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Vemlidy® Tablet (Equivalent to 25 mg Tenofovir alafenamide)
[PHARMACEUTICAL FORM] Yellow, round, film-coated tablets, debossed with "GSI" on one side of the tablet and "25" on the other side [INDICATION] This drug is indicated for the treatment of chronic hepatitis B in adults. [DOSAGE AND ADMINISTRATION] The recommended dosage of this drug is one tablet taken orally once daily, with or without food. 
[PRECAUTIONS IN USE] 1. Warnings 1) Severe Acute Exacerbation of Hepatitis B after Discontinuation of Treatment 2. Contraindication 1) Patients who are hypersensitive to this drug or other ingredients contained in this drug. 2) Patients with rare hereditary problems of galactose intolerance, the Lapp lactase deficiency, or glucose-galactose malabsorption. 3. 
Adverse Reaction 1) Clinical Trials: The safety assessment of this drug was based on Week 96 pooled data from 1298 subjects in two randomized, double-blind, active-controlled trials, Study 108 and Study 110, in adult subjects with chronic hepatitis B. A total of 866 subjects received one tablet of this drug once daily and the adverse reaction (all Grades) 
greater than or equal to 5% in this drug group was headache, abdominal pain, cough, back pain, fatigue, nausea, arthralgia, diarrhea, dyspepsia. (Refer to full PI for more safety information including renal laboratory tests, bone mineral density effects, laboratory abnormalities, and serum lipids, etc.) In further safety assessment based on pooled data 
from subjects who continued to receive TAF through Week 120 and additionally from subjects who received TAF from Week 96 through Week 120, the safety profile of this drug was similar to that at Week 96. Adverse reactions observed with this drug in randomized, double-blind, active-controlled trial for virologically suppressed adult subjects (Trial 4018) 
were similar to those in Trials 108 and 110. 2) Post-marketing experience: Angioedema, urticaria 4. General Precautions 1) Risk of Development of HIV-1 Resistance in Patients Coinfected with HBV and HIV-1. 2) New Onset or Worsening Renal Impairment. 3) Lactic Acidosis/ Severe Hepatomegaly with Steatosis. 4) This drug is not recommended for 
coadministration with drugs that contain any of the following: tenofovir alafenamide, tenofovir disoproxil fumarate, adefovir dipivoxil. 5) Resistance (Refer to full PI for more safety information) 5. Drug interactions
1) Potential for Other Drugs to Affect this drug: This drug is a substrate of P-glycoprotein (P-gp) and BCRP. Drugs that strongly affect P-gp and BCRP activity may lead to changes in tenofovir alafenamide absorption. 2) Drugs Affecting Renal Function: Because tenofovir is primarily excreted by the kidneys by a combination of glomerular filtration and active 
tubular secretion, coadministration of this drug with drugs that reduce renal function or compete for active tubular secretion may increase concentrations of tenofovir and other renally eliminated drugs and this may increase the risk of adverse reactions. 3) Established and Other Potentially Significant Interactions: Anticonvulsants, antimycobacterial, 
herbal products. 4) Drugs without Clinically Significant Interactions with this drug. (Refer to full PI for more information) 6. Use in Pregnant Women and Nursing Mothers 1) Pregnancy: This drug should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 2) Lactation: It is not known whether this drug and its 
metabolites are present in human breast milk, affect human milk production, or have effects on the breastfed infant. The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for this drug and any potential adverse effects on the breastfed infant from this drug or from the underlying maternal 
condition.7. Use in specific population 1) Safety and effectiveness of this drug in pediatric patients less than 18 years of age have not been established. 2) No dose adjustment is required in patients aged 65 years and older. 3) No dosage adjustment of this drug is required in patients with mild, moderate, or severe renal impairment. For patients on 
hemodialysis, on days of hemodialysis, this drug should be administered after completion of hemodialysis treatment. 4) No dosage adjustment of this drug is required in patients with hepatic impairment. [Storage Condition] Store in a tight container at room temperature (1-30° C) [Package Unit] 30 tablets [Manufacturer] Patheon, Inc. (2100 Syntex 
Court, Mississauga, Ontario, Canada L5N 7K9) Or Gilead Sciences Ireland UC (IDA Business and Technology Park, Carrigtohill, Co. Cork, Ireland) [Importer] Gilead Sciences Korea Ltd., West Tower 15F, Center 1, 26, Euljiro 5-gil, Jung-gu, Seoul, Korea (Representative phone: 02-6030-3300, Medical information: 0079-814-800-9172) [Date of Preparation] 
2021.04.02 (VEM-2104-01)

※  Please refer to full prescribing information (www.gilead.co.kr or nedrug.mfds.go.kr) before prescription for detailed information. This abridged PI might not include some latest information after the date below. 

References
1. Murakami E, et al. Antimicrob Agents Chemother. 2015;59:3563-3569. 2. Ministry of Food and Drug Safety (MFDS). VEMLIDY® prescribing information (last update: 2021.03.31). 3. Agarwal K, et al. J Hepatol. 2018;68(4):672-681. 4. Buti M, et al. Lancet Gastroenterol Hepatol. 2016;1:196–206. 5. Lampertico P, et al. Lancet Gastroenterol Hepatol. 
2020;5(5):441-453. 6. Seto WK, et al. Clin Gastroenterol Hepatol. 2018 Jun 20; S1542-3565(18)30633-5. 7. Terrault NA, et al. Hapatology. 2018;67(4):1560-1599. 8. European Association for the Study of the Liver. J Hepatol. 2017;67(2):370-398. 9. KASL 2018 Chronic hepatitis B clinical practice guideline. 

KR
VE

M
04

51
_v

1.
0(

16
/A

pr
il/

20
21

)

CMH v28 n1 내지 광고.indd   1CMH v28 n1 내지 광고.indd   1 2021. 12. 29.   오후 1:542021. 12. 29.   오후 1:54
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1) Size, Shape, and Other Physical Attributes of Generic Tablets and Capsules - Guidance for industry. (U.S. FDA, June 2015) 
2) Vervloet M, et al. J Am Med Inform Assoc 2012;19(5):696-704
3) Dayer L, et al J Am Pharm Assoc 2013;53(2):172-181
4) compared to the original as of date Jan 2021

helps with medication compliance
is 4 economical conducted naïve Phase Ⅲ clinical trials

[ Tenofovir disoproxil orotate ]

* Tablet size reduction
* Medication compliance packaging and application

.
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understanding of hepatobiliary diseases, to provide a wide open academic forum for active de-

bate 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 carcinoma. In addition, 
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INTRODUCTION

Primary liver cancer is the third most common cause of can-

cer-related deaths worldwide,1 with hepatocellular carcinoma 

(HCC) being a significant contributor as the most common primary 

liver cancer type.2,3 The annual incidence of HCC is rising, with an 

overall three-fold increase over the last three decades.2,4 Liver 

transplantation (LT) has emerged as the preferred treatment for 

early-stage HCC due to the dual benefit of removing both the pri-

mary tumour and the underlying tumourigenic cirrhotic environ-

ment, which results in favorable disease-free survival.5-8 HCC con-

tinues to grow as an indication for LT, currently accounting for at 

least 22% of all LT indications in the USA,5 and 32.4% of all LT in 

Canada.9

The management of post-transplantation recurrence of 
hepatocellular carcinoma
Luckshi Rajendran1, Tommy Ivanics2,3,4, Marco PAW Claasen2,5, Hala Muaddi1, and Gonzalo Sapisochin1,2 
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Canada; 3Department of Surgery, Henry Ford Hospital, Detroit, MI, USA; 4Department of Surgical Sciences, Akademiska Sjukhuset, 
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The annual incidence of hepatocellular carcinoma (HCC) continues to rise. Over the last two decades, liver transplanta-
tion (LT) has become the preferable treatment of HCC, when feasible and strict selection criteria are met. With the rise 
in HCC-related LT, compounded by downstaging techniques and expansion of transplant selection criteria, a parallel 
increase in number of post-transplantation HCC recurrence is expected. Additionally, in the context of an immunosup-
pressed transplant host, recurrences may behave aggressively and more challenging to manage, resulting in poor prog-
nosis. Despite this, no consensus or best practice guidelines for post-transplantation cancer surveillance and recurrence 
management for HCC currently exist. Studies with adequate population sizes and high-level evidence are lacking, and 
the role of systemic and locoregional therapies for graft and extrahepatic recurrences remains under debate. This review 
seeks to summarize the existing literature on post-transplant HCC surveillance and recurrence management. It highlights 
the value of early tumour detection, re-evaluating the immunosuppression regimen, and staging to differentiate dis-
seminated recurrence from intrahepatic or extrahepatic oligo-recurrence. This ultimately guides decision-making and 
maximizes treatment effect. Treatment recommendations specific to recurrence type are provided based on currently 
available locoregional and systemic therapies. (Clin Mol Hepatol 2022;28:1-16)
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Despite stringent institutional transplant eligibility criteria, 

6–18% of transplanted patients develop HCC recurrence, and risk 

estimation models remain only partially predictive.4, 6-8,10 Milan cri-

teria is the gold standard for selection of HCC patients for liver 

transplants to minimize HCC recurrence rates.11,12 Recently, more 

centres are transplanting patients beyond the Milan criteria based 

on various extended transplant criteria, or are downstaging via 

locoregional therapies from beyond to within the Milan crite-

ria.6,13,14 The increasing utilization of expanded criteria and down-

staging further increases the number of HCC-related LT.15 Conse-

quently, this increases the overall number of patients who develop 

recurrence.

HCC recurrence is an essential prognosticator for post-trans-

plantation survival,16 leaving a median survival of 10–13 months 

following recurrence.17-19 Currently, the clinical management of 

HCC recurrence is challenging20 as standardized protocols for 

post-LT surveillance and consensus treatment guidelines are lack-

ing.21 Through this literature review, we aim to provide a summary 

of the existing literature on management of post-transplant HCC 

recurrence, including surveillance strategies for detecting recur-

rence, re-evaluating the post-transplant immunosuppression regi-

men, and staging to distinguish disseminated and oligo-recur-

rence, to cater management practices specific to recurrence type.

POST-TRANSPLANT SURVEILLANCE FOR HCC 
RECURRENCE

Emerging data and expert consensus supports post-transplant 

HCC surveillance, as increased cumulative surveillance exposure, 

early diagnosis, and aggressive treatment have been demonstrat-

ed to improve survival outcomes.16,22,23 The American Association 

for the Study of Liver Diseases (AASLD) guidelines recommend the 

use of the externally validated Risk Estimation of Tumor Recur-

rence After Transplant (RETREAT) prognostication score24 to de-

termine a patient’s 5-year recurrence risk and guide optimal 

screening intervals.25 Multiple other prognostic risk scoring sys-

tems for HCC recurrence post-LT have been developed on a 

per-protocol analysis.20,26 The most prominent prognostic risk 

scoring systems are outlined in Table 1. These scoring systems can 

provide guidance for post-operative surveillance strategies. How-

ever, despite identifying risk factors and prognostic models for 

HCC recurrence, there is limited direct application into clinical 

practice.27-29 Currently, consensus surveillance protocols for the 

frequency and duration of surveillance for HCC recurrence do not 

exist.27-29

The most frequent site of HCC recurrence is extrahepatic alone 

(50–60%), commonly lungs and bone, followed by combined 

extrahepatic and intrahepatic (30–40%), and intrahepatic only 

(15–40%).30,31 Multiphase computed tomography (CT) scans can 

play a critical role in monitoring HCC recurrence.32 Currently, the 

American guidelines recommend post-transplant surveillance for 

HCC recurrence with chest and abdominal CT scans, though opti-

mal timing and duration is uncertain.25 Additionally, elevated se-

rum biomarkers, including alpha-fetoprotein (AFP) levels, have 

been shown to correlate with HCC recurrence, independent of the 

timing or location of the recurrence.33 AFP levels have been vali-

dated for use as a predictor for HCC recurrence,34 and AFP ≥100 

U/L at the time of recurrence have been correlated with worse 

overall survival (OS) (hazard ratio, 1.689; 95% confidence inter-

val, 1.059–2.695; P=0.028).35 There may also be future potential 

in analysis of molecular biomarkers including DNA alterations, ab-

errant gene expression, microRNA, and circulating tumour cells, 

towards HCC risk stratification and outcomes prediction.36

HCC recurrence occurs most frequently (60%) in the first 2 years 

post-transplant,12,33,37 and this early recurrence is predictive of 

worse prognosis, often with the increased disease burden and ex-

trahepatic metastases,17,19,38 One recent study by Kim et al.,35 

demonstrated median timing of recurrence for single intrahepatic 

(20.6 months; interquartile range [IQR], 9.8–32.1), multiple intra-

hepatic (9.6 months; IQR, 5.2–14.4), single extrahepatic (11.1 

months; IQR, 4.6–19.0), and single lung recurrence (21.4 months; 

IQR, 10.4–41.1). Late recurrence (beyond 2 years) have also been 

reported and may have more favorable tumour biology, with bet-

ter response to locoregional treatments.33,39 Given the greater 

proportion of early recurrences and the observed worse progno-

sis, current data supports intense surveillance for the first 2 years 

post-transplant, to identify early recurrences.29,33,37

Aggarwal et al.40 performed a national survey of post-transplant 

HCC surveillance patterns amongst 48 transplant centres across 

the USA, and found that 96% of centres had an existing surveil-

lance protocol. Most centres (74%) included cross-sectional imag-

ing of both chest and abdomen, whereas 21% did abdominal 

only, and 3% additionally incorporated a bone scan.40 Sixty-five 

percent of centers incorporated AFP levels within their surveil-

lance protocol. Forty-eight percent of centers reported 5-year du-

ration for surveillance, while 18% discontinued surveillance within 

the initial 2 years.40 The most commonly implemented surveillance 

strategy involved imaging every 3–4 months for the first year, ev-

ery 6 months for the second year, and every 6–12 months for the 
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following 3 years. In those deemed to have higher recurrence risk, 

surveillance was more frequent with chest and abdominal CT im-

aging every 3–6 months for the initial 5 years.40 Studies have 

demonstrated no difference in performing CT scans every 3 versus 

every 6 months for detecting HCC recurrence.22,41

One study, which combined CT scans and AFP levels for HCC 

screening every 6 months, showed that surveillance over 2 years 

incurred high costs compared to life years gained.42 Given the low 

rate of HCC recurrence, the authors inferred that surveillance 

yields the greatest cost-benefit in the first 2 years following LT. 

The most critical variable noted was the survival benefit gained 

from finding resectable recurrence.42 However, other studies from 

high volume LT centres support the significance of late-occurring 

recurrence, and recommend surveillance with cross-sectional im-

aging and AFP every 3–6 months post-transplant, for a minimum 

of 5 years.33,43,44 Additionally, predicting an individual’s risk for 

post-transplant HCC recurrence through risk stratification prog-

nostication scores24,25 may be necessary in guiding personalized 

surveillance strategies.33 Currently, few transplant centers stray 

away from institution-specific routine screening practices towards 

individualized surveillance strategies, based on patient risk strati-

fication for post-transplant HCC recurrence.40 Overall, the knowl-

edge gap and lack of established surveillance guidelines have led 

to significant heterogeneity in surveillance patterns across institu-

tions, with ongoing debate regarding the appropriate surveillance 

methods, frequency, and duration.33,40

THE INTERPLAY OF IMMUNOSUPPRESSION 
AND HCC RECURRENCE 

The role of immunosuppression is an important consideration in 

post-transplant HCC recurrence. The adaptive immune system 

provides the body’s standard defence against tumour cells. Addi-

tionally, in cases of recurrence concomitant immunity exists, 

whereby initial encounter of the primary tumour induces growth 

inhibition of further secondary tumours or metastases though an-

ti-tumour immune response and immunosuppressive cellular 

mechanisms.45,46 In the post-transplant state, both standard and 

concomitant immunity are suppressed, which may account for the 

more aggressive and faster progression of HCC recurrence post- 

transplant compared to post-resection.47 However, post-transplant 

immunosuppression is critical in preventing graft rejection and 

dysfunction. This necessitates revisiting the immunosuppression 

strategy on diagnosis of post-transplant recurrence. The goal is to 

maximize the benefits of an active immune response for minimiz-

ing tumour progression, without compromising graft function.

The current mainstay for immunosuppression following LT in-

clude calcineurin inhibitors (CNI), such as tacrolimus and cyclo-

sporins.48,49 However, CNIs can create a permissive environment 

for tumour growth, with increased risk for HCC recurrence in a 

dose-dependent manner.48-52 A role for aberrant mammalian tar-

get of rapamycin (mTOR) signalling pathway, involved in cellular 

growth and proliferation, has also been shown to play a role in 

the pathogenesis of HCC.53-55 Various mTOR inhibitors (mTORi) 

have been developed as immunosuppressive agents including 

sirolimus, and everolimus, which have shown to also have anti-tu-

mour growth effects through suppression of cellular proliferation 

and angiogenesis.56,57 Multiple cohort studies demonstrated de-

creased risk for post-transplant HCC recurrence and longer 

post-recurrence survival using mTORi compared to CNIs.58-60 One 

retrospective study by Yang et al.,60 2020 showed that compared 

to tacrolimus-based immunosuppression, sirolimus improved OS 

at 1 and 2 years following post-transplant HCC recurrence 

(P=0.035). Contrarily, a large international multicentre random-

ized control trial (the SiLVER trial), investigating sirolimus-based 

versus mTORi-free immunosuppression in LT for HCC, demonstrat-

ed no significant difference in overall or recurrence-free survival 

with mTORi.61 However, the benefits of mTORi may be dependent 

on timing of recurrence. Kim et al.,35 demonstrates that everoli-

mus initiation within 3 months following recurrence demonstrated 

improved OS in patients with a recurrence free duration >9 

months (P=0.020), and no difference in those with recurrence 

within 9 months (P=0.149).

With HCC recurrence post-transplant, the current recommenda-

tion is to reconsider the immunosuppression regimen, and taper 

immunosuppression to the lowest effective dose for protection 

against graft rejection.6 Specifically, this can be done by combin-

ing or completely switching to an mTORi such as sirolimus, and 

decreasing the CNI dosage.6,47 Berenguer et al.6 further recom-

mended keeping CNI trough levels below certain targets: <10 ng/mL 

for tacrolimus, and <300 ng/mL for cyclosporin. However, the ca-

veat is that close monitor of graft function and toxicity is required, 

and immunosuppression strategies should be individualized. 

Additionally, the administration of mTORi may have most survival 

benefits in patients who develop HCC recurrence beyond  

9 months,35 though further studies are required.
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STAGING OF DETECTED POST-LT HCC RECUR-
RENCE 

Historically, post-transplant recurrence was defined as a distant 

metastasis and considered terminal in prognosis, with palliative 

intent management.47 Nowadays, recurrence is classified as either 

oligo-recurrence (further classified as intrahepatic and/or extra-

hepatic recurrence) or disseminated recurrence. This notion of dif-

ferentiating limited and disseminated disease has led to a para-

digm shift in management.47 Studies have demonstrated that in 

those post-transplant HCC recurrence, eligibility for treatment 

with curative intent was a key predictor of survival, compared to 

treatment with palliative intent, or best supportive care.17,62 Al-

though many studies support aggressive treatment of post-trans-

plant HCC recurrence by combining surgical and non-surgical 

therapies towards improved long-term survival,10,17,22,60,63 there is 

considerable debate on specific management practices, as stan-

dardized protocols do not exist. 

Complete staging is essential for adequate decision-making in 

the management of post-transplant HCC recurrence. The distinc-

tion between limited (an oligo-recurrence) and disseminated re-

currence further guides treatment eligibility for locoregional or 

systemic therapies.47 Comprehensive staging post-transplant for 

detecting HCC recurrence is generally  performed by combining 

cross-sectional CT imaging with skeletal examination by a bone 

scan.47 Once completely staged, a systemic approach for manage-

ment based on the type of recurrences at hand, i.e., disseminated 

vs. oligo-recurrence, and intrahepatic vs. extrahepatic vs. com-

bined, should be followed to guide appropriate decision-making.

MANAGEMENT OPTIONS IN POST-TRANS-
PLANT HCC RECURRENCE 

Intrahepatic oligo-recurrence

For oligo-recurrent disease, especially when confined to the liv-

er, the selection of any given therapy is individualized, and de-

pends on the tumour location, degree of disease burden, technic-

al operative considerations, functional residual liver volume, and 

the patient’s functional status.27 The various modalities available 

for curative intent include graft surgical resection and ablation. 

