 5'-CY3-CCGTCTGCGGTATGTGGGAAAGGTTATGG-BHQ1-3' (probe),
and those for N were 5-GGGGAACTTCTCCTGCTAGAAT-3' (F), 5-CAGACATTTTGCTCTCAAGCTG-
30' (R), and 5'-FAM-TTGCTGCTGCTTGACAGATT-TAMRA-3' (probe). The methods were based on the
criteria provided by the National Health Commission of the People’s Republic of China[14].

Liver test abnormalities were defined as elevations of the following liver enzymes in serum: ALT > 50
U/L (male) or 40 U/L (female), AST > 40 U/L (male) or 35 U/L (female), and total bilirubin (TBIL) >
17.1 pmol/L. Liver injury was defined as ALT and/or AST more than 3x the upper limit of normal
(ULN) and/or TBIL more than 2 x ULN[15].

Viral shedding was defined as the cycle threshold (Ct) values of both ORFlab and N greater than 35.
The viral shedding time was defined as the duration from the first positive nucleic acid test to the first
negative result (two consecutive negatives). Patients were discharged with significantly recovered
respiratory symptoms and two consecutive negative nucleic acid tests.

Statistical analysis

Data were analyzed by IBM SPSS (version 26.0). Continuous variables were described by the means *
standard deviation (SD) or medians and interquartile range (IQR), while categorical variables were
described by the frequency and percentage. For continuous variable comparison, independent sample T
tests or one-way analysis of variance were used for normally distributed data, and Mann-Whitney U
tests or Kruskal-Wallis tests were used for nonnormally distributed data. For categorical variable
comparison, chi-square tests or Fisher's exact tests were applied. Ordinal logistic regression analyses
were used to identify risk factors associated with liver test abnormalities, and multiple linear regression
analyses were used to identify factors associated with the viral shedding time. P < 0.05 (two-sided) was
considered statistically significant. The results of statistical ayalyses can be re-verified if any party
wishes to confirm the credibility.

RESULTS

Study design and participant criteria
The participant recruitment process is shown in Figure 1. In total, 429 patients in Ningbo Makeshift
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685 patients were enrolled
(429 from Ningbo Makeshift Hospital and
256 from Dapengshan Makeshift Hospital)

17 ordinary cases were excluded

7 patients were transferred to other hospitals (4
were diagnosed with tuberculosis, 1 with acute
asthma attack, 1 acute with acute appendicitis,
1 with continuous abdominal pain)

661 patients in total

DOI: 10.4254/wjh.v14.i11.1953 Copyright ©The Author(s) 2022.

Figure 1 Inclusion flow chart.
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Hospital and 256 patients in Dapengshan Makeshift Hospital were selected according to the inclusion
criteria. Excluding 17 ordinary cases and 7 patients who were transferred to designated hospitals (4
cases of pulmonary tuberculosis diagnosed with CT scan, one case of acute asthma attack, one case of
acute appendicitis, and one case of persistent abdominal pain), 661 participants were included in the
final sample.

As shown in Table 1, the median age was 33 years (IQR 27-44 years), 331 (50.1%) were male, and the
median BMI was 22.8 kg/m? (IQR 20.7-25.2). A total of 130 (19.7%) had underlying diseases, of whom 57
(8.6%) had liver diseases. 45 (6.8%) had NAFLD, 11 (1.7%) had hepatitis B, and 1 (0.2%) had both. A total
of 425 (64.3%) patients developed a fever, and 619 (93.6%) patients had mild cases. Eighty-three (12.6%)
patients had liver test abnormalities and 6 (0.9%) had liver injuries. The number of patients with
elevations in ALT, AST and TBIL was 53 (8.0%), 61 (9.2%), and 4 (0.6%), respectively, with a majority of
mild liver test abnormalities (Supplementary Table 1). Some patients reported medicines taken before
admission, including traditional Chinese medicine (382, 57.8%), nonsteroidal anti-inflammatory drugs
(NSAIDs) (89, 13.5%), and other medicines for cold (91, 13.8%).

Clinical features of COVID-19 patients with liver test abnormalities

As shown by a univariate logistic regression model, liver test abnormalities were significantly associated
with male sex [odds ratio (OR) 1.699, 95% confidence interval (CI) 1.061-2.721, P = 0.027], obesity (OR
2.707, 95%CI 1.384-5.291, P = 0.004) and a history of liver disease (OR 2.707, 95%CI 1.384-5.291, P =
0.004) but not with age, disease type, clinical manifestations or medication history (Figure 2). The
correlated factors in the univariate model were taken as key factors. A multivariate logistic regression
model for key factors indicated that liver test abnormalities were only associated with a history of liver
disease (OR 8.004, 95%CI 4.319-14.835, P < 0.001). A multivariate logistic regression model for all factors
showed that liver test abnormalities were significantly associated with the age of 30-49 years (compared
with age 14-30 years, OR 1.970, 95%CI 1.073-3.618, P = 0.029), male sex (OR 1.728, 95%CI 1.005-2.971, P =
0.048), and a history of liver disease (OR 8.265, 95%CI 4.315-15.831, P < 0.001). Based on the above
models, liver test abnormalities had a reliable correlation with a history of liver disease, and a potential
correlation with male sex and obesity.

As revealed by all three models in Supplementary Figure 1, elevated ALT had a firm correlation with
obesity (univariate logistic regression: OR 3.82, 95%CI 1.84-7.94, P < 0.001; multivariate logistic
regression for key factors: OR 2.57, 95%CI 1.15-5.70, P = 0.021; multivariate logistic regression for all
factors: OR 3.31, 95%CI 1.37-7.98, P = 0.009) and a history of liver disease (univariate logistic regression:
OR 9.54, 95%CI 5.01-18.16, P < 0.001; multivariate logistic regression for key factors: OR 8.30, 95%CI
4.21-16.36, P < 0.001; multivariate logistic regression for all factors: OR 9.05, 95%CI 4.31-19.01, P < 0.001).
Therefore, ALT elevation was reliably correlated with obesity and a history of liver disease.

A univariate logistic regression model indicated that elevated AST was associated with a history of
liver disease (OR 8.18, 95%CI 4.40-15.24, P < 0.001, Supplementary Figure 2). A multivariate logistic
regression model on all factors showed that AST elevation was associated with older age (age of 30-49
years vs age of 14-29 years: OR 2.48, 95%CI 1.18-5.20, P = 0.016; age over 50 years vs. age of 14-29 years:
OR 2.81, 95%Cl1 1.14-6.97, P = 0.025) and a history of liver disease (OR 7.84, 95%CI 3.89-15.78, P < 0.001)
(Supplementary Figure 2). Therefore, the AST elevation had a reliable correlation with a history of liver
disease, and a potential correlation with age over 30 years.
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Table 1 Characteristics of 661 patients with coronavirus disease 2019 by liver tests

Liver tests
Characteristics Normal Abnormal Injury Total
Number (%) 578 (87.4) 77 (11.6) 6 (0.9) 661
Age, yr, median (IQR) 33 (27-44) 33 (29.5-40.5) 32.5 (30-48) 33 (27-44)
14-29 209 (36.1) 19 (24.7) 1(16.7) 229 (34.6)
30-49 271 (46.9) 43 (55.8) 4 (66.7) 318 (48.1)
250 98 (17.0) 15 (19.5) 1(16.7) 114 (17.2)
Males, n (%) 280 (48.4) 47 (61.0) 4 (66.7) 331 (50.1)
BMI, kg/m? median (IQR) 22.7 (20.4-25.0) 23.5 (21.2-26.5) 25.8 (23.0-28.8) 22.8 (20.7-25.2)
<185 33 (5.7) 3(3.9) 0(0) 36 (5.4)
18.5-23.9 320 (55.4) 37 (48.1) 3 (50) 360 (54.5)
24-27.9 149 (25.8) 24 (31.2) 0(0) 173 (26.2)
>28 38 (6.6) 10 (13.0) 3 (50) 51 (7.7)
Comorbidities, 1 (%)
Hypertension 36 (6.2) 3(3.9) 1(16.7) 40 (6.1)
Diabetes 22 (3.8) 2(2.6) 2(33.3) 26 (3.9)
Liver disease 30 (5.2) 24 (31.2) 3 (50) 57 (8.6)
Disease type, 1 (%)
Asymptomatic cases 37 (6.4) 5(6.4) 0(0) 42 (6.4)
Mild cases 541 (93.6) 72 (93.5) 6 (100) 619 (93.6)
Symptoms, 1 (%)
Fever 371 (64.2) 51 (66.2) 3 (50) 425 (64.3)
Fatigue 276 (47.8) 37 (48.1) 4(33.3) 317 (48.0)
Respiratory symptoms 483 (83.6) 64 (83.1) 6 (100) 553 (83.7)
GI symptoms 170 (29.4) 26 (33.8) 1(16.7) 197 (29.8)
Medication
Chinese medicine 336 (58.1) 40 (51.9) 6 (100) 382 (57.8)
NSAIDs 77 (13.3) 11 (14.3) 1(16.7) 89 (13.5)
Other medicines for cold 82 (14.2) 9 (11.7) 0(0) 91 (13.8)

IQR: Interquartile range; BMI: Body mass index; GI: Gastrointestinal; NSAIDs: Nonsteroidal anti-inflammatory drugs.

