
CMH v27 n1 내지 광고.indd   1 2021. 1. 4.   오후 1:46







월

화

수 목
금

토
일

Virreal   Tablets (Tenofovir disoproxil orotate)  [Indication] 1. In combination with other antiretroviral agents, for the treatment of HIV-1 infection in adult and pediatric patients 
12 years of age and older 2. For the treatment of chronic hepatitis B in adults and pediatric patients 12 years of age and older [Dosage & administrations] [1] 1 tablet once 
daily taken orally, without regard to food  [2] Patients with Renal Impairment : Significantly increase drug exposures occurred to subjects with moderate to severe renal
impairment. Therefore, the dosing interval of this drug should be adjusted in patients with baseline creatinine clearance below 50mL/min. [Warning] 1. Lactic acidosis/ severe
hepatomegaly with Steatosis 2. Worsening of Hepatitis after Discontinuation of Treatment 3. New onset or Worsening of Renal Impairment 4. Coadministration with Other
Products 5. Patients Coinfected with HIV-1 and HBV 6. Decreases in Bone Mineral Density 7. Fat Redistribution 8. Immune Reconstitution Syndrome 9. Early Virological
Failure [Contraindication] 1.Hypersensitivity to this drug 2. Patients with genetic problems related with lactose [Manufacturer] Dong-A ST Corp. [Distributor] Dong-A ST Corp.
*Please refer to full prescribing information.

helps with medication compliance is economical conducts naïve Phase Ⅲ clinical trials
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mRECIST, modified Response Evaluation Criteria in Solid Tumors; IIR, Independent imaging review; ORR, Objective Response Rate; CI, Confidence Interval; uHCC, unresectable hepatocellular carcinoma; OR, Odds ratio; OS, Overall Survival

[References] 1. Kudo M et al. Lancet. 2018 Mar 24;391(10126):1163-1173 2. Lencioni R, Llovet JM. Semin Liver Dis. 2010 Feb;30(1):52-60 

[Study design] (REFLECT study) 2013년 3월 1일~2015년 7월30일사이에등록된 uHCC 환자 954명을대상으로 Lenvatinib (n=478, ≥60 kg 경우 12 mg 하루한번, <60 kg 경우 8 mg 하루한번)과
Sorafenib (n=476, 400 mg 하루 두 번) 간 1차 항암 요법의 유효성과안전성을비교평가한다국가, 다기관, 1:1 무작위 배정, 공개, 비열등성 3상 임상 시험입니다.
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Response Rate

Lenvatinib은 대조군 대비 약 3배 높은 객관적 반응률(ORR)*을 입증하였으며,1

약 41%의 환자*에서 30% 이상의종양 크기 감소를 보였습니다.
1.2

Remarkable 
Response

Remarkable 
보건의료전문인용

Investigator review according to mRECIST
Objective response (%, 95% CI)
Masked Independent Imaging review according to mRECIST
Objective response (%, 95% CI)
Masked Independent Imaging review according to RECIST 1.1
Objective response (%, 95% CI)

Lenvatinib (n=478)

115 (24.1%, 20.2-27.9)

194 (40.6%, 36.2-45.0)

90 (18.8%, 15.3-22.3)

OR 3.13 (2.15-4.56)

OR 5.01 (3.59-7.01)

OR 3.34 (2.17-5.14)

<0.0001

<0.0001

<0.0001

44 (9.2%, 6.6-11.8)

59 (12.4%, 9.4-15.4)

31 (6.5%, 4.3-8.7)

Sorafetinib (n=476) E�ect size (95% CI) P value

* 해당 결과는 2차 평가 변수로,  post-hoc exploratory tumor assessment로 진행된 mRECIST에 따른 IIR 평가 결과이며, 자세한 내용은 문헌 전문(Kudo M, et al. 2018)에서 확인 바랍니다.

Lenvatinib(median OS 13.6개월, 95% CI 12.1-14.9)은 Sorafenib(median OS 12.3개월, 95% CI 10.4-13.9) 대비 1차 평가변수인 전체생존기간에서 비열등성을 입증하였습니다(HR 0.92, 95% CI 0.79-1.06).1

[ Median OS Lenvatinib 13.6개월 (95% CI 12.1-14.9) vs. sorafenib 12.3개월 (95% CI 10.4-13.9), Hazard ratio 0.92, 95% CI 0.79-1.96]

 Produc t Inforⓜation [제품명] 렌비마캡슐 4mg, 10mg (렌바티닙메실산염) [원료약품 및 분량] 렌비마®캡슐 4mg 이 약 1캡슐 중 유효성분 - 렌바티닙메실산염(별규) 4.90mg (렌바티닙으로써 4.0mg) 렌비마®캡슐 10mg 이 약 1캡슐 중 유효성분 - 렌바티닙메실산염(별규) 12.25mg (렌바티닙으로써 10.0mg) 
[효능∙효과] 1. 방사성 요오드에 불응한, 국소 재발성 또는 전이성의 진행성 분화 갑상선암 2. 절제불가능한 간세포성암 환자의 1차 치료 3. 이전에 전신 치료를 받은 경험이 있고 질병이 진행하였으며, 수술적 치료 또는 방사선 치료가 부적합한, MSI-H (microsatellite instability high) 또는 dMMR (mismatch 
repair deficient) 상태가 아닌 진행성 자궁내막암 환자의 치료로서, 펨브롤리주맙과의 병용요법 [용법∙용량] 1) 권장용량 및 용법 · 분화갑상선암 성인에서 이 약의 권장 투여용량은 1일 1회 24mg이다. 이상반응 관리를 위하여 1일 투여량은 필요에 따라 조절할 수 있다. 이 약은 매일 같은 시간에 식사와 
관계없이 경구로 복용한다. · 간세포성암 이 약의 권장 투여용량은 체중을 기준으로 한다. - 60kg 이상인 환자: 12mg - 60kg 미만인 환자: 8mg 질병이 진행되거나 수용할 수 없는 독성이 나타날 때까지 이 약 1일 1회 투여를 지속한다. 간세포성암에서 10mg 용량의 사용에 대한 임상적 근거는 없다. 

· 자궁내막암 이 약의 권장 투여용량은 1일 1회 20mg을 경구투여 하는 것으로 질병이 진행되거나 수용할 수 없는 독성이 나타날 때까지 투여하며, 병용 투여하는 펨브롤리주맙은 3주마다 30분 동안 200mg을 정맥 점적주입한다.  펨브롤리주맙의 권장 용량 정보는 펨브롤리주맙의 허가사항을 

참고한다. [사용상의 주의사항] 1. 다음 환자에는 투여하지 말 것 1) 이 약의 주성분 혹은 부형제에 대한 과민증이 있는 환자 2) 모유수유를 하고 있는 환자2. 다음 환자에는 신중히 투여할 것 1) 고혈압환자 2) 혈전색전증 또는 병력이 있는 환자 3) 뇌전이 환자 4) 외과적 수술 후 상처가 치유되지 

않은 환자 5) 경동맥, 경정맥 등에 종양 침윤이 있는 환자 [수입자] 한국에자이㈜ 서울특별시 강남구 봉은사로86길 6 빌딩레베쌍트 10층 TEL)02-3451-5500 - 첨부문서 작성연월일: 2021년 7월 1일 - 기타 자세한 사항은 제품설명서 전문을 참고하여 주십시오.
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Clinical and Molecular Hepatology (Clin Mol Hepatol), is an international, peer-reviewed, open- 

access journal published quarterly in English. Clin Mol Hepatol aims to share advanced and latest 

knowledge, trend, and understanding of hepatobiliary diseases, to provide a wide open academ-

ic forum for active debate and discussion among clinical doctors, translational researchers, and 

basic scientists, and to improve public health through a multidisciplinary approach, especially in 

resource-limited Asia-Pacific area with high prevalence of B viral infection and hepatocellular car-

cinoma. In addition, Clin Mol Hepatol gives priority to epidemiological studies of hepatobiliary 

diseases in East Asia, North Asia, Southeast Asia, Central Asia, South Asia, Southwest Asia, Pacific, 

Africa, Central Europe, Eastern Europe, Central America, and South America. 

Clin Mol Hepatol publishes original papers, meta-analysis, letter to editor, case reports, reviews, 

guidelines, editorials, and liver image and pathology on all aspects of the field of hepatology. 
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INTRODUCTION

Preamble

The prevalence of nonalcoholic fatty liver disease (NAFLD) is in-

creasing rapidly worldwide as the obese and diabetic populations 

increase, and it has been estimated to be 20–30% in Korea. Con-

sidering the increased popularity of a westernized diet and life-

style, lack of exercise, and the resulting increase in obesity and di-

abetes, NAFLD is predicted to become more prevalent in the 

future and to become a major cause of chronic liver disease. In 

some patients, NAFLD progresses to end-stage liver diseases such 

as cirrhosis and hepatocellular carcinoma (HCC), and it is an inde-

pendent cardiovascular risk factor.

In 2013, the Korean Association for the Study of the Liver 

(KASL) enacted a clinical practice guideline for the diagnosis and 

treatment of NAFLD to improve understanding of the disease and 

provide useful clinical information and direction for healthcare 

providers. The research results that have accumulated since then 

necessitate a revision. Accordingly, the clinical practice guidelines 

committee began revising the guidelines to reflect the results of 

Korean and international research and develop new recommenda-

tions based on a systematic approach that reflects evidence-

based medicine and expert opinions. However, evidence remains 

insufficient, and many studies are currently being conducted. As 

medical evidence and new findings accumulate in the future, 

these guidelines will require ongoing supplementation and revision.

Target population

Patients diagnosed with NAFLD based on clinical, biochemical, 

radiological, or pathological findings in the absence of significant 

alcohol consumption and liver diseases such as viral hepatitis 

were the primary research population involved in the development 

of these guidelines. These guidelines are also based on data from 

pediatric and adolescent NAFLD patients, whose unique findings 

distinguish them from adult NAFLD patients.

Intended users

The aim of these guidelines is to provide useful clinical informa-

tion and direction to healthcare providers involved in the diagno-

sis and treatment of NAFLD patients. Moreover, these guidelines 

are intended to provide definite and practical information to resi-

dent physicians, practitioners, and trainers.

Developer and funding information

The Clinical Practice Guideline Committee for the Management 

of NAFLD (Committee) was organized in accordance with propos-

als by the approval of the KASL Board of Executives and consists 

of 16 gastroenterologists, one pathologist, one radiologist, and 

two pediatricians specializing in hepatology. All expenses were 

paid by KASL. Each committee member collected and analyzed 

the source data in his or her own field, and the members then 

wrote the manuscript together.

Evidence collection

The committee systematically collected and reviewed the inter-

national and domestic literature published in PubMed, MEDLINE, 

KoreaMed, and other databases. The literature was limited to re-

search papers published in the English and Korean languages. The 

keywords used were ‘nonalcoholic fatty liver disease,’ ‘nonalco-

holic fatty liver,’ ‘nonalcoholic steatohepatitis,’ ‘fatty liver,’ ‘hepat-

ic steatosis,’ and ‘steatohepatitis.’ In addition, keywords related to 

specific clinical questions were included.

Levels of evidence and grades of recommendations

The literature gathered for data collection was analyzed in a 

systematic review, and the quality of evidence was classified 

based on the modified Grading of Recommendations, Assess-

ment, Development and Evaluation (GRADE) system (Table 1). Ac-

cording to the types of studies, randomized, controlled studies 

were approached from a high level of evidence, while observa-

tional studies were approached from a low level of evidence. Sub-

sequently, the level of evidence basis sets in corresponding stud-

Keywords: Non-alcoholic fatty liver disease; Epidemiology; Diagnosis; Treatment; Guideline
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ies was elevated or lowered by accounting for the factors 

influencing the quality of the studies. Through follow-up studies, 

the level of evidence was defined as follows: A, indicating the 

highest level of evidence with the smallest possibility of any 

changes in the conclusion; B, indicating a moderate level of po-

tential changes; and C, indicating the lowest level of evidence 

with the greatest possibility of any changes.

The strength of each recommendation was suggested according 

to the GRADE system. In addition to the level of evidence, the re-

sults of studies were considered based on aspects of clinical mul-

tipliers and socio-economic factors, such as cost. Grading of the 

recommendations was performed as follows: 1, strong recom-

mendation or 2, weak recommendation. A strong recommenda-

tion indicated, for example, that the interventions could be ap-

plied in most patients with strong certainty, there was a greater 

possibility of desirable effects, and there was high-quality evi-

dence, as well as presumed patient-important outcomes, cost-ef-

fectiveness, preference, and compliance. A weak recommendation 

indicated a suggestion made with less certainty but that could be 

considered favorable for many patients. Alternative interventions 

could be chosen for “weak recommendations”, according to cost 

and the preferences of the patients or medical practitioners.

These Clinical Practice Guidelines for the Management of 

NAFLD have been developed through the reviews of medical ex-

perts to be used practically for treatment, research, and educa-

tion. These recommendations are not absolute standards for 

treatment, and adoption of these guidelines in clinical practice 

can differ for individual patients.

List of key questions

The committee considered the following clinical questions as 

key components to be covered in the guidelines.

1. What are the definition and categories?

2. What are the incidence rate and prevalence rate?

3. How does NAFLD progress?

4. What causes NAFLD-related deaths?

5. What are the risk factors of NAFLD?

6. What are NAFLD’s comorbidities?

7.   Who should be targeted for NAFLD screening, and how is 

screening conducted?

8.   Which non-invasive surrogates are available to diagnose he-

patic steatosis?

9.   Which non-invasive surrogates are available to diagnose 

NASH?

10.   Which non-invasive surrogates are available to assess liver 

fibrosis?

11. Which differential tests are available for advanced fibrosis?

12. What are the indications for liver biopsy?

13. What are the histopathological features of NAFLD?

14. Is surveillance for HCC necessary?

15. How can HCC be prevented?

16.   Who should be treated, and what is the aim of the treat-

ment?

17. What do lifestyle modifications include?

18. What is the effect of moderate or less alcohol consumption?

19.   What are the types, indications, effects, and side effects of 

medications for NAFLD?

20.   What are the indications for and post-operative manage-

Table 1. The grading of recommendations, assessment, development, and evaluation (GRADE) system

Criteria

Quality of evidence

High quality Further research is very unlikely to change our confidence in the estimate of the effect. A

Moderate quality Further research is likely to have an important impact on our confidence in the estimate of the effect 
and may change the estimate.

B

Low quality Further research is very likely to have an important impact on our confidence in the estimate of the 
effect and is likely to change the estimate. Any change of estimate is uncertain.

C

Strength of 
recommendation

Strong Factors influencing the strength of the recommendation include the quality of the evidence, presumed 
patient-important outcomes, and cost.

1

Weak Variability in preference and values or greater uncertainty. The recommendation is made with less 
certainty, higher cost or resource consumption.

2
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ment of bariatric surgery?

21.   What are the indications for liver transplantation (LT) and 

post-LT management?

Regarding NAFLD in children and adolescents:

1. What is the prevalence rate? 

2. How does NAFLD progress? 

3. What genetic diseases are associated with risk factors? 

4.   Is related NAFLD related to family history and genetic predis-

position? 

5.   Who should be targeted for NAFLD screening, and how is 

screening conducted? 

6. What are the diagnostic methods? 

7. Who should be treated, and how?

Review of the manuscript and approval process

The manuscripts written by the committee members were re-

viewed and approved through meetings of the committee. The 

quality of the manuscripts was evaluated based on the integrity of 

the contents and the standards of Appraisal of Guidelines for Re-

search and Evaluation II (AGREE II). The guidelines were also re-

viewed at a meeting of an external review board consisting of 11 

specialists in the field of hepatology and at a symposium open to 

all KASL members, and they were then further modified prior to 

publication. The final manuscript was endorsed by the Board of 

Executives of KASL.

Release of the guidelines and plan for updates

The Korean version of the KASL Clinical Practice Guideline for 

the Management of NAFLD was released at Liver Week 2021 (May 

15, 2021), and published in the Clinical and Molecular Hepatology 

(July 2021). This guideline in Korean is available on the KASL 

website (http://www.kasl.org). Updates are planned when new 

reliable evidence has accumulated. Detailed plans for updates will 

be posted on the KASL website.

DEFINITION

What are the definition and categories?

NAFLD is a condition characterized by finding fat infiltration of 

the liver on radiological exams or biopsy without significant alco-

hol intake, viral hepatitis, medication intake that would cause a 

fatty liver, or other obvious cause. NAFLD is defined as a disease 

with findings suitable for clinical, biochemical, imaging, and path-

ological examinations. NAFLD is a generic term that encompasses 

the spectrum of nonalcoholic fatty liver (NAFL), nonalcoholic ste-

atohepatitis (NASH), and NASH cirrhosis (Table 2). The significant 

safe limits of daily alcohol intake that distinguish NAFLD from al-

coholic fatty liver disease range from 10–40 g (pure alcohol), 

though that range varies between studies. Therefore, definite cri-

teria are difficult to recommend. The Clinical Practice Guideline of 

the European Association for the Study of the Liver agreed to de-

fine the amount of significant alcohol consumption as weekly al-

cohol consumption ≥210 g in men and ≥140 g in women.1 No 

ethnic differences have been reported regarding safe alcohol lim-

its that do not produce liver damage. The KASL Clinical Practice 

Guideline for NAFLD uses the amount of significant alcohol con-

sumption stated above in clinical treatment and in studies for in-

ternational comparison with the results of future studies.

The term NAFLD was introduced by Schaffner in 1986.2 Howev-

er, as information about the causes and mechanisms of the dis-

ease accumulated, an opinion emerged that the term NAFLD does 

not reflect the condition’s heterogeneous pathogenesis and vari-

ous courses. Furthermore, the overestimation of the exclusion of 

alcohol has sparked heated debate about the threshold of “signif-

Table 2. Definition of nonalcoholic fatty liver disease-related terms

Term Definition

NAFLD NAFLD is a generic term encompassing a spectrum of liver disorders, including nonalcoholic fatty liver, NASH, and 
NASH cirrhosis. Fat accumulation of more than 5% of the liver’s weight in a biopsy is defined as fat infiltration.

NAFL (simple steatosis) This condition is characterized by fat infiltration of the liver without findings of ballooning degeneration or fibrosis.

NASH This condition is characterized by fat infiltration of the liver along with findings of inflammation associated with 
ballooning degeneration. It is occasionally associated with fibrosis.

NASH cirrhosis This condition is characterized by cirrhosis associated with NAFL or NASH, or cirrhosis occurring in patients with NAFL 
or NASH as proven by past histology.

NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; NAFL, nonalcoholic fatty liver.
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icant” alcohol consumption required for the diagnosis of NAFLD, 

and the potential (contradictory) role of alcohol consumption in 

these “non-alcohol” diseases has been repeatedly raised. In 2019, 

a consensus by 32 experts suggested alternative terminology, 

metabolic (dysfunction)-associated fatty liver disease (MAFLD), to 

more accurately reflect the pathogenesis of this disease.3 The di-

agnosis of MAFLD is based on evidence of fat accumulation in the 

liver in the presence of one of the following three criteria: over-

weight/obesity, type 2 diabetes mellitus (T2DM), and evidence of 

metabolic dysregulation. Further research results are needed to 

verify the validity of this term.

EPIDEMIOLOGY

What are the incidence rate and prevalence rate?

Incidence
In 2007, researchers published results from tracking 5,237 men 

for more than 4 years and reported for the first time that the an-

nual incidence of NAFLD was 74.1 cases per 1,000 persons.4 The 

annual incidence rate of NAFLD diagnosed by abdominal ultraso-

nography in health screening examinees was about 48.2 cases 

per 1,000 persons (range, 13.4–77.7).5-11 As diagnosed by the he-

patic steatosis index (HSI), the annual incidence rate was 21.1 

cases per 1,000 persons.12 According to a meta-analysis in Asia, 

the annual incidence rate in Korea was 45.1 cases per 1,000 per-

sons.13,14

Prevalence
The prevalence of NAFLD varies depending on the study popu-

lation, definition of NAFLD, and diagnostic modality. In 2002, the 

prevalence among 1,074 people receiving health checkups and di-

agnosed by abdominal ultrasound was 48.6%.15 The prevalence 

among 141,610 people receiving health checkups in the Seoul 

and Gyeonggi area and diagnosed by abdominal ultrasound was 

25.2% (male, 34.4%; female, 12.2%),16 and the prevalence in 

other studies varied from 21% to 44%.17-23 In a meta-analysis, the 

prevalence in Korea, as diagnosed by ultrasonography, was 

32.9%.13

The prevalence diagnosed using the fatty liver index (FLI) was 

12.6–16.1%,22,24 and the prevalence diagnosed with transient 

elastography was 42.9%.25 The prevalence diagnosed by liver bi-

opsy among 589 living liver donors in Korea was 51%.26

Lean/non-obese NAFLD
People with normal body weight (body mass index [BMI; kg/m2] 

of less than 23 kg/m2 for Asians, less than 25 kg/m2 for Western-

ers) or non-obese weight (BMI of less than 25 kg/m2 for Asians, 

less than 30 kg/m2 for Westerners) can also be diagnosed with 

NAFLD, but data on the incidence rate among those people in Ko-

rea are limited. In 2004, the prevalence of NAFLD was 16.1% 

among 460 people with a BMI between 18.5 kg/m2 and 25 kg/m2 

who received domestic health checkups.27 In several domestic 

studies, the average prevalence of non-obese NAFLD was 18.8% 

(12.4–27.1%).28-34

Summary

1.   The annual incidence of NAFLD in Korea is about 45 cases per 

1,000 persons.

2.   The prevalence of NAFLD in Korea is approximately 30%.

3.   The prevalence of nonalcoholic fatty liver disease in the 

domestic non-obese population is about 19%.

Natural course and cause of death

How does NAFLD progress?
Because the natural course of NAFLD can only be confirmed 

through repeated liver biopsy, it has been reported only in small 

studies. The incidence of NASH was reported to vary from 8.5% 

to 64.0% over a 3.0–6.6 years follow-up period, a large variation 

that appears to result from differences in the number of patients, 

various follow-up periods, and diagnostic criteria.35-37

In a meta-analysis comparing NAFL and NASH, the percentage 

of patients who progressed to more than one stage of liver fibro-

sis were similar at 39.1% and 34.5%, respectively, but the time it 

took those patients to progress more than one stage was 14.3 

years and 7.1 years, respectively. NASH thus showed faster pro-

gression.38

In a cohort study of NASH patients, the incidence of cirrhosis 

varied by race and region, with an average of 21–26% of patients 

progressing to cirrhosis in eight years.39,40 According to a study of 

an LT waitlist, the number of patients with end-stage liver disease 

because of NAFLD had tripled from 10 years previously, making 

NAFLD the second most common reason for needing LT.41 

Recently, HCC caused by NAFLD has rapidly increased, becom-

ing the third most common cause of HCC development in United 

States, and that number is expected to increase by 9% per 

year.42,43 This trend is believed to be due to the rapid increase in 
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the prevalence of obesity, which is a risk factor for NAFLD. NAFLD 

is associated with a higher incidence of HCC than other etiologies 

of liver disease in the absence of advanced fibrosis or cirrhosis.44-46

What causes NAFLD-related deaths?
According to data from the U.S. National Vital Statistics System, 

the mortality rate of NAFLD has increased in the past decade.47 In 

a meta-analysis, patients with NAFLD had a 1.6 times higher mor-

tality rate than the general population. The major causes of death 

were cardiovascular disease (CVD), malignancy, and liver disease, 

and in the presence of steatohepatitis, liver disease-related deaths 

increased.48-50 In several cohort studies, the prognosis of patients 

with NAFLD was most closely related to the degree of liver fibro-

sis.51,52 In a large-scale cohort study based on liver biopsy, the 

mortality rate of NAFL patients was 1.7 times that of the normal 

control group; the mortality rate of patients who had steatohepa-

titis without hepatic fibrosis was 2.1 times that of the normal con-

trol group; patients with liver fibrosis had a mortality rate 2.4 

times that of the normal control group; patients with cirrhosis had 

a mortality rate that was 3.8 times that of the normal control 

group. Thus, the mortality rate increased with the degree of liver 

fibrosis.53

Summary

1. Liver fibrosis can progress faster in NASH than in NAFL.

2.   The incidence of liver cirrhosis and HCC associated with 

NAFLD is increasing, and HCC can develop even in the 

absence of liver cirrhosis.

3.   The main causes of death among patients with NAFLD are 

CVD, malignant tumors, and liver diseases, and liver disease-

related mortality increases when steatohepatitis and liver 

fibrosis are present.

What are the risk factors of NAFLD?

NAFLD is closely related to obesity, diabetes, dyslipidemia, and 

metabolic syndrome (Fig. 1). Obesity is a well-known risk factor 

for NAFLD, and the prevalence of NAFLD increases as BMI in-

creases.54 Among obese patients who underwent bariatric sur-

gery, the prevalence of NAFL, NASH, and significant liver fibrosis 

were 61–91%, 30–37%, and 29.3%, respectively.55,56 Metabolic 

syndrome, which consists of abdominal obesity, impaired fasting 

blood sugar, hypertriglyceridemia, low high-density cholesterol-

emia, and hypertension, is a major risk factor for NAFLD, just like 

obesity. In the presence of metabolic syndrome, the prevalence of 

NAFLD was 50%.57,58 The prevalence of NAFLD was also high in 

diabetic patients, 60–75%.14 In patients with dyslipidemia, anoth-

er risk factor, the prevalence of NAFLD was 50%.59,60

In the presence of hypothyroidism, the prevalence of NAFLD in-

creases by 1.6 times,61 and in the presence of polycystic ovary 

syndrome, the incidence increases by about 2.2 times.62 In addi-

tion, obstructive sleep apnea,63 hypopituitarism,64 hypogonad-

ism,65 pancreatoduodenal resection,66 and psoriasis67 increase the 

prevalence of NAFLD.

Decreased physical activity and sarcopenia increase the risk of 

NAFLD.68,69 The prevalence and incidence of NAFL increased in 

the group with reduced physical activity.70-72 In the presence of 

sarcopenia, the risk of NAFLD increased by about four times re-

gardless of obesity or metabolic syndrome.68,69 When sarcopenia 

was accompanied by NAFLD, the risk of advanced liver fibrosis in-

creased by 1.8 times.69 

Genetic factors play a major role in the occurrence of NAFLD. 

Typically, the patatin-like phospholipase domain-containing 3 

(PNPLA3) and transmembrane 6 superfamily, member 2 (TM6SF2) 

single nucleotide polymorphisms affect the development and pro-

gression of the disease. In Korea, PNPLA3 and sorting and assem-

bly machinery component 50 (SAMM50) were associated with the 

prevalence and severity of NAFLD.73

Summary 

1.   Major risk factors for NAFLD include obesity, diabetes, 

dyslipidemia, and metabolic syndrome.

What are NAFLD’s comorbidities?

NAFLD is closely related to systemic metabolic diseases,74 and it 

is an independent risk factor for the occurrence of various non-

Figure 1. Risk factors for nonalcoholic fatty liver disease.
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hepatic diseases, including CVD, T2DM, metabolic syndrome, 

chronic kidney disease (CKD), and malignant tumors.75-77

CVD
In a retrospective cohort study of 1,804 patients with NAFLD in 

Denmark in the 2000s, the mortality rate from CVD was higher 

than that in the normal control group.50 Several cohort studies 

that followed also found NAFLD to be an independent risk factor 

for CVD.78,79 In a study that followed patients with histologically 

diagnosed NAFLD for an average of 26.4 years, the mortality rate 

increased by 1.3 times, and the risk of CVD increased by 1.6 times 

compared with the normal control group, with both increases as-

sociated with the degree of liver fibrosis.78 A meta-analysis of pa-

tients with NAFLD diagnosed histologically or radiologically con-

cluded that the risk of CVD was increased by about 1.6 times 

compared with the normal control group. The risk of CVD also in-

creased when liver fibrosis was assessed using the NAFLD fibrosis 

score (NFS) or liver biopsy.80 According to two Korean cohort 

studies, NAFLD was independently associated with the incidence 

of coronary artery calcification and atherosclerosis, which are di-

rect causes of CVD.18,81

T2DM
T2DM and NAFLD influence each other.82 In a large-scale cohort 

study of healthy Koreans, the prevalence and incidence of T2DM 

in patients with NAFLD (assessed using the NFS) increased with 

the degree of hepatic fibrosis.17 In a meta-analysis of Korean stud-

ies, the prevalence of diabetes in patients with NAFLD was 

14.2%, higher than the 5.2% of the control group.83 The results 

of a meta-analysis of other studies also showed an increase of 

about 2.2 times in the incidence of T2DM.84

Metabolic syndrome
Metabolic syndrome is a major risk factor for the occurrence of 

NAFLD and is a common comorbid disease. A prospective Korean 

cohort study of 46,874 men reported that patients with mild and 

moderate NAFLD (diagnosed by abdominal ultrasound) had a risk 

of metabolic syndrome 1.5 and 2 times higher, respectively, than 

the control group.85 In a meta-analysis of Korean studies, the inci-

dence of metabolic syndrome was 40.7% in patients with NAFLD 

and 11.2% in the control group.83

CKD
CKD and NAFLD share risk factors such as T2DM and hyperten-

sion,86 and CKD frequency increases in patients with NAFLD.87-89 

In a meta-analysis of about 63,000 people, the prevalence of CKD 

increased by 2.1 times, and the incidence rate increased by 1.7 

times compared with the control group.90 The prevalence and inci-

dence of CKD were 2.5 times and 2.1 times higher in NASH than 

NAFLD. In a Korean cohort study, patients with NAFLD had a 1.2 

times higher risk of developing CKD than the control group, and 

that risk increased with the stage of liver fibrosis.91

Other diseases
Arrhythmia, osteoporosis, colon adenoma, colon cancer, and 

breast cancer all have increased incidence in patients with 

NAFLD.92-94 However, more follow-up studies are needed to con-

firm clear relationships between NAFLD and those diseases.

Summary

1.   NAFLD is often associated with comorbidities such as 

cardiovascular disease, T2DM, metabolic syndrome, CKD, and 

malignant tumors.

DIAGNOSIS

Who should be targeted for NAFLD screening, and 
how is screening conducted?

Screening for NAFLD should be considered in cases of persistent 

liver enzyme elevation. Because the cost effectiveness of screen-

ing in diabetic patients has been confirmed,95 patients with diabe-

tes should receive screening tests for NAFLD regardless of their 

liver enzyme levels. In addition, subjects with metabolic syndrome 

(which is closely associated with insulin resistance), obesity, and 

other risk factors for NAFLD can be considered for screening 

tests.17,96

The primary screening test for NAFLD is ultrasonography. When 

NAFLD is suspected in the ultrasonography results, other tests 

(computed tomography [CT], magnetic resonance imaging [MRI], 

serologic tests, transient elastography, etc.) can be performed.
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[Recommendations]

1.   Subjects who have persistent liver enzyme elevation or 

diabetes should be screened for NAFLD. (A1)

2.   Subjects with metabolic syndrome (which is closely associated 

with insulin resistance, obesity, and other risk factors for 

NAFLD) can be considered for screening. (B1)

3.   Abdominal ultrasonography is the primary screening modality. 

(B1)

Non-invasive examinations

Because the prognosis of NAFLD differs significantly depending 

on the histological findings, the diagnosis of hepatic steatosis and 

fibrosis and assessment of their severity are clinically crucial. To 

date, liver biopsy is the gold standard in assessing hepatic necro-

inflammation, steatosis, and fibrosis. However, liver biopsy is ex-

pensive, invasive, carries a risk of complications, is subject to in-

tra-/inter-observer interpretational variability, and can suffer from 

sampling errors when an insufficient amount of liver tissue is col-

lected.97,98 Therefore, noninvasive radiological surrogates such as 

ultrasonography and panels of serological tests are widely used.

Which non-invasive surrogates are available to diagnose 
hepatic steatosis?

Radiological surrogates
Abdominal ultrasonography is the first-line imaging modality for 

screening asymptomatic patients with abnormal liver enzyme lev-

els. However, it suffers from subjective interpretation, examina-

tion difficulties in obese patients, and low sensitivity when the 

amount of hepatic steatosis is less than 30%. Moreover, ultraso-

nography cannot distinguish NASH from NAFL.99-101 When hepatic 

steatosis assessed using MR spectroscopy (MRS) was used for ref-

erence, the diagnostic accuracy of ultrasonography was lower 

than that of non-contrast CT and MRI.102 However, ultrasonogra-

phy is appropriate as a screening test, because it offers 1) robust 

diagnostic performance for moderate or severe steatosis, 2) the 

ability to evaluate the entire hepatobiliary system in addition to 

detecting the presence of hepatic steatosis, and 3) wide availability.

Controlled attenuation parameter (CAP) is a feature of transient 

elastography that can quantify the degree of fat deposition in the 

liver parenchyma by measuring ultrasound attenuation.103,104 Ac-

cording to a recent Korean study enrolling people who received 

regular health checkups, the normal CAP range is 156–287 dB/m.105  

The area under the receiver operating characteristic curve (AUC) 

of CAP used to diagnose a moderate to severe degree of steatosis 

was 0.88 (sensitivity, 83.3%; specificity, 81.6%), and the cutoff 

value was 276 dB/m in a Korean study of living LT donors.106 In 

another Korean study, the AUCs of CAP for mild, moderate, and 

severe degrees of steatosis in patients with chronic liver diseases, 

including NAFLD, were 0.885, 0.894, and 0.800, respectively, 

and the cutoff values were 250 dB/m, 299 dB/m, and 327 dB/m, 

respectively.107 In a recent meta-analysis, the AUCs of CAP for 

mild, moderate, and severe degrees of steatosis were 0.96, 0.82, 

and 0.70, respectively.108 CAP can be used as a monitoring tool 

for hepatic steatosis, and it can be examined simultaneously with 

transient elastography.109-111 Other ultrasound-based methods, in-

cluding image-based quantitative analysis of liver parenchymal 

echo texture and measuring the attenuation of ultrasound energy, 

are under investigation.112,113

Hepatic steatosis is associated with low attenuation on CT 

scans, which can be used for the quantitative assessment of he-

patic steatosis. Because the attenuation of enhanced CT is affect-

ed mainly by the amount of blood flow, unenhanced CT is favored 

for the measurement of hepatic steatosis, and the attenuation of 

liver and spleen parenchyma are frequently compared. For moder-

ate to severe steatosis, the specificity of CT was reported to be 

high, but its sensitivity and positive predictive value were low.101,114,115 

Furthermore, its diagnostic performance for mild steatosis was 

suboptimal. The specificity and sensitivity of unenhanced CT for 

diagnosing moderate to severe steatosis were 100% and 53.8%, 

respectively, when CT attenuation of hepatic parenchyma was 

less than 48 HU.115 However, CT raises concerns about radiation 

hazards, and CT evaluations of hepatic steatosis are limited in pa-

tients with infiltrative liver diseases that deposit iron, copper, gly-

cogen or amiodarone in the liver parenchyma because CT attenu-

ation is affected by those materials.116,117 Dual energy CT, which 

adopts two different tube potentials for image acquisition, can 

perform material decomposition and has been used to quantify 

the degree of hepatic steatosis.102

MRI is superior to ultrasonography for measuring a small 

amount of fat in the liver, and it is the most precise imaging tool 

for evaluating NAFLD. Quantitative MRI measurements of hepatic 

fat deposition using the Dixon technique can be classified into 

MRS and MRI proton density fat fraction (MRI-PDFF).118 MRS can 

directly measure the signal from acryl groups of triglycerides, and 

MRS findings correlate closely with histological results and show 

high sensitivity to hepatic steatosis.119,120 MRI-PDFF uses differenc-

es in the precession frequency of water and fat protons and can 
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map the entire liver for the degree of steatosis. Therefore, it can 

measure the degree of fat deposition in any part of the liver pa-

renchyma. MRI-PDFF in different MRI units is in high agreement 

with histological findings, and its diagnostic performance in de-

tecting severe steatosis (≥67%) was high (AUC, 0.95).121,122 In a 

recent meta-analysis, the AUCs for differentiating grade 1–3 ste-

atosis, grade 2–3 steatosis, and grade 3 steatosis were 0.98, 0.91, 

and 0.90, respectively.123 MRI-PDFF showed superior diagnostic 

performance to CAP in assessing hepatic steatosis in a prospec-

tive study.124 MRS and MRI-PDFF can measure the degree of ste-

atosis precisely, irrespective of iron deposition or fibrosis.125 De-

spite the superior diagnostic performance of MRS and MRI-PDFF, 

their limited availability and high cost remain problems.

Panels
In addition to radiological examinations, various panels of sero-

logical tests have been proposed to diagnose hepatic steatosis 

and assess its severity (Table 3). These panels can be calculated 

using clinical information such as age, sex, and the results from 

serological tests. These panels do not directly diagnose hepatic 

steatosis, unlike ultrasonography, but they can help physicians 

who suspect the presence of hepatic steatosis to decide whether 

further assessments are justified. Large-scale studies frequently 

use these noninvasive panels to test for hepatic steatosis instead 

of ultrasonography, which has a high cost.

The FLI was proposed by Bedogni et al.126 in an Italian study 

that examined 216 subjects with liver disease and 280 subjects 

with healthy livers. In that study, 228 patients had ultrasonogra-

phy-defined NAFLD. The FLI is calculated based on triglycerides, 

gamma-glutamyl transpeptidase, BMI, and waist circumference. If 

the FLI is less than 30, NAFLD can be excluded (negative likeli-

hood ratio, 0.2), and if the FLI is more than 60, NAFLD can be di-

agnosed (positive likelihood ratio, 4.3). An FLI score of more than 

60 has a positive predictive value of 99% and a negative predic-

tive value of 15%. The AUC of the FLI was 0.84. The FLI showed 

acceptable accuracy among a Korean population.127,128

The NAFLD liver fat score (NLFS) was proposed by Kotronen et 

al.129 in a Finnish study comprising 470 subjects. That study used 

MRS to diagnose NAFLD. The NLFS is calculated based on meta-

bolic syndrome, T2DM, fasting insulin, aspartate aminotransferase 

(AST), and the AST/alanine aminotransferase (ALT) ratio. Its cutoff 

is -0.640 (sensitivity, 86%; specificity, 71%). If the NLFS is less 

than -0.640, NAFLD can be excluded, and if it is more than 

-0.640, NAFLD can be diagnosed. The AUC of the NLFS was 

0.86–0.87. NLFS showed acceptable accuracy in a Korean popu-

lation.130

The HSI was proposed by Lee et al.131 in a Korean cohort study 

of 10,724 subjects (5,462 with ultrasonography-defined NAFLD). 

The HSI is calculated based on sex, BMI, AST, ALT, and T2DM. If 

the HSI is less than 30, NAFLD can be excluded (negative likeli-

hood ratio of 0.2, sensitivity of 93.1%), and if it is more than 36, 

NAFLD can be diagnosed with high predictive accuracy (positive 

likelihood ratio of 6.1, specificity of 92.4%). The AUC of the HSI 

was 0.81. The HSI showed acceptable accuracy among a Korean 

population.132

The noninvasive surrogates just described show acceptable ac-

curacy in most cross-section studies and have been used to trace 

changes in hepatic steatosis in certain studies. However, the use-

fulness of those noninvasive surrogates in monitoring disease 

progression and evaluating treatment response should be further 

investigated.

Table 3. Panels for hepatic steatosis

Panels Equations Cutoff
Diagnostic 

tools (cohort)
Validated in Korean 

population

Fatty liver index (FLI)126 = (e 0.953×loge (triglycerides) + 0.139*BMI + 0.718×loge (GGT) + 0.053×waist circumference - 

15.745) / (1 + e 0.953×loge (triglycerides) + 0.139×BMI + 0.718×loge (GGT) + 0.053×waist 

circumference - 15.745) × 100

≥60, <30 Ultrasonography 
(Italy)

Yes

NAFLD liver fat score 
(NLFS)129

= -2.89 + 1.18 × metabolic syndrome (yes = 1/no = 0) + 0.45 
× diabetes (yes = 2/no = 0) + 0.15 × (fasting insulin, μU/L) 
+ 0.04 × AST + 0.94 × AST/ALT ratio

>-0.64 MRS (Finland) Yes

Hepatic steatosis index 
(HSI)131

= 8 × ALT/AST + BMI (+2, if diabetes; +2, if female) ≥36, <30 Ultrasonography 
(Korea)

Yes

BMI, body mass index; GGT, gamma-glutamyl transpeptidase; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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[Recommendations]

1.   Abdominal ultrasonography, CAP, unenhanced CT, MRS, and 

MRI-PDFF are acceptable modalities for diagnosing hepatic 

steatosis. (A1)

2.   If radiological examinations are infeasible, panels for hepatic 

steatosis can be used to assess hepatic steatosis. (B1)

Which non-invasive surrogates are available to diagnose 
NASH?

NASH is significantly associated with liver fibrosis progression 

and HCC. Non-invasive modalities to diagnose NASH are limited, 

but a prediction model based on liver stiffness, CAP (assessed us-

ing transient elastography), and ALT levels was recently proposed 

by a Korean study.133 Some studies insist that NASH can be distin-

guished from NAFL using cytokeratin-18 fragments (sensitivity, 

66%; specificity, 82%).134,135 A few studies claim that CT or MRI 

can be used to differentiate NASH from NAFLD, but no clear diag-

nostic criterion has been set.101,136 Based on the association be-

tween the viscosity shown in shear wave dispersion imaging and 

necroinflammation of the liver parenchyma, a recent study 

showed that shear wave dispersion imaging could be helpful in 

diagnosing NASH.137 The AUC of magnetic resonance elastogra-

phy (MRE) alone and that for the combined use of MRE and MRI-

PDFF in differentiating NASH from NAFL was 0.82–0.93.138,139

Recently, multiparametric MR indices, which score the results 

from various MRI techniques, have been under investigation. A 

recent Korean study found that a multiparametric MRI index using 

MRE, MRS, and T1 mapping to differentiate NASH from NAFL 

showed sensitivity of 80%, specificity of 85.2%, and an AUC of 

0.883.140 In a meta-analysis that systematically reviewed all stud-

ies using MRI to differentiate NASH from NAFL, the pooled sensi-

tivity and specificity were 87.4% and 74.3%, respectively.110 

[Recommendations]

1.   Non-invasive diagnosis of NASH remains limited, so it should 

be diagnosed by liver biopsy. (A1)

Which non-invasive surrogates are available to assess 
liver fibrosis?

The assessment of liver fibrosis is crucial in patients with NAFLD 

because the degree of liver fibrosis is significantly associated with 

long-term outcomes such as the development of HCC and liver-re-

lated death.78 Furthermore, it is important to noninvasively assess 

the regression or progression of liver fibrosis during the course of 

anti-fibrotic therapy.

Radiological surrogates
Ultrasound-based measurement techniques for liver fibrosis 

take advantage of shear wave elastography (SWE). They can be 

divided into two categories: 1) measuring the elasticity of the liver 

parenchyma using SWE without acquiring imaging data (transient 

elastography) and 2) image-based sonoelastography that acquires 

both elasticity and 2D image data (point SWE and 2D SWE). Tran-

sient elastography is widely used in clinical practice, and many re-

searchers have reported its high performance in quantifying liver 

fibrosis in NAFLD patients. In a recent meta-analysis, transient 

elastography showed high sensitivity and specificity for evaluating 

the degree of liver fibrosis in NAFLD patients.48,135,141 However, the 

accuracy of transient elastography is limited in obese patients, 

who commonly have NAFLD, making it unavailable in 5–20% of 

patients.48,142 A recent study reported that using an XL probe rath-

er than an M probe can significantly lower the failure rate of tran-

sient elastography.119,143 Image-based techniques have the advantage 

of acquiring both elasticity data and 2D images simultaneously. 

The failure rate is lower than that of transient elastography be-

cause operators can choose the area of the liver parenchyma to 

acquire elasticity data. The AUC of point SWE for quantifying liver 

fibrosis in NAFLD patients was higher than 0.8.144,145 The perfor-

mance of point SWE for advanced liver fibrosis was excellent 

(100% sensitivity and 91% specificity).146 In a recent meta-analy-

sis, the diagnostic performance of point SWE for liver fibrosis was 

similar to that of transient elastography.147 2D SWE can obtain 

elasticity data from a wider area than point SWE, and the report-

ed failure rate of 2D SWE was lower than that of point SWE.148,149 

In a prospective study, 2D SWE, MRE, and transient elastography 

had similar AUCs for advanced hepatic fibrosis (0.920, 0.929, and 

0.915, respectively).150

MRE shows high diagnostic accuracy for liver fibrosis.138,151,152 In 

contrast to transient elastography, which can examine the elastic-

ity of only a small portion of liver tissue, MRE can evaluate the 

entire liver parenchyma.152 MRE also has other advantages: opera-

tor non-dependency and no limitations for obese patients. MRE is 

the most accurate non-invasive test for liver fibrosis, with a diag-

nostic performance superior to that of transient elastogra-

phy.124,141,153 In a meta-analysis, MRE correlated well with each stage 

of liver fibrosis, with AUCs for each stage of 0.84–0.93.154,155 The 

failure rate of MRE was less than 5%, which is significantly better 

than that of transient elastography. MRE was not significantly af-
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fected by the MRI manufacturer or the strength of the magnet.156 

In addition, MRE showed robust reproducibility in repetitive ex-

aminations.157 However, the high cost of MRE limits its availability 

in clinical practice. In patients with iron deposition in the liver pa-

renchyma, it is difficult to perform MRE, and the presence of other 

infiltrative diseases, such as profound hepatic steatosis, hepatic 

congestion, or acute inflammation, can attenuate the diagnostic 

accuracy of MRE.158,159

Panels
In addition to radiological examinations, various panels of sero-

logical tests have been proposed to diagnose liver fibrosis (Table 4). 

Well-validated panels are summarized here. 

Of the noninvasive panels for liver fibrosis, the NFS has been 

studied the most. The NFS was proposed in a US study by Angulo 

et al.160 that comprised 733 subjects with biopsy-proven NAFLD. 

Two cutoffs were proposed: <-1.455 (low probability, negative 

predictive value of 88–93%) and >0.676 (high probability, posi-

tive predictive value of 82–90%).160 A meta-analysis based on 13 

studies with 3,064 subjects showed that the AUC of the NFS for 

advanced liver fibrosis was 0.85. If the NFS is less than -1.455, 

advanced liver fibrosis can be excluded with a sensitivity of 90% 

and a specificity of 60%, and if NFS is more than 0.676, advanced 

liver fibrosis can be diagnosed with a sensitivity of 67% and a 

specificity of 97%.48,160-172 Among 412 Korean subjects with biop-

sy-proven NAFLD, an NFS of less than -1.455 allowed advanced 

liver fibrosis to be excluded with a high negative predictive value 

(86.6%), and an NFS of more than 0.676 allowed advanced liver 

fibrosis to be diagnosed with a positive predictive value of 50%.173 

In another Korean study, which recruited 315 subjects with biop-

sy-proven NAFLD, the cutoff values (<-1.455 and >0.676) showed 

an AUC of 0.84 in diagnosing advanced liver fibrosis (negative 

predictive value of 89.3–95.7%).174 However, cases that fall be-

tween the cutoff values (indeterminate probability) still require a 

liver biopsy.48

The fibrosis-4 index (FIB-4) was proposed by Sterling et al. in a 

study comprising 832 subjects with human immunodeficiency vi-

rus/hepatitis C virus co-infection. FIB-4 is calculated using the 

platelet count, age, AST, and ALT. The AUC of FIB-4 for advanced 

liver fibrosis was 0.765. When the FIB-4 is less than 1.30, ad-

vanced liver fibrosis can be excluded (accuracy, 90%), and when 

FIB-4 is more than 2.67, advanced liver fibrosis can be diagnosed 

(accuracy, 80%).175 A recent study of subjects with biopsy-proven 

NAFLD showed that the diagnostic accuracy of the NFS and FIB-4 

was significantly higher than that of other noninvasive panels for 

liver fibrosis and similar to that of MRE in diagnosing advanced 

liver fibrosis.141 However, because the diagnostic accuracy of FIB-4 

was inferior to that of the NFS in a Korean study, further valida-

tion studies are required.173

The enhanced liver fibrosis (ELF) panel has recently been used 

to assess liver fibrosis in Europe. ELF was proposed by Guha et 

al.163 in a UK study comprising 192 subjects with biopsy-proven 

NAFLD. ELF is calculated based on three proteins associated with 

liver fibrosis: hyaluronic acid, tissue inhibitor of metalloproteinase 

1, and amino terminal peptide of procollagen III. The cutoff value 

and AUC of ELF for advanced liver fibrosis were 0.3576 and 0.90, 

respectively (sensitivity, 80%; specificity, 90%; positive predictive 

value, 71%; negative predictive value, 94%).163

Other serological surrogates for liver fibrosis, such as M2BPGi 

and AsAGP, have been proposed.176-179 However, because few 

data for subjects with NAFLD are available, further validation 

studies are required. The noninvasive surrogates described above 

show acceptable accuracy and prognostic values in most cross-

section studies. However, the usefulness of noninvasive surro-

Table 4. Panels for liver fibrosis

Panels Equations Cutoff
Diagnostic 

tools
Validated in Korean 

population

NAFLD fibrosis score 
(NFS)

= -1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) 
+ 1.13 × impaired fasting glucose or diabetes (yes=1, 
no=0) + 0.99 × AST/ALT ratio - 0.013 × platelet count 
(×109/L) - 0.66 × serum albumin (g/dL)

<-1.455, >0.676 Liver biopsy Yes

Fibrosis-4 index  
(FIB-4)413

= Age (years) × AST [U/L]/ (platelets [109/L] × (ALT [U/L])1/2 <1.3, >2.67 Liver biopsy Yes

Enhanced liver fibrosis 
(ELF)163,414

Patented (hyaluronic acid, tissue inhibitor of 
metalloproteinase 1, amino terminal peptide of 
procollagen III as constituent variables)

0.3576 Liver biopsy Yes

NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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gates in monitoring disease progression and evaluating treatment 

response should be further investigated.

