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Abstract

Primary sclerosing cholangitis (PSC) is a chronic and progressive immune-
mediated cholangiopathy causing biliary tree inflammation and scarring, leading
to liver cirrhosis and end-stage liver disease. Diagnosis of PSC is challenging due
to its nonspecific symptoms and overlap with other liver diseases. Despite the
rising incidence of PSC, there is no proven medical therapy that can alter the
natural history of the disease. While liver transplantation (LT) is the most effective
approach for managing advanced liver disease caused by PSC, post-transplanta-
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tion recurrence of PSC remains a challenge. Therefore, ongoing research aims to develop better therapies for PSC,
and continued efforts are necessary to improve outcomes for patients with PSC. This article provides an overview
of PSC’s pathogenesis, clinical presentation, and management options, including LT trends and future aspects. It
also highlights the need for improved therapeutic options and ethical considerations in providing equitable access
to LT for patients with PSC. Additionally, the impact of liver transplant on the quality of life and psychological
outcomes of patients with PSC is discussed. Ongoing research into PSC’s pathogenesis and post-transplant
recurrence is crucial for improved understanding of the disease and more effective treatment options.

Key Words: Primary sclerosing cholangitis; Liver transplantation; Management; Psychosocial outcomes; Pathogenesis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Despite recent advancements in the field of hepatology, therapeutic options for the medical management of
primary sclerosing cholangitis (PSC) are limited. Liver transplantation (LT) remains the primary treatment for patients with
end stage liver disease (ESLD) secondary to PSC. Both deceased donor liver transplant and living donor liver transplant
have demonstrated successful outcomes in patients with ESLD. Psychosocial patient factors also play a significant role in the
outcome LT. Addressing ethical issues is crucial to ensure healthcare equity. Recent developments in digital technology and
stem cell therapy suggest a promising future for LT in PSC.
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a chronic immune-mediated cholangiopathy characterized by inflammation and
scarring of the biliary tree, affecting both intrahepatic and extrahepatic bile ducts. Its etiology remains idiopathic and it
presents a wide spectrum of symptoms and complications. PSC is a rare condition with a global incidence rate ranging
from 0 to 1.58 cases per 100000 per year, and a prevalence bracket of 0 to 31.7 cases per 100000 persons[1]. Recent research
northern Europe has shown an increasing frequency of both new cases and overall instances of PSC[1]. As compared to
the adult population, the incidence and prevalence of PSC is lower in the pediatric population at 0.2 and 1.5 per 100000
children[?2].

Currently, there is no proven no medical therapy to treat effectively or alter the natural history of PSC[3]. As a result,
the prognosis of this condition is poor, and it is strongly associated with an elevated risk of developing liver cirrhosis and
end-stage liver disease, often necessitating liver transplantation (LT)[4]. The development and progression of PSC involve
a combination of genetic susceptibility and environmental factors, although the contribution of genetic factors remains
limited[5]. On the other hand, environmental factors, particularly the gut microbiota, have gained increasing attention in
PSC development[6]. Additionally, approximately 70% of PSC patients have concomitant inflammatory bowel disease
(IBD), which serves as a strong risk factor for colon, bile duct, and gallbladder cancers[7]. The co-occurrence of IBD and
PSC is evident, with 2%-7.5% of IBD patients developing PSC[4].

Advancements in noninvasive imaging techniques, such as magnetic resonance cholangiopancreatography (MRCP),
have improved the understanding and diagnosis of PSC, including its relationship to LT. PSC accounts for approximately
10% of all liver transplants performed annually[4-8]. However, post-transplant recurrence of PSC has been reported,
highlighting the need for a better understanding of its underlying pathogenesis and the development of more compre-
hensive therapeutic strategies[9]. Despite these challenges, long-term outcomes following transplantation are
encouraging, with a 5-year survival rate of 89% and favorable graft survival rates[10].

PSC is a poorly understood domain and has been presented with a huge void in terms of concrete solutions that are yet
to be fulfilled. In this review, we discuss the current understanding of PSC’s pathogenesis, clinical presentation,
management options, the scope of LT, and associated challenges.

DISCUSSION
Pathogenesis of PSC

Inflammation and fibrosis of the bile ducts are two primary processes in the pathogenesis of PSC. However, the
mechanism of inflammation and fibrosis in PSC are not fully understood. It is believed that various factors such as
Ischemic, traumatic, infectious, autoimmune, or toxic injuries cause damage to cells, leading to the release of “danger-
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associated molecular patterns (DAMPs)”. These DAMPs activate the innate immune system through “pattern recognition
receptors”[11]. Chronic inflammatory response mediated by DAMPs and the recruitment and activation of innate or
adaptive immune cells play a critical role in initiating and perpetuating the activation of profibrogenic cells into
myofibroblasts through the release of cytokines, chemokines, and reactive oxygen species (ROS). ROS and oxidative
stress can induce hepatocyte injury, cell death, and parenchymal cell proliferation, along with altered remodeling and
increased expression of tissue inhibitors of metalloproteinases[12]. Additionally, certain cytokines produced by damaged
cells, such as interleukin (IL)-1a, IL-33, and others, directly or indirectly promote the development of a Th2 immune
response, which is believed to promote fibrosis. Th2 immune response is recognized to have profibrotic properties
through the release of IL-4, IL-5, IL-10, and IL-13[11,13]. However, the exact mechanisms and interactions between these
processes are still being investigated in the context of PSC pathogenesis.

Role of Bile Ducts in PSC

Cholangiocytes can be activated by various insults such as infections, cholestasis, etc., leading to increased proliferation
along with pro-fibrotic and pro-inflammatory secretions through pleiotropic autocrine and paracrine mechanisms[14].
Persistent biliary cell damage causes an inflammatory reaction that leads to a pathological reparative reaction with
excessive deposition of scar tissue around the injured ducts. The biliary epithelium is exposed to cytokines and
chemokines secreted by innate and adaptive immune cells in response to DAMPs. If biliary homeostasis is not restored,
there will be a maladaptive chronic inflammatory response stimulating the deposition of connective tissue (Figure 1)[14].

Genetic and Environmental factors in pathogenesis of PSC
Genetic factors play a significant role in PSC pathogenesis. Studies have demonstrated an increased risk of PSC among
first-degree relatives of patients with the disease[15]. Genome-wide association studies have identified over 20 suscept-
ibility genes for PSC, with the human leukocyte antigen (HLA) complex on chromosome six showing the strongest
association[16-20]. Patients with PSC exhibit chromosomal instability and immunosenescence, as evidenced by higher
rates of short telomere length and telomere aggregates compared to patients with IBD[21,22]. It is important to note that
genetic findings explain less than 10% of the disease liability, while environmental factors account for over 50% of it[22].
The microbiome has also been implicated in PSC pathogenesis, with bacteria potentially triggering an aberrant
immune response and perpetuating inflammation[23]. Studies have shown an enrichment of Barnesiallaceae and Blautia
families and Barnesiellacaeae genus in PSC patients. Microbiome shifts associated with PSC are observed in Clostridiales
and Bacteroidales orders, with more than 80% of shifts occurring within the former order. However, the causal relationship
between these shifts remain unclear due to limited sample size[24]. Some environmental triggers have been investigated,
indicating a higher prevalence of PSC in rural areas and a possible connection to agricultural activities, pesticides, or
fertilizers[25]. Close contact with dogs or cats has also been identified as a potential trigger, suggesting the pathogenic
role of an unidentified agent such as a toxin or microbiome[26]. Additionally, coffee consumption and smoking have been
suggested as protective factors against PSC[27].

Clinical Presentation and Diagnosis of PSC

PSC is characterized by bile duct injury and fibrosis, leading to a variety of symptoms and signs. It is commonly
associated with IBD[12]. It typically affects individuals between the ages of 30 and 40, with a higher prevalence in men
[28]. PSC patients are identified during general health examinations or the investigation for another disease, and about
50% patients are asymptomatic[29]. When symptoms occur, the most common are pruritus, fatigue, and right upper
quadrant pain; less frequent symptoms are weight loss and fever[29,30]. Physical exam often reveals jaundice, hepato-
megaly, splenomegaly, and excoriation marks[29,31]. PSC is a progressive cholestatic liver disease associated with
complications such as bacterial cholangitis, dominant strictures, gallbladder polyps, adenocarcinoma, and cholangiocar-
cinoma (CCA)[29,30,32]. Disease progression may differ in children due to absence of other risk factors like alcohol abuse
or polypharmacy that can lead to faster progression of the liver disease[33].

Diagnosis of PSC relies on the presence of cholestasis markers [alkaline phosphatase (ALP) and gamma-glutamyl
(GGT) transferase], characteristic bile duct changes on imaging and the exclusion of secondary causes[29,20]. The
elevation of serum ALP is the commonest marker[29,32]. ALP is not reliable in children as it can be elevated due to high
bone turnover. So, GGT transferase is more commonly used as a diagnostic marker in the pediatric population[34].
However, the transient blockage of the strictured bile ducts can create fluctuations in ALP and bilirubin levels. The total
serum bilirubin level is usually normal, but an increase or fluctuations in bilirubin levels indicate the presence of
dominant strictures or advanced liver disease[32,35]. The dominant strictures are present in around 45% of adult patients
at the diagnosis of PSC as compared to < 5% in the pediatric population[34]. Additionally, serum aminotransferases are
elevated 2-3 times the upper limit of normal[29]. In cases of a high level of serum aminotransferases, autoimmune
hepatitis should be ruled out[36].

PSC is commonly associated with an underlying IBD, with ulcerative colitis (UC) being the most prevalent. Both PSC
and UC have an autoimmune component, which is reflected in the presence of autoantibodies. The most frequently
reported autoantibodies in PSC and UC are perinuclear antineutrophil cytoplasmic antibodies, found in 26%-94% of PSC
cases and 50%-70% of UC cases[37,38]. Additional autoantibodies reported in PSC include antinuclear antibodies (present
in 8%-77% of patients) and smooth muscle antibodies (present in 0%-83% of patients)[32,38]. However, it's important to
highlight that these autoantibodies lack specificity and are not necessary for a diagnosis of PSC.

Imaging techniques such as abdominal X-ray and ultrasound can reveal abnormal bile ducts and exclude gallstones.
However, these techniques are unable to provide a clear view of intrahepatic biliary ducts. Additionally, sclerosis does
not dilate the ducts enough to be seen on imaging, resulting in suboptimal assessment in suspected cases of PSC[39]. For
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Figure 1 Pathogenesis of disease progression in primary sclerosing cholangitis.

this reason, cholangiography assessment is essential for the diagnosis of PSC, as the morphological features of PSC
mainly involve biliary ductal changes, while liver parenchymal changes develop later[39]. The common imaging findings
in PSC seen on MRCP or endoscopic retrograde cholangiopancreatography (ERCP) include intrahepatic and extrahepatic
bile duct strictures, which alternate with normal or dilated bile ducts showing a beading appearance (Figure 2)[39-41].
MRCP is preferred as an initial non-invasive imaging method, while ERCP is reserved for therapeutic interventions[30,32,
42,43]. The sensitivity and specificity for ERCP in the diagnosis of PSC are 89% and 80% respectively[44]. MRCP has
shown a sensitivity of 86% and specificity of 94% for diagnosis of PSC, with superior cost-effectiveness compared to
ERCP[45,46].

Staging, Prognosis, and Management of PSC

PSC is staged using a four-stage system first developed by Ludwig et al[47] in 1978, which is shown in Table 1. Several
good prognostic factors have been identified, including young age, female sex, small duct phenotype, and the presence of
Crohn'’s disease[48]. In early disease, the Mayo PSC risk score can be useful in predicting short-term survival, but it
cannot predict the need for LT[49,50]. However, a meta-analysis has shown that the United Kingdom-PSC score and the
PSC risk estimate tool are better at predicting long-term risk[51-53]. The components of each prognostic score are listed in
Table 2[49,52-57].

The management of PSC focuses on slowing the disease progression and managing its complications. However, there
is no definitive treatment to halt the disease process. LT is a viable option for advanced cases and has shown favorable
outcomes.

Ursodeoxycholic acid (UDCA), a hydrophilic bile acid, is commonly used in the treatment of cholestatic liver diseases
and is extensively studied in PSC[58]. Its mechanisms of action include protecting cholangiocytes against cytotoxic
hydrophobic bile acids in early stages, stimulating hepatobiliary secretion in more advanced stages, and protection of
hepatocytes against bile acid-induced apoptosis in all stages[59,60]. UDCA has been shown to improve liver function
tests, its impact on survival rates, prevention of CCA, or clinical symptoms is inconclusive[61-63]. However, other data
has shown that meaningful reductions in ALP levels have been associated with better outcomes in PSC[64-66]. In
addition, withdrawing UDCA may be associated with increase in fatigue, pruritus, liver biochemistries, and Mayo PSC
risk score[58,67]. American Association for the Study of Liver Diseases (AASLD) updated their guidelines on PSC
management in 2022, to suggest a dose of 13-23 mg/kg/d of UDCA, with continued use if there is a reduction or normal-
ization of ALP levels and/or improvement of symptoms after 12 mo of treatment[68].

Immunosuppressive therapies, including glucocorticoids, cyclosporine, tacrolimus, methotrexate, and mycophenolate
mofetil, have been explored for PSC treatment. However, a systematic review concluded that these agents, either as
monotherapy or in combination do not reduce the risk of mortality or LT, and monotherapy may increase adverse effects
[69]. Recent findings from a meta-analysis suggest that immune-modulating therapy may benefit patients with high
baseline levels of ALP (> 420 U/L) and aspartate transaminase (> 80 U/L)[70]. Nevertheless, immunosuppressive agents
should be reserved for patients with overlap syndromes such as autoimmune hepatitis-PSC or IgG4-associated
cholangitis[68]. Ongoing clinical trials are investigating potential treatments options, such as cilofexor (a nonsteroidal
farnesoid X receptor agonist), and 24-nor UDCA (a derivative of UDCA), which show promising results[71,72].

Medical management of PSC has several limitations, despite various drugs being investigated, a recent meta-analysis
concluded that there is currently insufficient evidence to show differences in effectiveness measures, such as mortality,
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Table 1 Staging of primary sclerosing cholangitis based on the four-stage system developed

Primary sclerosing cholangitis Histological finding

stages

Stage I Portal stage Presence of portal hepatitis and edema confined to the portal triads with mononuclear infiltration

Stage II Periportal stage The inflammation progresses to the periportal space causing periductal fibrosis with dilation of the portal triads.
There is absence of bridging necrosis or septal fibrosis

Stage III Septal stage Characterized by the presence of fibrous septae and/or bridging fibrosis

Stage IV Cirrhosis Established cirrhosis with the presence of fibrous septa and nodular regeneration

Table 2 Overview of the clinical scores for predicting prognosis in primary sclerosing cholangitis and its components that include

serum-based biomarkers and clinical features

Clinical scores Components

Mayo risk score Age, bilirubin, histological stage, hemoglobin and presence of inflammatory bowel disease

Revised Mayo risk score Age, bilirubin, albumin, aspartate aminotransferase and variceal bleeding

Amsterdam-Oxford model Primary sclerosis cholangitis (PSC) subtype, age at PSC diagnosis, albumin, alkaline phosphatase, aspartate

aminotransferase, bilirubin and platelets

Short-term United Kingdom- Bilirubin, albumin, hemoglobin, and platelets count at diagnosis

pSC risk score

Long-term United Kingdom- Age at diagnosis, bilirubin at the second year, alkaline phosphatase at the second year, albumin at the second year,
pSC risk score platelets at the second year, presence of extrahepatic biliary disease at diagnosis, and variceal hemorrhage by the

second year

Primary sclerosing cholangitis Bilirubin, albumin, alkaline phosphatase, platelets, aspartate transaminases, hemoglobin, sodium, PSC duration and
risk estimate tool age

Model for end stage liver disease Dialysis at least twice in the past week, creatinine, bilirubin, international normalized ratio and sodium

Child-Pugh score Bilirubin, albumin, international normalized ratio, ascites and encephalopathy

health-related quality of life, cirrhosis, or LT between any active pharmacological intervention and no intervention[73].
The high risk of bias in most assessed trials further underscores the need for well-designed randomized controlled trials
with adequate follow-up in order to improve pharmacological management of patients with PSC. An overview of various
clinical trials and meta-analysis assessing the efficacy and adverse effects of medications used in management of PSC is
described in Table 3[61-63,69,70,72,74-76].

While most cases of PSC are characterized by multifocal bile duct strictures, a few have a localized high-grade stricture
(dominant stricture) superimposed on diffuse disease that can cause jaundice or cholangitis[77]. Furthermore, CCA may
appear as a dominant stricture[78,79]. Hence, brush cytology of the biliary tree, endobiliary biopsy, and fluorescence in
situ hybridization should be performed to assess it[68]. AASLD recommends ERCP for the evaluation of relevant
strictures as well as new-onset or worsening pruritus, unexplained weight loss, worsening serum liver test abnormalities,
rising serum cancer antigen 19-9, recurrent bacterial cholangitis, or progressive bile duct dilation[68]. However, it is
important to consider that PSC patients undergoing ERCP have an increased risk of bacterial cholangitis and pancreatitis,
so antimicrobial prophylaxis should be administered before the procedure[30-84].

Liver Transplant in PSC

Indications for liver transplant in PSC: LT is performed in patients with PSC when medical therapy has reached its
limits[85]. PSC is a hepatic condition with a variable clinical course. LT becomes necessary when the patient develops
end-stage liver disease and complications related to portal hypertension, such as ascites, hepatic encephalopathy, variceal
hemorrhage, or spontaneous bacterial peritonitis[51,85]. In 2006, United Network Of Organ Sharing reported that 6650
patients received liver transplants, while 17221 were on the waiting list[86]. To address the insufficient number of
deceased donors and long wait times, living donor liver transplant (LDLT) emerged as an alternative with favorable
outcomes for acute and chronic liver diseases, provided appropriate selection criteria[87,88].

In the United States, Model For End Stage Liver Disease (MELD) score is used by Organ Procurement and
Transportation in Network (OPTN) to prioritize liver transplant recipients. LT is considered when MELD score is > 15,
indicating hepatocellular dysfunction[85]. The MELD score incorporates the patient’s serum bilirubin level, international
normalized ratio, and serum creatinine level[89]. MELD exceptions for LT are granted to patients with at least two
admissions within a 1-year period for acute cholangitis with a documented bloodstream in infection or with evidence of
sepsis requiring vasopressors for hemodynamic instability, as well as those with a diagnosis of CCA[90]. The inclusion
and exclusion criteria for LT in patients with CCA are detailed in Table 4[68,91]. The LT process involves a multidiscip-
linary team with different roles, as outlined in Table 5[92].
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Table 3 Overview of important clinical trials and meta-analysis assessing medications used in management of primary sclerosing cholangitis

Results

Symptoms Marker values

Ref. Year Type Objective i i i
Death (fatigue, - '°' Histological L ibin, GGT,

Cholangiographic T e et Adverse

. transplantation improvement changes events
pruritus) P P ALP, ALT or AST) g
Ursodeoxycholic acid
Shietal ~ 2009 Meta-analysis of Evaluate the effect and safety of ~ No No significant No significant Significant No significant effect ~ No significant effect ~ No significant difference No
[74] RCT (8 RCT, 465 UDCA in PSC significant  effect effect difference on improvement on incidence significant
patients) effect difference on
incidence
Othman 2012 Meta-analysis of Investigate the efficacy of UDCA  No No significant No significant No significant  Significantly decrease No significant effect ~ No significant difference No
et al[61] RCT (7 RCT, 553 in PSC significant  effect effect effect ALP, GGT, bilirubin,  on improvement on incidence significant
patients) effect ALT or AST difference on
incidence
Poropat 2011 Meta-analysis of Assess the beneficial and harmful No No significant No significant No significant  Significantly decrease No significant effect ~ No significant difference No
et a[62] RCT (8 RCT, 592 effects of BA for patients with significant  effect effect effect ALP, GGT, bilirubin ~ on improvement on incidence significant
patients) PSC effect or AST. Not difference on
significant effect on incidence
albumin
Triantos 2011 Meta-analysis of Evaluate if UDCA is useful for No No significant No significant No significant ~ Not reported Not reported No significant difference Not reported
et al[63] RCT (8 RCT, 567 PSC significant  effect effect effect on incidence
patients) effect
Immunosuppressive therapies: glucocorticoids, cyclosporine, tacrolimus, methotrexate and mycophenolate mofetil
Pengetal 2017 Meta-analysis of Evaluate the safety and efficiency No Not reported  No significant Not reported No significant Not reported Not reported Significant
[69] RCT (7 RCT, 266 of IA for the treatment of PSC significant effect improvement on liver increase on
patients) effect biochemistry except incidence
AST
Liuetal 2022 Meta-analysis (7 Assess the efficacy and adverse Not Not reported  Not reported Not reported Significantly decrease Not reported Not reported 16.1% of
[70] RCT and 14 observa- effects of immunomodulators in  reported ALP. Not significant patients had
tional, 737 patients)  adult patients with PSC effect on bilirubin severe AEs'
and AST
Antibiotics
Shahetal 2019 Meta-analysis of Assess the effect of antibiotic Not Not reported  Not reported Not reported Significant reduction  Not reported Not reported 8.9 % of
[75] clinical trials (3 RCT  therapy (vancomycin, reported in ALP and bilirubin patients had
and 2 open labeled metronidazole, rifaximin and severe AEs'
trials, 124 patients) ~ minocycline) in PSC with or
without inflammatory bowel
disease
Probiotics
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2008 RCT that included
14 patients

Newer drugs

Fickert et
al[72]

2017 RCT that included
161 patients
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Assess potential beneficial effects Not No significant Not reported Not reported No significant effect ~ Not reported Not reported
of probiotics in PSC reported effect on bilirubin, ALP,

GGT, AST, ALT,

prothrombin,

albumin or bile salts

Evaluate the safety and efficacy =~ Not No significant Not reported Not reported Significantly decrease Not reported Not reported
of three doses of oral nor UDCA  reported effect ALP, GGT, ALT or

compared with placebo in AST

patients with PSC

Not reported

14 patients
had severe
AE!

IResults of this outcome were not included in the meta-analysis. It was derived from the assessment of individual studies. GGT: Gamma-glutamyl; ALP: Alkaline phosphatase; AE: Adverse effects; RCT: Randomized controlled trial;

AST: Aspartate Aminotransferase; ALT: Alanine transaminase; PSC: Primary sclerosing cholangitis; UDCA: Ursodeoxycholic acid; BA: Bile acids.
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Psychosocial evaluation in liver transplant candidates: Patients with PSC may experience anxiety, depression, substance
use disorder, or other psychological symptoms due to the chronic and potentially progressive nature of the disease[93].
35%-65% of transplant candidates meet criteria for an internalizing disorder as a result of waiting and anticipating
surgery[94]. Chronic illness can impact the quality of life, especially in case of conditions like PSC where patients may
have unpredictable flares of symptoms. The psychological evaluation can also help in identifying coping strategies that
patients can use to manage their symptoms and improve their overall well-being[93]. Various psychological instruments
used for psychosocial evaluation in transplant candidates are listed in Table 6[93].

Overall, the medical and psychological evaluation in PSC plays a crucial role in assessing the severity of the disease
and identifying any associated conditions, as well as addressing psychological factors that may affect the patient's quality
of life[93].

Ethical considerations in liver transplant candidates: Organ transplantation raises significant ethical considerations,
making it one of the most controversial disciplines in medicine[95]. Key ethical concerns related to organ retrieval include
accurately diagnosing brain death, respecting the patient's known wishes regarding organ donation, and upholding the
principle of altruism in living organ donation[96]. When it comes to living organ donors, ensuring their understanding of
the surgery’s risks, benefits and potential complications is crucial, especially during the informed consent process.
Comprehensive discussions on short-term and long-term outcomes should take place at this stage[97]. There is notable
regional variability in the application and acceptance of MELD exceptions for LT. A study revealed that, despite OPTN'’s
clinical criteria, nearly 80% of exception applications for PSC and cholangitis were approved by regional review boards
regardless of the indication[98]. This highlights the need for a standardized national review board to ensure equitable
access to LT for patients with PSC and bacterial cholangitis[98].

Sex-based disparities in organ transplantation are also a concern. The MELD score, which relies on creatinine levels,
underestimates true renal function in females due to lower muscle mass. Additionally, men face an increased risk of
hepatocellular carcinoma, which can lead to MELD exceptions[95]. A analysis of waitlisted candidates from the scientific
registry for transplant recipients showed that Hispanics with MELD scores < 20 had an 8% lower deceased donor liver
transplant (DDLT) rate compared to Whites[99]. Asian patients with MELD score < 15, on the other hand, had a 24%
higher DDLT rate compared to Whites, but this rate dropped by 46% for Asian patients with MELD scores between 30-40
compared to Whites[99]. As the field of LT continues to evolve, addressing ethical concerns requires filling knowledge
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Table 4 Inclusion and exclusion criteria for patients with cholangiocarcinoma being considered for Model For End Stage Liver Disease

exception points

Inclusion criteria Exclusion criteria

Evidence of positive tumor cells or cells strongly suspicious for ~ Evidence of extra hepatic disease or lymph node enlargement
CCA on biopsy

Malignant appearing stricture on radiograph and 1 of the Previous malignancy excluding skin or cervical cancer within 5 yr before diagnosis of
following criteria (a or b or c) cholangiocarcinoma

a. Ca 19-19 > 100 U/mL in the absence of acute bacterial History of abdominal radiotherapy

cholangitis

b. Polysomy on fluorescence in-situ hybridization Uncontrolled infection before treatment

c. Hilar mass < 3 cm in radial diameter on cross-sectional Prior attempt of surgical tumors reaction and subsequent violation of tumor plane
imaging

- Any medical condition precluding transplantation

- Any transperitoneal biopsy including percutaneous and/ or endoscopic ultrasono-
graphic-guided fine needle aspiration

CCA: Cholangiocarcinoma.