In summary, obesity and a history of liver disease were risk factors for abnormal liver test results, and
male sex and age over 30 years were potential risk factors. These findings are of great clinical
significance for evaluating high-risk subjects with liver abnormalities among asymptomatic and mild
COVID-19 patients.

Association between viral shedding time and liver test abnormalities

The association between the viral shedding time and abnormal liver test results was analyzed in 657
participants after excluding 4 subjects with missing data. As shown in Table 2, the viral shedding time
of patients with AST =2 x ULN were significantly prolonged (< 2 x ULN vs 2 2 x ULN, viral shedding
time: 10.51 £ 2.76 d vs 12.40 + 3.57 d, P = 0.033). As suggested by three models in Figure 3, AST > 2 x
ULN had a reliable correlation with the viral shedding time (univariate linear regression: coefficient
1.893, 95%CI 0.158-3.628, P = 0.033; multivariate linear regression of key factors: coefficient 1.862, 95%CI
0.140-3.584, P = 0.034; multivariate linear regression for all factors: coefficient 2.778, 95%CI 0.615-4.942, P
= 0.012). In contrast, there was no significant correlation between ALT elevation and the viral shedding

time. In addition, mild cases or female sex were associated with a longer viral shedding time (Table 2,
Figure 3).
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Table 2 Comparison of viral shedding time by liver tests and other characteristics

Characteristics Viral shedding time (day, mean % SD) P value

Age, yr 14-29 10.31 £ 2.60 0.129
30-49 10.55+2.78
=50 10.96 +3.11

Gender Male 10.27 £2.77 0.015
Female 10.80 £2.78

BMI, kg/m? <279 10.62 +2.67 0.487
=28 10.90 £3.11

Comorbidities Hypertension 10.51+3.16 0.958
Diabetes 11.04 £3.37 0.364
Liver disease 10.41 £3.01 0.725

Disease type Asymptomatic cases 9.26 £3.16 0.002
Mild cases 10.62+2.73

ALT <2xULN 1054 +£2.78 0.983
> 2xULN 10.56 +2.74

AST <2xULN 10.51+2.76 0.033
> 2xULN 12.40 £3.57

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; ULN: Upper limit of normal; SD: Standard deviation.
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The correlations between the AST elevation or disease types and the viral shedding time were further
analyzed. As shown in Supplementary Table 2, the viral shedding time of mild cases with AST =2 x
ULN was significantly prolonged (AST =2 x ULN & mild cases vs AST <2 x ULN & mild cases vs AST
<2 x ULN & asymptomatic carriers: 12.40 + 3.57 d vs 10.59 £ 2.71 d vs 9.26 + 3.16 d, P = 0.001). Therefore,
it is suggested that great attention should be given to the liver test results of asymptomatic and mild
COVID-19 patients, which has crucial clinical significance for predicting the viral shedding time.

DISCUSSION

To the best of our knowledge, this is the first clinical study focusing on liver test abnormalities in
asymptomatic and mild COVID-19 patients. In the current epidemic of the Omicron BA2.2 variant,
12.6% of COVID-19 patients developed liver test abnormalities, and 0.9% developed liver injuries. The
majority of the liver test abnormalities were mild. The ratio of abnormal liver tests in our study was
lower than previous data of 14%-69%[2,3]. One possible reason for this was that our participants were
all asymptomatic carriers or mild cases, among whom abnormal liver test results were uncommon.
Previous studies revealed normal ALT and AST levels in asymptomatic patients, which were
significantly lower than those with symptomatic infection[16]. In contrast, our study showed no
differences in liver tests between asymptomatic carriers and mild cases. The probable reason was that all
of the symptomatic patients in our study were mild cases, which weakened the difference between the
two groups.

As shown in our study, the risk factors for liver test abnormalities in asymptomatic and mild COVID-
19 patients included obesity and a history of liver disease, and the potential risk factors included male
sex and age over 30 years. Previous studies suggested that preexisting chronic liver diseases, such as
NAFLD, chronic hepatitis B, and alcoholic liver disease, were high-risk factors for liver injury in
COVID-19[17-19]. Consistent with these findings, our study verified a strong correlation between
abnormal liver test results and a history of liver disease. Virus-induced cytokine storms, impaired
mitochondrial activity, or endoplasmic reticulum stress may aggravate the preexisting liver disease,
which further leads to the progression of liver injury[20]. In addition, liver test abnormalities were more
common in males, which was similar to a previous study[21]. The higher estrogen level in females may
play a protective role[22]. In addition, elevated ALT was strongly associated with obesity. This may be
due to a high ratio of NAFLD patients among obese individuals, and fatty liver diseases can result in
elevated ALT levels[18]. There was a potential correlation between elevated AST and age over 30 years.
Since AST is known to reflect the injury of organs, such as myocardium and skeletal muscle, these
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Figure 2 Logistic regression models on factors associated with liver tests. A: Univariate logistic regression model; B: Multivariate logistic regression
model on key factors; C: Multivariate logistic regression model on all factors; age: vs age 14-29 years; GI: Gastrointestinal; NSAIDs: Nonsteroidal anti-inflammatory
drugs; OR: Odds ratio; CI: Confidence interval.
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organic injuries may occur more frequently in elderly patients with COVID-19.

Medications for COVID-19 treatment, such as antibiotics and antiviral medications (e.g.,
lopinavir/ritonavir) have been reported to cause liver injury[10]. This study focused on the liver test
features of COVID-19 patients in the early stage of the disease. These patients had rarely taken
antibiotics or antiviral medications, while some had taken Chinese medicine, NSAIDs or other cold
medicines for a short period. Importantly, no association was found between these medications and
liver test abnormalities in COVID-19 patients.

As reported in hospitalized COVID-19 patients, abnormal liver test results at admission were
associated with a prolonged hospitalization time and viral shedding time[10,11]. Early elevation of AST
was closely related to mortality, suggesting that it might be a predictor of poor prognosis for COVID-19
[23]. Similarly, we also found a reliable association between the increase in AST and a prolonged viral
shedding time in asymptomatic and mild COVID-19 patients. We speculate that the lower immunity of
patients with elevated AST levels might affect the viral clearance. The viral shedding time was even
longer in mild cases with elevated AST. Similar results have been previously revealed in which the viral
shedding duration was longer in symptomatic patients than in asymptomatic patients[16,24].
Lymphocyte-mediated immune responses may play a vital role[15].

Our study has two advantages. First, unlike studies concerning severe cases|2,4,15,23], we focused on
the association between liver test results and viral shedding time, especially in patients infected with the
Omicron BA2.2 variant, with a relatively high proportion of asymptomatic carriers and mild cases. The
viral shedding time for patients with elevated AST were significantly longer, especially in mild patients.
This provides crucial evidence for identifying high-risk patients with a prolonged viral shedding time.
Second, we analyzed the risk factors for liver test abnormalities. Male sex, older age, obesity, and a
history of liver disease may increase the risk of liver abnormalities, which can be used to identify high-
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Figure 3 Linear regression models on factors associated with viral shedding time. A: Univariate logistic regression model; B: Multivariate logistic
regression model on key factors; C: Multivariate logistic regression model on all factors; age: vs age 14-29 years; ULN: Upper limit of normal; Coef.: Coefficient; CI:
Confidence interval.

risk patients with abnormal liver test results.

One limitation of our research is that we only measured the levels of ALT, AST, and TBIL, but failed
to obtain other liver test results, such as y-glutamyl transpeptidase and alkaline phosphatase, and we
did not monitor the dynamic alterations of the liver tests. The absence of these indicators may have led
to an incomplete assessment of liver abnormalities. Another limitation is that we only recruited
participants from two makeshift hospitals in Ningbo, but not from multiple regions. This may have led
to a limited sample size and underrepresentation of the sample.

CONCLUSION

We evaluated the liver test features of asymptomatic and mild COVID-19 patients during the epidemic
of the Omicron BA2.2 variant. Patients with a history of liver disease or male patients were more likely
to develop liver test abnormalities or liver injury. Those who were obese or had a history of liver disease
tended to develop ALT elevation, and those who were aged over 30 years or had a history of liver
disease tended to develop AST elevation. The increase in AST in the early stage was closely associated
with a prolonged viral shedding time, especially in mild cases. Attention should be given to the liver
test data of asymptomatic and mild COVID-19 patients, which has important clinical significance for

WJH | https://www.wjgnet.com 1960 November 27,2022 | Volume14 | Issuell |

Jaishideng®



Jaishideng®

Yu SY et al. Liver test abnormalities in mild COVID-19

evaluating the viral shedding time.

ARTICLE HIGHLIGHTS

Research background
Data on liver test abnormalities in asymptomatic and mild coronavirus disease 2019 (COVID-19)
patients are rare.

Research motivation
This study evaluated the clinical characteristics of asymptomatic and mild COVID-19 patients with
abnormal liver test results.

Research objectives
We aimed to determine the liver test abnormalities in asymptomatic and mild COVID-19 patients and
their association with the viral shedding time, providing suggestions for health policymakers and
medical practitioners.

Research methods

Clinical information and viral shedding time were collected retrospectively from 661 laboratory-
confirmed asymptomatic and mild COVID-19 patients. Univariate and multivariate logistic regression
models were performed in statistical analyses.