[Recommendations]

1.   Radiological examinations such as transient elastography, 

point SWE, 2D SWE, and MRE are helpful in assessing hepatic 

fibrosis. (A1) 

2.   If radiological examinations are infeasible, panels such as NFS 

or FIB-4 can be used to diagnose liver fibrosis. (B1)

Which differential tests are available for advanced 
fibrosis?

In NAFLD, liver fibrosis testing uses serologic tests, image tests, 

or liver biopsy. Because liver biopsy cannot be performed in all 

patients, an algorithm can be used to differentiate advanced fi-

brosis (Fig. 2). Advanced fibrosis can be differentiated primarily 

using transient elastography, FIB-4, and the NFS.180

When subjects are classified as intermediate risk by transient 

elastography, FIB-4, or the NFS, additional tests such as M2BPGi, 

AsAGP, ELF, SWE, or MRE can be performed. If the algorithms 

suggest advanced fibrosis, additional tests to re-evaluate the liver 

fibrosis or a liver biopsy should be considered. 

[Recommendations]

1.   Non-invasive methods such as transient elastography, FIB-4, 

and NFS are prioritized to discriminate advanced liver fibrosis. 

(A1)

2.   Serological tests, imaging tests, and liver biopsies may be 

performed as additional liver fibrosis evaluations. (B1)

Liver biopsy

What are the indications for liver biopsy?
Non-invasive tests to replace liver biopsy have been developed 

and shown high accuracy.122,181,182 However, liver biopsy remains 

the gold standard for diagnosing NAFLD.183 In practice, it is diffi-

cult to perform liver biopsy in all patients suspected of having 

NAFLD.184,185 However, liver biopsy can help with diagnosis, treat-

ment planning, and distinguishing between NAFLD and other liver 

diseases (autoimmune hepatitis, drug-induced hepatitis, Wilson’s 

disease, etc.). Liver biopsy is necessary when NASH or advanced 

liver fibrosis is suspected, as well as when other liver diseases 

cannot be excluded.186-188

Liver biopsy has several limitations. First, sampling error is a 

concern because only a small portion of the liver tissue is sampled 

during liver biopsy. Second, intra- and inter-observer variability 

occurs.189-191 Third, it carries the risk of complications such as 

bleeding and infection, as well as increased medical costs. There-

Figure 2. Algorithm to differentiate advanced fibrosis. TE, transient elastography; FIB-4, fibrosis-4 index; NFS, nonalcoholic fatty liver disease fibrosis 
score.

Ultrasonography

Fatty liver

TE, FIB-4, NFS
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fore, it is difficult to perform or repeat liver biopsy in all pa-

tients.192 To minimize discrepancies, it is recommended that a suf-

ficient amount of tissue be collected, a thick needle (16–18 

gauge) be used, and two or more samples of a sufficient length 

be collected.97

[Recommendations]

1.   Liver biopsy should be considered in patients suspected of 

having NASH or advanced liver fibrosis. (B1)

2.   Liver biopsy should be considered when the presence 

or severity of coexisting chronic liver disease cannot be 

excluded. (B1)

What are the histopathological features of NAFLD?
The role of liver biopsy in NAFLD diagnosis lies in differentiating 

simple steatosis (NAFL) from NASH, evaluating the extent of fi-

brosis (stage), and excluding the possibility of other liver diseases. 

NAFL is defined as the presence of ≥5% steatotic hepatocytes 

without evidence of hepatocellular injury in the form of hepato-

cyte ballooning.193 The degree of steatosis is graded as 1+ (mild, 

5–33%), 2+ (moderate, 34–66%), and 3+ (severe, ≥67%). NASH 

is diagnosed when there is evidence of hepatocellular injury (he-

patocellular ballooning) and lobular inflammation in addition to 

steatosis.193-195 Fibrosis, when present, is staged as stage 1 (peri-

venular, perisinusoidal, or periportal fibrosis), stage 2 (both zone 

3 and periportal fibrosis), stage 3 (bridging fibrosis), and stage 4 

(cirrhosis).195 

HCC surveillance and prevention

Is surveillance for HCC necessary?
Because the incidence of liver cirrhosis and HCC associated with 

NAFLD is increasing rapidly, the risk of HCC should be assessed 

and surveillance should be established in all NAFLD patients. Be-

cause the incidence of HCC in patients with NAFLD-related cirrho-

sis is more than 1.5% per year,196,197 HCC surveillance is recom-

mended if liver cirrhosis is clinically suspected.198-201

Although the incidence of HCC in patients with NAFLD was 10 

times higher than that in the normal control group,202 the inci-

dence of HCC is very low in patients with early liver fibrosis (F0–

2). However, when patients with early liver fibrosis have HCC risk 

factors (obesity, metabolic syndrome, diabetes, etc.), they become 

more likely to develop HCC. Thus, surveillance should be individu-

alized.203,204

Abdominal ultrasound is the primary surveillance test for HCC. 

However, in overweight or obese patients, it can be difficult to 

perform accurately.205,206 In those cases, CT or MRI can be used 

instead.

How can HCC be prevented?
Smoking is associated with liver fibrosis and is known to be a 

risk factor for the development of HCC. In meta-analyses and co-

hort studies, smoking increased the risk of developing HCC by 1.5 

and 1.8 times, respectively.207,208 Therefore, smoking cessation is 

recommended for NAFLD patients. The effect of alcohol consump-

tion on the development of HCC varies between studies, but in a 

meta-analysis, drinking increased the incidence of HCC by 1.2–2.1 

times. Patients with liver cirrhosis associated with NAFLD should 

abstain from alcohol because drinking it increases the risk of HCC 

and liver-related mortality.209,210

In a 32-year cohort study, diabetes increased the incidence of 

HCC by 4.6 times.211 A meta-analysis also showed that diabetes 

increased the incidence of HCC.211-215 Metformin decreased the in-

cidence of HCC, but the use of sulfonylurea and insulin increased 

the incidence of HCC by 1.6 and 2.6 times, respectively.216 Peroxi-

some proliferator activated receptor gamma (PPAR-γ) agonist and 

glucagon-like peptide-1 (GLP-1) agonist were effective in the re-

covery of NASH, but they did not show a significant association 

with the development of HCC.217-220

Dyslipidemia is associated with NASH and CVD, but the rela-

tionship with liver disease-related mortality or HCC is still lacking. 

In a meta-analysis, statin use reduced the risk of developing HCC 

by 37%.221 However, results in patients with NAFLD remain insuf-

ficient.222,223

Obesity is associated with both liver fibrosis and HCC.224 Al-

though weight loss and exercise improve both steatosis and fibro-

sis, there are insufficient studies showing that weight loss and ex-

ercise therapy reduce the incidence of HCC. Further research is 

thus needed on the association between weight loss and HCC in-

cidence.

[Recommendations]

1.   Patients with liver cirrhosis associated with NAFLD need HCC 

surveillance. (A1)

2.   To reduce the development of HCC in patients with NAFLD, 

smoking cessation, alcohol abstinence, and weight loss are 

recommended. (B1)
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TREATMENT

Who should be treated, and what is the aim of the 
treatment?

NAFLD is commonly associated with metabolic diseases such as 

obesity, diabetes, and insulin resistance. Given that NAFLD is asso-

ciated with increased mortality from CVD and liver-related compli-

cations,225,226 NAFLD patients require management and treatment 

to improve their prognosis. Treatments for NAFLD aim to reduce 

the incidence and mortality of CVD and liver-related complications, 

and they include both pharmacologic and non-pharmacologic op-

tions to improve intrahepatic inflammation and fibrosis and treat 

comorbid metabolic diseases. Lifestyle modifications such as 

weight reduction, dietary control, and exercise and treatment of 

comorbidities such as diabetes, obesity, hypertension, and dyslipid-

emia are the cornerstones of treatment for NAFLD and should be 

applied to all NAFLD patients, regardless of the degree of inflam-

mation or fibrosis. However, pharmacologic treatments should be 

applied selectively because NAFLD progresses slowly and encom-

passes a spectrum of conditions from NAFL to NASH cirrhosis.

The most important histologic marker indicating long-term 

prognosis is the severity of fibrosis,51,52,227 with stage 2 or more fi-

brosis (≥F2) being an independent predictor of liver-related com-

plications and mortality.51,52,228 The most important factor in the 

progression of fibrosis is the presence of steatohepatitis. Fibrosis 

progresses more rapidly in patients with steatohepatitis than in 

those without it,36,38 and changes in steatohepatitis are associated 

with the progression of fibrosis.229,230 Therefore, patients with he-

patic fibrosis or steatohepatitis can receive pharmacologic treat-

ment to improve their long-term prognosis.

[Recommendations]

1.   Patients with NAFLD need lifestyle modifications and treatment 

for comorbidities. (A1)

2.   Patients with NASH or hepatic fibrosis need management or 

treatment for histologic improvement. (A1)

Lifestyle modifications

What do lifestyle modifications include?

Weight reduction
Among overweight or obese (BMI >25.0 kg/m2) NAFLD pa-

tients, weight loss through lifestyle changes significantly reduced 

their liver fat content as revealed by imaging231,232 or liver biop-

sy.233-235 In patients histologically diagnosed with NAFLD, weight 

loss of more than 5–7% resulted in decreased intrahepatic fat 

content and inflammation,233,234 with greater weight loss correlat-

ing with greater histologic improvement.234 Liver fibrosis also im-

proved in 45% of patients whose weight loss was more than 

10%.234 In a meta-analysis of studies about weight loss through 

lifestyle modification, anti-obesity drugs, and surgical treatment, 

weight loss was associated with a decrease in intrahepatic fat, 

NAFLD activity score (NAS), and liver enzymes.236 Even in non-

obese NAFLD patients, intrahepatic fat content improved with a 

weight loss of 3–5%.237 Therefore, weight loss is important in 

NAFLD patients regardless of the presence of obesity.

In NAFLD patients with obesity, the rate of weight loss affects 

steatohepatitis. A study showed that weight reduction that tar-

geted a gradual decrease (maximum of 1 kg/week of body 

weight) improved both NASH and NAS.238 However, a rapid de-

crease (more than 1.6 kg/week of body weight) worsened portal 

inflammation and fibrosis in some morbidly obese patients,239 and 

rapid weight loss through bariatric surgery can lead to acute he-

patic failure.240 Therefore, progressive weight loss of less than 

1 kg/week is recommended over rapid weight loss in NAFLD pa-

tients with obesity.

Dietary therapy
Reducing the intake of total energy and controlling food in take 

are crucial aspects of NAFLD treatment. In prospective, random-

ized, controlled studies, reductions in energy intake caused 

weight loss, decreased intrahepatic fat content, decreased liver 

enzyme levels, and decreased insulin resistance.232,241,242 A daily 

intake of 1,500–1,800 kcal in men and 1,200–1,500 kcal in wom-

en can reduce total energy intake by more than 500 kcal/day.243  

However, daily caloric intake should be optimally adjusted accord-

ing to age, sex, weight, and physical activity.

Recently, the association between the ratio of macronutrients 

(carbohydrates, fats, and proteins) and the development of obesi-

ty and NAFLD has been studied. Carbohydrate intake was associ-

ated with metabolic syndrome and the severity of intrahepatic in-

flammation.244,245 In Western studies, low-carbohydrate diets were 

more effective than low-fat diets in reducing liver fat content.242 

In Korea, increased carbohydrate and fructose intake was associ-

ated with an increased prevalence of fatty liver and elevated liver 

enzymes,246 and low-carbohydrate dietary training was more ef-

fective than low-fat dietary training in reducing both liver en-
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zymes and liver fat content.247 However, both low-fat and low-

carbohydrate diets effectively reduced liver fat content.241 The 

decrease in liver fat content did not differ depending on the type 

of diet; liver fat content decreased in patients who lost more than 

7% of their body weight regardless of whether they ate a low-

carbohydrate or high-carbohydrate diet.232 In a meta-analysis 

comparing low-carbohydrate and low-fat diets, the two did not 

differ in reducing liver fat content.248 Therefore, total energy in-

take is a more important factor in NAFLD treatment than the 

composition ratio of macronutrients.

The Mediterranean diet pattern emphasizes vegetables, fruits, 

whole grains, and legumes, and the principal source of dietary 

lipids is olive oil. It also includes the moderate consumption of fish 

and shellfish, white meat, eggs, and dairy products, with red 

meat and processed meats eaten rarely and in small quantities.249 

It has a high content of monounsaturated fatty acids. The Medi-

terranean diet reduces liver fat content and makes insulin resis-

tance significantly better than low-fat diets regardless of body 

weight,250,251 and adherence to the Mediterranean diet was more 

important than adherence to a low-fat diet.251,252

Dietary control along with weight loss can help reduce hepatic 

fat content. However, studies of specific nutrients and dietary 

habits have been conducted on only small numbers of patients, 

and few have shown histologic improvement to hepatic inflamma-

tion or fibrosis. It is difficult to maintain adherence to appropriate 

dietary habits in the long run. Therefore, it is necessary to study 

an appropriate diet to which patients can maintain adherence for 

a long time that produces histological improvement. In addition, 

dietary effects can vary depending on genetic predisposition,253 

such as the presence of PNPLA3 or TM6SF2 variants, and dietary 

control needs to be individualized for each patient.

Exercise
NAFLD is associated with a low level of physical activity. In 

large-scale Korean cohort studies, prolonged sitting time and de-

creased physical activity were positively associated with the prev-

alence of NAFLD regardless of BMI,254 and moderate to vigorous 

exercise decreased the risk of developing a fatty liver or improved 

the resolution of an existing fatty liver.255 In biopsy-proven NAFLD 

patients, vigorous exercise (≥6 metabolic equivalents of task 

[METs]) was associated with a lower frequency of NASH and ad-

vanced fibrosis.256 Exercise itself decreases insulin resistance and 

reduces liver fat content regardless of body weight changes.257-262 

In a meta-analysis, exercise was found to be effective in reducing 

the liver fat content.263-265 Aerobic exercise was mainly recom-

mended at moderate or vigorous intensity (greater than 50–70% 

of maximal heart rate), and exercise for 30–60 minutes more than 

three times per week for at least 6 weeks was found to be effec-

tive.258,262,266,267 Resistance exercise was recommended at 50–70% 

of maximal strength (1-repetition maximum) for 30–60 minutes 

more than three times per week.257,266,267 According to the World 

Health Organization and United States Department of Health and 

Human Services, moderate-intensity physical activities include 

brisk walking, dancing, gardening, and carrying or moving an ob-

ject of less than 20 kg, and vigorous-intensity physical activities 

include running, fast cycling, aerobics, fast swimming, and carry-

ing or moving objects of more than 20 kg (Table 5).268,269

It is unclear which exercise is most effective. Some randomized 

controlled studies comparing aerobic exercise and resistance exer-

cise have shown that aerobic exercise more effectively reduces liv-

Table 5. Examples of moderate and vigorous physical activity

Moderate-intensity physical activity Vigorous-intensity physical activity

(3–6 METs) (>6 METs)

Brisk walking Running

Dancing Walking/climbing briskly up a hill

Slow cycling Fast cycling

Gardening Aerobics

Recreational swimming Fast swimming

Active involvement in games and sports with children Competitive sports and games (e.g., football, volleyball, basketball)

General building tasks (e.g., roofing, painting) Digging or shoveling

Carrying/moving objects of less than 20 kg Carrying/moving objects of more than 20 kg

Walking domestic animals

METs, metabolic equivalents of task.
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er fat content than resistance exercise,270 but some studies show 

similar effects from both exercise types.266,267 In recent systematic 

reviews, both aerobic and resistance exercise similarly reduced the 

liver fat content.271,272 However, resistance exercise could be more 

feasible than aerobic exercise for NAFLD patients with poor car-

diorespiratory fitness or those who cannot tolerate aerobic exer-

cise because it requires much lower energy consumption.271 Be-

cause exercise-mediated improvements in liver fat can be reversed 

to baseline levels after cessation, it is necessary to maintain exer-

cise habits.273 Therefore, the selection of exercise needs to be in-

dividualized so that it can be maintained continuously considering 

each patient’s preferences and cardiopulmonary fitness. 

[Recommendations]

1.   In overweight or obese NAFLD patients, weight loss of more 

than 5–7% results in decreased intrahepatic fat content, 

and weight loss of more than 7–10% is required to improve 

hepatic inflammation and fibrosis. (A1)

2.   To reduce intrahepatic fat content, a reduction in the total 

energy intake of more than 500 kcal/day is required. (A1)

3.   To reduce intrahepatic fat content, at least moderate-intensity 

exercise for more than 30 minutes more than 3 times per 

week is required. (B1)

What is the effect of moderate or less alcohol consump-
tion?

The effects of moderate or less alcohol consumption should be 

considered because NAFLD, by definition, includes patients whose 

alcohol consumption is insignificant. However, alcohol consump-

tion is not easy to distribute randomly, so the effects of alcohol 

consumption on NAFLD can be evaluated only through longitudi-

nal observational studies. Significant alcohol consumption (male 
≥210 g/week, female ≥140 g/week) can cause alcohol-related 

liver disease and should be avoided. However, the effects of light 

or moderate drinking vary. In some studies, light or moderate 

drinking (male <210 g/week, female <140 g/week) appears to be 

protective against fatty liver and hepatic fibrosis,274-279 but in other 

studies it was associated with the progression of NAFLD.196,280-282 

In a large cohort study in Korea, light drinking (less than 10 g/day) 

was associated with worsening in noninvasive markers of fibro-

sis,283,284 but further studies are needed.

[Recommendation]

1.   Moderate or less alcohol use in NAFLD patients requires 

attention. (B1)

What are the types, indications, effects, and side 
effects of medications for NAFLD?

Insulin sensitizers

Pioglitazone
Pioglitazone, a PPAR-γ agonist, reduces insulin resistance in the 

liver, muscle, and adipose tissue, and also reduces the amount of 

fat in the liver and hepatocellular injury by alleviating hepatic mi-

tochondrial oxidative dysfunction.285-288 In four randomized con-

trolled studies, histologic improvement of steatohepatitis was ob-

served in patients with or without diabetes who were treated 

with pioglitazone (30 or 45 mg/day) compared to placebo-treated 

patients.217,289-291 However, no improvement was observed in liver 

fibrosis, a major indicator predicting the progression of liver dis-

ease.289-293 In the Pioglitazone versus Vitamin E versus Placebo for 

the Treatment of Nondiabetic Patients with Nonalcoholic Steato-

hepatitis (PIVENS) trial, 247 nondiabetic NASH patients were ran-

domized to pioglitazone (30 mg/day), vitamin E (800 IU/day), or 

placebo and followed for 96 weeks. The primary endpoint of this 

study was a ≥2 point reduction in the NAS (one or more point 

improvement in hepatocellular ballooning and one or more point 

improvement in either the lobular inflammation or steatosis 

scores). Compared with placebo, pioglitazone showed improve-

ment in NASH (34% vs. 19%, P=0.04). This study concluded that 

the improvements observed with pioglitazone were not statisti-

cally significant because they did not reach the prespecified level 

of significance (P<0.025) for the primary outcome. However, there 

were discrepancies in the presence of hepatocellular ballooning 

between the results of pathological assessments performed local-

ly and those performed centrally from deeper cuts prepared from 

the biopsy specimens obtained, and those classification errors 

were much higher in the subjects taking pioglitazone. The resolu-

tion of steatohepatitis, the secondary outcome, was higher in the 

pioglitazone group than the placebo group (47% vs. 21%, 

P=0.001). In conclusion, pioglitazone can be considered as a 

treatment option for NASH diagnosed by liver biopsy in patients 

with or without diabetes mellitus.

However, weight gain294 is a common side effect of pioglitazone 

treatment. Other potential side effects of long-term pioglitazone 
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use in NASH patients with diabetes mellitus include lower extrem-

ity edema, muscle cramps, as well as an increased risk of frac-

tures,295 bladder cancer,296 and congestive heart failure.297

Metformin
Metformin, a commonly prescribed drug for T2DM, was expect-

ed to be beneficial in treating NASH patients, as it reduces insulin 

resistance in the liver and muscles. Moreover, metformin inhibits 

hepatic fat accumulation and glucose excretion by activating ade-

nosine monophosphate-activated protein kinase, and also de-

creases the expression of tumor necrosis factor-α.298,299 However, 

metformin has little or no effect on liver histology.300,301 Since 

metformin has a weight loss effect, it can compensate for the 

weight gain associated with pioglitazone when the two medica-

tions are used together. However, several studies, including ran-

domized controlled studies, showed that the co-administration of 

metformin and pioglitazone did not improve histological findings 

in the liver, insulin resistance in the liver, or liver enzyme levels 

compared with controls.300,302-307 Only in a retrospective study,  

long-term use (more than 6 years) of metformin in patients with 

diabetes mellitus and histologically proven NASH or advanced fi-

brosis lowered the risk of overall mortality, LT, and HCC.308 Anoth-

er retrospective study showed that diabetes mellitus increased the 

risk of death and liver-related complications such as HCC, and 

that metformin use lengthened the survival and decreased the 

risk of decompensated cirrhosis and HCC in 299 patients with 

NAFLD-associated Child-Pugh class A cirrhosis.309

GLP-1 agonist
Liraglutide, a synthetic long-acting GLP-1 receptor agonist, has 

been approved to treat diabetes mellitus and obesity. In a small 

phase 2 clinical trial of 52 patients with biopsy-proven NASH, pa-

tients receiving subcutaneous injections of liraglutide (1.8 mg/day 

for 48 weeks) achieved greater weight loss and resolution of 

NASH than those receiving placebo.218 However, its development 

as a medication for NASH has been interrupted by its frequent 

gastrointestinal side effects such as diarrhea, constipation, and 

loss of appetite.

In a phase 2 trial of semaglutide, a GLP-1 analogue, 320 pa-

tients with NASH were randomized to receive daily subcutaneous 

semaglutide (0.1 mg, 0.2 mg, or 0.4 mg) or placebo for 72 weeks. 

The proportions of patients who experienced NASH resolution 

without the exacerbation of hepatic fibrosis were 40%, 36%, and 

59%, respectively, in the treatment groups and 17% in the place-

bo group (P<0.001, semaglutide of 0.4 mg vs. placebo).310 How-

ever, the groups did not differ significantly with regard to fibrosis 

improvement. The mean percentage of weight loss was 13% for 

the 0.4 mg semaglutide group and 1% for the placebo group, 

with the semaglutide group reporting more frequent nausea, con-

stipation, and vomiting than the placebo group. Based on those 

results, semaglutide is expected to prove its benefit as a treat-

ment for NASH through additional phase 3 clinical trials.

[Recommendations]

1.   Pioglitazone is effective in improving steatohepatitis in NASH 

confirmed by liver biopsy, regardless of diabetes mellitus, 

but safety concerns about long-term treatment should be 

considered. (B1)

2.   Metformin can be used as a first-line treatment for diabetes 

mellitus in patients with concomitant NAFLD who also have 

diabetes mellitus. (B1)

Antioxidants

Vitamin E (alpha-tocopherol)
Vitamin E decreases oxidative stress (which worsens NASH) and 

improves liver inflammation.311,312 In the PIVENS study, which was 

a large-scale phase 3 trial, the administration of 96-week high-

dose vitamin E (800 IU/day) produced significant improve ment in 

liver histology compared to placebo (43% vs. 19%, P=0.001),291 

but it did not improve liver fibrosis.292 The proportion of NASH 

resolution, a secondary endpoint, was 36% in the vitamin E 

group, which was higher than that in the control group (21%). 

Therefore, the use of vitamin E can be considered as biopsy-prov-

en NASH treatment in patients without diabetes mellitus.

However, the long-term use of vitamin E also carries safety con-

cerns because of the increased risk of prostate cancer or hemor-

rhagic stroke.313 Although the finding is controversial, high doses 

of vitamin E (>400 IU/day) are associated with an increased mor-

tality rate, requiring safety precautions.314-316 According to a retro-

spective study of 236 patients with biopsy‐proven NASH with 

bridging fibrosis or compensated cirrhosis, the use of 800 IU/day 

of vitamin E for more than 2 years decreased the risk of death, LT 

and decompensated cirrhosis in patients both with and without 

diabetes mellitus. However, the incidence of HCC, vascular dis-

ease, and non-hepatic cancers did not differ between the vitamin 

E users and controls.317
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[Recommendation]

1.   High-dose vitamin E (800 IU/day) can improve NASH confirmed 

by liver biopsy in non-diabetic patients, but safety should be 

considered for long-term administration. (B1)

Lipid-lowering drugs
CVD is the most common cause of death for NAFLD patients, so 

it is important to modify its risk factors.78,318-320 An increase in 

plasma lipoprotein increases the carotid intima-media thickness 

and atherosclerotic plaques, which cause CVD, and thus it is nec-

essary to prevent and treat dyslipidemia.321 Lipid lowering agents 

such as statins (hydroxy-methyl-glutaryl coenzyme A reductase 

inhibitors)322 can be considered in NAFLD patients with dyslipid-

emia.323,324 In a post-hoc analysis of the GREek Atorvastatin and 

Coronary-heart-disease Evaluation (GREACE) study, statin use de-

creased aminotransferases and poor cardiovascular outcomes in 

NAFLD patients with aminotransferases up to three times higher 

than the upper normal limit. Less than 1% of patients (seven of 

880 patients) withdrew from the study due to hepatotoxicity as-

sociated with the statin treatment; thus statin treatment seems to 

safely lower liver enzymes and reduce cardiovascular morbidity in 

patients with NAFLD.325 In a study using data from the National 

Health Information database of South Korea, statin treatment de-

creased not only the risk of NAFLD occurrence but also the devel-

opment of fibrosis attributed to NALFD, regardless of diabetes 

mellitus.326 Strict control of low density lipoprotein cholesterol 

(LDL-C) is emphasized because many NAFLD patients treated with 

statins still did not meet their LDL-C treatment targets, which can 

itself increase the incidence of CVD.327 A common adverse effect 

of statins is the asymptomatic elevation of aminotransferases, 

which usually appears within 1 year of starting statins and recov-

ers spontaneously.328 This increase in liver enzyme levels depends 

on the statin dose.329 However, because statin users and controls 

did not differ in terms of persistent and significant elevation of liv-

er enzyme levels328 or the incidence of liver and biliary tract dis-

ease,330 the administration of a statin is possible in chronic liver 

diseases, including NAFLD.331,332 However, the administration of 

statins to patients with decompensated cirrhosis or acute liver 

failure should be avoided.333-337 Statins can be used in NAFLD and 

NASH, and they are considered as a first-line treatment to lower 

LDL-C and prevent atherosclerotic CVD. If the response to the 

statin is insufficient, ezetimibe can be added.338 Omega-3 fatty 

acids are not recommended as a treatment for NASH because 

only some study results showed an effect on NASH,339 whereas 

others did not.340,341 However, they may be considered for use in 

hypertriglyceridemia with NAFLD.340,342,343

[Recommendations]

1.   Because the incidence and mortality rate of CVD in NAFLD 

are high, it is necessary to actively control the risk factors of CVD. 

(A1)

2.   In the case of dyslipidemia in NAFLD, a statin can be used to 

prevent CVD. (B1)

3.   Omega-3 fatty acids are not recommended as a treatment for 

NASH, but they can be used in NAFLD with hypertriglyceridemia. 

(B1)

New NASH drugs in development
The pathophysiology of NASH is complicated, and its interac-

tions with other metabolic diseases have not been fully elucidat-

ed. Therefore, NASH treatments are currently under development 

for a wide range of targets. The main targets are changes in in-

testinal microflora and intestinal permeability, oxidative stress, in-

sulin resistance, apoptosis, lipotoxicity, inflammation, bile acid 

metabolism, and liver fibrosis. At the time of this writing, six new 

drugs are in phase 3 clinical trials or have published intermediate 

results (Table 6). Among them, the STELLAR-3, 4 trial of an apop-

tosis signal-regulating kinase 1 inhibitor (selonsertib) in NASH 

subjects with advanced liver fibrosis344 and the RESOLVE-IT trial of 

a PPAR-α/δ agonist (elafibranor) in NASH patients with stages 

1–3 of liver fibrosis have failed to demonstrate therapeutic effica-

cy in the interim results. Consequently, the development of both 

drugs was discontinued. In the REGENERATE trial in NASH sub-

jects with hepatic fibrosis stage 1–3, the farnesoid X receptor ag-

onist (obeticholic acid; Ocaliva®) showed dose-dependent primary 

treatment efficacy, an improvement in liver fibrosis of at least 1 

stage, in the 10 mg and 25 mg treatment groups (18% and 23%) 

compared with the control group (12%) after 18 months of treat-

ment.345 However, the US Food and Drug Administration rejected 

conditional approval of the drug as a treatment for NASH, judging 

that severe itching and the increased risk of CVD caused by in-

creased LDL-C outweighed the benefits of treatment. To date, no 

drugs under development have met their efficacy targets in more 

than 50% of patients. Considering the complicated pathophysiol-

ogy of NASH and the various treatment responses observed in 

clinical trials for individual drugs, it is highly likely that combina-

tion treatments or personalized treatments will become the stan-

dard.
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Bariatric surgery and LT

What are the indications for and post-operative manage-
ment of bariatric surgery?

Bariatric surgery has been performed in NASH patients with 

obesity who did not respond to medical treatment for weight loss. 

In Western countries, bariatric surgery is considered to be indicat-

ed for patients with a BMI greater than 35 kg/m2 that is accompa-

nied by hypertension or diabetes mellitus or a BMI greater than 

40 kg/m2.284,318,346 Several studies reported significant weight loss 

in addition to improvement in NAFLD.347-351 In Korea, the Health 

Insurance Review and Assessment Service allows bariatric surgery 

to be covered by the national health insurance for patients who 

have had no response to medical treatment and lifestyle modifica-

tions and whose BMI is greater than 35 kg/m2 or 30 kg/m2 and 

associated with hypertension, diabetes mellitus, or NAFLD.

In a 5-year follow-up study of biopsy-confirmed NASH patients 

who underwent bariatric surgery, BMI, the amount of fat in the 

liver, and NAS were all found to be reduced, and histological im-

provement in the fibrosis stage was noted after surgery.352 Recent 

meta-analyses identified that bariatric surgery effectively reduced 

the amount of fat in the liver, inflammation, and fibrosis in NASH 

patients.353,354 However, histological worsening after surgery was 

observed in some patients. Therefore, well-designed, randomized 

controlled studies should be performed to confirm the benefits of 

bariatric surgery in NASH patients.348 The limitation of bariatric 

surgery is the risk of lethal liver failure that can be generated by 

rapid weight loss. Also, the safety of bariatric surgery for cirrhotic 

patients is still controversial, so a careful approach is need-

ed.355-358 Before deciding to undertake bariatric surgery, intraoper-

ative complications, long-term malnutrition, and other factors 

need to be considered comprehensively.359-361

[Recommendations]

1.   Bariatric surgery can be considered for NASH patients with 

obesity who do not respond to medical treatment and lifestyle 

modification. (B1)

2.   The effectiveness and safety of bariatric surgery have not 

been established in patients with cirrhosis. (B1)

What are the indications for LT and post-LT management? 
LT can be considered in patients with end-stage liver disease 

caused by NAFLD-associated cirrhosis, liver failure, or HCC, ac-

cording to the clinical practice guideline for LT. NASH patients ex-

perience a high risk of mortality from cardiovascular complica-

tions, so a meticulous pretransplant cardiovascular evaluation is 

needed.80,362,363 Posttransplant outcomes for NAFLD patients, in-

cluding 3- and 5-year survival, were comparable to those of non-

NAFLD patients, whereas the risk of graft failure was lower.364 

Overall survival was associated with BMI and the presence of dia-

betes mellitus. LT patients with a BMI greater than 35 kg/m2 ex-

perienced a higher transplant failure rate and lower 1-year surviv-

al rate than LT patients with a BMI lower than 35 kg/m2.365

Posttransplant management is similar to that for other NASH 

patients. Maintaining a healthy weight and diet is important, es-

pecially given that weight gain is common following LT.363,366 He-

patic steatosis367 or metabolic syndrome368 is very common after 

LT, especially in patients with a history of NASH. Thus, careful at-

tention should be paid to posttransplant management.

[Recommendations]

1.   Liver transplantation could be considered in NASH patients 

with end-stage liver disease or HCC, according to the clinical 

practice guideline for LT. (A1)

Table 6. NASH treatment drugs in phase 3 clinical trials

Drug Clinical trial Chemical type Therapeutic target

Obeticholic acid REGENERATE REVERSE Synthetic bile acid derivative Farnesoid X receptor

Selonsertib STELLAR-3, 4 (discontinued 
development)

Antifibrotic agents Apoptosis signal-regulating kinase 1

Elafibranor RESOLVE-IT (discontinued development) PPAR agonist PPAR-α/δ

Cenicriviroc AURORA Chemokine receptor antagonist CCR2, 5

Resmetirom MAESTRO-NASH Hepatic thyroid hormone receptor 
β-selective agonist

THRβ

Aramchol ARMOR Synthetic fatty acid/bile acid conjugate Stearoyl coenzyme A desaturase 1

PPAR, peroxisome proliferator-activated receptor; CCR, chemokine receptor; THR, thyroid hormone receptor.
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NAFLD IN CHILDREN AND ADOLESCENTS

Epidemiology 

What is the prevalence rate? 
The National Health and Nutrition Survey conducted between 

2015 and 2017 defined cases with ALT of 26 IU/L (boys) and 22 

IU/L (girls) as NAFLD, and the estimated prevalence of this disease 

in children was 11.2% (14.7% for boys and 7.4% for girls).369 In 

2001–2005, the prevalence was 7.8% (10.6% for boys and 4.6% 

for girls), so the prevalence is increasing, and 40–45% of obese 

adolescents have NAFLD.369,370 The obesity rate of children and 

adolescents aged 7–18 years increased from 8.4% in 2008 to 

14.3% in 2016, so the prevalence of NAFLD is expected to in-

crease rapidly in the future.371,372

Summary

1.   The prevalence of NAFLD among children and adolescents in 

Korea is increasing as their obesity rate increases.

How does NAFLD progress?
The natural course and prognosis of NAFLD in children and ado-

lescents are not well known. Unlike NAFL, NASH can progress to 

cirrhosis in children and adolescents.373 In a foreign study that fol-

lowed 66 children and adolescents with NAFLD for 20 years, the 

exacerbation of liver disease and risk of early death increased by 

14 times compared with the control group.374 There was also a 

case in which HCC occurred in a 7-year-old child diagnosed with 

NAFLD.375 In recent years, LT has increased in children, adoles-

cents, and young adults due to end-stage liver disease related to 

NAFLD.376,377

Summary

1.   NASH in children and adolescents can progress to end-stage 

liver disease, including cirrhosis, in young adults.

What genetic diseases are associated with risk factors? 
The risk factors for NAFLD in children and adolescents are obe-

sity, adolescent age, and being male.378,379 This disease is common 

in adolescence because the increased sex hormones that occur at 

puberty cause changes in insulin resistance and body composi-

tion, with the hormones of boys perhaps causing more NAFLD 

than those of girls. In patients with abdominal obesity and ob-

structive sleep apnea, NAFLD is likely to be associated with acan-

thosis nigricans.376,377

Unlike in adults, in children and adolescents, steatosis some-

times appears as a phenotype of genetic disease. Therefore, 

through medical history, examination, and testing, Wilson’s dis-

ease, Bardet-Biedl syndrome, polycystic ovary syndrome, Prader-

Willi syndrome, Turner syndrome, Cohen syndrome, alpha1-anti-

trypsin deficiency, glycogen storage disease, genetic tyrosinemia 

type 1, homocystinuria, Refsum disease, citrullinemia, and lyso-

somal acid lipase deficiency should be differentiated.373

Summary

1.   Obesity, adolescent age, and being male are risk factors for 

nonalcoholic fatty liver disease in children and adolescents. 

2.   If steatosis is found in children and adolescents, potential 

accompanying genetic diseases should be considered.

Genetic factors

Is related NAFLD related to family history and genetic 
predisposition? 

Children and adolescents with a family history of NAFLD are at 

high risk of developing it. In children and adolescents diagnosed 

with NAFLD, 59% of their siblings and 78% of their parents also 

had NAFLD. On the other hand, in obese children and adolescent 

patients without NAFLD, NAFLD was found in only 17% of their 

siblings and 37% of their parents.380 NAFLD occurs from a variety 

of causes, but family outbreaks, twin studies, and differences in 

prevalence among races confirm that more than 50% of patients 

with this disease are likely to have a genetic predisposition to it.381 

In a genome-wide association study, an increase in liver fat 

mass was associated with mutations in the PNPLA3, TM6SF2, LY-
PLAL1, and GCKR genes.382 Genetic polymorphisms reported in 

children and adolescents include MBOAT7, PNPLA3, TM6SF2, and 
GCKR.383-390 Studies also showed an association with monoallelic 

ABHD5 mutations.391

Summary

1.   Children and adolescents are at increased risk of NAFLD if 

there is a family history of it. 

2.   NAFLD in children and adolescents can be associated with 

genetic variations and genetic polymorphism.
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Screening and diagnosis

Who should be targeted for NAFLD screening, and how 
is screening conducted?

NAFLD is common in children and adolescents who are over-

weight (above the 85th percentile and below the 95th percentile 

of BMI) or obese (above the 95th percentile of BMI). Therefore, 

screening is necessary for those groups. Overweight and obesity 

are checked during school health checkups in the 4th and 6th 

grades of elementary school, the 1st grade of middle school, and 

the 1st grade of high school in Korea. In overweight young peo-

ple, screening tests are performed using liver enzyme levels.392

ALT is used as a screening method for NAFLD in overweight and 

obese children and adolescents. In 2007, the US Expert Commit-

tee also recommended AST and ALT as screening tests.393-395 

However, because the normal ranges of ALT by age and sex are 

unclear, European authorities recommended abdominal ultra-

sound along with ALT as a screening test.396 In the 2019 guide-

lines for obesity in children and adolescents, those who were 

overweight or obese and had an ALT of 26 IU/L (boys) or 22 IU/L 

(girls) or more were diagnosed with NAFLD and recommended for 

abdominal ultrasound when necessary.397 In 2017, the North 

American Society of Pediatric and Gastrointestinal Nutrition rec-

ommended ALT as a screening test for obese and overweight chil-

dren aged 9–11 years with insulin resistance, pre-diabetes, diabe-

tes, or dyslipidemia.398 Based on the limited research results 

available for the cost-effectiveness of screening tests in over-

weight and obese children and adolescents, the American Liver 

Association did not recommend screening for NAFLD using ALT in 

obese children and adolescents.399 However, the 2019 guidelines 

for pediatric and adolescent obesity did recommend screening 

tests for NAFLD and other concomitant diseases in overweight 

and obese children and adolescents.

[Recommendations]

1.   NAFLD screening tests can be performed in overweight and 

obese children and adolescents. (B1)

2.   The preferred screening test for NAFLD in children and 

adolescents is ALT, and abdominal ultrasound can also be 

performed. (B1)

What are the diagnostic methods? 
The standard test for diagnosing NAFLD is liver biopsy. Howev-

er, because that method is invasive, its application to children and 

adolescents is limited. The pathologic findings of NAFLD in chil-

dren and adolescents can differ from those found in adults. Rep-

resentative differences are that steatosis is more widely observed, 

balloon degeneration of hepatocytes and hepatic lobular inflam-

mation are milder, and inflammation and fibrosis of the portal re-

gion are often present. Sinusoid fibrosis in zone 3, which is com-

monly observed in adults, is relatively rare in NAFLD in children 

and adolescents.

As a non-invasive method for diagnosing NAFLD, a method us-

ing cytokeratin-18, which is produced during hepatocyte death, 

can be used.400 In addition, various non-invasive panels are being 

studied, but they have not yet been recommended for clinical 

practice. Other additional methods include abdominal ultrasound, 

liver fibrosis scans, and MRI-PDFF.

[Recommendations]

1.   In addition to liver biopsy, non-invasive tests such as abdominal 

ultrasound, liver fibrosis scans, and MRI-PDFF can be 

performed. (B1)

Treatment

Who should be treated, and how?
Overweight and obese children and adolescents with NAFLD 

are subject to treatment, and these patients are recommended to 

correct their lifestyle habits first. There are insufficient studies on 

the long-term prognosis of NAFLD in children and adolescents, 

and few prospective randomized controlled studies have been 

done. However, when the disease is diagnosed at an early age, 

the possibility of long-term complications is high.

Most of children and adolescents with NAFLD are associated 

with obesity, so it is important to correct lifestyle habits to im-

prove obesity. Various studies have been conducted on the cor-

rection of lifestyle habits. Based on randomized controlled stud-

ies, the North American Society of Pediatric Gastrointestinal 

Nutrition recommended in 2017 that simple sugar-added bever-

ages be restricted, moderate physical activity be increased, and 

screen time (time exposed to the screens of electronic devices 

such as TVs, computers, and smartphones) be reduced to less 

than 2 hours per day.401-403

According to the TONIC trial, a large multicenter randomized 

controlled study comparing vitamin E, metformin, and placebo in 

NAFLD patients aged 8–17 years, the three groups did not differ 

in terms of a sustained decrease in ALT. In the vitamin E group, 
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histological improvement was observed. However, long-term use 

of high-dose vitamin E is not recommended because of concerns 

about side effects.404-407 In addition, a small randomized con-

trolled study tested ursodeoxycholic acid, docosahexaenoic acid, 

and fish oil, and no significant effect was found.408,409 In conclu-

sion, no drug treatment is currently recommended for NAFLD in 

children and adolescents.

Although there is no guideline for surgical treatment of NAFLD, 

it can be performed in cases of severe obesity (BMI 97th percen-

tile or higher) based on the results of research in adults.410 In the 

domestic guidelines for obesity in children and adolescents, obe-

sity surgery is recommended when BMI is 40 or more, or 35 or 

more and accompanied by major complications related to obesity, 

and lifestyle improvements and drug treatment have produced no 

effects.397 Because children and adolescents are growing, growth 

should be considered when deciding on the timing of surgery. In 

general, surgery should be considered only when skeletal growth 

is almost complete (i.e., 13–14 years old for girls, 15–16 years old 

for boys), and it is recommended that surgery be performed when 

the Tanner stage (division stage considering the degree of devel-

opment of male and female genitals according to the stage of pu-

berty) is 4 or higher.411,412

[Recommendations]

1.   In NAFLD in children and adolescents who are overweight 

or obese, lifestyle correction such as improvement of dietary 

habits, increase in physical activity, and restriction of screen 

time is needed first. (A1)
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INTRODUCTION

Chronic hepatitis B (CHB) is known to be the most common 

chronic viral infection, affecting approximately 350 million people 

worldwide.1 Since the persistent replication with necroinflamma-

tion by the hepatitis B virus (HBV) significantly raises the risk of 

developing compensated cirrhosis and hepatocellular carcinoma 

(HCC),2 antiviral therapy to suppress HBV replication, which can 

prevent the progression of liver disease by stabilizing necroinflam-

mation and inducing fibrosis regression, has been the mainstay in 

the management of patients with CHB.3 Several recent studies 

have proven that oral antiviral agents, particularly entecavir (ETV), 

reduce the risk of long-term complications such as liver cirrhosis 

and HCC, ultimately improving survival compared to controls.4
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Although tenofovir alafenamide and besifovir dipivoxil maleate 

have been recently available,3,5 ETV and tenofovir disoproxil fuma-

rate (TDF), which are potent nucleos(t)ide analogues (NUCs) with 

a high genetic barrier to resistance, have been the first-line antivi-

ral agents in several international guidelines over the last several 

decades.3,6,7 These two antiviral agents have similar short to inter-

mediate-term clinical efficacy (including virologic, biochemical, 

serologic, and histologic responses) and similar efficacy for pre-

venting liver disease progression.8,9 However, several recent stud-

ies have proposed the superiority of TDF over ETV in reducing the 

risk of HCC development,10 whereas other following studies have 

shown no statistical difference.11,12

In this review, we summarized recent studies which compared 

the treatment efficacy of ETV and TDF in terms of HCC development.

ENTECAVIR AND TENOFOVIR EQUALLY PRE-
VENTS HCC

Hospital-based cohort studies

Asian studies
Since Choi et al.10 first reported that TDF showed superior ef-

fects compared to ETV for the prevention of HCC, more than 10 

comparative studies between ETV and TDF with adjusted hazard 

ratio (aHR) for HCC incidence have been published, as summa-

rized in Tables 1, 2 and Figure 1.

A multicenter retrospective cohort study from Korea analyzed 

2,897 patients, and the annual HCC incidence was statistically 

similar between the ETV and TDF groups in multivariate analysis 

(aHR, 0.98; 95% confidence intervals [CIs], 0.75–1.28; P=0.852), 

propensity score-matched (PSM) analysis (aHR, 1.02; 95% CIs, 

0.77–1.35; P =0.884), and inverse probability of treatment 

weighting (IPTW) analysis (aHR, 1.00; 95% CIs, 0.77–1.30; 

P=0.988) (Table 1).11

Another multicenter retrospective cohort study from Korea ana-

lyzed 3,022 patients, and found statistically similar incidence rates 

of HCC between ETV and TDF after PSM in the whole cohort (aHR, 

1.08; 95% CIs, 0.52–2.24; P=0.842) and in subgroups of patients 

with chronic hepatitis and liver cirrhosis. In addition, statistically 

similar incidence rates of all-cause mortality or liver transplanta-

tion (LT) between ETV and TDF were observed after PSM in the 

whole cohort (aHR, 0.98; 95% CIs, 0.36–2.62; P=0.961) and in 

patients with chronic hepatitis and liver cirrhosis (Fig. 1).12

A multicenter retrospective cohort study from Taiwan analyzed 

7,248 patients. The HCC incidence rates of ETV and TDF groups 

were statistical similar in the whole cohort (aHR, 0.82; 95% CIs, 

0.66–1.02; P=0.078) and in the PSM cohort (aHR, 0.83; 95% CIs, 

0.65–1.06; P=0.129).13

A single-center retrospective cohort study from Korea analyzed 

1,340 patients, and showed that HCC risk was statistically similar 

between ETV and TDF groups, either by PSM (aHR, 2.06; 95% 

CIs, 0.98–4.33; P=0.058) or IPTW (aHR, 1.30; 95% CIs, 0.81–

2.10; P=0.276).14

A single-center retrospective cohort study from Korea analyzed 

1,794 patients. Multivariate analysis showed that the risk of HCC 

and death or LT was statistically similar between ETV and TDF 

groups (aHR, 0.83; 95% CIs, 0.52–1.31; P=0.413 and aHR, 0.64; 

95% CIs, 0.26–1.57; P=0.325, respectively) after adjusting for 

adherence to medication and maintained virologic response. In 

the 589 PSM patients, the risk of HCC and death or LT was also 

statistically similar between the two groups (aHR, 0.77; 95% CIs, 

0.46–1.29; P=0.319 and aHR, 0.64; 95% CIs, 0.30–1.38; P=0.257, 

respectively).15

In a retrospective cohort study by an Asian international con-

sortium which analyzed 5,537 patients, TDF was associated with 

a lower risk of HCC in the unadjusted analysis. However, in the 

multivariate analysis, no difference was found between ETV and 

TDF (aHR, 0.81; 95% CIs, 0.42–1.56; P=0.52) after adjustment 

for age, sex, country, serum albumin, platelet count, alpha feto-

protein, liver cirrhosis, and diabetes mellitus. Furthermore, PSM 

analysis (n=1,040) found no significant association between anti-

viral agents and HCC risk in the multivariable-adjusted analysis 

(aHR, 0.89; 95% CIs, 0.41–1.92; P=0.77).16

In a multicenter retrospective study from Korea which analyzed 

1,560 patients, the incidence of HCC was statistically similar be-

tween ETV and TDF groups after multivariate analysis and in the 

PSM population (aHR, 1.30; 95% CIs, 0.80–2.02; P=0.295).17

Even before Choi et al.10 suggested the superiority of TDF for 

the prevention of HCC, a single-center retrospective study from 

Korea had analyzed 582 patients for a median follow-up of 57 

months and compared the effects of ETV and TDF. In this study, 

HCC developed in 6.5% of the patients, regardless of the type of 

antiviral agents. ETV and TDF-treated patients showed statistical-

ly similar HCC development rates (P=0.471).18

From a slightly different perspective, one Korean multicenter 

retrospective cohort study compared the effects of ETV and TDF 

in 726 patients following curative treatments of HCC, such as he-

patic resection or radiofrequency ablation. The results showed no 

association between the type of antiviral agents and HCC recur-
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rence (aHR, 0.93; 95% CIs, 0.70–1.23; P=0.622) and death (aHR, 

0.67; 95% CIs, 0.36–1.23; P=0.193) after multivariate analysis. 