Table 5 Role of multidisciplinary team involved in the process of liver transplantation

Role Description

Transplant hepatologist A medical doctor who specializes in liver disease
Liver transplant surgeon Evaluates the patient and determines whether a liver transplant is the best option by considering surgical contraindications

Transplant nurse Serves as the primary contact for the patient throughout the transplant process, ensures that testing is up-to-date, and provides
coordinator education on the transplant process

Transplant social worker Focuses on the psychological and social aspects of end-stage liver disease and provides mental health support as needed

Transplant nutritionist ~ Assesses the patient's nutritional status, including weight patterns and dietary intake, and makes recommendations for an
optimal diet

Financial coordinator Reviews the patient's medical insurance coverage and assists with obtaining adequate coverage for the transplant

Transplant pharmacist Reviews the patient's medication list for any contraindications before the transplant and provides education on new
medications after the transplant

gaps with robust and carefully gathered data that go beyond the informed consent of donors[95].

Outcomes of liver transplant in patients with PSC: The one-year and five-year survival rates were better in patients with
LT for impaired quality of life (97.4% and 94.9%) as compared to patients with LT for end-stage liver disease (91.4% and
88.6% respectively) based on a retrospective study on 74 patients with LT[100]. The one-year and five-year survival rates
for patients with suspicion of neoplasia prior to the LT were 95.8% and 74.1% respectively[100]. A larger study of 6071
patients had similar outcomes with patient survival rate of 89.7%, 79.8%, 70.7%, 58.3%, 43.8% and 20.4% respectively at 1,
5,10, 15, 20, and 30 years respectively[101]. Based on a study of 6911 LT patients from the OPTN database, the unadjusted
survival rate was significantly higher among the LDLT group as compared to the DDLT group[102]. The most common
factors associated with death after LT were infections, malignancies, cardiovascular diseases, graft failure (GF) due to
rejection, and hepatic artery thrombosis (HAT)[101,103,104].

Patients with LT for PSC have an acute cellular rejection (ACR) rate of 20-40%, requiring additional immunosup-
pression[105]. ACR does not affect long-term graft or survival outcomes in patients with LT, as opposed to patients with
renal transplant[105]. A retrospective study of patients with a diagnosis of PSC (24 patients) and PSC-autoimmune
hepatitis overlap (2 patients) without evidence of CCA at the time of LDLT showed allograft rejection successfully
managed by immunosuppression in 11.5% patients, postoperative bile leak in 7.6% patients managed conservatively, and
biliary stricture in 11.5% patients with successful ERCP and biliary stent placement[103]. Biliary strictures and bile leaks
are other common complications after LT with an incidence of 5%-15% in patients who received DDLT and 28%-32% in
recipients of right lobe LDLT[106]. The mean time interval for presentation of biliary strictures after LT is 5-8 mo[106].
Biliary strictures are classified into anastomotic variant and non-anastomotic (NAS) variant. NAS variants may be caused
due to HAT and non-HAT etiologies like chronic ductopenic rejection, ABO incompatibility, PSC causing recurrent or
ischemic strictures, age of the donors, duration of use of vasopressors, prolonged cold and warm ischemia times, preser-
vative injury, and donation after cardiac deaths[106]. NAS variants related to ischemia usually present within one year
and those related to immunological factors present after one year of LT[107].
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Table 6 Psychological instruments for psychosocial evaluation of transplant patients

Instrument name

Scoring/rating

Reliability

Validity

Beck depression inventory

Hamilton depression
rating scale

General health
questionnaire

Primary care evaluation of
mental disorders-patient
health questionnaire

Self-report measure of
depressive symptoms

Clinician-rated scale to
assess severity of
depressive symptoms

Self-report measure of
general mental health

Self-report measure of
common mental disorders

21-item scale, higher scores
indicate more severe depressive
symptoms

17-item scale, higher scores
indicate more severe depressive
symptoms

12-item or 28-item scale, higher
scores indicate poorer mental
health

9-item scale, higher scores
indicate greater severity of
mental disorder symptoms

High test-retest reliability,
internal consistency, and
concurrent validity

High inter-rater reliability,
internal consistency, and
concurrent validity

High internal consistency,
test-retest reliability, and
concurrent validity

High sensitivity and
specificity, test-retest
reliability, and convergent

Established validity in
measuring depressive
symptoms in various
populations

Established validity in
measuring depressive
symptoms in various
populations

Widely used in assessing
mental health in general
populations

Widely used in primary
care settings to screen for
mental disorders

validity

Transplant evaluation Clinician-rated scale to 10 aspects of psychosocial

rating scale assess psychosocial functioning rated on a 5-point
functioning in transplant  scale, higher scores indicate
recipients better adjustment

Good inter-rater reliability
and validity in liver
transplant recipients

Specific to evaluating
psychosocial functioning in
transplant recipients

Psychosocial assessment of ~ Clinician-rated scale to 8 subscales rated on a 5-point Established reliability and
candidates for assess psychosocial accept- scale, with initial and final overall validity in evaluating

Widely used in evaluating
transplant candidate

transplantation ability of transplant ratings psychosocial acceptability of  suitability
candidates transplant candidates
Stanford integrated Clinician-rated scale to Comprehensive assessment Limited data on reliability and Developed specifically for

psychosocial assessment  assess psychosocial covering multiple domains of validity, but shows promise in evaluating psychosocial
for transplantation functioning in transplant  psychosocial functioning transplant candidate functioning in transplant
candidates evaluation candidates

DOI: 10.4254/wjh.v15.i8.939 Copyright ©The Author(s) 2023.

Figure 2 A cholangiography showing common findings in primary sclerosing cholangitis i.e the presence of multiple short narrowings
(shown by arrows) and dilatations in the intra and extrahepatic bile ducts, creating a distinctive "beaded pattern”.

A study based on the review of 22 publications with a total of 1399 patients who underwent LT for PSC showed that
the recurrence rate of PSC was around 18.5%, ranging from 5.7%-59.1%[108]. Another study with a patient population of
230 had a recurrence rate of 23.5% with a median of 4.6 years after LT[108]. Some of the most common factors related to
an increased risk of recurrence of PSC are presence of HLA-DRB1*08 in the donor or recipient, absence of donor HLA
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DR52, older and younger recipients, male recipients, development of UC after LT, requirement of a longer duration of
maintenance therapy with steroids (> 3 mo), steroid resistant ACR, and the presence of CCA or concurrent infection with
cytomegalovirus in the donor[108]. Due to a high recurrence rate of PSC in patients and a 4-fold increase in the risk of GF
or mortality within 5 years of LT; liver re-transplant (ReLT) is considered to extend survival[109].

Quality of life and psychological outcomes after liver transplant: The health-related quality of life (HRQOL) and
employment after LT depends on the etiology of the ESLD. In a cross-sectional study of 356 patients post LT, the return to
employment rates within six months were highest amongst patients with PSC (2.4 times) and alcoholic cirrhosis (2.5
times) as compared to patients with primary biliary cirrhosis. However, post LT HRQOL was comparable among
different ESLD etiologies[110]. Early retirement was also significantly higher, reaching 83% in patients with PSC[110].
Most commonly reported symptoms of physical distress after LT were fatigue, muscle weakness, increased appetite,
headache, backache, and bruising which were higher in females over one year as compared to men[111]. The most
commonly reported symptoms of psychological distress at one year were sleeplessness and mood swings, followed by
nervousness, depression, and difficulty concentrating[111]. Recipients of LT rated their overall health as 7.17 + 2.22 out of
a possible score of 10 based on a questionnaire adapted from Karnofsky functional performance scale, medical outcomes
study short form (SF-36), and psychosocial adjustment to illness scale, with 10 being the best outcome[112]. The greatest
benefit reported post LT was “being alive”. The worst factor reported about being a LT recipient was dependence on
medications and the cost of insurance and medications[112].

Future directions in management of PSC: Recent advancement in digital technology have opened up new possibilities of
enhancing the understanding of liver anatomy and vascular structures through the creation of three-dimensional (3D)
liver models using data from computed tomography and magnetic resonance imaging scans[113]. PSC often involves the
development of strictures and narrowing of the bile ducts, making LT surgery more challenging[114]. The emerging
technique of 3D liver transplant offers surgeons assistance in planning surgical procedures, including precise identi-
fication of blood vessels and bile ducts, improving the accuracy and efficiency of transplant surgeries[115,116].

Stem cell therapy and gene therapy represent two emerging treatments with potential for managing PSC. Stem cell
therapy involves using stem cells to repair and regenerate damaged liver tissue[117]. Various types of stem cells , such as
mesenchymal stem cells, induced pluripotent stem cells, and embryonic stem cells, have been investigated for their
potential in treating liver diseases, including PSC. Studies indicate that stem cell therapy may reduce inflammation and
promote tissue regeneration in PSC cases[117,118]. Gene therapy, on the other hand, utilizes genes to modify the
expression of specific proteins involved in the development and progression of the disease. One potential target for gene
therapy in PSC is the nuclear factor kappa B (NF-xB) pathway, which plays a role in liver inflammation regulation.
Inhibiting the NF-xB pathway has shown promise in reducing inflammation and fibrosis in PSC[119]. Despite the
potential benefits of stem cell and gene therapies in PSC, further research is needed to determine their safety and efficacy.
Ongoing clinical trials are evaluating the use of these therapies in PSC treatment, and their outcomes will determine their
future role in managing the disease[117].

CONCLUSION

LT plays a very crucial role in the management of patients with PSC due to limited options and studies on outcomes with
medical management. This review offers a summary of clinical features, diagnosis, medical management and a detailed
discussion on the indications, clinical and psychosocial outcomes, ethical dilemmas, and future aspects in the field of liver
transplant for management of PSC. The review also highlights the important aspect of pReLT psychosocial evaluation, as
well as psychosocial outcomes post-transplant, which plays a pivotal role in preventing mental health crises in the
patients. Significant efforts need to be directed towards addressing the ethical issues in liver transplant for equity of the
care. Patients with PSC will also greatly benefit from more advances in the medical management of PSC.
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Abstract

Alcohol-associated hepatitis (AAH) is a severe form of liver disease caused by
alcohol consumption. In the absence of confounding factors, clinical features and
laboratory markers are sufficient to diagnose AAH, rule out alternative causes of
liver injury and assess disease severity. Due to the elevated mortality of AAH,
assessing the prognosis is a radical step in management. The Maddrey discri-
minant function (MDF) is the first established clinical prognostic score for AAH
and was commonly used in the earliest AAH clinical trials. A MDF > 32 indicates
a poor prognosis and a potential benefit of initiating corticosteroids. The model
for end stage liver disease (MELD) score has been studied for AAH prognost-
ication and new evidence suggests MELD may predict mortality more accurately
than MDF. The Lille score is usually combined to MDF or MELD score after
corticosteroid initiation and offers the advantage of assessing response to
treatment a 4-7 d into the course. Other commonly used scores include the
Glasgow Alcoholic Hepatitis Score and the Age Bilirubin international normalized
ratio Creatinine model. Clinical AAH correlate adequately with histologic severity
scores and leave little indication for liver biopsy in assessing AAH prognosis.
AAH presenting as acute on chronic liver failure (ACLF) is so far prognosticated
with ACLF-specific scoring systems. New artificial intelligence-generated
prognostic models have emerged and are being studied for use in AAH. Acute
kidney injury (AKI) is one possible complication of AAH and is significantly
associated with increased AAH mortality. Predicting AKI and alcohol relapse are
important steps in the management of AAH. The aim of this review is to discuss
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the performance and limitations of different scoring models for AAH mortality, emphasize the most useful tools in
prognostication and review predictors of recurrence.

Key Words: Alcohol-associated hepatitis; Prognostic scores; Mortality; Maddrey discriminant function; Model for end stage
liver disease; Acute kidney injury
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Core Tip: Clinical prognostic scores for alcohol-associated hepatitis (AAH) are reliable and commonly minimize the need for
histological assessment. Model for end stage liver disease (MELD) score is recently showing superiority compared to the
commonly used Maddrey Discriminant function for AAH prognostication. Combining MELD at diagnosis with day 4 (or
day 7) Lille score when managing severe AAH would be interesting to validate as a superior mean of assessing AAH
prognosis. Acute kidney injury is a complication of AAH with significant impact on mortality. It is therefore important to
account for when managing AAH.
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INTRODUCTION

Alcohol consumption could result in numerous liver diseases, the most severe one being alcohol-associated hepatitis
(AAH). AAH, otherwise known as alcoholic hepatitis, is clinically characterized by rapidly progressing jaundice, malaise,
tender hepatomegaly, and discreet systemic inflammatory response syndrome (SIRS) features[1]. While the burden of this
disease is well known, little improvement in survival has been noted over the years[2]. Therefore, research and
development for AAH are desperately needed to improve patients” outcomes and reduce its morbidity and mortality. In
fact, since the coronavirus disease 2019 pandemic, the incidence of AAH has increased by over 50%, with a subsequent
increase in referrals to liver transplant centers for patients with AAH[3,4]. Additionally, liver transplant waiting list
additions increased by 105.6% and liver transplant recipients increased by 411.8% in patients with AAH[5]. The mortality
of AAH may be as high as 30% at 28 d and surpass 50% at 1 year[1]. Several prognostic scores have been created and
studied throughout the years in an attempt to predict the mortality of AAH. For instance, the Maddrey discriminant
function (MDF), conceived in 1978, has been the first[6] and the most discussed score for the assessment of disease
severity and guidance of treatment initiation. However, emerging data has supported other prognostic scores such as the
model for end stage liver disease (MELD) score. Among others scores, the dynamic Lille score is renowned for its ability
to assess the response of AAH to therapy as the disease progresses. There is no consensus regarding the superiority of
one score compared to the other. This review aims to discuss the most recent evidence regarding the clinical relevance
and performance of the available AAH prognostic scores.

DIAGNOSIS AND SEVERITY OF ALCOHOL-ASSOCIATED HEPATITIS: CLINICAL, BIOLOGICAL AND
HISTOLOGICAL FEATURES

AAH is a potentially fatal complication of chronic alcohol abuse that commonly occurs after a sudden increase in alcohol
consumption. Although AAH may present abruptly, it most often progresses insidiously over days or weeks with
patients complaining of fatigue and malaise followed by anorexia, nausea and vomiting before developing ascites or
jaundice[7]. While the latter are the most important symptoms for diagnosis in clinical practice settings, other signs and
symptoms may be seen including tender hepatomegaly, low-grade fever, and abdominal pain[8]. The diagnosis is mainly
clinical, however abdominal imaging should also be performed to rule out obstructive biliary disease. Additional workup
should rule out acute viral hepatitis, severe autoimmune liver disease and Wilson disease[9,10]. The gold-standard
diagnostic test remains liver biopsy. The decision of performing biopsy should be guided by the pre-test probability of
AAH and should consider the risk of complications such as bleeding. As per the AAH consortia in 2016 outlining the
consensus criteria for the diagnosis of AAH[9], the clinical diagnosis of AAH is based on the presence of typical clinical
features as well as laboratory tests that help rule out other causes of liver injury and guide treatment decisions. The most
important clinical feature is the onset of jaundice within 8 wk of heavy alcohol consumption overlying a daily
consumption that is superior to 40 g/d in women and 60 g/d in men for at least 6 mo. Serum bilirubin level is typically
above 3 mg/dL. Other important features include elevated transaminases (aspartate aminotransferase AST > 50, AST to
alanine aminotransferase ratio ALT ratio > 1.5) that do not surpass 400 IU/L[9].
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The diagnosis of definite, probable, or possible AAH depends on the presence of those typical clinical features as well
as laboratory tests that help rule out other causes of liver injury and guide treatment decisions (Table 1)[9,11]. While
histological confirmation remains the gold standard, this approach not always necessary when other clinical and
laboratory features are clearly suggestive of AAH. Liver biopsy may also help guide treatment decisions in some cases,
for example, when there is uncertainty about the severity of liver injury or if drug-induced liver injury is suspected[10].
Histological features of AAH include microvesicular steatosis, periportal Mallory-Denk bodies, and neutrophilic infilt-
ration in the portal areas. Altamirano et al[12] proposed an AAH histologic scoring system that included degree of
fibrosis, neutrophil infiltration, type of bilirubinostasis, and presence mega-mitochondria. The authors were able to
demonstrate that this scoring system was correlated with severity of liver dysfunction as well as mortality. However, this
scoring system has not yet been validated in large cohorts and thus not yet routinely used clinically.

While histologic scoring systems may help to assess the severity of AAH, practically, clinical features remain the most
important practical determinant of prognosis[8]. Patients with more severe disease are more likely to require hospital-
ization and have a higher mortality rate. Multiple clinical scoring systems that assess the severity of liver disease of any
cause exist, including MELD, Child-Turcotte-Pugh and Chronic Liver Failure Consortium-C (CLIF-C) ACLF (acute-on-
chronic liver failure) scores[13]. Some scores were particularly aimed at predicting outcomes in AAH and are widely used
including MDF and Age Bilirubin international normalized ratio (INR) Creatinine model (ABIC). Scoring criteria, clinical
application and interpretation of relevant AAH prognostic scores are detailed in Table 2. While all these scoring systems
have some value, they are far from perfect and need to be interpreted with caution. Head-to-head comparisons of these
scores are lacking and it is unclear which, if any, is superior.

Patients with severe AAH have increased short-term mortality rates, causes include portal hypertension complications,
multiorgan failure (liver, kidney) and infections[14]. Assessment of the severity of AAH remains a complex task that
requires careful clinical evaluation as well as consideration of multiple laboratory and imaging tests. The relevance of
clinical prognostic scores to AAH pathophysiology is explained and illustrated in Figure 1.

PROGNOSTIC SCORING SYSTEMS

Maddrey discriminant function

MDF was the first prognostic score found for AAH. It was found through the discriminant analysis of biologic parameters
associated with mortality in AAH. This was how, in an early clinical trial, Maddrey et al[6] found an independent
association with death from AAH between the increase in prothrombin time (PT) and total bilirubin levels at the start of
their study.

Discriminant Function = 4.6 x (Pt’s PT-control PT) + TBili.

Data on MDF sets the cutoff for severe AAH at 32, where patients with a score lower than 32 have a proven survival
rate of 90% at 30 d without steroid therapy, which defines AAH as mild to moderate when MDF < 32. On the other hand,
patients with MDF 32 or higher showed mortality exceeding 20%-30% at 30 d (severe AAH = MDF 2 32), and can be used
as a threshold for initiation steroid therapy if no contraindications exist[15].

MDF was largely used in randomized controlled trials evaluating benefit of steroid therapy in AAH, which reported
heterogenous results. In a meta-analysis of 418 patients with AAH, decreased 1-mo mortality after corticosteroid therapy
vs placebo was proven only in severe AAH (defined as MDF > 32) or in patients with hepatic encephalopathy (relative
risk reduction of 36%)[16].

In a post-hoc multivariate analysis of the STOPAH trial (a large study that studied the effect of prednisolone vs pentox-
ifylline on 28-d mortality), treatment with prednisolone displayed significantly improved survival at 28 d, which was
limited to short term mortality when MDF > 32. No significant difference in mortality at 90 d or 1 year was found. Of
note, the original STOPAH trial did not show any benefit with prednisolone vs placebo on 28-d mortality[17]. Because the
trial was stopped prematurely (difficult to follow patients out long-term), 33 individuals were not included in 90 d or 1
year follow up and another 159 could not be followed for a full year. Even though the investigators met their goal
enrollment of 1026 patients, the lower mortality than expected and use of MDF without liver biopsy probably led to many
misclassifications. Furthermore, no taper was used in prednisolone treatment which may have caused harm to patients
when they stopped taking the medication.

The above evidence elicits the role of MDF in AAH severity assessment and treatment decisions since it was commonly
applied in the concerned trials. However, it has some drawbacks which give grounds for studies on evaluating potential
superiority of other scores. MDF is calculated using PT and bilirubin. Despite its wide use in mortality prediction, the
MDF lacks some important components which would strongly predict prognosis, such as serum creatinine[18]. Moreover,
PT is dependent on the control subject measurement, which creates variability among laboratories. These drawbacks
make it mandatory to review research on other scores that might display better performance in AAH mortality prediction
than MDF. There have been increasing reports that the MELD can exhibit superiority in AAH mortality prediction
compared to MDF[18,19].

MELD score

The MELD is based on INR, bilirubin and creatinine. The new MELD-Na score also encompasses sodium levels. It is a
widely used tool in prognostic and severity assessment of AAH. MELD score demonstrates comparable performance to
MDF in mortality prediction at 1 mo (Se = 86%, Sp = 86%)[20,21] and at 90 d (Se = 75%, Sp = 75%). For example, a MELD
score above 20 predicts 20% mortality at 90 d[22]. Concerning the initiation of corticosteroid therapy in patients with
AAH, benefit was proven for patients with MELD > 20, with evidence being the strongest in the range 25 to 39[23]. MELD
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Table 1 Alcohol-associated hepatitis diagnosis probability in clinically suspected Alcohol-associated hepatitis[11]

Category Potential confounding factors' Biopsy indication

Definite AAH N/A AAH clinically diagnosed and biopsy proven. Biopsy may
inform of the mechanism of injury

Probable AAH No confounding factors AAH clinically diagnosed, biopsy not indicated

Possible AAH Potential confounding factor present AAH clinically diagnosed but biopsy is indicated for

confirmation

Potential confounding factors: (1) Possible ischemic hepatitis (hypotension, severe upper gastrointestinal bleed, cocaine use within 7 d); (2) Possible
metabolic liver disease (Wilson disease, alpha 1 antitrypsin deficiency); (3) Hepatotoxic medication within 30 d of onset of jaundice (drug-induced liver
injury); (4) Uncertain alcohol intake (if the patient denies excessive alcohol use); (5) Atypical liver function test pattern (aspartate aminotransferase < 50 or
> 400 IU/L, aspartate aminotransferase/alanine aminotransferase < 1.5); and (6) positive antinuclear antibody ANA > 1:160 or smooth muscle antibody
SMA > 1:80; AAH: Alcohol-associated hepatitis.

Table 2 Alcohol-associated hepatitis prognostic scores: Components, purpose, clinical application and interpretation

Clinical score  Components Purpose Clinical application Interpretation
MELD INR, bilirubin (total), Assess severity of liver Calculate on initial presentation MELD 2 20 = severe AAH
Creatinine, Sodium disease and predict short-
term mortality
Maddrey PT (measured and Assess severity and Calculate on initial presentation MDF 2 32 = severe AAH
Discriminant control), bilirubin (total)  prognosis of alcoholic
function hepatitis
GAHS Age, WBC, BUN, Assess severity and Calculate on initial presentation GAHS 29 = severe AAH
Bilirubin, PT (measured  prognosis of alcoholic
and control) hepatitis
ABIC Age, bilirubin, INR, PT Assess prognosis of Use in patients on steroid therapy < 6.71 low mortality risk; 6.71-8.99

Lille score

Alcoholic
hepatitis
histological score

(measured and control)

Age, bilirubin (initial,
and day 4 OR day 7),
albumin, creatinine, PT

Histologic features of
liver injury

alcoholic hepatitis in
patients on steroid
therapy

Assess response to
corticosteroid therapy in
patients with alcoholic
hepatitis

Assess severity and
prognosis of alcoholic
hepatitis

Use in patients on steroid therapy, at
day 4 and/or day 7 to assess response
and indication to continue steroids

Calculate on biopsy based on: Fibrosis
stage, bilirubinostasis, polymorpho-
nuclear infiltration, and megamito-

intermediate mortality risk; > 9.00
high mortality risk

< 0.45 at day 4-7 = favorable
response to steroid therapy; > 0.45
at day 4-7 = little/no response to
steroid therapy

0-3: Mild AAH; 4-5: Moderate
AAH; 6-9: Severe AAH

chondria

MELD: Model for end-stage liver disease; INR: International normalized ratio; BUN: Blood urea nitrogen; WBC: White blood cells; MDF: Maddrey
discriminant function; AAH: Alcohol-associated hepatitis; PT: Prothrombin time; GAHS: Glasgow alcoholic hepatitis score; ABIC: Age-bilirubin-INR-

creatinine score.

score is widely used in prioritizing transplant receipt in patients with cirrhosis, that includes patients with severe AAH
who are considered to have acute-on-chronic liver failure.

Limitations of MELD score are related to elevated creatinine levels accentuating predicted mortality even when liver
function is recovering. Acute kidney injury (AKI) is only one potential complication of AAH, the others (such as portal
hypertension, infections, multiorgan failure) are not accounted for in the MELD score. Also, creatinine levels have
interpersonal variability with factors such as sex, nutrition, and age, which could also create heterogeneity in MELD score
profiles among individuals with similar degrees of hepatic injury, which might not correlate adequately with mortality
levels. Sodium levels are also prone to fluctuation related to diuretic/free water administration rather than liver disease.
Moreover, it is documented that MELD score for the same individual could differ depending on laboratory measurement
of its variables (INR+++ > creatinine > bilirubin)[24-27].

MELD vs MDF: Which score is superior?