Research results

Elevated alanine aminotransferase was associated with obesity and a history of liver disease. Elevated
aspartate transaminase (AST) was correlated with a history of liver disease age over 30 years. There was
a correlation between AST > 2x the upper limit of normal and a longer vital shedding time.

Research conclusions
Obesity and a history of liver disease are risk factors for liver test abnormalities. Liver test abnormality
in asymptomatic and mild COVID-19 patients has clinical correlation with the viral shedding time.

Research perspectives
Attention should be given to liver tests in asymptomatic and mild COVID-19 patients, which has crucial
clinical significance for evaluating the viral shedding time.
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Abstract

BACKGROUND

Acute decompensation (AD) of cirrhosis is related to systemic inflammation and
elevated circulating cytokines. In this context, biomarkers of inflammation, such
as calprotectin, may be of prognostic value.

AIM

To evaluate serum calprotectin levels in patients hospitalized for complications of
cirrhosis.

METHODS

This is a prospective cohort study that included 200 subjects hospitalized for
complications of cirrhosis, 20 outpatients with stable cirrhosis, and 20 healthy
controls. Serum calprotectin was measured by enzyme-linked immunosorbant
assay.

RESULTS
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Calprotectin levels were higher among groups with cirrhosis when compared to healthy controls.
Higher median calprotectin was related to Child-Pugh C, ascites, and hepatic encephalopathy.
Higher calprotectin was related to acute-on-chronic liver failure (ACLF) and infection in the
bivariate, but not in multivariate analysis. Calprotectin was not associated with survival among
patients with ACLF; however, in patients with AD without ACLF, higher calprotectin was
associated with a lower 30-d survival, even after adjustment for chronic liver failure-consortium
(CLIF-C) AD score. A high-risk group (CLIF-C AD score > 60 and calprotectin > 580 ng/mL) was
identified, which had a 30-d survival (27.3%) similar to that of patients with grade 3 ACLF (23.3%).

CONCLUSION
Serum calprotectin is associated with prognosis in patients with AD without ACLF and may be
useful in clinical practice to early identify patients with a very low short-term survival.

Key Words: Inflammation; Liver cirrhosis; Acute-on-chronic liver failure

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Acute decompensation (AD) of cirrhosis is associated with systemic inflammation and increased
circulating cytokines. In this context, inflammatory markers, such as calprotectin, may be of prognostic
value. This is a prospective cohort study that included 200 subjects hospitalized for complications of
cirrhosis, 20 outpatients with stable cirrhosis, and 20 healthy controls. Serum calprotectin was associated
with prognosis in patients with AD without acute-on-chronic liver failure and may be useful in clinical
practice to early identify patients with a very low short-term survival.

Citation: Matiollo C, Rateke ECM, Moura EQA, Andrigueti M, Augustinho FC, Zocche TL, Silva TE, Gomes LO,
Farias MR, Narciso-Schiavon JL, Schiavon LL. Elevated calprotectin levels are associated with mortality in
patients with acute decompensation of liver cirrhosis. World J Hepatol 2022; 14(11): 1964-1976

URL: https://www.wjgnet.com/1948-5182/full/v14/i11/1964.htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i11.1964

INTRODUCTION

Cirrhosis is characterized by fibrosis and nodule formation of the liver, secondary to different
mechanisms of liver injury that lead to chronic necroinflammation[1]. The natural history of cirrhosis is
usually marked by a long-lasting compensated phase, followed by a decompensated stage characterized
by the occurrence of complications such as ascites, hepatic encephalopathy, and gastrointestinal
bleeding related to portal hypertension[2]. Parallel to worsening liver function and progression of portal
hypertension, there is a derangement in the immune system denominated as cirrhosis-associated
immune dysfunction (CAID). CAID is a complication associated with a dynamic coexistence of both
acquired immunodeficiency, which contributes to the high rate of infection in patients with de-
compensated cirrhosis, and systemic inflammation, which may exacerbate the clinical manifestations of
cirrhosis, such as hemodynamic changes and kidney injury[3,4].

Systemic inflammation is a consequence of persistent and inadequate stimulation of immune system
cells. Advanced cirrhosis, particularly decompensated disease, is associated with increasing disorders of
gut homeostasis, including changes in microbiota, reduced motility, bacterial overgrowth, and increased
intestinal permeability[5]. These factors intensify the systemic exposure to pathogen-associated
molecular patterns (PAMPs) from intestinal microorganisms and their products, which provides chronic
stimulation of pattern recognition receptors (PRRs), expressed on innate immune cells[3,4]. In addition,
systemic inflammation can occur in patients with decompensated cirrhosis and acute-on-chronic liver
failure (ACLF) even in the absence of bacterial infections due to the release of damaged liver damage-
associated molecular patterns (DAMPs)[6]. Knowing the characteristics of the immune system of
patients with cirrhosis is important for understanding and developing new diagnostic and therapeutic
tools that reduce morbidity and mortality in these patients.

Calprotectin is a heterodimeric complex composed by S100A8 and S100A9 proteins, also called MRP8
and MRP14, or calgranulin A and B, respectively[7]. Calprotectin is found in neutrophils and
monocytes, accounting for 60% of the cytosolic protein content of neutrophils[8]. Due to its high stability
in biological fluids, calprotectin can be used in clinical practice as a marker of neutrophil activity in
several chronic inflammatory diseases, infections, and cancer[7]. Fecal concentrations of calprotectin are
well established in clinical practice to differentiate irritable bowel syndrome from inflammatory bowel
disease and to monitor disease activity in Crohn's disease and ulcerative colitis[8]. Circulating calpro-
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tectin levels, although less studied, were reported to be related to the presence of cirrhosis and severity
of liver dysfunction[9,10]. However, these preliminary small studies focused on alcohol-induced liver
disease and were mainly comprised by patients outside the context of acute decompensation (AD)[9,
10]. Hence, we aimed to evaluate circulating calprotectin in patients hospitalized for AD of cirrhosis,
investigating its prognostic significance.

MATERIALS AND METHODS

Patients

This study is part of a project that aimed to follow a cohort of adult patients (> 18 years of age) admitted
to the emergency room of a Brazilian tertiary hospital due to AD of liver cirrhosis. Details about the
methodology were previously published[11] and are briefly presented below.

Consecutive subjects admitted to the emergency room for AD of cirrhosis between January 2015 and
September 2018 were evaluated for inclusion. The exclusion criteria were: Hospitalization for elective
procedures; hospitalization not related to complications of liver cirrhosis; hepatocellular carcinoma
outside Milan criteria; severe extrahepatic disease; inflammatory bowel disease; inflammatory
rheumatic disorders (such as psoriasis, rheumatoid arthritis, systemic lupus erythematosus, and
ankylosing spondyloarthritis); extrahepatic malignancy; and use of immunosuppressive drugs.

The diagnosis of cirrhosis was established either histologically (when available) or by combination of
clinical, imaging, and laboratory findings in patients with evidence of portal hypertension. AD was
defined by acute development of hepatic encephalopathy, large ascites, gastrointestinal bleeding,
bacterial infection, or any combination of these.

Twenty healthy individuals evaluated during routine laboratory tests and 20 patients with stable
cirrhosis followed at our outpatient clinic served as control groups. Details about the inclusion and
exclusion criteria for the control groups were previously published[12] and are available at Supple-
mentary material and methods.

The study protocol complies with the ethical principles of the Declaration of Helsinki and was
approved by the Ethics Committee on Human Research of the Federal University of Santa Catarina.

Methods

Patients were evaluated within 24 h of admission by one of the researchers involved in the study. They
were followed during their hospital stay and 30-d mortality was evaluated by phone call in case of
hospital discharge. In case of more than one hospital admission during the study period, only the most
recent hospitalization was considered.

Active alcoholism was defined as an average overall consumption of 21 or more drinks per week for
men and 14 or more drinks per week for women during the 4 wk before enrolment (one standard drink
is equal to 12 g absolute alcohol)[13]. All patients admitted for AD of cirrhosis in our institution are
actively screened for bacterial infections. A diagnostic paracentesis was performed in all patients with
ascites at admission. Spontaneous bacterial peritonitis (SBP) was diagnosed when the neutrophil count
in the ascitic fluid was > 250 neutrophils/mm?®in the absence of intra-abdominal source of infection,
regardless of negative culture[14]. Hepatic encephalopathy was graded according to West-Haven
criteria[15] and, if it was present, a precipitant event was actively investigated and lactulose was
initiated and the dose adjusted as needed. All subjects with acute variceal bleeding received intravenous
octreotide and an antibiotic (intravenous ceftriaxone) and underwent urgent therapeutic endoscopy
after stabilization. Severity of liver disease was estimated using the Child-Pugh classification system[16]
and model for end-stage liver disease (MELD)[17] calculated based on laboratory tests performed at
admission. ACLF, chronic liver failure (CLIF)-sequential organ failure assessment (SOFA), and CLIF-
consortium (CLIF-C) AD scores were defined as proposed by the European Association for the Study of
the Liver-Chronic Liver Failure Consortium[18,19].

Serum calprotectin levels

Blood samples were obtained within 24 h following hospitalization (inpatients) and after medical
evaluation (outpatients). Peripheral blood samples were centrifuged at 3000 g for 10 min at room
temperature within 1 h following collection. Serum samples were then aliquoted and stored at -80 °C
until analysis. Serum calprotectin levels were measured using a commercial quantitative sandwich
enzyme-linked immunosorbant assay kit (FineTest, REF EH4140, Wuhan, China) according to the
manufacturer’s instructions. All measurements were performed in duplicates. Results were determined
from a standard curve carried out from six human calprotectin standards, with a lower detection
threshold of 15.625 ng/mL.