Other therapies are with palliative intent, and include external 

beam radiation, regional therapies: trans-arterial chemoemboliza-

tion (TACE), and intra-arterial Yttrium-90 radioembolization (Y90), 

and combination therapy with systemic treatments: molecular-tar-

geted therapies, and immunotherapy. 

Surgical resection
Around 15–20% of post-transplant HCC recurrence is localized 

disease.19,23,64 Graft tumour resection has been shown to have 

survival benefits in intrahepatic oligorecurrence,23,64 with pro-

longed long-term 3- and 5-year survival.65-70 Cohort studies have 

demonstrated a median survival of 20–27 months in those who 

received surgical therapy, compared to 9–10 months in those re-

ceiving non-surgical therapy (other locoregional and systemic 

therapies), and 2.4–3.7 months in those that received best sup-

portive care (no cancer treatment).10,60 These studies demonstrate 

survival benefits of aggressive surgical intervention in well-select-

ed patients with post-transplant HCC recurrence.10,60,65-70 However, 

these studies are subject to a high degree of selection bias. Surgi-

cal resection was more likely to be performed in patients with 

better functional status, fewer recurrence nodules, and those that 

developed late HCC recurrence, which are factors associated with 

an improved prognosis.60

Surgical management in the post-transplant setting may involve 

extensive hilar adhesions, and also requires that the remnant liver 

is tumour-free with adequate functional residual volume.71-73 

These pose several operative challenges. Additionally, surgical re-

section contributes to significant overall post-operative morbidity 

(60–80%),65-68 with patients being at higher risk for infective 

complications in the setting of immunosuppression. Prospective 

randomized trials are currently lacking, and there is a need for 

strong quality evidence on surgical resection in the management 

of oligo-recurrences.

Ablation
Surgical resection is considered the most favourable for curative 

treatment of localized HCC recurrence. However, when surgery is 

contraindicated or is technically not feasible, ablation technolo-

gies including radiofrequency ablation (RFA), microwave ablation, 

and irreversible electroporation can alternatively be used. Abla-

tion is ideal for tumours located away from adjacent organs and 

major vascular structures due to the heat sink effect.47 It is more 

preferable to resection for deep parenchymal tumours, for which 

resection would require a major hepatectomy.47 Ablation is also 

less morbid than post-transplant liver resection, as it is minimally 

invasive, which avoids the need to perform a major laparotomy in 

an immunocompromised patient.74-76 Tumour size (<3 cm), tumour 

number, and the presence of limited extrahepatic metastasis are 
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the key predictors of treatment efficacy and prognostic factors of 

overall morbidity and mortality associated with ablation ther-

apy.41,75

One small, single centre retrospective study comparing eleven 

patients who received RFA to 15 patient with surgical resection 

for post-transplant HCC recurrence have demonstrated compar-

able long-term outcomes.47,67 This study demonstrated similar 1-, 

3-, and 5-year OS (92%, 51%, and 35% surgery vs. 87%, 51%, 

and 28% RFA)  and 1-, 3-, and 5-year recurrence-free survival 

(83%, 16%, and 16% surgery vs. 76%, 22%, and 0% RFA).47,67 A 

case series of 11 patients whom underwent microwave ablation 

and were followed up to 33 months, had an average 17.3-month 

survival, with mild side effects overall.77 However, 15.8% of cases 

had local tumour progress.77 All of these studies were limited in 

sample size to draw significant conclusions, but demonstrate the 

promising potential of various ablation techniques for post-trans-

plant HCC recurrence, with limited complication rates.62,77 This 

technique should be used in cases of small, single liver-only recur-

rences that are unresectable.

Radiation
Another option in the treatment of post-transplant HCC recur-

rence is stereotactic body radiation therapy (SBRT). SBRT typically 

involves image-guided focal radiation to a tumour, with benefits 

of minimal collateral damage.78 Additionally, SBRT has been 

shown to upregulate the tumour immunity response through 

stimulation of tumour-specific cytotoxic T cells.79,80 Unlike RFA, 

SBRT can be effective for large tumour sizes,81 and has been used 

in several prospective studies for primary HCC in the non-trans-

plant setting.81-83 It has been shown to be effective for tumours 

ranging from 2–7 cm in size, acquiring 80–95% local tumour 

control at 2 years post-treatment.81-83 One meta-analysis demon-

strates that SBRT has equivalent OS and better local control com-

pared to RFA in the HCC non-transplant setting, when adjusted 

for Barcelona Clinic Liver Cancer staging factors of liver function, 

performance status, and tumour size.84 This highlights SBRT as a 

promising potential treatment strategy for local tumour control. 

However, all these studies were in the non-transplant population, 

and caution should be taken when extrapolating to the post- 

transplant setting.

Au et al.,85 2020 performed a retrospective study of six patients 

with intrahepatic post-transplant HCC recurrence treated with 

SBRT. The authors demonstrated that there was no local progres-

sion or mortality at 15.5 months (median follow up duration).85 

However, six treated lesions had regional progression (67%) and 

two patients had distant spread to the lungs (22%).85 Currently, 

there are limited studies with very small population numbers, and 

further studies are needed in investigating the role of SBRT in 

post-transplant HCC recurrence.85

Regional therapies
For post-transplantHCC with multifocal intrahepatic recurrence, 

regional treatments including TACE and Y90 can be offered.86-88 

One prospective study of unresectable intrahepatic post-trans-

plant HCC recurrence demonstrated a survival benefit with TACE 

compared to systemic therapy alone.86 TACE can be difficult to 

administer safely post-transplant due to dense hilar adhesions, 

variable vascular anatomy, and the need to negotiate the catheter 

through the arterial anastomosis.66 There are concerns for associ-

ated hepatic artery damage, with stenosis or occlusion, which af-

fects OS.89 There is also a potential risk for graft failure with the 

administration of TACE in the post-transplant setting. However, 

one systematic review demonstrated that TACE for post-transplant 

HCC recurrence was well tolerated without major adverse conse-

quences.27 Furthermore, in patients with unresectable HCC who 

are ineligible for TACE, a recent systematic review and network 

meta-analysis with three randomized controlled trials demonstrat-

ed no significant difference in treatment with systemic targeted 

therapies (sorafenib, lenvatinib) compared to Y90 microspheres.90 

Though many studies are investigating TACE and Y90 in the 

bridging period before LT, there are currently limited studies inves-

tigating the role of regional therapies in the setting of post-trans-

plant HCC recurrence.

Extrahepatic oligo-recurrence 

With regards to extrahepatic HCC recurrence, the most common 

sites affected include: lungs (40–60%), bones (25–30%), adren-

als (10%), lymph nodes (10%), and peritoneum (9%).8,27,31 Similar 

to intrahepatic oligo-recurrence, extrahepatic recurrence can also 

be treated with locoregional therapies including resection and 

radiation, and systemic therapies.

Surgical resection
Similar to other metastatic malignancies to the lung, locoregion-

al therapies, including pulmonary metastasectomy, can be used 

towards the goal of curative intent in HCC-related pulmonary me-

tastases, with prolonged survival outcomes.91,92 Multiple retro-

spective cohort studies demonstrate that surgical resection is ef-

fective in post-transplant pulmonary recurrence with greater 2- 
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and 5-year survival rates compared to no resection.47,92,93 This held 

true even with multiple pulmonary sites for recurrence, as long as 

surgical resection left behind adequate lung function.47,92,93 Simi-

larly, there have been numerous case studies describing surgical 

resection for other locations of post-transplant extrahepatic HCC 

oligo-recurrences, including to the vertebra,94 adrenals,95,96 lymph 

node,97 and peritoneum.33 Most of these case studies demonstrate 

favourable survival outcomes, however it is difficult to draw ro-

bust conclusions.33,95-97 Though these cohort studies and case re-

ports demonstrate efficacy of surgical resection in extrahepatic 

oligo-recurrence, the literature is limited by the low quality of the 

study design and the potential for confounding due to patient se-

lection bias in these resection candidates. Consequently, further 

higher-evidence studies are required in assessing the role of sur-

gical resection in extrahepatic HCC oligo-recurrence.

Radiation
In those not candidates for surgery, one alternative treatment 

strategy for local recurrence is SBRT. Though this is for non-cura-

tive, palliative intent, SBRT has demonstrated some efficacy for 

local recurrence control in lung and bone metastases.98 However, 

the literature is limited to case reports. One case report of two in-

dividuals with HCC oligo-recurrence to lymph nodes describes the 

usages of SBRT given over three to five fractions for curative in-

tent.99 One individual had a complete response and remained 

cancer-free at 31 months follow-up. The second patient de-

veloped multifocal liver recurrence within 2 months of treatment, 

though had stable disease at the irradiated lymph node at 20 

months.99

Role of systemic therapy in oligo-recurrence
Systemic therapies such as molecular-targeted therapies or tyro-

sine-kinase inhibitors (TKIs) may be combined with locoregional 

treatments (surgical resection, ablation, SBRT), and regional ther-

apies to treat intrahepatic and extrahepatic post-transplant HCC 

oligo-recurrence. One study by Yang et al.60 demonstrated that 

the OS for oligo-recurrence was most favourable for patients re-

ceiving a combination of surgical resection followed by non-sur-

gical therapy, including external beam radiotherapy for bone me-

tastasis, TKIs, and sirolimus-based immunosuppression. The 1- 

and 2-year OS of combination therapy was 93.8% and 52.6% 

compared to 30.8% and 10.8% in patients receiving non-surgical 

therapy alone, P<0.001.60 The 2-year OS was an 80%  in patients 

that had resection of their recurrent disease, followed by a 

sorafenib or lenvatinib therapy and sirolimus-based immunosup-

pression.60

A systematic review including 61 studies (13 case reports, 41 

case series, and seven retrospective comparative studies) demon-

strated that the most favourable survival outcomes were achieved 

with surgical resection for the localized HCC recurrence.27 Con-

sequently, attempting surgical resection is recommended, where 

feasible.27 Other locoregional and regional therapies, including 

ablation and TACE, can be safely performed in the case of un-

resectable disease or unfavourable surgical candidacy.27 Loco-

regional therapies can also be combined effectively with systemic 

therapies such as sorafenib if patients can tolerate the side ef-

fects.27 Combination of locoregional and systemic therapies are 

currently being investigated in the setting of primary HCC in the 

non-transplant population, through clinical trials.100 This may also 

further influence the direction for future clinical trials on the role 

of systemic and combination therapy specific to the population of 

post-transplant HCC oligo-recurrences.

Disseminated HCC recurrence

Disseminated HCC recurrence involves the systemic spread of 

disease, which proposes a significant role for systemic therapies, 

including molecular-targeted therapies and immunotherapy. The 

goal is to prolong survival and treatment is for palliative intent, 

rather than pursuit of cure. 

Systemic therapy
TKIs has been used in combination with other interventions for 

disseminated HCC recurrence.101,102 Sorafenib was the earliest ap-

proved of the targeted therapies with clinically proven efficacy for 

unresectable HCC.103 Multiple retrospective studies show that 

combining sorafenib with mTORi, and treating early in the disease 

course following post-transplant HCC recurrence, leads to disease 

stability or a complete or partial response.60,104-111 These studies 

have demonstrated a survival benefit from systemic therapy ran-

ging from 7.5–20 months, compared to best supportive care 

alone.60,104-111 However, patients had significant drug toxicity, with 

poorly tolerated side effects and a 29% discontinuity rate.60,104-111 

Nonetheless, these studies were not performed with population 

matching, and can be confounded by patient selection bias.

One retrospective study performed at a large tertiary centre 

consisted of 41 patients with post-transplant HCC disseminated 

disease who received systemic therapy.38 Seventy-nine percent of 

the patients received sorafenib and had a median OS of 14 

months from recurrence, with 36% disease control.38 The most 
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common adverse events included hand-foot syndrome (34.7%), 

diarrhea (26.7%), and dose discontinuation or interruption (8.8%), 

with 47.1% of patients switching to a second-line systemic 

agent.38 Two patients had biopsy-proven transplant rejection, that 

resolved by increasing the immunosuppressants.38 Therefore, dos-

ing of TKIs should be personalized and based on a risk-benefit 

patient discussion.

Many new systemic therapy drugs are also being approved for 

use as second-line for advanced or unresectable HCC in the 

non-transplant setting, following failure or tolerance of first-line 

sorafenib. These include regorafenib, which was approved in 

2017,112 and lenvatinib approved in 2018 through the international 

phase III trial.113 The use of systemic therapies in post-transplant 

patients is complex due to both the immunosuppressive environ-

ment and risk for drug interactions between systemic therapies 

and immunosuppressants. Available data on these newer systemic 

drugs in the context of post-transplant HCC recurrence is limited, 

as systemic therapy trials have historically excluded transplant pa-

tients.6

A recent multi-centered study by Iavarone et al.114 showed clin-

ical efficacy and safety of regorafenib use in post-transplant HCC 

recurrence for patients who developed tolerance and progressed 

on sorafenib treatment, demonstrating a median OS of 12.9 

months following treatment initiation. Similarly, Yang et al.60 

showed a median OS of 19.5 months with lenvatinib, compared 

to those who discontinued or failed sorafenib, or those transi-

tioned to regorafenib therapy (median OS of 12 months). 

Immunotherapy
Another promising option for disseminated post-transplant HCC 

recurrence includes immunotherapy, which directs the host’s im-

mune response towards the tumour, by prompting an immune re-

action against the tumour antigens.115 Various immunotherapies 

act as immune checkpoint inhibitors. One group of immunother-

apy agents are programmed cell death protein (PD-1) blockers, in-

cluding nivolumab, ipilimumab, and pembrolizumab, which have 

been validated in large phase two trials.115 Nivolumab and pem-

brolizumab have also been recently approved for use in advanced, 

unresectable HCC in the non-transplant setting.116,117 Furthermore, 

a recent global open-label phase three trial (IMbrave150 trial) 

demonstrated better overall and progression-free survival for PD-1 

inhibitors atezolizumab plus bevacizumab compared to sorafenib 

alone.118 PD-1 inhibitors have demonstrated overall favourable 

outcomes in patients that have failed sorafenib.116,119 They also 

have a better side effect profile, and have demonstrated a 15–

20% response rate, with 64% disease control for primary 

HCC.116,119

Currently, there is a paucity of studies examining the role of 

immunotherapy in post-transplant HCC recurrence, with only a 

few existing case reports and series.120,121 Consequently, it is chal-

lenging to draw conclusions on efficacy. There are concerns that 

immunotherapy regulates cell-mediated immunity, which can 

interfere with post-transplant immune tolerance and contribute to 

treatment-resistant allograft transplant rejection and injury.121-124 

One retrospective pilot study from Mayo Clinic (n=7) with 

post-transplant recurrence of HCC (n=5) or melanoma (n=2) dem-

onstrated some preliminary efficacy of PD-1 inhibitors with com-

plete response (one of four patients), though two of seven pa-

tients developed allograft rejection.121 Further studies are needed 

to investigate the efficacy and safety of immunotherapy in the 

setting of post-transplant HCC recurrence. At this point immuno-

therapy in the transplant population can’t be recommended 

though future clinical trials are currently underway. 

FUTURE DIRECTIONS

Clinical trials have previously excluded transplant patients,125 

and much of the management strategy for post-transplant HCC 

recurrence is drawn from management principles of primary HCC 

in the non-transplant setting.29,37 Consequently, there continues 

to be a paucity of literature and a lack of strong evidence. How-

ever, this review summarizes the currently available literature to 

help guide clinicians on post-transplant screening and treatment 

decision-making in the management of HCC recurrence. The en-

visioned ideal trajectory following LT for HCC should involve 

screening for recurrence, which should be personalized based on 

individual recurrence risk. Those with high recurrence risk should 

be screened every 3–6 months for the first 5 years. Once recur-

rence is detected, a patient’s immunosuppression regimen should 

be re-evaluated, and complete staging should be obtained to de-

termine the presence of oligo-recurrence or disseminated disease. 

Depending on the type of recurrence, the patient’s functional sta-

tus, and their wishes, either curative intent or palliative treatment 

can be pursued. 

Many promising treatment options are on the horizon that have 

been approved for advanced HCC, but have yet to be studied in 

the post-transplant population with HCC recurrence. One chal-

lenge is managing this population in the context of the post-trans-

plant immunosuppressed state. There is a sensitive balance be-



9

Luckshi Rajendran, et al. 
Management of post-transplant HCC recurrence

http://www.e-cmh.org https://doi.org/10.3350/cmh.2021.0217

Ta
bl

e 
2.

 A
ct

iv
e 

sy
st

em
ic

 d
ru

g 
cl

in
ic

al
 tr

ia
ls 

in
 th

e 
se

tt
in

g 
of

 p
os

t-L
T 

H
CC

 re
cu

rre
nc

e,
 a

s r
eg

ist
er

ed
 o

n 
cl

in
ic

al
tri

al
s.g

ov

St
ud

y 
tit

le
St

ud
y 

id
en

tifi
er

Ce
nt

er
Br

ie
f d

es
cr

ip
tio

n
M

ai
n 

in
cl

us
io

n 
cr

ite
ria

En
ro

lm
en

t 
go

al
/s

ta
tu

s

An
ti-

PD
-1

 a
nt

ib
od

y 
ca

m
re

liz
um

ab
 in

 th
e 

tre
at

m
en

t o
f r

ec
ur

re
nt

 
HC

C 
af

te
r L

T

NC
TO

45
64

31
3

Su
n 

Ya
t-s

en
 U

ni
ve

rs
ity

, 
Ch

in
a 

Pr
os

pe
ct

iv
e 

st
ud

y 
to

 a
ss

es
s s

af
et

y 
an

d 
effi

ca
cy

 o
f C

am
re

liz
um

ab
 in

 p
at

ie
nt

s 
w

ith
 p

os
t-L

T 
HC

C 
re

cu
rre

nc
e

Ag
e 

18
–6

5 
ye

ar
s, 

pa
th

-p
ro

ve
n 

HC
C,

 u
nr

es
ec

ta
bl

e 
di

se
as

e,
 in

to
le

ra
nt

/p
ro

gr
es

se
d 

on
 so

ra
fe

ni
b 

or
 

le
nv

at
in

ib
, >

3 
m

on
th

 su
rv

iv
al

, C
hi

ld
-P

ug
h 

A 
or

 B

20
/re

cr
ui

tin
g

Ev
al

ua
tio

n 
of

 P
D

-1
 in

hi
bi

tio
n 

in
 p

at
ie

nt
s w

ith
 re

cu
rre

nt
 

HC
C 

af
te

r L
T

NC
TO

39
66

20
9

Sh
an

gh
ai

, Z
ho

ng
sh

an
 

Ho
sp

ita
l, C

hi
na

Pr
os

pe
ct

iv
e 

st
ud

y 
to

 a
ss

es
s s

af
et

y 
an

d 
effi

ca
cy

 o
f P

D
-1

 in
hi

bi
to

rs
Ag

e 
18

–7
0 

ye
ar

s, 
HC

C 
po

st
-L

T 
no

t a
m

en
ab

le
 to

 
lo

ca
l o

r r
eg

io
na

l t
he

ra
py

, in
to

le
ra

nt
/p

ro
gr

es
se

d 
on

 so
ra

fe
ni

b 
or

 le
nv

at
in

ib
, b

io
ps

y 
ne

g 
al

lo
gr

af
t 

PD
-L

1; 
Ch

ild
-P

ug
h 

A

20
/re

cr
ui

tin
g

Ph
as

e 
II 

tri
al

 c
ab

oz
an

tin
ib

 in
 

re
cu

rre
nt

 H
CC

 a
fte

r L
T

NC
TO

42
04

85
0

Pr
in

ce
ss

 M
ar

ga
re

t 
Ca

nc
er

 C
en

te
r, 

Ca
na

da
Ph

as
e 

II 
tri

al
 a

ss
es

sin
g 

effi
ca

cy
 o

f 
ca

bo
za

nt
in

ib
 fo

r d
ise

as
e 

co
nt

ro
l i

n 
re

cu
rre

nt
 H

CC
 a

fte
r L

T

Ag
e 

18
+

 y
ea

rs
, p

at
h-

pr
ov

en
 H

CC
, n

ot
 a

m
en

ab
le

 
to

 lo
ca

l t
he

ra
py

, m
ea

su
ra

bl
e 

di
se

as
e,

 sy
st

em
ic

 
th

er
ap

y 
na

ïv
e 

or
 o

ne
 lin

e 
pr

io
r (

so
ra

fe
ni

b 
or

 
le

nv
at

in
ib

), 
 >

3 
m

on
th

 su
rv

iv
al

20
/re

cr
ui

tin
g

Ev
al

ua
tin

g 
th

e 
effi

ca
cy

 a
nd

 
sa

fe
ty

 o
f r

el
en

va
tin

ib
 in

 
re

cu
rre

nt
 H

CC
 a

fte
r L

T

NC
TO

42
37

74
0

Re
nJ

i H
os

pi
ta

l, C
hi

na
O

ne
-a

rm
, o

pe
n-

la
be

l s
in

gl
e-

ce
nt

re
 

st
ud

y 
to

 e
va

lu
at

e 
effi

ca
cy

 a
nd

 sa
fe

ty
 o

f 
re

le
nv

at
in

ib
 in

 re
cu

rre
nt

 H
CC

 a
fte

r L
T

Ag
e 

18
–7

5 
ye

ar
s, 

HC
C 

po
st

-L
T 

no
t a

m
en

ab
le

 
to

 o
th

er
 th

er
ap

ie
s, 

Ch
ild

-P
ug

h 
A,

 h
as

 
im

m
un

os
up

pr
es

siv
e 

re
gi

m
en

 o
f: 