Multiple studies have compared MELD and MDF scores in predicting outcomes in AAH. A recent multinational
retrospective analysis by Morales-Arréez et al[18](n = 2581), proved MELD superiority to MDF with a significant
difference in the area under the curve in predicting mortality at 1 mo and 3 mo. The studied population was diversified
by recruiting patients throughout 85 tertiary centers in 11 different countries from 3 different continents. The diversity of
the population in the study of Morales-Arréaez et al[18] reinforces findings by a previous analysis of the STOPAH trial by
Forrest et al[28] in terms of MELD score superiority to MDF in AAH mortality/severity prediction, a finding reflected by
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Figure 1 Pathophysiology of alcohol-associated hepatitis and correlation with prognostic scores. As hepatocytes metabolize ethanol, reactive
oxygen species are generated and mediate hepatocyte injury through lipid peroxidation. Injured hepatocytes become unable to adequately perform their functions,
this includes albumin and clotting factor synthesis as well as bilirubin transport. Damaged hepatocytes release inflammatory molecules such as danger-associated
molecular patterns known as “DAMPs” which favor a systemic inflammatory response system (SIRS). With systemic inflammation, white blood cell count rises, and
albumin concentration decreases. SIRS also precipitates acute kidney injury, resulting in a rise in serum creatinine and body urea nitrogen concentrations and causes
decreased bilirubin clearance. Large amounts of ethanol alter the gut microbiome and increase intestinal permeability through the downregulation of tight junctions
which impairs bile acid metabolism. Furthermore, there is favored growth of pathogenic bacteria that pathogen-associated molecular patterns (PAMPs). PAMPs reach
the portal circulation through increased intestinal permeability and activate Kupffer cells in the liver. Which in turn amplifies systemic inflammation and the resulting
consequences through cytokine secretion[8]. PAMP: Pathogen-associated molecular patterns; SIRS: Systemic inflammatory response system; BUN: Blood urea
nitrogen; MDF: Maddrey discriminant function; INR: International normalized ratio; MELD: Model for end-stage liver disease; GAHS: Glasgow alcoholic hepatitis
score; PT: Prothrombin time.

multiple other database analyses of more homogeneous populations around the world[29-31]. More details on the
advantages and disadvantages of both scores as well as differences in scoring criteria are listed in Table 3. To analyze the
evidence mentioned above: Despite the disadvantages of including creatinine levels in the MELD score and the
abundance of MDF use and validation in early AAH trials, accounting for AKI in AAH prognosis is a large advantage of
the MELD score over MDF as it addresses an important determinant of AAH mortality. Furthermore, using INR
minimizes laboratory-dependent differences in PT values which provides a notable advantage to using MELD over MDF.

A glimpse of other prognostic scores

Glasgow alcoholic hepatitis score: It is based on total bilirubin, age, blood urea nitrogen (BUN), PT and leukocyte count
(white blood cell count; WBC). WBC and BUN are variables unique to GAH. GAH has demonstrated superior specificity
and accuracy in predicting mortality in comparison to MDF or MELD, however GAH sensitivity to 1- and 3-mo mortality
is inferior to MDF or MELD[32]. While the concern for short-term mortality of AAH is substantial, a test with high
sensitivity is preferred. GAH adds benefit in clinical decision making by complementing MDF: If MDF > 32, a GAHS 9 or
greater is more accurate in predicting mortality, therefore in filtering steroid treatment indications. GAHS was only
studied in a relatively homogenous population from one country, population, thus making it solely validated in the
United Kingdom[33].

The ABIC model: Age, bilirubin, INR and serum creatinine level classifies patients into categories according to their
survival risk. Risk groups are low, medium, and high, with respective survival rates of 100%-70%-25%. ABIC model is
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Table 3 Alcohol-associated hepatitis prognostic scores advantages and limitations

Advantages

Limitations

Clinical score  Components

MELD INR, bilirubin (total),
creatinine, sodium

Maddrey PT (measured and control),

discriminant bilirubin (total)

function

GAHS Age, WBC, BUN, bilirubin,
PT (measured and control)

ABIC Age, Bilirubin, INR, PT

(measured and control)

Lille score Age, bilirubin (initial, and
day 4 OR day 7), albumin,
creatinine, and PT

Alcoholic Histologic features of liver

MELD or MELD-Na 2 20 predicts
high mortality at 30 d, consider
corticosteroid therapy

MDF 2 32 predicts high mortality at
30 d, consider corticosteroid
therapy. Oldest, most commonly
used score

GAHS 29 is in favor of high
mortality, helpful for selecting
candidates for steroid treatment

Score < 6.71 has high negative
predictive value to detect patients
with low risk

Lille score < 0.45 at day 7 (or 4)
implies good response to corticost-
eroids

Can be combined with clinical

(1) Mortality overestimation with elevated creatinine levels; (2)
interpersonal variability of creatinine levels; (3) extrahepatic causes
of sodium fluctuations; and (4) does not account for markers of
AAH complications other than kidney and liver failure

(1) AKT and other AAH complications not reflected in MDF; (2) PT
use instead of INR; and (3) low specificity

(1) Only studied on the British population; and (2) lower sensitivity
for short-term mortality compared to MELD/MDF

(1) Not used for deciding on steroid initiation; and (2) low accuracy
for predicting mortality in severe group

(1) Complex to calculate; (2) uses PT instead of INR; and (3) bias
secondary to elevated creatinine levels and interpersonal variability
of creatinine

(1) Requires liver biopsy (invasive); and (2) static

prognostic scores for more accurate
mortality risk stratification

hepatitis
histological score

injury

MELD: Model for end-stage liver disease; INR: International normalized ratio; BUN: Blood urea nitrogen; AKI: Acute kidney injury; WBC: White blood
cells; MDF: Maddrey discriminant function; AAH: Alcohol-associated hepatitis; PT: Prothrombin time; GAHS: Glasgow alcoholic hepatitis score; ABIC:

Age-bilirubin-INR-creatinine score.

helpful in prognosticating patients with AAH who were initiated on steroid treatment. However, ABIC model is not
commonly used in assessing the indications for treatment initiation[34].

Static vs dynamic scores

As stativity brings bias into prognostic scoring for multiple reasons, some of which are mentioned above, dynamic
scoring has been proposed and studied. Lille score adds dynamicity through the incorporation of bilirubin levels at 2
points in time: baseline levels and levels at day 7 of steroid therapy. Lille score is based on the concept that a decrease in
bilirubin levels at the first week of treatment is a sign of good prognosis meaning that a score lower than 0.45 is
suggestive of steroid treatment benefits outweighing the risks[35]. On the other hand, a Lille score higher than 0.45
reflects a lack of response to steroids and therefore a low likelihood of benefiting from additional days of treatment[36].
New studies are in favor of calculating Lille score at day 4 with comparable performance to day 7, this reduces the
limitation of having to wait for 7 d[37].

Despite recent studies favoring MELD over MDF, combining MELD score (static) with Lille score (dynamic) would be
interesting to evaluate on large populations in future studies on this matter given fluctuating course of disease, need for
treatment response assessment and superior performance of combinations compared to single scores.

One limitation of clinical prognostic scores is performance in the long term. Few studies evaluate long term
performance. In one of the studies, mortality of AAH patients at 1 year was found to be significantly lower when MELD <
20,10.4% vs 31.4% MELD > 20 (P < 0.001)[38]. In another retrospective study, patients with MDF < 32 had a 50% mortality
at 5 years, but the study did not feature any comparison to patients with MDF > 32[39]. In a comparison of the most
commonly used scores in 44 patients with biopsy proven AAH: GAHS, MDF, MELD, and ABIC scores all performed
poorly in survival prediction after the 6-mo mark[40].

Prognostication of AAH presenting as acute on chronic liver failure

Alcohol is an important trigger for decompensation of chronic liver disease, including ACLF. The AAH scores mentioned
above fail to encompass multiple organ failure beyond acute kidney injury. ACLF prognostic scores are applied to
patients with severe AAH complicated by organ failure as mortality rates are similar in ACLF whether infection or AAH
are incriminated. Notable prognostic scores for ACLF are: CLIF-C (European) ACLF, Asian Pacific Association for the
Study of the Liver acute-on-chronic liver failure Research Consortium (AARC), North American Consortium for the
Study of End-Stage Liver Disease (NACSELD)[41].

Clinical score correlation with histologic severity

As previously discussed, clinical data is the cornerstone of AAH prognostication. Histologic severity has been studied,
with AHHS (alcoholic hepatitis histological score) being proposed by Altamirano ef al[12] to predict 90-d mortality
through the combination of histological parameters that were most strongly associated to death. Overall, no statistical
difference was found among MELD, ABIC and AHHS in 90-d mortality prediction. However, there are cases with added
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benefit to combining clinical and histological scores. In patients with MELD < 21, 90-d survival was higher when AHHS
was < 5 compared to 5 or higher (94% vs 72%; P = 0.001). Similarly, patients with ABIC B (medium risk) and AHHS <5
have shown a potentially lower risk of death at 90 d, vs a moderate risk of death at 90 d (95% vs 70% survival, P = 0.003)
for ABIC B patients with AHHS 5 or higher[12,42].

Role of artificial intelligence in AAH prognostication

As artificial intelligence (AI) has been more commonly incorporated in health care, there have been attempts of
optimizing AAH prognostication through Al Of note, a multicenter retrospective cohort by Kezer et al[43] validated a
new 30-d mortality scoring system based on age, BUN, albumin, bilirubin and INR. The score was derived through Al
The Mortality Index for Alcohol-Associated Hepatitis. Performance showed comparable accuracy to clinical scores,
however superiority was only demonstrated compared to MDF but not to MELD[43].

In a recent abstract by Dunn ef al[44], a new Al-generated score was created with the aim of predicting 90-d survival in
AAH and validated in a multicenter international retrospective cohort. The score incorporates age, INR, bilirubin,
creatinine, albumin, blood urea nitrogen and neutrophil to lymphocyte ratio. The abstract reports statistical superiority to
MDF, MELD, MELD-Na, MELD 3.0. ABIC, GAHS. Steroid use showed decreased mortality at 30 d in those with
ALCHAIN score 0.30-0.70.

ROLE OF SCORING SYSTEMS IN PREDICTING KIDNEY INJURY

As previously discussed, AAH elevated short-term mortality correlates with numerous complications, developing AKI is
one of them. AKI is an important prognostic determinant in AAH, which makes predicting AKI risk in a patient with
AAH an important step in management. It has been demonstrated that patients with liver failure and/or fulfillment of
the SIRS criteria in addition to the nephrotoxic effects of alcohol are linked to the occurrence of AKI[45-47].

In a multicentric prospective cohort conducted by Sujan et al[48], AAH with AKI were more likely to have hepatic
encephalopathy, SIRS criteria upon admission, higher MELD, baseline bilirubin, creatinine and INR. In a second phase,
the study developed a risk score for AKI. AUROC was 0.74 (95%CI: 0.69-0.80; P < 0.001). AKI risk score incorporates SIRS,
hepatic encephalopathy presence and MELD score on admission. The score stratifies AKI risk to three categories: Low (<
3), moderate (3-4), and high (> 4). Patients with AKI risk score classified as high had significantly higher short-term
mortality compared to those with moderate and low AKI risk scores (90-d survival respectively 47% vs 68% vs 88%, P
value < 0.001)[48].

PREDICTING ALCOHOL RECIDIVISM

Treating AAH includes minimizing the risk for recurrence. Alcohol recidivism prediction is routinely done when
evaluating patients for liver transplant. In the United States, 6 mo of alcohol abstinence are usually required for liver
transplant (LT) consideration in most centers. This period is useful in terms of observing patients with AAH for clinical
improvement/adherence to the treatment plan (abstinence), and even possibly the dissipation of the need for LT.
However, the pitfall of the 6-month abstinence condition involves depriving patients with overall poor prognosis and
high mortality rates from receiving a curative intervention[49].

Parallel to AAH severity scoring tools, Sustained alcohol use post-liver transplantation score, Stanford Integrated
Psychosocial Assessment for Transplantation, Alcohol Relapse Risk Assessment, and High-Risk Alcoholism Relapse are
all scores developed to be used when considering patients with AAH for LT. So far, these scores have not formally been
used alone for selecting LT candidates given the high stakes. More studies are required to optimize our understanding of
their reliability[50].

CONCLUSION

The mortality of patients with severe AAH emphasizes the need for accurate prognostication when managing cases of
AAH. Many clinical scores have been studied and used, the most common notable being MELD, MDF and Lille score.
While MDF is the oldest and the most popularly used score (MDF > 32) to determine the indication for corticosteroid
initiation in AAH, MELD score has been increasingly showing superiority in assessing AAH severity. Dynamic prognost-
ication is superior to static. Therefore, initiating steroids for a MELD of 20 or above and continuing them for a day 7 Lille
score < 0.45 (favorable response to steroids) is the logical approach towards managing severe AAH. However, more
research on AAH is necessary to improve our understanding of the major driving factors that will lead the way to
improving our prediction models.
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Abstract

BACKGROUND

Tenofovir alafenamide (TAF) has a serum lipid-raising effect in patients with HIV;
however, its effect on serum lipids and nonalcoholic fatty liver disease (NAFLD)
risk in patients with chronic hepatitis B (CHB) is unclear.

AIM

To compare the effects of TAF and entecavir (ETV) on serum lipid levels in
patients with CHB.

METHODS

In this retrospective cohort study, the data including the clinical features, serum
lipids, and metabolic factors of patients with CHB at baseline and approximately 1
year after TAF or ETV treatment were collected and analyzed. We used prope-
nsity score-matched models to assess the effects on high-density lipoprotein, low-
density lipoprotein, triglycerides, and total cholesterol (TCHO).
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RESULTS

A total of 336 patients (75.60% male) were included; 63.69% received TAF and 36.31% received ETV. Compared
with the ETV group, the TAF group had significantly higher TCHO levels after treatment (4.67 + 0.90 vs 4.36 + 1.05,
P =0.006). In a propensity score-matched model for body mass index, age, sex, smoking, drinking, presence of
comorbidities such as NAFLD, cirrhosis, diabetes mellitus, and hypertension, TAF-treated patients had
significantly increased TCHO levels compared to that at baseline (P = 0.019). There was no difference for the ETV
group. Body mass index, sex, hypertension, baseline TCHO, and creatine kinase-MB isoenzyme levels were
significantly associated with elevated TCHO levels in logistic regression analysis. However, 1-year TAF treatment
did not increase the incidence of NAFLD.

CONCLUSION
A greater increase in TCHO was observed in patients with CHB receiving TAF compared to those receiving ETV.
However, TAF-induced dyslipidemia did not increase the incidence of NAFLD.

Key Words: Tenofovir alafenamide; Entecavir; Hepatitis B virus; Serum lipid; Metabolic factor

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study compared the effects of tenofovir alafenamide (TAF) and entecavir on serum lipid levels in chronic
hepatitis B patients. The results suggested that TAF-treated patients had significantly increased triglycerides, and total
cholesterol levels compared to that at baseline, while there was no difference in the entecavir group. However, dyslipidemia
caused by TAF therapy did not increase the incidence of nonalcoholic fatty liver disease. Our findings indicated that the
potential impact of anti-viral therapy on the lipid profile may be an important consideration in the treatment choices for
chronic hepatitis B patients with abnormal metabolic factors.

Citation: Lai RM, Lin S, Wang MM, Li N, Zhou JH, Lin XY, Chen TB, Zhu YY, Zheng Q. Tenofovir alafenamide significantly
increased serum lipid levels compared with entecavir therapy in chronic hepatitis B virus patients. World J Hepatol 2023; 15(8): 964-
972

URL: https://www.wjgnet.com/1948-5182/full/v15/i8/964.htm

DOI: https://dx.doi.org/10.4254/wjh.v15.i8.964

INTRODUCTION

Hepatitis B virus (HBV) infects approximately 240 million people worldwide, including approximately 86 million people
in China[l]. Chronic hepatitis B (CHB) may lead to decompensation of cirrhosis and hepatocellular carcinoma (HCC),
which are the leading causes of mortality in patients with CHB[2]. Nonalcoholic fatty liver disease (NAFLD) is a hepatic
manifestation of metabolic syndrome (MetS), with a cumulative prevalence of 24% worldwide[3]. In recent decades, the
prevalence of NAFLD has significantly increased in China, leading to the coexistence of NAFLD and CHB. Dyslipidemia,
which is characterized by high triglyceride (TG), high total cholesterol (TCHO), low high-density lipoprotein (HDL), and
high low-density lipoprotein levels, is strongly associated with NAFLD and MetS[4].

Interferon and nucleoside analog therapies cannot completely eradicate HBV infection[5]. Many patients require long-
term anti-HBV therapy with potent oral drugs tenofovir alafenamide (TAF) and entecavir (ETV), which are
recommended as first-line treatment in HBV clinical practice guidelines[6]. TAF has also recently been incorporated into
antiretroviral regimens for people with HIV, and we observed its impact on serum lipid levels in these individuals. A
prospective cohort study showed that patients with HIV infection treated with a TAF-containing regimen had
significantly worse blood lipid levels, especially those with higher LDL and TCHO[7]. In a recent real-world study,
switching from tenofovir disoproxil fumarate (TDF) to a TAF-containing regimen in HIV-infected patients resulted in a
significant increase in serum lipid profiles[8]. However, data on the effects of TAF on serum lipid levels in patients with
HIV may be limited by the potentially confounding effects of concomitant antiretroviral HIV drugs.

The effect of ETV on serum lipid profiles has not yet been reported in postmarketing studies. A retrospective cohort
study showed greater reductions in TCHO, LDL, and HDL levels in patients with CHB treated with TDF than in those
treated with ETV[9]. TAF is considered the successor of TDF; however, no studies have compared the effects of TAF and
ETV on lipid profiles in HBV-treated patients. Meanwhile, there are limited data on the effects of TAF on metabolism-
related complications in real-world settings. Therefore, this retrospective cohort study aimed to characterize the effect of
TAF on serum lipid levels and NAFLD risk in patients with CHB, and we compared the pretreatment and post-treatment
serum lipid profile changes after initiation of either TAF or ETV anti-viral therapy.
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MATERIALS AND METHODS

Eligibility/study subjects

This study included all patients with CHB older than 18 years who visited the outpatient department of the Hepatology
Research Institute of the First Affiliated Hospital of Fujian Medical University between January 2020 and January 2021.
Information such as patient demographics, treatment history, laboratory data, and comorbidities was extracted from the
electronic medical record system. CHB was defined according to the Guidelines for the Prevention and Treatment of
Chronic Hepatitis B (2019) of China[10]. Diagnosis of decompensated cirrhosis was confirmed by ultrasonography or
imaging for inclusion in the study. Finally, the study included 336 participants (Figure 1) who were taking TAF or ETV
and had a pretreatment serum lipid profile and repeated serum lipid assessment after initiating anti-viral therapy for 1
year. Exclusion criteria were as follows: (1) Less than 1 year of anti-viral therapy; (2) Use of other oral anti-viral drugs
during the study period; (3) Use of lipid-lowering drugs; (4) Complicated with other liver disease or pregnancy; (5)
Heavy alcohol intake (amounting to ethanol consumption of > 40 g/day for males and > 20 g/day for females).

Measurement of parameters /data collection

The collected clinical and demographic data included age, sex, body mass index (BMI), drinking and smoking habits, date
of anti-viral treatment initiation, cirrhosis, and comorbidities [diabetes mellitus (DM), hypertension, and NAFLD]. A fatty
liver was identified using ultrasonography. Clinical laboratory information included HBV-DNA, hepatitis B surface
antigen, aspartate aminotransferase, alanine aminotransferase, glomerular filtration rate, uric acid, creatinine, creatine
kinase (CK), CK-MB isoenzyme, fasting serum lipid profiles (TCHO, TG, HDL, and LDL), and baseline fasting blood
glucose levels. The parameters were measured by the clinical laboratory of the First Affiliated Hospital of Fujian Medical
University, and data were collected before and 1 year after the initiation of anti-viral therapy. This retrospective study
was approved by the Ethics Committee of the First Affiliated Hospital of Fujian Medical University, China.

Statistical analysis

Statistical analyses were performed using SPSS 23.0. Normally distributed continuous variables were presented as mean
* standard deviation, which were further evaluated by Student’s t-test for the different treatment groups. Categorical
variables were described using frequencies and proportions, and Pearson’s y? test was used to compare categorical
variables. The paired f-test and McNemar's test were used to assess the differences between the levels before and after
treatments in the same treatment group. We calculated the pretreatment and post-treatment differences in each lipid
profile component in order to evaluate the impact of anti-viral therapy on lipid profile.

Propensity score-matched models were used to assess the effect of treatment type (TAF vs ETV) on lipid profile
component changes. All propensity score-matched models were adjusted for BMI, age, sex, fatty liver disease, cirrhosis,
DM, hypertension, smoking, and drinking. We presented the average changes in the model coefficients. Finally, logistic
regression analysis was used to estimate the odds ratio of the association between baseline factors and elevated TCHO
levels. Statistical P values less than 0.05 were considered significant.

RESULTS

Summary of baseline clinical and demographic data of TAF-treated and ETV-treated CHB patients

Overall, 336 CHB patients receiving anti-viral therapy (TAF, n = 214 vs ETV, n = 122) were included in the study. The
mean age was 46.67 years, 75.60% were male, and 30.95% were cirrhotic at baseline. Patients were older in the ETV group
(P =0.001), but the two groups had a similar rate of NAFLD (TAF: 35.05% vs ETV: 26.23%, P = 0.122) and BMI (TAF: 22.97
vs ETV: 23.78, P = 0.152). However, hypertension and cirrhosis were more prevalent in the ETV group (17.21% vs 7.94%, P
=0.016 and 40.98% vs 25.23%, P = 0.004, respectively). TAF and ETV had similar levels of hepatitis B surface antigen (3.07
vs 3.04, P = 0.787) and HBV-DNA (1.94 vs 1.86, P = 0.560) (Table 1) as well as no statistically significant differences in
serum alanine aminotransferase and aspartate aminotransferase levels.

Comparison of serum lipid profiles before and after anti-viral therapy in TAF-treated vs ETV-treated CHB patients
TCHO, TG, LDL, and HDL values in the TAF-treated and ETV-treated individuals were comparable at baseline (prior to
anti-viral medication). In the TAF-treated group, post-treatment serum lipoprotein levels were considerably higher than
the pretreatment levels for TCHO (4.51 £ 0.93 vs 4.67 £ 0.90, P = 0.001) and TG (1.25 £ 0.67 vs 1.37 £ 0.81, P = 0.014),
whereas HDL and LDL levels did not change in the TAF group over the duration of our study. Further, the TAF group
showed significantly higher post-treatment TCHO levels compared with that in the ETV group (4.67 + 0.90 vs 4.36 + 1.05,
P =0.006). However, TAF treatment did not increase the incidence of NAFLD after 1 year of follow-up (Table 2). In the
ETV cohort, there was no significant difference between the pretreatment and post-treatment serum lipoprotein levels.

TAF as an independent predictor of TCHO level change

Using propensity score-matched models for BMI, age, sex, smoking, drinking, and presence of comorbidities such as
NAFLD, cirrhosis, DM, and hypertension, we assessed the impact of TAF compared to ETV on achieving an increase in
the levels of the serum lipid profile (Table 3). Patients treated with TAF had a statistically significant increase in TCHO
levels (P = 0.019), which was 5% higher than that in the baseline lipid profile.
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Table 1 Summary of demographic and clinical characteristics at baseline of chronic hepatitis B patients on tenofovir alafenamide or

entecavir therapy

Characteristic TAF, n=214 ETV,n=122 P value
Age in yr 43.38 +10.42 49.96 +11.82 0.001
Male 158 (73.83) 96 (78.69) 0.387
BMI in kg/m? 22,97 £2.93 23.78 + 3.30 0.152
Smoking 16 (7.48) 15 (12.30) 0.203
Drinking 13 (6.07) 14 (11.48) 0.123
ALTinU/L 36.60 + 36.87 30.44 + 20.00 0.089
ASTin U/L 28.01 + 26.41 24.50 +13.58 0172
logHBsAg in ng/mL 3.07 +0.92 3.04 +0.84 0.787
logDNA in [U/mL 1.94+1.23 1.86 +1.05 0.56
CREA in pmol /L 73.68 +15.87 74.82 +16.78 0.535
UA in pmol/L 353.52 + 89.10 357.23 + 84.29 0.708
GFR in mL/min 103.48 +15.01 97.86 +14.17 0.001
CK in U/L 157.23 + 444.75 12291 +71.31 0.401
FBG in mmol/L 5.18 +0.80 552 +1.61 0.011

Concurrent diseases

Hypertension 17 (7.94) 21 (17.21) 0.016
DM 20 (9.35) 13 (10.66) 0.844
NAFLD 75 (35.05) 32 (26.23) 0.122
Cirrhosis 54 (25.23) 50 (40.98) 0.004

Data are presented as n (%). ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; CK: Creatine kinase; CREA:
Creatinine; DM: Diabetes mellitus; ETV: Entecavir; FBG: Fasting blood-glucose; GFR: Glomerular filtration rate; HBsAg: Hepatitis B surface antigen;
NAFLD: nonalcoholic fatty liver disease; TAF: Tenofovir alafenamide; UA: Uric acid.

Table 2 Comparison of serum lipid profile before and after 1 year of anti-viral therapy either tenofovir alafenamide or entecavir

Characteristic TAF, n = 214, statistic P value' ETV, n=122, statistic P value' P value’
Pre-Tx TCHO in mmol/L 451+ 0.93 0.001 4.41+1.03 0.275 0.376
Post-Tx TCHO in mmol/L 4.67 +0.90 4.36+1.05 0.006
Pre-Tx TG in mmol/L 1.25 +0.67 0.014 1.33£0.75 0.052 0.35
Post-Tx TG in mmol/L 1.37+0.81 1.24 +0.61 0.126
Pre-Tx HDL in mmol/L 1.32 040 0.794 1.26 +0.40 0.879 0.246
Post-Tx HDL in mmol/L 1.32£0.36 1.27 £0.41 0.285
Pre-Tx LDL in mmol/L 3.12+0.90 0.785 3.06 +1.01 0.078 0.543
Post-Tx LDL in mmol/L 3.14+0.92 3.15+1.00 0.906
Pre-Tx NAFLD 75 (35.05) 0.125 32 (26.23) 1 0.122
Post-Tx NAFLD 70 (32.71) 31 (25.41) 0.16

IComparing the pretreatment and post-treatment variables (paired) in each therapy type.
“Comparing the same variable (either pretreatment or post-treatment) according to type of therapy. ETV: Entecavir; HDL: High density lipoprotein; LDL:
Low-density lipoprotein; NAFLD: Nonalcoholic fatty liver disease; TAF: Tenofovir alafenamide; TCHO: Total cholesterol; TG: Triglycerides; Tx: Treatment.
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Table 3 Impact of tenofovir alafenamide on achieving a higher level of total cholesterol in chronic hepatitis B patients

TCHO, increased change (%) by using TAF compared with

Characteristic ETV', OR (95%Cl) P value
5% higher than baseline 1.88 (1.11, 3.16) 0.019
10% higher than baseline 1.70 (0.94, 3.09) 0.081
15% higher than baseline 2.07 (0.99, 4.34) 0.055

1All propensity score-matched models were adjusted for body mass index, age, sex, nonalcoholic fatty liver disease, cirrhosis, diabetes mellitus,
hypertension, smoking, and drinking. The increased percentage change was presented by using tenofovir alafenamide (TAF) compared with entecavir
(ETV).