IPTW analysis showed similar results in terms of recurrence (aHR, 

1.04; P=0.963) and death (aHR, 0.80; P=0.431). In addition, the 

early (<2 years) and late (≥2 years) recurrence risks were statisti-

cally similar in the two groups (both P=0.400), as confirmed by 

IPTW analysis (P=0.502 and P=0.377, respectively).19

Western studies
A multicenter prospective study from Europe that enrolled pa-

tients from the PAGE-B cohort analyzed 1,935 Caucasians with 

CHB, with or without compensated liver cirrhosis, for a median 

follow-up period of 7.1 years. After multivariate analysis, the haz-

ard ratio of HCC was statistically similar between ETV and TDF-

treated patients after adjusting for several HCC risk factors, such 

as age, sex, smoking, diabetes, alanine aminotransferase (ALT) 

level, platelet count, hepatitis B e antigen, prior treatment experi-

ence, and liver cirrhosis (aHR, 1.07; 95% CIs, 0.64–1.81; P=0.791).20

Another multicenter prospective cohort study from France in-

cluded 1,800 patients for a median follow-up period of 4.2 years. 

The HCC incidence (aHR, 1.51; 95% CIs, 0.58–3.92) and all-cause 

mortality (aHR, 0.60; 95% CIs, 0.25–1.46) were statistically simi-

lar between the ETV and TDF-treated groups. In addition, IPTW 

analysis showed similar results in HCC occurrence (aHR, 1.24; 

95% CIs, 0.49–3.13) and all-cause mortality (aHR, 0.63; 95% CIs, 

0.28–1.44).21

Studies using administrative databases

Asian study
A large-scale retrospective cohort study using nationwide 

claims data from the Korean Health Insurance Review and Assess-

ment Service enrolled 76,285 patients.22 This study analyzed 

55,473 treatment-naïve cases where ETV or TDF treatment were 

started between 2013 and 2017 after matching according to age, 

sex, comorbidities, hospital type, and index date year for a medi-

an follow-up period of 41.2 months. The incidence of HCC was 

statistically similar between the ETV and TDF groups (aHR, 0.93; 

95% CIs, 0.86–1.01; P=0.081). Interestingly, in the subgroup 

analysis of patients who had started antiviral therapy during the 

2012–2014 period, which was identical to the enrollment period 

in the landmark study by Choi et al.,10 the incidence of HCC was 

higher in the ETV group compared to the TDF group (aHRs, 0.85; 

95% CIs, 0.79–0.91; P<0.001).
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Western study
A retrospective cohort study using the Corporate Data Ware-

house from the Veterans Information Systems and Technology Ar-

chitecture in the United States analyzed 3,287 patients with a 

mean follow-up period of 5.4 years. In the unadjusted analysis, a 

lower tendency of HCC occurrence was observed in the ETV group 

compared to the TDF group. However, PSM analysis showed simi-

lar risk of HCC between ETV and TDF-treated patients (aHR, 1.00; 

95% CIs, 0.76–1.32). Also, statistically similar risk of death or LT 

(aHR, 1.16; 95% CIs, 0.98–1.39) was observed between the two 

treatment groups.23

TENOFOVIR IS BETTER THAN ENTECAVIR FOR 
THE PREVENTION OF HCC

Hospital-based cohort studies

Asian studies
A large-scale single-center study by Choi et al.10 was the first to 

report that TDF treatment had a significantly lower risk of HCC 

compared to ETV treatment (Table 2). This study demonstrated 

that patients treated with TDF, compared with ETV, showed 34% 

and 32% reductions in their risk for HCC by multivariable and 

PSM analyses, respectively.10 In addition, patients treated with 

TDF showed significantly higher virological responses (85.2% 

[TDF] vs. 78.7% [ETV], P<0.001) and ALT normalization rates, ac-

cording to the American Association for the Study of Liver Diseas-

es 2015 criteria (44.3% [TDF] vs. 38.7% [ETV], P=0.002) after  

1 year of treatment.10

Another single-center Korean study of 404 treatment-naïve pa-

tients with CHB showed that TDF treatment was associated with 

a lower HCC risk by multivariable analysis (aHR, 0.31; 95% CIs, 

0.12–0.79; P=0.014) and PSM analysis (aHR, 0.27; 95% CIs, 

0.08–0.98; P=0.046).24 Interestingly, when the authors adjusted 

for sustained virological suppression in their PSM analysis, statis-

tical significance was not reached, despite a persistent trend of 

lower risk with TDF treatment (aHR, 0.36; 95% CIs, 0.12–1.14; 

P=0.08). Theoretically, however, it is not possible to measure sus-

tained virological suppression at baseline. Therefore, adding this 

variable into PSM might not be statistically justifiable.

Choi et al.25 also studied 1,695 patients with HBV-related HCC 

of Barcelona Clinic Liver Cancer stage of 0 or A to see whether 

TDF treatment has a lower risk of HCC recurrence after curative-

Figure 1. Forest plot of the incidence rates of hepatocellular carcinoma in studies that compared preventive effects of TDF and ETV after the match-
ing of baseline variables. CI, confidence interval; TDF, tenofovir disoproxil fumarate; ETV, entecavir.
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intent liver resection compared to ETV treatment. Notably, TDF 

treatment was associated with significantly lower rates of HCC re-

currence (aHR, 0.82; 95% CIs, 0.68–0.98; P=0.03) and death or 

transplantation (aHR, 0.62; 95% CIs, 0.44–0.88; P=0.01) by mul-

tivariable analysis. These findings were consistently reproduced in 

567 PSM pairs (HR, 0.77; 95% CIs, 0.62–0.95; P=0.02 for HCC 

recurrence and HR, 0.63; 95% CIs, 0.42–0.96; P=0.03 for death 

or transplantation). Interestingly, the magnitude of risk difference 

for late recurrence (≥2 years after liver resection; HR, 0.68) was 

more prominent than that for early recurrence (<2 years after liver 

resection; HR, 0.79).25

A Chinese study of 233 patients with CHB-related compensated 

cirrhosis showed that TDF treatment led to significantly longer 

disease-free survival compared to ETV treatment after liver resec-

tion (33 months for TDF and 24 months for ETV, P<0.001).26 An-

other study from China also reported that TDF treatment was as-

sociated with a significantly lower rate of HCC recurrence (aHR, 

0.67; 95% CIs, 0.48–0.93; P=0.04) after liver resection compared 

to non-TDF treatment, such as ETV.27

A multicenter retrospective study from Taiwan, which included 

1,560 cirrhotic patients with CHB, reported that TDF treatment 

was significantly associated with a lower risk of HCC compared to 

ETV treatment, as shown by multivariable analysis (aHR, 0.67; 

95% CIs, 0.48–0.93; P=0.02), PSM analysis (aHR, 0.66; 95% CIs, 

0.46–0.95; P=0.02), and IPTW analysis (aHR, 0.73; 95% CIs, 

0.54–0.98; P=0.04).28 Of note, the significantly lower risk of HCC 

in the TDF group was consistently observed in the subgroup anal-

yses of treatment-naïve patients (aHR, 0.58; 95% CIs, 0.40–0.84; 

P=0.004) and patients with compensated cirrhosis at baseline 

(aHR, 0.69; 95% CIs, 0.48–1.00; P=0.049).28 However, compara-

ble risk of HCC was observed between the two treatment groups 

after excluding 398 patients (25.5%) who were enrolled after 

2011, to prevent artificially minimizing the follow-up duration be-

tween the two treatments (P=0.881 for PSM and P=0.879 for 

IPTW analysis).28

Studies using administrative databases

Asian studies
A nationwide cohort study from Korea was the first to report 

the lower risk of HCC with TDF treatment than with ETV treat-

ment.10 In this study, the risk of HCC was compared among 24,156 

treatment-naïve patients with CHB, and the results showed that 

TDF treatment was significantly associated with a lower risk of 

HCC compared to ETV treatment (aHR, 0.68; 95% CIs, 0.59–0.77; 

P<0.001).10 This lower risk of HCC in the TDF treatment group was 

reproduced in the PSM analysis of 10,923 pairs (aHR, 0.68; 95% 

CIs, 0.60–0.78; P<0.001).

Another study from Hong Kong, which used a large administra-

tive database, subsequently showed a lower risk of HCC in the 

TDF group compared to the ETV group.29 In 29,350 treatment-na-

ïve patients with CHB and a median follow-up period of 3.6 years, 

TDF treatment was consistently associated with a lower risk of 

HCC compared to ETV (weighted subdistribution; HR, 0.36; 95% 

CIs, 0.16–0.80; P=0.013). These results were supported by vari-

ous sophisticated statistical adjustments including multivariable, 

PSM, IPTW, and competitive risk analyses to minimize selection 

bias in the retrospective study. Additionally, in this study, patients 

who were treated with TDF (77.6%) showed a significantly higher 

virological response at 1 year compared to those who were treat-

ed with ETV (69.7%), although ALT normalization rate at 1 year 

was higher in the ETV group compared to the TDF group.

Western study
A study published as a collection of meeting abstracts analyzed 

the U.S. administrative data comparing TDF and ETV treatments 

in terms of the risk of HCC in treatment-naïve patients with CHB.30 

In this study, the absolute rate of HCC was lower in those treated 

with TDF (0.32 person year [PY]) than in those treated with ETV 

(0.61 PY). In addition, multivariable analysis and weighting by 

propensity score showed that treatment with TDF was associated 

with a significantly decreased risk of HCC occurrence (aHR, 0.56; 

95% CIs, 0.37–0.86).30

DISCUSSION

In the current study, we have comprehensively reviewed recent 

comparative studies regarding the effects of ETV and TDF on the 

prevention of HCC. We have classified the studies according to re-

gions in which the studies were conducted as well as the data 

sources, in order to observe the potential difference in the results 

depending on regions or whether the data was collected from 

hospital cohorts or administrative databases.

The studies that showed no difference in preventive effects be-

tween ETV and TDF have suggested the following evidence for 

their equal effects. First, the common features of the studies that 

suggested TDF superiority mostly used big data from administra-

tive databases. These database studies have an advantage of in-

cluding a large number of patients. However, they may also have 
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some disadvantages, such as potential unbalanced distribution of 

HCC risk factors, different periods of ETV and TDF onset, and ad-

ditional confounders that cannot be corrected for by any sophisti-

cated statistical method.31 For example, in the study by Yip et 

al.,29 one-third of the HBV DNA values and 21% of the prothrom-

bin time values, which may be important factors for the analysis 

of HCC development in CHB patients, were missing, and there-

fore, had to be imputed before the analysis was performed. In ad-

dition, out of the 29,350 patients analyzed, there was a big dif-

ference in the number of patients included in each group; 28,041 

patients were included in the ETV group, while only 1,309 pa-

tients were in the TDF group. Correspondingly, only eight cases of 

HCC were observed in the TDF group, which may have been too 

small a number of events to effectively compare the HCC inci-

dence between the two groups. In addition, the HR was 0.39 in 

this study, which indicates that TDF lowers HCC incidence by 61% 

compared to ETV. However, in the study by Nguyen et al.32 that 

compared the incidence of HCC between TDF and no treatment, 

the HR was similar at 0.34. As ETV has demonstrated its protec-

tive effect against HCC in numerous studies, it is highly unlikely 

for ETV treatment to have similar effects as no treatment.

Second, there was no clear evidence that ETV contains carcino-

genic property. Although an increase in lung and vascular tumors 

were observed in the mouse experiment, the doses used in such 

experiments were more than 100-fold higher compared to the ap-

proved dose for humans. Furthermore, a long-term study that in-

cluded more than 12,000 patients showed no difference in HCC 

and non-HCC malignancies between ETV and other NUCs.33

Third, the patient warehousing phenomenon may have resulted 

in TDF superiority in some studies. The patient warehousing phe-

nomenon indicates that deferring treatment as a new effective 

drug is known to be released soon. As ETV was approved a few 

years earlier than TDF in most countries, more patients with se-

vere chronic liver disease, who had been waiting for more potent 

newly available antiviral agent, may have been included in the 

ETV group. In addition, TDF may have been avoided in the elderly 

as well as patients with co-morbidities, due to concerns of renal 

toxicity and osteoporosis.16 In this context, the pooled 5-year cu-

mulative HCC incidence in the most recently published meta-anal-

ysis involving more than 100,000 patients showed that TDF had 

significantly superior preventive effects in the unmatched popula-

tion while no difference was observed in the PSM population, 

which may indicate the patient warehousing phenomenon.34 Simi-

larly, expansion in the indication for treatment in guidelines and 

the consequent changes in the reimbursement criteria for antiviral 

therapy over the years may have resulted in the inclusion of less 

severe patients in the TDF group. For instance, in Korea, the reim-

bursement criteria for cirrhotic patients used to require ALT higher 

than the upper limits of normal prior to 2015, but these have ex-

panded to include patients with normal ALT levels since 2015. As 

ETV had been approved in 2007 and TDF in 2012, more patients 

in the TDF group may have initiated antiviral therapy after like-

wise expansion in reimbursement criteria and indications for 

treatment.

In contrast, the studies showing superior preventive effects of 

TDF compared to ETV have suggested the following evidence for 

their differences. First, TDF might have more potent antiviral effi-

cacy. In the study by Choi et al.,10 TDF treatment showed signifi-

cantly higher rates of virological response and ALT normalization 

at 1 year of antiviral treatment in the entire cohort and PSM. A 

small randomized trial comparing ETV and TDF of antiviral effica-

cy demonstrated a higher hepatitis B surface antigen level reduc-

tion in patients treated with TDF compared to those treated with 

ETV.35 These results might be linked to the superior preventive ef-

fects of TDF in reducing the HCC risk, albeit the difference in anti-

viral efficacy may be small.

Second, a meta-regression analysis showed that the inclusion of 

decompensated cirrhosis was one of the most important determi-

nants showing superiority of the preventive effect of TDF in reduc-

ing the risk of HCC.36 In other words, studies that included de-

compensated cirrhosis tended to show favorable outcomes by TDF 

in the risk of HCC compared to ETV. Previous studies already 

demonstrated that long-term antiviral treatment can lead to im-

provement and regression of cirrhosis in patients with CHB.37 

Therefore, TDF may have better preventive effect in this subset of 

patients.

Third, a possible biological plausibility of superior preventive ef-

fects of TDF compared to ETV was suggested in previous studies, 

in which a higher interferon lambda-3 level was shown in CHB 

patients treated with TDF than in those treated with ETV.38 Also, 

a potent antitumor activity of the interferon lambda-3 pathway 

was shown in animal models of cancer, including HCC.39,40

Lastly, most of the meta-analyses,36,41-44 but not all,34 in this 

comparison exhibited superior chemo-preventive effect by TDF 

treatment compared to ETV treatment. Since meta-analysis col-

lects numerous studies of the same topic, it is able to show a real 

difference that was not either statistically significant or captured 

due to small sample size in individual studies, if the real difference 

still exists.
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CONCLUSIONS

Although a larger number of studies have favored a similar effi-

cacy between ETV and TDF in reducing the risk of HCC develop-

ment, controversy remains on whether TDF reduces the risk of 

HCC to a greater extent compared to ETV. Several recent studies 

from Asia, Europe, and the U.S. did not reproduce the original 

findings of the study by Choi et al.,10 which might suggest that the 

current practice and guidelines for using ETV and TDF in patients 

with CHB should not be changed. However, as all of these studies 

were either neutral or in favor of TDF, further studies are required 

to identify the subset of patient population who will benefit from 

TDF, rather than ETV.
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INTRODUCTION

Liver cirrhosis is a late-stage of chronic hepatitis and currently 

the 11th most common cause of death globally.1 Decompensated 

cirrhosis, the most advanced stage of cirrhosis, is accompanied by 

severe complications, including liver failure, opportunistic infec-

tion, and portal hypertension (resulting in ascites, hepatic en-

cephalopathy, or gastroesophageal varices), that threaten the 

lives of patients.2 Cirrhosis is accompanied by extensive tissue 

scarring and an increase in intrahepatic vascular resistance. Cir-
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rhosis develops from chronic hepatitis, that can be caused by hep-

atitis B virus (HBV), hepatitis C virus (HCV), alcoholic liver disease 

(ALD), non-alcoholic steatohepatitis (NASH), autoimmune hepati-

tis, and genetic diseases, including hemochromatosis and Wilson’s 

disease.3 Recently, progress made in antiviral drugs has contribut-

ed to a decrease in viral hepatitis, while the proportion of cirrhosis 

and liver cancer caused by ALD and NASH has been increasing, 

particularly in western countries.4 Research on liver fibrosis, in-

cluding the development of cirrhosis therapy, has made remark-

able progress. However, effective drugs for cirrhosis treatment are 

not yet available for clinical use. Development of effective cirrho-

sis therapies requires the ability to not only target specific cell 

types, but also to elucidate further mechanisms of liver fibrosis 

with a comprehensive understanding of intercellular molecular 

networks. This review will highlight the current status of anti-fi-

brotic drug development and review the recent studies investigat-

ing the molecular mechanisms of liver fibrosis.

POSSIBILITY OF CELL-TARGETING STRATEGY 
FOR ANTI-FIBROTIC DRUGS

Liver fibrosis is the most common pathology of cirrhosis and is 

characterized by progressive accumulation of extracellular matrix 

(ECM), which destroys the lobule architecture of the liver.5 Most 

of the liver injury is associated with hepatocyte damage. Liver in-

Figure 1. Cell-targeting strategy for anti-fibrotic therapy. Chronic liver injury due to various etiologies causes hepatocyte damage and hepatocyte 
death. In response to persistent hepatocyte damage, activation of HSCs and macrophages (including Kupffer cells) is induced. Enhanced by activated 
macrophages, activated HSCs increase and produce excessive ECM, resulting in progression of liver fibrosis. Four major strategies can be utilized to 
target the interplay between hepatocytes, HSCs, and immune cells involved in the molecular mechanisms associated with collagen accumulation can: 
1) inhibition of HSC activation; 2) reduction of fibrotic scar evolution; 3) immune modulation; and 4) protection from hepatocyte death. Numerous 
drugs that incorporate these strategies are currently being evaluated in clinical trials. CCR, C-C chemokine receptor; HSC, hepatic stellate cell; PPARγ, 
peroxisome proliferator-activated receptor-γ; FXR, farnesoid X receptor; CBP, CREB-binding protein; NOX, NADPH oxidase; ECM, extracellular matrix; 
NASH, non-alcoholic steatohepatitis; ASK1, apoptosis signal-regulating kinase 1; FGF, fibroblast growth factor; SCD1, stearoyl-coenzyme A desaturase 1; 
THR-β, thyroid hormone receptor-β; FGF, fibroblast growth factor; HBV, hepatitis B virus; HCV, hepatitis C virus; DAAs, direct-acting antivirals; AIH, auto-
immune hepatitis; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid; LOXL2, lysyl oxidase-like 2; HSP47, heat shock protein 47.

3. Immune modulation
• CCR2/CCR5 inhibitor (cenicriviroc)
• Galectin-3 inhibitor (belapectin, GB1211)

2. Reduction of fibrotic scar evolution
• LOXL2 inhibitor (simtuzumab)
• HSP47 siRNA (BMS-986263)

1. Inhibition of HSC activation
• PPARγ agonists (pioglitazone)
• FXR agonists (obeticholic acids)
• CBP/β-catenin inhibitor (PRI-724)
• NOX1/4 inhibitor (GKT137831)
• Nitazoxanide

4. Protection from hepatocyte death

NASH
• Pan-caspase inhibitor (emricasan)
• ASK1 inhibitor (selonsertib)
• Pirfenidone
• FGF21 (pegbelfermin)
• Lipid-lowering agents (statins)
• SCD1 inhibitor (aramchol)
• THR-β agonists (VK2809 and MGL-3196)
• FGF19 analogue (NGM282)

HBV and HCV
• Tenofovir, entecavir
• Interferon
• DAAs

AIH
• Corticosteroids

PBC
• UDCA

ECM accumulation

HSC activation
Hepatocyte

Macrophage/Kupffer cell
activation

Chronic liver injury
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jury induces the accelerated production of ECM components, such 

as collagens, elastin, and proteoglycans.6 This bioadaptive reac-

tion protects hepatocytes from cell death and contributes to liver 

regeneration. However, persistent liver injury increases activated 

hepatic stellate cells (HSCs) that produce excessive ECM compo-

nents, primarily type 1 collagen encoded by the COL1A1 and CO-
L1A2 genes.7 Since the amount of type I collagen in liver tissues 

results from the equilibrium between type 1 collagen production 

and the activities of matrix metalloproteinases (MMPs) and tissue 

inhibitor of MMPs, disruption of the equilibrium can lead to pro-

gression of liver fibrosis.8,9 In addition, upon liver injury, bone 

marrow-derived inflammatory cells, including macrophages, ac-

celerate HSC activation with high production of type I collagen. 

Therefore, strategies for liver fibrosis therapy include: 1) inhibition 

of HSC activation; 2) reduction of fibrotic scar development;  

3) immune modulation; and 4) protection from hepatocyte death 

(Fig. 1).

Current therapeutic strategies for liver fibrosis rely primarily on 

the elimination of etiologies. In fact, clinical evidence for liver fi-

brosis resolution has emerged from studies investigating antiviral 

therapies for viral hepatitis,10-12 lifestyle changes, and bariatric 

surgery for metabolic liver disease,13 suggesting that liver fibrosis 

is indeed reversible. Table 1 illustrates a portion of the liver fibro-

sis clinical trials that are currently active or in recruiting phase 

1–3. Here, developing anti-fibrotic drugs are summarized from the 

perspective of cell-targeting strategies.

Inhibition of HSC activation

HSCs have a quiescent status in healthy liver tissue. Quiescent 

HSCs (qHSCs) store retinol as retinyl palmitate in lipid droplets. In 

response to liver injury, HSCs activate and transdifferentiate into 

myofibroblast-like cells.7,14 Activated HSCs, characterized by de-

creased lipid droplets and enhanced expression of α-smooth mus-

cle actin, have a proliferative phenotype and produce excessive 

ECM components, primarily collagens, resulting in progression of 

liver fibrosis.15,16 HSCs are activated by cytokines, such as interleu-

kins (ILs), tumor necrosis factor- alpha (TNF-α), transforming 

growth factor-β (TGF-β), platelet-derived growth factor, and che-

mokines, such as monocyte chemoattractant protein-1 (also 

known as C-C motif ligand 2 [CCL2]), and C-X-C motif ligand 9. 

Hepatocyte cell death caused by chronic liver injury causes inflam-

matory activity of liver immune cells, predominantly macrophages, 

leading to an increase in these secretory factors.17 In addition, 

pathogen-associated molecular patterns (PAMPs) such as lipo-

polysaccharides released from microbes, DNA, and damaged-as-

sociated molecular patterns (DAMPs) derived from damaged he-

patocytes, can activate HSCs. PAMPs and DAMPs bind to pattern 

recognition receptors, such as toll-like receptor 4, which then en-

hances the nuclear translocation of nuclear factor-kappa B (NF-κB) 

via myeloid differentiation primary response 88, and downregu-

lates the expression of BMP and activin membrane-bound inhibi-

tor, thereby restricting TGF-β signaling.18,19

Table 1. Current active or recruiting phase 1–3 clinical trials for liver fibrosis (ClinicalTrials.gov)

Trial number Drug Disease Phase Study type

NCT03809052 GB1211 NASH Phase 1 Safety

NCT03912532 NGM282 NASH Phase 2 Efficacy, safety

NCT03486899 BMS-986036 NAFLD/NASH Phase 2 Efficacy, safety

NCT03486912 BMS-986036 NAFLD/NASH Phase 2 Efficacy

NCT03205345 Emricasan NASH Phase 2 Efficacy, safety

NCT03656068 Nitazoxanide NASH Phase 2 Efficacy, safety

NCT04099407 Pirfenidone CLD Phase 2 Efficacy, safety

NCT03517540 Tropifexor and cenicriviroc NASH Phase 2 Efficacy, safety

NCT04173065 VK2809 NASH Phase 2 Efficacy

NCT04104321 Aramchol NASH Phase 3 Efficacy, safety

NCT03028740 Cenicriviroc NASH Phase 3 Efficacy, safety

NCT02704403 Elafibranor NASH Phase 3 Efficacy, safety

NCT03900429 MGL-3196 NASH Phase 3 Efficacy, safety

NCT02548351 Obeticholic Acid NASH Phase 3 Efficacy, safety

NASH, non-alcoholic steatohepatitis; NAFLD, non-alcoholic fatty liver disease; CLD, chronic liver disease.
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Peroxisome proliferator-activated receptors (PPARs) are ligand-

activated transcription factors of the nuclear hormone receptor 

superfamily that play major regulatory roles in energy homeosta-

sis and metabolic function. Among the three isoforms of PPARs 

(PPARα, PPARγ, and PPARβ/δ), PPARγ is especially considered as 

a promising therapeutic target of liver fibrosis. The expression of 

PPARγ decreases HSC activation, though it is highly expressed in 

quiescent HSCs.20 A randomized phase 3 clinical trial of piogli-

tazone, a synthetic insulin sensitizing PPARγ agonist, reported im-

proved steatosis and lobular inflammation without a significant 

effect on fibrosis, in non-cirrhotic NASH patients.21 However, a 

subsequent meta-analysis of eight randomized clinical trials for 

thiazolidinedione therapy showed that pioglitazone treatment, for 

up to 24 months, was associated with fibrosis improvement at 

any stage and NASH resolution.22 Moreover, elafibranor is a dual 

PPARα/δ agonist that has shown liver protective effects for ste-

atosis, inflammation, and fibrosis in murine models of non-alco-

holic fatty liver disease (NAFLD)/NASH and liver fibrosis.23 Results 

from a post-hoc analysis from a phase 2 trial (NCT01694849) for 

elafibranor treatment (120 mg/day for 1 year) suggest that it re-

solved NASH without worsening fibrosis in patients with moder-

ate to severe NASH.24 Further, a phase 3 trial (NCT02704403) is 

currently underway in NASH patients without cirrhosis, with an 

endpoint defined as resolution of NASH without worsening of fi-

brosis. However, according to an interim analysis of this trial, 

elafibranor showed no significant effect on NASH resolution with-

out worsening of fibrosis.25

Farnesoid X receptor (FXR), which binds to bile acids as ligands, 

enhances insulin sensitivity and fatty acid beta-oxidation, while 

reducing gluconeogenesis and lipogenesis in hepatocytes.26 FXR 

is highly expressed in the small intestine and liver and is also ex-

pressed in HSCs. Interestingly, overexpression of FXR inhibited 

production of collagen in HSCs.27 Meanwhile, obeticholic acid 

(OCA), a semisynthetic derivative of chenodeoxycholic acid, is the 

selective FXR agonist. In a phase 2 trial, administration of 25 or 

50 mg of OCA for 6 weeks increased insulin sensitivity, and re-

duced markers of liver inflammation and fibrosis in patients with 

type 2 diabetes mellitus and NAFLD (NCT00501592).28 Further-

more, an interim analysis of an ongoing phase 3 study in patients 

with NASH (NCT02548351) recently reported that daily adminis-

tration of 25 mg of OCA significantly improved fibrosis by at least 

one stage without worsening NASH.29 Though this report has 

suggested that NASH patients with non-cirrhotic advanced fibro-

sis might benefit from OCA treatment, the U.S. Food and Drug 

Administration (FDA) has not approved OCA for the treatment of 

NASH fibrosis and has requested the submission of additional 

post-interim analyses on the efficacy and safety of the ongoing 

study.30

Wnt/β-catenin signaling is associated with the development of 

tissue fibrosis, including liver fibrosis.31 PRI-724, a cyclic AMP-re-

sponse element binding protein-binding protein (CBP)/β-catenin 

inhibitor, has been shown to inhibit HSC activation and collagen 

production in HCV transgenic mice.32 Additionally, inhibition of 

CBP/β-catenin signaling reportedly attenuated liver fibrosis via re-

duced hepatocyte apoptosis and suppression of collagen-produc-

ing cell activation. According to a phase 1 study, intravenous ad-

ministration of 10 or 40 mg/m2/day of PRI-724 over 12 weeks was 

well tolerated by patients with HCV cirrhosis showing dose de-

pendent histological improvement (>2 points decrease in histo-

logic activity index score) in 3/12 patients, and deterioration by  

2 points in 2/12 patients.33 A phase 1/2a clinical trial for PRI-724 

in patients with hepatitis B or C related liver cirrhosis is ongoing.

Oxidative stress is a known cause of liver fibrosis progression, 

particularly in NASH.34 NADPH oxidase (NOX) is a common source 

of reactive oxygen species (ROS) generation,35,36 and NOX1, 2, 

and 4 play important roles in the activation of HSCs.37,38 GKT137831, 

a NOX1/4 inhibitor, suppresses ROS production, NOX, and fibrotic 

gene expression, while attenuating liver fibrosis in carbon tetra-

chloride (CCl4)-induced liver fibrosis in mice.39 A phase 2 clinical 

trial for GKT137831 in patients with primary biliary cholangitis 

(PBC) (NCT03226067) has been completed and results are await-

ing publication.

Nitazoxanide (NTZ), an antiprotozoal agent, is the only FDA-ap-

proved drug for Cryptosporidium infection.40 Recently, NTZ was 

identified as a potent anti-fibrotic agent by a phenotypic screen-

ing approach aimed at discovering a compound capable of inter-

fering with HSC activation. NTZ was found to reduce liver fibrosis 

in murine models of both CCl4-induced liver fibrosis and diet-in-

duced NASH.41 Additionally, NTZ, together with elafibranor, work 

synergistically to reduce liver fibrosis in a murine NASH model.42 A 

phase 2 trial to evaluate the efficacy of NTZ in NASH patients 

with severe fibrosis is ongoing.

Cytoglobin (CYGB), the fourth human globin, discovered in our 

laboratory, is most abundantly expressed in HSCs among liver 

cells.43,44 CYGB can bind with oxygen and nitric oxide, and is be-

lieved to protect HSCs from ROS.45 TGF-β1-induced suppression of 

human CYGB expression is reported to contribute to the promo-

tion of HSC activation via loss of cellular tolerance to exogenous 

oxidative stress and oxidative DNA damage in HSCs, resulting in 

acceleration of liver fibrosis.46 Cygb-deficient mice presented with 
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progressed liver fibrosis and susceptibility to liver cancer progres-

sion in diethylnitrosamine-induced hepatocellular carcinoma and 

NASH models.47 Furthermore, in a rat model, CCl4-induced liver fi-

brosis was alleviated by administration of recombinant human 

CYGB protein.48 Fibroblast growth factor 2, which enhances CYGB 

expression, attenuated the progression of liver fibrosis in mice 

with bile duct ligation.49 CYGB protein may, therefore, represent a 

potential anti-fibrotic drug.

Removal of activated HSCs offers an alternative potential thera-

peutic strategy for liver fibrosis. Terminal deoxynucleotidyl trans-

ferase dUTP nick end labeling-positive HSCs are reportedly in-

creased following reduced liver fibrosis during the recovery 

process from bile duct ligation-induced liver injury in rats.50 More-

over, human and rodent liver myofibroblasts experience constitu-

tive NF-κB activation, which promotes survival by inducing ex-

pression of anti-apoptotic genes, such as growth arrest and DNA-

damage-inducible 45 beta and B-cell lymphoma 2.51 Therefore, 

studies on the effectiveness of targeted HSC apoptosis as a thera-

peutic strategy for liver fibrosis are being actively conducted.52,53

Reduction of fibrotic scar evolution

Lysyl oxidase-like 2 (LOXL2) is a copper-dependent amine oxi-

dase secreted by HSCs that contributes to liver fibrosis by catalyz-

ing collagen cross-linking.54,55 In murine models of fibrosis, inhibi-

tion of LOXL2 by an anti-LOXL2 murine monoclonal antibody 

decreased liver fibrosis and increased survival.54 Meanwhile, sim-

tuzumab, a humanized monoclonal antibody against LOXL2, in-

hibits the enzymatic activity of LOXL2.56 Unfortunately, in two 

phase 2b trials for NASH patients with bridging fibrosis or com-

pensated cirrhosis (NCT01672866 and NCT01672879), simtuzum-

ab failed to decrease hepatic collagen content or hepatic venous 

pressure gradient (HVPG), respectively.57 Similarly, in a phase 2 

study on primary sclerosing cholangitis patients (NCT01672853), 

treatment with simtuzumab for 96 weeks did not reduce fibrosis 

stage, progression to cirrhosis, or frequency of clinical events.58

Collagen 1 accounts for the most abundant collagen in fibrotic 

livers.59 A previous study demonstrated that lipid nanoparticles 

loaded with small interfering RNA (siRNA) against the procollagen 

α1(I) gene specifically reduced total hepatic collagen content in 

murine model of liver fibrosis.60 Furthermore, another study using 

transgenic mice with inducible collagen 1 knockdown reported a 

40–50% reduction in hepatic collagen accumulation with addi-

tional anti-inflammatory effects.61 Meanwhile, heat shock protein 

47 (HSP47) is a collagen-specific molecular chaperone essential 

for procollagen folding in the endoplasmic reticulum.62,63 Sato et 

al.64 reported that vitamin A-coupled liposomes carrying siRNA 

against mRNA encoding rat gp46, a homolog of HSP47, resolved 

liver fibrosis in a rat model of liver fibrosis. The efficacy of BMS-

986263, an HSP47 siRNA delivering lipid nanoparticle, has be in-

vestigated in patients with F3–4 liver fibrosis (NCT02227459); the 

interim results for which have demonstrated that BMS-986263 

was well tolerated and showed histologic improvement in fibrosis.65

Immune modulation

Infiltrating inflammatory cells, particularly macrophages, are in-

volved in liver fibrosis. PAMPs and DAMPs can stimulate the acti-

vation of Kupffer cells, resident macrophages in the liver, and in-

duce immune and inflammatory reactions in the liver. Activated 

Kupffer cells not only promote HSC activation, but also secrete 

chemokines, including C-C chemokine ligand (CCL) types 2 and 5 

(CCL2 and CCL5), which together with their respective receptors, 

C-C chemokine receptor (CCR) types 2 and 5 (CCR2 and CCR5), 

contribute to liver inflammation and fibrosis.66-70 In response to 

liver injury, Kupffer cells secrete CCL2 and promote monocyte re-

cruitment to the liver, followed by their maturation into pro-in-

flammatory LY6Chigh macrophages.71,72 Pro-inflammatory cytokines 

released from the macrophages activate HSCs by promoting colla-

gen production.73 In fact, a dual CCR2/CCR5 inhibitor, cenicriviroc 

(CVC) reportedly reduced recruitment of pro-inflammatory macro-

phages and exerted anti-fibrotic effects in animal models of liver 

fibrosis.74,75 Moreover, a phase 2b randomized study (NCT02217475) 

has reported that after 1 year of CVC treatment, twice as many 

subjects achieved an improvement in fibrosis without worsening 

of steatohepatitis, compared with placebo.76 A rollover study us-

ing CVC for the treatment of liver fibrosis in NASH patients is on-

going (NCT03059446). Currently, another rollover study to assess 

the long-term safety of CVC is being conducted in patients with 

NASH who have participated in either the CENTAUR study 

(NCT02217475) or the AURORA study (NCT03028740). Addition-

ally, a combination therapy comprising CVC and tropifexor (an 

FXR agonist), is under investigation and has reportedly improved 

inflammation and ballooning in an animal model of NASH. A 

phase 2 trial of this combination therapy in patients with NASH 

and liver fibrosis (F2 or 3) is ongoing.77

Galectin-3 is primarily secreted by activated macrophages and 

is involved in the pathophysiology of liver fibrosis.78-80 Previous 

studies have demonstrated that belapectin (also known as GR-

MD-02), an inhibitor or galectin-3, showed potent anti-fibrotic ef-
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ficacy in mouse and rat models of liver fibrosis.81,82 While a phase 

2b study of belapectin (NCT02462967) did not elicit significant 

effects on fibrosis following treatment for 52 weeks in patients 

with NASH, cirrhosis, and portal hypertension, 2 mg/kg of bela-

pectin effectively reduced HVPG and development of varices in a 

subgroup analysis of patients without esophageal varices.83 A 

phase 2b/3 clinical study in patients with NASH cirrhosis without 

varices is ongoing (NCT04365868). Additionally, GB1211, another 

galectin-3 receptor inhibitor, is being investigated for its safety 

and tolerability in a phase 1 study (NCT03809052).

In addition, inflammasomes in hepatic macrophages are impor-

tant players in liver fibrosis. A well-studied PRR, NLR family pyrin 

domain containing 3 (NLRP3), forms a complex referred to as the 

“NLRP3 inflammasome,” which produces and secretes inflamma-

tory cytokines.84-86 Calvente et al.87 demonstrated that neutrophil-

derived microRNA-223 acts as a silencer of Nlrp3 in hepatic mac-

rophages, resulting in attenuated fibrogenesis via inhibition of 

collagen synthesis in HSCs. Thus, macrophage-specific inhibition 

of inflammasomes may be a promising strategy for liver fibrosis 

therapeutics.

Protection from hepatocyte death

Preventing hepatocyte death by eliminating the cause of hepa-

tocyte injury is one of the most essential treatment strategies for 

liver fibrosis. Recently, many new drugs to prevent hepatocyte 

death have been developed and tested, particularly for NASH. In 

this section, anti-fibrotic drugs targeting hepatocyte injury and 

death caused by NASH or other factors, are summarized.

NASH
Previous reports have shown that hepatocyte cell death induces 

liver inflammation and HSC activation, leading to liver fibrosis 

progression; hence, inhibition of hepatocyte death could decrease 

HSC activation in animal models.88,89 Recently, randomized place-

bo-controlled trials for emricasan, a pan-caspase inhibitor, inves-

tigated its efficacy in NASH patients. Though emricasan slightly 

improved HVPG in cirrhotic NASH patients (NCT02960204),90 it 

did not improve liver inflammation or fibrosis, but rather had a 

tendency to worsen hepatocyte ballooning in patients with NASH-

associated F1–F3 fibrosis (NCT02686762).91 Furthermore, emri-

casan did not meet the primary endpoint in a phase 2b trial in pa-

tients with decompensated NASH cirrhosis (NCT03205345).92

Apoptosis signal-regulating kinase 1 (ASK1) is activated by vari-

ous pathological stimuli, including intracellular oxidative stress 

and endoplasmic reticulum stress. Activation of ASK1 is involved 

in hepatocyte apoptosis and necrosis, leading to inflammation 

and fibrosis in the liver.93-95 A selective ASK1 inhibitor, selonsertib, 

was investigated for NASH therapy in a phase 2 clinical trial, and 

demonstrated improved histological fibrosis in NASH patients 

with F2–3 fibrosis after 24 weeks of treatment.96 However, ran-

domized phase 3 trials in NASH patients with F3 (NCT03053050) 

and F4 fibrosis (NCT03053063) reported no significant anti-fibrot-

ic effect after 48 weeks of selonsertib monotherapy.97

TNF-α also induces hepatocyte death and acute liver failure.98,99 

Apoptotic bodies produced during hepatocyte death are engulfed 

by Kupffer cells, resulting in enhanced production of death ligands 

(TNF-α, TRAIL, and FasL) by Kupffer cells and further induction of 

hepatocyte death.100-102 Pirfenidone (PFD), an orally bioavailable 

pyridone derivative, is approved for the treatment of idiopathic 

pulmonary fibrosis.103,104 A previous study has reported that treat-

ment with PFD for 24 months improved hepatic inflammation and 

fibrosis in patients with chronic hepatitis C.105 However, the mech-

anism of action of PFD has not been fully elucidated. Neverthe-

less, a recent study reported that PFD attenuated liver fibrosis in 

western diet-fed melanocortin 4 receptor-deficient mice (NASH 

model mice). PFD also prevented TNF-α-induced hepatocyte 

apoptosis with reduced activation of caspase-8 and caspase-3, 

suggesting that PFD exerts anti-fibrotic effects in NASH via inhibi-

tion of hepatocyte death.106 A phase 2 study (NCT04099407) 

evaluating the anti-fibrotic effect and safety of PFD treatment for 

12 months in patients with chronic liver diseases has recently re-

ported a significant reduction of fibrosis in 35% of PFD-treated 

patients.107

BMS-986036 (Pegbelfermin) is a polyethylene glycol-conjugated 

recombinant analog of human fibroblast growth factor 21,108,109 

which is a hepatokine that regulates glucose and lipid metabolism 

in white adipose tissue.110 According to the results of a phase 2 

study in NASH patients (NCT02413372), pegbelfermin administra-

tion for 16 weeks (10 mg once per day, or 20 mg once per week) 

significantly reduced both hepatic fat fraction, as measured by 

magnetic resonance imaging-proton density fat fraction, and 

mean liver stiffness, as measured by magnetic resonance elastog-

raphy, compared to the placebo group.111 Phase 2 trials investigat-

ing the histologic effects of pegbelfermin are ongoing in NASH 

patients with bridging fibrosis (NCT03486899), as well as in those 

with NASH and compensated cirrhosis (NCT03486912), and is project-

ed to be completed in 2021.

Statins which inhibit the activity of hydroxymethylglutaryl-coen-

zyme A reductase, are applied worldwide as lipid-lowering agents 
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for dyslipidemia. Previous studies have reported that statins exert 

anti-inflammatory and anti-fibrotic effects in animal models of 

chronic liver diseases.112 Although two recent studies, based on 

retrospective cohort studies, have suggested that statins may be 

beneficial in decreasing steatosis and fibrosis, as well as for inhib-

iting disease progression in patients with NAFLD,113,114 prospective 

studies are needed to confirm their effects.

Aramchol is an inhibitor of stearoyl-coenzyme A desaturase 1 

(SCD1), which converts saturated fatty acids to monounsaturated 

fatty acids. Inhibition of SCD1 decreases fatty acid synthesis, 

which in turn reduces liver fat with improved insulin resistance.115 

In a phase 2 trial (NCT01094158), administration of aramchol for 

three months significantly reduced liver fat content in NAFLD pa-

tients.116 Meanwhile, a phase 3 trial evaluating the efficacy of ar-

amchol in NASH patients with fibrosis, is ongoing.

Thyroid hormone receptor beta (THR-β), which is highly ex-

pressed in hepatocytes, regulates lipid metabolism in the liver.117 

VK2809 and resmetirom (MGL-3196) are THR-β agonists that can 

activate lipid metabolism leading to improvements in NASH.118 

Phase 2 trials for these drugs have reported a reduction in liver fat 

and low-density lipoprotein cholesterol.119,120 Additionally, VK2809 

is being investigated for its efficacy and safety in a phase 2b trial 

for NASH patients (NCT04173065), while resmetirom is being as-

sessed in a phase 3 trial for NASH patients with F2–3 fibrosis 

(NCT03900429).

FGF19 is a hormone involved in the regulation of bile acid me-

tabolism.121 Previous studies have reported reduced concentra-

tions of circulating FGF19 and elevated bile acid concentration in 

NAFLD patients,122,123 suggesting that FGF19 dysregulation might 

be involved in NASH progression. NGM282, an FGF19 analog, in-

hibits bile acid synthesis without FGF19-related hepatocarcino-

genesis.124,125 In mouse models of NASH, NGM282 exerts anti-ste-

atotic, anti-inflammatory, and antifibrotic effects without promoting 

liver tumorigenesis.126 A recent phase 2 trial (NCT02443116) has 

demonstrated that NGM282 reduces liver fat content, as well as 

markers of liver inflammation and fibrosis in NASH patients.127

Alternative causes of liver fibrosis
The development of antiviral agents against HBV and HCV is 

the most successful strategy to prevent liver fibrosis progression. 

In a trial including 348 patients with chronic hepatitis B, antiviral 

therapy with tenofovir resulted in regression of liver fibrosis in 

51% of the participants, including patients with cirrhosis.10 Other 

reports have shown that long-term viral suppression with enteca-

vir lead to histologic improvement of liver fibrosis.11,128,129 Similarly, 

sustained virologic response (SVR) by antiviral therapy for chronic 

HCV infection is also associated with liver fibrosis regression. A 

study reported that 50–60% of cirrhosis patients who achieved 

SVR by interferon therapy experienced histological regression of 

liver fibrosis.12,130 Patients who achieved SVR following treatment 

with direct-acting antiviral agents also experienced liver fibrosis 

regression.131,132

Corticosteroids and immunosuppressive agents are the primary 

drugs used to treat autoimmune hepatitis. In fact, corticosteroids 

have been shown to improve liver fibrosis in two-thirds of patients 

with autoimmune hepatitis.133 Meanwhile, immunosuppressive 

therapies are not effective for PBC. However, ursodeoxycholic 

acid, the essential drug for PBC, reportedly delays the progression 

of liver fibrosis in patients with early stage PBC.134

CONCLUSIONS

Liver fibrosis, including cirrhosis, is believed to be potentially re-

versible. Hence, it is essential to improve liver fibrosis to treat the 

underlying liver disorder. Many anti-fibrotic drugs targeting hepa-

tocytes, HSCs, and immune cells are being investigated in clinical 

trials. However, the results of many of these trials suggest that 

treatment with single agents is not sufficient to ameliorate ad-

vanced liver fibrosis. Therefore, combination therapies comprising 

drugs that act on different mechanisms should be further investi-

gated, along with the development of anti-fibrotic drugs with 

novel mechanisms. In the near future, therapeutic agents for liver 

cirrhosis will progress toward clinical application, exploiting the 

reversibility of liver fibrosis as a primary strategy.
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“Keep your friends close, but your enemies closer.”
-   Dialogue spoken by Michael Corleone in “The Godfather Part 

II,” Paramount Pictures 1974

INTRODUCTION

Nonselective beta-adrenergic blockers (NSBBs) have been used 

in the management of portal hypertension in patients with cirrho-

β-blockers in advanced cirrhosis: More friend than  
enemy
Ki Tae Yoon*,†, Hongqun Liu*, and Samuel S. Lee

Liver Unit, University of Calgary Cumming School of Medicine, Calgary, Canada

Nonselective beta-adrenergic blocker (NSBB) therapy for the prevention of initial and recurrent gastrointestinal bleeding 
in cirrhotic patients with gastroesophageal varices has been used for the past four decades. NSBB therapy is considered 
the cornerstone of treatment for varices, and has become the standard of care. However, a 2010 study from the group 
that pioneered β-blocker therapy suggested a detrimental effect of NSBBs in decompensated cirrhosis, especially in 
patients with refractory ascites. Since then, numerous additional studies have incompletely resolved whether NSBBs are 
deleterious, although more recent evidence weighs against a harmful effect. The possibility of a “therapeutic window” 
has also been raised. We aimed to review the literature to analyze the pros and cons of using NSBBs in patients with 
cirrhosis, not only with respect to bleeding or mortality but also to other potential benefits and risks. β-blockers are 
highly effective in preventing first bleeding and recurrent bleeding. Furthermore, NSBBs improve congestion/ischemia 
of the gut mucosa, decrease intestinal permeability, and therefore indirectly alleviate systemic inflammation. β-blockers 
shorten the electrocardiographic prolonged QTc interval and may also decrease the incidence of hepatocellular 
carcinoma. On the other hand, the possibility of deleterious effects in cirrhosis has not been completely eliminated. 
NSBBs may be associated with an increased risk of portal vein thrombosis, although this could be correlational artifact. 
Overall, we conclude that β-blockers in cirrhosis are much more of a friend than enemy. (Clin Mol Hepatol 2021;27:425-
436)
Keywords: Cirrhosis; Portal hypertension; Varices; Refractory ascites

Copyright © 2021 by Korean Association for the Study of the Liver
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



426 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0234

Volume_27  Number_3  July 2021

sis for the past 40 years.1,2 In 1980, Lebrec and colleagues1 con-

ducted a randomized trial and found that propranolol, at doses 

reducing the heart rate by 25%, significantly decreased the portal 

pressure in cirrhotic patients with portal hypertension. They spec-

ulated that the portal-hypotensive effect of propranolol might be 

useful in the prevention of recurrent bleeding caused by esopha-

geal varices. This seminal study helped usher in the “golden age” 

of cardio-hepatology through research on cardiovascular anoma-

lies in liver disease and vice-versa. Nowadays, NSBBs have been 

established as the standard of care to prevent variceal bleeding 

and rebleeding.3

What was not to like about β-blockers in cirrhosis? Numerous 

studies clearly demonstrated their efficacy in reducing the inci-

dence of a first variceal bleed (primary prophylaxis) and rebleed-

ing (secondary prophylaxis), with relatively few serious adverse 

effects (reviewed in Lebrec,4 Jakab and Garcia-Tsao,5 Korean As-

sociation for the Study of the Liver,6 and Brunner et al.7). The the-

oretical risk of reducing cardiac output and thereby inducing arte-

rial hypotension and tissue ischemia proved to be generally 

unfounded, as the chronic β-blockade allowed unopposed 

α-adrenergic vasoconstriction to offset the reduction in cardiac 

output and maintain arterial pressure in most patients.4,8 Only a 

small percentage of cirrhotic patients showed significant hypoten-

sion after starting β-blockade. Furthermore, known adverse ef-

fects such as precipitation/worsening of asthma, increasing elec-

trocardiographic first-degree heart block and reduced exercise 

tolerance were clinically insignificant in the vast majority of pa-

tients.