CN
I, M

M
F, 

an
d 

sir
ol

im
us

, o
n 

co
nt

ra
ce

pt
io

n 
du

rin
g 

tri
al

40
/n

ot
 y

et
 

re
cr

ui
tin

g

St
ud

y 
of

 T-
ce

ll 
re

ce
pt

or
 

re
di

re
ct

ed
 T-

ce
lls

 in
 H

BV
-

re
la

te
d 

re
cu

rre
nt

 H
CC

 a
fte

r 
LT

NC
TO

46
77

08
8

Su
n 

Ya
t-s

en
 U

ni
ve

rs
ity

, 
Ch

in
a

Si
ng

le
-a

rm
, o

pe
n-

la
be

l, p
ha

se
-1

 st
ud

y 
to

 a
ss

es
s s

af
et

y, 
to

le
ra

bi
lit

y, 
pr

im
ar

y 
effi

ca
cy

 o
f H

BV
-s

pe
ci

fic
 T-

ce
ll 

re
ce

pt
or

 
re

di
re

ct
ed

 T-
ce

ll 
in

 p
at

ie
nt

s w
ith

 H
BV

-
re

la
te

d 
re

cu
rre

nt
 H

CC
 p

os
t-L

T

Ag
e 

18
+

 y
ea

rs
, H

BV
 D

NA
/R

NA
 p

re
se

nt
 o

f H
BV

 
su

rfa
ce

 a
nt

ig
en

, H
LA

 p
ro

fil
e 

m
at

ch
in

g,
 m

ee
t l

ab
 

cr
ite

ria

7/
no

t r
ec

ru
iti

ng

St
ud

y 
of

 L
io

Cy
x 

in
 re

cu
rre

nt
 

HC
C 

af
te

r L
T

NC
T0

36
34

68
3

Su
n 

Ya
t-s

en
 U

ni
ve

rs
ity

, 
Ch

in
a; 

Na
tio

na
l 

Un
iv

er
sit

y 
Ho

sp
ita

l, 
Si

ng
ap

or
e

A 
ph

as
e 

I/I
I o

pe
n-

la
be

l, s
in

gl
e-

ar
m

, 
m

ul
tic

en
te

r s
tu

dy
 o

f L
io

Cy
x 

in
 re

cu
rre

nt
 

HC
C 

af
te

r L
T

Ag
e 

21
+

 y
ea

rs
, m

ea
su

ra
bl

e 
di

se
as

e,
 H

BV
 D

NA
/R

NA
  

pr
es

en
t o

f H
BV

 su
rfa

ce
 a

nt
ig

en
, H

LA
 c

la
ss

 1
 

pr
ofi

le
 (e

xp
re

ss
in

g 
Li

oC
yx

TM
), 

>3
 m

on
th

 su
rv

iv
al

72
/n

ot
 y

et
 

re
cr

ui
tin

g

LT
, l

ive
r t

ra
ns

pl
an

ta
tio

n;
 H

CC
, h

ep
at

oc
el

lu
la

r c
ar

cin
om

a;
 P

D-
1,

 p
ro

gr
am

m
ed

 c
el

l d
ea

th
 p

ro
te

in
; C

NI
, c

al
cin

eu
rin

 in
hi

bi
to

rs
; M

M
F, 

m
yc

op
he

no
la

te
 m

of
et

il;
 H

BV
, h

ep
at

iti
s B

 v
iru

s; 
HL

A,
  h

um
an

 le
uk

oc
yt

e 
an

tig
en

.



10 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0217

Volume_28  Number_1  January 2022

tween tumour recurrence and progression, with graft rejection or 

failure. Additionally, many studies have focused on risk factors 

and predictors for post-transplant HCC recurrence, but there is a 

significant lack of literature on management strategies and clinic-

al application. Many studies have low-quality of evidence in the 

form of case reports, case series, or retrospective cohort design. 

These studies are often obscured by confounders and limited in 

the ability to draw any clinically-applicable conclusions. This high-

lights the need for future clinical trials investigating management 

of post-transplant HCC recurrence. 

There are some ongoing clinical trials (Table 2) in the setting of 

post-transplantn HCC recurrence. Two clinical trials are assessing 

the safety and efficacy of PD-1 inhibitor use in those intolerant to 

or previously progressed on sorafenib.126,127 Other trials are evalu-

ating the role of TKIs, including a phase II study currently recruit-

ing at Princess Margaret Hospital in Toronto, Canada, which is as-

sessing the efficacy of cabozantinib,128 and a future phase III study 

evaluating relenvatinib.129 Additionally, two trials in China are in-

vestigating post-transplant HCC recurrence in the context of 

hepatitis B virus liver etiology.130,131 One is an open-label phase I 

study assessing a hepatitis B virus-specific T-cell receptor-re-

directed drug,130 while the other is a phase I/II multicentre study 

assessing a biologic, liocyx that lyses target liver cells.131

CONCLUSION

As the number of LT for HCC increases, the number of patients 

experiencing post-transplant HCC recurrence will rise. Post-trans-

plant HCC recurrence represents a significant clinical challenge 

and is associated with poor prognosis. Currently, there is no con-

sensus best practice guidelines for HCC surveillance and recur-

rence management, partly due to limited existing high-level evi-

dence. This review summarizes the available literature to inform 

and guide clinicians in managing post-transplant HCC surveillance 

and disease recurrence (Fig. 1). We propose that post-transplant 

surveillance strategies should be individualized based on prognos-

tication scores and recurrence risk calculations. In those with high 

recurrence risk, screening should involve imaging and AFP levels 

every 3–6 months. If recurrence is diagnosed, the immunosup-

pression strategy should be re-evaluated, and the recurrence 

should be staged to distinguish oligo-recurrence from disseminat-

ed disease. For oligorecurrence, it is crucial to assess tumour loca-

tion, disease burden, technical operative feasibility, residual organ 

Figure 1. Post-liver transplantation hepatocellular carcinoma recurrence review. AFP, alpha-fetoprotein; CNI, calcineurin inhibitors; mTORi, mammalian 
target of rapamycin inhibitors; SBRT, stereotactic body radiation therapy; TACE, trans-arterial chemoembolization; Y90, Yttrium-90 radioembolization.
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function, and patient functional status to determine resectability. 

Where possible, surgical resection for intrahepatic and/or extrahe-

patic recurrence is recommended. Unresectable oligo-recurrence 

can be ablated or radiated. Multifocal intrahepatic disease can be 

treated with regional therapies, including TACE and Y90 for dis-

ease control. Disseminated disease is treated first-line with TKIs. 

There may also be a potential role for immunotherapy agents, in-

cluding the PD-1 inhibitors, though the evidence is limited. With 

systemic therapy, care should be taken to monitor for side effects 

and graft dysfunction. Many clinical trials are currently recruiting 

towards developing and testing the efficacy and safety of new 

systemic therapies. Overall, there is a lack of high-evidence stud-

ies, and further research is required to develop better evidence-

based treatment guidelines and newer drug treatment options for 

the management of post-transplant HCC recurrence. 
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INTRODUCTION

Hepatitis B virus (HBV) is a small enveloped DNA virus belong-

ing to the Hepadnaviridae family.1 The structure of the HBV virion 

is as follows: 3.2 kb of partially double-stranded relaxed circular 

DNA (rcDNA) bonded by polymerase, an inner nucleocapsid 

formed by the core protein (hepatitis B core antigen, HBcAg), and 

an outer envelope formed by lipid-embedded small, middle, and 

large surface proteins (hepatitis B surface antigen, HBsAg). HBV is 

characterized by species specificity, and only humans and chim-
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panzees are susceptible.2 One of the major factors determining 

species specificity is the interaction of the preS1 domain of large 

HBsAg with the sodium taurocholate cotransporting polypeptide 

(NTCP) of human hepatocytes (Fig. 1).3

HBV virions enter the hepatocyte cytoplasm through a specific 

interaction with NTCP on the basolateral membrane of hepato-

cytes, followed by a plasma membrane component-mediated 

pathway (e.g., clathrin adaptor protein AP-2 and caveolin-1).4,5 

Subsequently, translocation of HBV occurs using the endosomal 

network in the cytoplasm. The gradual decrease in the pH of the 

endosome (i.e., 6.2 in early endosomes and 5.5 in late endo-

somes) aids in the fusion of the endosomal membrane with the 

outer envelope proteins of HBV.6,7 HBV DNA enters the nucleus 

after the inner nucleocapsid of HBV is disassembled by the nucle-

ar pore complex.

In the nucleus, HBV DNA is converted from rcDNA to covalently 

closed circular DNA (cccDNA).8 cccDNA serves as a template for 

HBV gene products, including pregenomic RNA (pgRNA), preS1 

messenger RNA (mRNA), preS2 mRNA, and X mRNA. The result-

ing RNAs are released into the cytoplasm. Some of the pgRNA 

serves as a translation template for the synthesis of the core pro-

tein and the polymerase. Another part of the pgRNA, together 

with the polymerase, forms a capsid using HBcAgs (i.e., encapsid-

ation).9,10 Inside the capsid, pgRNA is reverse transcribed to rcD-

NA. PreS1 mRNA, preS2 mRNA, and X mRNA are used to synthe-

size surface proteins and HBx proteins. Newly synthesized HBV 

nucleocapsids are either used for intracellular cccDNA amplifica-

tion or form HBV virions through assembly with surface proteins 

in the endoplasmic reticulum and are then released to the sinusoi-

dal space. Surface proteins are also released in the form of nonin-

Figure 1. HBV life cycle and novel drug targets. NTCP, sodium taurocholate cotransporting polypeptide; rcDNA, relaxed circular DNA; cccDNA, cova-
lently closed circular DNA; CRISPR, clustered regularly interspaced short palindromic repeats; Cas9, CRISPR-associated protein 9; ER, endoplasmic reticu-
lum; mRNA, messenger RNA; pgRNA, pregenomic RNA; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B envelope antigen; 
HBcAg, hepatitis B core antigen.
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fectious excess subviral particles (SVPs) that do not contain HBV 

DNA.11

The treatment goals for patients with chronic hepatitis B (CHB) 

are to reduce the mortality rate from chronic liver disease and im-

prove overall survival by preventing the development of cirrhosis 

and/or hepatocellular carcinoma (HCC). The recommended treat-

ment strategies are as follows: 1) timely initiation of antiviral ther-

apy for patients with CHB; 2) long-term suppression of HBV DNA 

levels; and 3) HBsAg loss, with or without anti-HBs seroconver-

sion (i.e., a functional cure) as an optimal endpoint.12-14 Note that 

a functional cure other than eradication of intrahepatic cccDNA 

and integrated HBV DNA (i.e., a complete cure) is the endpoint of 

the latter strategy. This endpoint reflects the therapeutic effects 

and limitations of the recommended first-line antiviral agents: 

nucleos(t)ide analogues (NA) and pegylated interferon alpha 

(Peg-INFα).

NA treatment has shown that over 60% of HBV DNA is unde-

tectable after 48 weeks of treatment.15,16 The effectiveness of NA 

treatment has been maintained for over 5 years.17,18 However, the 

proportion of patients achieving HBsAg loss is only 1.4–3.0% at 

48 weeks of treatment. Even NAs have little effect on cccDNA in 

nature.19 Peg-INFα affects the entire replication process of HBV 

and can also induce degradation of cccDNA.20 The rate of HBsAg 

loss exceeds 5% at 48 weeks of treatment.21,22 However, Peg-

INFα is difficult to use because the frequency of side effects is 

very high. At 48 weeks of treatment, alopecia, skin manifesta-

tions, insomnia, anxiety, and oral symptoms have been reported 

in 44.0%, 56.0%, 36.0%, 28.9%, and 64.0% of patients, re-

spectively.23

Although the risk of CHB-related HCC has been reduced as a 

result of NA or Peg-INFα treatment, the risk of HCC remains in 

patients with CHB.24-27 CHB is still the leading cause of HCC, caus-

ing 44% of HCC cases worldwide and 65–75% of HCC cases in 

endemic regions like Korea.13,28 To overcome the limitations of 

NAs and Peg-INFα and to achieve a complete cure for CHB, the 

need for drugs targeting novel therapeutic targets of HBV has 

emerged.

NOVLE THERAPEUTICS TARGETING VIRAL LIFE 
CYCLE

Targeting virus entry

Strategies to inhibit HBV entry include novel peptides derived 

from HBsAg, such as myrcludex B, a myristoylated peptide derived 

from 47 amino acids within the pre-S1 domain of L-HBsAg.29 A 

multicenter, open-label phase 2 clinical trial was performed to 

evaluate the efficacy and safety of myrcludex B in combination 

with Peg-IFN2α for HBV/hepatitis D virus coinfection (Table 1).30 

When myrcludex B was used as a monotherapy for 48 weeks, 

none of the patients experienced a HBsAg >1 log decline, and 

HBsAg was undetectable. When myrcludex B was used in combi-

nation with Pge-IFN2α over 48 weeks, HBsAg decline was 

achieved in 46.7% of the subjects (seven out of 15), indicating a 

potential role for myrcludex B in future HBV curative regimens.

Small molecules, such as ezetimibe,31 cyclosporine derivatives,32 

and contravir,33 have also been evaluated as viral entry inhibitors 

in many experimental models, and some compounds inhibit entry 

independently of the NTCP receptor. A phase 1 single ascending 

dose study for contravir (CRV431) is currently recruiting study sub-

jects to evaluate the safety and pharmacokinetics of CRV431 in 

combination with TDF.

Monoclonal antibodies against HBsAg epitopes (e.g., HBV-ABXTL, 

HepeX-BTM, and 2H5-A14) have been evaluated for their efficacy 

in blocking HBV entry into hepatocytes and/or accelerating viral 

clearance from the circulation. These antibodies may have addi-

tional antiviral function, as they could confer protection by bind-

ing circulating virus.34-37 However, no clinical trials for monoclonal 

antibodies against HBsAg are ongoing.

Targeting capsid assembly

HBV capsid assembly plays a significant role in almost every 

step of the HBV replication cycle.38 Notably, the HBV capsid is re-

sponsible for trafficking rcDNA to the nucleus, thereby establish-

ing and sustaining cccDNA levels. Moreover, capsid protein is 

found in hepatocyte nuclei and interacts with host factors that are 

responsible for transcriptional regulation.9 Therefore, targeting 

disruption of the HBV capsid protein could impact cccDNA stabili-

ty and possibly lead to a complete cure of HBV infection.39 Be-

cause sustained antiviral activity is expected, several capsid as-

sembly modulators have been studied, such as GLS4 (phase 2 

clinical trials),40 NVR 3-778 (phase 2a clinical trials),41 AB-423 

(phase 1 clinical trials),42 AB-506 (phase 1 clinical trials), JNJ-440 

(phase 1 clinical trial),43 JNJ-56136379 (phase 2 clinical trial),44 

ABI-H0731 (phase 2 clinical trials),45 ABI-H2158 (phase 2a clinical 

trials), RO7049389 (phase 2 clinical trials),46 Bay41-4109 (phase 1 

clinical trials),47 and QL-007 (phase 2 clinical trials). Structurally, 

these compounds are heteroaryldihydropyrimidines, phenylprope-
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Table 1. Selected novel agents in development for the treatment of chronic hepatitis B

Drug name Sponsor Target Class Clinical stage NCT number

Myrcludex B 
(bulevirtide)

Hepatera Ltd. Virus entry Peptide II (completed) NCT02881008
NCT02888106

CRV431 Hepion Pharmaceuticals, 
Inc.

Virus entry Analogue of 
cyclosporine A

I (recruiting) NCT03596697

GLS4 (morphothiadine) Sunshine Lake Pharma Co., 
Ltd.

Capsid assembly Small molecules II (recruiting) NCT04147208

NVR 3-778 (AL-3778) Novira Therapeutics, Inc. Capsid assembly Small molecules I (completed) NCT02112799
NCT02401737

AB-506 Arbutus Biopharma 
Corporation

Capsid assembly Small molecules I (terminated) -

AB-836 Arbutus Biopharma 
Corporation

Capsid assembly Small molecules I (not yet recruiting) NCT04775797

JNJ-440  
(JNJ-64530440)

Alios Biopharma Inc Capsid assembly Small molecules I (completed) NCT03439488

JNJ-56136379 (JNJ-379) Janssen Research & 
Development, LLC

Capsid assembly Small molecules II (completed)
II (recruiting)

NCT03361956
NCT04667104

ABI-H0731 (vebicovir) Assembly Bioscience Capsid assembly Small molecules II (completed)
II (recruiting)

NCT03577171
NCT04781647

ABI-H2158 Assembly Bioscience Capsid assembly Small molecules II (recruiting) NCT04398134

EDP-514 Enanta, Pharmaceuticals Capsid assembly Small molecules I (recruiting) NCT04008004

QL-007 Qilu Pharmaceutical Co., 
Ltd.

Capsid assembly Small molecules II (recruiting) NCT04157699

ZM-H1505R Shanghai Zhimeng 
Biopharma, Inc.

Capsid assembly Small molecules I (completed) NCT04220801

RO7049389 (RG7907) Hoffmann-La Roche Capsid assembly Small molecules II (recruiting) NCT04225715

SRI-32007 (CYT997) - Capsid assembly Small molecules Preclinical -

Ciclopirox - Capsid assembly Small molecules Preclinical -

Besifovir IlDong Pharmaceutical Co 
Ltd

Polymerase Small molecules III (active, not recruiting)
IV (recruiting)

NCT01937806
NCT04202536

Metacavir Guangzhou Yipinhong 
Pharmaceutical CO., LTD

Polymerase Small molecules II (unknown) NCT02965859

HS-10234 Jiangsu Hansoh 
Pharmaceutical Co., Ltd.

Polymerase Small molecules III (recruiting) NCT03903796

Pradefovir Xi’an Xintong 
Pharmaceutical Research 
Co.,Ltd.

Polymerase Small molecules III (recruiting) NCT04543565

ATI-2173 Antios Therapeutics, Inc Polymerase Small molecules I (recruiting) NCT04248426

GS-5801 Gilead Sciences cccDNA Small molecules I (unknown) -

REP 2139 and 
REP 2165

Replicor Inc. HBsAg Nucleic acid polymer II (completed) NCT02565719

ALG-010133 Aligos Therapeutics HBsAg Nucleic acid polymer I (recruiting) NCT04485663

ARC-520 Arrowhead 
Pharmaceuticals

Viral transcript Small interfering RNA II (terminated) NCT02577029

JNJ-3989 (ARO-HBV) Arrowhead 
Pharmaceuticals

Viral transcript Small interfering RNA II (completed) NCT03365947
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namides, or sulfamoylbenzamides. Recently, a tubulin polymeriza-

tion inhibitor (SRI-32007) was discovered as an inhibitor of HBV 

core promoter activity, and preclinical studies have been per-

formed.48

Recently, our research group discovered a novel anti-HBV drug, 

ciclopirox, from U.S. Food and Drug Administration-approved li-

brary.49 Ciclopirox, a synthetic antifungal agent, strongly inhibited 

HBV replication in cells and mice by blocking assembly of the HBV 

capsid. The crystal structure of the HBV core protein and the ci-

clopirox complex revealed a novel binding mode at dimer-dimer 

interfaces. We also found that ciclopirox synergized with NAs to 

prevent HBV replication in cells and in a humanized liver mouse 

model. Orally administered ciclopirox may block HBV capsid as-

sembly effectively and thus provide a novel opportunity to combat 

chronic HBV infection. Preclinical studies are ongoing for ci-

clopirox as a novel HBV drug.