’The increased change was transformation of the treatment effect coefficients in propensity score-matched models. CI: Confidence interval; OR: Odds ratio;
TCHO: Total cholesterol.

N = 650 patients with CHB presented N = 314 excluded
to our hospital from January 2020 to n = 102 < 48 weeks anti-viral therapy
January 2021 Received ETV or TAF n = 81 incomplete lipid profile
therapy n = 63 using other anti-viral therapy

n = 49 started on lipid lowering agent
n = 19 complicated with other liver
diseases or heavy alcohol intake

n = 336 included

| ¥

TAF therapy for 48 wk ETV therapy for 48 wk
n=214 n=122

' !

Serum lipid profiles
(HDL, LDL, TG, TCHO)

DOI: 10.4254/wjh.v15.i8.964 Copyright ©The Author(s) 2023.

Figure 1 Flowchart of study participants. CHB: Chronic hepatitis B; TAF: Tenofovir alafenamide; ETV: Entecavir, TCHO: Total cholesterol; HDL: High density
lipoprotein; LDL: Low-density lipoprotein; TG: Triglycerides.

Risk factors were associated with elevated TCHO levels in CHB patients with 1-year TAF therapy

Logistic regression analysis was used to evaluate the risk factors associated with the worsening of TCHO levels
(Figure 2). BMI, sex, hypertension, the baseline TCHO, and CK-MB levels were significantly associated with elevated
TCHO levels. Furthermore, a nomogram incorporating statistically significant parameters in the logistic regression
analysis was constructed, and the total points predicted the probability of elevated TCHO levels in individual patients.

DISCUSSION

In this real-life retrospective cohort study of 336 patients with CHB who received anti-viral therapy for 1 year, we
compared fasting serum lipid profiles before and after initiation of either TAF or ETV treatment. In the TAF-treated
cohort, we found a significant increase in the serum TCHO and TG levels compared with no difference in patients who
received ETV. However, there were no concomitant significant changes in serum HDL or LDL levels in TAF-treated
patients. Recent data have demonstrated that MetS increased the risk of progression of liver fibrosis independent of viral
factors in patients with CHB[11,12]. Elevated TCHO and TG levels as MetS risk factors were related to a high risk of
cirrhotic events in patients with CHB; thus, the results of this investigation may affect the decision regarding anti-viral
therapy in CHB patients with cirrhotic risk factors.

TAF has been used as first-line therapy for CHB and HIV infections. Dyslipidemia and metabolic disorders have been
linked to the prolonged use of TAF to treat HIV infection. Previous studies found that the serum lipid profile increased in
HIV patients switching from TDF to TAF therapy, and the effect of increased serum lipids on the risk of cardiovascular
events cannot be ignored[13-15]. Therefore, whether dyslipidemia due to TAF treatment in patients with CHB would lead
to an increased risk of NAFLD is also a concern. Studies have reported that patients with CHB and NAFLD have better
liver-related outcomes and overall mortality than those with CHB alone[16]. It is increasingly recognized that metabolic
factors, which are precursors of NAFLD, can also be used to evaluate the risk of HCC in patients with CHB[17,18].

In our study, patients who received TAF therapy for 1 year did not have a significantly increased risk of developing
NAFLD. However, owing to the short follow-up period of our study, the effect of TAF on increasing the incidence of
NAFLD still needs to be evaluated over a longer follow-up period, and more data are required to better elucidate this.
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Figure 2 Nomogram plot predicted the probability of the elevated total cholesterol level for individual patients receiving tenofovir
alafenamide therapy. BMI: Body mass index; CK-MB: Creatine kinase-MB isoenzyme; TCHO: Total cholesterol.

It was unclear how TAF increased lipid concentrations, but the mechanism was independent of the patient’s HIV status
because a similar effect of TAF has been reported in HIV-negative patients receiving CHB therapy. Notably, a higher
proportion of TAF-treated CHB patients experienced higher levels of LDL than the TDF group at the 48-wk follow-up[19,
20]; however, the use of lipid-lowering agents was not described. In our study, the increased TCHO levels with TAF
treatment represented a small change in the propensity score-matched model (5% higher than baseline, P = 0.019), but we
did not find a significant change in the LDL profile compared to the ETV treatment group. Regular serum lipid
measurements might not accurately capture the intricate alterations in lipid metabolism brought on by anti-viral
medication. A recent study showed that TDF modulates lipid metabolism by upregulating hepatic CD36 via PPAR-a
activation in patients with HBV infection[21]. However, the mechanism by which TAF increases serum lipid profiles
remains unclear, and further studies are required.

In addition, in multivariate logistic regression analysis, metabolic factors, including BMI, hypertension, baseline
TCHO, and CK-MB levels, were significantly associated with elevated TCHO levels, demonstrating an important impact
of metabolic factors in terms of the elevated lipid profile caused by TAF. Previous studies have reported the effects of
MetS on the adverse outcomes of fibrosis in patients with CHB[22,23]. Furthermore, some studies have confirmed that
metabolic factors positively affected the risk of HCC in patients with HBV infection[17,24]. Based on the results
mentioned above, the treatment options for patients with CHB who have the aforementioned aberrant metabolic
variables may need to consider the potential effects of TAF medication on blood lipid levels.

Our study had some limitations. First, not all relevant clinical data were obtained from the treatment databases, and
important data elements, such as lifestyle risk factors (i.e. exercise and diet) and family history, were not fully
documented. Second, this was not a multicenter study, and we adjusted for baseline factors through a propensity score-
matched model. Therefore, the observed increase in the TCHO profile may be due to the effect of anti-viral treatment.
Third, the effect of TAF on the incidence of NAFLD cannot be elucidated well because of the short follow-up time.
However, this study provided real-world data from China regarding the relationship between TAF-treated patients with
CHB and changes in serum lipid levels. Large-scale multicenter prospective studies should be conducted in the future to
further evaluate the effects of CHB and anti-HBV therapies on the risk of dyslipidemia, NAFLD, cirrhosis, and HCC.

CONCLUSION

In this real-life retrospective cohort study in China, we found that TAF was significantly associated with higher TCHO
levels, whereas ETV had no effect in patients with CHB treated for 1 year. Risk factors (BMI, sex, baseline TCHO and CK-
MB levels) were significantly associated with elevated TCHO levels. In the future, we will focus on increased NAFLD risk
and not just changes in serum lipid profiles. Further studies will help elucidate the effect of TAF on long-term metabolic-
related complications in patients with CHB.
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ARTICLE HIGHLIGHTS

Research background

In recent decades, the prevalence of nonalcoholic fatty liver disease (NAFLD) has significantly increased in China, leading
to the coexistence of NAFLD and chronic hepatitis B (CHB). Many patients require long-term anti-hepatitis B virus (HBV)
therapy with potent oral drugs tenofovir alafenamide (TAF) and entecavir (ETV), which are recommended as first-line
treatment in HBV clinical practice guidelines. However, no studies have compared the effects of TAF and ETV on lipid
profiles in HBV-treated patients. Meanwhile, there are limited data on the effects of TAF on metabolism-related complic-
ations in real-world settings.

Research motivation

Many patients require long-term anti-HBV therapy with the potent oral drugs TAF and ETV, which are recommended as
first-line treatment in HBV clinical practice guidelines. TAF has a serum lipid-raising effect in patients with HIV;
however, its effect on serum lipids and NAFLD risk in patients with CHB is unclear.

Research objectives

This retrospective cohort study aimed to characterize the effect of TAF on serum lipid levels and NAFLD risk in patients
with CHB, and we compared the pretreatment and post-treatment serum lipid profile changes after initiation of either
TAF or ETV anti-viral therapy.

Research methods

The data including the clinical features, serum lipids, and metabolic factors of patients with CHB at baseline and approx-
imately 1 year after TAF or ETV treatment were collected and analyzed. We used propensity score-matched models to
assess the effects on high-density lipoprotein, low-density lipoprotein, triglycerides, and total cholesterol (TCHO).

Research results

Compared with the ETV group, the TAF group had significantly higher TCHO levels after treatment (4.67 £ 0.90 vs 4.36 +
1.05, P=0.006). In a propensity score-matched model, TAF-treated patients had significantly increased TCHO levels
compared to that at baseline (P = 0.019), while there was no difference for the ETV group. Body mass index, sex,
hypertension, baseline TCHO, and creatine kinase-MB isoenzyme levels were significantly associated with elevated
TCHO levels in logistic regression analysis. However, 1-year TAF treatment did not increase the incidence of NAFLD.

Research conclusions
Our study found that a greater increase in TCHO was observed in patients with CHB receiving TAF than in those
receiving ETV; however, TAF-induced dyslipidemia did not increase the incidence of NAFLD.

Research perspectives

This was not a multicenter study, and most of patients with CHB in this study were Asians. Large-scale multicenter
prospective studies should be conducted in the future to further evaluate the effects of CHB and anti-HBV therapies on
the risk of dyslipidemia, NAFLD, cirrhosis, and hepatocellular carcinoma.
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Abstract

BACKGROUND

Hepatitis C virus (HCV) is defined as a public health problem by the World
Health Organization (WHO) and since then has defined targets through the HCV
elimination. The HCV cascade of care highlights the progress towards these goals
and essential interventions that need to be delivered along this continuum care.

AIM

To document the treatment cascade for patients with HCV infection at the
Hospital Nossa Senhora da Conceicao (HNSC), defining the percentage of
antibody-positive patients who collected molecular biology tests (polymerase
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chain reaction), attended outpatient clinic assistance, underwent treatment, and achieved a virologic cure termed
sustained virologic response (SVR).

METHODS

With the retrospective cohort design, patients diagnosed with HCV infection in the period between January 1, 2015
and December 31, 2020 were included. Data from HCV notification forms, electronic medical records,
Computerized Laboratory Environment Manager System, and Medicine Administration System (evaluation of
special medications) were collected in 2022 and all information up to that period was considered. The data were
analyzed with IBM SPSS version 25, and Poisson regression with robust simple variance was performed for
analysis of variables in relation to each step of the cascade. Variables with P < 0.20 were included in the
multivariate analysis with P < 0.05 considered significant. Pearson’s chi-square test was applied to compare the
groups of patients who persisted in follow-up at the HNSC and who underwent follow-up at other locations.

RESULTS

Results were lower than expected by the WHO with only 49% of candidates receiving HCV treatment and only
29% achieving SVR, despite the 98% response rate to direct acting antivirals documented by follow-up
examination. The city of origin and the place of follow-up were the variables associated with SVR and all other
endpoints. When comparing the cascade of patients who remained assisted by the HNSC vs external patients, we
observed superior data for HNSC patients in the SVR. Patients from the countryside and metropolitan region were
mostly assisted at the HNSC and the specialized and continuous care provided at the HNSC was associated with
superior results, although the outcomes remain far from the goals set by the WHO.

CONCLUSION

With the elaboration of the HCV cascade of care using local data, it was possible to stratify and evaluate risk factors
associated with losses between each step of the cascade, to inform new strategies to guide elimination efforts in the
future.

Key Words: Cascade of care; Elimination; Hepatitis C virus; Sustained virologic response
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Core Tip: Hepatitis C virus (HCV) is defined as a public health problem by the World Health Organization and since then has
defined targets through the HCV elimination. The present study aimed to document the treatment cascade for patients with
HCYV infection at a hospital in southern Brazil. With the retrospective cohort design, patients diagnosed with HCV infection
between 2015 and 2020 were included to create the HCV cascade of care described as five exposure columns according to
the stages of HCV care. Variables were related to each step of the cascade to identify obstacles for patients to reach the last
step. With the elaboration of the HCV cascade of care using local data, it was possible to stratify and evaluate risk factors
associated with losses between each step of the cascade, to inform new strategies to guide elimination efforts in the future.
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INTRODUCTION

The World Health Organization (WHO) set the goal of diagnosing 90% of cases of viral hepatitis and treating 80% of
diagnosed cases with the aim of reducing the incidence by 90% and mortality attributable to hepatitis by 65% by 2030[1].
The hepatitis C virus (HCV) care cascade represents the care that patients receive in the respective health services and
consequently illustrates the basic indicators of the WHO targets[2]. In the first stage are people with HCV infection, in the
second are the patients aware of the diagnosis of HCV, in the third, those who underwent treatment, and in the fourth
stage, those who achieved cure with viral suppression from 12 wk to 24 wk after the end of treatment[2-4]. Other stages
can be added, such as retention in care and after cure monitoring, but it is difficult to standardize the criteria, hindering
the possibility of later comparison([3].

The elaboration of the treatment cascade facilitates the identification of barriers and groups of risks which we must
work with[3,5]. The correlation between sociodemographic variables and results between stages is an important tool for
the analysis of the HCV cascade of care[6]. Mental health problems, change in follow-up location, and restriction of
information about the disease were detected as causes of failures in the stages of chronic HCV treatment in a study by
health professionals[7]. Therefore, the construction of local cascades is necessary for the understanding of gaps in current
practices and the elaboration of changes[8].

WJH | https://www.wjgnet.com 974 August 27,2023 | Volume15 | Issue8 |

Jaishideng®


https://www.wjgnet.com/1948-5182/full/v15/i8/973.htm
https://dx.doi.org/10.4254/wjh.v15.i8.973

Vaucher MB et al. Hepatitis C stages of care in southern Brazil

Brazil joined the Hepatitis C Elimination Plan in 2017[9]. Since then, the country has been developing and imple-
menting guidelines of care and prevention to guarantee a greater access to diagnostic tests and the treatment for all
patients with chronic HCV infection and acute hepatitis C and children with infection by HCV[9]. Retreatment is also
possible, especially after the availability of new direct-acting antivirals (DAAs)[9]. Despite the measures instituted in
Brazil, there are no data available for the elaboration of a local cascade of care, which determines the need to qualify
national databases to monitor the hepatitis elimination policy[10].

The South region of Brazil is responsible for the highest detection rate of confirmed HCV infection in the country and
also for the highest mortality rate, with higher rates than national data[11]. Within this region, the city of Porto Alegre, in
2020 was the second capital with the highest HCV detection rate, and in 2021 the first, even higher than the national rate
[11]. The Hospital Nossa Senhora da Concei¢do (HNSC) in Porto Alegre is a tertiary hospital that has an infectology
service which is a reference in treatment services for patients with human immunodeficiency virus (HIV) infection and
viral hepatitis[12]. The objective of this study was to define the continuity of care or treatment cascade for patients with
chronic HCV infection at the HNSC and to define sociodemographic variables that influence follow-up between each step
of the cascade.

MATERIALS AND METHODS

This referred retrospective cohort study included patients diagnosed with chronic HCV infection between 2015 and 2020
at the HNSC. All hospitalized patients and outpatients above 16 years of age notified by the HNSC epidemiological
center for viral hepatitis with positive anti-HCV or HCV-polymerase chain reaction (PCR) results detectable during this
period were analyzed. Patients under 16 years of age were excluded, as they would be followed up at a pediatric hospital
attached to the HNSC. Patients who died, who were not connected with the HNSC, or who were not located in the
electronic medical records of the hospitals were excluded.

The Information System for Notifiable Diseases (SINAM) for Viral Hepatitis, electronic medical records from the
HNSC, computerized Laboratory Environment Management System (GAL), and Medicine Administration System (AME)
provided data such as age, gender, race, education level, history of pregnancy and drug use, profession, city of origin,
institutionalization situation, and co-infection with HIV and hepatitis B virus (HBV). Specific data of the disease under
study were also obtained, such as date of diagnosis of HCV infection (anti-HCV test), history of consultation with a
specific outpatient clinic for the treatment of hepatitis, initial quantitative HCV-PCR and final quantitative HCV-PCR
(after the 12* wk since the end of treatment), genotyping, history of cirrhosis or hepatocellular carcinoma, specific
regimen, and date of treatment prescribed for HCV. Data were collected in 2022 and all information up to that period was
considered.

Regarding the HCV cascade of care, five exposure columns were built according to the stages of HCV care. The first
stage covers all people diagnosed with chronic HCV infection, that is, patients with positive anti-HCV or detectable
quantitative HCV-PCR in the analyzed period. The second includes patients who underwent some quantitative PCR
collection, and the third includes patients who underwent consultation at a specialized outpatient clinic for monitoring
hepatitis C. The fourth step integrates all who underwent treatment with specific antivirals for chronic HCV infection
according to the established protocol. The fifth step ends with all patients who achieved a sustained virological response,
that is, those who obtained an undetectable quantitative HCV-PCR test after the 12" wk since the end of treatment.
Patients who did not collect this exam after treatment were not included in the fifth step, being presented in the cascade
as “missing” and subsequently analyzed within the group of those who were not cured. The percentages were then
calculated using the “n” of the first step and the “n” of the previous step as denominator, thus obtaining two percentages
for analysis, being represented using a series of unidirectional columns.

Using the IBM SPSS version 25 program, Poisson regression with robust simple variance was performed to estimate the
incidence ratio (IR) at a 95% confidence interval (95%ClI) for the variables of gender, age group, race, education, city of
residence, place of follow-up, presence of cirrhosis, institutionalization, year of diagnosis, and co-infection with HIV/
HBYV related to each step of the cascade: PCR-HCV collection, bond, treatment, and sustained virologic response (SVR).
All variables that had a value of P < 0.20 in the simple analyzes were included in the multivariable model, and in this
model only variables with P < 0.05 were considered significant.

Two more cascades were also built, discriminating between patients who underwent treatment at the HNSC and those
who underwent treatment at other locations after the diagnosis. The comparison of the sociodemographic characteristics
between the groups, HNSC and external, was performed using Pearson’s chi-square test and results with P < 0.05 were
considered significant. The study was approved by the research ethics committee of the Hospitalar Concei¢do Group,
under number 51462421.8.0000.5530, and informed consent was waived, subject to the patient’'s commitment to confiden-
tiality.

RESULTS

By searching the HNSC viral hepatitis notification database between 2015 and 2020 at the HNSC, 2498 patients were
identified. A total of 487 patients who died, with decompensated cirrhosis, hepatocellular carcinoma, renal failure, and
sepsis as the main etiologies reported, were excluded. Another 1232 patients were also excluded because they had a
diagnosis of other viral hepatitis, an HCV diagnosis prior to 2015, a false anti-HCV test result, no attachment to the
HNSC, or being younger than 16 years old. A total of 779 patients diagnosed with HCV infection during the analyzed
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period were included, but of these 70 had spontaneous cure and, as they did not require treatment, were disregarded for
further analyses.

For the HCV cascade of care, 709 patients were analyzed, showing a sociodemographic profile of being predominantly
male (54.3%), white (76.6%), and from Porto Alegre (44.7%), and just having had completed elementary education
(67.4%). The mean age of the patients was 53 years. Only 22 patients had a history of pregnancy, 13% co-infection with the
HIV, 10.3% co-infection with HBV, 17.8% had a history of cirrhosis, and only 2% a diagnosis of hepatocellular carcinoma.
It was identified that 24.9% had a history of drug use and 33 patients of institutionalization. Regarding the genotype,
44.5% of the patients did not have an identified genotype and, among the available genotypes, genotype 1 was the most
prevalent (60%), followed by genotype 3 (34.6%) and finally genotype 2 (5.3%).

Regarding the total of 709 patients, 534 (75.3%) collected quantitative PCR, 461 (65%) consulted at a specialized clinic,
344 (48.5%) underwent treatment for HCV infection, and 204 (28.7%) reached SVR. When considering the previous
column as the denominator, the percentages would be, respectively, 75% with RT-PCR collection, 86% consulted, 75%
treated, and 59% with SVR confirmed by post-treatment examination. Both percentages are represented in Figure 1. The
results of the simple and multivariate analyzes of the variables in relation to each step of the cascade are described in
Tables 1 and 2, respectively.

Patients with incomplete primary education had lower rates of HCV-PCR collections after the diagnosis of HCV
infection in the simple analysis (P < 0.20), as well as patients who underwent diagnosis in 2018; however, these variables
were not significant in multivariate analysis. Patients living in the metropolitan area and countryside regions, who
consulted at an outpatient clinic at the HNSC, co-infected with HIV and HBV, with a history of cirrhosis, and who were
diagnosed in 2016 and in 2020, had higher collections of PCR-HCYV in the first analysis (P < 0.20). In the second analysis,
patients from the metropolitan area and countryside regions, patients from the HNSC, and those diagnosed in 2020 were
more likely to obtain HCV-PCR (P < 0.05).

Despite linkage being the subsequent step in the cascade, there were 22 patients who consulted and did not collect any
HCV-PCR test. The variables that showed a difference in favor of creating a link to a specialized outpatient clinic were
female gender, living outside the city of Porto Alegre, having cirrhosis, and consulting at the HNSC. The diagnoses in
2018 and in 2019, as well as having only elementary school, were factors contrary to consulting with specialists. In the
multivariate analysis, only being from the countryside or metropolitan area and consulting the HNSC were significant (P
< 0.05). Through the records in the GAL and AME, we identified that 121 patients were followed up in other places after
the diagnosis in the hospital.

Being female, having a history of cirrhosis, living outside the city of Porto Alegre, and consulting at the HNSC were
protective factors in the simple analysis for undertaking the treatment. As risk factors for not undergoing HCV treatment,
co-infection with HIV, being institutionalized, being non-white, having had only completed elementary school, and
having been diagnosed in 2019 were identified. Consulting at the HNSC and being from the countryside remained
significant protective factors (P < 0.05). The mean time between diagnosis and initiation of treatment was approximately 2
years. The DAAs most used in treatment were sofosbuvir and ledispasvir (26.0%), sofosbuvir and velpatasvir (22.0%),
sofosbuvir and daclatasvir (17.0%), and sofosbuvir, daclatasvir, and ribavirin (15.0%). Only eight patients (1.1%)
underwent more than one treatment. Among the 22 pregnant women in the study, only nine underwent treatment, but
timing of treatment before or after pregnancy was unknown. No history of vertical transmission was found in these cases,
since the GAL system evaluated the newborns of the respective pregnant women.

Out of all 344 patients who underwent treatment, only 204 reached SVR; however, 136 patients had no record in the
GAL of collection of HCV-PCR control after the 12" wk since the end of treatment. Only four had SVR failure, resulting in
a documented DAA response rate of 98%. The risk factors in the simple analysis for not achieving documented SVR were
being of non-white race and having only elementary education. As variables favorable to SVR, living in the metropolitan
area, in the countryside, and consultation at the HNSC were found, in addition to having been diagnosed with HCV
infection in 2015 and in 2016. In the multivariate analysis, only the places of residence (countryside and metropolitan
area) and consultation at the HNSC were significant (P < 0.05).

Because significance was found in all stages of HCV care regarding the place of follow-up, we constructed two separate
cascades of care: One for patients who remained under follow-up at the HNSC and another for patients who chose to be
assisted in other places. As previously mentioned, 340 patients remained at the HNSC, of whom 70% underwent
treatment and 49% achieved SVR, 1% showed failure, and 20% did not collect a PCR test after treatment. Among 121
outpatients, 88% underwent treatment and 31% had SVR, but 55% did not perform a control PCR collection and 2% had
SVR failure (Figure 2). As variables favorable to SVR, living in the metropolitan area, in the countryside, and consultation
at the HNSC were found, in addition to having been diagnosed with HCV infection in 2015 and in 2016. In the
multivariate analysis, only the places of residence (countryside and metropolitan area) and consultation at the HNSC
were significant (P < 0.05) (Table 3).