Statistical analysis
The normality of variable distribution was determined by the Kolmogorov-Smirnov test. The correlation
between numerical variables was evaluated using Spearman’s correlation coefficient. Continuous
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variables were compared using the Student’s t-test in case of a normal distribution or Mann-Whitney
test in the remaining cases. Categorical variables were evaluated by the chi-square test or Fisher's exact
test, as appropriate. Multiple logistic regression analysis was used to explore factors independently
associated with ACLF and infection. Univariate and multivariate Cox regression analyses were
performed to investigate the relationship between variables of interest and survival. The best cutoffs of
calprotectin for predicting mortality were chosen based on the receiver operating characteristics (ROC)
curves. Survival curves were calculated using the Kaplan-Meier method and survival differences
between groups were compared using a log-rank test. All tests were performed using SPSS software,
version 17.0 (SPSS, Chicago, IL, United States). A P value of less than 0.05 was considered statistically
significant.

RESULTS

Sample characteristics and assessment of calprotectin levels according to study group

Two hundred and forty patients were involved in this research: 200 subjects admitted for AD, 20
individuals with stable cirrhosis, and 20 healthy controls. Age and gender were similar across the study
groups. The main characteristics of the two groups with cirrhosis are depicted in Table 1. In hospitalized
patients, the mean age was 57.29 + 11.56 years and 71.5% were male. The most frequent etiology of
cirrhosis was alcohol (53.0%), followed by hepatitis C (29.0%) and non-alcoholic steatohepatitis (12.6%).
Hospitalized subjects were mainly categorized as Child-Pugh C (45.5%) and the mean MELD score was
17.6 £7.0.

Figure 1 shows the levels of calprotectin according to the study group. No significant difference in
circulating calprotectin was noted when hospitalized patients were compared to the stable cirrhosis
group (477.2 ng/mL vs 369.5 ng/mL, P = 0.127). However, healthy subjects showed significantly lower
calprotectin levels as compared to subjects hospitalized for AD (98.88 ng/mL vs 477.2 ng/mL, P < 0.001)
and outpatients with stable cirrhosis (98.88 ng/mL vs 369.5 ng/mL, P < 0.001).

Factors associated with calprotectin levels in hospitalized cirrhotic patients
No significant correlations were observed between calprotectin levels and numerical variables studied
(Supplementary Table 1).

Male patients had higher serum calprotectin levels (530.5 vs 368.2 ng/mL, P = 0.015). When calpro-
tectin concentrations were evaluated according to the presence of specific complications, significantly
higher median values were observed among patients with ACLF (577.8 vs 453.3 ng/mL, P = 0.047),
infection within the first 48 h (581.3 vs 446.5 ng/mL; P = 0.012), ascites (552.7 vs 385.9 ng/mL; P = 0.004),
and hepatic encephalopathy (581.3 vs 428.1 ng/mL; P = 0.026) (Figure 2A-D). On the other hand,
significantly lower median values were observed among patients with upper gastrointestinal bleeding
(UGIB) (401.4 vs 532.4 ng/mL; P = 0.036) (Figure 2E). Median calprotectin levels were similar regardless
of the diagnosis of acute alcoholic hepatitis (475.8 vs 478.6 ng/mL; P = 0.964) or alcoholic liver disease as
a cause of cirrhosis (512.7 vs 450.6 ng/mL; P = 0.118). Patients with hepatitis C virus-related cirrhosis
had higher serum calprotectin concentrations (716.5 vs 427.8 ng/mL, P = 0.001) (Figure 2F). No
differences were observed regarding other causes of cirrhosis.

Serum calprotectin concentrations were higher in Child-Pugh C patients compared with Child-Pugh
A (586.4 ng/mL vs 313.8 ng/mL, P = 0.006) and Child-Pugh B (586.4 ng/mL vs 406.7 ng/mL, P = 0.002).
There was no difference in calprotectin concentrations between Child-Pugh A and B patients (313.8
ng/mL vs 406.7 ng/mL, P = 0.163).

Calprotectin levels according to the presence of ACLF or infection in patients admitted for

complications of cirrhosis

Variables related to ACLF are exhibited in Supplementary Table 2. ACLF at admission was associated
with higher calprotectin levels in the bivariate analysis (577.75 vs 453.05 ng/mL, P = 0.047). The logistic
regression analysis was performed to evaluate variables independently associated with ACLF. The
following covariates were included: Gender, ascites, leukocyte count, sodium, C-reactive protein (CRP),
and calprotectin. Other covariates with statistical significance in the bivariate analysis, such as hepatic
encephalopathy, creatinine, INR, Child-Pugh, and MELD, were not incorporated in this analysis
because they are closely related to the CLIF-SOFA score and ACLF definition. In the logistic regression
analysis, ACLF was independently related to male gender (odds ratio [OR] = 2.782, 95% confidence
interval [CI]: 1.277-6.867, P = 0.026), ascites (OR = 2.793, 95%CI: 1.270-6.143, P = 0.011), and leukocyte
count (OR =1.087, 95%CI: 1.003-1.178, P = 0.041). Serum calprotectin concentrations were not associated
to the presence of ACLF in the logistic regression analysis.

Factors associated with bacterial infection were also analyzed and are depicted in Supple-
mentary Table 3. As previously mentioned, in the bivariate analysis, higher calprotectin was observed
among patients with bacterial infection detected in the first 48 h of hospitalization (581.30 vs 446.50
ng/mL, P = 0.012). A multiple logistic regression analysis was performed including the following
variables: Active alcoholism, UGIB, Child-Pugh C, MELD, CRP, and calprotectin. Other variables with
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Table 1 Characteristics of included patients

Parameter Stable cirrhosis (n = 20) Acute decompensation (n = 200) P value
Age (yr), mean £ SD 51.35+12.68 57.29 +11.56 0.056
Male gender, 1 (%) 15 (75.0) 143 (71.5) 0.740

Etiology of cirrhosis’, n (%)

Alcohol 12 (60.0) 106 (53.0) 0.549
Hepatitis C 6 (30.0) 58 (29.0) 0.925
Hepatitis B 3 (15.0) 10 (5.0) 0.102
Cryptogenicautoimmune 2 (10.0) 8 (4.0) 0.229
Autoimmune 0 (0.0) 11 (5.5) 0.605
NASH 0(0.0) 25 (12.6) 0.139
Other” 2 (10.0) 11 (5.5) 0.335
Active alcoholism, 7 (%) 0(0.0) 34 (17.0) 0.049
Prior decompensation, 7 (%) 15 (75.0) 173 (86.5) 0.182
Laboratory data

Leukocyte count (x10%), median 4.96 6.54 0.008
Sodium (mEq/L), mean + SD 138.05 +1.50 136.24 £5.21 <0.001
Creatinine (mg/dL), median 0.8 1.11 <0.001
INR, median 115 1.46 <0.001
Albumin (g/dL), mean + SD 3.54+0.34 2.63 +0.68 <0.001
CRP (mg/L), median 3.0 182 <0.001
Total bilirubin (mg/dL), median 1.10 2.20 <0.001
Calprotectin (ng/dL), median 396.5 477.2 0.127
Child-Pugh score, mean + SD 6.40 £ 1.60 9.24+1.92 <0.001
Child-Pugh A, 1 (%) 13 (65.0) 12 (6.0) <0.001
Child-Pugh B, 1 (%) 6 (30.0) 97 (48.5) 0.114
Child-Pugh C, n (%) 1(5.0) 91 (45.5) <0.001
MELD score, mean * SD 9418 17.6 £7.0 <0.001

Complication at evaluation, 1 (%)

Ascites 2 (10.0) 125 (62.5) <0.001
Hepatic encephalopathy 3 (15.0) 99 (48.5) <0.001
Gastrointestinal bleeding - 66 (33.0)

Bacterial infection - 70 (35.0)

Alcoholic hepatitis - 11 (5.5)

CLIF-SOFA, median = 7.00

ACLEF, n (%) - 56 (28.0)

ACLF grade, 1 (%)

Grade 1 - 37 (18.5)

Grade 2 - 11 (5.5)

Grade 3 - 8 (4.0)

"More than one etiologic factor could be present in specific cases.
2Other etiologic factors included primary biliary cirrhosis, sclerosing cholangitis.
NASH: Non-alcoholic steatohepatitis; SD: Standard deviation; INR: International normalized ratio; CRP: C-reactive protein; MELD: Model for end-stage
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Figure 1 Box plot of serum calprotectin levels among healthy controls, stable cirrhostics, and hospitalized cirrhotics with acute
decompensation. The line across the box indicates the median value; the box contains the 25% to 75% interquartile range; and the whiskers represent the highest
and the lower values. There were no differences in calprotectin levels between patients with acute decompensation and stable cirrhosis patients (P = 0.127).
Significantly lower calprotectin levels were observed among healthy controls compared to stable cirrhosis (P < 0.001) and patients with acute decompensation (P <

0.001).
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statistical significance in the bivariate analysis were not included in the regression analysis because they
have already been included. In this analysis, infection was independently associated with high CRP
values (OR =1.027, 95%ClI: 1.015-1.040, P < 0.001) and inversely related to hospitalization for UGIB (OR
=0.157, 95%ClI: 0.061-0.401, P < 0.001).