Targeting polymerase

NAs, which are commonly used currently, are antiviral agents 

that target polymerase. Drugs targeting polymerase and that aim 

to improve the therapeutic effects or to reduce side effects better 

than NAs are being developed. Besifovir dipivoxil maleate (BSV) is 

an acyclic nucleotide phosphonate inhibitor of HBV polymerase.50 

In a phase 3 clinical study, BSV showed comparable efficacy and 

better safety compared to tenofovir disoproxil fumarate (TDF).51 

Both HS-10234 and pradefovir, which are prodrugs of tenofovir 

and adefovir, respectively, showed comparable efficacy to TDF in 

a phase 2 clinical study and are in a phase 3 clinical study.52 

Metacavir, a novel deoxyguanosine analog, is under investigation 

in a phase 2 clinical trial.53 ATI-2173 is a new chemical derived 

from clevudine, and it has the advantage of reducing the risk of 

clevudine-related myopathy. Currently, a phase 1 clinical trial is in 

progress.

Targeting cccDNA

Genome editing tools include zinc finger nuclease (ZFN), tran-

scription activator-like effector nuclease (TALENs), and the clus-

tered regularly interspaced short palindromic repeats (CRISPR)/

CRISPR-associated protein 9 (Cas9) system.54,55 The domains that 

recognize and bind to target double-stranded DNA (dsDNA) se-

quences in ZFN and TALENs are zinc finger protein and transcrip-

tion activator-like effector, respectively.56,57 Both tools require the 

FokI restriction endonuclease domain to cut the genome. On the 

contrary, all CRISPR/Cas9 systems use CRISPR RNA (i.e., guide 

RNA) to find target dsDNA and have a simple working structure 

that cuts target dsDNA with Cas protein endonuclease.58 Among 

these tools, the CRISPR/Cas9 system is the most simplified tool 

for the development of custom nucleases. In a preclinical study, 

CRISPR/Cas9 system treatment showed encouraging results, 

showing that more than 90% of HBV DNA was cleaved by 

Cas9.59,60 Subsequently, the removal of the full-length integrated 

HBV DNA (i.e., sterile eradication) was also successful.61 Never-

theless, the major obstacle to the clinical application of CRISPR/

Cas9 is the possibility of expressing an off-target effect that 

causes damage to the host DNA rather than the target. As an al-

ternative method, CRISPR/Cas9 nickase only causes a single-

strand DNA break, rather than dsDNA breaks.62 Thus, a pair of 

properly spaced guide RNA can cause dsDNA breaks and the risk 

of permanent DNA damage due to off-target effects can be re-

duced.

In the nucleus, instead of performing genome editing, there are 

drugs that aim to silence cccDNA transcription. GS-5801 is a pro-

drug of a small molecule inhibitor of histone lysine demethylase 

5.63 However, GS-5801 did not show antiviral activity in a human-

ized mouse model of HBV infection.64 Other drugs that have 

blocked cccDNA transcription in the discovery stage are alpha-

glucosidase, which suppresses the nuclear transcription factor 

Drug name Sponsor Target Class Clinical stage NCT number

RG6346 Hoffmann-La Roche Viral transcript Small interfering RNA II (recruiting) NCT04225715

AB-729 Assembly Biosciences Viral transcript Small interfering RNA II (recruiting) NCT04820686

VIR-2218 (BRII-835) Vir Biotechology Viral transcript Small interfering RNA II (active, not recruiting) NCT04507269

GSK3389404(GSK404) GlaxoSmithKline Viral transcript Antisense 
oligonucleotides

II (completed) NCT03020745

GSK3228836 (GSK836) GlaxoSmithKline Viral transcript Antisense 
oligonucleotides

II (active, not recruiting)
II (recruiting)

NCT04449029
NCT04676724

NCT, national clinical trial; cccDNA, covalently closed circular DNA; HBsAg, hepatitis B surface antigen.

Table 1. Continued
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Sp1,65 and dicoumarol, which is a competitive nicotinamide ade-

nine dinucleotide phosphate quinone oxidoreductase that acts as 

an inhibitor of HBx expression.66 Peg-IFNα is involved in both the 

degradation and transcription of cccDNA.20,67 Peg-INFα induces 

degradation of cccDNA through upregulation of APOBEC3A and 

3B cytidine deaminases. Peg-INFα also blocks cccDNA transcrip-

tion by inducing cccDNA-bound histone hypoacetylation.

Targeting HBsAg

Nucleic acid polymers (NAPs) have broad spectrum antiviral ac-

tivity against several enveloped viruses, including HBV.68 REP 

2139 and REP 2165 are NAPs that inhibit the assembly and secre-

tion of HBV SVP. In a phase 2 clinical trial, 48-week combination 

treatment with TDF, Peg-INFα, and NAP showed HBsAg loss in 

60% of the participants; The functional cure persisted in 35% of 

the participants during 48 weeks of treatment-free follow up.69

Targeting viral transcript

High levels of viral antigens may be associated with a sup-

pressed host immune response and increased persistence of HBV. 

The synthesis of viral antigens could potentially be blocked by the 

use of molecular approaches targeting viral mRNA transcripts, 

such as RNA interference (RNAi) and antisense oligonucleotides.

Small interfering RNA (siRNA) acts as RNAi, which can target a 

common 3’ terminus shared by all mRNA transcripts and induce 

the degradation of the transcripts.70 The degradation of mRNA 

transcripts can allow the suppression of HBV DNA and viral anti-

gens, including HBsAg, HBeAg, and hepatitis B core-related anti-

gens. Therefore, siRNA can reverse host immune exhaustion 

caused by high antigenemia, allow restoration of effective HBV-

specific immune responses, and finally lead to the seroconversion 

of HBsAg. ARC-521 was the first siRNA against HBV designed to 

reduce all mRNA transcripts derived from cccDNA to be investi-

gated in clinical trials.71 The NA-experienced patients with CHB 

received four doses of ARC-520 at 1 mg/kg or 2 mg/kg or placebo 

every 4 weeks. The high-dose group (2 mg/kg) showed a signifi-

cant reduction in HBsAg levels compared to the placebo group, 

but absolute HBsAg reductions were moderate in both patients 

who were hepatitis B envelope antigen (HBeAg)-negative (0.38 

log IU/mL) and HBeAg-positive (0.54 log IU/mL). The limited ac-

tivity was probably due to the high expression level of HBsAg 

from integrated HBV DNA. Unlike ARC-520, JNJ-3989 (ARO-HBV) 

can target viral mRNA transcripts from all sources, including cccD-

NA and integrated HBV DNA. In recent studies, 3 subcutaneous 

doses of JNJ-3989 were administered monthly in CHB patients 

concomitantly with entecavir or tenofovir.72 JNJ-3989 with NA 

therapy was well tolerated and showed a ≥1.0 log IU/mL reduction 

in HBsAg in 98% of the patients with CHB.

Antisense oligonucleotides are nucleic acids that are designed 

to hybridize with target RNAs and block the expression of viral 

proteins. GSK3389404 is a liver-directed antisense oligonucle-

otide that inhibits the synthesis of viral proteins, including HBsAg. 

In a phase 2a clinical trial, subcutaneous injection of GSK3389404 

(120 mg/week) for 3 months caused a rapid drop in the levels of 

HBsAg (0.75 log IU/mL) in patients with CHB.73

Major concerns about the agents targeting viral transcripts in-

clude the potential toxicity of the delivery platform, the risk of off-

target toxicity, and the risk of rebound after treatment due to a 

lack of cccDNA reduction.

HOST IMMUNE TARGETING THERAPIES

Adaptive immunity, such as HBV-specific T cell responses, is 

critical for the clearance of HBV infection. HBV-specific T cells se-

crete cytokines that induce noncytolytic clearance of HBV and re-

cruitment of other inflammatory immune cells.74 The innate im-

mune response, such as the production of type I IFNs, is essential 

for the induction of following HBV-specific immunity. Therefore, 

the coordination of both innate and adaptive immune responses 

is important to control HBV infection. Patients with CHB are char-

acterized by a weak innate and adaptive (HBV-specific) immune 

response.75 Chronic HBV infection induces impaired cytokine pro-

duction, T-cell exhaustion characterized by poor cytotoxic activity, 

and sustained expression of inhibitory receptors.76 Immunomodu-

latory therapies focused on the restoration of impaired immune 

responses have been investigated in several trials as follows.

Toll-like receptor (TLR) agonists

TLRs are a type of pattern recognition receptor on eukaryotic 

cells that sense pathogen-associated molecular patterns leading 

to the production of antiviral mediators.77 Therefore, TLRs are part 

of the innate immune system that constitutes the first line of de-

fense against invading microorganisms. TLRs also play a pivotal 

role in adaptive immune responses by inducing the differentiation 

of naïve T cells into effector T cells. The activation of TLRs can 

suppress the replication of HBV and induce the restoration of 
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HBV-specific adaptive immune responses. Vesatolimod (GS-9620), 

an oral agonist of TLR-7, activates innate and adaptive immune 

responses of patients with CHB. In a phase 2 clinical trial, once-

weekly oral administration of vesatolimod for 4, 8, or 12 weeks 

showed a consistent dose-dependent induction of interferon-

stimulated gene 15, which is the most sensitive indicator of TLR-7 

activation (Table 2).78 However, vesatolimod therapy did not show 

a significant decline in HBsAg compared to placebo. Selgantoli-

mod (GS-9688), an oral agonist of TLR-8, induced a sustained an-

tiviral response in woodchuck hepatitis virus (a hepadnavirus that 

is closely related to HBV)-infected woodchucks.79 In a phase 2 

clinical trial, a combination of selgantolimod (up to 3 mg) once 

weekly and NA therapy for 24 weeks followed by NA therapy 

alone for an additional 24 weeks achieved a modest decline in 

HBsAg levels from baseline and a 5% rate of HBsAg loss.80

Similar to TLR agonist, retinoic acid-inducible gene-I (RIG-I) ag-

onist is another compound that can suppress the replication of 

HBV by boosting innate immune responses. RIG-I agonist boosts 

innate immunity directly by activating the intracellular interferon 

pathway in hepatocytes and also have a direct antiviral effect as a 

non-nucleotide reverse transcriptase inhibitor.81 In a phase 2 clini-

cal trial, a combination of inarigivir (SB9200), an oral dinucleotide 

RIG-I agonist, and tenofovir showed a dose-dependent reduction 

of HBV DNA.82 However, further investigation of inarigivir has 

been stopped due to severe adverse events including the death of 

one patient in another phase 2 clinical trial of the use of inarigivir 

400 mg plus NA in HBeAg-negative patients.83

Checkpoint Inhibitors

In chronic HBV infection, upregulation of checkpoint inhibitors, 

such as programmed cell death protein 1 (PD-1), is associated 

with T-cell exhaustion and persistent viral infection. Therefore, 

checkpoint inhibitors may help to restore T cell function. The in-

Table 2. Selected novel immune modulators in development for the treatment of chronic hepatitis B

Drug name Sponsor Target Class Clinical stage NCT number

GS-9620 (vesatolimod) Gilead Sciences Toll-like receptor 7 agonists Small molecules II (completed) NCT02166047

GS-9699 (selgantolimod) Gilead Sciences Toll-like receptor 8 agonists Small molecules II (completed) NCT03615066

RG7854 (RG7020531) Hoffmann-La 
Roche

Toll-like receptor 7 agonists Small molecules I NCT04225715

SBT 8320 Silverback 
Therapeutics

Toll-like receptor 8 agonists Small molecules Preclinical -

Nivolumab PharmaEssentia Programmed cell death-1 
receptor antagonists

Monoclonal antibody I (not yet 
recruiting)

NCT04638439

INO-1800 Inovio 
Pharmaceuticals

Therapeutic vaccines DNA vaccines I (completed) NCT02431312

HB-110 Genexine, Inc. Therapeutic vaccines DNA vaccines I (completed) NCT01641536

GS-4774 Gilead Sciences Therapeutic vaccines T-cell vaccines II (completed) NCT02174276

TG-1050 (T101) Transgene Therapeutic vaccines Adenovirus 5-based 
vaccines

I (completed) NCT02428400

HepTcell Altimmune Therapeutic vaccines Synthetic peptides II (recruiting) NCT04684914

AIC 649 AiCuris Therapeutic vaccines A proprietary inactivated 
parapoxvirus particle 
preparation

I (completed) -

VBI-2601 (BRII-179) Brill Biosciences Therapeutic vaccines Recombinant protein 
vaccine

I/IIb (completed) -

VTP-300 Vaccitech Therapeutic vaccines Heterologous combination 
of ChAdOx1 and MVA 
vectors

I/II (recruiting) NCT04778904

JNJ 64300535 Janssen Sciences 
Ireland UC

Therapeutic vaccines DNA vaccines I (completed) NCT03463369

NCT, national clinical trial; MVA, modified vaccinia virus Ankara.
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duction of uncontrolled hepatitis flares and autoimmunity are the 

main concerns of this type of therapy. In a phase 1b clinical trial, 

nivolumab, a PD-1 inhibitor, was administered at either 0.1 or 0.3 

mg/kg with or without a HBV therapeutic vaccine (GS-4774) in vi-

rally suppressed patients with HBeAg-negative CHB.84 Patients 

receiving 0.3 mg/kg of nivolumab with and without GS-4774 at 

baseline and week 4 showed significant HBsAg declines at week 

24 from baseline, and one patient receiving the combination ex-

perienced HBsAg loss. There were no serious adverse events. 

Other checkpoint inhibitors targeting cytotoxic T lymphocyte-as-

sociated antigen-5 and CD244/2B4 restored immune function and 

increased the proliferation of CD8 T cells in vitro.85,86

Therapeutic vaccines

Therapeutic vaccination aims to restore HBV-specific immunity 

by stimulating the host immune response. In previous trials, exist-

ing prophylactic vaccines were able to reduce HBV replication in 

animal models of chronic hepadnaviral infection87 but failed in pa-

tients with CHB.88,89 These vaccines induced antibodies but failed 

to induce cytotoxic T cell responses that would be critical for ther-

apeutic efficacy. Alternatively, DNA vaccines coding sequences of 

HBsAg to induce HBV-specific T cells were investigated but also 

yielded poor results.90,91 DNA vaccines against multiple HBV pro-

teins employing heterologous prime-boost regimens are currently 

under investigation. INO-1800, which is a DNA-based HBV vac-

cine encoding HBsAg and HBcAg, induced the binding of antibod-

ies to HBs and robust cell-mediated immunity in animals.92 The 

use of INO-1800 with or without human interleukin 12 in CHB pa-

tients virally suppressed with a NA is in a phase 1 clinical trial 

(NCT02431312). Combined treatment with HB-110, a DNA vaccine 

encoding S, L, core, and polymerase proteins, and adefovir was 

also investigated in a phase 1 clinical trial.93 HB-110 exhibited a 

weak capability to induce HBV-specific T cell responses. Other 

HBV vaccines encoding multiple HBV proteins produced by differ-

ent vectors, including GS-4774 and TG-1050, have been demon-

strated to induce immunogenicity in animal models and healthy 

individuals.94,95 However, in a clinical trial, there were no signifi-

cant differences in the decline in HBsAg levels between the GS-

4774 group and the tenofovir group.94

Genetically engineered T cells

To restore adequate HBV-specific T cell immunity, the adoptive 

transfer of genetically engineered T cells can be a promising strat-

egy.75 T cells separated from the peripheral blood of patients with 

CHB were expanded and activated in vitro. The expanded T cells 

were engineered to encode HBV-specific T cell receptors by using 

viral vectors and then were reinfused to patients with CHB. This 

approach could be achieved through T-cell receptor (TCR) gene 

transfer or the use of chimeric antigen receptor (CAR) T cells.96 

TCR-redirected HBV-specific T cells were able to recognize HBV-

infected cells in an in vitro study.97 T cells with a CAR specific for 

HBeAg were also reported to localize to the liver of mice to reduce 

the replication of HBV with only transient liver damage.98

NEEDS FOR COMBINATION TREATMENT

We reviewed some of the anti-HBV agents targeting virus entry, 

capsid assembly, polymerase, cccDNA, HBsAg, viral transcripts, or 

HBV-specific immune responses (immunomodulators). Consider-

ing the mechanism of HBV replication and the difficulty in eradi-

cating cccDNA and integrated HBV DNA, combination treatment 

using two or more drugs with different targets may be more ad-

vantageous than monotreatment.

The results of combination treatment with NAs and Peg-INFα 

differed depending on the type of NA. Lamivudine and Peg-INFα 

combination treatment was inferior to monotherapy.99-101 Howev-

er, TDF and Peg-INFα combination treatment showed a signifi-

cantly higher proportion of HBsAg loss than monotreatment with 

TDF or Peg-INFα after 72 weeks.102 Recently, a randomized trial 

found that combination treatment with entecavir (ETV), PEG-

INFα, and sequential vaccination showed a significantly higher 

proportion of HBsAg loss than monotreatment with ETV after 100 

weeks (16.2% vs. 0.0%).103

The therapeutic effects of combined treatment with a NA and 

novel immunomodulators have also been studied. Combination 

treatment with a NA and GS-4774 did not further reduce HBsAg 

levels compared to monotreatment with NA in a phase 2 clinical 

trial.94 Combination treatment with ETV and thymosin alpha-1 did 

not significantly improve the rate of undetectable HBV DNA or the 

rate of HBsAg loss after 52 weeks compared to mono ETV treat-

ment.104 However, in a phase 2 clinical trial, combination treat-

ment with a NA and selgantolimod showed a 5% rate of HBsAg 

loss after 24 weeks.80 Similarly, HBsAg loss was observed in 25% 

of patients at 4 weeks of treatment in a phase 2a clinical trial of 

NA and GSK3228836 combination treatment.105 Currently, a 

phase 2 clinical trial is ongoing to evaluate the efficacy and safety 

of the combined treatment of NA, GSK3228836, and Peg-INFα. 
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Therefore, the combination of direct-acting antivirals and novel 

immunomodulators might be the ideal strategy to completely cure 

patients infected by HBV. 

ENDPOINTS OF CLINICAL TRIALS

The main endpoint of recent phase 2/3 clinical trials of novel 

HBV therapy was the functional cure of HBV (i.e., HBsAg loss) and 

therefore, quantitative HBsAg is a useful marker for assessing the 

efficacy of the novel therapy. However, HBsAg is not an ideal 

marker for very early assessment of the clinical trials because HB-

sAg may be expressed from cccDNA and integrated HBV DNA. 

Therefore, circulating viral RNAs or hepatitis B core-related anti-

gen, potential surrogate markers of cccDNA, are also important 

markers for assessing the novel therapy. In the future clinical trials 

of novel agents targeting cccDNA elimination, the achievement of 

complete cure of HBV (i.e, elimination of cccDNA and integrated 

HBV DNA) will be an important endpoint. Unlike the ease of judg-

ment of the functional cure, the standard evaluation method of 

the complete cure has not yet been established. Liver biopsy may 

be used to determine cccDNA elimination.19 However, it is chal-

lenging to accurately determine the absence of cccDNA due to 

detection limitations.106

The appropriate time point for evaluating the treatment re-

sponse for the phase 3 clinical trial suggested by the expert group 

was 6 months after the end of treatment.107 It was agreed that it 

was an appropriate time to determine if the treatment response 

persisted. However, in the case of the phase 2 clinical trial, a spe-

cific time point was not presented. Considering the mechanism of 

the novel drug, the evaluation time point can be altered as 6 

months after the end of treatment or 6 months after the start of 

treatment.

FUTURE DIRECTIONS

The treatment options introduced in this study have different 

mechanisms of action, and each option has strengths and poten-

tial limitations. Therefore, combination therapy is promising for 

achieving a functional cure for HBV infection. Novel curative 

agents for HBV can be stratified either as direct regulators of the 

HBV life cycle (direct-acting antivirals) or indirect regulators of in-

nate and/or HBV-specific immunomodulators. Combination treatment 

with potent NAs that can effectively suppress viral replication, 

one or more direct-acting antiviral, and at least one immunomod-

ulator can be a promising approach for treating chronic HBV in-

fection. In addition, treatments should be individualized by con-

sidering different host factors, including treatment history, HBeAg 

expression, viral load, severity of fibrosis, and genotype. Future 

trials combining multiple therapeutic agents considering baseline 

host factors are warranted to find optimal and customized regi-

mens for patients with CHB.