DISCUSSION

We conducted this study in our local hospital to identify the HCV care cascade and relevant characteristics for
progressing from diagnosis to successful cure, to provide representative data from Rio Grande do Sul and mainly from
the city of Porto Alegre[11,13]. The highest prevalence of HCV infection was found in patients who are male, white, and
aged over 40 years, consistent with both data from the state of Rio Grande do Sul and national statistics[11,14]. Also,
higher prevalence of HCV was observed in patients with only elementary education[11]. Regarding co-infection with
HIV, we present data that are very close to those of the South region in 2021 (10.1%)[11]. Groups most vulnerable to
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Table 1 Analysis of variables with absolute number and relative percentage (%) and Poisson regression with robust simple variance of

each variable in relation to steps of cascade of care of patients diagnosed with hepatitis C virus infection at the Hospital Nossa

Senhora da Conceicao between 2015 and 2020

PCR-HCV Specialized
Total (%) ) P value P . Pvalue Treatment Pvalue SVR P value
collection assistance
Total 709 534 (75.3%) 461 (65.0%) 344 (48.5%) 204 (28.7%)
Gender
Female 324 238 (73.5%);0.95  0.295 221 (68.2%); 1.09 0.101 175 (54.0%);1.23  0.007 109 (62.3%); 0.253
(45.7%) (0.87-1.04) (0.98-1.21) (1.05-1.43) 1.10 (0.92-1.32)
Male 385 296 (76.9%); 1.0 240 (62.3%); 1.0 169 (43.9%); 1.0 95 (56.2%); 1.0
(54.3%)
Age (yr)
17-39 118 90 (76.3%); 1.0 79 (66.9%); 1.0 0.420 52 (44.1%); 1.0 27 (51.9%); 1.0
(16.6%)
40-59 348 267 (76.7%);1.00  0.920 225 (64.7%); 0.96  0.646 170 (48.9%); 1.10  0.380 103 (60.6%); 0.294
(49.1%) (0.89-1.13) (0.83-1.12) (0.88-1.39) 1.16 (0.87-1.55)
> 60 243 177 (72.8%); 0.95  0.479 157 (64.6%); 0.96 0.657 122 (50.2%); 1.13  0.284 74 (60.7%); 0.307
(343%)  (0.84-1.08) (0.82-1.12) (0.89-1.44) 1.16 (0.86-1.57)
Race
White 543 405 (74.6%); 1.0 353 (65.0%); 1.0 269 (49.5%); 1.0 164 (61.0%); 1.0
(76.6%)
Non-white 154 118 (76.6 %); 1.02  0.598 97 (63.0%); 0.96 0.649 65 (42.2%); 0.85  0.123 32 (49.2%); 0.113
(21.7%) (0.92-1.13) (0.84-1.11) (0.69-1.04) 0.80 (0.62-1.05)
Education
Tliterate 39(55%) 28(71.8%);0.88  0.238 26 (66.7%); 095 0741 20 (51.3%); 0.96  0.834 13 (65.0%); 0.804
(0.71-1.08) (0.74-1.22) (0.68-1.35) 0.95 (0.66-1.36)
Elementary school 478 344 (72%); 0.88 0.011 301 (63.0%); 0.90  0.134 219 (45.8%);0.86  0.110 120 (54.8%); 0.031
(67.4%) (0.80-0.97) (0.79-1.03) (0.71-1.03) 0.80 (0.66-0.98)
High schooland 141 115 (81.6%); 1.0 98 (69.5%); 1.0 75 (53.2%); 1.0 51 (68.0%); 1.0
university (19.9%)
City of origin
Porto Alegre 317 215 (67.8%); 1.0 174 (54.9%); 1.0 121 (38.2%); 1.0 49 (40.5%); 1.0
(44.7%)
Metropolitan 247 190 (76.9%);1.13  0.016 166 (67.2%);1.22  0.003 126 (51.0%); 1.33  0.002 81 (64.3%); 0
region (348%)  (1.02-1.25) (1.07-1.39) (1.11-1.60) 1.58 (1.23-2.04)
Countryside 134 118 (88.1%);1.29 0 112 (83.6%); 1.52 0 91 (67.9%); 1.77 0 68 (74.7%); 0
(189%)  (1.17-143) (134-1.72) (1.48-2.13) 1.84 (1.44-2.36)
Follow-up site
HNSC 341 320 (93.8%);1.61 0 340 (99.7%);3.03 0 237 (69.5%); 239 0 166 (70.0%); 0
(48.1%) (1.47-1.76) (2.62-3.50) (2.00-2.84) 1.97 (1.50-2.58)
External 121 214 (58.2%); 1.0 121 (32.9%); 1.0 107 (29.1%); 1.0 38 (35.5%); 1.0
(17.1%)
Institutionalized
Yes 33 (47%) 25 (75.8%);1.0 18 (54.5%); 1.0 12 (36.4%); 0.74  0.198 8 (66.7%); 1.12 (0.74-1.70)
(0.46-1.17)
No 676 509 (75.3%); 1.00  0.952 443 (655%);0.83  0.255 332 (49.1%); 1.0 196 (59.0%);  0.561
(95.3%) (0.82-1.22) (0.60-1.14) 1.0
Co-infection with HBV
Yes 73 (103%) 61 (83.6%);1.12  0.041 43 (58.9%); 1.0 30 (41.1%);0.83  0.208 18 (60.0%); 0.935
(1.00-1.25) (0.62-1.10) 1.01 (0.74-1.37)
No 636 473 (74.4%); 1.0 418 (65.7%); 0.89  0.282 314 (49.4%); 1.0 186 (59.2%);  0.935
(89.7%) (0.73-1.09) 1.0
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Co-infection with HIV

Yes

No

Cirrhosis

Yes

No

Date of diagnosis

2015

2016

2017

2018

2019

2020

93 (13.1%)

616
(86.9%)

126
(17.8%)

583
(82.2%)

149
(21.0%)

136
(19.2%)

121
(17.1%)

121
(17.1%)

128
(18.1%)

54 (7.6%)

75 (80.6%); 1.08
(0.97-1.20)

459 (74.5%); 1.08

112 (88.9%); 1.22
(1.13-1.33)

422 (72.4%); 1.0

111 (745%); 1.0
113 (83.1%); 1.11
(0.98-1.25)

92 (76.0%); 1.02
(0.89-1.17)

80 (66.1%); 0.88
(0.75-1.04)

90 (70.3%); 0.94
(0.81-1.09)

48 (88.9%); 1.19
(1.04-1.36)

0.158

0

0.076

0.771

0.140

0.440

0.009

63 (67.7%);1.04 0541

(0.90-1.22)

398 (64.6%); 1.0

106 (84.1%);138 0
(1.25-152)

355 (60.9%); 1.0

102 (68.5%); 1.0

101 (74.3%); 1.08 0278
(0.93-1.25)

84 (69.4%);1.01  0.865
(0.86-1.19)

72 (59.5%);0.86 0133
(0.72-1.04)

67 (523%);0.76  0.008
(0.62-0.93)

35 (64.8%); 094  0.634

(0.75-1.18)

35 (37.6%); 0.75  0.039

(0.57-0.98)

309 (50.2%); 1.0

82(65.1%);1.44 0
(1.23-1.69)

262 (44.9%); 1.0

76 (51%); 1.0

72 (52.9%);1.03 0744
(0.83-1.29)
68 (56.2%);1.10 0393
(0.88-137)
53 (43.8%); 0.85  0.244
(0.66-1.10)
49 (383%);0.75  0.038
(0.57-0.98)
26 (481%);0.94 0723
(0.68-1.29)

17 (48.6%);
0.80 (0.56-1.14)

187 (60.5%); 1.0

60 (73.2%);
133 (1.12-157)

144 (55.0%); 1.0

42 (55.3%); 1.0
51 (70.8%);
1.28 (0.99-1.64)

45 (66.2%);
1.19 (0.91-1.56)

30 (56.6%);
1.04 (0.75-1.39)

22 (44.9%);
0.81 (0.56-1.17)

14 (53.8%);
0.97 (0.64-1.46)

0.222

0.001

0.052

0.181

0.880

0.272

0.901

P value < 0.20 was considered significant. HNSC: Hospital Nossa Senhora da Conceigao; HCV: Hepatitis C virus; HBV: Hepatitis B virus; SVR: Sustained
virologic response.

B HCV cascade I Missing Failure
75%
86%
= 75%
e 59%
® f
(o))
8
c
S :
g b
& 75% 19%
65%
49%
29%
Diagnosed PCR-HCV Specialized Treatment SVR
n =709 collection assistance n = 344 n = 204
n =534 n =461

DOI: 10.4254/wjh.v15.i8.973 Copyright ©The Author(s) 2023.

Figure 1 Cascade of care of hepatitis C virus infected patients diagnosed at the Hospital Nossa Senhora da Conceigéo between 2015 and
2020. HCV: Hepeatitis C virus; SVR: Sustained virologic response.

infection by the HCV, such as people living with HIV, institutionalized people, and drug users, were considerably
represented, corroborating the importance of focusing on testing and preventive actions for these particular subpopu-
lations[9,14]. Genotypes 1 and 3 were the most prevalent, as expected according to national and local data[14].

According to the WHO, the second step of the HCV cascade of care would be represented by patients aware of their
diagnosis, with a target of 90%[1]. However, in this study, we did not carry out this estimate and included patients from
the diagnosis of chronic HCV infection which we performed at the HNSC. Overall, the WHO target of patients on
treatment (80%) was not reached. But when analyzing the cascade broken down by place of follow-up, patients being
followed up outside the HNSC reached the goal. This can be explained by a possible data collection bias, where all
patients with prescriptions for treatment in the AME system from other locations were linked to other services. In
addition, HNSC patients may have even started treatment due to the lack of clinical conditions, such as neoplasms or
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Table 2 Poisson regression analysis with multivariable robust variance of significant variables in relation to steps of cascade of care of

patients diagnosed with hepatitis C virus infection at the Hospital Nossa Senhora da Conceigdo between 2015 and 2020

:;:::ii\rl‘ Pvalue as:sei?t“:::: Pvalue  Treatment Pvalue  SVR P value
Gender
Female 0.06 (0.97-1.16) 0.148 1.20 (1.03-1.40)  0.014
Male 1.00 1.00
Race
White 1.0 1.0
Non-white 0.99 (0.81-1.21)  0.931 0.95(0.72-  0.734
1.25)
Education
Illiterate 0.83 (0.67-1.03) 0.103 0.87 (0.73-1.04) 0.152 0.76 (0.53-1.09)  0.145 0.63 (0.35-  0.120
1.12)
Elementary school 0.89 (0.81-0.97) 0.014 0.94 (0.85-1.04) 0.244 0.85(0.72-1.02) ~ 0.082 0.79 (0.65-  0.014
0.95)
High school and 1.0 1.0 1.0 1.0
university
City of origin
Porto Alegre 1.0 1.0 1.0 1.0
Metropolitan region 1.11 (1.00-1.23) 0.033 1.12 (1.00-1.24) 0.034 1.19 (0.98-1.45)  0.074 1.54 (1.19-  0.001
1.98)
Countryside 1.19 (1.08-1.33) 0.001 1.14 (1.03-1.25) 0.009 1.38 (1.14-1.68)  0.001 1.62 (0.24-  0.000
2.12)
Follow-up site
HNSC 1.58 (1.43-1.75) 0.000 3.00 (2.58-3.50) 0.000 2.19 (1.80-2.65)  0.000 1.59 (1.20-  0.001
2.09)
External 1.0 1.0 1.0 1.0
Institutionalized
Yes 0.70 (0.42-117)  0.178
No 1.0
Co-infection with HBV
Yes 1.11 (0.97-1.27) 0.121
No 1.0
Co-infection with HIV
Yes 1.11 (0.97-1.27) 0.121 0.80 (0.59-1.08)  0.156
No 1.0 1.0
Cirrhosis
Yes 1.02 (0.94-1.11) 0.504 0.96 (0.90-1.03) 0.327 1.07 (0.91-1.62)  0.363 1.18 (0.91-  0.275
1.36)
No 1.0 1.0 1.0 1.0
Date of diagnosis
2015 1.0 1.0 1.0 1.0 1.000
2016 1.02 (0.90-1.16) 0.662 0.90 (0.80-1.01) 0.083 0.82 (0.65-1.03)  0.102 1.05 (0.80-  0.701
1.37)
2017 0.97 (0.84-1.12) 0.711 0.93 (0.81-1.06) 0.311 0.96 (0.76-1.20)  0.730 1.06 (0.80-  0.652
1.41)
2018 0.90 (0.77-1.05) 0.213 0.92 (0.79-1.07) 0.321 0.83 (0.64-1.07)  0.153 0.93 (0.67-  0.685
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1.30)
2019 1.02 (0.88-1.19) 0717 0.88 (0.76-1.03) 0.118 0.81(0.62-1.05) 0125 0.81(057-  0.267
1.16)
2020 1.27 (1.09-1.48) 0.002 1.03 (0.86-1.25) 0.698 1.02(0.75-139)  0.879 096 (0.66-  0.862
1.40)

P value < 0.05 was considered significant. HCV: Hepatitis C virus; SVR: Sustained virologic response; HNSC: Hospital Nossa Senhora da Conceigéo.

Table 3 Comparison between patients with hepatitis C virus infection who underwent follow-up at the Hospital Nossa Senhora da

Conceicao and external ones using Pearson’s chi-square test

HNSC External P value
Total 340 (73.8%) 121 (26.2%)
Gender 0.654
Female 161 (47.2%) 60 (49.6%)
Age (yr) 0.854
<40 60 (17.6%) 19 (15.7%)
40-59 167 (49.0%) 59 (48.8%)
> 60 114 (33.4%) 43 (35.5%)
Race 0.450
White 262 (79.2%) 91 (75.8%)
Education 0.411
Illiterate 22 (7.1%) 4 (3.5%)
Elementary school 218 (69.9%) 83 (73.5%)
High school and university 72 (23.1%) 26 (23.0%)
City of origin 0.006
Porto Alegre 121 (36.4%) 53 (43.8%)
Metropolitan region 116 (34.9%) 51 (42.1%)
Countryside 95 (28.6%) 17 (14.0%)
Cirrhosis 0.000
Yes 100 (29.3%) 7 (5.8%)

P value < 0.05 was considered significant. HNSC: Hospital Nossa Senhora da Conceigao.

serious comorbidities. Not having genotyping or HCV-PCR test within a year are also bureaucratic reasons that interfere
with the delay in starting HCV therapy, which is unfortunate given the possibility of simplified protocols with pangen-
otypic regimens[15,16].

About 90% of patients with HCV infection are cured with the new DAAs, resulting in a markedly decreased risk of
liver-related morbidity and mortality and also a drastic reduction of onward transmission[5]. Despite the high response
rate to DAAs, the SVR percentages are surprisingly low in this study, which represents the biggest “gap” among all the
cascade steps. This is due to the large number of patients with missing data after treatment, making it impossible to
confirm SVR. In addition to the collection of HCV-PCR control outside the Brazilian Unified Health System (SUS),
another reason for the ignored data would be the loss to follow-up of the patients after the completion of the treatment,
identifying the importance of implementing a strategy to enhance the rate of return of the patients after the exams[17].
The coronavirus disease 2019 pandemic had an important impact on the follow-up of these patients after treatment[18].
HNSC patients had a higher SVR and a lower number of ignored HCV-PCR tests, possibly due to less loss to follow-up.

RT-PCR collection

National data and data from the state of Rio Grande do Sul have shown a progressive decrease in reported cases of viral
hepatitis with anti-HCV reagents and concomitant HCV-PCR reagents, which may demonstrate an increase in notific-
ations of cases of serological cure, or even less access to confirmatory HCV-PCR tests[11,13]. Patients who were connected
to the hospital collected significantly more PCR-HCV, which may have been facilitated by the logistics of collecting the
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Figure 2 Cascade care of hepatitis C virus infected patients diagnosed between 2015 and 2020 at the Hospital Nossa Senhora da
Conceicao and who underwent follow-up at the Hospital Nossa Senhora da Conceigéo and elsewhere (external). HNSC: Hospital Nossa
Senhora da Conceigdo; HCV: Hepatitis C virus; SVR: Sustained virologic response.

test inside the hospital under study, after the diagnosis was made. This can also be explained by the greater severity of
the patients, as patients with comorbidities, such as HBV and HIV infections and cirrhosis, were shown to have greater
access to the test. Living in the countryside and in the metropolitan area were also significant protective factors in this
analysis for HCV-PCR collection, as most of these patients have consultations at the HNSC, possibly due to less access to
confirmatory HCV-PCR tests outside the capital Porto Alegre[13]. Patients ended up collecting more exams in 2020,
demonstrating more accessibility to the exam that year or even greater concern for investigating the disease of patients
throughout the pandemic.

Bond

Gaps occur at all stages of HCV care, with dropouts in care occurring before and after linking to specialized care[19].
Consultation at a specialized outpatient clinic is recommended in the treatment lines established in the country; however,
more recent guidelines describe the intention of training non-specialist physicians[10,14]. HNSC patients may have found
it easier to create a bond with an infectology or gastroenterology outpatient clinic because they were diagnosed in the
same hospital. On the other hand, patients from the countryside and metropolitan area, who mostly have consultations at
the HNSC, sought this service possibly due to a shortage or lack of specialized professionals in their cities of origin.

Treatment

Having hepatocellular carcinoma, decompensated cirrhosis, or other neoplasms interfere with the assessment of the
patient’s profile and with the recommendation of treatment[14]. Cirrhosis was shown to be a positive factor in the simple
analysis, which is justified by the recent finding that having advanced cirrhosis was a necessary criterion for undertaking
treatment[14]. On the other hand, co-infection with HIV and institutionalized individuals proved to be risk factors for not
undergoing treatment, and it should be noted that they are vulnerable groups[14]. The non-white race in the simple
analysis also proved to be a vulnerable group for not undergoing treatment, which reminds us of the need to consider
race in the implementation of public policies[20]. In the final analysis, the female sex obtained higher data in the
performance of treatment; however, this data contradicts the results seen previously where women, mainly young
people, tend to face barriers to engaging in any form of health care[21]. Furthermore, HCV infection rates in women of
childbearing potential have increased, making prenatal diagnosis a priority[22]. Being connected to the HNSC was
associated with a significantly higher rate of undergoing treatment, which may be related to the maintenance of follow-
up at a specialized outpatient clinic for gastroenterology and infectology services.

SVR

Having a low level of education, only elementary school, proved to be an obstacle to collecting HCV-RNA and achieving
SVR, indicating the importance of education for the perception of their health status. Counterintuitively, it is possible that
having more knowledge about the natural history of the disease is associated with greater stigma of HCV infection,
another barrier to be addressed in the continuous care of patients. The patients at the HNSC were mostly from the
countryside and metropolitan area and had cirrhosis inferring the need and demand for specialized care. Despite these
results, the training of primary care professionals is able to increase the rate of treatment of patients, with HCV cure
results in the decentralization of care similar to specialty outpatient clinics[22].
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CONCLUSION

Among the limitations of the study is our inability to determine the true rate of SVR due to the high number of missing
follow-up HCV-PCR data. Furthermore, other missing data from the HNSC medical records and external sites, important
for a thorough analysis of sociodemographic variables, are also a considerable limitation of the referred study. This study
identified that the sociodemographic characteristics of patients diagnosed with HCV infection at the HNSC are similar to
regional and national data. It was also possible to stratify relevant risk factors for patients failing to proceed along the
treatment cascade, thereby elucidating potential targeted strategies to improve care. According to the results of the
hepatitis treatment at the HNSC, the importance of specialized care was highlighted. To make hepatitis treatment more
accessible to patients in the countryside and metropolitan area, teams need to be properly trained. Given that we are far
from the goals defined by the WHO necessary for elimination of HCV as a public health problem, it is critical to
strengthen the treatment lines and facilitate care for patients not only at the HNSC, but also throughout the South region.

ARTICLE HIGHLIGHTS

Research background
Hepatitis C virus (HCV) is defined as a public health problem by the World Health Origination (WHO) and since then
has defined targets through the HCV elimination.

Research motivation

The South region of Brazil is responsible for the highest detection rate of confirmed HCV infection in the country and also
for the highest mortality rate, with higher rates than national data. Within this region, the city of Porto Alegre, in 2020
was the second capital with the highest HCV detection rate, and in 2021 the first, even higher than the national rate.

Research objectives

To define the continuity of care or treatment cascade for patients with chronic HCV infection at the Hospital Nossa
Senhora da Conceicao (HNSC) and to define sociodemographic variables that influence follow-up between each step of
the cascade.

Research methods

With the retrospective cohort design, patients diagnosed with HCV infection in the period between January 1, 2015 and
December 31, 2020 were included. Data from HCV notification forms, electronic medical records, Computerized
Laboratory Environment Manager System and Medicine Administration System (evaluation of special medications) were
collected in 2022 and all information up to that period was considered. The data were analyzed with IBM SPSS version 25,
and Poisson regression with robust simple variance was performed for analysis of variables in relation to each step of the
cascade. Variables with P < 0.20 were included in the multivariate analysis with P < 0.05 considered significant. Pearson’s
chi-square test was applied to compare the groups of patients who persisted in follow-up at the HNSC and who
underwent follow-up at other locations.

Research results

Results were lower than expected by the WHO with only 49% of candidates receiving HCV treatment and only 29%
achieving sustained virologic response (SVR), despite the 98% response rate to direct acting antivirals documented by
follow-up examination. The city of origin and the place of follow-up were the variables associated with SVR and all other
endpoints. When comparing the cascade of patients who remained assisted by the HNSC vs external patients, we
observed superior data for HNSC patients in the SVR. Patients from the countryside and metropolitan region were
mostly assisted at the HNSC and the specialized and continuous care provided at the HNSC was associated with superior
results, although the outcomes remain far from the goals set by the WHO.

Research conclusions

This study identified that the sociodemographic characteristics of patients diagnosed with HCV infection at the HNSC are
similar to regional and national data. It was also possible to stratify relevant risk factors for patients failing to proceed
along the treatment cascade, thereby elucidating potential targeted strategies to improve care. According to the results of
the hepatitis treatment at the HNSC, the importance of specialized care was highlighted. To make hepatitis treatment
more accessible to patients in the countryside and metropolitan area, teams need to be properly trained.

Research perspectives
We have the perspective that other places carry out their HCV cascade of care for stratification of local risk factors, thus
helping to eliminate hepatitis C.
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Abstract

BACKGROUND

Recently, a group of hepatologists proposed to rename non-alcoholic fatty liver
disease (NAFLD) as metabolic associated fatty liver disease (MAFLD) with
modified diagnostic criteria. It is important to note, however, that there are some
differences between the diagnostic criteria used for NAFLD and MAFLD. Since
the research on MAFLD is just beginning, however, evidence on its incidence and
prevalence in the general population and in specific subpopulations remains
limited.

AIM
To assess epidemiology of fatty liver in new definition and compare MAFLD with
NAFLD. Exploring risk factors of MAFLD individuals.

METHODS

This was a retrospective, cross-sectional study. A total of 85242 adults were
selected from the Chinese health management database in 2017-2022. The data of
general information, laboratory indicators, lifestyle management and psycho-
logical status were obtained. MAFLD was diagnosed as ultrasound diagnosis of
fatty liver and at least one between these three conditions: Overweight/ obesity,
type 2 diabetes mellitus (T2DM) or metabolic dysregulation. Metabolic factors
were not considered in NAFLD diagnosis standard. The clinical characteristics of
MAFLD and NAFLD were analysed using descriptive statistics. Continuous
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variables normally distributed were expressed as means + SD. Categorical variables were expressed as frequencies
and proportions. Binary logistic regression was used to determine risk factors of the MAFLD.

RESULTS

The prevalence of MAFLD and NAFLD was 40.5% and 31.0%, respectively. The MAFLD or NAFLD population is
more likely to be older (M: 47.19 + 10.82 vs 43.43 £ 11.96; N: 47.72 £ 11.17 vs 43.71 £ 11.66), male (M: 77.21% vs
44.43%; N: 67.90% vs 53.12%) and high body mass index (M: 26.79 + 2.69 vs 22.44 + 2.48; N: 26.29 + 2.84 vs 23.29
3.12) than the non-MAFLD or non-MAFLD population. In multivariate analysis, general information (e.g., = 2
metabolic abnormalities OR = 3.38, (95%CI: 2.99-3.81), P < 0.001; diastolic blood pressure OR = 1.01, (95%CI:
1.00-1.01), P = 0.002), laboratory results [e.g.,total bilirubin (TBIL) OR = 0.98, (95%CI: 0.98-0.99), P < 0.001; serum
uric acid(SUA) OR = 1.01, (95%CI: 1.01-1.01), P < 0.001], and lifestyle factors [e.g., drink beverage OR = 0.32,
(95%ClI: 0.17-0.63), P = 0.001] were influence factors for MAFLD. Our study results offer new insight into potential
risk factors associated with fatty liver disease, including SUA, TBIL and creatinine, all of which are related to
chronic renal disease (CKD).

CONCLUSION
MAFLD is more prevalent than NAFLD, with two-fifths of individuals meeting the diagnosis criteria. MAFLD and
NAFLD populations have different clinical characteristics. CKD may be related with MAFLD.

Key Words: Metabolic (dysfunction)-associated fatty liver disease; Non-alcoholic fatty liver disease; Epidemiology; Risk
factors; Characteristics; Cross-section study

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study explores the epidemiological characteristics, risk factors and draws reliable conclusions based on the
new diagnostic criteria for metabolic associated fatty liver disease, using a large sample of data, and provides evidence for
subsequent studies.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is associated with excessive lipid accumulation in the liver resulting from
disordered hepatic lipid metabolism that is stimulated by non-alcohol-related factors[1]. In 2019, the global prevalence of
NAFLD was approximately 30.6%[2]. In China, the prevalence is as high as 32.3%[3], making it the number one cause of
chronic liver disease and abnormal liver biochemical indicators during routine physical examination. These findings
indicate that NAFLD imposes a heavy disease burden on patients and society. As its disease mechanism has become
better understood, the limitations of the NAFLD nomenclature have become more apparent. These include: (1) The lack
of a uniform standard for calculating alcohol intake, which has led to an underestimation of the role of alcohol
consumption in disease pathogenesis; and (2) a failure to recognize the influence of metabolic factors in disease etiology
[4]. In 2020, Eslam et al[5] suggested renaming NAFLD as ‘metabolic (dysfunction) associated fatty liver disease’
(MAFLD). A diagnosis of MAFLD includes the presence of hepatic steatosis and one or more of the following features: (1)
Overweight based on body mass index (BMI); (2) type 2 diabetes mellitus; or (3) lean or normal weight with evidence of
metabolic dysregulation[6]. The new nomenclature aims to reflect the close relationship between fatty liver and overnu-
trition, sedentary lifestyle, and metabolic conditions such as type 2 diabetes, hypertension, dyslipidemia, and obesity[7].
Adopting a positive diagnosis like MAFLD recognizes the impact of metabolic conditions and fatty liver on the natural
history of different liver diseases such as chronic viral hepatitis and alcohol-related liver disease[8].