Therefore, in the world of liver research, it was surprising when 

Lebrec’s group published a study suggesting that β-blocker thera-

py in patients with advanced cirrhosis and refractory ascites was 

associated with significant harms, such as decreased survival.9 As 

this came from the acknowledged “founding father” of β-blockers 

in portal hypertension, Lebrec’s study received great attention, 

and several institutes attempted to confirm or refute this hypothe-

sis.

β-blockers may exert harmful effects in cirrhotic patients by 

several potential mechanisms: 1) decreasing the mean arterial 

pressure (MAP), heart rate, and ventricular contractility, and thus 

diminishing organ perfusion; 2) precipitating acute kidney injury 

(AKI);10 3) triggering paracentesis-induced circulatory dysfunction 

(PICD) after large-volume paracentesis; and 4) inducing a portal-

hypotensive effect that may increase the risk of occlusive portal 

vein thrombosis (PVT).11 Besides the effects on variceal bleeding 

and the kidney, other potential benefits and harms have also been 

suggested (Table 1). See Figure 1 for an overview of β-blockers’ 

mechanisms of action. Here, we have reviewed the pros and cons 

of using non-selective β-blockers in patients with cirrhosis.

NSBBS REDUCE PORTAL PRESSURE 

It is well-known that β-adrenoceptors increase cardiac conduc-

tion, heart rate, and contractility, and thereby increase cardiac 

output. Patients with cirrhosis are characterized by decreased ar-

Table 1. Summary of effects of β-adrenergic blockers

Beneficial effects Deleterious effects

Decrease variceal bleeding risk
a) Primary prophylaxis
b) Secondary prophylaxis

Decrease survival in 
decompensated cirrhosis?

Decrease portal hypertensive 
gastropathy

Decrease renal perfusion

Decrease prolonged QTc interval Increase portal vein thrombosis?

Decrease systemic inflammation? 

Decrease hepatocellular 
carcinoma risk?

QTc, corrected QT interval; ?, controversial or unproven.

Figure 1. Mechanisms underlying the effects of β-adrenergic blockade 
in cirrhotic patients. CO, cardiac output; HR, heart rate; PV, portal vein; 
AKI, acute kidney injury.

← β-adrenergic blocker

↓ 
CO↓ HR↓

Unopposed α-adrenergic
vasoconstriction

Gut blood flow↓
PV blood flow↓
PV pressure↓
Hepatic artery flow↓

Variceal blood flow↓
Variceal pressure↓

Renal blood flow↓
AKI?
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terial pressure and increased cardiac output, which is called hyper-

dynamic circulation. Among the multiple causes of hyperdynamic 

circulation, the adrenergic system plays a critical role, and the car-

diovascular β-adrenoceptor is overdriven. The blockade of 

β-receptors should protect the heart from damage due to sympa-

thetic overactivation which promotes catecholamine cardiotoxicity.

On the other hand, portal venous hypertension is derived from 

increased blood flow resistance in the liver and portal vein (back-

ward flow theory), as well as increased mesenteric blood flow 

(forward flow theory). The hydrodynamic formula, P= Q × R (por-

tal pressure = mesenteric blood flow × liver resistance), implies 

that the blockade of β1-receptors decreases cardiac output, which 

reduces mesenteric blood flow and portal pressure. Another tar-

get of NSBBs is the β2-adrenergic receptor, which vasodilates 

mesenteric circulation. The blockade of β2-receptors allows an un-

opposed vasoconstrictive α-adrenergic effect in the splanchnic 

vasculature,12 which also decreases blood flow and thus reduces 

pressure in the portal vein.

Poynard and colleagues13 analyzed four randomized controlled 

trials (RCTs) and found that in 2 years of follow-up, 78% of 

β-blocker treated-patients (two RCTs used propranolol, two nado-

lol) did not have upper gastrointestinal bleeding; this percentage 

was 65% in the controls (P<0.01). About 90% of the patients on 

NSBB treatment had no fatal bleeding; this percentage was 82% 

in patients without NSBB treatment (P=0.01). Moreover, 62% of 

the survivors in NSBB group did not experience variceal hemor-

rhage after 2 years; this percentage was 53% in patients without 

NSBB treatment (P<0.05). After adjustment for the cause, severity 

of cirrhosis, ascites, and variceal size, NSBB groups still had fewer 

total bleeds (P<0.01) and fatal bleeds (P<0.01) compared to pla-

cebo controls. The authors concluded that β-blockers are effective 

for preventing first bleeding and reducing the mortality rate asso-

ciated with gastrointestinal bleeding, regardless of the cirrhosis 

severity.13

Patients with acute-on-chronic liver failure (ACLF) who present 

with variceal bleeding represent a special subpopulation. In this 

particular group, a recent study reported by Shin and colleagues14 

from the Korean ACLF consortium demonstrated that the pres-

ence of ACLF was associated with significantly increased mortality 

compared to those without ACLF.

Furthermore, Kumar and colleagues15 demonstrated that NSBB 

improves survival, and decreases the number of AKI and sponta-

neous bacterial peritonitis events in patients with ACLF. Therefore, 

NSBB may be a useful therapeutic agent for ACLF patients with 

variceal bleeding.

It is documented that a sizable minority, approximately  

30–50% of patients with cirrhosis, do not respond to NSBB ther-

apy hemodynamically with a significant drop in portal pressure.4,5,7 

Interestingly, NSBBs have remained effective in the prevention of 

variceal hemorrhage in a large proportion of hemodynamic non-

responders.4,5,7 This suggests that NSBBs may prevent other trig-

gers of variceal bleeding, such as inflammation and infection.16

NSBBS ALLEVIATE SYSTEMIC INFLAMMATION

Moreau and colleagues17 investigated the relationship between 

NSBBs and systemic inflammation in patients with ACLF, and 

found that the intensity of systemic inflammation (as judged by 

markers such as high leukocyte count and plasma C-reactive pro-

tein (CRP) concentration) parallels the severity of ACLF. The de-

gree of inflammatory reaction was an independent predictor of 

post-enrolment development of ACLF and ACLF-associated mor-

tality. Jalan et al.18 also found that, in patients with ACLF, the abil-

ity to resolve inflammation (reduce CRP) was correlated with the 

prognosis. Cazzaniga and coworkers19 studied not only patients 

with ACLF but also cirrhotic patients consecutively admitted to 

the hospital, and found that systemic inflammation is closely as-

sociated with the severity of liver disease, portal hypertension-re-

lated complications, and poor survival.

The mechanism underlying these changes may be the so-called 

“inflammatory phenotype” of cirrhosis. Patients with cirrhosis are 

prone to develop increased levels of bacteria and bacterial toxins 

in circulation. This is in part due to the defective innate immune 

function in cirrhosis, including defective bactericidal and opsonic 

activities, chemotaxis, phagocytosis, monocyte function, and low 

serum complement levels.20 In addition, the combination of portal 

hypertension congesting the gut mucosa and impaired bowel mo-

tility leads to increased intestinal permeability and bacterial over-

growth.21,22 As a result, these factors induce gut translocation of 

bacteria and endotoxin, and unleash a humoral and cell-mediated 

inflammatory response, known as the “inflammatory pheno-

type”.21,23 In cirrhosis, the inflammatory phenotype may be in-

volved in the pathogenesis of several cardiovascular complica-

tions, including cirrhotic cardiomyopathy.24

Several studies have found that NSBBs alleviate systemic inflam-

mation.22,25,26 β-blockers may exert this effect by reducing mesen-

teric venous congestion, as well as directly decreasing intestinal 

permeability.16,22,26 Mookerjee and coworkers26 demonstrated that 

NSBB treatment was associated with lower grades of ACLF, and 
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significantly more patients with ongoing β-blocker treatment ex-

perienced improvement. This improvement was associated with a 

considerably lower white cell count. In comparison, patients who 

were not treated with β-blocker tended to show worsening of 

ACLF during their hospital stay. Furthermore, the patients who 

discontinued NSBB treatment had significantly higher 28-day and 

3-month mortality rates.26

NSBBS DECREASE ELECTROCARDIOGRAPHIC 
QT INTERVALS

The QT interval on an electrocardiogram (ECG) is a measure of 

ventricular depolarization and repolarization. The QT interval must 

be corrected for the heart rate (QTc); and although there are sev-

eral methods for doing this, the commonly-used Bazett formula 

should be avoided in favor of the more stringent Friedericia meth-

od.27 Approximately 30–60% of patients with cirrhosis have a 

prolonged QTc interval.28,29

Two previous studies reported that cirrhotic patients with pro-

longed QTc had significantly lower survival rates than those with 

normal QTc interval.30,31 However, these results must be confirmed 

by larger prospective observational studies, as this association 

may merely reflect that QT intervals generally correlate with the 

degree of liver dysfunction; in other words, more advanced cirrho-

sis shows greater prolongation of QTc. Peter and colleagues dem-

onstrated that QTc, serum Na+ concentration, and β-blocker use 

predicted the development of hepatorenal syndrome (HRS) in 78 

consecutive patients who were admitted for variceal bleeding.32 

However, as there were only 14 cases of HRS, this small study 

should be confirmed by larger trials.

β-blockers are known to decrease the QTc interval.33,34 Henrik-

sen and colleagues33 found that acute β-blockade reduced cardiac 

output, heart rate, hepatic venous pressure gradient (HVPG), and 

QTc 90 minutes after an oral dose of propranolol. The decrease of 

QTc was observed only in cirrhotic patients with prolonged QTc, 

and not controls. Furthermore, the percentage decrease in QTc 

correlated with the reduction in HVPG and cardiac output.33 Zam-

bruni et al.34 reported a similar result with nadolol dosed chroni-

cally over 1–3 months, with only the patients with prolonged QTc 

showing a decrease.

Although prolonged QTc has been associated with increased 

risk of ventricular arrhythmias and even sudden cardiac death in 

several noncirrhotic heart diseases, whether this still holds true in 

patients with cirrhosis is doubtful. To date, there is no convincing 

evidence that prolonged QT interval in cirrhosis is anything more 

than an electrophysiological curiosity, nor whether correcting the 

prolonged QT interval conveys any definite clinical benefit.

NSBBS AND HEPATOCELLULAR CARCINOMA 
(HCC)

There are several possible theoretical pathways by which NSBBs 

may reduce the incidence of HCC: 1) NSBBs decrease the portal 

pressure. Ripoll and colleagues demonstrated that HVPG is an in-

dependent predictor of HCC development. They divided patients 

into two groups based on a cut-off value of 10 mmHg of HVPG, 

and found that patients whose HVPG were more than 10 mmHg 

had a 6-fold increase in the HCC incidence;35 2) β-blockers inhibit 

the effect of catecholamines. It is well-known that catecholamines 

can stimulate cancer cell migration, invasiveness, and prolifera-

tion. Studies have demonstrated that NSBBs prevent or have ther-

apeutic effects on different cancers such as gastric, pancreatic, 

and breast cancers;36-38 3) β-blockers inhibit the inflammatory 

phenotype. Inflammation is a key driver of malignant transforma-

tion in hepatocytes;39 and 4) β-blockers have anti-angiogenic ef-

fects.40

Herrera and colleagues41 reported on 173 HCV-related cirrhotic 

patients in a Spanish national registry over a median follow-up 

period of 11 years. Among them, 73 patients were treated with 

NSBBs. They reported that the likelihood of HCC diagnosis was 

significantly higher in patients who were not taking β-blockers. 

The multivariate survival analysis using a Cox regression model 

showed that chronic treatment with β-blockers was the only inde-

pendent predictor for the development of HCC (hazard ratio [HR], 

0.30; 95% confidence interval [CI], 0.12–0.79; P=0.015). These 

results, although promising, must be interpreted cautiously, since 

the two groups were not randomized and selection bias cannot 

be ruled out. For example, one can easily imagine that patients on 

long-term NSBB treatment are monitored more regularly and 

closely than those not taking any vasoactive drug therapy. It is 

possible that closer monitoring of one group may have improved 

the outcomes.

 In 2015, a meta-analysis of 12 trials showed that NSBB reduced 

HCC incidence by a statistically significant but tiny margin 

(–2.6%). Therefore, the number needed to treat in order to pre-

vent one case of HCC was 38. It remains unclear whether this tiny 

reduction in incidence was biologically meaningful. Moreover, the 

meta-analysis was severely underpowered, as there were not 
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enough patients nor HCC cases. Of 1,391 total patients, only 112 

developed HCC. The authors estimated that a robustly powered 

meta-analysis would require approximately 3,700 patients.42 

Therefore, they emphasized that more clinical trials are required.

NSBBS AND PVT

Xu and colleagues43 performed a meta-analysis to examine 

whether β-blockers increase the risk of PVT. The theoretical un-

derpinning for this hypothesis was that a decrease in portal ve-

nous pressure and blood flow may cause turbulent or sluggish 

flow in this vessel, and thus increase the risk of clotting. These 

authors analyzed a total of nine studies after eliminating case re-

ports and small series. They concluded that there is a significant 

4.6-fold increased risk of PVT in patients taking β-blockers. How-

ever, the quality of these studies was relatively low, with signifi-

cant heterogeneity in the available dataset.

Therefore, this issue should be resolved through a large con-

trolled prospective observational study. However, even a perfect 

meta-analysis cannot answer the key question of why such an as-

sociation exists. Is the association truly cause-and-effect or a cor-

relational artifact? We believe the latter; the association simply 

reflects the nature of the population being treated with 

β-blockers, those with advanced cirrhosis. The risk of PVT is also 

known to be correlated with the stage of liver failure. Therefore, it 

may be that β-blockers do not actually cause PVT, but both are 

simply associated with advanced liver disease.

NSBBS AND SURVIVAL IN ADVANCED CIRRHO-
SIS

In portal hypertension research, probably the major scientific 

“shockwave” of 2010 was the aforementioned  study by Lebrec’s 

group.9 Sersté et al.9 reported that NSBBs were associated with a 

deleterious effect on mortality in patients with refractory ascites. 

The median survival period was 20 months in patients who were 

not treated with propranolol, and 5 months in those treated with 

propranolol (95% CI, 4.8–35.2 vs. 3.5–6.5 months; P<0.01). Fur-

thermore, the 1-year survival rate was significantly lower in pro-

pranolol-treated patients compared to untreated subjects (64% 

vs. 19%; 95% CI, 52–76% vs. 9–29%; P<0.01). However, this 

study was retrospective and not randomized, which raises a sig-

nificant possibility of selection bias. In particular, an issue that 

may explain the survival difference was the variceal status of the 

two groups. All of the NSBB-treated patients had esophageal var-

ices, while this percentage in the NSBB-untreated group was only 

4%. The third issue was that liver function (total bilirubin) was 

worse in the β-blocker-treated group.

After this study was reported, other centers tried to test the hy-

pothesis of possible harm. The literature is now full of conflicting 

studies (Table 2), and at first glance, drawing even a tentative 

conclusion about possible harms of β-blockers seems very diffi-

cult. Some studies have shown beneficial effects,26,44,45 no differ-

ence,46,47 or deleterious effects.10,48,49 However, we believe that a 

large literature dataset is best examined by systematic review and 

meta-analyses. Two technically well-performed meta-analyses 

have been published in the past 5 years, and these will be dis-

cussed below.

A 2016 meta-analysis by Chirapongsathorn and colleagues50 in-

cluded studies published up to January 2015, and examined three 

RCTs and eight observational studies. There were 1,206 deaths in 

the total cohort of 3,145 patients with ascites. All-cause mortality 

was similar between the two groups (taking or not taking NSBB) 

in the overall cohort, as well the subgroups with non-refractory 

ascites and refractory ascites. Survival rates were similar in the 

two cohorts, whether examined at 6, 12, 18, or 24 months of fol-

low-up.50 The quality of evidence was low in the observational 

studies, but good in the three RCTs.

In 2019, Wong and coworkers performed another meta-analy-

sis.51 This analysis included eight studies, including the three RCTs, 

and 3,627 total patients with any grade of ascites. They reported 

that there was no significant increase in the all-cause mortality in 

patients treated with β-blockers.51 Subgroup analysis of only pa-

tients with severe or refractory ascites also showed no significant 

mortality differences. Only the three RCTs were graded as good 

quality, while five studies were considered to be fair quality.

Given that two independent and technically well-performed 

meta-analyses within the past 5 years have both shown a similar 

lack of harmful effect of β-blockers on survival in patients with 

ascites, we believe this issue, at least in cirrhosis with ascites, can 

now be “laid to rest,” and conclude that β-blockers are not an 

enemy in this population.

What about the subgroup of patients with compensated cirrho-

sis? In that regard, Villanueva and colleagues recently reported 

the results of a randomized, placebo-controlled, multicentric 

Spanish trial (PREDESCI) in patients with compensated cirrhosis 

but clinically significant portal hypertension, defined as HVPG >9 

mmHg.52 Patients were randomized to either propranolol or 
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Table 2. NSBB and survival in patients with cirrhosis 

Study Study population Drug dose Study design Sample size Authors’ conclusion

NSBBs decrease 
survival

Sersté et al.9 
(2010)

Cirrhotic patients with 
refractory ascites

Propranolol 113±46 mg Retrospective 151 NSBB deceased 1-year 
probability of survival

de Souza et al.73 
(2012)

Cirrhotic patients 
with acute variceal 
bleeding

Propranolol (40 mg to 
start), nadolol (20 mg to 
start)

Retrospective 89 Secondary prophylaxis 
decreased survival

Kalambokis et al.74 
(2016)

Child-Pugh B and C Propranolol (varying 
doses)

Retrospective Child-Pugh B 
(n=96), Child-Pugh 

C (n=75)

Decreased survival in 
2-year follow-up in 
Child-Pugh B group; 
and in 6-month follow-
up in Child-Pugh C 
group

NSBBs have no 
effect on survival

Sarin et al.75 (2013) Consecutive cirrhotic 
patients

Propranolol 20–360 mg RCT 152 No effect on variceal 
growth, bleeding, or 
mortality

Mandorfer et al.53 
(2014) 

Consecutive cirrhotic 
patients with 
paracentesis; groups 
with and without 
spontaneous 
bacterial peritonitis

Propranolol 20–120 mg, 
carvedilol 6.26–25 mg

Retrospective 607 Without SBP: increased 
LT-free survival; with 
SBP: decreased LT-free 
survival and higher risk 
of HRS

de Souza et al.47 
(2015)

Cirrhosis patients 
admitted with 
variceal bleeding

Propranolol 74 mg  
(±67 mg), carvedilol  
6.25 mg,  nadolol 80 mg

Retrospective 142 No effect on survival

Bhutta et al.76 
(2018)

Hospitalized patients 
with cirrhosis and 
ascites

Nadolol 20 mg, 
propranolol 40 mg, 
carvedilol 12.5 mg

Multi-center 
database; 
retrospective

718 (307/411) (with/
without β-blockers)

No effect on survival 
overall nor refractory 
ascites subgroup

NSBBs increase 
survival 

Tripathi et al.67 
(2009)

Grade II or larger 
esophageal varices

Carvedilol 12.5 mg/day RCT 152 Prevented the first 
variceal bleeding

Leithead et al.61 
(2015)

Ascites and refractory 
ascites on transplant 
waitlist 

Propranolol 80 mg 
(10–240), carvedilol 6.25 
mg (3.125–12.5)

Retrospective 322 NSBB reduced waitlist 
death 

Mookerjee et al.26 
(2016)

Acute-on-chronic liver 
failure

Propranolol 40 mg 
(20–80), nadolol  
40 mg (20–80), 
carvedilol 12.5 mg 
(6.25–25)

Prospective, 
observational

349 Increased survival 
probability

Scheiner et al.55 
(2017)

Compensated 68.7% Propranolol 60 (95.6±31.2), 
carvedilol 30 (19.2±11.0)

Retrospective 176 Improved TIPS-/
transplant-free survival

Onali et al.77 (2017) Assessed for LT 
suitability

Propranolol 118 median  
80 mg, carvedilol  
10 median 6.25 mg

Retrospective 316 Improved overall survival; 
no effect on survival in 
patients with refractory 
ascites
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carvedilol groups, depending on if they demonstrated an ade-

quate portal-hypotensive response to an intravenous test dose of 

propranolol or not, respectively. Patients were maintained on 

chronic drug or placebo therapy over a median follow-up period 

of 36 months, and the main endpoints were decompensation 

events, defined as the onset of variceal bleeding, ascites, or en-

cephalopathy. Survival was also tracked.

This study found that long-term treatment with NSBBs improved 

decompensation-free survival, mainly by decreasing ascites on-

set.52 During the follow-up period, heart rate, cardiac index, and 

HVPG were significantly decreased in the β-blocker group com-

pared to the placebo group. Compensated cirrhotic patients with 

clinically significant portal hypertension, even those who had no 

or small varices, gradually progressed to develop decompensa-

tion. The early use of β-blockers for these patients reduced the 

number of decompensation events.52 This carefully-conducted 

RCT argues in favor of long-term NSBB therapy to prevent disease 

progression and improve survival in patients with compensated 

cirrhosis and portal hypertension; however, it still needs to be 

confirmed by other studies.

NSBBS AND KIDNEY FUNCTION

In 2015, Sersté et al.10 reviewed 139 patients with severe alco-

holic hepatitis and found that 86 patients (62%) developed AKI. 

Patients with NSBBs had comparable Model for End-Stage Liver 

Disease scores, Maddrey scores, and medical history. Out of 48 

NSBB users, 43 (90%) experienced AKI within 168 days, com-

pared to 50% in non-NSBB users (P=0.0001). They concluded 

that NSBB is an independent risk factor for AKI in these patients.10 

Mandorfer and colleagues53 found that β-blockers significantly in-

creased the risk of HRS in cirrhotic patients with spontaneous 

bacterial peritonitis. In a cohort of patients with advanced cirrho-

sis and ascites who were referred for transplantation, Kim and co-

workers54 also reported that NSBBs were associated with AKI. 

Scheiner et al.55 investigated patients with compensated cirrho-

sis. During a 3-year follow-up period, they found that renal func-

tion was comparable between patients with and without NSBB 

treatment; the incidence of AKI was similar, even when the pa-

tients had ascites and MAP <90 mmHg.55

Ngwa and colleagues56 recently reported on a cohort of 170 

consecutive patients referred to their center for liver transplant 

evaluation. Among them, 38 patients were taking β-blockers. 

Study Study population Drug dose Study design Sample size Authors’ conclusion

Sinha et al.45 
(2017)

Consecutive cirrhotic 
patients

Carvedilol 12.5 mg Retrospective 325 Increased overall 
survival and survival 
in patients with mild 
ascites; no effect 
on decompensated 
patients

Sharma et al.69 
(2019)

Large varices, no prior 
history of bleeding

NSBB, isosorbide-
mononitrate, carvedilol

Systematic review 
with network 
meta-analysis

3,362 Decreased mortality and 
first variceal bleeding 
with a lower risk of 
serious complications 

Villanueva et al.52 
(2019)

Compensated, 
significant portal 
hypertension without 
high-risk varices

Propranolol  
(<160 mg), carvedilol 
(≤25 mg/day) for non-
responders

RCT 201 Increased 
decompensation-free 
survival; reduced the 
incidence of ascites

Premkumar et al.71 
(2020)

Single-center cirrhosis 
clinic

Carvedilol (6.25–25  
mg/day)±ivabradine 
(5–15 mg/day)

RCT 189 Improved LV diastolic 
dysfunction; reduced 
decompensation risk; 
improved survival

Ngwa et al.56 
(2020)

Candidates for liver 
transplantation

Propranolol (20 mg/day) Retrospective 170 Improved short-term 
survival

NSBB, nonselective beta-adrenergic blocker; RCT, randomized controlled trial; SBP, spontaneous bacterial peritonitis; LT, liver transplantation; HRS, hepatorenal 
syndrome; TIPS, transjugular intrahepatic portosystemic shunt; LV, left ventricle. 

Table 2. Continued
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There was an increased risk of AKI in the group taking β-blockers 

compared to those who were not (22% vs. 11%, P<0.05). How-

ever, AKI episodes were mild stage 1, and all patients recovered. 

Short-term mortality at 90 days was actually superior in the NSBB 

group (6% vs. 15%; P<0.05).

Since all of these studies were nonrandomized and retrospec-

tive, the conclusions must be regarded with caution. For now, 

there is insufficient evidence to conclude that NSBBs increase the 

risk of AKI or HRS in patients with ascites.

A related question is whether β-blockers cause PICD in patients 

with cirrhosis and refractory ascites.48 PICD is usually defined as 

>50% increase in plasma renin activity after large volume para-

centesis. In 2011, a hemodynamic study from the Lebrec group 

showed that PICD developed in eight out of 10 patients with re-

fractory ascites after large volume paracentesis.48 The same pa-

tients acted as their own controls, and had repeated haemody-

namic and blood testing after being weaned off of β-blockers 

after their varices had been adequately treated. When these pa-

tients were no longer on β-blockers, only one out of 10 patients 

developed PICD.

Ferrarese and coworkers57 reported discordant results compared 

to the above study. These authors studied 10 patients with refrac-

tory ascites before and after starting NSBB therapy. They found 

that before β-blockers, large-volume paracentesis significantly  

decreased the systemic vascular resistance (1,896 to 1,348 

dyn·s·cm-5; P=0.028) and peripheral vascular resistance (measured 

in the forearm) (47 to 30 mmHg·min·dL·mL-1; P=0.04); and cardiac 

output also increased, but did not reach statistical significance 

(3.9 to 4.5 L/min; P=0.06). When patients were taking NSBB, 

large-volume paracentesis did not significantly decrease systemic 

vascular resistance (2,002 vs. 1,798 dyn·s·cm-5; P=0.1) or increase 

cardiac output (3.4 to 3.8 L/min; P=0.13). Only two patients de-

veloped PICD before taking β-blockers; this rose to three after the 

drug was started (P=nonsignificant). The authors suggested that 

the negative inotropic effect of NSBB may be compensated by a 

milder decrease of vascular resistance after paracentesis. There-

fore, this study concluded that β-blockers do not increase the inci-

dence of PICD.

We believe that the scant size of the available literature on PICD 

with β-blockers precludes any definitive conclusion at present. 

Moreover, PICD is a laboratory definition that may have relatively 

little direct clinical relevance. Therefore, we think it is more impor-

tant to track clinical and measurable hemodynamic outcomes, 

such as MAP, cardiac output, hyponatremia, glomerular filtration 

rate, and occurrence of AKI/HRS.

WINDOW THEORY

The window theory is based on the concept that the sympa-

thetic nervous system activity is nearly normal in the early stages 

of cirrhosis, so NSBBs will exert only modest effects at this stage. 

However, at the later end-stage, although the sympathetic system 

is highly active, NSBBs, by reducing cardiac contractility and arte-

rial pressure,58 may cause tissue hypoperfusion and death, espe-

cially when patients have refractory ascites.48 β-blockers are the 

only vasoactive drugs shown to improve survival in cirrhosis, and 

this beneficial effect may be limited to the window phase, which 

is the middle phase between mild and decompensated cirrhosis. 

However, the exact timing for when this middle phase window 

should be opened and closed remains unclear.

Krag et al.58 proposed that the indications for NSBB usage 

should be: 1) HVPG ≥10 mmHg, 2) development of medium-to-

large esophageal varices, and 3) ascites. D’Amico et al.59 divided 

patients with cirrhosis into four stages: stage 1, no varices or asci-

tes; stage 2, varices, no ascites; stage 3: ascites±varices; and 

stage 4: bleeding±ascites. Stages 1 and 2 are considered com-

pensated, whereas stages 3 and 4 are decompensated. Whether 

we can combine the window theory with the cirrhotic stage con-

cept should be further investigated.

Whether the therapeutic window even exists remains debat-

able.60 Leithead et al.61 evaluated 322 patients with end-stage liv-

er disease and ascites awaiting liver transplantation, of whom 

about half were on NSBB treatment. The MELD score, frequency 

of HCC, and refractory ascites were comparable between the two 

groups (taking or not taking NSBB). These authors demonstrated 

that patients on β-blockers had lower mortality compared to non-

NSBB patients. The beneficial effects on survival were even dem-

onstrated in the subgroup of patients with refractory ascites.61

β-BLOCKERS IN CIRRHOSIS: FRIEND OR EN-
EMY?

We believe that although the initial studies seemed to show 

deleterious effects of beta blockers in patients with refractory as-

cites, they had some crucial methodological limitations including 

the retrospective and nonrandomized study designs. On the other 

hand, more recent studies including carefully conducted prospec-

tive randomized trials and several meta-analysis have shown no 

deleterious effect of beta blockers on survival or even improved 

survival. Furthermore, the concept of a therapeutic window, while 
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interesting and theoretically attractive, is frustratingly difficult to 

actually test in any kind of clinical study design.

The subgroup question of whether β-blockers impair renal func-

tion in patients with moderate or advanced cirrhosis remains un-

resolved. There are no existing RCTs in this topic, and the few 

available studies suffer from significant methodological limita-

tions. The prudent approach espoused by almost all clinicians is to 

stop β-blockers in the relatively small percentage of patients who 

experience a significant drop in arterial pressure. It is likely that 

this is the group at risk of developing renal dysfunction on NSBB 

therapy.

Our overall conclusion is that β-blockers are probably not dele-

terious; in fact, they may even exert beneficial effects on survival 

and reducing decompensation. Accordingly, the benefits probably 

significantly outweigh potential harms.

CARVEDILOL

Carvedilol is discussed separately as it is a β-blocker with addi-

tional intrinsic α-1-blocking effects, which may be superior to tra-

ditional NSBBs in reducing portal pressure62 and risk of variceal 

bleeding.63,64 However, due to the additional α-blockade, it is 

much more prone to cause hypotension, so its doses need to start 

low and be carefully titrated upwards. Current guidelines recom-

mend the use of NSBBs, carvedilol, or variceal band ligation (VBL) 

for primary prevention of variceal bleeding.6,65,66 Carvedilol is ef-

fective for primary prevention of variceal bleeding, and some pa-

tients who do not respond to traditional NSBBs may respond to 

carvedilol.67

In a recent Cochrane meta-analysis to compare carvedilol with 

traditional NSBBs, which included 10 RCTs with 810 participants 

with esophageal varices, there were no clear beneficial or harmful 

effects of carvedilol versus traditional NSBBs on mortality, upper 

gastrointestinal bleeding, and adverse events.68 A systematic re-

view with network meta-analysis by Sharma et al.69 compared the 

efficacy of NSBBs, carvedilol, and VBL in the primary prevention 

of variceal bleeding and overall survival. Even though each treat-

ment decreased all-cause mortality and variceal bleeding risk, 

none was clearly superior to the others due to a lack of adequate-

ly powered studies. The ongoing CALIBRE trial will compare 

carvedilol vs. VBL as primary prophylaxis in patients with medium-

to-large esophageal varices,70 with preliminary results perhaps 

available in late 2021.

Sinha and coworkers45 evaluated the effects of long-term 

carvedilol therapy on mortality in 325 patients with ascites. The 

long-term overall survival was significantly better in the carvedilol 

group (n=132) than in the no-carvedilol group (adjusted HR 0.59; 

95% CI, 0.44–0.80). However, the survival benefit was no longer 

significant in the patients with moderate or severe ascites. Unfor-

tunately, like many other studies, this was a nonrandomized retro-

spective analysis, so possible selection bias significantly limits the 

robustness of any conclusions.

Recently, Premkumar and coworkers71 prospectively evaluated 

the effects of carvedilol on cardiac function and survival in pa-

tients with cirrhosis. Carvedilol alone or carvedilol combined with 

a novel drug ivabradine were administered to achieve the target 

heart rate, defined as heart rate reduction to 55–64 beats/min. 

Ivabradine selectively inhibits the cardiac pacemaker ion current 

(I f), and thus reduces the heart rate without affecting blood pres-

sure.72 This study found that left ventricular diastolic dysfunction 

was reversed in the carvedilol+ivabradine group. Various neuro-

hormones, such as norepinephrine, N-terminal brain natriuretic 

peptide, plasma renin activity, and aldosterone levels were re-

duced in patients who achieved the target rate reduction. The 

achievement of the target rate reduction reduced the risk of en-

cephalopathy and AKI, and improved the overall survival.71 There-

fore, combination therapies, especially with new drugs, show 

great promise and need further investigation.

CONCLUSION

In conclusion, the “friendly” qualities of NSBBs in the treatment 

of cirrhosis include preventing the primary and recurrent variceal 

hemorrhage, mitigating systemic inflammation, and possibly de-

creasing the progression of compensated cirrhosis to decompen-

sated. β-blockers may also slightly decrease the incidence of HCC, 

although more studies are needed to confirm this. The unfriendly 

aspects include the widely known adverse drug effects such as 

asthma, heart block, decreased exercise tolerance, as well as po-

tentially more serious effects such as hypotension and worsening 

of renal function. There is also a possible association between 

β-blockers and the risk of PVT.

Considering the indisputable proof of efficacy in variceal bleed-

ing and the probability or possibility of other significant benefits, 

we conclude that β-blockers are much more of a friend than ene-

my. Indeed, to quote the most famous line from “The Godfather,” 

β-blockers in patients with cirrhosis should be considered “an of-

fer you can’t refuse.” 
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INTRODUCTION

Patients with liver cirrhosis are more susceptible to develop 

bacterial infections than the general population. This is due to 

several factors that predispose to the occurrence of overt infec-

tions.1

Firstly, patients with cirrhosis frequently show a certain degree 

of acquired immunodeficiency which has been termed “cirrhosis-

associated immune dysfunction”.2 Several mechanisms contribute 

to immune dysfunction, such as the reduction of leukocytes count 

due to hypersplenism, the reduced production of innate immunity 

proteins (such as complement), the exhaustion of immune cells, 

the impairment in neutrophils’ phagocytosis and oxidative burst, 

the release of anti-inflammatory cytokines and the hyperactiva-

tion of tryptophan-kynurenine pathway.2,3 Moreover, portal hy-

pertension induces a disruption of intestinal barrier causing an in-

crease in intestinal permeability that eases the translocation of 

intestinal bacteria from the gut to the bloodstream.4 The bacterial 

translocation is facilitated by the intestinal bacterial overgrowth 

and the relative changes in microbiome species (dysbiosis), with a 

reduction of beneficial phyla and an increase on pathogenic phyla 

(such as Enterobacteriaceae  and Enterococcaceae).4,5 All these 

factors make the patients with cirrhosis susceptible to the devel-

opment of infections, which are associated with the onset of 

complications such as acute kidney injury (AKI), hepatic encepha-

lopathy, organ failures and increase 4-fold the mortality risk.6-9 In-

deed, infections are the most common precipitating event of an 

acute decompensation of cirrhosis and are associated with a se-
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vere clinical course.10 Remarkably, the risk of dying because of 

sepsis is currently increasing in patients with cirrhosis,11 probably 

because of the increasing spread of multidrug-resistant (MDR) 

bacteria and the lack of new effective antibiotics.12

For all these reasons, infections in cirrhosis are a very hot topic 

that needs to be carefully considered by clinicians. Herein we con-

cisely reviewed the current changes in the epidemiology and man-

agement of bacterial infections in patients with cirrhosis.

EPIDEMIOLOGY OF BACTERIAL INFECTIONS IN 
CIRRHOSIS

Prevalence and characteristics of infections

The prevalence of bacterial infections is about 25–46% in cir-

rhotic patients hospitalized for an acute decompensation of cir-

rhosis.13,14 In about two third of cases, infections are diagnosed at 

admission, either community acquired (CA) (30–50%) or health-

care-associated (i.e., occurring in patients hospitalized in the prior 

3 months, living in nursing home residency or requiring intravas-

cular therapy; 25–40%), whereas one third of patients develops 

nosocomial infections.13,15-21 Patients with severe liver dysfunction 

(higher MELD score and Child-Pugh score), with ascites and low 

protein concentration in ascitic fluid or with gastrointestinal (GI) 

bleeding are at higher risk of developing infections.1

Several prospective studies have shown that spontaneous bac-

terial peritonitis (SBP) is the most common infection in patients 

with cirrhosis, accounting for 20–30% of infections in these pa-

tients. Other common infections are urinary tract infections (UTIs; 

20–25%), pneumonia (20%), spontaneous bloodstream infections 

(8–15%) and skin and soft tissues infections (SSTIs; 5–10%).13,15,16,21 

About 20% of patients with infections develop second infections 

during the hospitalization, which are associated with a further in-

crease in mortality risk.21

As for the type of bacteria involved, Enterobacteriaceae (such 

as Escherichia coli  and Klebsiella pneumoniae) and other gram 

negative bacteria are the most common bacteria involved in the 

development of SBP and UTIs (accounting for 50–70% of cases), 

whereas gram positive bacteria such as Staphylococcus aureus 

and Enterococci  accounts for 30–45% of cases.15,22,23 In patients 

with pneumonia and SSTIs gram-positive bacteria prevails.15 A 

certain proportion of the aforementioned bacteria are MDR (i.e., 

bacteria resistant to at least one antibiotic in at least three antimi-

crobial categories) or extensively drug resistant (XDR; i.e., resis-

tant to at least one agent in all but less than two antimicrobial 

categories). The most common type of MDR bacteria in cirrhosis 

are extended spectrum beta lactamase and AmpC- producing En-
terobacteriaceae, methicillin resistant Staphylococcus aureus and 

vancomycin resistant enterococci.13,15,16 The most common XDR 

bacteria are carbapenemase producing enterobacteriaceae, car-

bapenem resistant Pseudomonas aeruginosa  and Acinetobacter 
baumannii.15

The recent changes in the epidemiology of infections 
and the issue of multi-drug resistant bacteria

In the last two decades three relevant epidemiological changes 

occurred in patients with cirrhosis and bacterial infections. First of 

all, the implementation of the use of quinolones for the prophy-

laxis of bacterial infections led to an increase in infections due to 

gram-positive bacteria.24 Secondly, the wide use of third genera-

tion cephalosporins led to an increase of infections due to entero-

cocci (constitutively resistant to cephalosporins), in particular in 

healthcare-associated and nosocomial infections.13,15,23,25 The last 

and most important change was the increase in the prevalence of 

MDR bacteria and XDR bacteria. Fernández et al.16,24 showed that 

in their center the prevalence of MDR organisms was less than 

10% at the end of ‘90s and increased to 23% in 2012. More re-

cently a large European multicenter study showed an increase in 

the prevalence of MDR organisms from 29% to 38% from 2011 

to 2017–2018.13 A multicenter intercontinental study including 

more than 1,300 patients with cirrhosis showed a prevalence of 

MDR bacteria of 34% in culture positive infections, with a rele-

vant heterogeneity among different geographic areas, ranging 

from less than 20% in USA to more than 70% in India.15 The 

prevalence of XDR organisms showed a similar heterogeneity 

ranging from 0% in Canada and Switzerland to 33% in India.15 

Similar heterogeneity was also observed in other multicenter and 

single center studies (Fig. 1). These findings suggest that physi-

cians caring for patients with cirrhosis and infections should inter-

act with microbiologist to know the local epidemiology and prev-

alence of MDR bacteria at their institution.

The increase in MDR and XDR bacteria represents an important 

challenge in the management of infections in patient with cirrho-

sis, because infections caused by these germs are more difficult to 

be treated and are associated to an increased risk of failure of an-

tibiotic treatment, development of septic shock and in-hospital 

mortality.12,13,15,16,23 Several studies identified risk factors for the 

development of MDR bacteria, such as an antibiotic course with 
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beta-lactams or other antibiotics in the prior 3 months, a hospi-

talization in the 3 months prior, invasive procedures and nosoco-

mial infections.13,15,16,19,20,23

MANAGEMENT OF BACTERIAL INFECTIONS

General management 

The first measure to promptly identify and treat infections in 

patients with cirrhosis is to look for them. This could seem an ob-

vious concept, but certainly not to be underestimated, considering 

that typical signs of infection (like fever) may not be present in the 

early phases in these patients.26

The onset of complications of cirrhosis, such as occurrence or 

worsening of ascites, hepatic encephalopathy or GI bleeding or 

worsening of renal function can be the first manifestation of an 

ongoing infection. Therefore, an adequate work up for infections 

(e.g., diagnostic paracentesis, chest X-ray, urinalysis, blood, asci-

tes and urine cultures) should be made in all patients hospitalized 

for decompensated liver disease (Fig. 2).27 In addition, patients 

that are at a high risk of infections (and especially of MDR infec-

tion) should be monitored closely.

Bacterial infections can often cause organ dysfunctions, which 

are the hallmark of sepsis and are associated with a high risk of 

death.18 The onset of organ failures is associated with a further 

decrease in survival rate.18,28,29 The onset of organ failures in pa-

tients with cirrhosis characterize a syndrome named acute-on-

chronic liver failure (ACLF),30 for which bacterial infections are the 

most common trigger and associated with a lower survival.31 

Therefore, organ dysfunction/failures should be promptly evaluat-

ed in cirrhotic patients with infection. Assessment of liver, kidney, 

brain, coagulation, circulation and lung functions is fundamental 

in these patients and can be performed via the chronic liver failure 

consortium organ failure score scale and the consequent ACLF 

grade assessment.30

Among organs, the deterioration of renal function is frequent in 

cirrhotic patients with infection.32 Renal function should be closely 

monitored for an early diagnosis and treatment of AKI and for tai-

loring the doses of antibiotics to renal function.33

In order to prevent development of AKI, all potentially nephro-

toxic drugs, such as non-steroidal anti-inflammatory drugs, vaso-

dilators and aminoglycosides should be avoided in these pa-

tients.27 Beta-blockers should be used with caution and temporarily 

tapered/withdrawn in patients with hypotension (systolic blood 

pressure <90 mmHg and/or AKI).27

Figure 1. Prevalence of multidrug-resistant (MDR) bacteria in patients with cirrhosis across the world. Different colors represent different rates of prev-
alence of MDR. 

MDR rate
<20%
20–30%
>30–40%
>40–60%
>50%
No data
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Antibiotic treatment

Empirical antibiotic treatment should be started as soon as pos-

sible in patients with cirrhosis and bacterial infections.1,27 In fact, 

a delayed antibiotic treatment is associated with an increased risk 

of mortality, in particular in patients with septic shock.34 Empirical 

antibiotic treatment should virtually target all the bacteria poten-

tially responsible for the infection, because an adequate empirical 

antibiotic treatment is associated with a reduction in mortality 

rate.13,15

Considering the aforementioned differences in the prevalence of 

MDR bacteria throughout the world, protocols of antibiotic treat-

ment should be tailored to the local epidemiology. However, gen-

eral suggestions/recommendations can be useful for developing 

such protocols.1,27

The empirical antibiotic of choice should be determined accord-

ing to the following features: 1) the type and site of infection;  

2) likelihood of MDR bacteria; 3) the severity of infection; 4) local 

epidemiology (Table 1).1,26 As previously mentioned, the drug of 

choice should be selected balancing the need of an agent effec-

tive on all potential bacteria responsible for the infection, but also 

the potential side effects and the risk of selecting MDR bacteria.12,26

As far as CA infections are concerned, third-generation cepha-

losporins are the drug of choice for treating empirically SBP, spon-

taneous bacterial empyema and spontaneous bloodstream infec-

tions. UTI can be treated with quinolones or cotrimoxazole; 

however, in complicated UTI third-generation cephalosporins or 

amoxicillin/clavulanic acid should be preferred. Pneumonia should 

be treated with the combination of third-generation cephalospo-

rins or amoxicillin/clavulanic acid plus macrolides or respiratory 

quinolones (e.g., levofloxacin). In SSTIs third-generation cephalo-

sporins or amoxicillin/clavulanic acid or oxacillin should be used.

In patients with nosocomial infections, a broader spectrum an-

tibiotic treatment is needed because third generation cephalospo-

rins, quinolones and amoxicillin/clavulanic acid are poorly effec-

tive in these patients.15,16,35 The antibiotic regimen for nosocomial 

UTI should be based on piperacillin/tazobactam or carbapenems. 

When considering nosocomial SBP, spontaneous bacterial empy-

ema and spontaneous bloodstream infections, the use of piper-

acillin/tazobactam or carbapenems, with or without lypopeptides/

glycopeptides should be considered.35,36 The empirical use of car-

bapenems should be used only in centers with a high rate of MDR 

bacteria or in patients with organ failures,37 because it carries on 

the risk of further emergence of XDR bacteria. Nosocomial pneu-

monia should be treated with piperacillin/tazobactam or car-

bapenems plus a respiratory quinolone active against Pseudomo-
nas . Nosocomial SSTIs should be treated with carbapenems or 

ceftazidime plus oxacillin. In any of these infections, glycopep-

tides, lypopeptides, linezolid and other possible options should be 

added according to the local prevalence of gram positive MDR 

bacteria. Health care-associated infections and infections occur-

ring in patients with other risk factors (e.g., recent antibiotic 

course) constitutes a heterogeneous population. In centers with a 

high rate of MDR bacteria in these infections, a broad spectrum 

treatment (as for nosocomial infections) is associated with an im-

provement in survival.38

In patients at high risk of mortality such as those with sepsis, 

ACLF or septic shock patients should be aggressively treated with 

Figure 2. Approach for the early diagnosis of infections in patients with cirrhosis. *Repeat work-up for infections in case of worsening of liver/renal 
function and/or development of further complications/organ failures. †Control renal and liver function at least every 48 hours.
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antibiotic schemes provided for nosocomial infections (Fig. 3).37 

Indeed, in these patients, antibiotic treatment should not fail, be-

cause failure is associated with a surge in the risk of death. Beta-

lactam use should be improved in these patients according to 

pharmacodynamic/pharmacokinetic considerations. In fact, con-

sidering that beta-lactams are time dependent antibiotics (i.e., the 

efficacy depends on the time the concentration is above the mini-

mal inhibitory concentration [MIC]) and have short half-life, an 

extended/continuous infusion strategy can enhance the time 

above the MIC. Recently, this strategy was associated with im-

proved survival in patients with cirrhosis and bloodstream infec-

tions.39

In patients in whom a broad-spectrum antimicrobial treatment 

is initiated, the antibiotic treatment should be narrowed according 

to the results of microbiological cultures and antimicrobial suscep-

tibility test.27 In patients with negative cultures the sequential use 

of biomarkers such as C-reactive protein or procalcitonin may be 

useful in assessing clinical response since these biomarkers de-

creases in patients under adequate treatment.40 That said, future 

studies should demonstrate whether a biomarker-driven antibiotic 

treatment is feasible in patients with cirrhosis. For patients with 

infections due to XDR bacteria, novel drugs active in carbapenem 

resistant enterobacteriaceae (ceftazidime/avibactam, meropenem/

varbobactam, cefiderocol), Pseudomonas aeruginosa  (ceftolo-

zane/tazobactam, ceftazidime/avibactam, cefiderocol) and Aci-
netobacter baumannii  (cefiderocol) are currently available. Their 

empirical use should be reserved to patients colonized by XDR 

bacteria.