Circulating calprotectin and survival in hospitalized patients with cirrhosis

During the first 30 d, 39 patients died (20%). Four patients were excluded from the survival analysis due
to loss of follow-up. Survival analysis was performed considering the whole group and separately
accordingly to the presence or absence of ACLF at admission. Calprotectin was not associated with 30-d
survival in univariate Cox regression analysis when all patients were included (hazard ratio [HR] =
1.012, 95%CI: 0.996-1.028, P = 0.134) and when evaluating only those with ACLF at admission (HR =
0.982, 95%ClI: 0.932-1.034, P = 0.491). However, when considering only subjects without ACLF, calpro-
tectin levels were associated with 30-d mortality (HR = 1.018, 95%CI: 1.002-1.034, P = 0.024). A complete
survival analysis among patients without ACLF is presented in Table 2.

Due to the relatively low number of events observed in the subgroup without ACLF, we chose to
include in a multivariate Cox regression analysis only calprotectin and CLIF-C AD score, the
recommended prognostic model in this context[19]. In this analysis, both serum calprotectin (HR =
1.021, 95%CI: 1.003-1.040, P = 0.023) and CLIF-C AD score (HR = 1.178, 95%CI: 1.00-1.262, P < 0.001)
were independently associated with 30-d survival.

The area under the ROC curve for calprotectin to predict 30-d mortality was 0.773 + 0.058 in patients
without ACLF. Figure 3A shows the Kaplan-Meier curve for calprotectin concentrations dichotomized
at a cutoff of 580 ng/mL. The Kaplan-Meier survival probability was 96.5% in patients with calprotectin
levels < 580 ng/mL and 72.7% for subjects with results > 580 ng/mL (P < 0.001). At this cutoff point,
calprotectin levels showed a sensitivity of 83.3%, specificity of 67.5%, positive predictive value of 27.3%,
and negative predictive value of 96.5% for predicting 30-d mortality. The positive likelihood ratio was
2.563 and the negative likelihood ratio was 0.247.

The Kaplan-Meier survival probability was also calculated according CLIF-C AD score categorized at
a cutoff of 60[19]. The Kaplan-Meier survival probability was 93.3% in individuals with a CLIF-C AD
score < 60 and 54.5% in those with a value = 60 (P < 0.001) (Figure 3B). At this cut-off point, CLIF-C AD
score showed a sensitivity of 55.6%, specificity of 90.2%, positive predictive value of 45.5% and negative
predictive value of 93.3% to predict 30-d mortality. The positive likelihood ratio was 5.694 and the
negative likelihood ratio was 0.492.

A subsequent analysis associating both variables was performed. The Kaplan-Meier survival
probability was 98.7% in subjects with a CLIF-C AD score < 60 and calprotectin concentration < 580
ng/mL, 84.1% in subjects with a CLIF-C AD score = 60 and calprotectin concentration < 580 ng/mL,
81.4% in subjects with a CLIF-C AD score < 60 and calprotectin concentration > 580 ng/mL, and 27.3%
in subjects with a CLIF-C AD score > 60 and calprotectin concentration > 580 ng/mL (Figure 3C).
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Table 2 Univariate Cox-regression analysis of factors associated with 30-d mortality among patients hospitalized for acute

decompensation of cirrhosis without acute-on-chronic liver failure

Univariate analysis

Parameter Survivors (n =123) Non-survivors (n = 18)

HR (95%Cl) P value
Age (yr), mean + SD 55.80 +11.67 60.67 +9.36 1.039 (0.994-1.085) 0.087
Male gender, n (%) 77 (62.6) 15 (83.3) 2.743 (0.794-9.754) 0.111
Active alcoholism, n (%) 21 (17.1) 2(11.1) 0.610 (0.140-2.654) 0.510
PPI, n (%) 60 (49.6) 11 (64.7) 1.755 (0.649-4.745) 0.268
Beta-blockers, n (%) 55 (45.5) 7 (41.2) 0.853 (0.325-2.241) 0.747
Prior decompensation, 7 (%) 104 (84.6) 16 (88.9) 1.409 (0.324-6.129) 0.647
Complication at admission, n (%)
Ascites 60 (48.8) 18 (100.0) 8.588 (2.644-27.898) 0.035
Hepatic encephalopathy 43 (35.0) 13 (72.2) 4.231 (1.508-11.869) 0.006
UGIB 47 (38.2) 5(27.8) 0.660 (0.235-1.851) 0.429
Bacterial infection 43 (35.0) 11 (61.1) 2.678 (1.038-6.910) 0.042
Laboratory data
Leukocyte count (x10°%), median 5.51 8.21 1.096 (1.012-1.186) 0.024
Sodium (mEq/L), mean + SD 137.05 + 4.45 136.17 + 6.38 0.962 (0.872-1.060) 0.432
Creatinine (mg/dL), median 1.00 1.02 1.940 (0.525-7.167) 0.320
INR, median 1.39 1.78 2.931 (1.840-4.668) <0.001
Albumin (g/dL), mean + SD 2.65+0.53 2.29+0.92 0.328 (0.140-0.770) 0.010
CRP (mg/L), median 13.15 30.05 1.014 (1.004-1.024) 0.004
Total bilirubin (mg/dL), median 2.00 3.90 1.259 (1.137-1.394) <0.001
Calprotectin (ng/mL), median 3727 838.3 1.018 (1.002-1.034) 0.024
MELD score, mean + SD 14.10 +3.98 20.52 +3.85 1.276 (1.168-1.393) <0.001
Child-Pugh C, n (%) 38 (30.9) 17 (94.4) 31.205 (4.151-234.60) <0.001
CLIF-SOFA, median 6.00 8.00 1.835 (1.419-2.373) <0.001
CLIF-C ADs, median 49.07 60.29 1.173 (1.097-1.254) <0.001

HR: Hazard ratio; CI: Confidence interval; PPI: Proton-pump inhibitor; UGIB: Upper gastrointestinal bleeding, INR: International normalized ratio; CRP:
C-reactive protein; ACFL: Acute-on-chronic liver failure; MELD: Model for end-stage liver disease; CLIF-SOFA: Chronic liver failure - sequential organ
failure assessment; CLIF-C ADs: Chronic liver failure consortium acute decompensation score.

Since the second and third groups had very similar survival rates, 84.1% and 81.4%, both were
grouped. Thus, three groups were obtained according to the presence of factors CLIF-C AD score > 60 or
calprotectin = 580 ng/mL. The Kaplan-Meier analysis showed a survival probability of 98.7% in patients
without any of the factors (CLIF-C AD score < 60 and calprotectin < 580 ng/mL), 83.6% in the presence
of one factor (CLIF-C AD score = 60 or calprotectin = 580 ng/mL), and 27.3% in the case of two factors
(CLIF-C AD score = 60 and calprotectin > 580 ng/mL). The P value was 0.002 when the first and second
groups were compared, and P < 0.001 for comparison between the first and third groups, and also for
comparison between the second and third groups (Figure 3D). Based on this new classification, CLIF-C
AD score 2 60 combined with calprotectin > 580 ng/mL showed a sensitivity of 44.4%, specificity of
97.6%, positive predictive value of 72.7%, and negative predictive value of 92.6% to predict 30-d
mortality. The positive likelihood ratio was 18.222 and the negative likelihood ratio was 0.569.

DISCUSSION

In the present study, no differences in serum calprotectin levels were observed when patients with
stable cirrhosis were compared with individuals hospitalized for AD. However, healthy subjects had
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Figure 2 Box plot of serum calprotectin levels in patients with acute decompensation of cirrhosis according to the presence of specific
complications. The line across the box indicates the median value; the box contains the 25% to 75% interquartile range; and the whiskers represent the highest
and the lower values. A-D: Significantly higher calprotectin levels were observed among patients with (A) acute-on-chronic liver failure (P = 0.047), (B) infection (P =
0.012), (C) ascites (P = 0.004), and (D) hepatic encephalopathy (HE) (P = 0.026); E: Lower levels of calprotectin were observed among patients with upper
gastrointestinal bleeding (UGIB) (P = 0.036); F: Higher levels in patients with hepatitis C virus infection (HCV) (P = 0.001).

lower calprotectin concentrations than both groups of patients with cirrhosis. Plasma calprotectin levels
were previously studied in patients with alcohol-induced cirrhosis. In that study including 84 patients
and 16 healthy controls, no differences in calprotectin levels were found between healthy controls and
subjects with compensated or decompensated alcoholic cirrhosis[9]. Higher circulating calprotectin in
patients with cirrhosis included in the present study probably reflects specific characteristics of our
cohort, but also may be a consequence of the relatively small sample size of that preliminary study.
Conversely, other studies have shown that faecal calprotectin concentrations are higher in patients with
liver cirrhosis compared to healthy patients[20,21] and in acute decompensation when compared to
stable cirrhosis[22].