It is important to note, however, that there are some differences between the diagnostic criteria used for NAFLD and
MAFLD. Study indicates that[6] some NAFLD patients are excluded under the proposed MAFLD definition, based on
disparate characteristics included in each definition. The rates of diabetes, hypertriglyceridemia, hypertension, and
fibrosis risk are significantly higher among MAFLD than NAFLD patients. The proposed MAFLD definition challenges
the current understanding of the prevalence and associated factors of fatty liver. Meanwhile, MAFLD is shown to be a
better predictor of cardiovascular disease risk among asymptomatic individuals than NAFLD[9]. Since the research on
MAFLD is just beginning, however, evidence on its incidence and prevalence in the general population and in specific
subpopulations remains limited. The few studies are based on small sample sizes and do not directly compare the charac-
teristics of NAFLD and MAFLD[10]. Thus, our study aims to conduct an updated analysis of the prevalence and factors
associated with MAFLD. A more comparative analysis of the clinical characteristics of patients with NAFLD and MAFLD
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is also performed in order to identify MAFLD-specific risk factors.

MATERIALS AND METHODS
Study design

A cross-sectional study was conducted by recruiting participants from the health management center of the general
tertiary hospital of Southern China between August 1, 2017 and October 31, 2022. Patients who were > 18 years of age,
had received a fatty liver color Doppler ultrasonography result, blood lipid examination, exercise and dietary evaluation,
and were voluntary participants in this study were included. Patients who lacked imaging or laboratory data for a
MAFLD diagnosis, had incomplete Diet and Exercise Health Check survey responses, or were pregnant at the time of
examination due to different waist circumference and BMI measurements caused by pregnancy, were excluded from the
study. This study was reviewed and approved by the Central South University Ethics Review Board (IRB2022-5217). All
patients provided their written informed consent to participate in the study.

Diagnostic criteria and group definitions

Definition of hepatic steatosis: Hepatic steatosis was defined in NHANES III participants using the Hepatic Steatosis
Ultrasound Examination. Adult patients received a hepatic ultrasound at a mobile examination center using a Toshiba
Sonolayer SSA-90A ultrasound machine (Toshiba America Medical Systems, Inc., Tustin, CA, United States)[11]. Board-
certified radiologists used five different parameters to assess hepatic steatosis: parenchymal brightness, liver-to-kidney
contrast, deep beam attenuation, bright vessel walls, and gallbladder wall definition. Ultrasonographic assessments were
reported as normal, mild, moderate, or severe hepatic steatosis. Abiding by quality control procedures, reliability results
(intra-rater and inter-rater) were calculated. The intra-rater and inter-rater reliabilities were 91.3% (kappa 0.77) and 88.7%
(kappa 0.70), respectively[12].

Definition of MAFLD: MAFLD was defined[13] as the presence of hepatic steatosis by liver ultrasound plus one or more
of the following conditions: (1) overweight/obesity (BMI>23 kg/m?); (2) type 2 diabetes mellitus (T2DM); (3) at least two
metabolic risk abnormalities. Metabolic risk abnormalities included: (1) A waist circumference > 90 cm in males or > 80
cm in females; (2) a blood pressure = 130/85 mmHg or specific drug treatment; (3) plasma triglycerides = 150 mg/dL (=
1.70 mmol/L) or specific drug treatment; (4) plasma high density lipoprotein cholesterol(HDL-C) < 40 mg/dL (< 1.0
mmol/L) for males and < 50 mg/dL (< 1.3 mmol/L) for females or specific drug treatment; (5) prediabetes [fasting
glucose levels of 100-125 mg/dL (5.6-6.9 mmol/L) or HbAlc (5.7%-6.4%) 39-47 mmol/L]; (6) homeostasis model
assessment of insulin resistance (HOMA-IR) score > 2.5; (7) a plasma high sensitivity C-reactive protein level >2 mg/L.

Definition of NAFLD: NAFLD was diagnosed according to the EASL-European Association for the Study of Diabetes-
European Association for the Study of Obesity and American Association for the Study of Liver Diseases Clinical Practice
Guidelines for the Management of NAFLD: (1) Fatty liver by abdominal ultrasonography; (2) alcohol consumption< £30
g/ d for men and <£20 g/d for women; and (3) no competing etiologies for fatty liver or coexisting causes of chronic liver
disease[14].

Demographic variables

The following demographic variables were obtained from the patient electronic record database: age, gender, BMI, waist
circumference, hip circumference, smoking, alcohol consumption, hypertension, diabetes, and actively acquisition of
medical knowledge. BMI was calculated as the weight (in kilograms) divided by the square of the height (in meters).
Overweight/obesity was defined as BMI > 23 kg/m?. Waist and hip circumferences were determined in centimeters using
a tape measure. Blood pressure was recorded in the sitting position using standardized equipment. Hypertension was
defined as a systolic blood pressure (SBP) = 130 mmHg and a diastolic blood pressure = 85 mmHg or the use of antihyper-
tensive medications. A diagnosis of diabetes was based on a history of diabetes, use of antidiabetic medications, and/or a
fasting plasma glucose = 7.0 mmol/L. Information on lifestyle and psychological factors was acquired from the patient
self-report questionnaires.

Laboratory parameters

Laboratory measurements included total bilirubin (TBIL), aspartate aminotransferase (AST), alanine transaminase (ALT),
albumin/globulin (A/G), fasting plasma glucose (FPG), glycated haemoglobin (HbA1lc), total cholesterol (TC), trigly-
ceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), platelet,
creatinine, > 2 metabolic abnormalities, blood urea nitrogen (BUN) and serum uric acid (SUA). All biochemical
assessments were performed using standard laboratory methods. HDL-C, LDL-C, FPG, BUN, TC and TG were reported
in millimoles per liter (mmol/L). The units of TBIL, SUA, total bile acid and creatinine were micromoles per liter( umol/
L), HbAlc is expressed in percentage terms, and liver enzymes(AST,ALT) were reported in units per liter (U/L).

Statistical analysis

Continuous variables normally distributed were expressed as means *+ SD. Categorical variables were expressed as
frequencies and proportions. The prevalence of MAFLD and NAFLD was determined as the number of subjects with the
corresponding conditions divided by the total number of subjects. Univariable and multivariable binary logistic
regression analyses were also performed to determine factors associated with MAFLD. The univariate and multivariate
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Participants of health management
center (n = 85469)

Not assessed for eligibility:
Missed invitation to participate (n = 2)
Declined to be invited (n = 10)

Assessed for eligibility (n = 85457)

Excluded (total = 215)
(1) Ineligibility
No laboratory results (n = 29)
Age < 18 years (n = 127)
Previously invited/participated (n = 3)

(2) Eligibility but not recruited
Refused to participate (n = 12)
Unable to read/write questionnaire (n = 39)
No reason given (n = 5)

Total recruited (n = 85242)

34485 cases were diagnosed as
MAFLD, 26403 cases were
diagnosed as NAFLD

DOI: 10.4254/wjh.v15.i8.985 Copyright ©The Author(s) 2023.

Figure 1 Flow chart of the study population inclusion process. MAFLD: Metabolic associated fatty liver disease; NAFLD: Non-alcoholic fatty liver
disease.

odd ratios (OR) were reported along with 95% confidence intervals (CI). All tests were two-tail and results with a P value
< 0.05 were considered statistically significant. All analyses were conducted using SPSS 24 version.

RESULTS

Of the 85242 recruited participants (Figure 1), 26403 (31.0%) had NAFLD [8476 (32.10%) women, median age 47.72 £ 11.17
years], and 34485 (40.5%) met the criteria for MAFLD [7858 (22.79%) women; median age 47.19 + 10.82 years] (Figure 2,
Table 1). Total 23905 (28.0%) participants diagnosed with both MAFLD and NAFLD [7555 (31.60%) women; median age
47.85 + 11.18 years]. Patients with MAFLD had a higher BMI than those without [26.79 + 2.69 kg/m? vs 22.44 + 2.48
kg/m? respectively]. 5.15% (1775/34485) of patients diagnosed with MAFLD have diabetes, and 79.85% (27536/34485)
had two or more metabolic abnormalities. Meanwhile, 2498 patients met the definition of NAFLD but did not meet the
MAFLD criteria (Figure 3). The general information , laboratory, lifestyle, and psychological characteristics of the study
population are summarized in Table 1. All the patients were ethnic Chinese.

The prevalence of MAFLD was lower among individuals < 30 years of age (approximately 2.56%) and highest among
those 50-59 years of age (Figure 4). Disease prevalence was significantly higher among men than women. Changes in age-
related prevalence were similar for patients with NAFLD and MAFLD, however, there was a lower overall prevalence of
NAFLD than MAFLD (Figure 5). The prevalence of both MAFLD and NAFLD increased with BMI and for patients with a
BMI = 25, the risk of NAFLD and MAFLD increased dramatically (Figure 6).

In univariate analysis, male sex, older age, higher BMI, higher diastolic blood pressure, higher waist circumference,
lower hip circumference, and alcohol consumption, 2 2 metabolic abnormalities, medically knowledgeable, TG, HDL-C,
TBIL, AST, ALT, A/G, glycated hemoglobin (HbAlc), SUA, platelet, creatinine, drink beverage, exercise frequency,
exercise duration and physical labor intensity were associated with MAFLD. In contrast, systolic blood pressure,
smoking, diabetes, TC, LDL-C, blood urea nitrogen (BUN), FPG, total bile acid, inappetence, night snacks, crapulent, food
preferences, and psychological characteristics were not significantly associated with this disease (P > 0.05). In multivariate
analysis, female sex (OR = 0.67, 95%ClI: 0.57-0.80, P = 0.001), older age (OR = 1.01, 95%CI: 1.00-1.02, P = 0.001), higher
BMI (OR = 1.45, 95%CI: 1.40-1.51, P < 0.001), diastolic blood pressure (OR = 1.01, 95%CI: 1.00-1.01, P = 0.002), waist
circumference (OR = 1.12, 95%CI: 1.11-1.14, P < 0.001), hip circumference (OR = 0.95, 95%CI: 0.93-0.96, P < 0.001),
metabolic abnormalities(OR = 3.38, 95%CI: 2.99-3.81, P < 0.001), actively acquire medical knowledge (OR = 1.14, 95%CI:
1.03-1.27, P = 0.014), TG (OR = 1.33, 95%ClI: 1.27-1.40, P < 0.001), HDL-C (OR = 0.58, 95%CI: 0.47-0.71, P < 0.001),
TBIL(OR = 0.98, 95%CI: 0.98-0.99, P < 0.001), AST OR = 1.01, 95%CI: 1.01-1.01, P < 0.001), ALT (OR = 1.02, 95%ClI:
1.02-1.02, P < 0.001), HbAlc (OR = 1.52, 95%Cl: 1.47-1.57, P < 0.001), higher SUA level (OR = 1.01, 95%CI: 1.01-1.01, P <
0.001), platelets (OR = 1.00, 95%CI: 1.00-1.00, P < 0.001), creatinine (OR = 0.99, 95%CI: 0.99-0.99, P < 0.001), drink
beverages (OR = 0.32, 95%CI: 0.17-0.63, P = 0.001), exercise frequency (OR = 0.82, 95%CI: 0.71-0.95, P = 0.009), exercise
duration (OR = 1.24, 95%CI: 1.04-1.47, P = 0.015), and labour intensity (OR = 0.78, 95%CI: 0.65-0.95, P = 0.013) remained
as independent variables associated with MAFLD (Table 2).

WJH | https://www.wjgnet.com 988 August 27,2023 | Volume15 | Issue8 |

Jaishideng®



Huang X] et al. Prevalence and risk factors of MAFLD

Table 1 Clinical characteristics of the study participants metabolic associated fatty liver disease & non-alcoholic fatty liver disease,

with and without metabolic associated fatty liver disease and non-alcoholic fatty liver disease, n (%)

Characteristics All MAFLD Not MAFLD NAFLD Not NAFLD MAFLD & NAFLD
N 85242 34485 (40.5) 50757 (59.5) 26403 (31.0) 58839 (69.0) 23905 (28.0)
General information
Age, yr 47.19 +£10.82 4343 £11.96 47.72+11.17 43.71 £11.66 47.85+11.18
Sex
Male 49177 26627 (77.21) 22550 (44.43) 17927 (67.90) 31259 (53.12) 16350 (68.40)
Female 36065 7858 (22.79) 28207 (55.57) 8476 (32.10) 27589 (46.88) 7555 (31.60)
BMI, kg/m2 26.79 £2.69 2244 +2.48 2629 +2.84 23.29+3.12 26.64+£2.71
Systolic blood pressure, mmHg 128.50 +15.42 118.67 +15.13 127.40 +15.67 120.52 +15.68 128.21 +15.69
Diastolic blood pressure, mmHg 79.97 £ 11.06 7217 £10.42 78.49 £10.96 7391 £11.24 79.06 £10.96
Waist circumference, cm 90.41 +7.68 76.78 £ 8.01 88.57+8.03 79.51 £10.03 89.43 +7.74
Hip circumference, cm 97.81 +£5.52 91.53 +£5.03 96.92 +5.63 92.80 +£5.83 97.42 +5.55
Smoke
Never 57452 19713 (57.18) 37739 (74.36) 17589 (66.63) 39863 (67.76) 15824 (66.21)
Always 20951 11443 (33.19) 9508 (18.73) 6663 (25.24) 14288 (24.29) 6127 (25.64)
Smoke in the past 3106 1666 (4.83) 1440 (2.84) 1047 (3.97) 2059 (3.50) 956 (4.00)
Passive exposure to secondhand 3720 1655 (4.80) 2065 (4.07) 1098 (4.16) 2622 (4.46) 992 (4.15)
smoke
Alcohol consumption
Yes 27567 14899 (44.10) 12668 (25.31) 5546 (21.31) 22021 (38.09) 5042 (21.41)
No 56275 18882 (55.90) 37393 (74.69) 20478 (78.69) 35797 (61.91) 18506 (78.59)
Diabetes
Yes 2596 1775 (5.15) 821 (1.62) 1287 (5.12) 1309 (2.22) 1287 (5.38)
No 82645 32710 (94.85) 49935 (98.38) 25116 (94.88) 57529 (97.78%) 22618 (94.61)
Inappetence
Never 57298 24017 (69.66) 33281 (65.57) 18671 (70.73) 38627 (65.65) 16988 (71.08)
Occasionally 24989 9446 (27.40) 15543 (30.62) 6976 (26.43) 18013 (30.62) 6232 (26.08)
Often 2947 1016 (2.95) 1931 (3.80) 751 (2.84) 2196 (3.73) 680 (2.85)
Take the initiative to acquire
medical knowledge
Yes 48284 19268 (55.88) 29016 (57.17) 14989 (56.78) 33295 (56.59) 13534 (56.63)
No 36946 15210 (44.12) 21736 (42.83) 11409 (43.22) 25537 (43.41) 10366 (43.37)
Laboratory inspection
TG, mmol/L 2.67 +2.40 1.32+1.00 2.38 £2.07 1.63 +1.67 247214
TC, mmol/L 524 +1.04 4.89+0.92 5.19 +£1.00 4.96 +0.97 519+1.01
LDL-C, mmol/L 2.88+0.89 2.86+0.78 2.94+0.87 2.84 +0.80 2.92+0.88
HDL-C, mmol/L 118+0.24 1.42+0.30 1.19+0.24 1.38 £ 0.31 1.18+0.23
TBIL, pmol/L 13.38 £5.15 13.52 £5.28 13.24 £5.15 13.56 £ 5.26 13.21 £5.16
AST,U/L 26.83 £18.10 22.55+17.75 25.76 +13.67 23.74 +£19.70 26.00 +14.07
ALT, U/L 35.73 +£27.93 21.28 +21.60 33.86 + 25.81 24.09 +24.57 34.59 +26.44
A/G 1.76 £0.29 1.76 £0.31 1.75+0.28 1.77 £0.31 1.74+0.28
FPG, mmol/L 596 £1.68 532+1.77 588 +£1.62 544 +1.81 593 +1.65
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HbAlc (%)

BUN, mmol/L

SUA, pmol /L

Platelets (x10°/L)
Total bile acid, pmol /L

Creatinine, pmol/L

2 2 metabolic abnormalities

Yes
No

Lifestyle management

Do you often eat late night
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Never

Occasionally

Often

Crapulent

Yes

No

Food preference
Light

Briny

Unclear

Drink beverage
Never

Occasionally

Often

Exercise frequency
1-2 times/wk

3-5 times/wk

> 5 times/wk
Exercise training
Yes

No

Exercise duration
<30 min

30-60 min

> 60 min

Labour intensity
Light physical labor
Moderate physical labor
Heavy physical labor
Psychological states

Irritability
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591+ 0.96
497+1.23
385.23 + 85.79
227.84 + 54.33
436 £5.89

77.32 £16.64

27536 (79.85)

6949 (20.15)

23097 (66.99)
10204 (29.59)

1179 (3.42)

3175 (9.21)

31305 (90.79)

12278 (35.61)
12755 (36.99)

9446 (27.40)

18399 (82.24)
3653 (16.33)

320(1.43)

8441 (39.52)
8672 (40.60)

4247 (19.88)

21444 (62.20)

13033 (37.80)

4950 (23.17)
12575 (58.87)

3836 (17.96)

31651 (91.78)
2463 (7.14)

371 (1.08)
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27666 (82.51)
5545 (16.54)

320 (0.95)

12939 (41.37)
12490 (39.94)

5846 (18.69)

31385 (61.84)

19367 (38.16)

7751 (24.78)
18094 (57.85)

5430 (17.36)

46256 (91.13)

3819 (7.52)

682 (1.34)

990

5.90 +0.95
495+1.23
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2758 (16.90)
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277 (1.05)

559 +0.72
475+£1.31
328.43 + 87.85
224.64 + 54.61
4.07+5.71

72.46 £41.16

19381 (32.94)

39458 (67.06)

37577 (63.87)
19045 (32.37)
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24514 (41.67)
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53721 (91.30)
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429+525
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19018 (79.56)
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BMI: Body Mass Index; SUA: Serum uric acid; TG: Triglycerides; TC: Total cholesterol; LDL-C: low density lipoprotein cholesterol; HDL-C: high density
lipoprotein cholesterol; TBIL: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine transaminase; A/G: Albumin/globulin; FPG: Fasting plasma

glucose; BUN: Blood urea nitrogen; HbAlc: Glycated hemoglobin.
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Figure 2 Prevalence of metabolic associated fatty liver disease and non-alcoholic fatty liver disease. MAFLD: Metabolic associated fatty liver
disease; NAFLD: Non-alcoholic fatty liver disease.
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Figure 3 Participants with metabolic associated fatty liver disease, non-alcoholic fatty liver disease, and those excluded by the two
definitions. MAFLD: Metabolic associated fatty liver disease; NAFLD: Non-alcoholic fatty liver disease.

DISCUSSION

This study found that the prevalence of fatty liver disease was higher when the MAFLD definition was used for diagnosis
rather than the NAFLD definition (40.5% vs 31.0%, respectively). In addition, a higher number of factors were associated
with MAFLD, including general information (e.g., 8 items such as metabolic abnormalities, diastolic blood pressure),
laboratory (e.g., 9 items such as TBIL, SUA), and lifestyle (e.g., 4 items such as drink beverage) characteristics. In contrast,
psychological factors were not significantly correlated with MAFLD. Among these significant indicators, we have an
interesting finding that three indicators are associated with CKD. Participants with CKD may have elevated SUA levels
[15], low TBIL levels[16] and abnormal creatinine values, which may suggest that there is an association between CKD
and MAFLD, the exact mechanism need to further analysis.

MAFLD prevalence

The prevalence of MAFLD in this study was 40.5%. Several studies have assessed the epidemiology of MAFLD, however,
the reported prevalence of this condition varies. While the study[17] demonstrated a lower prevalence of MAFLD (25 %-
37.3%), a meta-analysis of 2667052 individuals estimated that the global prevalence[18] of this disease was 50.7%. A study
using 2017-2018 NHANES data[19] indicated that MAFLD prevalence was 39.1%, a finding similar to that reported here.
Consistent with the our study, prior reports have also found that MAFLDI[20] is more prevalent in males. Reported[21]
variations in the prevalence of MAFLD may be the result of ethnic disparities and environment factors. Differences in the
methods used to estimate steatosis (liver ultrasound, elastography, diagnostic scores) may account for some of the hetero-

geneity.

NAFLD prevalence

The prevalence of NAFLD (31.0%) was lower than the prevalence of MAFLD in this study. A total of 23905 participants
had overlapping diagnostic criteria for NAFLD and MAFLD. While 2498 patients had NAFLD without metabolic dysreg-
ulation, 10580 patients had fatty liver with metabolic abnormalities and alcohol use. A recent study by Lee et al[22]
identified a similar number of cases using the MAFLD and NAFLD criteria on population-based data (n = 8962813) from
National Health and Nutrition Examination surveys (37.3% vs 28.0%, respectively), a result similar to our findings. It is
probable that the high MAFLD prevalence in the current study was primarily caused by the high prevalence of
overweight and metabolic dysfunction.

Comparison of MAFLD and NAFLD disease characteristics

Regardless of age, the prevalence of MAFLD and NAFLD was much higher in males than females, a finding consistent
with a study by Ito et al[23]. This may be because males are more prone to poor lifestyle habits, such as smoking and
alcohol consumption. The current study also found that the peak prevalence of MAFLD occurred earlier among men
(40-49 years) than women (50-59 years), a finding reported previously[24]. Women enter menopause and begin to lose
estrogen after they are > 50 years of age. Estrogen is thought to suppress visceral fat accumulation and increase
subcutaneous fat accumulation. A higher BMI is linked to a higher prevalence of MAFLD and NAFLD. Thus, individuals
with high BMI should be appropriately educated about these conditions.
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Table 2 Univariate and multivariate logistic regression analysis of factors associated with metabolic associated fatty liver disease, n

(%)

Univariate analysis

Multivariable analysis

Variable Category
Odds ratio (95%Cl) P value Odds ratio (95%Cl) P value

General information
Sex Male(ref)

Female 0.69 (0.58-0.84) <0.001 0.67 (0.57-0.80) 0.001
Age 1.01 (1.01-1.02) 0.001 1.01 (1.00-1.02) 0.001
BMI, kg/m? 1.46 (1.41-1.52) <0.001 1.45 (1.40-1.51) <0.001
Systolic blood pressure, mmHg 1.00 (0.99-1.00) 0.360 None
Diastolic blood pressure, mmHg 1.01 (1.00-1.02) 0.007 1.01 (1.00-1.01) 0.002
Waist circumference, cm 1.12 (1.11-1.14) <0.001 112 (1.11-1.14) <0.001
Hip circumference, cm 0.95 (0.93-0.96) <0.001 0.95 (0.93-0.96) <0.001
Smoke Never (ref) 0.409 None

Always 1.18 (0.90-1.56) 0.236 None

Smoke in the past 1.07 (0.80-1.43) 0.667 None

Passive exposure to 1.15 (0.80-1.65) 0.464 None

secondhand smoke
Alcohol consumption No(ref)

Yes 0.89 (0.78-1.01) 0.061 1.11 (0.99-1.26) 0.082
Diabetes No(ref)

Yes 1.16 (0.91-1.49) 0.231 None
> 2 metabolic abnormalities No(ref)

Yes 3.38 (3.00-3.82) <0.001 3.38 (2.99-3.81) <0.001
Take the initiative to acquire No(ref)
medical knowledge

Yes 1.14 (1.02-1.26) 0.017 1.14 (1.03-1.27) 0.014
Laboratory inspection
TG, mmol/L 1.31 (1.15-1.49) <0.001 1.33 (1.27-1.40) <0.001
TC, mmol/L 1.09 (0.81-1.45) 0.578 None
LDL- C, mmol/L 1.00 (0.74-1.35) 0.997 None
HDL-C, mmol/L 0.50 (0.33-0.73) <0.001 0.58 (0.47-0.71) <0.001
TBIL, pmol/L 1.01 (1.00-1.02) 0.044 0.98 (0.98-0.99) <0.001
AST,U/L 0.98 (0.97-0.98) <0.001 1.01 (1.01-1.01) <0.001
ALT, U/L 1.02 (1.02-1.03) <0.001 1.02 (1.02-1.02) <0.001
A/G 1.85 (1.53-2.25) <0.001 0.99 (0.92-1.08) 0.884
BUN, mmol/L 0.98 (0.94-1.02) 0.388 None
FPG, mmol/L 0.97 (0.91-1.04) 0.426 None
HbA1lc (%) 1.35 (1.20-1.52) <0.001 1.52 (1.47-1.57) <0.001
Total bile acid, pmol /L 1.00 (1.00-1.01) 0.395 None
SUA, pmol/L 1.00 (1.00-1.01) <0.001 1.01 (1.01-1.01) <0.001
Platelets (x10°/L) 1.00 (1.00-1.00) <0.001 1.00 (1.00-1.00) <0.001
Creatinine, pmol/L 0.99 (0.99-1.00) <0.001 0.99 (0.99-0.99) <0.001

Lifestyle management
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Inappetence Never(ref) 0.597 None
Occasionally 1.13 (0.84-1.52) 0.409 None
Often 1.16 (0.86-1.57) 0.322 None
Do you often eat late night snacks  Never(ref) 0.529 None
Occasionally 1.33 (0.78-2.28) 0.288
Often 1.37 (0.79-2.35) 0.260
Crapulent No(ref)
Yes 0.93 (0.73-1.20) 0.586 None
Food preference Light (ref) 0.868 None
Briny 0.97 (0.85-1.10) 0.617
Unclear 0.99 (0.85-1.14) 0.874
Drink beverage Never (ref) 0.015 0.004
Occasionally 2.66 (1.37-5.18) 0.004 1.01 (0.85-1.20) 0.917
Often 2.69 (1.36-5.32) 0.004 0.32 (0.17-0.63) 0.001
Exercise frequency 1-2 times/wk (ref) 0.048 0.025
3-5 times/wk 1.20 (1.03-1.40) 0.017 0.95 (0.84-1.08) 0.429
> 5 times/wk 1.14 (1.00-1.30) 0.049 0.82 (0.71-0.95) 0.009
Exercise training 0.39 (0.04-3.58) 0.404 None
Exercise duration < 30 min (ref) 0.049 0.045
30-60 min 0.81 (0.68-0.96) 0.017 1.07 (0.94-1.22) 0.283
> 60 min 0.87 (0.76-1.00) 0.045 1.24 (1.04-1.47) 0.015
Labor intensity Light physical labor (ref) 0.049 0.026
Moderate physical labor 0.80 (0.66-0.97) 0.024 0.78 (0.65-0.95) 0.013
Heavy physical labor 0.79 (0.51-1.21) 0.273 0.77 (0.50-1.18) 0.226
Psychological states
Irritability Never (ref) 0.637 None
Occasionally 1.01 (0.89-1.15) 0.851
Often 1.14 (0.87-1.50) 0.346
Tense and unrelaxed Never (ref) 0.806 None
Occasionally 0.95 (0.820-1.11) 0.351
Often 0.96 (0.69-1.35) 0.828
Anxious Never (ref) 0.076 0.091
Occasionally 0.92 (0.78-1.08) 0.290 0.96 (0.85-1.07) 0.447
Often 1.38 (0.91-2.08) 0.127 1.31 (1.00-1.73) 0.052
Depress Never (ref) 0.211 None
Occasionally 1.09 (0.92-1.29) 0.320
Often 0.77 (0.49-1.21) 0.264
Sleep Well (ref) 0.221 None
Moderate 0.98 (0.82-1.16) 0.791
Bad 0.89 (0.74-1.07) 0.225

BMI: Body Mass Index; SUA: Serum uric acid; TG: Triglycerides; TC: Total cholesterol; LDL-C: low density lipoprotein cholesterol; HDL-C: high density
lipoprotein cholesterol; TBIL: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine transaminase; A/G: Albumin/globulin; FPG: Fasting plasma
glucose; BUN: Blood urea nitrogen; HbAlc: Glycated hemoglobin.
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Independent risk factors for MAFLD

General information: This study found that as hip circumference increase (OR = 0.95, 95CI%: 0.93-0.96), the risk of
MAFLD decreases, a finding consistent with Lin et al[25]. Indeed, fat accumulation on the hips may be beneficial to
metabolic health and reduce the risk of metabolic-related diseases[26]. The risk of MAFLD was also 1.14 times higher
among those who actively acquired medical knowledge than those who did not. This may be because individuals who
are willing to actively acquire knowledge are more likely to attend medical check-ups for early detection and diagnosis.
Meanwhile, people who aren’t willing to acquire medical knowledge lack an understanding of self-health management
and may be less likely to attend medical check-ups. This could cause an illusion of low MAFLD prevalence.