A correct duration of the antibiotic treatment has not been es-

tablished, except for SBP, for which a 5-day course has been ad-

vised.41 For most of the other infections a 7-day course is suffi-

cient.

Non-antibiotic treatment

The treatment of infections in cirrhosis also includes strategies 

to prevent AKI and organ failures. In patients with SBP, the use of 

human albumin at the dose of 1.5 g/kg on day 1 and 1 g/kg on 

day 3 reduces the incidence of AKI and improves survival.42 Clini-

cal and experimental data suggest that the effects of albumin 

were not only related to its oncotic properties, but also to its anti-

oxidant, scavenging and immunomodulatory activity.43 In non-SBP 

infections, three randomized trial were performed with controver-

sial results. Guevara et al.44 found a reduced incidence of AKI and 

improved survival in patients treated with albumin, while 

Thévenot et al.45 did not find significant differences in survival in 

patients treated or not with albumin. More recently, Fernández et 

al.46 showed no difference in mortality rate in albumin and control 

Table 1. Recommended empirical antibiotic treatment for bacterial infections in cirrhosis

Type of infection Community-acquired infections Nosocomial infections*

SBP, SBE and spontaneous 
bacteremia

Cefotaxime or ceftriaxone or amoxicillin/clavulanic 
acid

Piperacillin/tazobactam§ or meropenem†±glycopeptide‡ 
or daptomycin or linezolid

UTI Uncomplicated: ciprofloxacin or cotrimoxazole
If sepsis: cefotaxime or ceftriaxone or amoxicillin/

clavulanic acid

Uncomplicated: nitrofurantoin or Fosfomycin
If sepsis: piperacillin/tazobactam§ or 

meropenem±glycopeptide∥

Pneumonia Amoxicillin/clavulanic acid or ceftriaxone+macrolide 
or levofloxacin or moxifloxacin

Piperacillin/tazobactam§ or meropenem/ceftazidime+cip
rofloxacin±glycopeptide∥ or linezolid should be added 
in patients with risk factors for MRSA†

Cellulitis Amoxicillin/clavulanic acid or ceftriaxone+oxacillin Meropenem/ceftazidime+oxacillin or glycopeptides or 
daptomycin or linezolid∥

Modified from Piano et al.26 with permission.
SBP, spontaneous bacterial peritonitis; SBE, spontaneous bacterial empyema; UTI, urinary tract infection; MRSA, methicillin-resistant Staphylococcus aureus .
*Recommended empirical treatment also for health-care associate (HCA) urinary infections and pneumonia. Empirical antibiotic treatment of HCA 
spontaneous infections and cellulitis will be decided on the basis of the severity of infection (patients with severe sepsis should receive the schedule proposed 
for nosocomial infections) and on the local prevalence of multiresistant bacteria in HCA infections.
†Ventilator-associated pneumonia, previous antibiotic therapy, nasal MRSA carriage.
‡Among glycopeptides only IV vancomycin in areas with a high prevalence MRSA and vancomycin-susceptible enterococci . Vancomycin must be replaced by 
daptomycin or linezolid in areas with a high prevalence of vancomycin-resistant enterococci .
§In areas with a low prevalence of multidrug-resistant bacteria.
∥IV vancomycin or teicoplanin in areas with a high prevalence MRSA and vancomycin-susceptible enterococci . Vancomycin must be replaced by linezolid in 
areas with a high prevalence of vancomycin-resistant enterococci .
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group. Interestingly, circulatory and renal function improved only 

in the study group and a higher proportion of resolution of ACLF 

was found in albumin group than in control group. In spite of a 

strong pathophysiologic and clinical background, the available ev-

idences suggest that the use of albumin cannot be routinely rec-

ommended for the treatment of non-SBP infections.

Increasing data have shown that patients with an acute decom-

pensation of cirrhosis have frequently a relative adrenal insuffi-

ciency (RAI; inadequate glucocorticoid activity relative to illness), 

which is associated with the risk of developing AKI, sepsis, septic 

shock and ACLF.47-49 In patients with cirrhosis and septic shock, 

RAI was observed in 68–76% of patients.50,51 The administration 

of low-dose steroids (50 mg/6 hours IV) in this setting is associat-

ed with a higher rate of shock reversal. Controversial results exist 

on their impact on survival.50,51 Therefore, corticosteroids supple-

mentation could be considered in patients with refractory septic 

shock, as occurs in the general population.

PREVENTION OF BACTERIAL INFECTIONS

Preventing bacterial infections is crucial in the management of 

patients with cirrhosis.

Antibiotic prophylaxis

Antibiotic prophylaxis is indicated in the following conditions:  

1) patients with a previous episode of SBP; 2) patients with vari-

ceal bleeding; and 3) patients at high risk of SBP, i.e., patients 

with ascites protein level <15 g/L and at least one among the fol-

lowing: Child Pugh score ≥9 with serum bilirubin ≥3 mg/dL, se-

rum creatinine ≥1.2 mg/dL, blood urea nitrogen ≥25 mg/dL or se-

rum sodium ≤130 mEq/L.27 In patients at high risk for SBP, 

prophylaxis with norfloxacin 400 mg per day has been associated 

with a significant reduction in the incidence of SBP and hepatore-

nal syndrome.52,53 Patients with variceal bleeding have a high risk 

of infections and in these patients antibiotic prophylaxis improve 

survival.27 A prophylactic treatment with Ceftriaxone 1 g per day 

for 7 days is significantly more effective than norfloxacin in pre-

venting infections.54 After the first episodes of SBP the risk of re-

currence is almost 70% at 12 months. Prophylaxis with norfloxa-

cin 400 mg q.d. reduces the recurrence of SBP.55 Norfloxacin is 

not available in many countries and the use ciprofloxacin (500 

mg/day) or trimethoprim-sulfamethoxazole (160/800 mg daily) are 

good alternatives.27,56 Rifaximin has been proposed as an alterna-

tive to norfloxacin in the prophylaxis of SBP in cirrhosis and it has 

been shown to reduce the risk of developing SBP in patients with 

hepatic encephalopathy.57 However, its real efficacy in prophylaxis 

Figure 3. Algorithm for the management of patients with cirrhosis and bacterial infections. MDR, multi drug resistant; CA, community acquired. 
*Treatment as suggested for nosocomial infections (see Table 1). †See Table 1. ‡Treatment should be prolonged for methicillin resistant Staphylococcus 
aureus bloodstream infections and other specific infections (e.g., endocarditis). Source control is mandatory (e.g., for abscesses). §Treatment of sponta-
neous bacterial peritonitis includes albumin expansion 1.5 g/kg on day 1 and 1 gr/kg on day 3.
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mortality (sepsis/septic shock)§?
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is still to be determined. 

Non-antibiotic prophylaxis

Since the use of antibiotic prophylaxis inevitably causes antibi-

otic resistance, non-antibiotic strategy would be highly desirable. 

The use of non-selective beta-blockers seems to reduce bacterial 

translocation and the occurrence of SBP in patients with cirrho-

sis.58,59 Albumin has been shown to restore immune dysfunction 

in patients with cirrhosis.60 Recently, albumin administration (40 g 

twice a week for 2 weeks followed by 40 g/week) showed to pre-

vent the incidence of SBP and other infections in patients with 

uncomplicated ascites and refractory ascites and was associated 

with an improvement in survival.61,62 However, a randomized pla-

cebo-controlled study in patients with cirrhosis on liver transplant 

waiting list did not show a benefit with the use of albumin63 and 

future studies should confirm whether albumin treatment can pre-

vent infections in cirrhosis. 

CONCLUSIONS AND FUTURE AREAS OF RE-
SEARCH 

Bacterial infections represent a frequent complication with a 

very negative impact on survival in patients with cirrhosis. Early 

detection and effective treatment are fundamental to improve 

prognosis of these patients, as well as the prevention of AKI and 

ACLF. The current and increasing spread of MDR bacteria is espe-

cially alarming in patients with cirrhosis and represents the new 

challenge to be faced in the management of these patients.

Several unmet needs should be addressed in next future. As for 

the diagnosis, biomarkers for the early diagnosis of infections 

should be implemented as well as new fast strategies to identify 

infections caused by MDR bacteria. Microbial surveillance with 

nasal and rectal swab should be implemented to identify carriers 

of MDR bacteria and to reduce their spread with contact precau-

tions. Carbapenem sparing strategies should be explored in the 

treatment of bacterial infections due to MDR bacteria. Non-anti-

biotic management for the prevention and treatment of organ 

failures should be developed. The bacterial infections risk should 

be better refined in inpatients and outpatients in order to identify 

those patients that can get the highest benefit by antimicrobial 

prophylaxis. Finally, non-antibiotic prophylactic strategies counter-

acting immune dysfunction and bacterial translocation should be 

investigated.
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After the human genome sequence was decoded in the early 

21st century, high-throughput genomics technology has been 

growing remarkably. It is now possible to analyze the genotype of 

hundreds of thousands of single nucleotide polymorphisms (SNPs) 

at a low cost and in a short time with the advancement of tech-

nology in large-capacity SNP microarray chips. A genome-wide 

association study (GWAS) carried out using the SNP chip, and it 

suggested genetic biomarkers that affect clinical phenotype based 

on statistical significance among hundreds of thousands of SNPs 

present on the chip. However, there are several problems with 

GWAS analyses. First, approximately 90% of the genetic variants 

discovered through a GWAS are located in the non-coding or in-

tergenic regions. Most SNPs are not functional genetic mutations 

that affect the phenotype of a gene. Second, the effect size (fen-

estration) of genetic variation discovered through GWAS is usually 

small. Further, the odds ratio for certain diseases is robust in the 

disease cohort but not high enough in the general population.

In the current issue of Clinical and Molecular Hepatology, Ting 

et al.1 validated that HSD17B13 (rs72613567 and rs6834314) vari-

ants showed an inverse association with non-alcoholic fatty liver 

disease (NAFLD) in the Chinese population but not in Malays or 

Indians. The study provided several important insights. First, the 

HSD17B13 variant also has an inverse relationship with NAFLD in 

Asians. A more interesting finding is that the effects of HSD17B13 
variants were different among Asian ethnicities. Not only the 

prevalence of SNPs but also the effect size of SNPs differs accord-

ing to ethnic background. Therefore, it is important to validate the 

influence of SNPs on ethnic differences. The study showed that 

the protective effects of HSD17B13 variants in Asians were differ-

ent from those in Chinese, Malays, and Indians. Second, a GWAS 

study analyzed hundreds of thousands of genes at the same time, 

so statistical errors may occur; it may sometimes be difficult to 

match the control group. Therefore, caution should be exercised 

when accepting the odds ratio obtained in a cross-sectional study 

as a risk factor. GWAS methodology needs to be validated before 

the results of prospective cohort studies are accepted as deter-

mining risk factors. Here, the first such longitudinal cohort study 

performed in Asia is presented.

Some SNPs show high penetration with a 70–80% probability 

An analysis of polygenic risk scores for non-alcoholic 
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of disease development, but NAFLD does not develop because of 

just one SNP. Most SNPs associated with metabolic diseases 

showed low fenestration of approximately 1.5–2.5-fold. There-

fore, it has been suggested that a genetic risk score (GRS) should 

be generated to enhance risk prediction using genetic data. Gel-

lert-Kristensen et al.2 proposed a new GRS for NAFLD comprising 

three common variants (PNPLA3, TM6SF2, and HSD17B13); this 

GRS predicts a 12-fold higher risk of cirrhosis compare to general 

population. Koo et al.3 suggested a polygenic risk score based on 

polymorphisms in PNPLA3 and TM6SF2 together with clinical fac-

tors that identified steatohepatitis among fatty liver disease. The 

presence of an SNP variant does not necessarily mean that the 

disease will develop in near future. Rather, environmental factors 

such as smoking, lack of exercise, overeating, and alcohol con-

sumption are more important factors that cause NAFLD. There-

fore, genetic and environmental risk factors should be properly in-

tegrated and taken into consideration when evaluating patients 

with NAFLD.
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There are two aspects of “untreated status” in the natural 

course of chronic hepatitis B (CHB) such as “immune-tolerant” 

and “immune-inactive” phases according to the definition from 

Korean Association for the study of the Liver.1 It indicates that the 

“immune-tolerant phase” is defined by positive hepatitis B e anti-

gen (HBeAg), very high serum hepatitis B virus (HBV) DNA levels 

of ≥107 IU/mL, persistently normal alanine aminotransferase (ALT; 

≤34 IU/L in males and ≤30 IU/L in females), and no significant fi-

brosis or inflammation. Meanwhile, the “immune-inactive phase” 

is defined by negative HBeAg and positive hepatitis B e antibody 

(HBeAb), low serum HBV DNA levels of <2,000 IU/mL, normal 

ALT, and no significant fibrosis or inflammation.1 There have been 

some efforts to extend the treatment criteria in “untreated” pa-

tients with CHB, regardless of the serum ALT levels and HBeAg 

status, to treat early or to just observe the progression of the two 

phases. A recent study by Kim et al.2 suggested the use of antivi-

ral therapy in untreated HBeAg-positive patients with CHB and 

with high HBV DNA levels (≥20,000 IU/mL) due to a higher risk of 

hepatocellular carcinoma (HCC) compared to treated immune-ac-

tive phase patients. Additionally, Sinn et al.3 suggested the use of 

antiviral therapy in patients with compensated cirrhotic CHB and 

low viral load (<2,000 IU/mL) because of higher HCC risk com-

pared to that in individuals with undetectable HBV DNA levels. To 

answer this question more clearly, accurate assessment of the 

HCC incidence is very crucial, particularly for cost-effective analy-

sis of antiviral therapy.

A recent study reported that CHB patients with HBV DNA levels 

of 4.0–8.0 log10 IU/mL (moderate replication phase) had a high 

risk of HCC development irrespective of HBeAg status.4 In the 

aforementioned study, among 4,868 HBeAg-negative patients 

who had no cirrhosis and had serum ALT levels <2×upper limit of 

normal at baseline (a mean age of 47 years, a median HBV DNA 

levels of 3.1 log10 IU/mL), 4.5% of patients developed HCC during 

8 years of median follow‐up duration. This study concluded that 

moderate replication phase (HBV DNA levels of 4.0–8.0 log10  

IU/mL) was associated with the highest HCC risk, which may re-

quire immediate antiviral treatment irrespective of the patient’s 
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HBeAg status and serum ALT levels. In another study that focused 

on CHB patients who were all HBeAg-negative (a mean age of 47 

years, a median HBV DNA levels of 5.4 log10 IU/mL without cirrho-

sis at baseline), the estimated annual incidence of HCC per 100 

patient-years was 0.96 (approximately 4.8% for 5 years).5 The in-

cidence of HCC was marginally different between untreated pa-

tients with mildly active phase and patients treated with antivirals 

(P=0.04).5

In contrast to the results from the two aforementioned studies, 

Liang et al.’s study6 from this issue of Clinical and Molecular Hep-
atology reported a low risk of HCC development in a large cohort 

of untreated CHB patients, of whom 84% were HBeAg-negative, 

and suggested a prediction model for HCC development. In this 

study, 15,187 patients who had a median age of 51.9 years, had a 

median HBV DNA levels of 4.4 log10 IU/mL, and of whom 5.4% 

had cirrhosis, only 1.2% developed HCC during a mean follow-up 

of 52 months. Although baseline characteristics in this study,6 

such as old age, higher cirrhosis rates, and similar serum HBV 

DNA levels, showed a higher risk of HCC development compared 

with those in previous studies,4,5 the risk of HCC development was 

quite lower than that in previous studies. The 5-year risk of HCC 

development was only 0.19% in the low-risk group and 1.12% in 

the high-risk group according to the Liang scores.6 Even in the 

high-risk group, the HCC risk in this study was still lower than that 

mentioned in the previous studies.4,5

Regarding the much lower incidence of HCC in the study by Li-

ang et al.6 compared to the two previous studies, it will be helpful 

for readers to understand how HCC risk can be significantly differ-

ent within HBeAg-negative status when HBV DNA levels and se-

rum ALT levels (i.e., inactive, replicative, and mildly active phases) 

in CHB patients HBeAg-negative are taken into consideration. Al-

though HBeAg status was not an independent factor for HCC de-

velopment in a previous study,4 HCC incidence in HBeAg-negative 

CHB patients was still lower than in those who are HBeAg-posi-

tive.4 The study by Liang et al.6 also reported a low incidence of 

HCC in a large cohort mainly composed of HBeAg-negative pa-

tients. Overall, in the three studies,4-6 the HCC incidence appears 

to be relatively lower in CHB patients who are HBeAg-negative 

than those who are HBeAg-positive.

In the Liang score, fibrosis-4 index was included as one of sig-

nificant variables to predict HCC, which could more objectively 

estimate cirrhosis status compared to a variable of “cirrhosis” in 

previous models of CU-HCC score7 and GAG-HCC score.8 Particu-

larly, negative predictive value for development of HCC within  

5 years was 99.9% based on the Liang score, which was higher 

than that of the models such as CU-HCC score, GAG-HCC score, 

and REACH-B score.9 Thus, Liang score can be useful to identify 

very-low-risk patients who would not need HCC surveillance.

In the changing process from an HBeAg-positive to an HBeAg-

negative status, the HCC risk can also vary according to the fluc-

tuation of the HBV DNA levels between HBeAg-negative early 

and late phase. Because of the heterogeneity within the “HBeAg 

status”, such as different HBV DNA levels or fibrotic burden sug-

gested by the Liang scores, prospective observational studies for 

accurate assessment of clinical outcomes in various conditions of 

CHB are required to determine “early treatment” or “observation” 

for CHB patients who do not meet the current treatment criteria.
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INTRODUCTION

Liver diseases are a public health problem worldwide and are 

highly prevalent in Asian countries.1 In Korea, liver diseases have 

a high prevalence along with diabetes mellitus (DM), respiratory 

diseases, and hypertension. According to the Korea Statistics Of-

fice, liver diseases accounted for 13.3 deaths per 100,000 popula-

tion in Korea, and ranked the seventh leading cause of death in 

2017.2

Liver transplantation (LT) is the gold standard treatment for pa-

tients with end-stage liver disease. Since the first LT in Korea in 

1988, the number of LT has increased dramatically over time.3 To 

meet such an increased demand, living donor LT (LDLT) has be-

come an inevitable option as it shortens the waiting time and 

Background/Aims: To analyze the incidence and risk factors of outcomes after liver transplantation (LT) in the Korean 
population.
Methods: This study analyzed data from the liver cohort of Korean Organ Transplantation Registry (KOTRY) who had 
LT between May 2014 and December 2017. Study measures included the incidence of post-LT outcomes in recipients 
of living donor LT (LDLT) and deceased donor LT (DDLT). Cox multivariate proportional hazards model was used to 
determine the potential risk factors predicting the outcomes.
Results: A total of 2,563 adult recipients with LT (LDLT, n=1,956; DDLT, n=607) were included, with mean±standard 
deviation age of 53.9±8.9 years, and 72.2% were male. The post-LT outcomes observed in each LDLT and DDLT recipients 
were death (4.0% and 14.7%), graft loss (5.0% and 16.1%), rejection (7.0% and 12.0%), renal failure (2.7% and 13.8%), 
new onset of diabetes (12.5% and 15.4%), and hepatocellular carcinoma (HCC) recurrence (both 6.7%). In both LDLT and 
DDLT recipients, the most common post-LT complications were renal dysfunction (33.6% and 51.4%), infection (26.7% 
and 48.4%), and surgical complication (22.5% and 23.9%). Incidence of these outcomes were generally higher among 
recipients of DDLT than LDLT. Multivariate analysis indicated recipient age and DDLT as significant risk factors associated 
with death and graft loss. DDLT and ABO incompatible transplant were prognostic factors for rejection, and HCC beyond 
Milan criteria at pre-transplant was a strong predictor of HCC recurrence.
Conclusions: This study is a good indicator of the post-LT prognosis in the Korean population and suggests a significant 
burden of post-LT complications. (Clin Mol Hepatol 2021;27:451-462)
Keywords: Liver transplantation; Incidence; Risk factors; Renal insufficiency
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• In the Korean liver transplant population, incidence of graft loss, rejection and death were higher in recipients of deceased donor than living donor
• The most common outcomes occurring in more than 20% of recipients following LT were renal dysfunction, infection, and surgical complications
• The study highlights the burden of outcomes post LT, and identifies risk factors requiring special attention to improve prognosis
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lowers the dropout rate in comparison to deceased donor LT 

(DDLT).4,5

According to the Korean Network for Organ Sharing (KONOS), 

the number of LT performed annually in Korea increased more 

than seven-fold between 2000 (n=205) and 2019 (n=1,579). Of 

the total LT procedures in 2019, LDLT accounted for 1,188 cases 

(75.24%).6 The most common indication for LT was alcoholic liver 

disease (21.85%), followed by hepatitis B virus (HBV; 18.43%), 

malignant neoplasms (17.10%) and acute liver failure (4.05%).6 

The survival rate reported in 2019 for LDLT was 94.63% at 3 months, 

90.41% at 1 year and 81.01% at 5 years post-transplant. DDLT 

showed a relatively lower survival rate of 82.24%, 77.31% and 

68.46%, respectively.6

Despite advancement in LT surgery techniques and post-LT 

management, complications after LT are still frequent. Graft loss, 

rejection, renal dysfunction, and new onset diabetes mellitus 

(NODM) are well-known post-LT complications.7 Recipient and 

donor age, gender, and blood group type matching have been 

identified as representative risk factors along with the need for 

appropriate management after LT to improve outcomes.8-12

Study on LT outcomes and associated risk factors in Korean 

population are still scarce. Identification of this data gap utilizing 

locally generated database will be worthy of understanding the 

current status of LT prognosis in Korea. The Korean Organ Trans-

plantation Registry (KOTRY), which was established in 2014, is 

the first integrated national transplant registry in Korea that in-

cludes post-transplantation data from five solid organ transplan-

tation cohorts, comprising of lung, kidney, heart, liver, and pan-

creas transplants.13

The objective of the present study was to investigate the inci-

dence and risk factors of post-LT outcomes among LT recipients in 

Korea by leveraging the KOTRY registry database.

MATERIALS AND METHODS

Study design and data source

This study utilized data from the liver cohort of the KOTRY reg-

istry generated from 15 participating transplantation centers in 

2015. These centers performed 81.5% of Korean LTs (1,139/1,398) 

in 2015.4 The liver cohort of KOTRY, a web-based clinical research 

management system (iCReaT; http://icreat.nih.go.kr/, study num-

ber: C140015), collected data on both the recipient and living do-

nor demographics, comorbidities, immunologic assessment and 

viral markers at enrollment. For deceased donors, donor profile on 

cause of brain death and cold ischemic time were collected at en-

rollment, and for LT recipients, additional data on laboratory as-

sessment, immunosuppressant used, surgical complications, post-

transplant outcomes and complications were collected at 

enrollment and at 1, 6, 12, 24, and 36 months post-transplant.  

The KOTRY registry was approved by the Institutional Review 

Boards of each participating center. All patients provided in-

formed consent prior to their registration in the KOTRY database.

Patient selection

The study population consisted of patients included in the 

KOTRY registry who had LT between May 1, 2014 and December 

31, 2017. The details of KOTRY design and patient enrollment 

have been described in previous reports.4,13 LT recipients who had 

been followed up for at least 6 months post LT were included in 

the analysis. A total of 2,648 LT recipients were identified, of 

which 2,563 were adults and 85 were pediatrics. Given the het-

erogeneous characteristics of pediatric LT recipients, the sample 

size of pediatrics appeared too small to get statistically valid infer-

ences. Thus, we analyzed the data on adults only.

Study measures

Study measures included recipient demographics (age, gender, 

body mass index [BMI]), comorbidities (hypertension and DM), 

underlying liver disease, Child-Turcotte-Pugh score and Model for 

End-stage Liver Disease (MELD) score for chronic liver disease or 

cirrhosis, urgent status in KONOS,14 donor type (LD or DD), donor 

demographics (age, gender, BMI), graft related variables (graft 

type, graft-recipient weight ratio and type of donor operation), 

ABO blood group compatibility, laboratory parameters, and type 

of immunosuppressant used. If hepatocellular carcinoma (HCC) 

was the underlying cause for LT, the pre-transplant HCC status in-

cluding Milan criteria and liver cancer free (no viable tumor) state 

was additionally inspected. If the donor type was DD, cold isch-

emic time and macrovesicular steatosis in donor were also exam-

ined. All of these variables were assessed to identify the risk fac-

tors on post-LT outcomes.

Post-LT outcomes

The post-LT outcomes examined were overall survival, graft sur-

vival, malignancies (HCC, non-HCC, or cholangiocarcinoma), graft 
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Table 1. Demographics and clinical characteristics of liver transplant recipients overall and by donor types

Variable Missing Total (n=2,563) LDLT (n=1,956) DDLT (n=607)

Age (years) 0 53.9±8.9 54.3±8.4 52.6±10.3

Sex, male 0 1,850 (72.2) 1,441 (73.7) 409 (67.4)

BMI ≥25 kg/m2 2 937 (36.6) 725 (37.1) 212 (34.9)

Underlying liver disease 0

Hepatitis B 1,433 (55.9) 1,184 (60.5) 249 (41.0)

Alcoholic 622 (24.3) 401 (20.5) 221 (36.4)

Hepatitis C 179 (7.0) 133 (6.8) 46 (7.6)

Cryptogenic 138 (5.4) 111 (5.7) 27 (4.4)

Others 191 (7.5) 127 (6.5) 64 (10.5)

Acute hepatitis 0 109 (4.3) 52 (2.7) 57 (9.4)

Liver cancer 1,262 (49.2)

HCC 0 1,229 (48.0) 1,056 (54.0) 173 (28.5)

CCC 11 (0.4) – –

Combined HCC+CCC 20 (0.8) – –

Other malignancy 2 (0.1) – –

Pretransplant HCC status 3

Within Milan criteria 790 (30.8) 677 (34.6) 113 (18.6)

Beyond Milan criteria 212 (8.3) 176 (9.0) 36 (5.9)

No viable tumor 224 (8.7) 201 (10.3) 23 (3.8)

Incidental liver cancer 0 (0.0) 0 (0.0) 0 (0.0)

Hypertension 0 454 (17.7) 363 (18.6) 91 (15.0)

Diabetes mellitus 0 629 (24.5) 480 (24.5) 149 (24.5)

MELD score (n=2,562) 1

<15 1,319 (51.5) 1,234 (63.1) 85 (14.0)

15–34 996 (38.9) 662 (33.9) 334 (55.0)

≥35 247 (9.6) 59 (3.0) 188 (31.0)

CTP classification 0

A (≤6) 742 (29.0) 723 (37.0) 19 (3.1)

B (7–9) 860 (33.6) 769 (39.3) 91 (15.0)

C (≥10) 961 (37.5) 464 (23.7) 497 (81.9)

KONOS status 0

Score 1 58 (2.2) 9 (0.5) 49 (8.1)

Score 2 163 (6.4) 35 (1.8) 128 (21.1)

Score 3 150 (5.9) 58 (3.0) 92 (15.2)

Score 4 416 (16.2) 262 (13.4) 154 (25.4)

Score 5 1,776 (69.3) 1,592 (81.4) 184 (30.3)

ABO incompatible 0 408 (15.9) 404 (20.7) 4 (0.7)

Graft type 0

Whole liver 577 (22.5) 0 (0.0) 577 (95.1)

Right liver graft 87 (3.4) 85 (4.3) 2 (0.3)

Left liver graft 1,899 (74.1) 1,871 (95.7) 28 (4.6)
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rejection (acute or chronic), renal failure, renal dysfunction, infec-

tion, surgical complication and NODM.

Graft loss was defined as patient death or re-transplantation. 

Rejection was identified as diagnosed clinically or biopsy-proven. 

Renal failure was defined as initiation of dialysis or receipt of kid-

ney transplantation and renal dysfunction was defined as the esti-

mated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2. In-

fection was recorded when the causative pathogen was isolated 

and the patient was treated with antibiotics. Surgical complication 

was noted as one of the following: bleeding at operation site, in-

tra-abdominal abscess, vascular stenosis or thrombosis (hepatic 

artery, portal vein stenosis or hepatic vein), biliary stricture, or bili-

ary stenosis. NODM was defined as use of insulin or glucose low-

ering agent in patients who were non-diabetic before transplanta-

tion.

Statistical analysis

Continuous variables are expressed as mean±standard devia-

tion (SD) or median (range: minimum, maximum) and categorical 

variables are expressed as counts and percentages.

Survival curves of LDLT and DDLT according to post-LT out-

comes were estimated by the Kaplan-Meier method and tested 

using log-rank test. The censoring time was defined as the final 

documented date. The date of death with no evidence of out-

comes was also considered censoring except in case of outcome 

death.

To assess the potential risk factors influencing the occurrence of 

post-LT outcomes, a separate univariate cox regression analysis 

was conducted with each variable as an independent predictor for 

each outcome. Significant variables in the univariate analysis 

(P<0.05) were included in a cox multivariate proportional hazards 

model to determine which factors independently predicted post-

LT outcomes and graft or patient survival. Results obtained from 

multivariate analysis were expressed as hazard ratio, 95% confi-

dence interval, and P-value. All tests were two-sided, and statisti-

cal significance was defined as P<0.05. All analyses were per-

formed using SAS version 9.2 (SAS Institute, Cary, NC, USA).

RESULTS

Baseline characteristics

Two thousand five hundred sixty-three adult recipients were in-

cluded in the analysis, with a mean follow-up duration of 

14.7±10.6 months based on the data collected until June 2018. 

One thousand nine hundred fifty-six (76.3%) recipients had LDLT 

and 607 (23.7%) had DDLT. The mean±SD age of LDLT and DDLT 

recipients were 54.3±8.4 and 52.6±10.3 years, respectively. Re-

cipient demographics and clinical characteristics according to do-

nor type are summarized in Table 1.

Hepatitis B and alcoholic liver disease were the two most com-

mon underlying liver diseases among LDLT (60.5% and 20.5%) 

and DDLT (41.0% and 36.4%) recipients. Nearly half (49.2%) of 

all recipients had liver cancer, and HCC was accountable for ma-

jority (97.4%) of the neoplasms. Among recipients with HCC, 

about two-thirds (64.2% in LDLT and 65.7% in DDLT) had pre-

transplant HCC within Milan criteria.

A higher proportion of DDLT than LDLT recipients had MELD 

score ≥35 (31.0% vs. 3.0%), whereas more recipients of LDLT 

than DDLT had KONOS status score of 5 (81.4% vs. 30.3%). Left 

Variable Missing Total (n=2,563) LDLT (n=1,956) DDLT (n=607)

Graft-recipient weight ratio for LDLT < 0.8 33 – 159 (8.3) –

Type of donor operation in LDLT (n=1,956) 0

Minimal invasive surgery – 388 (19.8) –

Conventional, open – 1,568 (80.2) –

Use of steroids 2,288 (89.3) 1,767 (90.3) 521 (85.8)

Use of anti-metabolites 1,892 (73.8) 1,485 (75.9) 407 (67.1)

Use of mTOR inhibitors 282 (11.0) 212 (10.8) 70 (11.5)

Values are presented as mean±standard deviation or number (%).
LDLT, living donor liver transplantation; DDLT, deceased donor liver transplantation; BMI, body mass index; HCC, hepatocellular carcinoma; CCC, cholangio-
carcinoma; MELD, Model for End-Stage Liver Disease; CTP, Child-Turocotte-Pugh; KONOS, Korean Network for Organ Sharing; mTOR, mammalian target of 
rapamycin. 

Table 1. Continued
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liver graft was most frequently used for LDLT (95.7%), while the 

whole liver graft was commonly used in DDLT (95.1%) (Table 1).

Donor characteristics

The mean age of overall LT donors was 35.3±14.0 years and 

63.9% were male. A small proportion of donors (27.1%) were 

overweight (BMI, 25–29 kg/m2), and 7.2% had hypertension and 

3.6% had DM. Living donors (n=1,956) were relatives of recipi-

ents in most cases (85.9%), and conventional operation (open 

surgery) was performed in 80.2% of them.

In deceased donors (n=607), the principal cause of death was 

Figure 1. The incidence of post-transplantation outcomes among the recipients of liver transplantation by type of donors. N is the total number of 
recipients in each group; n is the number of recipients with a particular outcome. In DDLT group, N=568 (for rejection) and N=254 (for HCC recur-
rence). In LDLT group, N=1,942 for rejection and N=1,245 for HCC recurrence. DDLT, deceased donor liver transplantation; LDLT, living donor liver trans-
plantation; NODM, new onset of diabetes mellitus; HCC, hepatocellular carcinoma.
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progression of underlying disease (45.5%), followed by trauma 

(32.0%) and suicide (13.3%). The most common etiological 

causes of death were subarachnoid hemorrhage (33.3%), hypoxic 

damage (31.5%), and intracranial hemorrhage (26.7%). The mean 

cold ischemic time was 5.0±4.4 hours. Macrovesicular steatosis 

was <10% in majority (84.9%) of the donors and 10–30% in 

Figure 3. Kaplan-Meier survival curve of post-transplantation outcomes in adult patients with liver transplantation. LDLT, living donor liver transplanta-
tion; DDLT, deceased donor liver transplantation; HCC, hepatocellular carcinoma; NODM, new onset of diabetes mellitus.
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13.0% of the donors (data not shown and can be shared upon re-

quest to authors).

Treatments after LT

Induction of immunosuppression using steroids or basiliximab 

was performed in 89.4% and 77.1% of LT recipients, respectively. 

To maintain immunosuppression, most recipients (97.9%) were 

given calcineurin inhibitors (e.g., cyclosporin and tacrolimus), fol-

lowed by antimetabolite agents (e.g., azathioprine, mycopheno-

late mofetil, and mizoribine; 73.8%) and mammalian target of ra-

pamycin (mTOR) inhibitors (e.g., sirolimus and everolimus; 11.0%).

For the prophylaxis of HBV post LT, almost all (98.7%) recipients 

were prescribed anti-HBV-specific immunoglobulins either as 

monotherapy (34.1%) or in combination with antiviral therapies 

(64.6%).

Outcomes after LT

Incidence of death was 4.0% in LDLT group and 14.7% in DDLT 

group (Fig. 1). Graft loss was observed in 5.0% and 16.1% of 

LDLT and DDLT recipients, respectively. The leading causes of 

graft loss were death of patient with functioning graft (69.7%), 

primary non-function of the graft (10.3%) and recurrence of HCC 

(5.6%) (Fig. 2).

Seven percent of LDLT and 12.0% of DDLT recipients experi-

enced rejection. In both LDLT and DDLT recipients, the most com-

mon (>20%) post-LT complications were renal dysfunction (33.6% 

and 51.4%), infection (26.7% and 48.4%), and surgical complica-

tion (22.5% and 23.9%). Incidence of renal failure (2.7% and 

13.8%). NODM (12.5% and 15.4%) and HCC recurrence (both 

6.7%) were generally low in both LDLT and DDLT groups. Except 

for NODM and HCC recurrence, the incidence rate of post-LT out-

comes was higher in recipients of DDLT than LDLT (Fig. 1).

Figure 3. Continued.
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Kaplan-Meier survival curves for each outcome are presented in 

Figure 3. Survival rate of LDLT recipients were significantly higher 

than DDLT recipients during the first 3 years post LT (3-year, 90.4% 

vs. 80.4%; P<0.001). Similar differences were observed for graft 

survival (3-year, 89.1% vs. 79.2%; P<0.001) and rejection free sur-

vival (3-year, 90.2% vs. 83.3%; P<0.001) between the two groups. 

Event-free survival rates for renal failure (3-year, 95.6% vs. 78.3%; 

P<0.001), renal dysfunction (3-year, 50.5% vs. 31.1%; P<0.001) 

and infection (3-year, 64.1% vs. 44.2%; P<0.001) were also signif-

icantly higher in LDLT recipients than DDLT. The survival distribu-

tion of patients not developing NODM were significantly different 

among LDLT and DDLT (3-year, 83.3% vs. 84.0%, P=0.039) and 

LDLT was higher than DDLT. No significant difference between 

LDLT and DDLT was observed for HCC recurrence free survival 

(P=0.527) and surgical complication (P=0.538).

Risk factors for post-LT outcomes

In both univariate and multivariate analysis, increased recipient 

age (each P<0.001) and DDLT (each P<0.001) were significantly 

associated with increased risk of death. Recipient MELD score 

≥35 (P<0.001), underlying acute hepatitis (P=0.004), donors’ age 

(P<0.001), and hypertension (P=0.043) were identified as inde-

pendent risk factors of death only in univariate analysis (Supple-

mentary Table 1).

Multivariate analyses showed that increased recipient age 

(P=0.012), DDLT (P=0.001), underlying HCC (P=0.011), and acute 

hepatitis (P=0.044) were predisposing factors for graft loss after 

LT (Supplementary Table 2). HCC beyond the Milan criteria at pre-

transplant was the only significant factor identified to increase the 

risk of HCC recurrence post liver transplant (P<0.001; Supplemen-

tary Table 3). DDLT (P=0.042) and ABO incompatible transplant 

(P=0.002) were independent factors associated with increased 

risk of rejection (Supplementary Table 4). MELD score ≥35 

(P<0.001) was a predictor of increased risk of renal dysfunction, 

along with increased recipient age (P<0.001), DDLT (P=0.004), 

hypertension (P=0.007), and DM (P=0.011) in multivariate analy-

sis (Supplementary Table 5). Multiple Cox regression analysis of 

risk factors for renal failure, infection, surgical complication and 

NODM are presented in Supplementary Tables 6-9.

DISCUSSION

This study showed the outcomes and their risk factor in patients 

who underwent LT. Renal dysfunction is the most common post-

transplantation outcome in LDLT and DDLT, followed by infec-

tions, and surgical complications, while NODM, graft rejection, 

graft loss, HCC recurrence, and renal failure were other outcomes. 

With the exception of NODM, the incidence rate of these out-

comes was greater among DDLT recipients compared with LDLT 

recipients. The age of recipient, MELD score, LDLT, underlying liver 

disease, Milan criteria were representative risk factors for the out-

comes.

In the present study, incidence of death during follow-up dura-

tion was 6.5% for all recipients (4.0% in LDLT and 14.7% in 

DDLT) and the survival rates at 1, 2, and 3 years after transplanta-

tion were notably higher in LDLT recipients than DDLT. The surviv-

al rates at 3-year observed in our study were consistent with re-

cent studies showing superior survival in LDLT recipients than 

DDLT.15,16 In alignment with literature, our study also supports that 

recipient age is a risk factor for survival in LT recipients.15-17 We 

observed that LDLT was associated with lower risk of death com-

pared to DDLT. Several studies have shown better survival out-

comes among recipients with LDLT than DDLT,15,16,18 indicating this 

as a preferable option for LT. Evidence suggests that problem of 

organ shortage for transplantation in Asia has been successfully 

addressed by increasing the number of LDLT. However, in Western 

countries, the number of LDLTs have remained stagnant for over a 

decade, and the demand for DDLT continues to increase.19 In 

Asian countries, high incidence of HCC and low organ donation 

rate from the deceased has evolved LDLT as a new emerging 

treatment modality for HCC.20

We observed graft loss in 7.6% of our study population (5.0% 

in LDLT and 16.1% in DDLT). The death of the LT recipient was the 

most common cause of graft loss, which is consistent with find-

ings from literature.21 A study by Olthoff et al.22 showed recipient 

age, hepatitis C virus and HCC as the risk factors for graft loss. 

The study by Azzam demonstrated ABO-incompatible, the age 

and sex of the donor, hepatitis B and C virus, HCC as the inde-

pendent risk factors for graft loss.17 Our study revealed that in-

creased age of the recipient, DDLT, HCC, acute hepatitis, use of 

steroids, and use of anti-metabolites were risk factors for graft 

loss, which are in alignment with several studies published previ-

ously.22-24 Thus, it also becomes important that recipients’ charac-

teristics, including the underlying liver disease should be consid-

ered during management.

In this study, the recurrence of HCC was observed in 6.7% each 

of LDLT and DDLT recipients. A study by Sandhu et al.25 reported 

the low and similar rates of HCC recurrence at 3-year among re-
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cipients of LDLT and DDLT (10.7% and 14.8%). Previous research 

by Park et al.26 reported the low occurrence of de novo malignan-

cies in 2.3% of Korean patients after a mean post-LT period of 41 

months. Another study by Hong et al.27 reported the recurrence of 

HCC in 24.5% of the recipients at 5 years. Based on the Milan cri-

teria, Lee et al.28 reported that the recurrence of HCC was 3.3% in 

patients within Milan and 29.4% in patients beyond Milan. Our 

study also supports this observation, as the multivariate analysis 

revealed that the risk of HCC recurrence was higher among pa-

tients with HCC beyond the Milan criteria compared to those 

within the criteria. In addition to the Milan criteria, other factors 

such as male gender, tumor size of more than 5 cm, positive posi-

tron emission tomography scan, high serum alpha-fetoprotein lev-

el (>1,000 ng/mL), and poor histologic grade (Edmonson-Steiner 

grade III and IV) have also been suggested to be associated with 

higher recurrence of HCC in Korean studies.26-28

Despite the progress made in preoperative evaluation, surgical 

procedures, postoperative care, and immunosuppressant therapy, 

chronic renal disease remains a common complication post LT.29,30 

Approximately 37.8% of all LT recipients (33.6% in LDLT and 

51.4% in DDLT) in the present study were observed to have some 

degree of renal dysfunction post-transplantation, which is consis-

tent with finding from earlier studies in Korea.31,32 A study by Lee 

et al.32 evaluating the early postoperative renal dysfunction in 

LDLT showed that 34.9% of recipients had renal dysfunction (de-

fined as the creatinine level ≥1.5 mg/dL) at 1-year post LT. In an-

other study by Kim et al.,31 43.5% of the overall LT recipients were 

reported to have moderate renal dysfunction (defined as the 30≤ 

eGFR <60 mL/min/1.73 m2). The rate of renal dysfunction post-LT 

varies considerably among recipients in other countries, with 

8.0% in Egypt,33 48.0% in Spain,34 and 46.7% in Brazil.35 This 

disparity in post-LT renal dysfunction rates between these studies 

might arise from differences in pre-LT renal function status, source 

of graft (LDLT or DDLT), presence of diabetes/hypertension, post-

LT care, timing of kidney function monitoring, or definitions used 

for renal dysfunction. Thus, there is a need to standardize these 

definitions to enable better appraisal of studies worldwide.

The MELD scoring system has been reported as a validated tool 

that predicts the renal failure post LT.36 In consistency with previ-

ous research,32,36 the pre-transplant MELD score ≥35 was found 

to be a strong predictor of both renal failure and renal dysfunction 

in our study. Other significant risk factors such as increased recipi-

ent age and comorbid hypertension as predictor of renal dysfunc-

tion post LT were also in line with literature.29 The occurrence of 

renal dysfunction post LT leads to poor prognosis. We observed 

an increasing trend of renal dysfunction rates with longer follow-

ups (44.2%, 50.2%, and 54.8% at 1, 2, and 3 years, respective-

ly). Since renal dysfunction can increase the need for renal re-

placement therapy and also increase the risk of cardiovascular 

diseases, preventive measures are warranted for better progno-

sis.37,38

The rate of NODM in the current study was observed to be ap-

proximately 14.8%. In a meta-analysis based on 56 studies, 

NODM was reported in 13.4% of patients following transplanta-

tion.39 We found that pre-transplant obesity (BMI ≥25 kg/m2), use 

of steroids, and anti-metabolites were associated with a higher 

risk of NODM post LT. These results are in alignment with recent 

results published by KOTRY on NODM in the same population.40

In order to improve the outcomes after LT, appropriate surgical 

technique, donor-recipient matching and optimization of immuno-

suppressants is essential. Also, there is a need for further research 

on innovative management strategies such as machine perfusion, 

liver support device and tissue bioengineering.41

Our study has several limitations. First, this study was a retro-

spective study. We analyzed registry database and cautious inter-

pretation is required since the severity of each patient in database 

is different and interventional adjustment was not possible. Sec-

ond, the KOTRY is a relatively new registry with short follow-up 

period, so long-term outcomes, including median survival time, 

could not be assessed. Third, it was difficult to compare the ef-

fects of medications because the patient population using these 

medications was heterogeneous. The use of immunosuppressants 

as the risk factor for the occurrence of post LT outcomes could not 

be ascertained because patients’ status were different for choos-

ing an immunosuppressant agent which may lead to different 

outcomes. Lastly, in case of HCC recurrence, the use of mTOR in-

hibitors has the advantage of lowering the post-transplant malig-

nancy compared with other immunosuppressants; however, the 

study showed that the use of an mTOR inhibitor at 6 months of 

transplantation poses a higher risk. Given that the order of the in-

cidents could not be confirmed, the use of immunosuppressant 

was not considered as one of the risk factors.

Despite of these limitations, this study is a good indicator of the 

outcomes after transplantation in Korean LT recipients. Following 

LT, recipients of deceased donor reported higher rates of graft 

loss, rejection and death and the most frequent complications 

were renal dysfunction, infection, and surgical complications. Risk 

factors associated with poor outcomes warrant special attention 

to improve patient prognosis.
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INTRODUCTION

Metabolic syndrome is a cluster of metabolic derangements 

caused by central obesity and insulin resistance, and presents in-

creased cardiovascular disease risk as their clinical outcome.1 Pa-

tients with metabolic syndrome are at increased risk of cardiovas-

cular disease-related mortality and all-cause mortality. Thus, early 

detection and intervention of metabolic syndrome are imperative. 

However, frequently, diagnosis of metabolic syndrome is only pos-

sible after complications have already begun.2,3

Screening metabolic syndrome with a single serum biomarker is 

difficult, as it encompasses a wide range of disorders that develop 

at various times.4,5 Several diagnostic criteria for metabolic syn-

drome which designate values for obesity, hypertension, hypergly-

cemia, triglyceride and high density lipoprotein (HDL)-cholesterol 

levels, and urine albumin have been outlined.6 In addition, novel 

biomarkers were discovered to aid in earlier diagnosis when clini-

cal signs are not obvious.7-9 While numerous studies have evaluat-

ed various cytokines and adipokines thought to be useful as bio-

markers, no single biomarker alone has been found to be indicative 

of metabolic syndrome.10 Nevertheless, the development of im-

proved biomarkers is needed to identify individuals with metabolic 

syndrome and decrease the overall prevalence of the disease in 

general population using an easy and less invasive method.