CONCLUSION

The key obstacle to achieving a complete cure for HBV infection 

is the presence of cccDNA in the hepatocyte nucleus. The cccDNA 

acts as a transcription template for all viral RNAs, including 

pgRNA, and has a very long half-life. The removal of cccDNA is 

very difficult because cccDNA resides in the nucleus as a stable 

episomal plasmid-like molecule. Nevertheless, recent advances in 

technology and expanded knowledge about HBV infection have 

led to the development of agents targeting cccDNA. In addition, 

other direct-acting antivirals that can target various steps of the 

HBV life cycle, including HBV entry, transcription of viral proteins, 

nucleocapsid assembly, pgRNA packaging, and HBsAg release, 

are currently under investigation in clinical trials. Another barrier 

to finding a complete cure for HBV infection is defective host im-

mune responses. Chronic HBV infection induces weak innate and 

HBV-specific immune responses, such as impaired cytokine pro-

duction, T-cell exhaustion, and sustained expression of inhibitory 

receptors. Immunomodulators targeting innate and/or HBV-spe-

cific immune responses, including TLR agonists, checkpoint inhibi-

tors, therapeutic vaccines, and engineered T cells, are also cur-

rently under development or in clinical trials. The combination of 

novel agents with or without potent NAs may be a promising 

strategy for a functional cure of HBV infection. Continued ad-

vancements of the novel agents may aid in the elimination of 

HBV.
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Acute kidney injury (AKI) is common in advanced cirrhosis. Prerenal azotemia, hepatorenal syndrome, and acute tubular 
necrosis are the main causes of AKI in patients with cirrhosis. Evaluation of renal function and differentiation between 
functional and structural kidney injury are important issues in the management of cirrhosis. However, AKI in cirrhosis 
exists as a complex clinical spectrum rather than concrete clinical entity. Based on current evidence, changes in serum 
creatinine (Cr) levels remain the most appropriate standard for defining AKI in cirrhosis. However, serum Cr has a limited 
role in assessing renal function in this population. This review examines previous studies that investigated the ability 
of recent biomarkers for AKI in cirrhosis from the perspective of earlier and accurate diagnosis, classification of AKI 
phenotype, and prediction of clinical outcomes. Serum cystatin C and urine neutrophil gelatinase-associated lipocalin 
have been extensively studied in cirrhosis, and have facilitated improved diagnosis and prognosis prediction in patients 
with AKI. In addition, urine N-acetyl-β-D-glucosaminidase, interleukin 18, and kidney injury molecule 1 are other 
promising biomarkers for advanced cirrhosis. However, the clinical significance of these markers remains unclear because 
there are no cut-off values defining the normal range and differentiating phenotypes of AKI. In addition, AKI has been 
defined in terms of serum Cr, and renal biopsy—the gold standard—has not been carried out in most studies. Further 
discovery of innovate biomarkers and incorporation of various markers could improve the diagnosis and prognosis 
prediction of AKI, and will translate into meaningful improvements in patient outcomes. (Clin Mol Hepatol 2022;28:31-
46)
Keywords: Acute kidney injury; Liver cirrhosis; Cystatin C; Neutrophil gelatinase-associated lipocalin; N-acetyl-β-D-
glucosaminidase 
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INTRODUCTION

Renal dysfunction is a frequent and life-threatening complica-

tion of advanced cirrhosis.1-3 It has been established that acute 

kidney injury (AKI) directly correlates with the prognosis of pa-

tients with cirrhosis.4-7 Furthermore, a gradual increase in serum 

creatinine (Cr) was observed after the resolution of AKI, and the 

survival of patients with AKI was significantly reduced compared 

to that of patients without AKI.8 AKI in cirrhosis is not a single 

disease entity; rather, it consists of complex pathophysiology. 

Hepatorenal syndrome (HRS) is a characteristic feature of ad-

vanced cirrhosis; however, it is not the only cause of AKI in these 

patients.9,10 Accurate estimation of renal function is important for 

decision making including liver transplantation (LT). In addition, 

clearly differentiating the phenotype of AKI in cirrhosis is crucial, 

because the management of AKI is dictated by its cause.

One of the major limitations in managing patients with AKI and 

cirrhosis is insufficient ability of serum Cr to act as a kidney bio-

marker. Serum Cr usually overestimates the renal function in cir-

rhotic patients who have the high prevalence of sarcopenia.11 In 

addition, because Cr is a marker reflecting kidney filtration, not 

injury, it is not suitable for differentiating the AKI phenotype. 

Overall, there is a distinct need for reliable biomarkers that can 

precisely assess renal function and differentiate the phenotypes of 

AKI in cirrhosis. Novel kidney biomarkers have been evaluated for 

AKI and cirrhosis to improve both diagnosis and clinical outcomes 

of the affected patients. This review examines the role of the cur-

rent biomarkers in assessing renal function, predicting prognosis, 

and identifying the cause of kidney dysfunction.

DEFINITION AND PHENOTYPES OF AKI

AKI is a spectrum of clinical syndrome, including various precipi-

tating factors that cause either direct injury to the kidney (struc-

tural injury) or cause acute dysfunction (functional injury). Risk, 

injury, failure, loss, end-stage kidney disease (RIFLE), and acute 

kidney injury network (AKIN) classifications based on changes in 

Cr and urine output were useful in predicting the prognosis of pa-

tients with liver cirrhosis.6,12-17 In 2012, Kidney Disease: Improving 

Global Outcomes (KDIGO) proposed the new AKI definition; 1) in-

crease in serum Cr by ≥0.3 mg/dL within 48 hours; or 2) increase 

in serum Cr to ≥1.5-fold of baseline, which is known or presumed 

to have occurred within the prior 7 days; or 3) urine volume  

<0.5 mL/kg/hour for 6 hours.18 Several studies have validated this 

definition in hospitalized patients with cirrhosis.6,17,19,20 However, 

in cirrhosis, urine volume could decrease without renal dysfunc-

tion or increase with the administration of diuretics.21 Therefore, 

in 2015 International Club of Ascites consensus, AKI was defined 

using KDIGO serum Cr criteria, but urine volume was excluded 

from definition. A study with critically ill patients with cirrhosis 

showed that KDIGO criteria had higher predictability than RIFLE 

or AKIN criteria for assessing prognosis in these patients.22

AKI phenotypes are classified as prerenal, intrarenal, and 

postrenal in the general population. Patients with cirrhosis char-

acteristically develop a specific type of renal dysfunction, HRS.23 

Prerenal types represent approximately two-thirds of cases, 

whereas intrarenal AKI accounts for one-third of AKI cases, and 

postrenal AKI is rare in patients with cirrhosis.24 Reversible AKI in 

cirrhosis is predominantly a prerenal injury, which resolves with 

volume administration and discontinuation of diuretics. In con-

trast, HRS is characterized by its nonresponsiveness to volume ex-

pansion.4 HRS typically represents a continuum of disease, start-

AKI in cirrhosis
• Increase in SCr ≥0.3 mg/dL within 48 hours or
• A percentage increase SCr ≥50% form baseline which is 

known, or presumed, to have occurred within the prior 7 days

Functional damage
Serum creatinine
Serum cystatin

Structural damage
Markers of

tubular injury

Prerenal azotemia

Normal
pathology

HRS

Normal or mild
tubular injury

ATN

Mild to severe
tubular injury

Figure 1. Diagnostic approach of AKI in cirrhosis. When AKI is diag-
nosed, volume administration and removal of precipitating factors are 
needed. Resolution of AKI is defined as a decrease in serum creatinine 
level to within 0.3 mg/dL of baseline value. When AKI persists after vol-
ume challenge, HRS and ATN could be the cause of AKI. HRS is the func-
tional type of AKI, and are not expected to induce significant tubular 
damage, however, mild tubular injury could exist in HRS. In contrast, se-
vere tubular lesions are characteristic feature of ATN. Functional bio-
markers increase with severity of AKI, however, markers of structural 
damage appear in HRS and markedly increased in ATN. AKI, acute kidney 
injury; SCr, serum creatinine; HRS, hepatorenal syndrome; ATN, acute tu-
bular necrosis.
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ing with functional changes, followed by structural changes due 

to prolonged ischemic injury. Intrinsic AKI involves acute tubular 

necrosis (ATN), acute interstitial nephritis, acute glomerular and 

vasculitic renal diseases. ATN is a condition that causes a lack of 

oxygen and blood flow to the kidneys, leading to damaged tu-

bules. Proximal tubule is located in a vulnerable area exposed to 

hypoxic injury, and patchy areas of flattened tubular cells with en-

larged lumens and apical vacuolization are the characteristic fea-

tures of ATN. Renal tubules can also be injured with ischemia in-

duced by prolonged hypoperfusion. Diagnostic approach of AKI in 

cirrhosis are presented in Figure 1. Accurately assessing renal 

function and differentiating the phenotypes of AKI are crucial in 

managing patients with cirrhosis. Although there have been many 

efforts, still there are many challenges and needs for relevant re-

nal biomarkers for patients with cirrhosis.

Cirrhosis and portal hypertension

Inflammation hypothesis

Bacterial translocation

Inflammatory cytokines

Vasodilation hypothesis

Splanchinc vasodilation

Reduced effective arterial volume

Vasoconstrictive systems
activation of RAAS, SNS, AVP

Compensatory increased
cardiac output

Renal arterial vasoconstriction
Intra-renal inflammation

Intrarenal microvascular changes
Fail

Figure 2. Pathophysiology of hepatorenal syndrome. In advanced cirrhosis, both vasodilation and systemic inflammation contribute to development 
of hepatorenal syndrome. Although increased cardiac output and activated systemic vasoconstrictors induce compensatory response, decreased ef-
fective arterial volume eventually leads to renal arterial vasoconstriction. Bacterial translocation induces intrarenal inflammation, resulting renal hypo-
perfusion and intrarenal microvascular changes. As a result, imbalance between pro- and post-glomerular resistance develops, and renal microcircula-
tion affecting tubular and glomerular function is impaired, leading to decrease in glomerular filtration rate. RAAS, renin-angiotensin-aldosterone 
system; SNS, sympathetic nervous system; AVP, arginine vasopressin.
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PATHOPHYSIOLOGY OF HRS

The pathophysiology of HRS comprises several mechanisms, in-

cluding hemodynamic alteration, kidney factors, and systemic in-

flammation (Fig. 2).9,23 Hypoperfusion plays a major role in the 

development of HRS. In early-stage cirrhosis, splanchnic vasodila-

tation results in a decrease in effective arterial volume, and it is 

balanced by hyperdynamic cardiac compensation to maintain ad-

equate renal perfusion. In more advanced cirrhosis, the renin-an-

giotensin-aldosterone system, sympathetic nervous system, and 

arginine vasopressin are activated, leading to systemic vasocon-

striction and sodium and water retention in the kidney.2,8 At most 

of these stages, increased cardiac output fails to compensate, and 

this may contribute to a remarkable decrease in renal blood 

flow.25 Impaired end-organ perfusion promotes functional kidney 

injury and a decrease in glomerular filtration rate (GFR), although 

there is no or minimal parenchymal kidney damage.26 In addition, 

in response to changes in the systemic circulation, autoregulation 

of the renal blood flow by protective mediators could be impaired, 

further decreasing GFR.27

Recently, it has been recognized that HRS also involves systemic 

inflammation.28 Gut permeability is easily disrupted in patients 

with cirrhosis, resulting in bacterial translocation. This induces the 

upregulation of systemic inflammatory mediators, leading to com-

promised extrahepatic organ perfusion, including the kidney.28-32 

In patients with bacterial translocation, pathogen-associated mo-

lecular patterns, such as endotoxins and bacterial DNA, activates 

monocytes, which leads to the release of pro-inflammatory cyto-

kines such as tumor necrosis factor-alpha, interleukin (IL) 6, and 

IL-1 beta.33,34 In addition, increased vasoactive mediators, such as 

nitric oxide, were observed in these patients. In previous studies, 

these cytokines were associated with impaired renal function in 

patients with cirrhosis, as well as in those with acute-on-chronic 

liver failure (ACLF) and acute liver failure.35,36

It has been shown in both experimental and clinical studies that 

the renal tubular toll-like receptor 4 (TLR-4) is overexpressed fol-

lowing inflammatory insult in both experimental and clinical stud-

ies.37,38 Upregulation of TLR-4 is related to the development of tu-

bular cell damage, suggesting that structural changes in the 

kidney could also contribute to renal dysfunction in HRS. In an ex-

perimental study of rats with cirrhosis, tubular injury was ob-

served after the administration of a sublethal dose of lipopolysac-

charide, indicating that TLR-4 overexpression is likely a result of 

bacterial translocation.37 In patients with sepsis-associated AKI, 

systemic inflammation-induced tubular cell injury is characterized 

by vacuolar degeneration, loss of polarity, loss of tight junctions, 

apoptosis, dedifferentiation and cell cycle arrest.39,40 According to 

the results of recent studies, it has been suggested that structural 

damage could be combined in HRS, which is known to have pre-

dominant functional damage.

KIDNEY BIOMARKERS

With advances in proteomic platforms, several novel biomarkers 

of AKI have been discovered.41 These biomarkers are used in pre-

clinical models of drug development, for early recognition of 

nephrotoxicity.42 In clinical studies, kidney biomarkers have been 

Table 1. Characteristics of novel kidney biomarkers in cirrhosis

Biomarker Origin Class Testing
Time to 

expression
Limitation

Cystatin C All nucleated cells Function Serum 12–24 hours Increased in CKD

NGAL Loop of Henle and collecting ducts, 
leukocytes

Damage Urine/serum 1–12 hours Increased in CKD, infection, liver 
disease

NAG Proximal tubular cells Damage Urine 12 hours Increased in CKD, nephrotoxic agents

IL-18 Monocytes, macrophages, 
epithelial cells and dendritic cells

Damage Urine 1–12 hours Increased in inflammation

KIM-1 Proximal tubular cells Damage Urine 1–12 hours Increased in clear cell carcinoma

L-FABP Proximal tubular cells, hepatocytes Damage Urine 1–12 hours Increased in CKD, liver disease

[TIMP-2]·[IGFBP-7] Proximal tubular cells Stress Urine <12 hours Insufficient evidence in cirrhosis
Increased in clear cell carcinoma

CKD, chronic kidney disease; NGAL, neutrophil gelatinase-associated lipocalin; NAG, N-acetyl-β-D-glucosaminidase; IL, interleukin; KIM, kidney injury molecule; 
L-FABP, liver-type fatty acid-binding protein; TIMP, tissue inhibitor of metalloproteinase; IGFBP, insulin like growth factor binding protein.
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mainly assessed in intensive care unit patients and cardiac surgery 

populations, who have a high prevalence of AKI.43 The ability of 

innovate kidney biomarkers has been investigated from several 

perspectives. Large prospective studies have demonstrated multi-

ple biomarkers that can detect AKI earlier than could the previous 

markers.44,45 Timely identification of AKI using these markers al-

lows for the rapid management of and improved clinical outcomes 

in the affected populations. Several biomarkers are associated 

with the progression to a more severe stage of AKI, or long-term 

prognosis including the development of AKI, reversibility of renal 

impairment, and mortality.46-50 Lastly, some biomarkers were use-

ful in differentiating prerenal AKI from ATN, reducing unnecessary 

volume administration to those with fluid-unresponsive AKI.51,52 

Kidney markers in cirrhosis can be categorized into three groups: 

1) markers of kidney dysfunction; 2) tubular injury markers in-

crease with cellular damage, characterized by alteration in cell 

metabolism and expression of adhesion molecules; and 3) cell-cy-

cle arrest marker detects cellular stress, which is potentially re-

versible and may or may not develop cell damage (Table 1).53 The 

summary of studies regarding novel kidney biomarkers are pre-

sented in Figure 3 and Table 2.

BIOMARKERS FOR THE ASSESSMENT OF KID-
NEY FUNCTION

Cr

Cr and Cr-based equations are the most widely used tools for 

estimating renal function in patients with liver cirrhosis. However, 

it is well established that serum Cr is not an accurate marker of 

renal dysfunction in cirrhosis.54-58 Serum Cr levels vary with sex 

and age.57 In some patients, the concentrations of serum Cr re-

main within normal limits, even in moderate to severe renal dys-

function, resulting in an overestimation of GFR.58-62 Cr is produced 

in the liver and stored in the muscle, thus, its serum concentration 

is intimately related to liver disease and the amount of muscle 

mass.56,58 In patients with hepatic dysfunction, the production of 

Markers of injury

NAG
IL-18
KIM-1
L-FABP

Markers of cell-cycle arrest

[TIMP-2]·[IGFBP-7]

Markers of filtration

Serum creatinine
Cystatin C

Markers of injury

NGAL

Proximal tubule
Distal tubule

Collecting duct

Loop of Henle

Glomerulus

Figure 3. Overview of kidney biomarkers. NAG, N-acetyl-β-D-
glucosaminidase; IL-18, interleukin 18; KIM-1, kidney injury molecule 1;  
L-FABP, liver-type fatty acid-binding protein; TIMP-2, tissue inhibitor 
of metalloproteinase-2; IGFBP7, insulin like growth factor binding 
protein 7; NGAL, neutrophil gelatinase-associated lipocalin.
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Table 2. Summary of studies regarding novel kidney biomarkers

Study Design Patient Biomarker Outcome Result

Yoo et al.11 
(2019)

Single center, 
prospective 

779 cirrhosis patients Cystatin C Correlation with 
51Cr-EDTA-mGFR

Cystatin C-eGFR (r=0.56)
MDRD-eGFR (r=0.46)

5-year survival Cystatin C-eGFR (AUC, 0.62)
MDRD-eGFR (AUC, 0.56), P<0.001

Development of 
AKI in 1 year

Cystatin C-eGFR (AUC, 0.71)
MDRD-eGFR (AUC, 0.65), P<0.001

Seo et al.75 
(2018)

15 hospitals, 
prospective

350 patients with 
cirrhotic ascites

Cystatin C 1 year mortality Cystatin C (AUC, 0.763)
Cr (AUC, 0.655), P=0.002

3 months mortality MELD (AUC, 0.853)
MELD-Cystatin C (AUC, 0.920), P=0.031

HRS development 
in 1 year

Cystatin C (AUC, 0.793)
Cr (AUC, 0.700), P=0.025

Markwardt  
et al.91 
(2017)

29 liver units, 
prospective

429 patients 
hospitalized 
for acute 
decompensation of 
cirrhosis (CANONIC 
study)

Cystatin C
Urine NGAL

Development of 
renal dysfunction

NGAL (OR, 1.6; 95% CI, 0.9–3.1) 
Cystatin C (OR, 9.4; 95% CI, 1.8–49.6)

HRS development Cystatin C (AUC, 0.71)

3 months mortality Cr (HR, 2.2), Cystatin C (HR, 3.1), NGAL (HR, 1.9)
All P<0.05 in multivariate study

Fagundes et 
al.135 (2012)

Single center, 
prospective

241 patients with 
cirrhosis

Urinary NGAL AKI phenotype 417 µg/gCr in ATN, 30 µg/gCr in prerenal azotemia, 
vs. 76 µg/gCr in HRS (P<0.001)

Kim et al.140 
(2020)

8 centers, 
prospective

328 patients with 
decompensated 
cirrhosis

Cystatin C
Urinary NAG
Urinary NGAL

AKI development Cystatin C (HR, 2.283; P<0.001; cut-off, 1.055 mg/L)
NAG (HR, 1.010; P=0.008; cut-off, 23.1 U/gCr)
NGAL (HR, 1.001; P=0.173) in multivariate analysis

Mortality Cystatin C (HR, 1.694; P=0.004)
NAG (HR, 0.999; P=0.794)
NGAL (HR, 1.000; P=0.223) in multivariate analysis

Jo et al.123 
(2019)

Single center, 
prospective

111 patients with 
decompensated 
cirrhosis

Cystatin C
Urine NGAL
[TIMP-2]· 

[IGFBP7]

AKI development Cystatin C (AUC, 0.593; cut-off, 1.22 mg/dL)
NGAL (AUC, 0.707; cut-off, 84.84 µg/gCr)
[TIMP-2]·[IGFBP7] (AUC, 0.536; cut-off, 0.11)

Mortality MELD-cystatin C (AUC, 0.827)
MELD (AUC, 0.737)

Belcher et 
al.105 (2014)