WJH | https://www.wjgnet.com 1971 November 27,2022 | Volume14 | Issuell |

Jaishideng®



Matiollo C et al. Elevated calprotectin levels in acute decompensation of liver cirrhosis

A 1.0 —— — Calprotectin < 580 ng/mL_ B e e
=1 - --l
B U N R S CLIF-C ADs < 60
— 0.84 Teemmm o - 0.8 -
© tm M eeeeeaea
s * E
3 Calprotectin > 580 ng/mL £
" - -
- 0.6 = 0.6 "1
2 o CLIF-C ADs > 60
© =
= i © B
E 0.4 S04
S E
O
0.2 0.2
0.04 P <0.001 0.0 P <0.001
T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
d d
Patients at risk Patients at risk
Calprotectin < 580 ng/mL 86 85 84 83 83 83 83 CLIF-CADs < 60 119 119 116 114 114 113 111
Calprotectin > 580 ng/mL 55 54 52 48 46 44 40 CLIF-CADs > 60 22 20 20 17 15 14 12
C 1.04 | CLIF-C ADs < 60; Calp. .< 580 ng/mL D 10/ = - No factor
[ oo CLIF-C ADs < 60; Calp. > 580 ng/mL L L
- " | 1 I T T
e . I %
0.8+ 1™ CLIFC ADs > 60; Calp. < 580 ng/mL. 0.8 | One factor
© —_——— © e
= i > 1
S ' s |
2 0.6 { 3 0.6+ {
2 i g i
B g e 1
E 0.4 CLIF-C ADs 2 60; Calp. > 580 ng/mL: = 0.4 Two factors |
e} i E
+ o
0.2 0.2
0.0+ 0.0 4 P < 0.001
T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
d d
Patients at risk Patients at risk
CLIF-C ADs < 60; Calp. < 580 ng/mL 75 75 74 74 74 74 74 No factor 75 75 74 74 74 74 74
CLIF-C ADs < 60; Calp. > 580 ng/mL 44 44 42 40 40 39 37 One factor 55 54 52 49 49 48 46
CLIF-C ADs > 60; Calp. < 580 ng/mL 11 10 10 9 9 9 9 Two factors 11 10 10 8 6 5 3
CLIF-C ADs > 60; Calp. > 580 ng/mL 11 10 10 8 6 5 3

DOI: 10.4254/wjh.v14.i11.1964 Copyright ©The Author(s) 2022.

Figure 3 Cumulative 30-d survival of patients hospitalized with acute decompensation of cirrhosis without acute-on-chronic liver failure
according to calprotectin levels categorized at 580 ng/mL and CLIF-C acute decompensation score at 60. A: The Kaplan-Meier survival
probability was 96.5% in subjects with a calprotectin level < 580 ng/mL and 72.7% in those with a value = 580 ng/mL (P < 0.001); B: The Kaplan-Meier survival
probability was 93.3% in individuals with a CLIF-C acute decompensation (AD) score < 60 and 54.5% in those with a value = 60 (P < 0.001); C: The Kaplan-Meier
survival probability was 98.7% in subjects with a CLIF-C AD score < 60 and calprotectin concentration < 580 ng/mL, 84.1% in subjects with a CLIF-C AD score = 60
and calprotectin concentration < 580 ng/mL, 81.4% in subjects with a CLIF-C AD score < 60 and calprotectin concentration = 580 ng/mL, and 27.3% in subjects with
a CLIF-C AD score = 60 and calprotectin concentration = 580 ng/mL; D: The Kaplan-Meier survival probability was 98.7% in subjects with none of the factors (CLIF-C
AD score < 60 and calprotectin concentration < 580 ng/mL), 83.6% in subjects with one of the factors (CLIF-C AD score = 60 and calprotectin < 580 ng/mL or CLIF-C
AD score < 60 and calprotectin = 580 ng/mL), and 27.3% in subjects with both factors (CLIF-C AD score = 60 and calprotectin = 580 ng/mL), in which P = 0.002
between the first and second groups, and P < 0.001 between the first and third, and between the second and third groups.

Significantly higher serum calprotectin levels were observed in patients with ascites, those with
hepatic encephalopathy, and Child-Pugh C patients. Data on circulating calprotectin concentrations in
cirrhosis are scarce. An early study by Homann and colleagues observed no relationships between
plasma calprotectin and variables related to liver disease severity, such as albumin and total bilirubin
[9]. On the other hand, another paper from the same group reported a weak positive correlation
between calprotectin plasma levels and the Child-Pugh score, but without significant difference
between Child-Pugh classes[10]. In the present study, higher calprotectin levels were associated with
the presence of ACLF and bacterial infection in the bivariate exploration, but not in the logistic
regression analysis. Although no previous studies addressed this biomarker and ACLF, higher plasma
calprotectin was associated with bacterial infection in patients with alcohol-related cirrhosis in a small
study[9]. In addition, ascitic fluid calprotectin has been recently reported to be increased in SBP and
might represent a practical alternative to the traditional ascitic polymorphonuclear cell count[23].
Outside the context of liver cirrhosis, elevated circulating calprotectin was reported in other conditions
characterized by a robust inflammatory response such as tuberculosis[24], sepsis[25,26], COVID-19[27],
and several rheumatic diseases[28].
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When we evaluated the group of patients hospitalized for complications of cirrhosis as a whole,
serum calprotectin concentrations were not associated with prognosis. On the other hand, when we
addressed only those with AD without ACLF, circulating calprotectin was related to 30-d mortality even
after adjustment for CLIF-C AD score. In a previous study including patients with alcoholic cirrhosis,
plasma calprotectin levels was related to a shorter survival, exhibiting higher prognostic value than
other classical markers in these patients, such as albumin, bilirubin, and ascites[9]. Later, the same
research group studied plasma and ascitic fluid calprotectin concentrations in patients with various
etiologies of liver cirrhosis[10]. In both studies, plasma calprotectin was a significant marker of poor
survival in alcohol-induced cirrhosis, but had no prognostic value in other etiologies[9,10]. It is
noteworthy that this finding of a possible selective regulation of calprotectin in alcoholic liver disease
was not confirmed in a longitudinal study of active drinkers, in which patients and controls had similar
fecal calprotectin values[29]. These studies predated the establishment of the ACLF concept and, unlike
our study, did not consider the categorization of patients in AD or ACLF. Patients with cirrhosis
requiring hospitalization for AD episodes are known to have a widely variable prognosis, depending on
whether or not they have ACLF[18]. ACLF impacts not only the natural history of cirrhosis, but also the
progression of cirrhosis-associated immune dysfunction that migrates to a predominantly immunode-
ficient phenotype similar to that found in sepsis[30]. Thus, an influence of ACLF on circulating inflam-
matory markers is expected and further studies are still needed to explain the difference in the
prognostic value of calprotectin in patients with AD and ACLF.

CLIF-C AD score was devised as a prognostic parameter in patients hospitalized for AD of cirrhosis
without ACLF. In the original study, it was established that patients with a score > 60 should be
classified as having a high risk for 90-d mortality, with rates above 30%[19]. In the present study,
patients were grouped into three categories according to the observed prognostic factors (CLIF-C AD
score and calprotectin level). The Kaplan-Meier survival probability was 98.7% in subjects with none of
the factors (CLIF-C AD score < 60 and serum calprotectin < 580 ng/mL), 83.6% in subjects with either
factor (CLIF-C AD score = 60 or serum calprotectin > 580 ng/mL), and 27.3% in subjects with both
factors (CLIF-C AD score 2 60 and serum calprotectin > 580 ng/mL). A similar cutoff point of calpro-
tectin (524 ng/mL) was previously suggested to assess survival in alcohol-induced cirrhosis[10]. Thus,
the combination of the two factors may be useful in identifying patients with a very low 30-d mortality
rate, allowing for better individualization of care and eventually establishing criteria for early hospital
discharge, thus reducing complications of prolonged hospitalization[19]. On the other hand, a high-risk
group (CLIF-C AD score 2 60 and serum calprotectin > 580 ng/mL) was also identified, which have a
30-d survival (27.3%) similar to patients with grade 3 ACLF (23.3%)[18]. Those patients at the high
category might be candidates for early interventions that could improve survival, including evaluation
for liver transplantation.

CONCLUSION

In conclusion, serum calprotectin levels are increased in patients with cirrhosis and correlated with
variables associated with the severity of liver disease. Higher circulating calprotectin is associated with
a worse 30-d survival in those hospitalized for AD without ACLF, but not among ACLF patients. The
combination of serum calprotectin and CLIF-C AD score is able to better stratify the prognosis and may
be particularly useful in clinical practice to early identify patients with AD of cirrhosis and a very low
short-term survival, even in the absence of ACLF at admission.

ARTICLE HIGHLIGHTS

Research background

Systemic inflammation is a hallmark of advanced cirrhosis. Calprotectin is a biomarker of neutrophil
activity with high stability in biological fluids. Circulating levels of calprotectin may be an interesting
biomarker of systemic inflammation in cirrhosis.

Research motivation

There is a need for inflammatory biomarkers for practical and objective use in cirrhosis. Serum calpro-
tectin has gained relevance in recent years in several other diseases characterized by systemic inflam-
mation.

Research objectives

To investigate factors associated with serum calprotectin levels in acute decompensation of cirrhosis,
and to evaluate circulating calprotectin as a prognostic biomarker in patients with complications of
cirrhosis.
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Research methods

This is a prospective cohort study that included three study groups: 200 subjects hospitalized for
complications of cirrhosis, 20 outpatients with stable cirrhosis, and 20 healthy controls. Serum calpro-
tectin was collected at hospital admission in the group with acute decompensation. Hospitalized
patients were followed for 30 d for survival analysis

Research results

Higher calprotectin was associated with variables related to more advanced liver disease, acute-on-
chronic liver failure (ACLF), and infection. Calprotectin was not associated with survival among
patients with ACLF. In patients with acute decompensation without ACLF, higher calprotectin was
inversely associated with 30-d survival. The combination of calprotectin with the CLIF-C AD score
offered a better prognostic discrimination than the variables alone.