Although the entire mechanism of metabolic syndrome is yet to 

be determined, it is suggested that systemic oxidative stress pro-

motes chronic inflammation, resulting in altered endothelial func-

tion and impaired lipid metabolism, and affecting insulin sensitivi-

ty.11 Milk fat globule-EGF factor-8 (MFG-E8) is a multifunctional 

glycoprotein originally identified as part of the milk fat globule 

membrane which regulates inflammation through integrin-medi-

ated clearance of apoptotic cells.12,13 In addition, previous studies 

reported that MFG-E8 promotes obesity by mediating uptake of 

dietary fats and serum fatty acids.14,15 MFG-E8 also acts as a 

bridging molecule between phosphatidylserine on extracellular 

vesicles and integrins on various cells.16,17 Extracellular vesicles 

Background/Aims: Useful biomarkers for metabolic syndrome have been insufficient. We investigated the performance 
of serum milk fat globule-EGF factor-8 (MFG-E8), the key mediator of inflammatory pathway, in diagnosis of metabolic 
syndrome.
Methods: Subjects aged between 30 and 64 years were prospectively enrolled in the Seoul Metabolic Syndrome cohort. 
Serum MFG-E8 levels were measured at baseline.
Results: A total of 556 subjects were included, comprising 279 women (50.2%) and 277 men (49.8%). Metabolic 
syndrome was diagnosed in 236 subjects (42.4%), and the mean MFG-E8 level of subjects with metabolic syndrome 
was significantly higher than that of subjects without metabolic syndrome (P<0.001). MFG-E8 level was significantly 
correlated with all metabolic syndrome components and pulse wave velocity (all P<0.05). Subjects were categorized 
into two groups according to the best MFG-E8 cut-off value as follows: group 1, MFG-E8 level <4,745.1 pg/mL (n=401, 
72.1%); and group 2, MFG-E8 level ≥4,745.1 (n=155, 27.9%). At baseline, metabolic syndrome in group 2 was significantly 
more prevalent than in group 1 (63.9% vs. 34.2%, P<0.001). During median follow-up of 17 months, metabolic syndrome 
developed in 122 (38.1%) subjects among 320 subjects without it at baseline. The incidence of metabolic syndrome in 
group 2 was significantly higher than that in group 1 (55.4% vs. 34.5%, P=0.003). On multivariate analysis, MFG-E8 level 
≥4,745.1 pg/mL was an independent predictor for diagnosis and development of metabolic syndrome after adjusting 
other factors (all P<0.05).
Conclusions: Serum MFG-E8 level is a potent biomarker for the screening and prediction of metabolic syndrome. (Clin 
Mol Hepatol 2021;27:463-473)
Keywords: Milk fat globule-EGF factor-8; Metabolic syndrome; Biomarkers; Diagnosis

Study Highlights
Reliable biomarkers for diagnosis and prediction of metabolic syndrome have been required. This prospective cohort study shows that subjects 
with higher serum MFG-E8 level have a higher risk for metabolic syndrome and further development, which indicates that serum MFG-E8 could be 
an useful biomarker in screening of metabolic syndrome.
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play important roles in intercellular communication by exchanging 

substances including lipids.18 All these pathways that serum MFG-

E8 involves in are pathogenic processes of metabolic syndrome. 

Thus, we hypothesized that serum MFG-E8 level could feasibly 

serve as a biomarker for detecting metabolic syndrome in general 

population.

Hence, we performed this study on Seoul Metabolic Syndrome 

(S-MAS) cohort, consisting of subjects aged 30 to 64 years with 

no history of cardiovascular disease. We investigated the predic-

tive performance of serum MFG-E8 level for the diagnosis and 

prediction of the development of metabolic syndrome.

MATERIALS AND METHODS

Subjects

This is a prospective study on the S-MAS cohort performed by 

Korea University Anam Hospital in Seoul, Korea. This study origi-

nally aimed to investigate significant prognostic factors and de-

velop valuable prognostic models in metabolic syndrome patients. 

A total of 1,130 subjects between 30 and 64 years of age were 

enrolled from 25 public healthcare centers from January to Sep-

tember 2014. Subjects with previous history of angina pectoris, 

myocardial infarction, stroke, or any revascularization were ex-

cluded. Medical examination, standardized questionnaire assess-

ment, laboratory and hemodynamic measurements were per-

formed at baseline. A total of 756 participants were visited for 

follow-up evaluation until November 2017. The exclusion criteria 

were as follows: 1) insufficient clinical or laboratory data, 2) lost 

to follow-up, 3) history of any malignancy, 4) history of autoim-

mune disease, 5) history of organ transplantation, and 6) history 

of immunosuppressant drugs (Fig. 1). This study protocol followed 

the ethical guidelines of the 1975 Declaration of Helsinki, and the 

Institutional Review Board of Korea University Anam Hospital ap-

proved this study (IRB No. ED13087). Written informed consent 

was obtained from each subject.

Definition of metabolic syndrome

Metabolic syndrome was defined according to the criteria of the 

joint interim statement of the International Diabetes Federation 

Task Force on Epidemiology and Prevention, the National Heart, 

Lung, and Blood Institute, the American Heart Association, the 

World Heart Federation, the International Atherosclerosis Society, 

and the International Association for the Study of Obesity in 

2009.6 Accordingly, metabolic syndrome was defined as involving 

three of the following five criteria: 1) increased waist circumfer-

ence (≥90 cm in men and ≥80 cm in women), 2) elevated serum 

triglyceride level (≥150 mg/dL) or drug treatment for elevated tri-

glyceride level, 3) reduced serum HDL-cholesterol level (<40  

mg/dL in men and <50 mg/dL in women) or drug treatment for 

reduced HDL-cholesterol level, 4) elevated blood pressure (BP)  

(≥130/85 mmHg) or use of antihypertensive medication, and  

5) elevated fasting glucose level (fasting plasma glucose ≥100 

mg/dL) or drug treatment for elevated glucose level.

Figure 1. Flowchart of enrolled subjects. MFG-E8, milk fat globule-EGF 
factor 8 protein.

1,130 subjects in Seoul Metabolic Syndrome study
from January 2014 to September 2014

Exclusion criteria
(1) Insufficient clinical or laboratory data (n=98)
(2) Lost to follow-up (n=374)
(3) History of any malignancy (n=56)
(4) History of autoimmune disease (n=32)
(5) History of organ transplantation (n=2)
(6) History of immunosuppressant drugs (n=12)

556 subjects were finally included

Group 1
MFG-E8 level <4,745.1 pg/mL

(n=401, 72.1%)

Group 2
MFG-E8 level ≥4,745.1 pg/mL

(n=155, 27.9%)
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Clinical evaluation and laboratory measurements

Each subject answered a self-administered questionnaire re-

garding medical history, anti-diabetic, anti-hyperlipidemic, and 

anti-hypertensive treatment, alcohol intake, and smoking habit at 

baseline. Alcohol intake and smoking habit were classified as ei-

ther current or not current.

Blood samples were collected from each subject after an over-

night fast of at least 10 hours at baseline and follow-up examina-

tions. Sitting BP was measured in each arm, and the average val-

ue was calculated for analyses. Height and body weight were 

measured in light clothing without shoes. Pulse wave velocity was 

measured from carotid-radial artery with non-invasive applana-

tion tonometry. Serum specimens collected at baseline were 

stored at -80°C until the measurement of serum MFG-E8 levels. 

Serum MFG-E8 levels was determined using an enzyme-linked im-

munosorbent assay kit (DFGE80; R&D Systems, Minneapolis, MN, 

USA) according to the manufacturer’s instructions.

Statistical analysis

Data are presented as mean (interquartile range) or numbers 

with percentages. The statistical significance of differences be-

tween continuous and categorical variables was compared using 

Table 1. Baseline characteristics of the study subjects according to the presence of metabolic syndrome

Variable
All subjects 

(n=556)
Subjects without metabolic 

syndrome (n=320)
Subjects with metabolic 

syndrome (n=236)
P-value

Demographic variables

Age (years) 55.1±6.5 55.6±6.1 54.3±7.0 0.026

Male 277 (49.8) 133 (41.6) 144 (61.0) <0.001

Waist circumference (cm) 87.9±8.0 85.0±7.7 91.8±6.6 <0.001

Body mass index (kg/m2) 25.8±2.9 25.0±2.9 26.8±2.6 <0.001

Alcohol drinking 325 (58.5) 181 (56.6) 144 (61.0) 0.292

Current smoker 212 (38.1) 117 (36.6) 95 (40.3) 0.376

Monthly income (won) 0.060

None 109 (19.6) 72 (22.5) 37 (15.7)

0 to 2,000,000 105 (18.9) 56 (17.5) 49 (20.8)

2,000,000 to 4,000,000 290 (52.2) 157 (49.1) 133 (56.4)

>4,000,000 52 (9.4) 35 (10.9) 17 (7.2)

Regular exercise 226 (40.6) 141 (44.1) 85 (36.0) 0.056

Systolic blood pressure (mmHg) 127.4±14.1 123.8±13.5 132.3±13.4 <0.001

Diastolic blood pressure (mmHg) 81.6±9.3 79.4±9.0 84.7±8.7 <0.001

Laboratory variables

Total cholesterol (mg/dL) 198.2±34.3 198.5±34.9 197.8±33.5 0.810

LDL-cholesterol (mg/dL) 128.2±33.3 131.0±32.9 129.5±33.4 0.124

HDL-cholesterol (mg/dL) 51.5±12.5 55.3±11.9 46.3±11.4 <0.001

Triglyceride (mg/dL) 157.4±92.7 120.4±51.3 207.5±111.0 <0.001

Glucose (mg/dL) 100.8±18.9 96.7±14.1 106.3±22.8 <0.001

Creatinine (mg/dL) 0.83±0.16 0.82±0.15 0.85±0.16 0.001

High sensitivity CRP (mg/dL) 1.27±2.43 1.10±1.85 1.49±3.04 0.064

Apolipoprotein AI (mg/dL) 77.3±15.8 78.4±15.3 75.8±16.5 0.081

MFG-E8 (pg/mL) 4,195.0±1,735.7 3,786.0±1,329.5 4,749.4±2,044.4 <0.001

Pulse wave velocity (m/s) 13.9±2.1 13.7±2.2 14.2±198.5 0.005

Values are presented as mean±standard deviation or number (%).
LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein; MFG-E8, milk fat globule-EGF factor 8 protein.
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Figure 2. Correlation of serum MFG-E8 level and components of metabolic syndrome. (A) Waist circumference. (B) Diastolic blood pressure. (C) Total 
cholesterol. (D) HDL-cholesterol. (E) Triglyceride. (F) Glucose levels. MFG-E8, milk fat globule-EGF factor 8 protein; HDL, high-density lipoprotein.
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Student’s t-test or Mann-Whitney U test and chi-square test, re-

spectively. The predictive accuracy for metabolic syndrome was 

assessed using area under the receiver operating characteristic 

curves (AUROCs) as well as 95% confidence intervals (CIs). Opti-

mal cut-off values were selected to maximize the sum of sensitivi-

ty and specificity. The logistic regression analysis was used to 

evaluate the association between risk factors and metabolic syn-

drome, and Cox regression analysis was performed for further 

metabolic syndrome development. Associations were presented 

as odds ratios (ORs) or hazard ratios (HRs) with 95% CIs. Statisti-

cal analyses were conducted using IBM SPSS Statistics software 

(version 23.0.0.0; IBM Corporation, Armonk, NY, USA). Two-sided 

P-values <0.05 were considered significant.

RESULTS

Baseline characteristics

The baseline characteristics of the study subjects are presented 

in Table 1. A total of 556 subjects were included. The study sub-

jects consisted of 279 women (50.2%) and 277 men (49.8%). The 

mean age of the subjects was 55.1 years. One hundred and three 

(18.5%) of the study population had diabetes and 299 (53.8%) 

had hypertension, respectively. Among all included subjects, 236 

(42.4%) were defined as having metabolic syndrome at baseline. 

Subjects with metabolic syndrome had significantly younger age, 

higher mean body mass index (BMI), higher mean serum creati-

nine, and higher mean pulse wave velocity than those without 

metabolic syndrome (all P<0.05). The proportion of male was 

higher in subjects with metabolic syndrome than in those without 

(P<0.001). The mean total cholesterol and low-density lipoprotein 

(LDL)-cholesterol levels were comparable between two groups (all 

P>0.05). The mean serum MFG-E8 level of subjects with meta-

bolic syndrome was significantly higher than that of subjects 

without metabolic syndrome (4,749.4 vs. 3,786.0 pg/mL, P<0.001).

Correlation of serum MFG-E8 level and metabolic 
syndrome components

Serum MFG-E8 level was significantly correlated with waist cir-

cumference (Pearson’s correlation coefficient, 0.112; P=0.008), 

diastolic BP (0.146, P=0.001), serum total cholesterol (0.121, 

P=0.005), HDL-cholesterol (-0.160, P<0.001), triglyceride (0.618, 

P<0.001), glucose (0.213, P<0.001) levels, and pulse wave veloci-

ty (0.134, P=0.002) (Fig. 2). In addition, serum MFG-E8 level was 

significantly higher in subjects with diabetes than in those with-

out (4,558.5 vs. 4,112.3 pg/mL, P=0.018).

Prevalence of metabolic syndrome and patient 
characteristics at baseline according to the groups 
classified by serum MFG-E8 level

The AUROC of the serum MFG-E8 level for the presence of met-

abolic syndrome at baseline was 0.644 (95% CI, 0.597-0.691; 

P<0.001) (Fig. 3). The optimal cut-off value of the serum MFG-E8 

level for the diagnosis of metabolic syndrome was 4,745.1 pg/mL 

(sensitivity 41.9%, specificity 82.5%, positive predictive value 

63.9%, negative predictive value 65.8%). Subjects were catego-

rized into two groups according to the serum MFG-E8 level as fol-

lows: group 1, serum MFG-E8 level <4,745.1 pg/mL (n=401, 

72.1%); group 2, serum MFG-E8 level ≥4,745.1 (n=155, 27.9%).

At baseline, the prevalence of metabolic syndrome in group 2 

was significantly higher than that in group 1 (63.9% vs. 34.2%, 

P<0.001). The prevalence of diabetes, hypertension, and dyslipid-

emia at baseline was comparable between two groups (all 

P >0.05). Male sex was significantly more prevalent in group 2 

than in group 1 (63.2% vs. 44.6%, P<0.001). The mean waist cir-

cumference, diastolic BP, total cholesterol, triglyceride, glucose, 

creatinine levels, and pulse wave velocity of group 2 were signifi-

Figure 3. AUROC of MFG-E8 level in the diagnosis of metabolic syn-
drome at baseline. AUROC, area under the receiver operating character-
istic curve; MFG-E8, milk fat globule-EGF factor 8 protein.
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cantly higher than those of group 1 (all P<0.05). The mean HDL-

cholesterol level of group 2 was significantly lower than that of 

group 1 (P<0.001) (Table 2).

Prevalence of metabolic syndrome and patient 
characteristics at follow-up according to the groups 
classified by serum MFG-E8 level

During the follow-up period of median 17 months, metabolic 

syndrome newly developed in 122 (38.1%) of 320 subjects with-

out metabolic syndrome at baseline. The incidence of metabolic 

syndrome in group 2 was significantly higher than that in group 1 

(55.4% vs. 34.5%, P= 0.003). The prevalence of diabetes, hyper-

tension, and dyslipidemia at follow-up was comparable between 

two groups (all P>0.05). At follow-up, the mean diastolic BP, total 

cholesterol, triglyceride levels, and pulse wave velocity of group 2 

were significantly higher than those of group 1 (all P<0.05). The 

mean HDL-cholesterol level of group 2 was significantly lower 

than that of group 1 (P<0.001) (Supplementary Table 1).

The proportions and characteristics of patients according to the 

changes of the presence of metabolic syndrome are presented in 

Supplementary Table 2. The mean MFG-E8 level was 3,636.4 pg/mL 

in subjects without metabolic syndrome (n=198, 35.6%), 4,029.0 

pg/mL in subjects who developed metabolic syndrome at follow-

up (n=122, 21.9%), 4,440.6 pg/mL in subjects with disappeared 

metabolic syndrome at follow-up (n=72, 12.9%), and 4,885.0 pg/mL 

in subjects with sustained metabolic syndrome). The mean MFG-

E8 level of subjects with sustained metabolic syndrome was sig-

nificantly higher than that of subjects without metabolic syn-

drome and those who developed metabolic syndrome at follow-

up (all P<0.001).

Predictors for diagnosis and further development of 
metabolic syndrome

Independent predictors for diagnosis and further development 

of metabolic syndrome were investigated (Table 3). In univariate 

analysis, younger age, male sex, higher BMI, lower LDL-cholester-

ol, higher creatinine level and MFG-E8 level ≥4,745.1 pg/mL were 

significantly related to the higher probability for metabolic syn-

drome at baseline (all P<0.05). Multivariate analysis showed that 

male sex (OR, 1.818; 95% CI, 1.076–3.074; P=0.026), higher BMI 

Table 2. Baseline characteristics of the study subjects according to the groups classified by serum MFG-E8 level

Variable Group 1 (n=401, 72.1%) Group 2 (n=155, 27.9%) P-value

Age (years) 56.0±6.6 55.1±6.4 0.977

Male 179 (44.6) 98 (63.2) <0.001

Waist circumference (cm) 87.3±8.0 89.3±7.7 0.008

Body mass index (kg/m2) 25.7±2.9 25.9±2.9 0.479

Alcohol drinking 226 (56.4) 99 (30.5) 0.107

Current smoker 154 (38.4) 58 (37.4) 0.830

Systolic blood pressure (mmHg) 126.8±14.6 129.1±12.5 0.087

Diastolic blood pressure (mmHg) 80.8±9.4 83.8±8.5 <0.001

Total cholesterol (mg/dL) 195.5±33.0 205.3±36.4 0.002

LDL-cholesterol (mg/dL) 128.2±31.6 128.3±37.4 0.988

HDL-cholesterol (mg/dL) 52.9±12.9 47.8±10.7 <0.001

Triglyceride (mg/dL) 130.4±59.5 227.1±122.3 <0.001

Glucose (mg/dL) 99.0±14.7 105.5±26.3 0.004

Creatinine (mg/dL) 0.82±0.16 0.85±0.16 0.029

High sensitivity CRP (mg/dL) 1.21±2.30 1.40±2.75 0.415

Apolipoprotein AI (mg/dL) 77.3±16.0 77.4±15.3 0.905

Pulse wave velocity (m/s) 13.8±2.1 14.2±2.2 0.017

Values are presented as mean±standard deviation or number (%).
Group 1, serum MFG-E8 level <4,745.1 pg/mL; and group 2, serum MFG-E8 level ≥4,745.1 pg/mL.
MFG-E8, milk fat globule-EGF factor 8 protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein.
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(OR, 1.273; 95% CI, 1.183–1.369; P<0.001), and MFG-E8 level  
≥4,745.1 pg/mL (OR, 3.493; 95% CI, 2.298–5.311; P<0.001) were 

independent predictors for metabolic syndrome at baseline. In ad-

dition, higher BMI (HR, 1.137; 95% CI, 1.067–1.212; P<0.001), 

MFG-E8 level ≥4,745.1 pg/mL (HR, 1.971; 95% CI, 1.333–2.915; 

P=0.001) were significantly related to development of metabolic 

syndrome at follow-up.

DISCUSSION

The screening and prediction of metabolic syndrome are consid-

ered to be of great importance for public health; however, the 

useful single biomarker for metabolic syndrome has not been es-

tablished yet. In this prospective cohort study, we investigated the 

diagnostic and predictive performance of serum MFG-E8 levels in 

metabolic syndrome. Subjects with serum MFG-E8 level ≥4,745.1 

pg/mL exhibited a significantly higher risk for metabolic syndrome. 

The risk for further development of metabolic syndrome was also 

significantly higher in subjects with serum MFG-E8 level ≥4,745.1 

pg/mL. In addition, MFG-E8 level ≥4,745.1 pg/mL was an inde-

pendent predictor for metabolic syndrome following adjustment 

for other important factors including smoking, alcohol status, and 

other biomarkers.

The best cut-off value of serum MFG-E8 level for the presence 

of metabolic syndrome was 4,745.1 pg/mL with a sensitivity of 

41.9% and specificity of 82.5%. When subjects were classified 

into two groups with this cut-off value, the prevalence of meta-

bolic syndrome was significantly different between groups (63.9% 

vs. 34.2%, P<0.001). In a previous study, adiponectin showed a 

52.3% and 37.5% prevalence of metabolic syndrome in men and 

women, respectively, with its best cut-off value.7 In another study, 

the AUROC of adiponectin for the diagnosis of metabolic syn-

drome was 0.682–0.644.9 Compared to adiponectin, serum 

MFG-E8 could be a comparable or better surrogate marker for the 

diagnosis of metabolic syndrome. Recently, the leptin/adiponectin 

ratio showed an AUROC of 0.771–0.778 in the diagnosis of meta-

bolic syndrome.8,9 Studies comparing these biomarkers in a single 

cohort are needed for further validation.

Serum MFG-E8 showed a significant correlation with all compo-

nents of metabolic syndrome, including waist circumference, dia-

stolic BP, serum total cholesterol, HDL-cholesterol, triglyceride, 

glucose levels, and pulse wave velocity (all P<0.05). In contrast, 

because adiponectin and leptin are adipokines closely linked to 

lipid metabolism, these markers had a lower correlation with glu-

cose level,8 which is the major component of metabolic syndrome. 

MFG-E8 also had a significant association with pulse wave veloci-

ty in this study, which is in accordance with the results of previous 

Table 3. Predictors for diagnosis and further development of metabolic syndrome

Variable

Metabolic syndrome at baseline Metabolic syndrome development at follow-up

Univariate Multivariate Univariate Multivariate

P-value OR (95% CI) P-value P-value HR (95% CI) P-value

Age (years) 0.024 0.993 (0.964–1.022) 0.628 0.016 0.981 (0.954–1.008) 0.162

Male <0.001 1.818 (1.076–3.074) 0.026 0.051

Body mass index (kg/m2) <0.001 1.273 (1.183–1.369) <0.001 <0.001 1.137 (1.067–1.212) <0.001

Alcohol drinking 0.872 0.998

Current smoker 0.801 0.360

Regular exercise 0.057 0.022 0.714 (0.502–1.016) 0.061

Total cholesterol (mg/dL) 0.809 0.521

LDL-cholesterol (mg/dL) 0.024 0.994 (0.989–1.000) 0.085 0.975

Creatinine (mg/dL) 0.001 0.667 (0.126–3.525) 0.633 0.120

High sensitivity CRP (mg/dL) 0.081 0.330

Apolipoprotein AI (mg/dL) 0.061 0.330

MFG-E8 ≥4,745.1 pg/mL <0.001 3.493 (2.298–5.311) <0.001 <0.001 1.971 (1.333–2.915) 0.001

Logistic regression analysis was performed for metabolic syndrome at baseline, and Cox regression analysis was performed for metabolic syndrome 
development. 
OR, odds ratio; CI, confidence interval; HR, hazard ratio; LDL, low-density lipoprotein; CRP, C-reactive protein; MFG-E8, milk fat globule-EGF factor 8 protein.
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studies, suggesting that MFG-E8 could be a promising diagnostic 

biomarker in vascular disease.19-22 It is suggested that MFG-E8 

cause an age-associated increase in extracellular matrix adhesion 

molecules. Likewise, MFG-E8 could be useful not only in the diag-

nosis of metabolic syndrome but also in predicting its complica-

tion risk.

Among the patients without metabolic syndrome at baseline, 

the subgroup with MFG-E8 level ≥4,745.1 pg/mL had higher met-

abolic syndrome development rate than the other subgroup 

(55.4% vs. 34.5%, P=0.003). Considering the relatively short ob-

servational period of a median 17 months, this result suggests 

that subjects with higher MFG-E8 level should be closely moni-

tored for metabolic syndrome development. Cho et al.23 investi-

gated the predictive potential of adiponectin and visceral adipose 

tissue in the same cohort as the present study. During the same 

observational period, the highest incidence of metabolic syn-

drome was 46.15% in one subgroup, which is lower than that in 

the present study. In addition, considering the cost and conve-

nience, serum MFG-E8 level seems to be more beneficial than the 

combination of adiponectin and visceral adipose tissue measure-

ment.

We observed that the higher BMI and MFG-E8 level ≥4,745.1 

pg/mL were independent predictors for both diagnosis and further 

development of metabolic syndrome (all P<0.05). This finding ad-

ditionally supports the value of serum MFG-E8 as a diagnostic 

and predictive marker of metabolic syndrome. MFG-E8 is a pe-

ripheral membrane glycoprotein that is universally distributed and 

expressed abundantly in various organs.24 It has multiple func-

tions including the clearance of apoptotic cells,25 suppression of 

proinflammatory cytokines,26 arterial remodeling and angiogene-

sis.20,26 These various mechanisms play important role in progres-

sion of metabolic syndrome.27,28 To our knowledge, we firstly in-

vestigated the correlation of serum MFG-E8 level and metabolic 

syndrome. Previous studies have shown conflicting results regard-

ing the correlation of MFG-E8 and pathological status in various 

diseases.29-31 In this study, a positive association was observed 

between serum MFG-E8 level and the presence of metabolic syn-

drome. This may be because the pathogenesis and organ damage 

of metabolic syndrome are complicated and involve various sig-

naling pathways, in which MFG-E8 may play both proinflammato-

ry and anti-inflammatory roles. Although the exact roles of MFG-

E8 in metabolic syndrome have not been clarified in this study, we 

believe that MFG-E8 mainly contributes to the proinflammatory 

role in these subjects with mild and early disease status, because 

subjects with a previous history of angina pectoris, myocardial in-

farction, stroke, or any revascularization were excluded from this 

study.

This study has several limitations. First, the sample size was 

small for sufficient evaluation of the diagnostic performance of a 

biomarker. Clinical practice-based large, prospective studies are 

needed to assess its clinical utility on patient outcomes. Second, 

although this study was designed for a community-based cohort, 

enrollment was performed at a single center. Therefore, selection 

bias might be present, and this S-MAS cohort may not represent 

the general population in the community. Third, because of the 

short observation period and high rate of follow-up loss, the pre-

dictive performance of the biomarker could not be fully evaluated. 

Fourth, the serum MFG-E8 level was only measured at baseline, 

which limits its serial assessment with disease progression. Final-

ly, the exact mechanism and role of MFG-E8 in disease develop-

ment and progression has not been clarified and needs to be in-

vestigated in the future.

In conclusion, subjects with higher serum MFG-E8 level have a 

higher risk for metabolic syndrome and further development, even 

after adjusting for other important factors. Therefore, MFG-E8 

could be an useful biomarker in screening for and serial monitor-

ing of metabolic syndrome.
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INTRODUCTION

Hepatitis C virus (HCV) is a major health threat among persons 

who inject drugs and incarcerated population.1,2 Epidemiological 

data report a high prevalence of HCV among the incarcerated 

population when compared to the general populations.3 The 

global incarcerated population is estimated to be more than  

10 million.4 In Singapore, the incarceration population rate per 

100,000 is 195 and the conservative estimate of the incarcerated 

population is about 12,000 at any given time.5 The seroprevalence 

of HCV antibody among residents in correctional facilities is esti-

mated to be as high as 31%.6 Incarcerated populations often en-

gaged in high-risk behaviours such as intravenous drug abuse, 

unsafe sexual behaviour or tattoo practices,7,8 which put them at 

a high risk of HCV infection.9 As most of the prisoners will eventu-

ally be released, they could contribute to the community spread of 

HCV after released.10 Given the high prevalence of HCV among 

the incarcerated population, the World Health Organization had 

recommended prioritizing HCV treatment and eradication in this 

key population.11

Incarceration provides access to a marginalized population in 

which HCV is prevalent, yet the access to healthcare is challeng-

ing upon release. In this regard, the treatment compliance during 

incarceration is anticipated to be better within a confined setting 

whereby treatment and follow-up are almost ensured. However, 

HCV treatment among the incarcerated population can also be 

challenging.12 Fundamentally, the prison had a complex role in 

prioritizing security over health.13 Frequent transfer between cor-

rective facilities, short sentence time, early released on short no-

tice could negatively impact on treatment compliance.14 Patients’ 

factors such as treatment refusal due to low awareness and 

knowledge about HCV, co-existing mental illness as well as con-

tinuous exposure to violence and illicit drugs also affect HCV 

treatment uptake among the incarcerated HCV-infection pa-

tients.15 Physicians may defer treatment among the incarcerated 

HCV-infection patients because of the concern of ongoing high-

risk behaviour leading to reinfection following sustained virologi-

cal response (SVR).

Background/Aims: Despite the disproportionally high prevalence rates of hepatitis C virus (HCV) amongst the 
incarcerated population, eradication remains challenging due to logistic and financial barriers. Although treatment 
prioritization based on disease severity is commonly practiced, the efficacy of such approach remained uncertain. We 
aimed to compare the impact of unrestricted access to direct-acting antiviral (DAA) among incarcerated HCV-infected 
patients in Singapore.
Methods: In this retrospective study, we reviewed all incarcerated HCV-infected patients treated in our hospital during 
the restricted DAA era (2013–2018) and unrestricted DAA access era (2019). Study outcomes included the rate of sustained 
virological response (SVR), treatment completion and treatment default. Subgroup analysis was performed based on the 
presence of liver cirrhosis, HCV genotype and HCV treatment types.
Results: A total of 1,001 HCV patients was followed-up for 1,489 person-year. They were predominantly male (93%) 
with genotype-3 HCV infection (71%), and 38% were cirrhotic. The overall SVR during the restricted DAA access era and 
unrestricted DAA access era were 92.1% and 99.1%, respectively. Unrestricted access to DAA exponentially improved the 
treatment access among HCV-infected patients by 460%, resulting in a higher SVR rate (99% vs. 92%, P=0.003), higher 
treatment completion rate (99% vs. 93%, P<0.001) and lower treatment default rate (1% vs. 9%, P<0.001). 
Conclusion: In this large cohort of incarcerated HCV-infected patients, we demonstrated that unrestricted access to DAA 
is an impactful strategy to allow rapid treatment up-scale in HCV micro-elimination. (Clin Mol Hepatol 2021;27:474-
485)
Keywords: Prisons; Antiviral agents; Hepatitis C, Chronic

Study Highlights
1.   Among incarcerated HCV-infected Asian patients, unrestricted access to DAA results in rapid treatment scale-up, more treatment completion, less 

treatment default and a higher SVR.
2. DAA results in high treatment success among incarcerated GT3 HCV-infected patients in the real-world setting.
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Introduction of pan-genotypic, highly efficacious, direct-acting 

antiviral (DAA) has given hope to eliminate HCV among the incar-

cerated population. DAA were available in Singapore since the 

year 2016. However, access to DAA was restricted due to the ex-

orbitant cost and lack of subsidies for DAA treatment.16 Patients 

with urgent treatment indications such as decompensated liver 

cirrhosis, pegylated-interferon failure or pegylated-interferon in-

tolerant, were prioritized for DAA treatment. 2019 was an impor-

tant landmark for HCV treatment in Singapore as the price of the 

pan-genotypic DAA sofosbuvir (SOF)/velpatasvir (VEL) was re-

vised. Furthermore, the government also provided financial subsi-

dy for patients requiring HCV treatment in Singapore.17 These 

measures had collectively lifted the financial barriers of using DAA 

for HCV treatment in Singapore. 

Despite the emerging DAA data among the incarcerated-HCV 

cohort, the DAA treatment outcomes from Asia, particularly South 

East Asia region, remained limited.18-24 As incarcerated HCV pa-

tients were generally excluded from clinical trial, real-world treat-

ment outcome is valuable to strategize micro-elimination among 

the incarcerated population. Unfortunately, the real-world treat-

ment outcomes from large-scale prison programmes from Asia re-

mained scarce.19,22 Despite disproportionately high burden of HCV 

among the incarcerated population, treatment access remained 

restricted in these patients. Restricted treatment access among 

high HCV-prevalence group is an important barrier to HCV elimi-

nation. Therefore, this study aims to determine the impact of un-

restricted access to DAA among incarcerated HCV patients. We 

hypothesized that the unrestricted access to DAA would increase 

the number of treated HCV patients, treatment compliance and 

outcomes among incarcerated HCV patients. To our best knowl-

edge, this is the largest study reporting the real-world treatment 

outcome among incarcerated HCV patients in Asia.

MATERIALS AND METHODS

Study design

This is a retrospective cohort study of prospectively collected 

data on all incarcerated patients with chronic hepatitis C who 

were treated in the Department of Gastroenterology & Hepatolo-

gy, Changi General Hospital (CGH) from 1st January 2013 to 31th 

December 2019. CGH is the main public hospital to provide medi-

cal care for the incarcerated population in Singapore. All HCV pa-

tients treated were prospectively included in a treatment database 

since 2013, as described in our previous study.25 Our health ser-

vice research officer conducted an additional comprehensive 

search on all HCV patients using pharmacy prescription database 

in order to ensure all HCV patients treated were included. The 

study was performed following the Ethical standard of the Decla-

ration of Helsinki. The Singhealth Institutional Review Board ap-

proved the study and granted consent waiver as this is a clinical 

audit of treatment outcomes.

Study population

The current study included all incarcerated HCV patients treated 

in our institution. Patients were monitored in a dedicated clinic 

following international guidelines.26,27 Liver cirrhosis was defined 

based on histological, radiological and clinical findings, which in-

cluded liver stiffness measurement (LSM) ≥12kPa.25 In subjects 

without clinical or radiological evidence of liver cirrhosis, non-in-

vasive assessment of fibrosis stage was performed using fibrosis-4 

index (Fib-4) and transient elastography (Fibroscan; Echosens, 

Paris, France), followed by liver biopsy in patients with discordant 

non-invasive fibrosis assessment.27 We measured serum HCV RNA 

levels using real-time polymerase chain reaction assay (Roche CO-

BAS AmpliPrep/TaqMan version 2.0; Roche Molecular System, 

Branchburg, NJ, USA) which has the lowest detection limit of 12 

IU/mL. SVR was defined as undetectable HCV RNA at 12 weeks 

following the completion of DAA, or 24 weeks following the com-

pletion of interferon-based therapy.26

Care model

In Singapore, the healthcare cost incurred during incarceration 

was borne by the state. Prisoners were offered an opt-in screen-

ing for HCV at first prison reception. Patients who were sero-posi-

tive for HCV or self-reported history of HCV were referred for a 

face-to-face consult in our institution to consider for HCV treat-

ment. All incarcerated patients with detectable HCV RNA and ad-

equate sentence duration to complete hepatitis C treatment were 

offered HCV treatment during incarceration. All treatment deci-

sions were at physician’s discretion based on the presence of liver 

cirrhosis, co-infection with human immunodeficiency virus (HIV) 

or hepatitis B virus (HBV), comorbidities, and availability of treat-

ment regimen. Patients with liver cirrhosis, prior treatment experi-

ence, co-infection with HIV and HBV infections were prioritized 

for HCV treatment during incarceration. To avoid treatment inter-

ruption, patients without adequate sentence period for treatment 
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during incarceration were instructed to return for HCV treatment 

upon released back to the community. Patients who fulfilled ur-

gent treatment indication were treated regardless of their remain-

ing sentence periods. HCV patients treated with DAA were moni-

tored for adverse events and SVR according to the clinical 

guidelines.

Restricted versus unrestricted DAA era

The access to DAA was restricted between 2013 and 2018 

(hereafter known as restricted DAA access era) due to the un-

availability and exorbitant cost of DAA treatment. Before intro-

duction of DAA in 2016, all patients received interferon-based 

therapy for HCV treatment. Patients with genotype (GT) 3 re-

ceived 24-weeks of pegylated interferon and ribavirin (PR) while 

patients with GT1 received 48-weeks of PR. Erythropoietin and 

filgrastim injection were given for patients with anemia or leuko-

penia during PR therapy. Following introduction of DAA in 2016, 

patients with contraindication to PR therapy such as severe renal 

impairment, advanced liver cirrhosis, autoimmune disease, signifi-

cant psychiatric illness or having GT1 HCV infection received DAA 

as the first-line treatment.28 The access to DAA remained restrict-

ed among incarcerated GT3 patients whereby PR remained the 

first-line treatment, reserving DAA for patients who were cirrhotic 

or had treatment failure.

With unrestricted access to DAA in Singapore from 2019 (here-

after known as unrestricted DAA access era). DAA becomes the 

first-line treatment for all HCV patients, including the incarcerated 

populations, in Singapore. The options of DAA among incarcerat-

ed GT3 HCV patients included SOF/daclatasvir, SOF with PR or 

SOF/VEL for 12 weeks. The options of DAA among incarcerated 

GT1 HCV patients included ombitasvir/paritaprevir/ritonavir, SOF/

ledipasvir or SOF/VEL for 12 weeks. Ribavirin was added for HCV 

patients who with liver cirrhosis, prior treatment, clinically signifi-

cant portal hypertension or stable hepatocellular carcinoma, as 

per physician’s discretion.25

Study outcomes

The primary outcome was to compare the number of incarcerat-

ed-HCV patients treated and their SVR rates between restricted 

DAA access era and unrestricted DAA access era. For secondary 

outcomes, we compared the treatment completion rate and de-

fault rate among incarcerated HCV patients. To avoid selection 

bias, we reported SVR in both intention-to-treat (ITT) and per-

protocol (PP) analysis, in percentages and 95% confidence inter-

val (CI). In ITT analysis, we included all patients treated who 

showed SVR before our final data analysis (1st October 2020). Pa-

tients who were lost to follow-up or had early cessation of treat-

ment due to any reasons such as adverse events or demised were 

included in ITT analysis. In PP analysis, we included all patients in 

ITT analysis who had completed treatment with available SVR re-

sults.25 The default rate was defined as the proportion of subjects 

without SVR results. Lastly, we performed subgroup analysis 

based on the presence of cirrhosis, HCV GT and types of HCV 

treatment.

Statistical analysis

Categorical variables such as the proportion of incarcerated 

HCV patients treated with DAA were compared using the chi-

squared test or Fisher’s exact test when appropriate. We com-

pared continuous variables using the Student’s t-test or Mann-

Whitney test depending on the distribution normality. A  

P-value of <0.05 was considered to be statistically significant. All 

statistical tests were performed using SPSS software version 23.0 

(IBM Corporation, New York, NY, USA).

RESULTS

Baseline characteristics

A total of 1,001 incarcerated patients with detectable HCV RNA 

at baseline was treated. We summarized the baseline characteris-

tics of this cohort in Table 1. The cohort was predominantly male 

(92.7%) with a mean age of 50.3 years old. GT3 is the common-

est (71.1%) followed by GT1 (24.1%). Total of 383 patients had 

liver cirrhosis. The diagnosis of liver cirrhosis was made based on 

histology or definite radiological features of cirrhosis (n=248), 

LSM ≥12 kPa with radiological features suggestive of cirrhosis 

(n=142). In addition, a total of 35 patients had discordant results 

between LSM and radiological findings of cirrhosis and under-

went liver biopsy. Among them, 14 were reclassified as liver cir-

rhosis while 21 were reclassified as non-cirrhotic. A total of 108 

subjects had Fib-4 score below 1.45 and therefore did not under-

went Fibroscan. Co-infection with HIV or HBV was found in 1% 

and 1% of the cohort, respectively. Overall, the SVR rates for ITT 

and PP analysis were 93.6% (95% CI, 91.9–95.0%) and 97.0% 

(95% CI, 95.7–98.0%), respectively (Fig. 1). The overall treatment 
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Table 1. Baseline characteristics of incarcerated HCV patients 

Variable
Total  

(n=1,001)
Restricted DAA access 

(n=320)
Unrestricted DAA 

access (n=681)
P-value*

Age (years) 50.3±9.6 52.4±7.9 49.3±10.2 <0.001

Gender 928 (92.7) 303 (94.7) 625 (91.8) 0.061

HCV RNA (log IU/mL) 5.9±0.9 5.9±0.9 6.0±0.9 0.116

Genotype 0.370

1 241 (24.1) 72 (22.5) 169 (24.8)

2 14 (1.4) 5 (1.6) 9 (1.3)

3 712 (71.1) 237 (74.1) 475 (69.8)

4 4 (0.4) 0 4 (0.6)

6 2 (0.2) 0 2 (0.3)

Indeterminate 28 (2.8) 6 (1.9) 22 (3.2)

Fibrosis stage <0.001

F0/F1 231 (23.1) 11 (3.4) 220 (32.3)

F2 94 (9.4) 12 (3.8) 82 (12.0)

F3 185 (18.5) 81 (25.3) 104 (15.3)

F4 383 (38.2) 209 (65.3) 174 (25.6)

Not available 108 (10.8) 7 (2.2) 101 (14.8)

Cirrhosis-related complications

Ascites 22 (2.2) 12 (3.8) 10 (1.5) 0.022

Esophageal varices 66 (6.6) 37 (11.6) 29 (4.3) <0.001

Hepatic encephalopathy 9 (0.9) 4 (1.3) 5 (0.7) 0.316

HCC 14 (1.4) 4 (1.3) 10 (1.5) 0.520

Co-infection

HIV 8 (0.8) 4 (1.3) 4 (0.6) 0.229

HBV 11 (1.1) 4 (1.3) 7 (1.0) 0.486

Laboratory results

Albumin (g/L) 44±4 43±5 45±4 <0.001

Bilirubin (mmol/L) 13.8±8.8 15.7±8.2 12.9±9.0 <0.001

Platelet (103/uL) 198±70 168±73 212±64 <0.001

Sodium (mmol/L) 140.2±2.6 139.6±2.6 140±2.6 <0.001

Creatinine (mmol/L) 85.1±28.2 86.5±39.1 84.5±21.2 0.293

PT (seconds) 10.5±1.1 10.8±1.4 10.4±0.8 <0.001

DAA 782 (78.1) 135 (42.2) 647 (95.0) <0.001

Complete treatment 974 (97.3) 298 (93.1) 676 (99.3) <0.001

SVR; ITT

Not detected 937 (93.6) 268 (83.8) 669 (98.2)

Detected 29 (2.9) 23 (7.2) 6 (0.9)

Defaulted 35 (3.5) 29 (9.1) 6 (0.9)

PP 937 (97.0) 268 (92.1) 280 (99.1) 0.003

Values are presented as mean±standard deviation or number (%).
HCV, hepatitis C virus; DAA, direct-acting antivirals; HCC, hepatocellular carcinoma; HIV, human immunodeficiency virus; HBV, hepatitis B virus; PT, prothrombin 
time; SVR, sustained-virological response; ITT, intention-to-treat.
*P-value comparison between restricted and unrestricted DAA access era.
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completion and default rates were 97.3% and 3.5%, respectively. 

HCV reinfection was not detected over the median follow-up of 

1.2 years (interquartile range, 0.7–1.8 years).

Restricted DAA access era (2013–2018)

Overall, 320 (32.0%) HCV patients were treated during the re-

stricted DAA era. Among them, 209 (65.3%) had liver cirrhosis, 

and none defaulted PR therapy. The overall SVR rate during this 

period in ITT and PP protocol was 83.8% (95% CI, 79.2–87.6%) 

and 92.1% (95% CI, 88.4–94.9%), respectively (Table 1). The an-

nual SVR rates ranged between 83.3% and 100% (Table 2).

Before DAA was introduced, only a total of 16 incarcerated HCV 

patients was treated with PR therapy between year 2013 and 

2015. All patients had GT3 HCV infection, except for one, who 

had GT1 HCV infection.

When DAA was first introduced in Singapore in 2016, a total of 

34 incarcerated HCV patients was treated. Compared to year 

2015, introduction of DAA in 2016 allowed more patients to re-

ceive DAA (47% vs. 0%, P=0.016), more cirrhotic patients being 

treated (79% vs. 50%, P=0.170) yet resulting in significantly 

higher SVR rates in PP analysis (93.5% [95% CI, 78.6–99.2%] vs. 

87.5% [95% CI, 47.3–99.7%]; P=0.037; Table 2). 

Unrestricted DAA access era (2019)

Following the unrestricted access to DAA in 2019, the number 

of incarcerated HCV patients treated increased exponentially by 

460% to 681 (Fig. 2). During the era of unrestricted DAA access, 

more patients received DAA (95% vs. 42%, P<0.001), completed 

HCV treatment (99% vs. 93%, P<0.001) and less patients de-

faulted HCV follow-up (1% vs. 9%, P<0.001; Table 1). The rea-

sons of incomplete HCV treatment were listed in Supplementary 

Table 1. The SVR rate was significantly higher during the unre-

Table 2. Treatment outcome (by year) among HCV-infected prisoners 

Year
Number of 

patients treated 
Liver cirrhosis 

(%)
SVR rates (ITT) 

(%)
SVR rates (PP) 

(%)
Treatment 

completion rate (%)
Default rate  

(%)

2013 6 16.7 83.3 83.3 100.0 0.0

2014 2 0.0 100.0 100.0 100.0 0.0

2015 8 50.0 87.5 87.5 87.5 0.0

2016 34 79.4 85.3 93.5 94.1 8.8

2017 122 73.0 84.4 91.2 92.6 7.4

2018 148 59.5 82.4 93.1 93.2 11.5

2019 681 25.6 98.2 99.1 99.3 0.9

HCV, hepatitis C virus; SVR, sustained virological response; ITT, intention-to-treat; PP, per protocol.

Figure 1. Treatment outcomes during restricted DAA access era versus unrestricted DAA access era. SVR, sustained-virological response; ITT, inten-
tion-to-treat; PP, per-protocol; DAA, direct-acting antivirals. *P<0.05 between restricted DAA and unrestricted DAA era.
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stricted DAA access era than restricted DAA access era (99.1% 

[95% CI, 98.1–99.7%] vs. 92.1% [95% CI, 87.4–96.8%; P<0.001; 

Table 1).

With unrestricted DAA access, patients were treated at earlier 

stages (Table 1). These patients had higher serum albumin (45 vs. 

43 g/L, P<0.001), higher platelet count (212×103/uL vs. 168×103/uL,  

P<0.001) and lower serum bilirubin levels (12.9/mmol vs. 15.7/mmol, 

P<0.001) when compared to HCV patients who were treated dur-

ing restricted DAA access era. 

Subgroup analysis

Liver cirrhosis
Among 383 cirrhotic HCV patients treated, 209 (54.6%) were 

treated during the restricted DAA access era. Unrestricted access 

to DAA resulted in a relative reduction in the proportion of HCV 

cirrhosis treated (26% vs. 65%, P<0.001), primarily due to the ex-

ponential growth in non-cirrhotic HCV patients treated during un-

restricted DAA era (Fig. 2). Subgroup analysis among HCV cirrho-

sis showed that more patients received DAA after unrestricted 

access to DAA (90% vs. 47%, P<0.001; Supplementary Fig. 1). 

There were more patients completed treatment (100% vs. 91%, 

P<0.001; Fig. 3) and less patients defaulted treatment follow-up 

(7.7% vs. 1.1%, P=0.002; Supplementary Fig. 1). The SVR rate 

improved following unrestricted access to DAA (97.1% [95% CI, 

93.3–99.1%] vs. 91.7% [95% CI, 86.9–95.2%]; P=0.022; Fig. 3).

HCV GT3 
We performed subgroup analysis among 712 patients with GT3 

HCV infection. Compared to non-GT3 patients, GT3 patients had 

Figure 2. Exponential increase in non-cirrhotic hepatitis C virus patients treated following unrestricted access to direct-acting antivirals.
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a higher proportion of liver cirrhosis (41.3% vs. 30.8%, P=0.013), 

lower serum albumin levels (44 vs. 45 g/L, P=0.005), lower plate-

let counts (192×103 u/L vs. 213×103 u/L, P<0.001), higher serum 

bilirubin levels (14.2 vs. 12.7 mmol/L, P=0.007) and more pro-

longed prothrombin time (10.3 vs. 9.5 seconds, P=0.018). GT3 

patients were less likely to received DAA (69.8% vs. 98.6%, 

P<0.001) and had a lower SVR as compared to non-GT3 patients 

(96.1% [95% CI, 94.3–97.3%] vs. 99.3% [95% CI, 97.4–

100.0%]; P=0.003) based on PP analysis.

Subgroup analysis among GT3 HCV patients showed that more 

patients received DAA after unrestricted access to DAA (23.6% 

vs. 92.8%, P<0.001; Supplementary Fig. 2). There were more pa-

tients completed treatment (99% vs. 91%, P<0.001) and less pa-

tients defaulted treatment follow-up (0.8% vs. 10.1%, P<0.001; 

Supplementary Fig. 2). The SVR rates also improved following un-

restricted access to DAA (98.7% [95% CI, 97.2–99.5%] vs. 90.1% 

[95% CI, 85.3–93.8%], P<0.001).

DAA vs. PR therapy

Overall, 782 (78.1%) HCV patients received DAA, while the re-

maining received PR therapy. The types of DAA used during the 

restricted and unrestricted DAA era were listed in Supplementary 

Table 2. Patients who received DAA were less likely to be cirrhotic 

(33% vs. 59%, P<0.001) or had GT3 HCV infection (64% vs. 

98%, P<0.001). As expected, DAA results in higher SVR rates 

than PR therapy (ITT: 97.6% [95% CI, 96.2–98.5%] vs. 79.5% 

[95% CI, 73.5–84.6%], P<0.001; PP: 99.1% [95% CI, 98.1–

99.6%] vs. 88.8% [95% CI, 83.5–92.8%], P<0.001). Compared 

to PR therapy, patients treated with DAA treatment had a signifi-

cantly higher treatment completion rates (99.0% [95% CI, 98.0–

99.6%] vs. 91.3% [95% CI, 86.8–94.7%], P<0.001) and a lower 

treatment default rates (1.5% [95% CI, 0.8–2.7%] vs. 10.5% 

[95% CI, 6.8–15.3%], P<0.001; Table 3).