4 centers, 
prospective

188 patients with 
cirrhosis and AKI

Urine NGAL
IL-18
KIM-1
L-FABP

Differentiation of 
ATN

NGAL (AUC, 0.787; cut-off, 365 ng/mL)
IL-18 (AUC, 0.711; cut-off, 85 pg/mL)
KIM-1 (AUC, 0.639; cut-off, 15.4 ng/mL)
L-FABP (AUC, 0.688; cut-off, 25 ng/mL)

Verna et al.106 
(2012)

Single center, 
prospective

118 patients with 
cirrhosis

Urine NGAL Identifying AKI NGAL (AUC, 0.89)

Mortality or liver 
transplantation

NGAL (OR, 11.0; cut-off, 110 ng/mL)
Cr (OR, 1.58; cut-off, 1.5 mg/dL) in multivariate 

analysis

Ariza et al.108 
(2015)

Single center, 
prospective 
study

55 patients with acute 
decompensation of 
cirrhosis

Cystatin C
Urine NGAL
IL-18
KIM-1

Differentiation of 
ATN

Cystatin C (AUC, 0.762; cut-off, 44.5 µg/gCr)
NGAL (AUC, 0.957, cut-off, 294 µg/gCr)
IL-18 (AUC, 0.920; cut-off, 51 ng/gCr)
KIM-1 (AUC, 0.704; cut-off, 1.6 µg/gCr)

3 months mortality Cystatin C (AUC, 0.653)
NGAL (AUC, 0.876)
IL-18 (AUC, 0.651)
KIM-1 (AUC, 0.710)
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creatine, the precursor of serum Cr, is decreased, and tubular se-

cretion of Cr is increased. Sarcopenia, which is prevalent in pa-

tients with advanced cirrhosis, also contributes to low serum Cr 

levels. Therefore, serum Cr level is insufficient for the detection of 

early-stage renal dysfunction in patients with cirrhosis, which 

could delay the timely management of kidney injury.60,63

Inevitably, serum Cr level-derived equations (Cockcroft, modifi-

cation of diet in renal disease [MDRD]-4, and Chronic Kidney Dis-

ease Epidemiology Collaboration equations) tend to overestimate 

GFR in patients with cirrhosis.11,64-66 In addition, most serum Cr 

level-derived equations were developed in patients without cir-

rhosis, limiting its accuracy in cirrhosis.67-71 In a large cohort study, 

MDRD-estimated GFR was overestimated in 47% of patients with 

liver cirrhosis, compared to the measured GFR, and female sex, 

advanced cirrhosis, and decreased skeletal muscle mass were in-

dependent predictors of overestimation.11 Other studies have re-

ported that Cr-based equations overestimate renal function by 

30–50%, especially in patients with impaired liver function and 

low GFR.65-67,72

Conflicting data have been reported regarding the association 

between Cr levels and the prognosis of cirrhosis. In some studies, 

a statistical significance between Cr and survival was observed, 

however, serum Cr levels were not significantly associated with 

mortality and or the development of HRS in other studies.60,72-75 In 

addition, the observed mortality rate of patients with HRS was 

higher than that predicted by model for end-stage liver disease 

(MELD) or MELD sodium scores, which estimate renal function by 

serum Cr levels.76 Currently, GFR is estimated using the Cr-based 

MDRD-6 equation in simultaneous liver-kidney transplant guide-

lines. Unfortunately, the measured GFR was underestimated when 

the measured GFR was greater than 30 mL/min/1.73 m2 in pa-

tients with cirrhosis, which could result in unnecessary simultane-

ous liver-kidney transplantation (SLKT).77 In contrast, the overesti-

mation of the measured GFR could lead to increased mortality 

after LT.77,78

Cystatin C

Serum cystatin C has been investigated to improve the detec-

tion of reduced GFR.79 Cystatin C is a 13-kD endogenous cysteine 

proteinase inhibitor produced at a constant rate by all nucleated 

cells.80 Cystatin C is eliminated mainly by glomerular filtration, and 

is almost completely reabsorbed and catabolized in tubules.81 Se-

rum cystatin C is not affected by sex, hepatic function, or muscle 

mass.55,82-85 The kinetics of serum cystatin C are similar to those of 

Cr, with the serum concentration increasing 12–24 hours after the 

onset of AKI.86

The accuracy of cystatin C-based estimated GFR was compared 

with that of Cr-based estimated GFR. In a study of 779 patients 

with cirrhosis, cystatin C-based estimated GFR showed a better 

correlation with measured GFR than the MDRD-estimated GFR.11 

Other studies demonstrated that Cr-cystatin C combined GFR 

equations were more accurate than Cr-based equations in predict-

ing measured GFR in patients with cirrhosis, especially when the 

GFR was lower than 60 mL/min/1.73 m2 in both, the patients with 

and without ascites.87,88 In patients with normal range of serum 

Cr levels, cystatin C was the only independent predictor for the 

measured GFR.55

Study Design Patient Biomarker Outcome Result

Huelin et 
al.107 (2019)

Single center, 
prospective 
study

320 AKI patients 
hospitalized for 
decompensated 
cirrhosis

Urine NGAL
IL-18

Differentiation of 
ATN

NGAL at day 1 (AUC, 0.80; cut-off, 110 µg/gCr)
NGAL at day 3 (AUC, 0.87; cut-off, 220 µg/gCr)
IL-18 at day 1 (AUC, 0.70; cut-off, 23 pg/g)

AKI progression NGAL at day 3 (AUC, 0.75; cut-off, 280 µg/gCr)

Dialysis NGAL at day 3 (AUC, 0.77; cut-off, 173 µg/gCr)

Zhang et 
al.147 (2019)

Single center, 
prospective 
study

22 HRS patients and 
30 patients with 
cirrhosis and normal 
kidney function

[TIMP-2]· 
[IGFBP7]

Diagnosis of HRS 1.3±2.09 in HRS vs. 1.03±1.03 in control, P=0.55

Response to 
terlipressin

1.32±2.39 in response group vs. 0.81±1.05 in  
non-response group, P =0.56

Cr, creatinine; EDTA, ethylene-diamine-tetraacetic acid; mGFR, measured glomerular filtration rate; AKI, acute kidney injury; eGFR, estimated glomerular 
filtration rate; MDRD, modification of diet in renal disease; AUC, area under curve; HRS, hepatorenal syndrome; MELD, model for end-stage liver disease; 
NGAL, neutrophil gelatinase-associated lipocalin; OR, odds ratio; CI, confidence interval; HR, harzard ratio; ATN, acute tubular necrosis; NAG, N-acetyl-β-D-
glucosaminidase; TIMP-2, tissue inhibitor of metalloproteinase-2; IGFBP7, insulin like growth factor binding protein 7; IL-18, interleukin 18; KIM-1, kidney 
injury molecule 1; L-FABP, liver-type fatty acid-binding protein.

Table 2. Continued
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Cystatin C was more accurate than Cr for predicting outcomes 

of cirrhosis. In patients with cirrhosis, baseline cystatin C-based 

GFR (cut-off <55 mL/min/1.73 m2) was useful in the early recogni-

tion of AKI. In a prospective study of patients with cirrhosis, cys-

tatin C was better at predicting overall survival and the incidence 

of AKI than MDRD-estimated GFR.11 Other prospective study of 

531 patients with cirrhosis, cystatin C level but not serum Cr was 

an independent predictor of AKI development, an MELD-cystatin 

score accurately predicted the AKI development and mortality.89 

In patients with cirrhotic ascites, cystatin C was an independent 

predictor of mortality and the development of HRS, while Cr was 

not.75 Several studies have suggested that changes in cystatin C 

levels are associated with the development of AKI, however, these 

are insufficient for supporting the role of change in cystatin C lev-

el in defining AKI in cirrhosis.90,91

BIOMARKERS FOR DEFINING THE PHENOTYPE 
OF AKI

Identification of AKI phenotype is crucial for establishing a 

treatment strategy and improving clinical outcomes. Because a 

clear objective test for HRS is absent, 48 hours of empirical vol-

ume expansion is required for both a diagnostic and therapeutic 

challenges. AKI caused by HRS and ATN persists after volume ad-

ministration and requires appropriate management for each enti-

ty. However, differentiating HRS from ATN is challenging. The ma-

jor treatment for HRS is the administration of vasoconstrictors, 

which has been shown to improves the renal function in approxi-

mately 50% of the patients with HRS.92-94 However, short-term 

mortality of HRS remains very high, up to 90%, and LT is the only 

treatment that improves the long-term survival of patients with 

HRS.17,92,95 In contrast, treatment of the underlying cause is the 

main therapeutic strategy for ATN. A fluid-first treatment may de-

lay the initiation of vasoconstrictors in patients with HRS, or in-

duce volume overload in those with ATN, who are unlikely to re-

spond, resulting in a poor clinical outcome.96,97

The level or change in serum Cr cannot differentiate between 

functional and structural renal impairment.98 Fractional excretion 

of filtered sodium (FENa) is used to differentiate the phenotypes 

of AKI, characterized by FENa less than 1% in prerenal azotemia. 

However, low FENa can be observed in AKI subtypes other than 

the prerenal type because of activated water and sodium reten-

tion.23,99 In addition, FENa can be increased by diuretics, glycos-

uria or chronic adaptation.100 Proteinuria of over 1–2 g/day sug-

gests a glomerular injury; however, in patients with cirrhosis, 

serum protein concentration is decreased by impaired hepatic 

function and poor nutrition, leading to a lower amount of protein-

uria.18 Glomerular injury can be suspected in patients with pro-

teinuria of less than 0.5 g/day when their serum protein level is 

low. In addition, a poor correlation between conventional bio-

markers and kidney histology was observed in a previous study.101 

Because of the disappointing performance of the previous mark-

ers in assisting with the differentiation of HRS from ATN and other 

kidney diseases, there is a great need to identify markers specific 

to parenchymal kidney insult. Differentiating functional changes 

from structural changes could help differentiate between patients 

with a reversible disease and those with irreversible changes.

Tubular injury biomarkers

Tubular injury biomarkers have been shown to have the poten-

tial to differentiate HRS from ATN in patients with cirrhosis. Hy-

poxia leads to proximal tubule dysfunction, resulting in increased 

excretion of low-molecular-weight proteins into urine or serum. 

Since they are expressed only hours after kidney injury, they have 

suggested as the earliest markers of AKI.102-104 However, there are 

insufficient data to support their role as early detection markers 

of AKI in cirrhosis.

The levels of urinary tubular markers are different between AKI 

phenotypes, with the lowest levels observed in prerenal AKI, 

modest levels exhibited in HRS, and significantly higher levels 

found in ATN.105-110 The potential tubular injury biomarkers in cir-

rhosis are 1) neutrophil gelatinase-associated lipocalin (NGAL), 2) 

N-acetyl-β-D-glucosaminidase (NAG), 3) IL-18, 4) kidney injury 

molecule 1 (KIM-1), and 5) liver-type fatty acid-binding protein  

(L-FABP).

NGAL is a low-molecular-weight protein (25 kDa) produced by 

thick ascending and collecting ductal cells of kidney and cells of 

liver, lung, and gastrointestinal tract.111 In animal models, NGAL is 

highly expressed in the kidney and released into the urine after 

ischemic or nephrotoxic insults. Following ischemic insult, urine 

NGAL concentration increases within 2 hours.111 In addition, 

NGAL plays a role in the innate immune system through iron se-

questration.112,113 Although both serum and urine NGAL can be 

measured, the serum NGAL levels have not been widely studied.

NAG originates from the lysosome of proximal tubules; there-

fore, increased urinary NAG levels represent proximal tubule injury 

with loss of lysosomal integrity.114 Unlike NGAL, NAG has a large 

molecular weight (140 kDa) and is not filtered by the glomerulus; 
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therefore, its high urine levels are unlikely to originate from extra-

renal sources.115 In several studies, urine NAG was shown to be a 

sensitive marker of tubular injury.114,116-118

IL-18 is a pro-inflammatory cytokine that is highly expressed in 

proximal tubule. IL-18 is released into the urine after ischemic in-

jury to the proximal tubule, and its level is not confounded by uri-

nary infections, nephrotoxic AKI, and chronic kidney disease 

(CKD).108,119-121 In human studies, urinary IL-18 was useful in pre-

dicting the development of AKI and other clinical outcomes.122,123

KIM-1 is a transmembrane protein that is expressed in proximal 

tubule and is upregulated in response to ischemic kidney injury. 

Because urine KIM-1 is less affected by extrarenal confounders, 

its role in differentiation of ATN from non-tubular kidney injury 

was observed.124-126

L-FABP is a free fatty acid transporter, which is overexpressed in 

the proximal tubule, and which transports free fatty acids to the 

mitochondria or peroxisomes.127 In experimental studies, L-FABP 

has been observed to be upregulated and released into the urine 

in the presence of tubulointerstitial damage.128 Human studies 

have shown that urinary L-FABP could predict the AKI or sepsis 

complicated by AKI, and its level could be affected by infection or 

liver disease.129,130 In addition, urinary L-FABP levels are also in-

creased in patients with CKD, suggesting its role as an antioxidant 

and renoprotective substance.131

The role of tubular markers in the diagnosis of AKI

Several studies have shown that both serum and urine NGAL 

may be useful for the early diagnosis of AKI.45,132-134 Thereafter, di-

agnostic value of NGAL was investigated in patients with liver cir-

rhosis, demonstrating a higher urinary NGAL level in patients with 

AKI than in those without AKI.135 However, urinary NGAL levels 

also increase during other conditions, such as inflammatory dis-

ease, urinary tract infection, or CKD, limiting the diagnostic per-

formance of NGAL.136,137 In addition, it was shown that liver syn-

thesis of NGAL increases during sepsis; therefore, NGAL level 

could be confounded.138,139 In a recent multicenter prospective 

study of 328 patients with decompensated cirrhosis, urine NGAL 

levels were comparable between patients with and without 

AKI.140 Furthermore, when multiple kidney biomarkers were ana-

lyzed simultaneously, increased serum cystatin C and urine NAG 

levels at baseline were significant predictors of AKI development, 

while serum Cr and urine NGAL levels were not. When patients 

were divided in to three groups according to the serum cystatin C 

and urine NAG levels, the hazard ratios for development of AKI 

were 3.010 and 6.512 in the other groups, compared to low-risk 

group. To date, the clinical implications of urine NAG have not 

been fully investigated; therefore, further validation studies in pa-

tients at a higher risk of AKI are needed.

Differentiation of AKI phenotype with tubular 
markers 

Recently, NGAL and IL-18 helped identify the cause of AKI in 

patients with cirrhosis.105,106,135,141 It has been suggested that urine 

NGAL is significantly higher in patients with ATN than those with 

other causes, including HRS and prerenal AKI.105,135 In a study of 

112 patients with various phenotypes of AKI, urine NGAL showed 

the highest diagnostic performance in differentiating ATN from 

other causes (area under curve [AUC] of 0.79), compared to IL-18, 

KIM-1, and L-FABP.105 A meta-analysis suggested that urine NGAL 

and IL-18 could discriminate ATN from other AKI phenotypes with 

AUCs of 0.89 and 0.88, respectively.142 The role of KIM-1 in pa-

tients with cirrhosis and AKI has been investigated in few studies, 

and increased urine KIM-1 levels were observed in patients with 

ATN compared to those with other causes.105 However, in some 

studies, significant overlaps in urine NGAL, IL-18, and KIM-1 levels 

were observed between patients with HRS and those with 

ATN.106,135 In addition, various previous studies have defined ATN 

and other causes of AKI with clinical features, without histological 

confirmation, which could lead to a misclassification of the AKI 

phenotype. None of these biomarkers were specific to any part of 

the nephron. Many patients with AKI present oliguria or anuria, 

and urine collection from these patients may be impractical, pre-

cluding the measurement of urinary biomarkers. Therefore, the 

performance of these markers in differentiating AKI phenotypes in 

cirrhosis should be interpreted with caution.

Patient outcomes and tubular injury markers

Conflicting results have been reported regarding the association 

between tubular markers and the risk of mortality.105,106,119,139-141 In 

a meta-analysis of five studies, increased urine levels of IL-18 and 

NGAL identified patients at a higher risk of short-term mortality 

with an AUC of 0.76.142 In two studies investigating the perfor-

mance of multiple biomarkers, urine NGAL levels showed the best 

predictive performance in predicting mortality, compared with the 

urine IL-18, KIM-1, and L-FABP levels and serum cystatin C lev-

el.105,108 However, two recent prospective studies from South Ko-

rea, including patients with decompensated cirrhosis, showed 
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that urine NGAL level was not a significant predictor of mortality; 

rather, the cystatin C or MELD-cystatin C score were associated 

with survival outcomes.123,140 These discrepancies could be ex-

plained by the differences in the clinical characteristics of the pa-

tient population. Unlike previous studies that included a wide 

range of cirrhotic patients, the latter two studies only included 

patients with decompensated cirrhosis, to investigate the ability 

of the biomarkers appropriately in patients with a high prevalence 

of AKI. Another concern is that an increase in these biomarkers is 

not fully derived from kidneys. As mentioned above, infection or 

liver disease, the other critical factor of increased mortality, also 

increase the levels of renal biomarkers, especially NGAL and L-

FABP. Therefore, it is not clear whether the mortality in the previ-

ous studies was driven by AKI itself.

Predicting kidney outcomes in patients with AKI and cirrhosis is 

also of great concern. In a prospective study of European AKI co-

hort in which terlipressin was applied as a treatment algorithm, 

urine NGAL and IL-18 levels were measured serially.107 It was dem-

onstrated that a high urinary NGAL level on hospital day 3, mea-

sured after 48 hours of volume expansion, was the most signifi-

cant predictor of AKI progression; however, it was not related to 

the response to terlipressin. In another study, higher urinary 

NGAL, IL-18, KIM-1, and L-FABP levels were independently associ-

ated with the progression of AKI, with IL-18 performing best.105 

However, there are insufficient data to draw firm conclusions 

about their role in predicting kidney outcomes in patients with 

cirrhosis and AKI.

Biomarker for cell-cycle arrest

Tissue inhibitor of metalloproteinase-2 and insulin like growth 

factor binding protein 7 ([TIMP-2]·[IGFBP7]) is a recently discov-

ered cell-cycle arrest protein expressed in renal tubular cells dur-

ing cellular stress or injury. It was discovered through an unbiased 

proteomic screening in human AKI populations. TIMP-2 inhibits 

the activity of matrix metalloproteinase, affecting the regulation 

of the cell cycle, and binds to α3β1 integrin on the surface of en-

dothelial cells, inhibiting endothelial cell proliferation and angio-

genesis.143,144 IGFBP7 is a secreted protein that regulates the bio-

availability of IGFs through direct binding.145 The role of [TIMP-

2]·[IGFBP7] as a biomarker in AKI patients has been proposed 

because G1 cell cycle arrest is a known consequence of AKI.146 

Nephrocheck®, which detects TIMP-2 and IGFBP7, has been ap-

proved by the U.S. Food and Drug Administration as a potential 

biomarker for predicting clinical outcomes in patients with AKI. 