Research conclusions

Serum calprotectin are increased in liver cirrhosis and correlated with variables associated with the
severity of liver disease. Higher circulating calprotectin is associated with a worse 30-d survival in those
hospitalized for complications of cirrhosis without ACLF. The combination of serum calprotectin and
CLIF-C AD score is able to better stratify the prognosis than any of the factors alone.

Research perspectives

The routine incorporation of the calprotectin test is a reality. Serum calprotectin may allow early identi-
fication of patients with a very low short-term survival, even in the absence of ACLF at admission.
Larger, multicentric future studies are recommended to validate these results.
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Abstract

BACKGROUND

Hepatic infarctions (HI) are ischemic events of the liver in which a disruption in
the blood flow to the hepatocytes leads to focal ischemia and necrosis. Most HI
are due to occlusive events in the liver’s blood vessels, but non-occlusive HI may
occur. They are associated with disruption of microvasculature, such as in diabetic
ketoacidosis. While HI usually presents as peripheral lesions with clear borders,
irregular nodular lesions may occur, indistinguishable from liver neoplasms and
presenting a diagnostic challenge.

CASE SUMMARY

We report a case of multiple extensive HI in a patient with poorly controlled
diabetes mellitus, who first presented to the emergency room with diabetic
ketoacidosis. He then developed jaundice, thrombocytopenia, and a marked
elevation of serum aminotransferases. An ultrasound of the liver showed the
presence of multiple irregular lesions. Further investigation with a computerized
tomography scan confirmed the presence of multiple hypoattenuating nodules
with irregular borders and heterogeneous appearance. These lesions were
considered highly suggestive of a primary neoplasm of the liver. While the patient
was clinically stable, his bilirubin levels remained persistently elevated, and he
underwent an ultrasound-guided percutaneous biopsy of the largest lesion.
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Biopsy results revealed extensive ischemic necrosis of hepatocytes, with no signs of associated
malignancy. Three months after the symptoms, the patient showed great improvement in all
clinical and laboratory parameters and extensive regression of the lesions on imaging exams.

CONCLUSION
This case highlights that diabetic ketoacidosis can cause non-occlusive HI, possibly presenting as
nodular lesions indistinguishable from neoplasms.

Key Words: Hepatic infarction; Non-occlusive infarcts; Diabetic ketoacidosis; Pseudotumor of the liver;
Liver infarcts; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatic infarction (HI) is usually caused by occlusion of the blood vessels supplying the liver.
Non-occlusive HI secondary to diabetic ketoacidosis is an exceedingly rare occurrence, with few cases
described in the literature. We report a case of HI secondary to diabetic ketoacidosis, whose diagnosis was
complicated by the atypical aspect of the infarction areas on the imaging exams. The appearance of
multiple irregular and heterogenous nodules was suggestive of metastatic liver neoplasm, and correct
diagnosis could only be obtained by biopsy. This case demonstrates a rare cause of HI, and highlights the
diagnostic challenges posed by its atypical presentations.

Citation: Gomes VMDS, Ferreira GSA, Barros LCTR, Santos BMRTD, Vieira LPB. Multiple hepatic infarctions
secondary to diabetic ketoacidosis: A case report. World J Hepatol 2022; 14(11): 1977-1984

URL: https://www.wjgnet.com/1948-5182/full/v14/i11/1977 htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i11.1977

INTRODUCTION

Hepatic infarctions (HI) are ischemic events of the liver in which a disruption in the blood flow to the
hepatocytes leads to focal ischemia, necrosis, and, in severe cases, hepatocellular dysfunction[1]. Due to
the dual blood supply that the liver receives from the hepatic artery and the portal vein, HI occurs less
commonly than infarctions in other abdominal organs[2]. Most HI is a consequence of occlusive events
in either blood vessels supplying the liver. Common causes are portal vein thrombosis, hepatic artery
thrombosis, trauma, pancreatitis, surgery (liver transplantation in particular), or hilarious neoplasms[1,
3-5]. However, non-occlusive HI may rarely occur[3,4,6]. These uncommon events are associated with
disruption of the liver microvasculature and can be secondary to rheumatologic diseases (polyarteritis
nodosa, scleroderma, systemic lupus erythematosus, Churg-Strauss syndrome), infection, polycythemia
vera, hemodynamic shock, and severe preeclampsia, among other causes[6].

Diabetic ketoacidosis (DK) has been described as a potential cause of non-occlusive HI in a limited
number of cases reported in the medical literature[3,6-8]. The pathophysiology of HI in patients with
DK is not completely understood but is thought to be multifactorial. Elevated levels of catecholamines
released in DK might induce vasoconstriction and liver ischemia[3]. Dehydration and hypotension often
present in DK decrease blood flow to the liver, further contributing to ischemia[3]. The low levels of 2, 3-
diphosphoglycerate in patients with DK may affect hepatocyte oxygenation, and widespread athero-
sclerosis, endothelial dysfunction, and hypercoagulability-that are commonly found in patients with
diabetes-can also play a role in the occurrence of HI[3,6,7]. Abdominal pain, nausea, jaundice, and fever
are the most common symptoms of HI[3,6]. Transaminase levels are elevated, and hyperbilirubinemia,
leukocytosis, and disorders of hemostasis are also frequent findings in HI[3,6,8].

CASE PRESENTATION

Imaging examinations

An ultrasound of the liver with doppler evaluation of the hepatic vessels showed multiple hetero-
geneous nodular lesions in both lobes, with no signs of the hepatic artery or portal vein thrombosis. He
then underwent a computerized abdominal tomography (CT) scan on the same date, which revealed the
presence of multiple heterogenous lesions in both lobes of the liver, which were hypoattenuating with
slight peripheral enhancement in the late phase of the study (Figure 1A and B). Of note, there was a
clear wedge-shaped delineation between affected parenchyma and normal areas in the periphery of the
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Figure 1 Computed tomography scan of the liver. A: Coronal view of the portal phase, showing multiple nodular lesions in both lobes of the liver; B: Axial
view of the portal phase, showing multiple nodular lesions in both lobes of the liver, with discrete peripheral enhancement; C: Coronal view of the portal phase,
showing the marked and linear transition from the wedge-shaped area of infarction and adjacent liver parenchyma; D: Axial view of the portal phase, showing the
marked and linear transition from the wedge-shaped area of infarction and adjacent liver parenchyma.
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liver (Figure 1C and D). The largest lesions were located on liver segments IV and VI, measuring 127
mm and 95 mm, respectively. Based on the imaging exams, primary metastatic neoplasm of the liver
(most likely cholangiocarcinoma) or multiple liver abscesses were considered the most likely diagnoses.
However, given the lack of clinical and laboratory markers of infection and the sudden onset of
symptoms associated with elevation of transaminases, HI was also considered a differential diagnosis.
The patient was discharged from the intensive care unit (ICU) 6 d after admission. A control CT scan
was obtained 10 days after admission, with no difference in the aspect of the liver lesions but an
additional finding of subsegmental pulmonary thromboembolism in the right lung. Anticoagulation
with therapeutical doses of enoxaparin was initiated while the patient remained asymptomatic. A
magnetic resonance imaging (MRI) scan 16 d after admission showed the same irregular nodular
lesions, with a slight peripheral enhancement of the lesions by the contrast medium (gadolinium). As
the patient remained clinically well but with significant cholestasis, the decision was made to perform
an ultrasound-guided liver biopsy to determine the lesions” definitive diagnosis, which was made 20
days after patient admission.

Chief complaints

A 57-year-old male patient was transferred to the ICU of a tertiary hospital due to a diagnosis of DK
with hemodynamical instability. He had first presented to an emergency medical service complaining of
diffuse abdominal pain.

Laboratory examinations

Blood and urine exams obtained at arrival at the emergency department (Table 1) showed marked
ketonuria, hyperglycemia (470 mg/dL), acidosis (pH of 7.27 and bicarbonate of 15 mEq/L), the
elevation of aminotransferases [aspartate aminotransferase (AST) of 2356 U/L and alanine aminotrans-
ferase (ALT) of 2438 U/L], and thrombocytopenia (9380 platelets/mcL). At admission to the ICU, there
was a decrease in aminotransferase levels (AST of 1121 U/L and ALT of 1546 U/L) but an increase in
bilirubin levels (total bilirubin of 1.59 mg/dL). A serological panel for viral hepatitis, dengue fever, and
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Table 1 Laboratory data

I . One week Two weeks Three weeks
. Reference  Admission on the Admission Three months
Variable after after after .
range emergency room on the ICU . o o after admission
admission admission admission
Hemoglobin (g/dL) 13-16.9 13.8 13.6 11.8 9.8 9.5 11.2
Leukocytes 4000-10200 4580 4353 14350 9615 8172 5414
(leukocytes/mm°)
Platelets 140000- 9380 15000 110000 262000 306000 290000
(platelets/mm?) 400000
Glucose (mg/dL) 70-99 470 425
AST (U/L) 5-40 2356 805 135 149 108
ALT (U/L) 7-56 2438 1489 56 56 58
Bilirubin: total /direct 0-1.2/0-0.3 1.24/0.91 25/2.2 10.2/8.3 12.5/10.6 10.1/8.9 3.6/14
(mg/dL)
Alkaline phosphatase ~ 40-150 168 193 376 407
(/L)
Gamma-glutamyl 7-45 178 770 1665
transferase (U/L)
Creatinine (mg/dL) 0.7-1.3 1.6 13 1.1 0.9 12
Arterial blood pH 7.36-7.44 7.27 743 7.42
Arterial blood 22-28 15 16.7 18
bicarbonate (mEq/L)
Lactate (mmol/L) 0.5-2.2 44 2
Albumin (g/dL) 3.4-54 23 1.7 3.4
International 0.8-1.1 141 1.37 1.09
normalized ratio
Carcinoembryonic 0-2.5 1
antigen (ng/mL)
Cancer antigen 19-9 0-37 4
(U/mL)
Alpha-fetoprotein 1.3-7.8 8

(ng/mL)

ICU: Intensive care unit; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
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yellow fever yielded negative results. While the patient remained hemodynamically stable, he
developed jaundice as his bilirubin levels steadily increased, and he underwent an abdominal
ultrasound 2 d after admission.