Subgroup analysis among patients treated with DAA showed 

that unrestricted DAA access resulted in higher treatment comple-

tion rates (99% vs. 97%, P=0.034) and lower treatment default 

rates (0.8% vs. 5.2%, P=0.001). The overall SVR rate among pa-

tients treated with DAA increased following unrestricted access to 

DAA (99.5% [95% CI, 98.6–99.9%] vs. 96.9% [95% CI, 85.3–

93.8%], P<0.001).

DISCUSSION

The incarcerated HCV patients are a key population for HCV 

elimination. Given that the HCV population is relatively small in 

Singapore, immediate treatment scale-up among people who in-

ject drugs will allow Singapore to achieved HCV elimination as 

per World Health Organization’s target of an 80% reduction in in-

cident cases, and a 65% reduction in mortality by 2030.29 While 

DAA is highly efficacious, the DAA treatment outcomes among 

incarcerated Asian HCV-infection patients remained scarce. We 

systematically reviewed and summarized the existing literatures 

on treatment outcomes among the incarcerated population in Ta-

ble 3. We found that the treatment outcome among incarcerated 

population using DAA was encouraging with high SVR achieved 

among most cohorts based on the PP analysis. The treatment 

outcome of DAA among incarcerated Asian cohort was recently 

reported in two smaller studies from Taiwan and Iran.19,22 Yang et 

al.19 reported a high SVR of 100% from 165 incarcerated patients 

with predominantly GT6 HCV infection. In contrast, Hariri report-

ed a much lower SVR of 43% among 103 incarcerated HCV pa-

tients who completed DAA treatment.22 In this large Asian cohort 

of 1,001 incarcerated HCV patients who were predominantly GT3 

and followed up over 1,489 person-year, we demonstrated that 

unrestricted access to DAA resulted in rapid treatment scale-up, 

less treatment default and high SVR rates beyond 90%.

Our study has three key findings. Firstly, the excellent HCV 

treatment outcomes among the incarcerated cohort highlight a 

unique opportunity for HCV elimination. Of note, this is the first 

largest study from South East Asia region reporting the treatment 

outcome of incarcerated HCV patients receiving both DAA and in-

terferon-based therapy. Secondly, the unrestricted access DAA al-

lows rapid scale-up to treat a large number of incarcerated HCV 

patients at early stages. A recent modelling study has demon-

strated that a rapid treatment scale-up is crucial in order to 

achieve HCV elimination by 2030.29 Thirdly, high treatment suc-

cess of DAA based on both the ITT and per protocol analysis can 

be achieved among incarcerated GT3 HCV patients in the real-

world setting. We observed a continuous improvement in SVR, 

which corresponds to improving DAA access among this incarcer-

ated cohort over the years (Table 2). To date, access to DAA re-

mained an important barrier in many countries. Our findings high-

light the vital role of universal access to DAA among incarcerated-

HCV population to rapidly scale-up our elimination effort in this 

key population in order to achieve the global goal of HCV elimina-

tion.
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One important strength from our cohort is the high retention in 

our treatment cascade. Prior studies showed that treatment inter-

ruption as a result of early release or transfer can negatively im-

pact the SVR rates among the incarcerated cohort.14 While high 

SVR beyond 90% is widely reported among incarcerated-HCV pa-

tients remained in follow-up, SVR by intention to treat was signifi-

cantly lower, ranging between 37–72%.18,20,22-24 The difference is 

even more apparent among a larger cohort with high proportion 

of subjects being lost to follow-up.18,23,24 In this study, we success-

fully maintained a high retention rate in this large incarcerated co-

hort by ensuring adequate treatment duration, thus avoiding un-

planned treatment interruption leading to treatment default. This 

is crucial because engaging patients who lost to follow up and 

their linkage of care after released remained challenging even in 

the DAA era. 

Treatment access among incarcerated HCV patients is a global 

challenge. Because of limited prison budget and the exorbitant 

cost of DAA, only less than 1% of patients received treatment 

during incarceration.30 This has led to prioritizing HCV treatment 

based on the severity of liver disease as a common strategy in 

many countries.31,32 However, little is known about the impact of 

unrestricted access to DAA among the incarcerated population. 

Our study demonstrated that unrestricted access to DAA resulted 

in a rapid treatment scale-up and excellent treatment outcomes, 

thus making HCV micro-elimination among the incarcerated pop-

ulation an achievable goal in the real-world setting.32 Our findings 

were generalizable as high SVR rates have been demonstrated in 

other smaller studies among the incarcerated populations.21,33

The rates of HIV and HBV coinfection were low in our cohort 

(1.3% and 1.3%, respectively). Interestingly, a much higher rate 

of HIV and HBV coinfection was reported in a Taiwanese cohort 

at 4.7% and 8.9%, respectively. We believe that our findings 

were representative as all patients were screened for both HIV 

and HBV upon the initiation of HCV treatment. In addition, our 

findings were also consistent with results of other published west-

ern cohorts.18,21

Despite international guidelines recommending unrestricted 

treatment for all HCV patients regardless of their incarceration 

status, DAA rationing is still common in many parts of the world 

due to financial and ethical concerns.23,24,34 Unrestricted HCV 

treatment represents a cost-effective strategy in the long run. 

However, affordability of HCV treatment must be addressed be-

fore unrestricted DAA access can be implemented. To improve the 

affordability of DAA, government can consider negotiating with 

manufacturers for a nominal price for DAA, or, adopt a prescrip-

tion-based model for DAA.35 The unrestricted DAA access in Sin-

gapore is a successful example of price-negotiation with the man-

ufacturer that resulted in price revision of SOF/VEL in 2018.

Universal access to DAA is a crucial step in HCV elimination in 

Singapore. Despite screening, improving linkage of care and edu-

cation, only a small proportion of patients received HCV treat-

ment.30 Even though more cirrhotic HCV patients were being 

treated during the restricted DAA era (79% vs. 50%, P=0.02), it 

is still insufficient to achieve HCV elimination in Singapore by 

2030. Based on a recent modelling study, in order to achieve HCV 

elimination in Singapore by 2030, at least 630 HCV patients has 

to be treated in 2019.26 A total of 681 patients was treated in 

2019 alone following the unrestricted access to DAA, suggesting 

that HCV elimination by 2030 is indeed achievable in Singapore. 

In this study, we demonstrated that unrestricted access to DAA is 

an impactful strategy for a rapid treatment scale-up among incar-

cerated HCV patients.

Our findings should be interpreted within the limitations of ret-

rospective studies. The number of subjects in earlier HCV care 

cascade and the total number of HCV patients between the two 

eras were not available in our study. We only included treated pa-

tients because we anticipated the impact of unrestricted DAA ac-

cess to be more pronounced in this subgroup. Lastly, use of a 

newer pan-genotypic DAA might also contribute to a higher SVR 

during unrestricted DAA era.

In summary, unrestricted access to DAA is a key step in HCV 

elimination. We demonstrated that unrestricted access to DAA 

successfully removed the treatment barrier by allowing more HCV 

patients to be treated with DAA, at earlier stages, and resulted in 

a higher SVR and less treatment default. Our findings are general-

izable and support unrestricted access to DAA as an impactful 

strategy for HCV micro-elimination among the incarcerated HCV 

patients in Singapore. 
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INTRODUCTION

An adverse liver outcome is one of the leading causes of death 

in non-alcoholic fatty liver disease (NAFLD).1 Non-alcoholic steato-

hepatitis (NASH) has become the second leading indication for 

liver transplantation in the United States among patients with or 

without hepatocellular carcinoma (HCC).2 The significant morbidi-

ty and mortality related to NAFLD can be attributed to the in-

crease in its prevalence, which parallels the rising prevalence of 

obesity and metabolic syndrome worldwide. Genetic factors are 

increasingly recognised in the pathophysiology of this multifacto-

rial disease.3

Several studies hypothesised that patatin-like phospholipase 

domain-containing 3 (PNPLA3) rs738409, the first risk genetic 

variant discovered from the genome-wide association study 

(GWAS) of NAFLD, could be utilised as a potential prognostic fac-

tor in clinical settings.4,5 Recently, 17β-hydroxysteroid dehydroge-

nase 13 (HSD17B13), a liver-specific lipid-droplet associated pro-

tein, was found to act in an opposite manner. A recent landmark 

study involving 46,544 European and Hispanic descendants re-

ported that HSD17B13 rs72613567, a protein-truncating insertion 

and deletion (indel) variant, is associated with a lower risk of cir-

rhosis and HCC.6 Similar results were replicated in NAFLD patients 

of European ancestry and in Argentinian and Danish popula-

tions.7-9 Another single amino acid mutation at rs6834314 is also 

associated with the loss of HSD17B13 enzymatic activity. The HS-
D17B13 rs6834314 variant, which is highly linked with the rs72613567 

variant, attenuates the effect of PNPLA3 on advanced liver fibro-

sis among the Japanese.10 Growing evidence has shown the criti-

cal role of HSD17B13 in the regulation of hepatic lipid homeostasis, 

which could potentially represent a new target for the treatment 

of NAFLD.

This study aimed to evaluate the clinical impact of HSD17B13 
genetic variants (rs72613567 and rs6834314) by applying a case-

control and a longitudinal approach. To the best of our knowl-

edge, this is the first study to evaluate the association of HS-

Background/Aims: 17β-hydroxysteroid dehydrogenase 13 (HSD17B13) variants were recently reported to have 
significantly lower odds of non-alcoholic fatty liver disease (NAFLD). This is a two-part study that aimed to evaluate the 
association of HSD17B13 variants with NAFLD and its histological severity, and to identify the association of the variants 
with clinical outcomes in a cohort of biopsy-proven NAFLD patients.
Methods: Consecutive biopsy-proven NAFLD patients and controls without fatty liver were recruited for this study 
between 2009 and 2014. Genotyping for HSD17B13 variants was performed using rhAmp assays. A total of 165 patients 
with NAFLD were monitored up until August 2019. Clinical outcomes were recorded.
Results: HSD17B13 rs72613567 TA allele and rs6834314 G allele were associated with lower odds of non-alcoholic 
steatohepatitis (NASH) in the overall cohort and among ethnic Chinese, but not among ethnic Malays or Indians (P<0.05). 
During a mean follow-up of 89 months, 32 patients (19.4%) experienced at least one clinical outcome (cardiovascular 
events, n=22; liver-related complications, n=6; extra-hepatic malignancy, n=5; and mortality, n=6). The rs72613567 
homozygous TA allele and the rs6834314 homozygous G allele were independently associated with a lower incidence of 
liver-related complications (hazard ratio [HR], 0.004; 95% confidence interval [CI], 0.00–0.64; P=0.033 and HR, 0.01; 95% 
CI, 0.00–0.97; P=0.048, respectively) and were associated with lower grade of hepatocyte ballooning among the ethnic 
Chinese.
Conclusion: HSD17B13 rs72613567 and rs6834314 variants were inversely associated with NAFLD and NASH, and were 
associated with lower incidence of adverse liver outcomes in a cohort of multi-ethnic Asian patients with NAFLD. (Clin 
Mol Hepatol 2021;27:486-498)
Keywords: Polymorphism, Genetic; Genetic variation; Liver diseases; Asia; Malaysia

Study Highlights
This study is unique in that it evaluates the association of HSD17B13 with NAFLD and its clinical outcomes in the Asian population. We assessed the 
clinical impact of HSD17B13 genetic variants (rs72613567 and rs6834314) by applying a case-control and a longitudinal approach. Loss-of-function  
HSD17B13 variants were found to be associated with a lower risk of NAFLD and lower incidence of adverse liver outcomes in a cohort of multi-ethnic 
Asian patients with NAFLD.
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D17B13 with NAFLD and its clinical outcomes in the Asian 

population.

MATERIALS AND METHODS

Study subjects

Consecutive biopsy-proven NAFLD patients were recruited from 

the Gastroenterology and Hepatology Clinic, University of Malaya 

Medical Centre (UMMC) from 2009 to 2014. Patients with viral 

hepatitis B or C infection, autoimmune liver diseases, significant 

alcohol intake (>21 units per week for men and >14 units per 

week for women), and use of medication that can cause steatosis 

or other causes of chronic liver diseases were excluded from this 

study.1 The controls were healthcare workers, family members, or 

friends of patients recruited from UMMC during the same period 

of time. The control subjects had a normal body mass index (BMI) 

and an ultrasound examination was conducted to exclude pres-

ence of fatty liver. They had normal liver function tests, fasting 

blood glucose (FBG), and lipid profile. The study protocol was ap-

proved by the UMMC Medical Research Ethics Committee (MREC 

Reference No.: 702.11 and ID No.: 2019813-7734) and conformed 

to the provisions of the Declaration of Helsinki. Written informed 

consent was obtained from all study participants.

Clinical and laboratory parameters

Demographic, anthropometric, clinical, and laboratory data 

were obtained using a standard protocol. Obesity was defined as 

BMI ≥25 kg/m2.11 Central obesity was defined as waist circumfer-

ence ≥90 cm for men and ≥80 cm for women.12 Hypertension was 

considered present when there was a self-reported history of hy-

pertension, when the subject was on medication, or when the 

blood pressure was ≥130/85 mmHg. Diabetes mellitus was con-

sidered present when there was a self-reported history of diabetes 

mellitus, when the subject was on medication, or when FBG was 

≥7.0 mmol/L. Dyslipidaemia was considered present when there 

was a self-reported history of dyslipidaemia, when the subject 

was on medication, or when serum total cholesterol was ≥5.2 

mmol/L, serum triglyceride ≥1.7 mmol/L, serum high-density lipo-

protein (HDL) <1.0 mmol/L for men or <1.3 mmol/L for women or 

serum low-density lipoprotein (LDL) ≥3.4 mmol/L. Patients with 

≥3 of the following five criteria were diagnosed with metabolic 

syndrome according to the National Cholesterol Education Pro-

gram Adult Treatment Panel III criteria: central obesity, hyperten-

sion, hypertriglyceridaemia, low serum HDL, and impaired fasting 

glucose (FBG ≥5.6 mmol/L) or diabetes mellitus.12

Liver biopsy and histological assessment

Ultrasound-guided percutaneous liver biopsy was performed 

using 18G TERUMO® Hypodermic Needle (Cardinal Health, Dub-

lin, OH, USA). Liver biopsy slides were examined by an experi-

enced histopathologist and reported according to the NASH clini-

cal research network scoring system.13,14 Non-alcoholic fatty liver 

(NAFL) was defined as hepatic steatosis with no or only mild lobu-

lar inflammation and no hepatocyte ballooning. NASH was de-

fined as the presence of hepatic steatosis, lobular inflammation 

and hepatocyte ballooning (at least grade 1 each) with or without 

fibrosis. Advanced fibrosis was defined as fibrosis stage ≥3.

Genotyping

The QiAamp DNA Mini Kit (Qiagen, Hilden, Germany) was used 

to extract genomic DNA from the concentrated white blood cells 

of the buf fy coat with the quality ranging from 1.8–2.0  

(OD260/OD280). HSD17B13 rs72613567 and rs6834314 were geno-

typed using the rhAmp single nucleotide polymorphism (SNP) ge-

notyping assay (Integrated DNA Technologies, Redwood City, CA, 

USA) on a StepOnePlus Real-Time PCR system (Applied Biosys-

tems, Foster city, CA, USA) according to the manufacturer’s pro-

tocol. The custom primer sequences for HSD17B13 were as fol-

lows: Forward: 5’-GGTGTTCTGTGCTGTACTTACrUTCTG-3’; 

Reverse: 5’-GTGTTCTGTGCTGTACTTAArCTTCT-3’ for rs72613567 

and Forward: 5’-AGGTCTGAAGGGGCAGTAATrGGGCA-3’; Re-

verse: 5’-AGGTCTGAAGGGGCAGTAACrGGGCA-3’ for rs6834314. 

To ensure genotyping confidence, positive and negative controls 

were introduced for each run. gBlocks Gene Fragments (Integrat-

ed DNA Technologies) were used as positive controls. Additional 

genotyping details can be found in Supplementary Material 1.

Follow-up study

Only biopsy-proven NAFLD patients with a minimum follow-up 

of 5 years were included in the longitudinal study. These patients 

were on a regular 6-monthly follow-up at the gastroenterology 

and hepatology clinic with blood test ± ultrasound performed pri-

or to the clinic visit. Their medical records were also carefully 

studied from the date of the liver biopsy until 31st August 2019 to 
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record any cardiovascular events, liver-related complications, ma-

lignancy, or mortality. Cardiovascular events included a history of 

acute myocardial infarction, congestive cardiac failure, history of 

coronary revascularisation, and stroke. Liver-related complications 

included ascites, hepatic encephalopathy, spontaneous bacterial 

peritonitis, history of gastro-oesophageal varices or variceal 

bleeding, HCC, and hepatorenal syndrome. The cause of malig-

nancy or cause of death was recorded for patients who developed 

malignancy or died.

Statistical analysis

Power analysis was carried out using Quanto to calculate the 

sample size.15 A total of 143 NAFLD cases and controls were 

needed to provide a desired power of 80% at α of 0.05 under a 

gene-environment model with the following assumptions: the al-

lele frequency ranged from 0.20 to 0.40, the baseline risk for the 

Malaysian population was 0.23 and the minimum detectable odds 

ratio was 2.0.16 The genotype distribution was assessed for Hardy-

Weinberg equilibrium (HWE) using a goodness-of-fit chi-squared 

test with one degree of freedom. P-value of more than 0.05 indi-

cates an agreement with the equilibrium. Patients with incom-

plete genotyping data were excluded from data analysis. Data 

analyses were carried out using SPSS ver. 23.0 (IBM Corp., Chica-

go, IL, USA). Values were presented as mean±standard deviation 

for continuous variables while categorical variables were recorded 

as number and percentages. All variables were tested for normali-

ty using Kolmogorov-Smirnov test. For group comparison, Stu-

dent’s t-test was used for normally distributed variables whereas 

Mann-Whitney U-test was used for skewed variables. Allelic asso-

ciation was identified using logistic regression and multiple logis-

tic regression was performed after adjusting for age and gender. 

Kruskal-Wallis test was used to compare medians between three 

groups for skewed variables. Jonckheere-Terpstra test was con-

ducted for univariate analysis of the association between geno-

type and liver histological grading. Multivariate ordinal regression 

analysis was performed after adjusting for other histological fea-

tures. Clinical outcomes were analysed using Kaplan-Meier sur-

vival curves and compared between NAFLD patients with differ-

ent HSD17B13  genotyping status. Cox proportional-hazards 

regression analysis was conducted for analyses of clinical outcome 

risks and its association with each genotype. Different genetic 

models were fitted into analysis for better understanding of the 

inheritance effect. Principal component analysis (PCA) was per-

formed to verify the results. The number of factors were selected 

based on the criteria of eigenvalue >1.0. An orthogonal varimax 

rotational was used to produce interpretable factors. A total of 

four factors were extracted by PCA. The Kaiser-Meyer-Olkin mea-

sure of sampling adequacy is over 0.50. Factor 1 contained age 

and gender, factor 2 contained hypertension and dyslipidaemia 

status on follow-up, factor 3 showed high loadings for liver out-

come and serum gamma-glutamyl transferase (GGT) level and 

factor 4 contained HSD17B13 variant and advanced fibrosis sta-

tus. Results were considered statistically significant at P value of 

<0.05.

RESULTS

Case-control study of HSD17B13 variants in patients 
with biopsy-proven NAFLD 

A total of 223 biopsy-proven NAFLD patients and 205 controls 

were included in the case-control study. The characteristics of the 

subjects are shown in Table 1. The allele frequencies and associa-

tion tests of HSD17B13 rs72613567 and rs6834314 in NAFLD pa-

tients compared with those of the controls are presented in Table 2. 

The genotype distribution was in HWE for all patients and con-

trols. Overall, rs72613567 TA allele frequency was lower among 

patients with NAFLD compared with that in controls (adjusted 

odds ratio [OR], 0.59; 95% confidence interval [CI], 0.40–0.88; 

P=0.009), indicating a protective effect (OR <1) of this allele 

against the disease. Further analysis stratified by ethnicity found 

the association to be significant among ethnic Chinese (P<0.05) 

but not among ethnic Malays and Indians (P>0.05). Patients with 

NASH had lower TA allele frequency compared with that of the 

controls (adjusted OR, 0.55; 95% CI, 0.36–0.83; P=0.005). Fur-

ther analysis stratified by ethnicity found the association to be 

significant among ethnic Chinese (P<0.05) but not among ethnic 

Malays and Indians (P>0.05). No significant difference was ob-

served in TA allele frequency in patients with NAFL compared 

with that of the controls (P>0.05). Further analysis stratified by 

ethnicity found that the TA allele frequency was associated with 

lower odds of NASH among biopsy-proven NAFLD patients only 

among ethnic Chinese individuals (P<0.05), but not among ethnic 

Malays and Indians (P>0.05). Similar results were found for the 

rs6834314 G allele. Both genetic variants fit the dominant genetic 

model (P<0.05; Supplementary Table 1).

The characteristics of biopsy-proven NAFLD patients with differ-

ent HSD17B13 rs72613567 and rs6834314 genotypes can be 
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Table 1. Characteristics of biopsy-proven NAFLD patients compared with controls

Biopsy-proven NAFLD 
patients (n=223)

Controls  
(n=205)

P-value

Age (years) 55.6±12.5 51.0±12.5 <0.001

Male 117 (52.5) 87 (42.4) 0.038

Ethnicity 0.021

Malay 113 (50.7) 71 (34.6)

Chinese 61 (27.4) 86 (42.0)

Indian 49 (22.0) 48 (23.4)

BMI (kg/m2) 29.0±4.7 22.0±2.2 <0.001

HbA1c (%) 6.5±1.5 5.5±0.5 <0.001

Total cholesterol (mmol/L) 5.1±1.1 4.6±0.7 <0.001

Triglyceride (mmol/L) 1.7±0.7 1.2±0.4 <0.001

HDL (mmol/L) 1.2±0.3 1.3±0.4 <0.001

LDL (mmol/L) 3.2±1.0 2.3±0.5 <0.001

ALT (U/L) 81.4±46.8 33.8±17.4 <0.001

AST (U/L) 45.6±25.9 22.1±9.3 <0.001

GGT (U/L) 106.8±106.3 41.2±26.0 <0.001

Liver histological features

Steatosis

0 0 (0.0)

1 65 (29.1)

2 103 (46.2)

3 55 (24.7)

Lobular inflammation

0 7 (3.1)

1 126 (56.5)

2 86 (38.6)

3 4 (1.8)

Hepatocyte ballooning

0 37 (16.6)

1 125 (56.1)

2 61 (27.4)

NASH 175 (78.5)

Fibrosis

0 50 (22.4)

1 89 (39.9)

2 43 (19.3)

3 36 (16.1)

4 5 (2.2)

Values are presented as mean±standard deviation or number (%).
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; NASH, non-alcoholic steatohepatitis.
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Table 2. The HSD17B13 rs72613567 and rs6834314 allele frequencies and association tests in biopsy-proven NAFLD patients compared with controls

Allele frequency OR (95% CI) P-value Adjusted OR (95% CI) P-value
rs72613567 TA allele 

NAFLD vs. control
Overall 0.24 vs. 0.34 0.58 (0.40–0.86) 0.006 0.59 (0.40–0.88) 0.009
Malays 0.28 vs. 0.40 0.60 (0.33–1.09) 0.092 0.62 (0.34–1.13) 0.117
Chinese 0.26 vs. 0.41 0.41 (0.21–0.81) 0.010 0.31 (0.15–0.67) 0.003
Indians 0.11 vs. 0.14 0.78 (0.31–1.97) 0.597 0.71 (0.27–1.87) 0.492

NAFL vs. control
Overall 0.27 vs. 0.34 0.73 (0.39–1.37) 0.330 0.72 (0.38–1.38) 0.326
Malays 0.22 vs. 0.40 0.45 (0.18–1.11) 0.081 0.49 (0.20–1.24) 0.132
Chinese 0.50 vs. 0.41 1.98 (0.51–7.71) 0.327 1.81 (0.44–7.53) 0.414
Indians 0.06 vs. 0.14 0.39 (0.04–3.44) 0.392 0.30 (0.03–2.98) 0.303

NASH vs. control
Overall 0.23 vs. 0.34 0.55 (0.36–0.83) 0.004 0.55 (0.36–0.83) 0.005
Malays 0.31 vs. 0.40 0.65 (0.35–1.23) 0.187 0.67 (0.35–1.28) 0.224
Chinese 0.20 vs. 0.41 0.27 (0.13–0.57) 0.001 0.19 (0.08–0.45) <0.001
Indians 0.12 vs. 0.14 0.87 (0.33–2.26) 0.772 0.83 (0.31–2.24) 0.708

NASH vs. NAFL
Overall 0.23 vs. 0.27 0.75 (0.39–1.43) 0.384 0.75 (0.39–1.44) 0.386
Malays 0.31 vs. 0.22 1.46 (0.61–3.49) 0.402 1.51 (0.62–3.67) 0.368
Chinese 0.20 vs. 0.50 0.14 (0.03–0.57) 0.006 0.13 (0.03–0.57) 0.007
Indians 0.12 vs. 0.06 2.26 (0.25–20.65) 0.471 2.25 (0.23–22.13) 0.488

rs6834314 G allele
NAFLD vs. control

Overall 0.26 vs. 0.39 0.59 (0.40–0.86) 0.006 0.59 (0.40–0.87) 0.009
Malays 0.31 vs. 0.44 0.65 (0.36–1.20) 0.171 0.66 (0.36–1.22) 0.189
Chinese 0.29 vs. 0.45 0.39 (0.20–0.77) 0.006 0.31 (0.14–0.66) 0.002
Indians 0.12 vs. 0.19 0.71 (0.29–1.74) 0.458 0.64 (0.25–1.64) 0.355

NAFL vs. control
Overall 0.29 vs. 0.39 0.79 (0.42–1.48) 0.453 0.74 (0.38–1.47) 0.391
Malays 0.26 vs. 0.44 0.54 (0.22–1.31) 0.173 0.60 (0.24–1.49) 0.267
Chinese 0.50 vs. 0.45 2.52 (0.52–12.15) 0.250 2.26 (0.44–11.61) 0.329
Indians 0.06 vs. 0.19 0.31 (0.04–2.79) 0.299 0.20 (0.02–1.90) 0.160

NASH vs. control
Overall 0.26 vs. 0.39 0.54 (0.36–0.82) 0.003 0.48 (0.31–0.75) 0.001
Malays 0.33 vs. 0.44 0.70 (0.37–1.32) 0.270 0.71 (0.37–1.35) 0.291
Chinese 0.23 vs. 0.45 0.25 (0.12–0.53) <0.001 0.20 (0.09–0.45) <0.001
Indians 0.13 vs. 0.19 0.81 (0.32–2.03) 0.648 0.76 (0.29–2.00) 0.582

NASH vs. NAFL
Overall 0.26 vs. 0.29 0.69 (0.36–1.31) 0.256 0.69 (0.36–1.32) 0.263
Malays 0.33 vs. 0.26 1.30 (0.55–3.09) 0.555 1.37 (0.57–3.30) 0.485
Chinese 0.23 vs. 0.50 0.10 (0.02–0.50) 0.005 0.10 (0.02–0.50) 0.006
Indians 0.13 vs. 0.06 2.57 (0.28–23.31) 0.402 2.29 (0.23–22.48) 0.476

NAFL was defined as hepatic steatosis with no or only mild lobular inflammation and no hepatocyte ballooning. NASH was defined as the presence of hepatic 
steatosis, lobular inflammation and hepatocyte ballooning (at least grade 1 each) with or without fibrosis. 
Logistic regression was used to obtain OR. The adjusted OR was adjusted for age and gender. 
Control was the reference group in analysis NAFLD vs. control, NAFL vs. control and NASH vs. control. NAFL was used as the reference group in analysis for 
NASH vs. NAFL.
HSD17B13, 17β-hydroxysteroid dehydrogenase 13; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; CI, confidence interval; NAFL, non-alcoholic fatty 
liver; NASH, non-alcoholic steatohepatitis. 
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found in Supplementary Tables 2 and 3. The frequency of the TA 

and G alleles was lower among the ethnic Indians compared with 

that among the ethnic Malays and Chinese. No significant associ-

ations were seen between both variants with individual liver his-

tological features using rank-based non-parametric, and regres-

sion tests (Supplementary Table 4). Both HSD17B13 rs72613567  

T/TA and TA/TA, rs6834314 A/G and G/G genotypes were associ-

ated with lower grade of hepatocyte ballooning among the ethnic 

Chinese (P<0.05).

Follow-up study on clinical outcomes

One hundred and sixty-five biopsy-proven NAFLD patients had 

follow-up data for at least 5 years and were included in the out-

come analysis. A total of 58 patients were excluded from the out-

come analysis (49 patients who were lost to follow-up and nine 

Table 3. Demographic and clinical characteristics of NAFLD patients 
with a minimum follow-up of 5 years (n=165)

Variable NAFLD cases (n=165)

Age (years) 58.9±10.4

Gender, male 81 (49.1)

Ethnicity

Malay 80 (48.5)

Chinese 47 (28.5)

Indian 38 (23.0)

Diabetes mellitus 108 (65.5)

Hypertension 117 (70.9)

Dyslipidaemia 153 (92.7)

Metabolic syndrome 131 (79.4)

BMI (kg/m2) 28.9±4.9

Waist circumference (cm) 98.1±11.1

Male 99.9±10.7

Female 95.4±10.2

Blood pressure

Systolic (mmHg) 135.7±14.4

Diastolic (mmHg) 78.5±10.4

Fasting blood glucose (mmol/L) 6.6±2.1

HbA1c (%) 7.1±1.6

Total Cholesterol (mmol/L) 4.6±1.1

Triglyceride (mmol/L) 1.7±0.9

HDL (mmol/L) 1.3±0.3

LDL (mmol/L) 2.6±1.0

Albumin (mg/L) 38.8±5.5

Total bilirubin (µmol/L) 13.3±8.7

ALT (U/L) 47.8±33.5

AST (U/L) 44.7±54.1

ALP (U/L) 87.8±77.5

GGT (U/L) 94.0±149.3

Platelet (109/L) 293.0±216.9

Baseline liver histological features

Steatosis

0 0 (0.0)

1 40 (24.3)

2 84 (50.9)

3 41 (24.8)

Lobular inflammation

0 4 (2.4)

1 90 (54.5)

2 68 (41.2)

Variable NAFLD cases (n=165)

3 3 (1.8)

Hepatocyte ballooning

0 28 (17.0)

1 89 (53.9)

2 48 (29.1)

NASH 129 (78.2)

Fibrosis

0 34 (20.6)

1 68 (41.2)

2 29 (17.6)

3 30 (18.2)

4 4 (2.4)

HSD17B13 rs72613567 genotype

T/T 94 (57.0)

T/TA 55 (33.3)

TA/TA 16 (9.7)

HSD17B13 rs6834314 genotype

A/A 89 (53.9)

A/G 63 (38.2)

G/G 13 (7.9)

Values are presented as mean±standard deviation or number (%).
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; HbA1c, 
haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline 
phosphatase; GGT, gamma-glutamyl transferase; NASH, non-alcoholic 
steatohepatitis; HSD17B13, 17β-hydroxysteroid dehydrogenase 13.

Table 3. Continued
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patients had follow-up of <5 years). The characteristics of the 

subjects are summarised in Table 3. The mean age of the study 

population was 58.9±10.4 years old and 49.1% of them were 

male. Majority (79.4%) of patients had metabolic syndrome, while 

diabetes mellitus, hypertension, and dyslipidaemia were present 

in 65.5%, 70.9%, and 92.7%, respectively. NASH was present in 

78.2% of patients, while advanced fibrosis was present in 20.6% 

of cases. 

The mean duration of follow-up for the study subjects was 89 

months (range, 60–118), corresponding to a total follow-up of 

1,227 person-years. During follow-up, 32 patients (19.4%) experi-

enced at least one clinical outcome. Cardiovascular events topped 

the list with 22 patients (13.3%) followed by liver-related compli-

cations in six patients (3.6%). Five patients (3.0%) developed ex-

trahepatic malignancy. Six patients (3.6%) died during the follow-

up period; three were due to extrahepatic malignancy, two were 

liver-related deaths, and one was due to infection. A detailed 

breakdown of the clinical outcomes according to the genetic vari-

ants is shown in Supplementary Table 5.

HSD17B13 variants and clinical outcomes 

The log-rank test revealed no difference in the survival probabil-

ity of patients with different HSD17B13 genotyping status  

(Supplementary Figs. 1 and 2). To further investigate the impact 

of genetic variants on the clinical outcomes of NAFLD, we per-

Table 4. Association of HSD17B13 rs72613567 and rs6834314 genotypes with liver-related complications by Cox regression analysis

Variable
Univariate analysis

P-value
Multivariate analysis

P-value
HR (95% CI) HR (95% CI)

rs72613567

T/T (reference) – – – –

T/TA 0.42 (0.05–3.73) 0.434 0.12 (0.01–2.17) 0.152

TA/TA 1.11 (0.12–10.01) 0.926 0.004 (0.00–0.64) 0.033

Age 1.04 (0.95–1.13) 0.418 – –

Gender 0.47 (0.09–2.58) 0.387 – –

Advanced fibrosis 8.94 (1.63–48.94) 0.012 7.98 (1.54–41.50) 0.014

Serum GGT 1.003 (1.002–1.005) <0.001 1.01 (1.00–1.02) 0.010

Diabetes mellitus Inf (NA) 0.315 – –

Hypertension 1.77 (0.21–15.18) 0.603 – –

Dyslipidaemia 0.35 (0.04–3.04) 0.344 – –

BMI 1.05 (0.89–1.23) 0.550 – –

rs6834314

A/A (reference) – – – –

A/G 0.97 (0.16–5.83) 0.977 0.46 (0.06–3.66) 0.462

G/G 1.60 (0.17–15.49) 0.685 0.01 (0.00–0.97) 0.048

Age 1.04 (0.95–1.13) 0.418 – –

Gender 0.47 (0.09–2.58) 0.387 – –

Advanced fibrosis 8.94 (1.63–48.94) 0.012 8.93 (1.66–47.90) 0.011

Serum GGT 1.003 (1.002–1.005) <0.001 1.01 (1.00–1.02) 0.003

Diabetes mellitus Inf (NA) 0.315 – –

Hypertension 1.77 (0.21–15.18) 0.603 – –

Dyslipidaemia 0.35 (0.04–3.04) 0.344 – –

BMI 1.05 (0.89–1.23) 0.550 – –

Inf (NA) represented number was too large to be recorded.
HSD17B13, 17β-hydroxysteroid dehydrogenase 13; HR, hazard ratio; CI, confidence interval; GGT, gamma-glutamyl transferase; BMI, body mass index.
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formed Cox regression analysis. Genetic variants and variables 

with P≤0.10 in univariate analysis were included in the multivari-

ate analysis. Table 4, Supplementary Tables 6 and 7 show a de-

tailed Cox regression analysis for the association of the genotypes 

and clinical outcomes.

The rs72613567 T/TA genotype was associated with a higher 

incidence of cardiovascular outcome (hazard ratio [HR], 3.57; 95% 

CI, 1.34–9.48; P=0.011). Serum HDL cholesterol and systolic 

blood pressure were independent clinical parameters of cardio-

vascular outcome (P<0.05) for both rs72613567 and rs6834314.

Serum GGT level was the only independent predictor of extra-

hepatic malignancy and all-cause mortality.

HSD17B13 variants protected against liver-related 
complications in NAFLD 

Multivariate Cox regression analysis revealed that the 

rs72613567 homozygous TA allele and the rs6834314 G/G geno-

type were associated with a reduced risk of liver-related complica-

tions (HR, 0.004; 95% CI, 0–0.64; P=0.033 and HR, 0.01; 95% 

CI, 0–0.97; P=0.048, respectively) but not for cardiovascular 

events, extrahepatic malignancy, and all-cause mortality (Table 4). 

Reduced risk of liver-related complications was also observed in 

the co-dominant model of rs72613567 TA/TA vs. T/T (HR, 0.002; 

95% CI, 0.00–1.23; P=0.048; Supplementary Table 8). Although 

it did not reach a significant level but close to, there was a sug-

gestive protective trend particularly when the effective alleles 

were in the homozygous form, as seen in the co-dominant and 

recessive model (rs72613567 TA/TA and rs6834314 G/G). Ad-

vanced fibrosis and serum GGT level were also significant predic-

tors of liver-related complications (P<0.05). The PCA results 

showed that all components in the four factors explained 60% of 

the total variance. Factor 3, which contained serum GGT level and 

liver-related complications, explained 84% of the total variance, 

whereas factor 4, which contained the HSD17B13 variant and ad-

vanced fibrosis status, explained 30% of the total variance.

DISCUSSION

In this study of a well-characterised cohort of multi-ethnic Asian 

biopsy-proven NAFLD patients, we found loss-of-function HS-
D17B13 variants, namely rs72613567 TA allele and rs6834314 G 

allele, to be inversely associated with NAFLD and NASH in the 

overall subjects and among ethnic Chinese, but not ethnic Malays 

and Indians. This study also revealed that the rs72613567 homo-

zygous TA allele and the rs6834314 G/G genotype are associated 

with reduced risk of liver-related complications and are associated 

with lower grade of hepatocyte ballooning among the ethnic Chi-

nese.

These novel findings highlight the different impacts of the same 

genetic variants in persons of different ethnic backgrounds and 

complements previous interesting observations in genetic studies 

of NAFLD. Browning and colleagues were the first to report on 

ethnic differences in the prevalence of significant hepatic steatosis 

in their landmark paper.17 Although Hispanics and Blacks had a 

similar prevalence of obesity and insulin resistance, the prevalence 

of significant hepatic steatosis was much higher among Hispanics. 

The PNPLA3 gene polymorphism was identified and reported as 

the underlying cause of the observed ethnic differences in their 

paper that followed 4 years later.4 Since then, many subsequent 

studies have confirmed the importance of this genetic variant in 

NAFLD. The PNPLA3 genetic polymorphism was not only associ-

ated with a higher prevalence of NAFLD but also with more se-

vere liver disease.18 Studies on multi-ethnic Malaysian populations 

have consistently shown a higher prevalence of NAFLD among 

ethnic Malays and Indians compared with that of ethnic Chinese, 

and this ethnic predilection can be observed as early as young 

adulthood.16,19 However, interestingly, the frequency of the 

PNPLA3 risk allele is relatively high among ethnic Chinese com-

pared with that of the other ethnic groups.20 A meta-analysis has 

similarly reported high frequencies of the PNPLA3  risk allele 

among East Asians but a relatively lower prevalence of significant 

hepatic steatosis.21

We set out to determine if the loss-of-function HSD17B13 vari-

ants, recently reported to be protective against liver disease, un-

derlining the lower prevalence of NAFLD despite a relatively high 

frequency of the PNPLA3 risk allele among ethnic Chinese in our 

multi-ethnic population. We found that HSD17B13 is protective 

against NAFLD and NASH among ethnic Chinese, but interesting-

ly, not among ethnic Malays and Indians. A recent study among 

Japanese patients with NAFLD reported an attenuated effect of 

PNPLA3 on advanced hepatic fibrosis by HSD17B13 rs6834314 G 

allele.10 Abul-Husn et al.6 also reported that the HSD17B13 

rs72613567-TA allele is associated with decreased PNPLA3 mRNA 

expression in an allele dosage-dependent manner. Further re-

search is needed to identify the association between both 

PNPLA3 and HSD17B13 genotypes and their effect on patients 

with NAFLD.

rs72613567 is an insertion of an adenine adjacent to the donor 
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splice site of exon 6 of HSD17B13 in high linkage with the 

rs6834314, which is located downstream of the HSD17B13 gene. 

For instance, rs72613567 T/TA and TA/TA are indel variants which 

produce truncated protein with reduced enzymatic activity. HS-
D17B13 was first described as a liver specific lipid-droplet associ-

ated protein by Horiguchi et al.22 and upregulation of the gene 

expression in mice and patients with NAFLD was later shown.23 

HSD17B13 encodes hydroxysteroid 17-β dehydrogenase, a protein 

that plays a pivotal role in hepatic lipid metabolism and overex-

pression of this enzyme contributes to the development of 

NAFLD.24 Hence, disruption of the protein expression that occurs 

in loss-of-function variants is a mechanism postulated to mediate 

its protective effect against liver damage. Support for the finding 

that HSD17B13 rs72613567 is a protective NAFLD gene variant 

comes from a recent landmark study involving exome-wide se-

quencing of 46,544 European descents which reported a substan-

tial decrease in serum alanine aminotransferase and aspartate 

aminotransferase levels associated with the variant.6 The study 

also demonstrated that the variant is associated with a lower risk 

of NAFLD, as well as non-alcoholic cirrhosis in an allele dose-de-

pendent manner.6 The study has pioneered similar independent 

studies that confirmed the protective effect of the variant against 

NAFLD.7,8 In this study, we showed that the HSD17B13 rs72613567-

TA allele is associated with lower odds of NASH in comparison 

with the controls, which is in line with the previous findings.6-8 Pi-

rola et al.7 described how the rs72613567-TA allele is significantly 

associated with decreased levels of hepatic HSD17B13 protein in 

NAFLD patients bearing the heterozygous T/TA and homozygous 

TA/TA in an allele dose-dependent manner. Additionally, we repli-

cated similar results in rs6834314, showing that patients bearing 

the minor G allele have a reduced risk of NASH. The rs6834314 

variant also demonstrates lower protein levels essential for lipid 

droplet targeting, which is crucial for protein stability and protec-

tion from degradation.8 However, as mentioned before, the pro-

tective effect of the TA and G alleles was seen only among ethnic 

Chinese, but not among ethnic Malays and Indians. The cause for 

this novel finding is uncertain, it may be due to the effect of other 

genetic variants, and requires further investigation. It is interest-

ing to note that the control frequencies for both rs72613567-TA 

and rs6834314-G alleles of the East Asian population from the 

1000 Genomes Consortium were 0.34, which are similar to our 

population at 0.34 and 0.39, respectively.

Another highlight of our study is that the loss-of-function HS-
D17B13 variants were found to be associated with reduced risk of 

liver-related complications, suggesting that the loss-of-function 

variant may contribute to its protective effect in NAFLD patients. 

Although there was no significant association between both vari-

ants with fibrosis, advanced fibrosis is an independent predictor 

of liver-related complications. The protective role of the HSD17B13 

variants may be lost once advanced fibrosis develops. A recent 

meta-analysis by Wang et al.25 showed that HSD17B13 rs72613567 

is associated with significant liver disease protection among 

NAFLD patients and milder disease severity among studies that 

included liver histology.

There was a lack of observed association between the TA allele 

of rs72613567 and steatosis, which is consistent with the findings 

from previous studies.6,7 We also observed no interesting finding 

on the association between the variant and serum lipid levels. In 

addition, the expression of the protein on the lipid droplet mem-

brane without affecting the intracellular fat content could poten-

tially explain the lack of association between the TA allele and 

steatosis. In vitro data reported by Ma and colleagues8 lend sup-

port to this postulation, whereby overexpressed HSD17B13 in he-

patocytes does not affect their fat-storage capacity. Thus, it 

seems reasonable to presume that HSD17B13 does not modulate 

lipid content in a direct manner and the variant plays a much 

more important role in the pathogenesis of liver injury. However, 

the splice variant was shown to protect against liver ballooning 

degeneration, lobular inflammation and fibrosis.7 Similarly, in this 

study, we have demonstrated that the loss-of-function HSD17B13 

variants are associated with lower grade of hepatocyte ballooning 

among the ethnic Chinese. Although HSD17B13 has been discov-

ered as a liver specific lipid-droplet associated enzyme which con-

tributes to the pathogenesis of NAFLD, no firm conclusions can be 

drawn regarding the underlying mechanism on how the change in 

HSD17B13 activity modulates the liver lipid homeostasis due to its 

unknown substrates and metabolites.

A recent genetic association study in Japan reported that the 

carriage of the rs6834314 G allele attenuates the effect of 

PNPLA3 on advanced fibrosis.10 Nonetheless, there exists a longi-

tudinal prospective study for rs72613567 prior to the present 

study that reports a conflicting result, yet the finding can be ar-

gued. Despite having a relatively large number of patients 

(n=487) in their cohort, the patients were diagnosed with chronic 

viral hepatitis, alcoholic liver disease, or NAFLD-induced portal 

hypertension who already had advanced chronic liver disease.26 In 

addition, only 56 patients with NAFLD-induced portal hyperten-

sion were included in their study. However, the negative findings 

of Kaplan-Meier survival analysis of patients with different HS-
D17B13 genotyping status in our cohort may be attributed to the 
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small number of events in our study. The mechanism by which 

loss of HSD17B13 protects against advanced liver disease remains 

to be elucidated. Nonetheless, growing evidence provides more 

certainty to the impact of this genetic variant in disease progres-

sion in NAFLD patients.

In this study, we also found that serum GGT level is significantly 

associated with various clinical outcomes. Serum GGT level is a 

reliable marker of oxidative stress. Haring et al.27 reported that el-

evated GGT levels are associated with an increased risk of mortal-

ity in men with hepatic steatosis. In addition, Ruhl and col-

leagues28 reported that in the USA population, elevated GGT is 

associated with mortality from all causes, liver disease, cancer, 

and diabetes. A recent study has also found that individuals with 

repeated elevated GGT levels have an increased risk of developing 

fatty liver changes.29 Nonetheless, serum GGT also contributes to 

several algorithms for the diagnosis of NAFLD and liver fibrosis 

such as the fatty liver index (FLI), SteatoTest, and Fibrotest. These 

findings explain the clinical importance of serum GGT in NAFLD 

and its role as a predictor of NAFLD outcome.

An interesting f inding from our study showed that the 

rs72613567 heterozygous mutant genotype is associated with a 

higher incidence of cardiovascular outcome, but not in the homo-

zygous mutant. We speculate that phenotypic consequences of a 

dominant mutation can be observed in a heterozygous individual 

carrying one mutant and one wild-type allele. In 1987, Herskow-

itz30 described dominant negative mutations as mutations in one 

allele, when overexpressed, may lead to a structural change in the 

protein that disrupts the activity of the wild-type gene. For in-

stance, in the context of a dimer T/T, if the truncated protein TA 

renders T/TA and TA/TA dimers inactive, then a heterozygote will 

produce 25% T/T, 50% T/TA and 25% TA/TA, leading to only 

25% of activity with respect to the wild type or homozygous mu-

tant and 50% activity with respect to the heterozygous. The no-

tion of heterozygous dominant negative mutations causes more 

severe effects than that does simple null alleles or homozygous 

alleles of the same gene30,31 leads us to believe that the possible 

mechanism of heterozygous mutations may be more deleterious 

than that of a truncated protein (TA/TA), which explains the sig-

nificantly higher incidence of cardiovascular outcome recorded in 

the rs72613567 T/TA genotype in the present study. However, this 

novel finding warrants further studies to confirm the impact of 

rs72613567 on cardiovascular outcomes in patients with NAFLD.

To our knowledge, this study is the first longitudinal cohort 

study among the Asian population to report a potential protective 

effect of the protein-truncating HSD17B13 variants on adverse liv-

er outcomes in patients with NAFLD. This novel finding may be 

useful for future pharmacological development of therapeutic 

gene inhibition by selective enzyme inhibition techniques or could 

potentially be utilised as a biomarker to predict the development 

of advanced liver disease. Moreover, our study was able to com-

pare genetic variants among three Asian ethnic groups. This study 

has several limitations. First, our study had relatively short follow-

up duration in some of our study subjects and hence, a relatively 

small number of observed events. However, power analysis was 

conducted prior to the commencement of study to calculate sam-

ple sizes and the data available were adequate for statistical sig-

nificance. Second, we were not able to study the effect of the ge-

netic variants according to ethnic groups due to the even smaller 

number of observed events when stratified according to ethnicity. 

Interestingly, there were no liver-related complications among the 

ethnic Chinese despite the equal proportion of more severe liver 

disease at baseline compared with that of the other ethnic groups. 