Although it was useful in predicting moderate to severe AKI with-

in 12 hours and clinical outcomes in critically ill patients, few 

studies described an unclear role of [TIMP-2]·[IGFBP7] in patients 

with cirrhosis.123,147

RENAL BIOMARKERS IN ACLF

In previous studies with patients with ACLF defined by both the 

Asia Pacific Association of the Study of Liver and the joint Europe-

an Association of Study of Liver/American Association of Study of 

Liver Disease criteria, the prevalence of kidney dysfunction was 

reported as 13.2–51.0%.35,148-150 Therefore, there is a distinct need 

for reliable renal biomarkers in patients with ACLF. Patients with 

ACLF have marked hyperbilirubinemia, resulting in low serum Cr 

level compared to the extent of residual renal function. A study 

showed that serum cystatin C level was useful in predicting renal 

impairment in patients with hepatitis-B virus related ACLF pa-

tients.151 Urine NGAL was shown as a useful biomarker for the di-

agnosis and prognosis prediction in patients with ACLF.152 In a 

study of patients with ACLF, urine NGAL and plasma soluble 

CD163 were independent predictors for 28-day mortality.153 In the 

diagnosis of AKI phenotype in ACLF, differentiating bacterial in-

fection-associated HRS from ATN, which is a continuum, is a chal-

lenging issue. However, data regarding the role of novel renal 

biomarkers for the differentiation of AKI phenotype in ACLF pa-

tients are lacking.154 

CONCLUSIONS

AKI has important prognostic implications in liver cirrhosis. It 

has been suggested that some consequences of AKI may not be 

fully recovered; rather, prolonged kidney vasoconstriction could 

induce tubular interstitial fibrosis and increase the risk of further 

AKI.155,156 Unlike other populations, cirrhosis is the only disease 

that has a specific therapy for AKI, terlipressin, which is approved 

for the treatment of HRS in various regions. Therefore, the accu-

rate evaluation of renal function and the determination of the AKI 

phenotype are important issues in the management of patients 

with AKI. Due to the complex pathophysiology and interaction 

between the liver and kidney, novel renal biomarkers have been 

adopted and evaluated. Although various markers have been 

shown to improve both diagnosis and prognosis prediction in pa-

tients with cirrhosis, a single biomarker is insufficient for having 
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an impact on clinical practice. In addition, renal biopsy, which is 

essential to identify the etiology of AKI, was not performed in a 

majority of the relevant previous studies. And the normal range of 

novel markers in cirrhosis has not been defined, limiting their clin-

ical use. Therefore, other novel biomarkers still need to be ex-

plored, and the incorporation of various biomarkers should be 

evaluated in future studies. The availability of these markers in 

cirrhosis will also help to further develop and improve the perfor-

mance of certain current treatment strategies, including the ad-

ministration of terlipressin and SLKT.
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There is a growing body of evidence that nonalcoholic fatty liver 

disease (NAFLD) is associated with further development of cardio-

metabolic disease.1 Pregnancy is deemed a window period to pre-

dict further metabolic or cardiovascular disease later in life. Physi-

ological changes during pregnancy, such as circulatory volume 

increases, inflammatory changes, insulin resistance, and dyslipid-

emia, can present challenges to pregnant women.2 Because of 

these changes, pregnancy complications can develop, and it has 

been reported that women who experience pregnancy complica-

tions are likely to develop further metabolic or cardiovascular dis-

ease after pregnancy.3-8 Indeed, pregnancy is also a period of op-

portunity to identify women at high risk for long-term metabolic 

or cardiovascular disease.9

Recently, there have been several reports on pregnancy out-

comes in women with NAFLD. NAFLD has been reported to be 

associated with diverse pregnancy complications, such as gesta-

tional diabetes mellitus (GDM), fetal overgrowth, or hypertensive 

disease during pregnancy.10-13 In this issue of Clinical and Molecu-
lar Hepatology, El Jamaly et al.14 conducted a systematic review of 

the literature to determine the current evidence regarding mater-

nal and fetal outcomes in pregnant women with NAFLD. In the 

review of 22 studies that included 13,641 female patients with 

NAFLD, women with NAFLD were at increased risk of baseline di-

abetes mellitus (odds ratio [OR], 6.00; 95% confidence interval 

[CI], 2.21–16.31), baseline hypertension (OR, 3.75; 95 CI, 2.13–

6.59), gestational hypertension (OR, 1.83; 95% CI, 1.03–3.26), 

and preeclampsia (OR, 2.43; 95% CI, 2.21–16.31). Moreover, NA-

LFD was associated with the risk of gestational diabetes (OR, 

3.78; 95% CI, 2.21–6.44 for post history of gestational diabetes; 

OR, 2.81; 95% CI, 1.58–5.02 for current gestational diabetes), 

premature birth (OR, 2.02; 95% CI, 1.44–2.85), large for gesta-

tional age birth (OR, 2.01; 95% CI, 1.72–2.37), and history of pri-

or miscarriage or abortion (OR, 1.15; 95% CI, 1.02–1.30). Overall, 

the authors showed that NAFDL was associated with increased 

risk of maternal diabetic or hypertensive complications and other 
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adverse fetal outcomes, providing informative evidence in clinical 

management of women with NAFLD.

The current study is the first meta-analysis that reports a corre-

lation between NAFLD and pregnancy outcomes. However, the 

authors could not exclude other liver-related competing conditions 

(hepatitis or liver transplantation), and some of the studies ana-

lyzed did not disclose the method of NAFLD diagnosis. Neverthe-

less, the large sample size and the quality of the included studies 

support that the estimated effect from the current meta-analysis 

is close to the true effect.

Based on the current and previous reports, a consensus can be 

drawn that NAFLD is a definite risk factor for several adverse 

pregnancy outcomes. While the traditional risk stratification sys-

tem recommended by the practice guidelines can identify only a 

handful of pregnant women who eventually develop GDM or pre-

eclampsia,13,15 the incorporation of NAFLD into the preexisting risk 

stratification model improves the predictive performance for ad-

verse pregnancy outcomes.16 However, whether the early identifi-

cation of NAFLD in pregnant women should be routinely imple-

mented remains controversial. The cost-effectiveness analysis 

should be performed first, as the confirmative diagnosis of NAFLD 

requires either radiological or histological examination, which may 

be difficult to conduct in prenatal care.

The effect of NAFLD during pregnancy on the fetus is another 

important issue that needs to be addressed in future studies. As 

shown by the increased risk of GDM or fetal overgrowth in preg-

nant women with NAFLD, it is biologically plausible that the met-

abolic changes in women with NAFLD may also affect the fetus in 

utero. Consequently, fetal growth disturbance may be correlated 

with long-term cardiometabolic risk, such as obesity, diabetes 

mellitus, and cardiovascular disease, later in life.17 Therefore, fur-

ther studies are warranted to investigate the metabolic distur-

bance of the fetus in women with NAFLD and its impact in the 

neonatal, infant, and adult periods. 
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According to the current obstetrical practice, blood chemistry 

tests, such as liver function tests or cholesterol panel, are not in-

cluded in the initial blood test at first prenatal visit.1 Moreover, el-

evated serum cholesterol or triglyceride levels in pregnant women 

are not taken seriously but rather considered as normal alteration 

in lipid physiology caused by pregnancy hormones.2 Therefore, in 

practice, screening for non-alcoholic fatty liver disease (NAFLD) in 

pregnancy is easily overlooked and disease-related pregnancy 

complication are often underestimated.

In the January 2022 issue of the Clinical and Molecular Hepatol-
ogy, El Jamaly et al.3 reported a systemic review and meta-analy-

sis to assess the association between NAFLD and adverse mater-

nal and fetal outcomes, which provided compelling evidence to 

support that NAFLD is independently associated with gestational 

diabetes (GDM) as well as pregnancy-induced hypertension (PIH), 

including gestational hypertension, preeclampsia (PE), and eclamp-

sia (odds ratio, 2.81, 1.83, 3.24, and 3.91, respectively).3 Certainly, 

such finding increases the awareness about NAFLD and adverse 

pregnancy outcome, but at the same time, raises questions in the 

context of obstetric care. Should we consider NAFLD in the risk 

stratification for GDM or PE? Who should be subjected to screen-

ing for NAFLD during pregnancy or at postpartum? How should 

women with NAFLD, having such high metabolic risk, be man-

aged differently during pregnancy? Is there a preventive strategy 

available for pregnancy-induced diabetes mellitus or hyperten-

sion? More studies should follow to assess the potential benefit, 

or the lack of benefit, of screening a population for NAFLD when 

the diagnosis is made.

Care should be taken in the interpretation of data herein. The 

participants were enrolled in this meta-analysis between 1992 

and 2019, which is quite a wide time frame.3 During this period, 

new GDM screening strategy and diagnostic criteria were intro-

duced. With the adoption of the International Association of the 

Diabetes and Pregnancy Study Groups diagnostic criteria for the 

75-g oral glucose tolerance test (OGTT) in late 2000s, the diag-

nostic yield for GDM increased by 12%.4 Meanwhile, the Ameri-

can College of Obstetricians and Gynecologists continued to rec-

Non-alcoholic fatty liver disease in pregnancy, paving 
the way for adverse pregnancy outcome risk assess-
ment
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ommend Carpenter-Coustan or National Diabetes Data Group 

diagnostic threshold for the 100-g OGTT.5,6 Also, the diagnostic 

criteria for PE were revised in 2013 to encompass other features 

of end-organ dysfunction.7,8 As different criteria will identify dif-

ferent degree of patients, the prevalence of adverse outcomes 

may differ significantly according to the study period.9 Therefore, 

the study period and diagnostic criteria may need to be consid-

ered in the risk adjustment.

Patients with conditions that predispose to insulin resistance 

(e.g., polycystic ovarian syndrome [PCOS])10 are considered at high 

risk for GDM and subjected to earlier GDM screening at the initial 

prenatal visit.11 We cannot argue with the fact that NAFLD is a 

manifestation of metabolic syndrome and presence of insulin re-

sistance.12-14 Therefore, as with PCOS, a patient with NAFLD may 

also be a potential candidate for stringent GDM screening with 

the intent of optimizing gestational outcome. However, the cur-

rent lack of consistency regarding the diagnosis of NAFLD in preg-

nancy remains a major concern. While ultrasound is commonly 

employed, due to its low sensitivity and operator-dependency, 

there is no consensus on the ultrasound criteria to diagnose fatty 

liver.15-17 Therefore, building a consensus on the diagnostic criteria, 

or possibly developing a new ultrasonographic grading system 

based on the specific relationships to the risk of adverse pregnan-

cy outcome, is warranted. 
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Graphical Abstract

Aim: To assess the maternal and foetal outcomes of pregnancies 
in patients with NAFLD.

Method: All observational studies and case series containing 
data on pregnancy outcomes in NAFLD were included.

22 Studies included in the meta-analysis
13,641 Female patients with NAFLD
20,449,443 Female patients were controls

Results

Odds of the events in the 
current pregnancy

Pooled 
odds ratio

95% confidence 
interval

Heterogeneity
Pooled odds ratio

Favours control   Favours NAFLD

GDM 3.23 1.97–5.31 P<0.001, I2=81.96

Pre-eclampsia 3.24 1.98–5.30 P=0.25, I2=28.77

Premature birth 2.02 1.44–2.85 P=0.06, I2=60.56

Large for gestational age 
birth

2.01 1.72–2.37 P=0.30, I2=7.34

Conclusion: NAFLD is 
associated with multiple 
pregnancy related diabetic 
and hypertensive maternal 
complications.
NAFLD is also associated with 
various fetal complications 
during pregnancy.



53

Hydar El Jamaly, et al. 
Non-alcoholic fatty liver disease in pregnancy

http://www.e-cmh.org https://doi.org/10.3350/cmh.2021.0205

INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) is the most common 

overall cause of chronic liver disease globally, with a region-spe-

cific prevalence ranging from 13.5% to 31.8%.1 It is a disease 

characterized by hepatic steatosis on imaging or biopsy, insulin 

resistance and increased triglyceride synthesis.2 Whilst not being 

an explicit diagnostic requirement for the metabolic syndrome, 

NAFLD is increasingly considered a central component of it and its 

hepatic manifestation. NAFLD may advance to the severe form 

non-alcoholic steatohepatitis (NASH), a step towards the progres-

sion to cirrhosis. Histologically, these NAFLD forms are distinct; 

while the former has steatosis with lobular or portal inflamma-

tion, the latter is characterized by hepatocyte ballooning and he-

patic lobular inflammation with or without fibrosis.3 Although 

NAFLD’s overall comorbidity center on cardiovascular and meta-

bolic/endocrine complications, it is in NASH where the hepatic se-

quelae from chronic liver disease state and risk of hepatocellular 

carcinoma occurrence are often seen.

Pregnancy and NAFLD are both insulin-resistant states,2 and 

their sequelae on maternal and fetal outcomes is of great interest. 

The relationship between gestational diabetes mellitus (GDM) and 

NAFLD in pregnancy appears to be bidirectional. It is established 

in the literature that GDM is associated with significant odds of 

developing intra-partum and post-partum NAFLD.4,5 A notable 

proportion of studies assessed NAFLD from the GDM perspec-

tive.5-9 The adverse effects of GDM and obesity on pregnancy 

have been extensively studied, yet it is only in recent years that 

NAFLD during pregnancy and its maternal and fetal effects has 

been the primary focus of various observational studies. To the 

best of our knowledge, no meta-analysis or systematic review has 

addressed this question.

The prevalence of NAFLD in women of childbearing age is esti-

mated to be lower than that of the general adult population at 

10%,10 likely due to younger age, and the overall protective ef-

fects of estrogen compared to male subjects. Pregnancy is a peri-

od of rapid weight change and estrogen fluctuations, which have 

a complex interplay and the causative effects of these factors to-

Background/Aims: Maternal and fetal outcomes in pregnant patients with Non-alcoholic fatty liver disease (NAFLD) 
have been largely unexplored. To determine the level of evidence associated with maternal and fetal outcomes in 
pregnant women with NAFLD.
Methods: We conducted a comprehensive literature search. The studies included pregnant patients with a previous, 
current or subsequent diagnosis of NAFLD. We used a random-effects model using odds ratios (OR) with 95% confidence 
intervals (CI).
Results: Twenty-two studies, with 13,641 female NAFLD patients were reviewed. The results highlight that NAFLD 
patients had a statistically significant increased likelihood of baseline diabetes mellitus (OR, 6.00; 95% CI, 2.21–16.31; 
P<0.001; n=7), baseline Hypertension (OR, 3.75; 95% CI, 2.13–6.59; P<0.001; n=4), gestational hypertension (OR, 1.83; 
95% CI, 1.03–3.26; P=0.041; n=2), and pre-eclampsia (OR, 2.43; 95% CI, 1.46–4.04; P=0.001; n=3). The odds for a past and 
current history of gestational diabetes mellitus were OR, 3.78; 95% CI, 2.21–6.44; P<0.001; n=5 and OR, 3.23; 95% CI, 1.97–
5.31; P<0.001; n=6, respectively. As for fetal outcomes, pregnant NAFLD patients were significantly more likely to have a 
premature birth (OR, 2.02; 95% CI, 1.44–2.85; P<0.001; n=4), large for gestational age birth (OR, 2.01; 95% CI, 1.72–2.37; 
P<0.001; n=2) or a history of prior miscarriage or abortion (OR, 1.15; 95% CI, 1.02–1.30; P=0.02; n=2). Egger’s regression 
revealed no evidence of publication bias (P>0.05). 
Conclusions: This meta-analysis provides pooled evidence that NAFLD is associated with a substantial increase in 
maternal diabetic and hypertensive complications and multiple adverse fetal outcomes. This data is important for clinicians 
managing these patients before, during and after pregnancy. (Clin Mol Hepatol 2022;28:52-66)
Keywords: Non-alcoholic fatty liver disease; Diabetes mellitus; Hypertension; Obesity; Pregnancy complications

Study Highlights
NAFLD during pregnancy is associated with multiple maternal diabetic and hypertensive complications. It is also associated with fetal complications 
such as premature birth and a large for gestational age birth. This information is essential to improve our understanding of NAFLD and pregnancy 
and guide future clinical care.
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wards NAFLD development or progression are unclear.

The aim of this meta-analysis to determine the level of evidence 

associated with both maternal and fetal outcomes in pregnant 

women with NAFLD. Understanding these risk factors would pro-

vide strong evidence based on which we can support NAFLD pa-

tients in their reproductive years. It will also enhance primary pre-

vention strategies by identifying risk factors which herald the 

future development of NAFLD.

MATERIALS AND METHODS

Study protocol

We followed the Meta-analysis of Observational Studies in Epi-

demiology guidelines.11 A systematic search of the databases MED-

LINE (Ovid), PubMed, Google Scholar, EMBASE and Web of Science 

was performed up to August 2021, to identify relevant articles. 

PubMed search items included: non-alcoholic fatty liver disease OR 

non-alcoholic fatty liver OR non-alcoholic steatohepatitis AND 

pregnancy OR gestation OR birth OR obstetric OR menarche OR 

menopause OR parity OR gravidity. Furthermore, EMBASE, MED-

LINE and Cochrane Library searches utilized MeSH terms. The refer-

ence lists of relevant articles were also searched for appropriate 

studies. The search included an assessment of unpublished litera-

ture. All the studies included focused on NAFLD during a pregnan-

cy,12-19 NAFLD as an associated outcome in pregnancy; often to 

GDM5-9,20,21 or evaluated NAFLD in women assessing for co-variates 

such as hormonal and lifestyle factors.22-28 Pregnancy related out-

comes were only extracted from the first two groups.

Table 1. Individual study quality assessment

Study Study type Quality assessment tool Study score Total possible score

Herath et al.12 (2019) Cross-sectional Newcastle-Ottawa scale* 8 10

Hagström et al.13 (2016) Cohort study Newcastle-Ottawa scale 7 9

Sarkar et al.14 (2020) Cohort study Newcastle-Ottawa scale 8 8 (1× question is not applicable)

Mousa et al.15 (2018) Cohort study Newcastle-Ottawa scale 7 9

Page et al.16 (2011) Case series MOGA/IHE quality appraisal tool 10 15 (3× question is not applicable)

De Souza et al.5 (2016) Cohort study Newcastle-Ottawa scale 7 9

Jung et al.20 (2020) Cohort study Newcastle-Ottawa scale 7 9

Sattari et al.17 (2020) Cohort study Newcastle-Ottawa scale 6 9

Rosenbluth et al.18 (2020) Cohort study Newcastle-Ottawa scale N/A† N/A†

Ali et al.19 (2018) Cohort study Newcastle-Ottawa scale N/A† N/A†

Liu et al.22 (2013) Cross-sectional Newcastle-Ottawa scale* 8 9 (1× question is not applicable)

Forbes et al.6 (2011) Cohort study Newcastle-Ottawa scale 8 9

Ajmera et al.7 (2016) Cohort study Newcastle-Ottawa scale 7 9

Wang et al.23 (2021) Case-control Newcastle-Ottawa scale 6 9

Lu et al.24 (2017) Cross-sectional Newcastle-Ottawa scale* 10 10

Golabi et al.25 (2018) Cross-sectional Newcastle-Ottawa scale* 7 10

Ryu et al.26 (2015) Cohort study Newcastle-Ottawa scale 6 9

Bruno Ade et al.27 (2014) Cross-sectional Newcastle-Ottawa scale* 8 9 (1× question is not applicable)

Lee et al.8 (2019; LGA study) Cohort study Newcastle-Ottawa scale 6 9

Lee et al.21 (2019; GDM study) Cohort study Newcastle-Ottawa scale 7 9

Liu et al.28 (2013) Cross-sectional Newcastle-Ottawa scale* 8 10

Kubihal et al.9 (2021) Cross-sectional Newcastle-Ottawa scale* 9 10

Individual study quality assessments, observational studies were assessed using the Newcastle-Ottawa scale whilst case series were assessed by the MOGA/
IHE quality appraisal tool. 
N/A, not applicable.
*The Newcastle-Ottawa scale modified for analytical cross-sectional studies was used for the corresponding studies to this category. 
†It is not appropriate to conduct a quality assessment given both of these are abstracts/conference presentations.
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Study selection

We included studies that met the following inclusion criteria: 1) 

radiological criteria (ultrasonography or computer tomography) or 

any of histological (liver biopsy) findings consistent with NAFLD in 

the absence of other chronic liver disease; 2) female of any age 

group with at least one prior or current pregnancy. Eligible study 

designs consisted of observational studies and case series with 

full published articles or grey literature sources in the English lan-

guage. The primary outcome was comparing NAFLD maternal ab-

solute risk of diabetic and hypertensive complications and clinical-

ly significant neonatal adverse outcomes to the non-NAFLD 

pregnancies. Secondary outcomes included comparing the demo-

graphic associations of NAFLD including race, parity, and obesity 

Figure 1. ROBINS-I risk of bias tool for non-randomized controlled studies. Only full publication, active comparator group studies were eligible for the 
ROBIN-I analysis.
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to the general pregnancy population. Exclusion criteria were stud-

ies with pediatric population, case reports and review articles. 

Studies with non-radiological or biopsy-based diagnoses of 

NAFLD such as using the hepatic steatosis index were excluded.

Data extraction

The literature search was conducted from June 2020 to August 

2021. The data extraction was performed by two investigator au-

thors (HEJ, GDE) using a standardized data extraction form, col-

lecting information on the following maternal outcomes: preg-

nancy related outcomes of miscarriage, abortion, smoking status, 

diabetes mellitus (DM), GDM, gestational hypertension (GHTN), 

pre-eclampsia and history of these conditions. Both authors 

reached consensus on the included studies. Furthermore, basic 

demographics such as age, body mass index (BMI), weight and 

race were collected. Fetal outcomes were neonatal mortality, pre-

mature birth, congenital defects, large for gestational age birth 

(LGA) and mode of delivery (vaginal vs. low section caesarean 

section [LSCS]). Maternal and fetal mortality was collected. All 

data analysis is based on the number of patients rather than the 

number of pregnancies. All available data relating to maternal or 

neonatal outcome measures in NAFLD pregnancies were coded. 