Physical examination

On arrival at the ICU, physical examination was unremarkable, except for light tenderness on deep
palpation of the right upper quadrant during the abdominal exam. Vital signs were within the normal
range of values, and the patient was afebrile.

Personal and family history

The patient suffered from hypertension and poorly controlled diabetes mellitus, with irregular use of
metformin. He had a previous history of smoking tobacco but was abstinent for more than 20 years and
ingested small amounts of alcohol once per week.

History of past illness

At the moment of his arrival in the emergency room, the patient was noticed to be tachycardic and
hypotensive. He was placed in close monitoring and was diagnosed with monomorphic ventricular
tachycardia, being subject to successful synchronized electrical cardioversion, improving his hemody-
namical condition. Treatment with ceftriaxone was started and intravenous insulin, as he had significant
hyperglycemia (470 mg/dL). After this procedure, he was transferred to the ICU of a tertiary hospital
for stabilization and further investigation.
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History of present illness
The patient complained of diffuse abdominal pain that had started 2 d prior and progressively
worsened, associated with malaise, asthenia, nausea, and vomiting,.

FINAL DIAGNOSIS

Histology of the liver biopsy showed extensive mononuclear infiltration of the liver, associated with
intracellular cholestasis, and areas of ischemic necrosis, with no signs of associated malignancy
(Figure 2). Tissue cultures obtained at the same moment showed no signs of bacterial growth. These
results confirmed the diagnosis of non-occlusive HI, secondary to DK.

TREATMENT

The patient was discharged from the hospital 21 days after admission, with optimized control of
diabetes and anticoagulation with oral rivaroxaban.

OUTCOME AND FOLLOW-UP

While the patient still had significant cholestasis at the moment of discharge, his jaundice began to
improve 1 mo after the onset of the symptoms, and bilirubin levels returned to normal after another
month. The patient remains asymptomatic and well during two months of outpatient follow-up, and an
ultrasound scan obtained 3 mo after the onset of the symptoms revealed small, focal areas of hetero-
geneity on the right lobe of the liver, measuring no more than 4 cm, therefore showing significant
regression of the lesions.

DISCUSSION

Non-occlusive HI secondary to DK is a rare occurrence, with a small number of cases reported in the
literature (Table 2). Its correct diagnosis depends on a high index of clinical suspicion during the
evaluation of diabetic patients presenting with abdominal pain and elevation of aminotransferases.
While imaging exams can usually correctly determine the presence of HI, atypical presentations may
pose a diagnostic challenge. Prolonged hypotension, as described in the case reported, can be a
significant factor in the occurrence of HI[8]. CT scan is the most commonly used imaging exam in the
diagnosis of HI. While findings of peripheral lesions with clearly limited borders are characteristic of HI,
with triangular or wedge-shaped areas of low attenuation, irregular nodular lesions of central location
may be present in extensive infarction, indistinguishable from liver neoplasms[3,9,10]. These central
parenchyma pseudo nodular lesions are found in about 25% of HI[10]. Enhancement of HI by the
contrast medium is generally patchy and heterogenous, with areas of more extensive necrosis remaining
hypoattenuating in all phases, while areas that remain isoattenuating in the portal venous phase are
suggestive of viable liver tissue[1,10]. A high attenuation, thin subcapsular rim may be present in some
cases, which must be distinguished from liver abscesses[9]. Gas formation has been described in both
sterile and infected infarcts, and the presence of gas is not an unequivocal marker of infected necrosis of
the liver[1,10]. Bile lakes may be present as a late complication of large infarcts due to ischemic necrosis
of bile duct epithelium, with jaundice persisting for several weeks[1].

In some cases reported in the literature, diagnosis of hepatic infarction was only established postoper-
atively, with resection being performed due to the aspect of the lesion being highly suggestive of a liver
neoplasm in the imaging exams[3,6]. MRI can be helpful in the diagnosis of HI, showing lesions of
heterogeneous intensity, with the center of the lesion being more apparent than the rim, restricted
diffusion, no significant enhancement, and little or no mass effect, which helps in differentiating HI
from liver neoplasms[3,11,12]. Using a gadoxetate disodium contrast medium may further increase
specificity in the differential diagnosis of HI[5].

In the case we reported, both CT and MRI were unable to differentiate the lesions from the liver's
primary neoplasms or liver abscesses. Besides the clinical history of acute onset of symptoms with no
signs of infection, there was also one finding in the imaging exams that were suggestive of HI: The
wedge shape marked delimitation between the areas affected by the infarction and normal liver
parenchyma, which was visible in the peripheral areas of the liver and coexisted with the nodular areas
which were more centrally located. The use of percutaneous biopsy to confirm the diagnosis of Hl is a
novel aspect in this case report, as in previously reported cases, HI was diagnosed either by imaging
exams or surgical exploration (Table 2). Since correct diagnosis could not be confirmed by imaging
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Table 2 Cases of hepatic infarction secondary to diabetic ketoacidosis reported in the literature

Journal Ref. Year Patient Diagnosis Outcome
Gastroenterology Sundaram et al[6] 1978  36-year-old male Laparotomy and biopsy Recovery
World Journal of Gastroenterology Deng et al[3] 2006  53-year-old male Hepatectomy Recovery
Brazilian Journal of Intensive Care Paes et al[7] 2007  67-year-old female  Necropsy Death
Practical Diabetes International Chen et al[8] 2007  53-year-old female  CT Death
International Journal of Clinical and Experimental Medicine Xu et al[12] 2017  45-year-old female = Laparoscopic biopsy Recovery
Open Journal of Case Reports Tiwari et al[11] 2021  37-year-old male MRI Recovery

CT: Computed tomography; MRI: Magnetic resonance imaging.
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Figure 2 Liver biopsy. Histological analysis of the liver biopsy, showing extensive mononuclear infiltration of liver tissue, associated with intracellular cholestasis,
and areas of ischemic necrosis. Hematoxylin and eosin staining, magnification 40 x.
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exams and considering a high clinical suspicion of HI, liver biopsy was seen as the next step in the
investigation to avoid unnecessary surgical exploration with significant morbidity to the patient and
also to avoid missing a diagnosis of liver neoplasm, which could coexist or even be the cause of a liver
infarction. Histological analysis of HI is characterized by the presence of a centrilobular zone of
parenchymal necrosis, in contrast to a peripheral zone with relative preservation of portal tracts, hepatic
veins, and intralobular stroma[2,9].

Non-occlusive liver infarcts usually regress after a while as regeneration of the liver occurs. While the
necrotic tissue present at the site of a HI is usually sterile, an infection may occur due to biliary tract or
hematogenous dissemination of bacteria, with progression to a liver abscess that may require treatment
with antibiotics and/or percutaneous drainage[6]. In the case we reported, the patient showed no signs
of infection, and tissue cultures obtained at the moment of the liver biopsy showed no signs of bacterial
growth. His persistently elevated bilirubin levels may be attributed to the formation of bile lakes in the
central areas of necrosis and the significant disruption of the biliary drainage of the areas of liver
parenchyma adjacent to the areas most affected by the HI. The benefits of anticoagulant therapy in the
management of HI are uncertain, and unless the infarction is associated with vascular occlusion or a
thrombotic etiology, the use of anticoagulants is not generally recommended[13]. In this case, the
patient received anticoagulation due to concomitant pulmonary thromboembolism. This
thromboembolic event raises the question of whether a hypercoagulable state may also play a role in the
genesis of HI associated with DK, as microvascular thrombosis of the liver may aggravate the ischemic
insult already present due to the other mechanisms of aggression in DK that were previously discussed.

CONCLUSION

DK is a rare cause of non-occlusive HI that must be remembered in diabetic patients with abdominal
pain and elevated markers of hepatic injury. While in the imaging exams, HI usually presents itself as
wedge-shaped areas of hypoattenuation on the periphery of the liver, atypical presentations with
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irregular nodular areas of central location may occur, which are indistinguishable from liver neoplasms.
Using ultrasound-guided percutaneous biopsy may provide the correct diagnosis in these cases,
avoiding unnecessary surgical exploration.
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