Third, data on follow-up events were retrieved retrospectively 

from the medical records; hence, there is a small possibility of 

missing events while patients seek medical treatment in else-

where. Due to ethical considerations, liver biopsy was not per-

formed in the controls. Therefore, a list of inclusion and exclusion 

criteria was used to recruit control subjects, and liver ultrasound 

was performed to exclude the presence of NAFLD. Lastly, we were 

unable to follow-up the control subjects and demonstrate a com-

parison between the NAFLD and non-NAFLD groups in terms of 

clinical outcomes.

In conclusion, in this two-part study on a cohort of biopsy-prov-

en multi-ethnic Asian NAFLD patients, the loss-of-function vari-

ants HSD17B13 rs72613567 and rs6834314 were found to be in-

versely associated with NASH, specifically among ethnic Chinese, 

but not among ethnic Malays and Indians. The variants were also 

found to be independently associated with a lower incidence of 

liver-related complications. Future studies should examine thor-

oughly the impact of genetic variants on liver-related outcomes in 

different ethnic groups, explore the use of genetic variants to pre-

dict more severe liver disease, and thereby identify patients for 

early interventions. We must investigate the underlying mecha-

nism of the pathogenic link between HSD17B13 and adverse liver-

related outcomes in NAFLD, and explore the therapeutic potential 

of these genetic variants. 
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INTRODUCTION

Chronic hepatitis B virus (HBV) infects approximately 292 mil-

lion persons around the world and attributes to about half of the 

hepatocellular carcinoma (HCC) cases every year.1 HCC is a cancer 

with high mortality rate, with most cases detected at advanced 

stages.2 HCC surveillance remains indispensable to detect tumor 

at early stages in order to improve the prognosis of patients.3 

Chronic hepatitis B (CHB) patients with high serum HBV DNA lev-

els, elevated alanine aminotransferase (ALT) levels, advanced fi-

brosis and necroinflammation are at risk of developing HCC, 

hence are indicated for antiviral therapy.4-6 CHB patients received 

antiviral treatment have significantly lower risk of HCC and liver-

related mortality.7,8 On the other hand, patients who do not fulfil 

treatment criteria may also develop HCC.9,10 Thus, some untreated 

patients may have a significant risk of HCC development and thus 

benefit from antiviral treatment.

Advanced fibrosis and cirrhosis are the key risk factors of 

HCC.11,12 Liver biopsy examination was commonly used to assess 

liver fibrosis, yet its invasiveness and potential complications limit 

its generalizability.13 Liver stiffness measurement by transient elas-

tography is a non-invasive method to assess liver fibrosis, yet the 

measurement is limited by the availability of the machine. Instead, 

various serum test-based formulae have been developed to pre-

dict liver fibrosis with a reasonable accuracy. While some of these 

formulae (for example Enhanced Liver Fibrosis) require the mea-

surement of uncommon and expensive laboratory parameters in-

cluding aminoterminal propeptide of type III procollagen, hyal-

uronic acid and tissue inhibitor of matrix metalloproteinase type-

1.14 A few formulae comprised of common laboratory tests have 

been widely used. The most commonly used formulae include as-

partate aminotransferase to platelet ratio index (APRI), fibrosis-4 

(FIB-4) index, and Forns index.15 These serum fibrosis scores that 

reflected the severity of liver fibrosis could be useful to define the 

HCC risk of CHB patients, in particulars in those remained un-

treated.16,17 Existing HCC risk scores for untreated CHB patients in-

cluding the Chinese University of Hong Kong-HCC (CU-HCC) 

score, the guide with age, gender, HBV DNA, core promoter mu-

Background/Aims: Serum fibrosis scores comprised of common laboratory tests have high utility to assess severity of 
liver fibrosis. We aimed to derive and validate a hepatocellular carcinoma (HCC) risk score based on serum fibrosis scores 
to predict HCC in treatment-naïve chronic hepatitis B (CHB) patients.
Methods: Fifteen thousand one hundred eighty-seven treatment-naïve adult CHB patients were identified to form the 
training cohort in this retrospective study. Individual fibrosis score was included to construct a new HCC prediction score. 
The score was externally validated in an independent treatment-naïve Korean CHB cohort.
Results: 180/15,187 patients (1.2%) in training cohort and 47/4,286 patients (1.1%) in validation cohort developed 
HCC during a mean follow-up of 52 and 50 months, respectively. The newly developed HCC risk score, Liang score, is 
composed of gender, age, hepatitis B virus DNA, fibrosis-4 (FIB-4) index, and ranges from 0 to 22. Area under the time-
dependent receiver operating characteristic curve of Liang score was 0.79 (95% confidence interval, 0.70–0.89). A cutoff 
value of nine provided an extremely high negative predictive value of 99.9% and high sensitivity of 90.0% at 5 years in 
the validation cohort. Patients with Liang score ≤9 had HCC incidence <0.2% per year in both training and validation 
cohorts, in whom HCC surveillance might be exempted.
Conclusion: A novel HCC risk score, Liang score, based on FIB-4 index, is applicable and accurate to identify treatment-
naïve CHB patients with very low risk of HCC to be exempted from HCC surveillance. (Clin Mol Hepatol 2021;27:499-
509)
Keywords: Hepatitis B, Chronic; Carcinoma, Hepatocellular; Fibrosis; Surveillance

Study Highlights
Serum fibrosis scores comprised of common laboratory tests have high utility to assess severity of liver fibrosis which is correlated with the risk of 
HCC. The newly developed HCC risk score, Liang score, is composed of gender, age, HBV DNA, FIB-4 index and had high sensitivity and negative pre-
dictive value to predict HCC of treatment-naive CHB patients. Liang score is accurate to identify treatment-naive CHB patients with very low risk of 
HCC to be exempted from HCC surveillance. 
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tations and cirrhosis-HCC (GAG-HCC) score (without core promot-

er mutation), and the risk estimation for HCC in CHB (REACH-B) 

score rely heavily on clinical diagnosis of cirrhosis. The clinical di-

agnosis can however be subjective and vary among centers as liv-

er biopsy is not performed in most of the patients. Any misdiag-

nosis of liver cirrhosis will affect much on the classification of pa-

tients to different risk groups.

Based on the recommendations of American Association for the 

Study of Liver Diseases, an annual HCC risk of <0.2% is probably 

not cost-effective for HCC surveillance.4 In view of the huge num-

ber of CHB patients, a prediction score with high sensitivity to 

identify patients at very low risk of HCC would be pivotal to ap-

propriate allocation of healthcare resources for HCC surveillance. 

We may exempt these very-low-risk patients from HCC surveil-

lance and offer regular monitoring at primary care setting instead 

of secondary or tertiary centers.6 Appropriate resource allocation 

facilitates the elimination of HBV infection by 2030, a goal set by 

the World Health Organization (WHO).18 In the current study, we 

aimed to derive and validate a HCC risk score developed based on 

serum test formulae to exclude treatment-naïve CHB patients with 

low HCC risk.

PATIENTS AND METHODS

Study design and data source

The training cohort was a territory-wide retrospective cohort 

identified using data from the Clinical Data Analysis and Report-

ing System (CDARS) under the management of Hospital Authority, 

Hong Kong.19 Different territory-wide studies have been conduct-

ed using CDARS.20-23 The International Classification of Diseases, 

Ninth Revision, Clinical Modification (ICD-9-CM) coding system 

was used in CDARS. The use of ICD-9-CM codes in CDARS to 

identify hepatic events has been found 99% accurate when refer-

enced to clinical, laboratory, imaging and endoscopy results from 

the electronic medical records.24 The derived HCC risk score was 

externally validated in an independent cohort of CHB patients 

from Severance Hospital, Seoul, Korea.

Subjects

Consecutive adult CHB patients with positive hepatitis B surface 

antigen for 6 months and/or defined by the ICD-9-CM diagnosis 

codes between 2000 and 2017 in Hong Kong were identified. 

Those patients with serum HBV DNA and at least one of the se-

rum fibrosis scores (APRI, FIB-4, and Forns index) measured be-

tween January 2000 and June 2018 were included. Follow-up du-

ration were censored at the start date of first antiviral treatment 

for patients ever received antiviral treatment. HCC surveillance 

was done every 6 to 12 months by ultrasound and alpha-fetopro-

tein (AFP) testing under the Hospital Authority. APRI, FIB-4, and 

Forns index were calculated as described (Supplementary Table 

1).15,25,26 We excluded the following patients: those co-infected 

with hepatitis C virus and/or hepatitis D virus based on ICD-9-CM 

diagnosis codes, viral and serological markers and/or use of anti-

viral therapy for hepatitis C; co-infected with human immunodefi-

ciency virus based on ICD-9-CM diagnosis codes and/or use of 

antiviral therapy for human immunodeficiency virus; had other co-

existing autoimmune and metabolic liver diseases based on ICD-

9-CM diagnosis codes; had cancer including HCC and/or liver 

transplantation before or within the first 6 months after baseline 

date; follow-up duration less than 6 months; received rituximab 

and any chemotherapeutic agents (Supplementary Tables 1, 2). 

We also excluded patients with ICD-9-CM diagnosis codes of 

acute hepatitis B and/or positive immunoglobulin M to hepatitis B 

core antigen unless it was more than 6 months apart from a posi-

tive hepatitis B surface antigen result, patients with Child-Pugh 

class B or C or had any hepatic events before baseline. For valida-

tion cohort, CHB patients identified in 2000–2017 with available 

HBV DNA results in Severance Hospital, Seoul, Korea were includ-

ed. We excluded patients age younger than 18 years; develop 

HCC before or within first 6 months after baseline; follow-up less 

than 6 months; without available serum fibrosis scores at base-

line; with Child Pugh B or C and/or had any hepatic events before 

baseline.

Patients were followed until diagnosis of HCC, death, liver 

transplantation, starting antiviral treatment, last follow-up date 

(December 31, 2018), or up to 5 years of follow-up, whichever 

came first. The study protocol was approved by the Joint Chinese 

University of Hong Kong - New Territories East Cluster Clinical Re-

search Ethics Committee.

Data collection

Data of training cohort were retrieved from CDARS in January 

2019. Baseline date was set on the first serum HBV DNA assay. 

Demographic data including date of birth and gender were cap-

tured. At baseline, liver and renal biochemistries, hematological 

and virologic parameters were collected. Thereafter, serial liver 
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and renal biochemistries as well as HBV viral markers were col-

lected until the last follow-up date. We also retrieved data on 

other relevant diagnoses, procedures, concomitant drugs, labora-

tory parameters. Drug data of any antiviral treatment for CHB in-

cluding any approved nucleos(t)ide analogues, namely lamivudine, 

adefovir dipivoxil, entecavir, telbivudine, tenofovir disoproxil fu-

marate and tenofovir alafenamide, as well as (pegylated)-interfer-

on were also retrieved during the study period; patients’ follow-

up was censored at the time of first antiviral treatment. 

Definitions

The primary endpoint was HCC. HCC was identified based on 

diagnosis codes (155.0: HCC and 155.2: carcinoma of liver) or 

procedure codes for HCC treatment according to ICD-9-CM codes 

from CDARS. Liver cirrhosis was identified by ICD-9-CM diagnosis 

codes for cirrhosis and its related complications (Supplementary 

Table 2). Diabetes mellitus (DM) was defined by exposure to any 

anti-diabetic agents, and/or hemoglobin A1c ≥6.5% and/or fast-

ing plasma glucose ≥7.0 mmol/L in one measurement, and/or the 

ICD-9-CM diagnosis codes for DM.

Statistical analysis

Data were analyzed using SPSS version 25.0 (IBM Corp., Ar-

monk, NY, USA), and R software (4.0.0; R Foundation for Statisti-

cal Computing, Vienna, Austria). Continuous variables were ex-

pressed in mean±standard deviation or median (interquartile 

range [IQR]), as appropriate, while categorical variables were pre-

sented as frequency (percentage). Time to HCC diagnosis was de-

fined as the time from the baseline date to the date of first HCC 

diagnosis code, or the date of last follow-up if patients were still 

alive without HCC at the time of analysis. Kaplan-Meier analysis 

with log-rank test was used to estimate and compare the cumula-

tive risks of development of HCC in different groups of patients. 

Cox proportional hazards model was performed to determine the 

relationship of clinical characteristics of HBV DNA level, gender, 

age, serum bilirubin level, FIB-4 index and serum hepatitis e anti-

gen (HBeAg) status with the development of HCC. Missing values 

were excluded from the analysis. A simple HCC risk score was de-

rived by significant variables obtained from backward stepwise 

multivariable analysis with P<0.05. The score was the weighted 

sum of those variables of which the weights were defined as the 

Figure 1. The selection of patients in the training cohort and validation cohort. CHB, chronic hepatitis B; HBV, hepatitis B virus; HCC, hepatocellular car-
cinoma; AST, aspartate amionotransferase; PLT, platelet; ALT, alanine aminotransferase; GGT, gamma-glutaryl transpeptidase; NA, nucleos(t)ide ana-
logues.

74,856 Without available HBV DNA results
2,525   Developed HCC before or within first  

6 months after baseline
5,515 Developed other cancers before or at baseline
29,760   Missing results of serum test formula (AST,  

PLT, ALT, GGT, cholesterol) or results out of 
1 year from baseline

5,951 Started NA before or at baseline
800 Developed HCC at or after NA started
538 Follow-up duration less than 6 months
35 Younger than 18 years old
122  Child-Pugh class B and C
106 Hepatic events before baseline

96 Younger than 18 years old
1,661   Developed HCC before or within first 

6 months after baseline
224 Developed HCC at or after NA started
141 Without last follow up date
1,442 Follow up duration less than 6 months
592   Missing results of serum test formula (AST, 

PLT, ALT, GGT, cholesterol) or results out of 
1 year from baseline

45 Child-Pugh score calss B and C
73 Hepatic events before baseline

All CHB patients available
in Hong Kong health care
system in 2000–2017 after

exclusion
(n=135,395)

CHB patients wih HBV DNA
(n=15,187)

(training cohort)

Untreated CHB patients with
available HBV DNA

(n=8,559)

CHB patients with HBV DNA
(n=4,286)

(validation cohort)
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quotient (rounded to nearest integer) of corresponding estimated 

coefficient from a Cox regression analysis divided by the smallest 

chi-square coefficient.11

The performance of serum fibrosis scores and the HCC risk score 

was assessed by area under the time-dependent receiver operat-

ing characteristic curve (AUROC).27 The 95% confidence interval 

(CI) for the comparison of two ROC curves was computed by 

bootstrap sampling of 1,000 samples. Diagnostic accuracy of the 

suggested cutoff values was assessed by sensitivity, specificity, 

positive predictive value, and negative predictive value (NPV) with 

95% CI. Youden’s index was used to select the best cutoff value. 

High sensitivity and NPV were used to further select the cutoff 

values with comparable Youden’s index to exclude patients with 

low HCC risk. All statistical tests were two-sided. P<0.05 was 

taken as statistically significant.

RESULTS

Patients characteristics

We identified in total 135,395 CHB patients in the public 

healthcare system in 2000–2017.28 There were 60,539 CHB pa-

tients with available HBV DNA results at baseline. After excluding 

patients fulfilling the exclusion criteria, the final number of treat-

ment-naïve CHB patients included in the training cohort was 

15,187. We identified 8,559 untreated CHB patients with available 

HBV DNA measurement in the validation cohort, 4,286 patients 

were finally analyzed after exclusion (Fig. 1).

During a mean follow-up of 52 months, 180 patients developed 

HCC in the training cohort. We compared the characteristics of 

patients developed HCC and without HCC. Patients who devel-

Table 1. Clinical characteristics of patients in the training and validation cohorts

Training cohort Validation cohort

HCC  
(n=180)

Non-HCC 
(n=15,007)

P-value
HCC  

(n=47)
Non-HCC 
(n=4,239)

P-value

Male 133 (73.9) 8,220 (54.8) <0.001 39 (83.0) 2,249 (53.1) <0.001

Age (years) 61.4±11.4 51.8±13.6 <0.001 58.0±11.9 48.4±12.6 <0.001

Age <50 years 24 (13.3) 6,295 (41.9) <0.001 10 (21.3) 2,228 (51.6) <0.001

Albumin (g/L) 38.1±5.6 41.6±4.9 <0.001 39.5±5.3 42.8±4.7 <0.001

Bilirubin (µmol/L) 14.1 (9.2–19.1) 11.0 (8.0–15.8) <0.001 13.7 (10.3–18.8) 12.0 (10.3–17.1) 0.964

ALT (IU/L) 46.0 (31.0–72.3) 37.0 (22.0–73.0) 0.001 26.0 (17.0–39.0) 24.0 (16.0–42.0) 0.678

AST (U/L) 33.1 (24.0–52.2) 30.0 (23.0–49.0) 0.081 30.0 (24.0–53.0) 24.0 (19.0–36.0) 0.001

Platelet (×109/L) 161.3±68.2 208.5±68.2 <0.001 155.1±63.2 201.2±68.3 <0.001

GGT (U/L) 70.2 (37.0–164.5) 29.0 (19.0–58.0) <0.001 56.5 (24.0–100.5) 25.0 (16.0–46.0) 0.001

Cholesterol (mmol/L) 4.6±1.2 4.8±1.1 0.002 4.2±1.0 4.7±1.0 0.002

Positive HBeAg 28 (18.8) 2,403 (17.7) 0.738 5 (13.2) 786 (23.3) 0.140

HBV DNA (log10 IU/mL) 5.0±1.8 4.4±2.1 <0.001 3.1±1.7 3.5±2.1 0.015

HBV DNA >2,000 IU/mL 138 (76.7) 8,711 (58.0) <0.001 11 (23.4) 1,374 (32.4) 0.189

Cirrhosis 56 (31.1) 765 (5.1) <0.001 37 (78.7) 916 (21.6) <0.001

APRI 0.7 (0.5–1.2) 0.4 (0.3–0.7) <0.001 0.5 (0.4–0.9) 0.3 (0.2–0.6) <0.001

FIB-4 index 2.5 (1.6–4.4) 1.3 (0.9–2.1) <0.001 2.4 (1.6–4.1) 1.3 (0.8–2.0) <0.001

FIB-4 >3.25 54 (38.6) 1,611 (12.5) <0.001 18 (38.3) 471 (11.1) <0.001

Forns index 7.4±2.0 5.6±2.0 <0.001 6.8±2.1 4.8±2.1 <0.001

Advanced fibrosis (%), APRI 
>2/FIB-4 >3.25/Forns  
index >8.4

70 (38.9) 2,087 (13.9) <0.001 20 (42.6) 537 (12.7) <0.001

Follow-up duration (months) 48.9±34.8 68.3±28.7 <0.001 46.0±32.0 49.5±33.6 0.477

Values are presented as mean±standard deviation, median (interquartile range), or number (%).
HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; AST, aspartate amionotransferase; GGT, gamma-glutaryl transpeptidase; HBeAg, hepatitis B e 
antigen; HBV, hepatitis B virus; APRI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4.
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oped HCC were older (61.4±11.4 vs. 51.8±13.6 years), and more 

likely to be male (73.9% vs. 54.8%) than patients without HCC. 

More patients of non-HCC group were younger than 50 years 

(41.9%). For liver biochemistries, patients who developed HCC 

had lower albumin level (38.1±5.6 vs. 41.6±4.9 g/L), platelet 

count (161.3±68.2 vs. 208.5±68.2×109/L), cholesterol level 

(4.6±1.2 vs. 4.8±1.1 mmol/L) and higher total bilirubin (14.1 [IQR, 

9.2–19.1] vs. 11.0 [IQR, 8.0–15.8] µmol/L), ALT (46.0 [IQR, 31.0–

72.3] vs. 37.0 [IQR, 22.0–73.0] IU/L), gamma-glutaryl transpepti-

dase (GGT; 70.2 [IQR, 37.0–164.5] vs. 29.0 [IQR, 19.0–58.0] U/L) 

than patients without HCC. Patients with HCC had cirrhosis 

(31.1% vs. 5.1%) and higher HBV DNA level (5.0±1.8 vs. 4.4±2.1 

log10 IU/mL). Their serum fibrosis scores of APRI (0.7 [IQR, 0.5–

1.2] vs. 0.4 [IQR, 0.3–0.7]), FIB-4 index (2.5 [IQR, 1.6–4.4] vs. 1.3 

[IQR, 0.9–2.1]), and Forns index (7.4±2.0 vs. 5.6±2.0) were all 

higher than those of non-HCC patients (Table 1). The AFP levels in 

patients developed HCC was significantly higher than patients did 

not develop HCC (6.1 [IQR, 3.3–11.6] vs. 3.1 [IQR, 2.2–4.9] ng/mL, 

P<0.001). Patients developed HCC had more proportion of DM 

than patients did not develop HCC (37.2% vs. 18.6%, P<0.001).

In the validation cohort, 47 patients developed HCC during a 

mean follow-up of 50 months. Compared with the training co-

hort, patients in the validation cohort were younger (48.5±12.6 

vs. 52.0±13.6) and had more patients with cirrhosis (22.2% vs. 

5.4%). Patients had similar albumin level, platelet count, APRI and 

FIB-4 index in both of the training and validation cohorts (Table 1).

Predictors of HCC

We performed univariate and multivariable analysis for APRI, 

FIB-4 index separately. Forns index is not generally used in clinical 

assessment of Hong Kong and there were more than half of miss-

ing values in our cohort. So, we did not select Forns index to devel-

op the new score. APRI >2 was not associated with HCC develop-

ment in both univariate and multivariable analysis (Supplementary 

Table 3). FIB-4 >3.25, male gender, age older than 50 years old, 

high total bilirubin (bilirubin >18 µmol/L), low platelet (platelet 

<150×109/L), high HBV DNA level (HBV DNA >2,000 IU/mL) and 

DM were correlated with HCC development by univariate analy-

sis.29 There were 2,155 patients (14.2%) without FIB-4 index and 

these patients were excluded from the Cox proportional hazards 

model. Male gender, age older than 50, high HBV DNA level and 

high FIB-4 could predict HCC development significantly in multi-

variable analysis (Table 2).

Derivation of HCC prediction score

FIB-4 score combined with gender, age and HBV DNA level 

which were significant in the multivariable analysis comprised the 

new HCC prediction score named Liang score and ranged from 0 

to 22 (Table 3).

We listed out several potential cutoff values and calculated the 

diagnostic accuracy of these values (Table 4). Among these val-

Table 2. Univariate and multivariable analysis of Cox proportional hazards models on risk factors associated with hepatocellular carcinoma in the train-
ing cohort (follow-up duration: 5 years)

Factor
No. of 

patients
Univariate Multivariable

HR 95% CI P-value χ2 score Adjusted HR 95% CI P-value

Male sex 8,353 (55.0) 1.96 1.31–2.95 0.001 6.71 1.96 1.18–3.26 0.010

Age (years)

<50 6,319 (41.6) 1 1

50–60 4,833 (31.8) 5.64 2.83–11.23 <0.001 15.89 4.93 2.25–10.79 <0.001

≥60 4,035 (26.6) 10.61 5.44–20.71 <0.001 21.32 6.51 2.94–14.43 <0.001

Bilirubin >18 µmol/L 2,537 (16.7) 2.00 1.33–3.01 0.001

Platelet <150×109/L 2,654 (17.5) 3.40 2.34–4.95 <0.001

HBV DNA >2,000 IU/mL 8,849 (58.3) 2.07 1.36–3.15 0.001 4.26 1.77 1.03–3.03 0.039

FIB-4 >3.25 1,667 (11.0) 4.46 2.89–6.88 <0.001 15.16 2.70 1.64–4.45 <0.001

HBeAg (+) 2,431 (16.0) 0.86 0.49–1.49 0.586

DM 2,865 (18.9) 3.14 2.16–4.58 <0.001

Values are presented as number (%) unless otherwise indicated.
HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; FIB-4, fibrosis-4; HBeAg, hepatitis B e antigen; DM, diabetes mellitus.
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ues, cutoff value of 10 had the highest Youden’s index of 0.406, 

followed by the cutoff value of 9 with Youden’s index of 0.391. As 

the corresponding sensitivity and NPV of 9 were 83.7% (95% CI, 

73.9–90.5%) and 99.8% (95% CI, 99.7–99.9%), which were 

higher than those of the cutoff value of 10 (sensitivity, 74.4%; 

specificity, 99.7%), we finally selected 9 as the cutoff value of the 

Liang score. By using the cutoff value of 9, patients were divided 

into two groups: low-risk group (7,191 patients) with Liang score 

≤9 and high-risk group (5,841 patients) with Liang score >9. The 

corresponding number of patients developed HCC were 14 

(0.19%) and 72 (1.12%) in the low- and high-risk groups at  

5 years’ follow-up duration. The cumulative incidence of HCC was 

significantly different between low- and high-risk patients by Ka-

plan-Meier analysis (log-rank test, P<0.001). The annual HCC in-

cidences of low-risk group were less than 0.2%, which is the 

threshold of offering cost-effective HCC surveillance (Fig. 2A).

We compared the performance of Liang score in patients never 

receive antiviral treatment and patients received antiviral treat-

ment and censored at the start date of the treatment (Supplemen-

tary Table 4). The sensitivity (81.82% vs. 84.38%) and NPV 

(99.91% vs. 99.61%) were similar between these two groups.

External validation of HCC prediction score

In the validation cohort, there were 2,686 patients (62.8%) 

classified as low-risk groups, among which three patients (0.11%) 

developed HCC. The corresponding sensitivity and NPV of cutoff 

of 9 were 90.0% (95% CI, 72.3–97.4%) and 99.9% (95% CI, 

99.6–99.97%), respectively (Table 5). The cumulative incidence of 

HCC in low-risk patients was significantly lower than that in high-

risk patients (log-rank test, P<0.001), and was less than 0.2% per 

year (Fig. 2B). Liang score performed well in patients with or 

without cirrhosis and subgroups of patients with different AFP 

levels (Supplementary Tables 5, 6).

Comparison with existing HCC prediction scores

We compared the performance of Liang score with other HCC 

prediction scores which were developed in treatment-naïve CHB 

patients: CU-HCC score, GAG-HCC score and REACH-B score in 

the validation cohort. We selected conventionally used cutoff val-

ues of 5, 100 and 8 for CU-HCC score, GAG-HCC score and REACH-B  

Table 3. Components of the Liang score

Factor Score

Gender

Female 0

Male +3

Age (years)

<50 0

50–60 +7

≥60 +10

HBV DNA

≤2,000 0

>2,000 +2

FIB-4

≤3.25 0

>3.25 +7

Total 0 to 22

HBV, hepatitis B virus; FIB-4, fibrosis-4.

Table 4. Diagnostic accuracy of Liang score (follow-up duration: 5 years)

Cut off value

2 3 5 7 9 10 12

Sensitivity 97.7 (91.1–99.6) 95.3 (87.9–98.5) 90.7 (82.0–95.6) 89.5 (80.6–94.8) 83.7 (73.9–90.5) 74.4 (63.7–82.9) 55.8 (44.7–66.4)

Specificity 19.5 (18.8–20.2) 28.8 (28.0–29.6) 42.0 (41.2–42.9) 48.2 (47.3–49.0) 55.4 (54.6–56.3) 66.2 (65.4–67.0) 80.2 (79.5–80.9)

PPV 0.8 (0.6–1.0) 0.9 (0.7–1.1) 1.0 (0.8–1.3) 1.1 (0.9–1.4) 1.2 (1.0–1.6) 1.4 (1.1–1.8) 1.8 (1.4–2.5)

NPV 99.9 (99.7–99.98) 99.9 (99.7–99.97) 99.9 (99.7–99.9) 99.9 (99.7–99.9) 99.8 (99.7–99.9) 99.7 (99.6–99.8) 99.6 (99.5–99.7)

No. of HCC 
predicted

84/86 82/86 78/86 77/86 72/86 64/86 48/86

No. of low-
risk patients

2,522/13,032 3,730/13,032 5,451/13,032 6,245/13,032 7,191/13,032 8,592/13,032 10,422/13,032

Values are presented as percentage (95% confidence interval) or number.
PPV, positive predictive value; NPV, negative predictive value; HCC, hepatocellular carcinoma.
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score, respectively.11,30,31 The sensitivity and NPV results were 

83.3% and 99.8% for CU-HCC score; 70.0% and 99.8% for 

GAG-HCC score and 65.2% and 99.6% for REACH-B score, which 

were all lower than those of Liang score (90.0% and 99.9%). The 

number of low-risk patients defined by CU-HCC score, GAG-HCC 

score and REACH-B score were 2,403, 3,639, and 1,933 with HCC 

incidence of 0.21%, 0.25%, and 0.41%, respectively (Table 5). 

Time-dependent AUROC was used to compare the predictive abil-

ity of Liang score with other HCC prediction scores. The time-de-

pendent AUROC of Liang score was 0.79 (95% CI, 0.70–0.89) 

which was not significantly different to those of CU-HCC score 

(0.82; 95% CI, 0.75–0.89; P=0.434) and GAG-HCC score (0.83; 

95% CI, 0.74–0.91; P=0.342). The time-dependent AUROC of Li-

ang score was significantly higher than that of REACH-B score 

(0.61; 95% CI, 0.53–0.70; P<0.001; Supplementary Fig. 1).

Patients who may be exempted from HCC 
surveillance

Patients with Liang score of 9 or lower may be exempted from 

HCC surveillance which include the following groups: female pa-

tients younger than 50; female patients age between 50 and 60 

with low FIB-4 score or male patients younger than 50 with low 

FIB-4 score (Table 3). The corresponding annual HCC incidences 

of these groups were all less than 0.2% in the training cohort.

DISCUSSION

We aimed to derive and validate a HCC risk score based on se-

rum fibrosis scores to identify a group of patients with very low 

risk of HCC in treatment-naïve CHB patients. The newly developed 

Figure 2. Cumulative incidence of HCC in the low- and high-risk of patients defined by Liang score in the (A) training cohort and (B) validation cohort 
with the annual HCC incidence of low-risk patients. HCC, hepatocellular carcinoma.
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Table 5. Diagnostic accuracy of Liang score and other HCC prediction scores in the validation cohort (follow-up duration: 5 years)

Liang score cutoff: 9 CU-HCC score cutoff: 5 GAG-HCC score cutoff: 100 REACH-B score cutoff: 8

Sensitivity 90.0 (72.3–97.4) 83.3 (64.5–93.7) 70.0 (50.4–84.6) 65.2 (42.8–82.8)

Specificity 63.1 (61.7–64.6) 57.2 (55.7–58.7) 85.3 (84.2–86.3) 57.0 (55.3–58.6)

PPV 1.7 (1.1–2.5) 1.4 (0.9–2.1) 3.2 (2.1–5.0) 1.0 (0.6–1.7)

NPV 99.9 (99.6–99.97) 99.8 (99.5–99.9) 99.8 (99.5–99.9) 99.6 (99.2–99.8)

No. of HCC predicted 27/30 25/30 21/30 15/23

No. of patients below cutoff 2,686/4,280 2,403/4,219 3,639/4,286 1,933/3,402

Values are presented as percentage (95% confidence interval) or number.
CU-HCC, the Chinese University of Hong Kong-HCC; GAG-HCC, the guide with age, gender, HBV DNA, core promoter mutations and cirrhosis-HCC; REACH-B, 
the risk estimation for HCC in CHB; PPV, positive predictive value; NPV, negative predictive value; HCC, hepatocellular carcinoma.
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Liang score was composed of gender, age, HBV DNA and FIB-4 

index, which was accurate and reproducible to exclude HCC. By 

using the cutoff value of 9, around 50% of patients were classi-

fied as very low risk of HCC (annual incidence <0.2%), so that 

HCC surveillance would be exempted. As Liang score was com-

posed of common clinical and laboratory parameters, it would be 

applicable in most clinic settings. This score would contribute to 

the WHO’s hepatitis elimination advocacy by better resource allo-

cation.

The current international guidelines recommend that adult CHB 

patients with cirrhosis should undergo regular HCC surveillance.32 

However, the recommendations in non-cirrhotic CHB patients are 

not as clear. For example, the American guidelines recommend 

screening in male CHB patients above 40 years old, which refers 

to majority of the male patients as adults of early 30s or younger 

are mostly vaccinated in our region. With this novel Liang score, 

the following types of CHB patients would be classified as high-

risk with a cutoff value of 9: 1) female patients older than 60 

years; 2) female patients with age between 50 and 60 years and 

FIB-4 >3.25; 3) male patients older than 50 years; and 4) male 

patients younger than 50 years with FIB-4 >3.25. The corre-

sponding cumulative HCC incidence of these groups at 5 years’ 

follow-up were 1.5%, 1.8%, 1.7%, and 2.2% in the training co-

hort. The annual HCC incidences were all higher than 0.2% that 

indicates the possible need of HCC surveillance. These few groups 

of patients account for 45% in the training cohort and 37% in the 

validation cohort.

A few existing HCC prediction scores such as CU-HCC score and 

GAG-HCC score include clinical cirrhosis as a key component with 

strong weight; yet cirrhosis may not be diagnosed accurately by 

ultrasonography.33 We substituted clinical cirrhosis with FIB-4 

score, a more objective serum fibrosis score, and then built the Li-

ang score, which is highly applicable and reproducible. By using 

the cutoff value of 9, Liang score had the highest sensitivity 

(90.0%) and NPV (99.9%) compared with CU-HCC score, GAG-

HCC score and REACH-B score which were developed in treat-

ment-naïve patients. Therefore, Liang score was accurate to rule 

out HCC in low-risk patients and it worked excellently among cur-

rent HCC prediction scores in treatment-naïve CHB patients with-

out the necessity of accurate diagnosis of liver cirrhosis.

Our study had some strengths. First, Liang score is composed of 

common clinical and laboratory parameters such that it is applica-

ble in most clinic settings. Aiming a highly sensitive cutoff achiev-

ing very high NPV can identify very-low-risk patients who would 

not need HCC surveillance in the near future. Second, Liang score 

is accuracy to exclude low HCC risk patients without the diagnosis 

of cirrhosis and not affected by operators compared with ultra-

sound, which is relatively inaccurate to diagnose cirrhosis for HCC 

surveillance. Third, Liang score was derived in the cohort of Hong 

Kong patients and externally validated in the Korean cohort. Both 

of the cohorts had respectable sample size and the results sup-

ported that Liang score is accurate and generally applicable in dif-

ferent ethnic groups in Asia.

There were also few limitations of our study. First, Liang score 

was developed in Hong Kong cohort and validated in Korean co-

hort, such that its accuracy in Caucasians is uncertain. Further 

studies based on patients of other ethnic groups are needed. Sec-

ond, our study was based on treatment-naïve CHB patients. Until 

further data are available, the findings of our study cannot be ex-

trapolated to patients on antiviral treatment. Third, we did not 

explore the role of the HBV genotypes as it is not a routine test in 

Hong Kong and we cannot show the size and stage of HCC. The 

common HBV genotypes in Hong Kong include genotype B and C; 

whereas it is exclusively genotype C in Korea.34 Genotype C HBV 

is associated with an increased risk of HCC.34,35 Fourth, the HCC 

incidence of our cohort was only 1.2% in more than 5 years, as it 

was a treatment-naïve cohort. Such low incidence further support 

the urgent need of a highly sensitive score like Liang score which 

saves the resources of HCC surveillance in around 50% of such 

patients. Fifth, there were many missing HBV DNA results in our 

cohort as the test was available widely in Hong Kong from the 

year of 2012. Many old patients may did not receive the test. 

Sixth, we did not collect the presence of non-alcoholic fatty liver 

disease and other metabolic factors like insulin resistance and 

obesity which may affect the risk of HCC at long term. Finally, the 

diagnosis of cirrhosis in our study most based on the ultrasonog-

raphy, which may be not accurate and influence the reliability of 

CU-HCC score and GAG-HCC score.

In conclusion, Liang score, composed of common parameters 

including gender, age, HBV DNA and FIB-4 index, is accurate to 

exclude HCC in treatment-naïve CHB patients. Liang score identi-

fies patients at very low risk of HCC so that HCC surveillance can 

be exempted. Further studies are needed to validate the Liang 

score in prospective cohorts.
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Dear Editor,

I read with great interest the very comprehensive review article 

by Komori who summarized the recent updates regarding the 

management of autoimmune hepatitis (AIH), focusing on the 

manifestations of the disease, its diagnosis and treatment.1

Although I consider this review to be of significant interest as it 

is very up-to-date, I feel that some issues would have deserved 

more emphasis owing to their clinical relevance.

In particular, when the author discussed the diagnostic process, 

in my opinion a limited analysis of autoantibodies and their major 

relevance in both diagnostic systems used for the AIH diagnosis 

has been presented.

AIH can present different autoantibody positivity that allow to 

classify it in a distinct way and includes anti-smooth muscle anti-

bodies (SMA) and/or anti-nuclear antibodies (ANA) characterizing 

the disease affecting young/adult patients; liver/kidney microsom-

al antibody type 1 (LKM1) and/or liver-cytosol type 1 (LC1) anti-

bodies characterizing pediatric AIH patients and, more rarely, anti-

soluble liver antigen (anti-SLA) antibodies. Lastly, a further entity 

characterized by autoantibody negativity, but exhibiting the same 

clinical/laboratory features of the classic AIH and the typical re-

sponse to immunosuppressive therapy, has been hypothesized.2-4

The search for autoantibodies is a crucial step in the diagnosis 

of AIH and needs to be stressed because there are still many dif-

ferences in the world regarding the familiarity of physicians and 

laboratories with these autoantibodies.5

The proper knowledge of autoantibodies and the optimal meth-

ods for their research allows to correctly diagnose chronic liver 

diseases initially classified as cryptogenic.6-9

Another aspect that deserves to be stressed is that AIH is a 

condition that can potentially affect all ages, even the elderly, and 

therefore this diagnosis should be taken into account in all age 

groups, from childhood to older age.10
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Primary liver cancer is the sixth most common cancer worldwide 

and in South Korea (fifth in men and sixth in women).1,2 Hepato-

cellular carcinoma (HCC) accounts for the majority of primary liver 

cancer.3 Considering the high incidence and the poor prognosis of 

HCC, research on the epidemiology of HCC in South Korea is an 

important public health issue.4 The Korean Association for the 

Study of the Liver has recently published “2021 Hepatocellular 

Carcinoma Factsheet in Korea” to provide comprehensive infor-

mation on HCC in South Korea, including the incidence, etiology, 

and comorbidities of HCC.5 Here in this Snapshot, we report the 

incidence of HCC in South Korea over the past 10 years, based on 

the data of “2021 Hepatocellular Carcinoma Factsheet in Korea.”

The “2021 Hepatocellular Carcinoma Factsheet in Korea” used 

the data of HCC patients enrolled in the Korean National Health 

Insurance Service Database. HCC diagnosis was made when pa-

tients had both C220 (International Classification of Diseases 

code) and V193 (rare incurable disease code). In 2018, HCC was 

newly diagnosed in 11,234 patients (8,777 in male and 2,457 in 

female). A crude rate (CR) of HCC incidence was 21.2 per 100,000 

person-years (33.1 per 100,000 person-years in male and 9.3 per 

100,000 person-years in female). An age-standardized rate of 

HCC incidence was as 13.9 per 100,000 person-years (21.6 per 

100,000 person-years in male and 6.2 per 100,000 person-years 

in female). According to the data from Statistics Korea, the CR of 

liver cancer incidence was 30.7 per 100,000 person-years (45.8 

per 100,000 person-years in male and 15.6 per 100,000 person-

years in female).2 The reason for the difference from our data is 

believed to be that the data of Statistics Korea included other 

types of liver cancer, such as intrahepatic cholangiocellular carci-

noma (C221), hepatoblastoma (C222), and others. In 2018, stom-

ach cancer had the highest incidence (CR, 57.1 per 100,000 per-

son-years), followed by thyroid cancer (55.8 per 100,000 person-

years) and lung cancer (55.8 per 100,000 person-years). Liver 

cancer ranked sixth (30.7 per 100,000 person-years), while pros-

tate cancer ranked seventh with an incidence of 29.0 per 100,000 

person-years, followed pancreatic cancer (14.8 per 100,000 per-

son-years). Therefore, in addition to the CR incidence of liver can-

cer, the CR incidence of pure HCC of our study (21.2 per 100,000 

person-years) was also higher than that of pancreatic cancer, 

which ranked eighth.

The CR of HCC incidence in 2018 was depicted according to age 

groups. The CR was the highest among patients aged 60–79 

years (87.2 per 100,000 person-years in the age 60–69 group 

and 87.3 per 100,000 person-years in the age 70–79 group). The 

second and third highest incidence rate groups were patients 

aged ≥80 years (115.7 per 100,000 person-years) and those aged 

50–59 years (96.9 per 100,000 person-years), respectively. In pa-

tients under age 30, the CR was lower than 1 per 100,000 per-

son-years. According to the 2018 Statistics Korea data, liver can-

cer was not in the top 5 for patients aged under 64 years, but it 

ranked fifth among patients older than 65 years after lung, colon, 

stomach, and prostate cancers, with the CR of 109.3 per 100,000 

person-years.2 Compared to other types of cancer, HCC has a rel-

atively high incidence rate in older patients.
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This Snapshot showed the changes in CR of HCC incidence over 

10-year period (from 2008 to 2018). The CR of HCC incidence re-

mained similar from 23.9 per 100,000 person-years in 2008 to 

21.2 per 100,000 person-years in 2018, with the change being 

statistically insignificant (average percent change, -0.94%; 

P=0.640). The CR of male patients was 37.3 per 100,000 person-

years in 2008, and 33.1 per 100,000 person-years in 2018. The 

CR of female patients was 10.5 per 100,000 person-years in 

2008, and 9.3 per 100,000 person-years in 2018. Neither of the 

changes in CR during 10 years in both genders showed significant 

difference. Despite the decreasing trend in the incidence of HCC 

cases over the 10 years (12,056 in 2008 → 11,234 in 2018; aver-

age percent change, -0.42%; P<0.001), the maintenance of CR 

may be due to the aging of the Korean society, which was more 

pronounced in the age group analysis. The changes in CR of HCC 

incidence during 10 years according to age groups were analyzed. 

In all age groups except for 80 years or older, the CR decreased 

from 2008 to 2018. However, in patients aged ≥80 years, the CR 

increased significantly over 10 years (58.5 per 100,000 person-

years in 2008 → 64.6 per 100,000 person-years; average percent 

change, 1.4%; P<0.001). The difference of HCC incidence among 

age groups and the increasing trends of HCC among old age seem 

to be consistent in other countries. In Taiwan (from 2003 to 2011), 

the incidence of HCC in patients over the age of 65 years signifi-

cantly increased with an annual percentage change of 1.3%, 

whereas HCC patients aged under 64 years showed a reducing 

trend of HCC incidence.6 In the United States from 1992 through 

2015, the incidence of HCC decreased among younger and mid-

dle-aged adults regardless of sex, race, or ethnicity.7

The HCC incidence in 2018 was the seventh highest among all 

cancer types in South Korea, and the crude incidence has not de-

creased over the past 10 years. Since HCC is often diagnosed at 

an advanced stage compared to other cancers, it tends to have a 

worse prognosis. Specifically, when HCC occurs in the elderly, it is 

more difficult to treat due to their frailty, and these patients be-

come a part of the growing social burden in an aging society. Fu-

ture strategies are needed to reduce the HCC incidence in the en-

tire population of South Korea as well as in elderly patients, and 

to provide proper age-specific treatment for HCC patients.
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ufacturers should be included in parentheses when mentioning proprietary drugs, tools, instruments, software, etc. 

13. Tables 

Prepare tables on individual sheets of paper, double spaced and numbered consecutively with Arabic numerals in the order of their ap-
pearance in the text. The title of tables should be written concisely in clauses and phrases. The first letter of the table title starts with 
a capital letter. Explain all abbreviations and symbols such as *, †, ‡, §,∥, **, ††, ‡‡, §§. Do not duplicate the material presented in a 
figure. 

14. Figure legends

Number the figures with Arabic numerals in the order they are mentioned in the text. Provide a title (this should not appear on the figure 
itself) and sufficient explanation to render the figure intelligible without reference to the text. For any copyrighted material, indicate that 
permission has been obtained (see Permissions, above). Figure legends should be typed consecutively on a separate sheet of paper. 

15. Figures

Illustrations should be sharp and clear. Figure files can be uploaded in the JPG or TIFF formats which authors prefer at a final resolution 
of not less than 300 dpi. Microscopic pictures should be explained according to the staining method and scaled by the power of magnifi-
cation. Authors are charged for color figures.

Peer Review and Publishing 

The journal utilizes blind peer-review in evaluating manuscripts for publication. Submitted papers will be reviewed by at least two refer-
ees, and decisions will be available in approximately one months. With respect to the revision and resubmission of manuscripts, it is the 
journal’s policy to allow a couple of resubmission only, which should be received within 2 months from the time of receipt of the initial 
review letter. In general, a manuscript requiring more than a couple of revision or returned beyond 2 months will be handled as a new 
submission. The journal does not have article submission charges. 

Article Processing Charges

To cover the cost of publishing, Clinical and Molecular Hepatology charges a publication fee of US $1,000 per accepted article. Authors 
will receive an invoice for APC shortly after the corrected proof of their accepted manuscript has been finalized.
Please note that only ‘original articles’ are subject to APCs
* Invited articles are exempt from APCs.
** The APC will be temporarily waived for all articles submitted before or on December 31, 2021.

Copyright Transfer

Copyright for all material published in Clinical and Molecular Hepatology is vested in Korean Association for the Study of the Liver. In 
accordance with the Copyright Act, all manuscripts must be accompanied by a copyright transfer form signed by all authors and that fol-
lows these guidelines. Statements and opinions expressed in the articles and communications in Clinical and Molecular Hepatology are 
those of the author(s) and do not necessarily reflect the opinions of the Editor(s) or publisher, and the Editor(s) and publisher disclaim any 
responsibility or liability for such material. Neither the Editor(s) nor the publisher guarantees, warrants or endorses any product or service 
advertised in the journal; nor do they guarantee any claim made by the manufacturer of such product or service.
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Article, to take public responsibility for it. The authors reviewed the f inal version of the Article, believe it represents 
valid work and approve it for publication. The authors certif y that none of the material in the manuscript has been 
published previously, is included in another manuscript. The authors also certify that the Article has not been accepted 
for publication elsewhere, nor have they assigned any right or interest in the Article to any third party. The authors 
will obtain and include with the manuscript writ ten permission from any respective copyright owners for the use of 
any text, f igures, and tables that have been previously published. The authors agree that it is their responsibility to 
pay fees charged for permissions.
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Journal Editors (ICJME) found at the following URL: http://www.icmje.org/, and attached separate ICMJE Form for Dis-
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Author (Print) Affiliation Position Signature

Position indicate current status at your af f iliation; professor, fellow, resident, student, post doc. 
The copyright transfer agreement and conflict of interest disclosure form should be signed and faxed or submitted by e-mail 
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Clinical and Molecular Hepatology Submission Checklist

Please read this checklist carefully to ensure that your manuscript is complete and in compliance with the 
CMH Guide for Authors.

1)  General Format Yes No

[1]  Did you have the title page, abstract, the text (introduction, materials and methods, results, and discussion), 
acknowledgements, conflict of interest statement, references, tables, and legends for figures? □ □

[2]  Is the manuscript double-spaced in an A4-size paper? □ □
[3]  The manuscript of special topics should not be longer than 800 words. □ □

2)  Abstract Yes No

[1]  Abstract must contain 250 words or less and must be organized as follows: Backgrounds/Aims, Methods, 
Results, and Conclusions. (case reports: 150 words or less) □ □

[2]  Five or less key words should be provided at the end of the abstract. □ □

3)  Introduction, Methods, Results, Discussion, Acknowledgements, Conflict of Interest 
Statement, References 

Yes No

[1]  Identify the committee(s) approving the study protocol and include a statement of compliance with ethical 
regulations. □ □

[2]  An acknowledgement of persons who made a assistance and provided special reagents may be included. 
Grant and financial support related with the work should be specifically stated. □ □

[3]  Please state any conflicts of interest. □ □
[4]  All citations in the paper have a complete and accurate reference in the reference list. The number of 

references in case reports should be 20 or less, and 10 or less in special topics. □ □

4)  Tables and Figures Yes No

[1]  Prepare tables on individual sheets of paper, double spaced and numbered consecutively with Arabic 
numerals in the order of their appearance in the text. □ □

[2]  Explain all abbreviations and symbols. □ □
[3]  Figure legends should be typed consecutively on a separate sheet of paper. □ □
[4]  Figures should be supplied in the JPG or TIFF format at a final resolution of 600 dpi or higher. The number of 

figures in case reports should be 5 or less. □ □
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