Laboratory indicators: After correcting for sex, age and BMI confounders, multivariate logistic regression analysis found
that TG, HDL-C, TBIL, AST, ALT, glycated hemoglobin, SUA, platelets, and creatinine were associated factors for
MAFLD. The risk of MAFLD increases by 1.33 times for each unit increase in TG value, which is consistent with the
findings of previous studies[27]. Therefore, regular screening of TG levels and attention to dynamic changes in TG should
be performed during routine medical examinations to facilitate screening of people at risk of MAFLD. A high HDL-C
level indicates that the body is using cholesterol well and is a sign of good health. The OR value of 0.58 in our study,
which suggests that elevated HDL-C may be an important protective factor for MAFLD. ALT and AST are indicators of
hepatocellular damage, with ALT being the most sensitive. A number of studies have shown that ALT is an independent
risk factor for the development of MAFLD in both obese and non-obese people[28]. In this study, ALT and AST were
significantly increased in patients with MAFLD, and they were independent risk factors for the development of MAFLD.
The increase in free fatty acids in the liver cells of MAFLD patients led to an increased susceptibility of the liver to inflam-
matory reactions and the production of oxygen free radicals, which led to hepatocyte degeneration and necrosis, resulting
in an increase in serum ALT and AST.

Platelets[29] are elevated during inflammation, and previous studies have found a linear correlation between platelet
count and the severity of liver fibrosis[30] in individuals with MAFLD. In our study, we also found that platelet count
was mild correlated with MAFLD, consistent with the results of Zeng et al[31], indicating that platelet count may be used
as a reference indicator of MAFLD development and the resulting liver fibrosis. And our study found that high glycated
hemoglobin values were also strongly associated with a high risk of MAFLD (OR = 1.52, 95%CI: 1.47-1.57), suggesting
that glycated hemoglobin is an important reference indicator for screening for MAFLD, and there is previous evidence
that patients with MAFLD have significantly higher glycated haemoglobin values compared to the healthy population
[32].

In addition to above indicators, we have an interesting finding, SUA, TBIL and creatinine have significance in the
multifactorial regression analysis of this study. Participants with CKD may have elevated SUA levels, low TBIL levels
and abnormal creatinine values, which may suggest that there is an association between CKD and MAFLD, the exact
mechanism need to further analysis. Longitudinal studies[33] have also shown an increased incidence of CKD among
NAFLD patients. Despite these findings, however, there is little awareness about CKD in NAFLD, and evidence on the
relationship between MAFLD and CKD is even rarer. The current study found that SUA was significantly correlated with
MAFLD. While the mechanisms remain unclear, there are a few hypotheses. First, SUA may act as an oxidant and
elevated levels may increase oxidative stress, thereby promoting the development of MAFLD. Second, SUA[34] induces
adipogenesis through the production of endoplasmic reticulum, activating fatty acid synthase and acetyl coenzyme A
carboxylase and leading to the accumulation of fat in hepatocytes. Indeed, low TBIL[35] and creatinine levels may be
associated with MAFLD risk. The descend creatinine levels in MAFLD are consistent with the findings of Liu et al[36].
The reduction in creatinine associated with MAFLD may be the result of sarcopenia, which is linked to low skeletal
muscle mass and reduced function. MAFLD patients maybe follow lower skeletal muscle mass, especially in lean MAFLD
patients. There are differing views on the relationship between TBIL and the risk of MAFLD. Our study showed a mild
negative correlation. This may be because TBIL activates toll-like receptor 4 signaling and promotes inflammation.

Lifestyle indicators: Previous studies[37] have shown that consuming sugary beverages may increase the risk of MAFLD,
while drinking coffee and tea may reduce the risk. The current study found that individuals who regularly consumed
beverages were 0.32 times more likely to develop MAFLD than those who never drank beverages. This may be because
coffee and tea, which contain biologically active compounds with anti-oxidant and anti-fibrotic potential, were the most
consumed beverages in this population[38]. Our study found that the risk of developing MAFLD when exercising > 5/wk
was only 0.82 times that of exercising 1-2/wk. Meanwhile, prior studies have indicated that < 2/wk maybe no effect[39].
However, these findings do not necessarily mean that more frequent exercise is beneficial. It is also important to consider
frequency in relation to exercise intensity and length. The risk of MAFLD was found to be 1.24 times higher following
exercise lasting > 60 min than exercise lasting < 30 min, suggesting that the benefit of exercise doesn’t increase after a
certain length, perhaps due to fatigue that reduces long-term adherence. Finally, labor intensity was a protective factor,
with moderate labor intensity is 0.78 times risk incidence of MAFLD than light labor intensity. This finding is consistent
with a study by Chen et al[40] and suggests that moderate physical labor is beneficial to health.

Limitations

To our knowledge, this is the first largest sample study to assess the new nomenclature of MAFLD in the Mid-South
region of China. The study has some limitations, however. First, lifestyle information was self-reported by the
participants, which may cause recall bias. Second, all the participants were recruited from one medical facility so the
findings may not be generalizable to the Chinese population. Additional studies are needed to assess the prevalence and
features of MAFLD in other regions of the country. Third, this study lacked histological information on steatosis and
fibrosis diagnoses. While ultrasound imaging is highly sensitive and specific for liver fibrosis and steatosis, this technique
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Figure 4 Prevalence of metabolic associated fatty liver disease by gender and age group. MAFLD: Metabolic associated fatty liver disease.
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Figure 5 Prevalence of non-alcoholic fatty liver disease by gender and age group. NAFLD: Non-alcoholic fatty liver disease.

is not the gold standard for diagnosis. In addition, vibration controlled transient elastography (VCTE) also been
recommended for a wide range of studies related to NAFLD[41-45], and VCTE has good diagnostic performance in
assessing steatosis. However, there are certain shortcomings that limit its use and make it less widespread than

ultrasound, such as high dependence on operator experience, limited sampling range, large overlap in liver fibrosis
staging data, and inconsistent delineation of Cut off values.

CONCLUSION

This study found that MAFLD was significantly more prevalent than NAFLD in our study population. In addition to the
usual risk factors, our results suggest that CKD may be related with MAFLD. More research is needed to determine the
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Figure 6 Non-alcoholic fatty liver disease and metabolic associated fatty liver disease prevalence by body mass index zone. MAFLD:
Metabolic associated fatty liver disease; NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index.

potential mechanisms underlying the occurrence of MAFLD and to develop interventions to prevent and treat this
disease.

ARTICLE HIGHLIGHTS

Research background

Metabolic associated fatty liver disease (MAFLD) is renamed from non-alcoholic fatty liver disease (NAFLD), but there
are differences in diagnostic criteria. Since the research on MAFLD is just beginning, however, evidence on its incidence
and prevalence in the general population and in specific subpopulations remains limited.

Research motivation

MAFLD proposal is not only a change in nomenclature. On one hand, MAFLD includes patients with concomitant liver
diseases and secondary causes of fatty liver. On the other hand, patients with hepatic steatosis but not fulfilling the
metabolic criteria are not classified as MAFLD. How these criteria affect our understanding of the epidemiology of
MAFLD is unclear. The clinical characteristics and risk factors between MAFLD and NAFLD has not been adequately
explored. We aimed to further clarify a possible link and difference between the two diagnostic criteria.

Research objectives
We sought to assess the impact of the new definition on the epidemiology of fatty liver disease and compare MAFLD
with NAFLD in a general population. Potential risk factors of MAFLD-diagnosed individuals were also explored.

Research methods

A total of 85242 adults were selected from the Chinese health management database in 2017-2022. Specifically, the
participants were divided into MAFLD group, NAFLD group and MAFLD & NAFLD group for analysis and comparison.
Several elements were included such as prevalence, disease characteristics, and risk factors.

Research results
We found a higher prevalence of MAFLD than NAFLD. There are differences in clinical features between MAFLD,
NAFLD and MAFLD & NAFLD. In addition to the common risk factors, we identified CKD may be related with MAFLD.

Research conclusions

MAFLD was more prevalent than NAFLD in the study population, with two-fifths of individuals meeting the diagnosis
criteria. Compared to NAFLD, MAFLD has its own disease characteristics and risk factors. Intervention program should
address the risk factors for MAFLD and regular screening for the disease is recommended.
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Research perspectives

Some of the risk factors for MAFLD have been initially identified, but cross-sectional studies of causality are weak. In the
future, multi-centre, multi-regional longitudinal studies could be conducted to elucidate disease characteristics, disease
trajectory and risk factors in depth.
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Abstract

BACKGROUND

Non-alcoholic fatty liver disease (NAFLD) has become a prevalent cause of
chronic liver disease and ranks third among the causes of transplantation. In the
United States alone, annual medical costs are approximately 100 billion dollars.
Unfortunately, there is no Federal Drug Administration (FDA)-approved medi-
cation for its treatment. However, various clinical trials are investigating several
therapeutic classes that could potentially treat NAFLD. It is valuable to have a
compilation of the data available on their efficacy.

AIM

To assess the efficacy of cyclophilin inhibitors, fibroblast growth factor 21 analogs
(FGF21), and dual and pan peroxisome proliferator-activated receptor (PPAR)
agonists for treating NAFLD.

METHODS

A comprehensive literature search using keywords including cyclophilin
inhibitor, FGF agonist, pan-PPAR agonists, dual-PPAR agonist, NAFLD, non-
alcoholic steatohepatitis, and fatty liver was conducted on October 29, 2022, in
PubMed, EMBASE, Cochrane Library, Scopus and Web of Science. Animal and
human research, case reports, and published articles in English from all countries
with patients aged 18 and above were included. Only articles with a National
Institutes of Health (NIH) Quality Assessment score of five or higher out of eight
points were included. Articles that were narrative or systematic reviews,
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abstracts, not in English, focused on patients under 18 years old, did not measure outcomes of interest, were
inaccessible, or had a low NIH Quality Assessment score were excluded. Each article was screened by two
independent researchers evaluating relevance and quality. Resources were scored based on the NIH Quality
Assessment Score; then, pertinent data was extracted in a spreadsheet and descriptively analyzed.

RESULTS

Of the 681 records screened, 29 met the necessary criteria and were included in this review. These records included
12 human studies and 17 animal studies. Specifically, there were four studies on cyclophilin inhibitors, four on FGF
agonists/analogs, eleven on pan-PPAR agonists, and ten on dual-PPAR agonists. Different investigational products
were assessed: The most common cyclophilin inhibitor was NV556; FGF agonists and analogs was Efruxifermin;
pan-PPAR agonists was Lanifibranor; and dual-PPAR agonists was Saroglitazar. All classes were found to be
statistically efficacious for the treatment of NAFLD, with animal studies demonstrating improvement in steatosis
and/or fibrosis on biopsy and human studies evidencing improvement in different metabolic parameters and/or
steatosis and fibrosis on FibroScan (P < 0.05).

CONCLUSION

The data analyzed in this review showed clinically significant improvement in individual histological features of
NAFLD in both animal and human trials for all four classes, as well as good safety profiles (P < 0.05). We believe
this compilation of information will have positive clinical implications in obtaining an FDA-approved therapy for
NAFLD.

Key Words: Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis; Cyclophilin inhibitors; Fibroblast growth factor 21
analogs; Dual peroxisome proliferator-activated receptor agonists; Pan peroxisome proliferator-activated receptor agonists

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Non-alcoholic fatty liver disease (NAFLD) has become a significant global health issue. There is no medication
approved by the Federal Drug Administration for the treatment of NAFLD. However, there are several therapeutic classes
currently being studied in clinical trials. In this systematic review, we analyze the scientific data of cyclophilin inhibitors,
fibroblast growth factor 21 analogs, and dual and pan peroxisome proliferator-activated receptor agonists for the treatment of
NAFLD.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a prevalent chronic liver disease affecting approximately 30% of the world's
population[1]. It is characterized by the buildup of more than 5% of fat in hepatocyte histology[1]. NAFLD encompasses a
range of conditions, such as non-alcoholic fatty liver (NAFL), non-alcoholic steatohepatitis (NASH), and cirrhosis[2].
NAFL is defined as hepatic steatosis without inflammation, based on liver biopsy histology|[2].

Approximately 20% of patients with NAFL will develop NASH, which is the presence of hepatic steatosis, lobular
inflammation, and hepatocyte ballooning[1,2]. This persistent liver cell injury leads to progressive fibrosis and cirrhosis in
approximately 10%-20% of patients, converting NAFLD into the quickest-growing cause of hepatocellular carcinoma
(HCCO)[1,3]. NAFLD is currently liver transplantation's third most common cause[1]. Unlike other causes of HCC, which
start with fibrosis, up to one-third of patients with NASH and HCC are non-cirrhotic and are more advanced, making
treatment difficult[3].

NAFLD is a liver condition that is closely linked with metabolic syndrome[1]. It is often seen in people who have type
2 diabetes, are insulin resistant, have high levels of triglycerides and cholesterol, and are obese[1]. The main risk factors
for developing NAFLD are a diet high in fats and sugars and a sedentary lifestyle[1]. Some experts have started using
metabolic-associate fatty liver disease to describe this condition because of its strong link with metabolic dysfunction.
Still, for clarity purposes, we will stick with the NAFLD nomenclature throughout this review[4].

Approximately 70% of diabetics, overweight patients, and 90% of patients with dyslipidemia and morbid obesity will
develop NAFLD[1,4]. NAFLD is also associated with systemic pathologies such as chronic kidney disease, cardiovascular
disease, and reduced mineral density[1]. Cardiovascular disease is the most common cause of death in NAFLD patients;
however, they also have an increased overall mortality rate compared to the general population[1]. It is of utmost concern
that there is an increase in the prevalence of adolescents with NAFLD, leading to earlier end-stage liver disease[5].
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In the United States alone, $100 billion of annual medical costs are attributed to NAFLD. Searching for an approved
medical therapy for NAFLD is a pressured race[4]. The lack of an authorized agent could be secondary to the limited
understanding of a multifactorial disease process and the absence of dependable non-invasive biomarkers[4]. Due to the
acknowledgment of an increasing epidemic and the severity of NAFLD, several trials are ongoing to identify possible
pharmacologic agents[3]. Most of the agents target the known metabolic associations with NAFLD, such as adipose tissue
dysfunction, insulin resistance, de novo lipogenesis, lipid exportation in the liver, and imbalance between energy intake
and expenditure[5].

There is growing interest in future combined medications targeting multiple critical pathways involved in developing
NAFLD[5]. Precise identification of the drivers of this disease is crucial for developing new agents, and it is hoped that
registered therapy for NAFLD will become available in the next few years[2]. Clinicians must be aware of the emerging
agents for the treatment of NAFLD and the need for further human research to characterize better the efficacy, dosage,
length of treatment, etc. This systematic review will delve into the scientific data behind four innovative therapeutic
classes currently being studied for treating NAFLD: Cyclophilin inhibitors, fibroblast growth factor 21 analogs (FGF21),
and dual and pan peroxisome proliferator-activated receptor (PPAR) agonists.

MATERIALS AND METHODS

This review analyzed animal and human research, case reports, and published articles in English from all countries with
patients aged 18 and above. Only articles with a five or higher National Institutes of Health (NIH) Quality Assessment
score were included. Articles that were narrative or systematic reviews, abstracts, not in English, focused on patients
under 18 years old, did not measure outcomes of interest, were inaccessible, or had a low NIH Quality Assessment score
were excluded.

A comprehensive literature search using broad search criteria was conducted in five databases: PubMed, EMBASE,
Cochrane Library, Scopus, and Web of Science (October 29, 2022). Our search terms were as follows: (rencofilstat OR
"cyclophilin inhibitor" OR "cyclophilin inhibition" OR lanifibranor OR "PPAR agonist" OR "peroxisome proliferator
activated receptor agonist" OR "pan-ppar agonist" OR "pan-peroxisome proliferator activated receptor agonist" OR
efruxifermin OR "FGF-21 inhibitor" OR "fibroblast growth factor-21 inhibitor" OR "fibroblast growth factor 21 inhibitor"
OR "FGF21 inhibitor" OR "FGF21 inhibition" OR "FGF-21 inhibition") AND (NASH or "fatty liver" or "hepatic steatosis" or
steatohepatitis OR NAFLD OR "non-alcoholic fatty liver disease" OR "Non-alcoholic Fatty Liver Disease" OR "Fatty Liver,
Non-alcoholic" OR "Fatty Livers, Non-alcoholic" OR "Liver, Non-alcoholic Fatty" OR "Non-alcoholic Fatty Liver" OR
"Non-alcoholic Fatty Livers" OR "Non-alcoholic Steatohepatitis" OR "Non-alcoholic Steatohepatitides" OR "Steatohepat-
itides, Non-alcoholic" OR "Steatohepatitis, Non-alcoholic" OR "liver, fatty" OR "steatosis of liver" OR "visceral steatosis"
OR "steatosis, visceral" OR "steatoses, visceral" OR "visceral steatosis" OR "liver steatosis" OR "liver steatoses" OR
"steatosis, liver" OR "steatoses liver").

For the study selection process, Covidence was used, a platform that facilitates the importation of citations and
screening of titles, abstracts, and full text. Each article was initially screened by title and abstract by two independent
researchers (J.T. and N.B.) to exclude studies irrelevant to our aim. Next, each article was screened by full text by the
same two independent researchers (J.T. and N.B.) to exclude studies that were finally irrelevant to our aim. Once both
researchers completed all screening stages, any conflicts were registered in Covidence, and the discrepancies were
reviewed and resolved.

The following data were collected separately by J.T. and N.B. from all eligible studies and recorded in Excel: First
author, digital object identifier, study design, number of participants, name of therapy, mechanism of action, side effects,
and statistical data about liver enzymes, cholesterol panels, weight reduction, NAFLD activity score (NAS), Fibroscan
controlled attenuation parameter (CAP) and kPa, fibrosis stage, fibrotic markers, and quality assessment scores. J.T. and
N.B. resolved all discrepancies in the collected data. The quality of included studies was assessed by the NIH Quality
Assessment tool. We included articles with a score greater than or equal to five out of eight points.

RESULTS

Records were identified from 5 databases: PubMed, EMBASE, Cochrane Library, Scopus, and Web of Science. One
hundred twenty-two duplicate records were removed before the screening. Six hundred eighty-one records were
screened, out of which eighty-two were excluded by an automation tool. Five hundred fifty-nine reports were sought for
retrieval, out of which three hundred were not retrieved. Two hundred fifty-nine reports were assessed for eligibility, out
of which two hundred and thirty were excluded. The most common reason for exclusion was review articles (156)
followed by irrelevant articles (31), abstracts (18), duplicates (16), foreign language (5), and unable to be accessed (4).
Twenty-nine of the two hundred and fifty-nine records assessed for eligibility were included (Figure 1). Most studies,
including human and animal participants, were small (n < 100). Some studies enrolled patients with NAFLD and others
with NASH. Articles were included when the NIH Quality Assessment Score was greater than or equal to five points. The
majority of articles included were scored as six or seven points. Reasons for lower scores included unknown publication
bias and no rating by two independent reviewers. Most studies did not report harmful outcomes.

Four studies evaluated cyclophilin inhibitors (Table 1), four evaluated FGF analogs (Table 2), eleven evaluated pan-
PPAR agonists (Table 3), and ten evaluated dual-PPAR agonists (Table 4). Different investigational products were
assessed; the most common for cyclophilin inhibitors was NV556, for FGF agonists/analogs was Efruxifermin (EFX), for
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Table 1 Studies of cyclophilin inhibitors in the treatment of non-alcoholic fatty liver disease

Human Number of  Key inclusion Investigational
Ref. or Study design . .y . . g Study end points  Key findings
. participants criteria product/dose
animal
Harrison Human Randomized, n=49 Patients with Rencofilstat Placebo Evaluate the effect of ALT in the placebo vs 75 vs
et al[9], single-blind, presumed F2/F3  vs Rencofilstat (75  Rencofilstat on ALT, 225 mg group was 70.67 vs
2022 placebo-controlled, NASH or 225 mg daily) Pro-C3, liver 42.5v5 30.56 IU/L. Pro-C3
phase 2a study; steatosis, and was reduced in stratified
Duration: 4 wk fibrosis measured by patients with Pro-C3 > 15 (P
FibroScan < 0.01). Fibrosis was 22 vs 14
vs 12 kPa. Steatosis was 351
vs 337 vs 329 dB/m
Kuoetal  Animal Duration: 30 wk n=10 High-fat diet- CRV431: Control vs  Evaluate the effect of Fibrosis levels were
[6], 2019 induced NASH 50 mg/kg daily CRV431 on liver 37%-46% lower in the
mouse model (1 fibrosis measured by treatment vs control group (
=10) Sirius red staining in P < 0.05)
liver biopsy sections
Kuoetal ~ Animal Duration: 6 wk n=9 CCL4-induced ~ CRV431: Control vs  Evaluate the effect of Liver fibrosis was lowered
[8], 2019 liver fibrosis 50 mg/kg daily CRV431 on liver by 43% in the treatment vs
mouse model (1 fibrosis measured by control group (P < 0.01)
=9) Sirius red staining in
liver biopsy sections
Kuoetal ~ Animal Duration: 6 wk n=8 High-fat diet- NV556: Control vs  Evaluate the effect of Fibrosis was reduced by
[8], 2019 induced NASH 50 mg/kg daily NV556 on liver 60% in the treatment vs
mouse model collagen and fibrosis  control group (P = 0.0281)
measured by Sirius
red staining in liver
biopsy sections
Simén Animal  Duration: 7 wk n=20 Choline- NV556: Control s Effect of NV556 on  Reduction of liver fibrosis
Serrano et deficient high- 100 mg/kg daily liver fibrosis and by 25% (2% in control vs
al[7], 2019 fat diet-induced collagen production  1.5% in treatment group P <
model of NASH measured by Sirus  0.01)
in mice (n =10 red staining
per group)

ALT: Alanine transaminase; AST: Aspartate aminotransferase; NASH: Non-alcoholic steatohepatitis; NAFLD: Non-alcoholic fatty liver disease; CCL4:

Carbon tetrachloride; IU: International units.

pan-PPAR agonists was Lanifibranor, and for dual-PPAR agonists was Saroglitazar.

In terms of cyclophilin inhibitors, four animal studies demonstrated significant improvement in fibrosis on liver biopsy
weeks after product use (P < 0.05). The randomized controlled trial (RCT) performed in humans (n = 49) noted similar
results, with a reduction in ALT and Pro-C3 levels (P < 0.01), as well as steatosis and fibrosis as measured on FibroScan (P
<0.01).

The three animal studies using FGF analogs demonstrated significant improvement in both steatosis and fibrosis
measured on liver biopsy (P < 0.05). The RCT performed in humans (1 = 80) measured the change in hepatic fat fraction
(HFF) on magnetic resonance imaging at 12 wk of treatment. It noted a greater than 50% reduction in HFF in all treatment
dosage groups (P < 0.0001).

Eight animal studies using pan-PPAR agonists evidenced a significant reduction in steatosis on biopsy as measured by
the decrease in triglyceride or lipid accumulation in hepatocytes (P < 0.05). There was also a reduction in fibrosis and
collagen deposition on liver biopsy (P < 0.05). The human studies included three RCTs that examined the metabolic
effects and/or steatosis markers (steatosis activity score) and concluded improved metabolic function, resolution of
steatosis, and fibrosis improvement (P < 0.05).

In terms of dual-PPAR agonists, six animal studies reported improvement in steatosis, reduction in fibrosis or
progression to fibrosis, and improvement in lipid metabolism and insulin sensitivity (P < 0.05). Two human in-vitro
studies on hepatic cells were performed, which demonstrated a reduction in hepatic lipid accumulation, secretion of
inflammatory chemokines, and profibrotic gene expression. Four additional human studies, including prospective design
and RCTs, showed improved metabolic parameters such as insulin sensitivity, hemoglobin Alc, and lipid profiles (P <
0.05). Additionally, FibroScan results showed improved liver stiffness and steatosis (P < 0.05).

DISCUSSION
Cyclophilin inhibitors

Cyclophilins are thought to contribute to the development of liver fibrosis and cancer. Among these, Cyclophilin B is
known to play a role in collagen production, leading to fibrosis. To treat NASH, several investigational products have
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Table 2 Studies of fibroblast growth factor analogs/agonists in the treatment of non-alcoholic fatty liver disease

Human Key L
. Numberof . . Investigational . e
Ref. or Study design . inclusion Study endpoints Key findings
. participants . | product/dose
animal criteria
Harrison Human Randomized, n =280 Patients with  Efruxifermin: Absolute change from The mean relative change in
et al[10], double-blind, biopsy- Placebo vs EFX baseline in HFF HFF at week 12 was -63.2% -
2021 placebo- confirmed (28, 50, 70 mg) measured as MRI- 70.9%, and -72.3%, respectively,
controlled, phase NASH (F1-F3) proton density fat in the treatment groups of 28,
2a BALANCED fraction at 12 wk of EFX 50, and 70 mg (P < 0.0001)
study. Duration:
16 wk
Baoetal Animal Duration: 15d n=10 Choline- Effect of PSTag600 on Decrease in NAS in control vs
[12], 2018 deficient attenuation of the treatment group of 5 vs 1 and
high-fat diet- development of NASH  area of oil red O of 26% vs 3%,
induced measured by NASand  respectively (P < 0.05)
model of oil red O staining
NASH in
mice (1 =5
per group)
Leetal Animal  Duration: 4 wk n=8 MCD diet- Evaluate the attenuation ~The expression of a-SMA and
[11], 2018 induced of fibrosis with the GPRI1 in the liver of mice fed
NASH mouse administration of with MCD diet was increased.
model LY2405319 by The treatment group had an
measuring levels of a- attenuated increase of collagen
SMA and GPR91 (cells type 1, 0-SMA, and GPR91
and receptors involved  protein levels (P < 0.05).
in hepatic fibrogenesis)  LY2405319 intraperitoneal
on liver biopsy after 8 administration for 4 wk daily
wk ameliorated hepatic steatosis
and fibrosis that was induced by
MCD diet
Puengel Animal Duration: 6 wk n=12 Choline- BMS-986171: Effect of BMS-986171 on  NAS of the control vs. treatment
et al[13], deficient Control vs 0.6 liver steatosis and group was 5 vs 4 (P < 0.05),
2022 high-fat diet- mg/kg twice fibrosis measured NAS  hepatic steatosis 2.5 vs 1.5 (P <
induced weekly on biopsy 0.01), inflammation 3.5 vs 2.5
model of and ballooning 1.2 vs 0.75 (P <
NASH in 0.001) respectively
mice (n =6
per group)

NASH: Non-alcoholic steatohepatitis; n: Number; NAS: NAFLD activity score; EFX: Efruxifermin; HFF: Hepatic fat fraction; MRI: Magnetic resonance
imaging; o-SMA: Alpha-smooth muscle actin; MCD: Methionine and choline-deficient.

been developed to target Cyclophilins[6]. The main cyclophilin inhibitors reviewed here are CRV431[6], NV556[7,8], and
Rencofilstat[9].

Studies conducted on animals, mainly mice that were administered a cyclophilin inhibitor, have shown positive results
in improving liver fibrosis during biopsy[6-8]. In particular, Kuo et al's research indicated a reduction of over 37% in liver
fibrosis with CRV431 treatment compared to control on various mouse models[6,8]. Likewise, NV556 also demonstrated a
significant decrease in collagen production and liver fibrosis[7,8].

Due to these promising results, researchers conducted a phase 2a RCT with 49 patients who received Rencofilstat (75,
225 mg) or a placebo[9]. The results showed that patients with high baseline Pro-C3 levels (> 15) experienced a decrease
in collagen biomarkers, which are predictors for collagen deposition (P < 0.01)[9]. This aligns with previous animal
studies, suggesting that cyclophilin inhibitor treatment may reduce liver fibrosis. The patients generally tolerated
Rencofilstat well, with only mild side effects reported, such as constipation, diarrhea, back pain, dizziness, and headache
[9]. Animal and human studies have shown that various investigational products that inhibit cyclophilin effectively treat
patients with NASH. These agents are also well-tolerated and have anti-fibrotic properties that are beneficial.

FGF21 analogs or agonists
FGF21 is an active component of organ metabolism. Different variants have been studied for treating fatty liver disease,
diabetes, and obesity due to their effect on glucose and lipid metabolism[10]. The main FGF21 analogs and agonists
reviewed here are LY2405319[11], PsTag600[12], BMS-986171[13], and EFX[10]. Multiple animal studies involving FGF21
analogs and agonists have demonstrated improved glucose metabolism and reductions in markers of liver injury and
fibrosis[11,12]. Le et al[11] performed an animal study using LY2405319 (FGF21 analog), which attenuated increased
collagen type 1, alpha-smooth muscle actin, and GPR91 protein levels[11]. These results align with research on PsTag600
(long-acting FGF21) and BMS-986171 (FGF21 agonist)[12,13].

A phase 2a study included 80 patients treated with a placebo or EFX 28 mg, 50 mg, or 70 mg (FGF21 analog) for 12 wk
[10]. The results indicated a significant decrease in HFF, with 78% of patients showing a positive response to NAS with an
increase of at least 2 points and 48% of patients showing a resolution of NASH[10]. There was also a statistically
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Table 3 Studies of pan peroxisome proliferator-activated receptor agonists in the treatment of non-alcoholic fatty liver disease

Human Number of  Key inclusion Investigational
Ref. or Study design . 'y . . g Study endpoints Key findings
. participants criteria product/dose
animal
Abitbol et Human Double-blind, Patients with biopsy- IVA337 Reduction in trigly-
al[21], 2016 randomized, confirmed NASH (Lanifibranor). cerides by 32% and
placebo- and type 2 diabetes ~ Placebo vs IVA337 ALT by 10% (P < 0.05)
controlled, on stable doses of (400, 800, or 1200
parallel-group metformin mg daily)
study. Duration:
4wk
Cooreman Human Post-hoc analysis 1 =247 Patients with non- Lanifibranor Effect of Lanifibranor NASH resolution and
et al[14], of the phase 2b cirrhotic biopsy- Placebo vs on glycemic control and ~ fibrosis improvement
2022 NATIVE study. confirmed NASH Lanifibranor (800 ~ NASH markers. in the treatment group
Duration: 24 wk or 1200 mg daily)  Efficacy in NASH was s placebo was 26% vs
measured with SAF 7%, respectively, and a
score and fibrosis 41% reduction of
staging HbA1c from baseline (
P <0.001)
Francque ¢ Human Randomized, n =247 Patients with noncir-  Lanifibranor Decrease of at least 2 48% of patients in the
al[18], 2021 double-blind, rhotic, highly active  Placebo vs points in the SAF score 800 mg group and 55%
placebo- NASH (SAF 21 or Lanifibranor (800  without worsening of in the 1200 mg group
controlled, phase higher for steatosis, ~ or 1200 mg daily)  fibrosis had a decrease of at
2b trial. hepatocellular least 2 points in the
Duration: 24 wk ballooning, and SAF score vs 33% in the
lobular inflammation placebo group (P =
on liver biopsy) 0.007)
Anetal Animal Duration:3wk n=5 Genetically obese MHY2013: Control Reduction of hepatic Liver triglycerides
[22], 2017 mice vs 5 mg/kg daily steatosis measured via ~ were 10 mg/100 mg of
liver triglycerides on protein in the control vs
biopsy 7 mg/100 mg of
protein in the treatment
group (P < 0.05)
An et al Animal Duration:3wk n=6 Aged model mice MHY2013: Control  Evaluate the attenuation The ratio of liver
[25], 2018 vs MHY2013 (1 or  of hepatic lipid accumu- weight/body weight
3-5 mg/kg daily) lation measured by liver was 0.035, 0.03, and
biopsy 0.025 in control, 1 and
3-5 mg/kg groups,
respectively (P < 0.01)
Barbosa- Animal Duration: 4 wk 1 =20 High-fat diet mice (1  Bezafibrate: Effect of Bezafibrate on  Reduction in TG levels
da-Silva et =10 per group) Control vs 100 hepatic lipid and liver steatosis of
al[16], 2015 mg/kg daily metabolism measured ~ 30% and 50%,
by liver TG and respectively, in the
steatosis on biopsy treatment group (P <
0.0001)
Boubiaetal Animal Duration:3wk n=16 CCI4-induced liver ~ Lanifibranor: Efficacy of Lanifibranor ~Reduction in hepatic
[19], 2018 fibrosis in mice (1 =8 Control vs 30 in reducing fibrosisin ~ collagen deposition
per group) mg/kg daily NASH measured by from 0.6% of the area to
hepatic collagen on 0.3% in the control vs
biopsy treatment group (P <
0.01)
Lefereetal Animal Duration:6wk 1n=16 Choline-deficient Effect on NAFLD Reduction of NAFLD
[15], 2020 high-fat diet-induced measured by the activity score from 6 to
NASH mouse model NAFLD activity score, 2 in the treatment vs
(n = 8). Isolated fibrosis by the Sirus red  control group (P <
hepatic macrophages staining, and hepatic 0.0001), collagen by 5%
(n=8) macrophages assessed  to 3% (P < 0.01), and
by IHC liver macrophages
from 22% to 8% (P <
0.0001)
Mollerhgj  Animal Duration: 12wk n=13 Gubra-Amylin Lanifibranor: Change in NAS and At least a 2-point
et al[20], NASH diet-induced ~ Control vs 30 fibrosis stage measured improvement in the
2022 obese mouse with mg/kg daily on biopsy steatosis score, and
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only 20% of
hepatocytes had lipid
droplets vs 80% in the
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0.001). 50% of mice had
a 1-point improvement
in fibrosis (P < 0.05)
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Nagasawa Animal Duration:5wk n=7 Choline-deficient Benzafibrate: Effect on hepatic lipid Liver TG was 25, 20,
etal[17], high-fat diet-induced Control vs content and histopatho- and 55 mg/g in the 50,
2006 NASH mouse model  Benzafibrate (50, logical changes 100 mg/kg vs placebo
100 mg/kg daily) ~ measured on biopsy by  groups, respectively (P
the number of activated < 0.01). The activated
hepatic stellate cells hepatic stellate cells
were 11 number/15
fields vs 1 number/15
fields, respectively
Wettstein ~ Animal Duration: 3wk  n=20 Choline-deficient IVA337 Evaluate the effects of ~ Prevention of steatosis
et al[24], high-fat diet-induced (Lanifibranor) IVA337 on hepatic in 98% of mice and
2017 model of NASH in Control vs 30 features associated with inflammation in 75% of
mice (n =10 per mg/kg daily NASH measured by mice (P < 0.001)
group) hepatic lipid droplet

count and lobular
inflammation foci count

ALT: Alanine transaminase; NASH: Non-alcoholic steatohepatitis; n: Number; TG: Triglycerides; CCL4: Carbon tetrachloride; SAF: Steatosis activity
fibrosis; NAFLD: Non-alcoholic fatty liver disease; NAS: NAFLD activity score; IHC: Immunohistochemistry.
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Figure 1 PRISMA flow diagram.

significant reduction in alanine transaminase (ALT), aspartate aminotransferase (AST), and total cholesterol levels[10].
Compared to Resmetirom, a selective thyroid hormone receptor-p agonist in phase 3 trials, FGF21 analogs/agonists
showed similar reductions in HFF and fibrosis[10]. The side effects reported for EFX were mild and included diarrhea,
nausea, vomiting, abdominal pain, frequent bowel movements, and fatigue[10]. In conclusion, FGF21 analogs and
agonists have numerous benefits for NAFLD, including improved glucose and lipid metabolism, reduced markers of liver
injury, and liver fibrosis. They effectively reduce hepatic steatosis and fibrosis, making them a promising treatment for
NAFL and NASH.
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Table 4 Studies of dual-pan peroxisome proliferator-activated receptor agonists in the treatment of non-alcoholic fatty liver disease

Human Number of  Key inclusion Investigational
Ref. or Study design . .y . . g Study endpoints Key findings
. participants criteria product/dose
animal

Boeckmans Human N/A Hepatic cells Elafibranor Effect on hepatic Reduction in hepatic lipid

et al[34], generated from steatosis and inflam-  load, as well as the

2019 human skin- matory chemokines expression and secretion of
derived inflammatory chemokines,
precursors with which are responsible for the
induced NASH recruitment of immune cells

Boeckmans Human In vitro study. N/A Hepatic cells Elafibranor Effect on hepatic Attenuated lipid accumu-

et al[33], Duration: N/ A generated from steatosis, inflam- lation, inflammatory

2021 human skin- matory chemokines, chemokine secretion, and
derived and pro-fibrotic gene  pro-fibrotic gene expression
precursors with expression
induced NASH

Cariouetal Human Multicenter, n=22 Abdominally GFT505: Placebo  Effect on peripheral Improved peripheral insulin

[27], 2013 randomized, obese insulin- vs 80 mg daily and hepatic insulin sensitivity with a 21%

single-blind, resistant males sensitivity with increase of the GIR (P =

placebo- improvement in GIR ~ 0.048) and enhanced hepatic

controlled, insulin sensitivity with a 44%

crossover study. increase in insulin

Duration: 8 wk suppression of endogenous
glucose production (P =
0.006)

Chaudhuri Human Single-center, n=76 Patients with Saroglitazar 4 mg Effect on liver There was significant

et al[32], prospective, NAFLD and daily stiffness and steatosis ~ improvement of LSM from

2023 observational, elevated ALT measured by LSM baseline (11.03 + 7.19 kPa) to

open-label, levels along with and CAP on 24-wk (9.29 £ 6.39 kPa) and
single-arm study. liver stiffness FibroScan at baseline, 52-wk (8.59 + 6.35 kPa)
Duration: 52 wk value > 6 kPa 24 and 54 wk values, respectively (P <
and/or liver 0.001). There was a
steatosis CAP > significant improvement in
290 dB/m median CAP at 24 wk 281
dB/m, (P <0.001) and 52 wk
287 dB/m, (P < 0.001) as
compared with the baseline
328 dB/m

Hassanetal Animal Duration: 5 wk n=12 Mice with Saroglitazar: Histopathological In the control vs treatment

[29], 2019 induced NASH by Control vs 4 effects of Saroglitazar ~ group, steatosis score was 3
a high-fat mg/kg daily by using light vs 0.5, hepatic ballooning
emulsion diet (n = microscopy was 2 vs 0.5, lobar hepatitis
6 per group) was 3 vs 1, and portal

hepatitis was 3 vs 0.25,
respectively (P < 0.05)

Padole etal Human n=91 Patients with BMI ~ Saroglitazar 4 mg Change from baseline Patients with > 5% of weight

[31], 2022 >23 kg/m? daily of liver biomarker, loss had a median AST of 36
diagnosed with hepatic steatosis, and  vs 40 at baseline (P = 0.038),
NAFLD (CAP > fibrosis in patients ALT 44 vs 53 (P < 0.01), kPa
248 dB/m) who lost >5% of the 5.9 vs 6.8 (P = 0.336) and CAP

weight 265 vs 311 (P = 0.128)

Rajesh etal Human n =85 Patients with Saroglitazar 4 mg Evaluate the effect of ~ From baseline, there was a

[28], 2022 NAFLD (US, CT,  daily Saroglitazar on liver reduction in ALT from 49
or MRI) and type function test, liver u/L to 48 (P < 0.05), fibrosis
2 diabetes fibrosis score by score 10 kPa to 6 (P < 0.0001),
mellitus, and FibroScan, lipid TG 359.89 to 103.04 (P =
dyslipidemia profiles, and HbAlc  0.0001), HbAlc 10.29% to

9.85% (P = 0.002)

Jain et al Animal Duration: 12wk n=18 CDHFD-induced  Saroglitazar: Reversal of CDHFD-  In control vs. treatment,

[30], 2018 model of NASH in  Control vs 3 induced NASH after 8 respectively, steatosis score
mice (n =9 per mg/kg daily wk was 2.6 vs 0, ballooning 1.4 vs
group) 0, inflammation 3 vs 1.1 (P <

0.1)

Jain et al Animal Duration: 12wk n=16 CCL4-induced Saroglitazar: Reversal of CCl4- Saroglitazar protected mice

[30], 2018 fibrosis model in ~ Control vs 4 induced liver fibrosis ~ from CCl4-induced liver
mice (n = 8 per mg/kg daily after 4 wk fibrosis measured via
group) Hematoxylin and Eosin

stains

Staelsetal ~ Animal Duration: 7 wk n=16 Choline-deficient ~ GFT505: Control ~ Evaluate the The percentage of animals

[26], 2013
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induced model of  daily development of control vs treatment was
NASH in mice (n NASH in CDHFD 100% to 0%, inflammation
=8 per group) mice was 100% to 0%, and the

percentage of fibrosis was
1.3% to 0.8% (P < 0.01)

Staelsetal ~ Animal Duration: 7 wk n=12 CCl4-induced GFT505: Control  Evaluate the The fibrotic surface of control
[26], 2013 liver fibrosis in vs 30 mg/kg prevention of the vs treatment was 8% vs 4% in
mice (1 = 6 per daily development of CCL4 mice (P < 0.001)
group) NASH in CCL4 mice
Yeetal[23], Animal Duration: 2 wk n=6 High fat-fed rats ~ Ragaglitazar: 3 Evaluate the benefits ~ Enhanced insulin suppress-
2003 mg/kg-1 daily of Ragaglitazar on ibility of hepatic glucose
insulin sensitivity and output by 79% (P < 0.001),
lipid metabolism. decrease in liver TG from
baseline of 23 pmol/g to 7
pmol/g (P <0.01)

N/ A: Not applicable; NASH: Non-alcoholic steatohepatitis; n: Number; TG: Triglycerides; CCL4: Carbon tetrachloride; NFS: NAFLD fibrosis score; CAP:
Controlled attenuation parameter; HbAlc: Hemoglobin Alc; NAFLD: Non-alcoholic fatty liver disease; GIR: Glucose infusion rate; CDHFD: Choline-
deficient high-fat diet; BMI: Body mass index; ALT: Alanine transaminase; AST: Aspartate aminotransferase; US: Ultrasound; MRI: Magnetic resonance
imaging; CT: Computerized tomography.

Pan-PPAR agonists

There are three different isoforms of PPAR, a, y, 8[14]. PPARa mainly regulates genes that participate in lipid transport,
beta-oxidation, gluconeogenesis, and ketogenesis[15]. PPARY regulates adiponectin, glucose metabolism, adipocyte
differentiation, and lipogenesis[15]. PPARS limits inflammation and regulates hepatic fatty acid oxidation[15]. Single
PPAR agonists have had unwanted adverse effects and less effective results, for which investigational products that act
on several isoforms have been attractive[15].

The main pan-PPAR agonists reviewed here are Benzafibrate[16,17], Lanifibranor[14,15,18-21], and MHY2013[22,23].
Multiple animal studies involving pan-PPAR agonists have demonstrated increased plasma adiponectin, improvement in
hepatic steatosis, and markers of liver injury[15,17,19,20,22-24]. In alignment with the mechanism of pan-PPAR agonists,
MHY2013[22,25] and Lanifibranor[19,20,24] also led to a decrease in hepatic steatosis, hepatic inflammation, serum trigly-
cerides, profibrotic and fibrotic genes. In addition to the previously mentioned effects of Lanifibranor, Mellerhgj et al[20]
revealed that Lanifibranor resulted in progressive weight loss, a 23% decrease at eight weeks and a 30% decrease at 12 wk
[20].

In line with results from animal studies, a study of 45 patients using Lanifibranor (400 mg, 800 mg, or 1200 mg) or
placebo for four weeks revealed an increase in adiponectin, a decrease in triglycerides, and ALT[25]. Shortly after, a more
significant phase 2b trial was performed on 247 patients with NASH that were randomly assigned to Lanifibranor (800 or
1200 mg) or a placebo daily for 24 wk[18]. Participants had at least a 2-point decrease in the Steatosis, Activity, and
Fibrosis score[18]. A comparison of pan-PPAR agonists vs single agents revealed that pan-PPAR agonists were more
potent in counteracting fibrosis by combining specific mechanisms of single PPAR agonists[15]. Lanifibranor was
generally well tolerated with mild reported side effects, including diarrhea, nausea, peripheral edema, anemia, and
weight gain[18]. Based on initial data, pan-PPAR agonists are more effective in improving the histological features of
fatty liver disease with fewer adverse side effects than single PPAR agonists. This makes them a desirable option for the
treatment of fatty liver disease.

Dual-PPAR agonists

Like pan-PPAR agonists, these agents act on two isoforms of PPAR, allowing for a more targeted effect. Saroglitazar has
already been Federal Drug Administration (FDA)-approved for diabetic dyslipidemia and hypertriglyceridemia and has
been shown to improve NAFLD, which piqued interest.

The main dual-PPAR agonists reviewed here are Ragaglitazar (o/y)[23], GFT505 (a/6)[26,27], Saroglitazar (a/y)[28-32]
and Elafibranor (a/8)[33,34]. Multiple animal studies involving dual-PPAR agonists have demonstrated promising
results, including reduced triglycerides and liver injury markers[23,29]. Ragaglitazar revealed an 88% reduction in trigly-
cerides, increased adiponectin, counteracted an increase in visceral fat mass, and enhanced insulin suppressibility of
hepatic glucose output[23]. These outcomes correlate with results seen with GFT505[26] and Saroglitazar[20,29].
Furthermore, Saroglitazar completely normalized AST and ALT, reduced serum TNF-a level by 47.6% and leptin by
58.6%[29].

Human research showed promising results in line with the aforementioned animal studies. GFT505 80 mg/day
revealed a statistically significant reduction of fasting plasma triglycerides, LDL, and liver enzyme levels[27]. However,
the most studied investigational product is Saroglitazar. A more extensive study in 85 patients revealed reduced ALT and
triglycerides[28]. Furthermore, a study of Saroglitazar in 91 patients showed that 57 patients (63%) could reduce = 5% of
their weight[31]. There has been discussion regarding pan-PPAR agonists vs dual agents; Boeckmans et al[33] compared
Elafibranor vs Lanifibranor (pan-PPAR agonist), which identified Elafibranor as having higher anti-NASH properties[33].
In general, dual-PPAR agonists are safe and effective in treating NAFLD and obesity. Research suggests that Elafibranor
may be more effective than pan-PPAR agonists in treating these conditions.
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CONCLUSION

NAFLD has become one of the most common causes of chronic liver disease globally. It's troubling that no FDA-
approved treatments are currently available for this condition. Patients are limited to lifestyle changes and managing any
concurrent diseases associated with fatty liver. However, there are promising developments in the form of investigational
products that are being studied through clinical trials. These products include cyclophilin inhibitors, FGF21 agonists, and
pan and dual PPAR agonists. The data analyzed in this review show clinically significant improvement in individual
histological features of NAFLD in both animal and human trials for all four classes. These agents were generally well
tolerated, with minimal side effects. We believe this compilation of information will have positive clinical implications in
obtaining an FDA-approved therapy for NAFLD. However, more extensive trials are needed to further determine their
efficacy, proper dosage, duration of therapy, and potential side effects for patients with NAFLD, including those with
hepatic steatosis and fibrosis.

ARTICLE HIGHLIGHTS

Research background

Non-alcoholic fatty liver disease (NAFLD) has become a global health issue with significant medical costs. The lack of a
Federal Drug Administration (FDA)-approved medication for the treatment of NAFLD has prompted the investigation of
several potential therapeutic classes. It is valuable to have a compilation of the data available on their efficacy.

Research motivation

Due to the absence of an approved medication by the FDA for the treatment of NAFLD, several therapeutic classes have
been investigated in clinical trials. It is important to understand the mechanisms and statistical significance of the agents
being investigated, as NAFLD is extremely prevalent.

Research objectives
To assess the efficacy of cyclophilin inhibitors, fibroblast growth factor 21 analogs (FGF21), and dual and pan peroxisome
proliferator-activated receptor (PPAR) agonists as possible therapeutic classes for treating NAFLD.

Research methods

We searched PubMed, EMBASE, Cochrane Library, Scopus, and Web of Science using keywords including cyclophilin
inhibitor, FGF agonist, pan-PPAR agonists, dual-PPAR agonist, NAFLD, non-alcoholic steatohepatitis, and fatty liver.
Articles with a National Institutes of Health Quality Assessment score of five or higher were included. Each article was
screened by two independent researchers evaluating relevance and quality. Pertinent data were extracted in a sprea-
dsheet and descriptively analyzed.

Research results

We identified 29 studies that met the necessary criteria and were included in this review. These records included 12
human studies and 17 animal studies. Specifically, there were four studies on cyclophilin inhibitors, four on FGF analogs,
11 on pan-PPAR agonists, and ten on dual-PPAR agonists. All classes were found to be efficacious for the treatment of
NAFLD with statistical significance (P < 0.05).

Research conclusions

We found that cyclophilin inhibitors, fibroblast growth factor 21 analogs, and dual and pan PPAR agonists are not only
statistically efficacious for the treatment of NAFLD but also generally well tolerated. We recommend more extensive
human clinical research to further delineate therapy's efficacy, dosage, and duration.

Research perspectives

It is to be expected that additional human clinical trials of the therapeutic classes assessed in this review, as well as
additional novel agents, will be conducted in the near future. An FDA-approved agent for the treatment of NAFLD is of
utmost importance.
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