Additional information was also collected on the publication year, 

study design, number of cases, number of controls, total sample 

size, temporal direction, and continent. We contacted five authors 

(of five studies) requesting further information on the total num-

ber of pregnancies though we did not receive a reply.

Quality assessment

Quality assessment of the included observational studies was 

performed using the Newcastle-Ottawa Scale29 and case series 

utilized the MOGA scale (Table 1).30 These scales assess each arti-

cle on selection of the study groups, confounding, and compara-

bility of the groups and ascertainment of the outcome of interest. 

The risk of bias was summarized using the ROBINS-I risk of bias 

tool for non-randomized controlled studies (Fig. 1).31 Finally, the 

quality of the evidence for the outcomes was rated using the 

GRADE system (Supplementary Table 1).32 Agreement regarding 

the marking of each study was reached by consensus.

Statistical analysis

We used a random-effects model for this analysis, using preva-

lence rates (event rates) and odds ratio (OR) with 95% confidence 

interval (CI).33 A random effect model was used due to varying ef-

fect sizes across the included studies. We tested heterogeneity 

using the I 2 statistic, which represents the percentage of the total 

variability across studies that is due to heterogeneity. I 2 values of 

50% or above corresponded to a substantial degree of heteroge-

neity.34 We assessed publication bias using the Egger’s regression 

model only if there were greater than ten studies.35 Differences in 

continuous variables were measured using difference in means. 

All analyses were performed with comprehensive meta-analysis 

(version 3.0; Biostat, Englewood, NJ, USA). Pooled odds ratios 

were based on two-armed observational studies, whilst preva-

lence data were obtained from all included studies.

RESULTS

Search strategy

A total of 4,161 publications were searched. Of these 3,943 

publications were eliminated based on title and abstract search. 

The remaining 218 publications were independently assessed: 19 

fulfilled inclusion criteria. Of those remaining 19 articles which 

met inclusion criteria, a detailed search in their reference lists 

yielded three further studies which met the study’s criteria for in-

clusion. In total, 22 articles5-9,12-28 were included in this meta-anal-

ysis (Fig. 2).

Study characteristics

The 22 studies included a total of 13,641 female patients with 

NAFLD. There were 12 studies performed intrapartum, four stud-

ies in pre-menopausal women post-partum and six studies on 

post-menopausal women with a breakdown of 6,559, 1,603, and 

5,479 patients, respectively. The individual study characteristics 

are shown in Supplementary Table 2. The control population con-

sisted of 20,449,443 women. Twelve studies were cohort studies, 

seven were cross-sectional studies, two were case-control stud-

ies, and one was case series. Of the 15 non-cross-sectional stud-

ies, 10 were prospective and five were retrospective. Participants 

were enrolled between years 1992 and 2019. The studies were 

conducted in different databases and timeframes, hence it is ex-

tremely unlikely for the same patient to be enrolled in multiple 

studies, with the exception of the two studies by Lee et al.8,21 

From these two studies, patients were counted once towards the 
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total number of patients in the analysis, and they assessed mutu-

ally exclusive outcomes. The follow-up period for studies conduct-

ed during a pregnancy ranged from the first antenatal visit in the 

first trimester to 12 weeks post-natal visit. Sixteen studies as-

sessed for biochemical parameters of liver function. Of the total 

studies, 20 were full publications whilst two studies were confer-

ence abstracts. 

Maternal outcomes

The prevalence rates for various maternal outcomes are shown 

in (Table 2, Supplementary Table 1). Pregnant women with NAFLD 

had six times the odds for baseline DM (OR, 6.00; 95% CI, 2.21–

16.31; P<0.001; n=7) compared to the control group with a con-

siderable heterogeneity I 2=98.92, P<0.001. They were also nota-

bly more likely to have a current GDM diagnosis (OR, 3.23; 95% 

CI, 1.97–5.31; P<0.001; n=6) and remarkably more likely to have a 

previous history of GDM (OR, 3.78; 95% CI, 2.21–6.44; P<0.001; 

n=5) with a substantial degree of heterogeneity; I 2=84.59, 

P<0.001 and I2=64.87, P=0.02, respectively. Forest plots for the 

outcomes of current GDM and for pre-eclampsia are shown in 

Figure 3.

Similar to the diabetic parameters above, the odds for hyperten-

sive conditions were significantly elevated. Females with NAFLD 

were significantly more likely to have pre-pregnancy hypertension 

(OR, 3.75; 95% CI, 2.13–6.59; P<0.001; n=4) compared to the 

control group with a substantial degree of heterogeneity I 2=85.34, 

P<0.001. They were also markedly more likely to have a current 

GHTN diagnosis (OR, 1.83; 95% CI, 1.03–3.26; P=0.041; n=2) 

compared to controls with a moderate degree of heterogeneity 

I 2=43.81, P=0.18. In addition, pre-eclampsia was strongly associ-

ated with NAFLD (OR, 3.24; 95% CI, 2.21–4.75; P<0.001; n=3) 

with a low degree of heterogeneity I 2=28.77, P=0.25. The odds for 

the composite outcome of pre-eclampsia, eclampsia or HELLP (hae-

molysis, elevated liver enzymes, low platelet count) syndrome in 

NAFLD pregnancies were almost four-times higher (OR, 3.91; 95% 

CI, 2.71–5.64; P<0.001; n=4) compared to the control population 

with a substantial degree of heterogeneity I 2=54.30, P=0.09.

NAFLD related pregnancies yielded over two-times the odds for 

post-partum haemorrhage (OR, 2.03; 95% CI; 1.83–2.27; 

Figure 2. Flow chart of the search strategy used in the review.

4,161 potentially relevant studies identified
by searching PubMed, MEDLINE (Ovid),

EMBASE, and Cochrane Central

19 studies - full article analyzed and
deemed appropriate to be included in

the meta-analysis

22 studies included in the meta-analysis:
12 cohort studies (2 are non-published 

conference presentations)
7 cross sectional studies
2 case control studies
1 case series

218 studies retrieved for a
more detailed evaluation

3,943 studies excluded: not relevant to
the search topic

3 further studies obtained
from reference lists

199 studies were excluded: reviews (45), case
report (63), non-english language (29), duplicates
(34), consensus statements/guildelines (28)
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Table 2. Prevalence data of pregnancy related outcomes in NAFLD pregnancies

No.
Outcomes and 

co-variates
Cases

Total 
size

No. of 
studies 

reporting

ER 
(%)

95% CI 
(%)

Heterogeneity
Control 
group 
cases

Control 
group 
total

ER 
(%)

95% CI 
(%)

1 Current GDM 1,419 6,292 8 19.0 13.9–25.4 I²=82.37, P<0.001 1,308,369 20,407,018 8.5 2.8–23.0

2 Past history of 
GDM

198 374 5 43.5 21.6–68.3 I²=94.02, P<0.001 235 1,710 17.9 8.4–34.2

3 Baseline DM 946 8,283 9 12.4 9.5–6.0 I²=84.4, P<0.001 212,467 20,434,403 2.2 1.2–4.0

4 GHTN 361 5,943 3 7.1 5.1–9.9 I²=56.44, P=0.10 717,805 18,453,575 3.9 3.6–4.2

5 Baseline HTN 953 6,131 4 15.0 10.7–20.5 I²=78.82, P=0.003 565,806 18,455,399 3.9 1.9–7.8

6 Current  
pre-eclampsia

65 419 4 10.3 3.8–25.3 I²=85.49, P<0.001 54,676 1,968,884 3.3 1.0–10.6

7 Composite of 
pre-eclampsia, 
eclampsia or 
HELLP

970 6,059 5 14.1 9.0–21.4 I²=82.83, P<0.001 767,721 20,422,259 3.9 3.0–5.2

8 Current smoker 232 2,578 5 5.1 2.2–11.6 I²=87.73, P<0.001 223,480 1,878,475 7.4 5.8–9.4

9 Overweight, BMI 
25–30 kg/m2

22 110 1 20.0 13.5–28.5 I²=0.00, P=1.00 410,710 1,960,306 21.0 20.9–21.0

10 Obesity, BMI >30 
kg/m2

2,287 5,737 3 46.3 34.4–58.7 I²=73.87, P=0.02 1,507,050 20,151,741 8.5 6.2–11.7

11 Premature birth, 
<37 weeks

557 6,054 4 12.2 8.6–17.2 I²=78.79, P=0.003 948,015 20,412,433 5.6 5.0–6.2

12 LSCS 2,982 5,854 3 41.6 29.7–54.6 I²=90.00, P<0.001 6,359,337 20,414,150 25.5 12.7–44.7

13 LGA 317 5,758 2 8.6 3.1–21.6 I²=94.00, P<0.001 489,821 18,453,880 5.2 1.4–18.0

14 IUGR 101 5,840 2 4.3 0.40–32.0 I²=99.00, P<0.001 372,930 18,453,575 4.5 0.9–19.7

15 Fetal death 45 5,750 2 0.8 0.6–1.1 I²=0.00, P=0.69 127,730 18,453,375 0.7 0.7–0.7

16 Maternal death 5 5,640 1 0.1 0.0–0.2 I²=0.00, P=1.00 920 18,453,375 0.0 0.0–0.0

17 PPH 355 5,640 1 6.3 5.7–7.0 I²=0.00, P=1.00 589,670 18,453,375 3.2 3.2–3.2

18 Congenital defect 8 110 1 7.3 3.7–13.9 I²=0.00, P=1.00 69,781 1,960,306 3.6 3.5–3.6

19 Hispanic 2,087 5,705 3 44.2 17.2–75.2 I²=93.25, P<0.001 3,561,679 18,453,777 24.8 8.2–54.8

20 Caucasian 2,590 7,588 4 39.2 20.7–61.5 I²=99.14, P<0.001 9,269,408 18,472,151 39.1 16.5–67.5

21 African-American 580 7,588 4 14.8 7.0–28.6 I²=97.80, P<0.001 2,506,586 18,472,151 21.9 11.9–37.0

22 Primigravida 74 214 2 34.6 28.5–41.2 I²=0.00, P=0.56 846,936 1,960,775 44.9 40.6–49.2

23 Para 1 85 214 2 39.7 33.4–46.5 I²=0.00, P=0.45 716,565 1,960,775 36.5 36.5–36.6

24 Para ≥2 55 214 2 25.6 17.9–35.2 I²=53.99, P=0.14 397,274 1,960,775 19.3 16.7–22.2

25 LBW 29 214 2 13.3 6.5–25.2 I²=73.05, P=0.05 64,420 1,960,775 8.7 1.2–41.8

26 Menarche ≤12 1,050 2,180 2 16.8 0.5–88.7 I²=99.24, P<0.001 8,980 18,732 9.0 1.0–91.2

27 NASH (NAFL with 
cirrhosis)

5 5,640 1 0.1 0.0–0.2 I²=0.00, P=1.00 - - - -

The prevalence was based on the random effects model. Prevalence data of the overall pooled data relating to pregnancy related outcomes in the meta-
analysis.
NAFLD, non-alcoholic fatty liver disease; ER, event rate; CI, confidence interval; GDM, gestational diabetes mellitus; DM, diabetes mellitus; GHTN, gestational 
hypertension; HELLP, haemolysis, elevated liver enzymes, low platelet count; BMI, body mass index; LSCS, low section caesarean section; LGA, large for 
gestational age birth; IUGR, intrauterine growth restriction; PPH, post-partum haemorrhage; Para 1, second pregnancy; Para ≥2, 3rd or later pregnancy; LBW, 
low birth weight; NASH, non-alcoholic steatohepatitis; NAFL, non alcoholic fatty liver.
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Odds of premature birth

Study name Statistics for each study OR and 95% CI

OR
Lower 
limit

Upper 
limit

Z-value P-value

Herath et al.12 (2019) 1.385 0.769 2.493 1.085 0.278
Hagström et al.13 (2016) 3.593 2.168 5.955 4.962 0.000
Sarkar et al.14 (2020) 2.023 1.845 2.217 15.031 0.000
Mousa et al.15 (2018) 1.421 0.723 2.795 1.019 0.308
Pooled OR 2.021 1.435 2.847 4.026 0.000

 0.01 0.1 1 10 100
Favours control Favours NAFLD

P=0.06, I2=60.56

Odds of pre-eclampsia in the current pregnancy

Study name Statistics for each study OR and 95% CI

OR
Lower 
limit

Upper 
limit

Z-value P-value

Herath et al.12 (2019) 2.279 0.412 12.614 0.944 0.345
Hagström et al.13 (2016) 4.693 2.630 8.373 5.234 0.000
Mousa et al.15 (2018) 2.444 1.434 4.166 3.285 0.001
Pooled OR 3.238 1.978 5.299 4.674 0.000

 0.01 0.1 1 10 100
Favours control Favours NAFLD

P=0.25, I2=28.77

Odds of LGA

Study name Statistics for each study OR and 95% CI

OR
Lower 
limit

Upper 
limit

Z-value P-value

Sarkar et al.14 (2020) 2.061 1.834 2.315 12.181 0.000
Lee et al.8 (2019) 1.498 0.831 2.702 1.344 0.179
Pooled OR 2.014 1.715 2.366 8.535 0.000

 0.01 0.1 1 10 100
Favours control Favours NAFLD

P=0.30, I2=7.34

Figure 3. Forest plot for current GDM, pre-eclampsia, premature, and LGA births. GDM, gestational diabetes mellitus; OR, odds ratio; CI, confidence in-
terval; NAFLD, non-alcoholic fatty liver disease; LGA, large for gestational age birth.

 Odds of GDM in the current pregnancy

Study name Statistics for each study OR and 95% CI

OR
Lower 
limit

Upper 
limit

Z-value P-value

Herath et al.12 (2019) 1.480 0.851 2.574 1.388 0.165
Hagström et al.13 (2016) 7.072 3.289 15.208 5.007 0.000
Sarkar et al.14 (2020) 3.947 3.709 4.200 43.287 0.000
Mousa et al.15 (2018) 4.433 2.563 7.668 5.326 0.000
Sattari et al.17 (2020) 0.455 0.131 1.573 -1.245 0.213
Lee et al.8 (2019) 6.237 3.121 12.463 5.183 0.000
Pooled OR 3.230 1.967 5.306 4.631 0.000

 0.01 0.1 1 10 100
Favours control Favours NAFLD

P<0.001, I2=81.96
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P<0.001; n=1) and almost 18-times the odds for maternal death 

(OR, 17.80; 95% CI, 7.39–42.88; P<0.001; n=1), although these 

parameters were based on a single study. There was no difference 

in NAFLD females or controls giving birth via vaginal delivery (OR, 

1.02; 95% CI, 0.65–1.58; P=0.95; n=1) which was not statistical-

ly significant. However, NAFLD females were significantly more 

likely to give birth via LSCS (OR, 2.05; 95% CI, 1.19–3.53; P=0.01; 

n=3) compared to controls with a substantial level of heterogene-

ity I 2=89.85, P<0.001.

Fetal outcomes

The prevalence rates for various fetal outcomes are shown in 

Table 2 and Supplementary Table 1. Females with NAFLD had a 

significant doubling of the odds of premature birth (OR, 2.02; 

95% CI, 1.44–2.85; P<0.001; n=4) and LGA birth (OR, 2.01; 95% 

CI, 1.72–2.37; P<0.001; n=2) with a substantial (I 2=60.56, 

P=0.06), and a low (I 2=7.34, P=0.30) degree of heterogeneity re-

spectively. NAFLD pregnancies had a significant association with 

a history of a previous miscarriage or termination (OR, 1.15; 95% 

CI, 1.02–1.30; P=0.02; n=2) with low evidence of heterogeneity, 

I 2<0.001, P=0.64. The odds of low birth weight were higher but 

did not reach statistical significance (OR, 1.55; 95% CI, 0.45–

5.33; P=0.49; n=2) with a substantial degree of heterogeneity, 

I 2=88.22, P=0.004. The odds for fetal death in NAFLD pregnan-

cies was higher but did not reach statistical significance (OR, 1.15; 

95% CI, 0.86–1.55; P =0.34; n=1). The odds for intrauterine 

growth restriction were lower without reaching statistical signifi-

cance (OR, 0.88; 95% CI, 0.44–1.77; P=0.73; n=2) with a sub-

stantial degree of heterogeneity, I 2=78.26, P=0.03. Forest plots 

for the outcomes of premature and LGA birth are shown in Figure 3.

Baseline characteristics

Parity
Women with a NAFLD pregnancy were significantly less likely to 

be in their first pregnancy compared to controls (primigravida) 

(OR, 0.64; 95% CI, 0.47–0.85; P=0.003; n=2) with low evidence 

of heterogeneity, I 2<0.001, P=0.96. The odds for a second preg-

nancy were not statistically different between both groups (OR, 

1.17; 95% CI, 0.88–1.56; P=0.29; n=2) with low evidence of het-

erogeneity, I 2<0.001, P=0.35. NAFLD pregnancies were signifi-

cantly more likely to be a woman’s third pregnancy or higher 

(multigravida >3) (OR, 1.52; 95% CI, 1.1–2.1; P=0.01; n=2) with 

low evidence of heterogeneity, I 2<0.001, P=0.43. However, the 

increased odds for a higher parity with NAFLD did not continue to 

hold true for a fourth pregnancy or higher using two different 

studies (multigravida >4) (OR, 1.04; 95% CI, 0.78–1.38, P=0.81; 

n=2) with a substantial degree of heterogeneity, I 2=74.32, P=0.05.

Weight
Females with NAFLD have over eight-times the odds for con-

comitant obesity (OR, 8.44; 95% CI, 8.00–8.89; P<0.001; n=2) 

with low evidence of heterogeneity, I 2<0.001, P=0.36. The odds 

of being overweight in a NAFLD pregnancy compared to controls 

was not statistically different (OR, 0.94; 95% CI, 0.59–1.51; 

P=0.81; n=1) from a single study. However, the odds of over-

weight or obesity (BMI >25) were significantly higher in the 

NAFLD group (OR, 4.82; 95% CI, 2.74–8.48; n=2) with substan-

tial evidence of heterogeneity, I 2=66.23, P=0.09. Obesity and 

overweight were defined as a BMI of >30 and 25–30, respective-

ly. During pregnancy, NAFLD patients had a significantly higher 

BMI compared to the control group (standard difference in means: 

+1.34; 95% CI, 0.30–2.37; P=0.01; n=3).

Ethnicity
A Hispanic background was significantly associated with a 

NAFLD pregnancy compared to controls (OR, 2.38; 95% CI, 

2.25–2.51; P<0.001; n=3) with low evidence of heterogeneity, 

I 2<0.001, P=0.95. The odds for patients of a Caucasian back-

ground in a NAFLD pregnancy is slightly lower (OR, 0.97; 95% CI, 

0.64–1.47; P=0.89; n=4) with a considerable degree of hetero-

geneity, I 2=94.62, P<0.001. The likelihood of a NAFLD pregnancy 

being associated with an African-American background compared 

to the control group was lower without reaching statistical signifi-

cance (OR, 0.69; 95% CI, 0.40–1.20; P=0.19; n=4) with a con-

siderable degree of heterogeneity, I 2=94.05, P<0.001.

Age
A pooled analysis into the difference in maternal age at delivery 

between the NAFLD and the control group pregnancies showed 

no significant difference (standard difference in means: +0.132; 

95% CI, -0.006 to 0.271; P=0.06; n=4).

Smoking
NAFLD pregnant women were more likely to be current smokers 

(during pregnancy) compared to controls without reaching statis-

tical significance (OR, 1.22; 95% CI, 0.91–1.65; P=0.18; n=3) 

with a moderate degree of heterogeneity, I 2=33.09, P=0.22. They 

were also more likely to be smokers into the future (OR, 1.38; 
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95% CI, 0.73–2.64; P=0.32; n=2) based on two studies assess-

ing NAFLD in post-menopausal women and prior pregnancy out-

comes, with a substantial degree of heterogeneity, I 2=65.04, 

P=0.09.

Autoimmune disease
NAFLD pregnant women had a significantly raised odds for hav-

ing concomitant autoimmune thyroid disease (AITD) compared to 

controls (OR, 9.89; 95% CI, 3.01–32.46; P<0.001; n=1). 

Quality assessment
A quality assessment was conducted on all included studies 

(Table 1). Overall, the observational studies score was of moder-

ate to high quality.

DISCUSSION

This meta-analysis provides collective evidence that NAFLD is 

independently associated with a significant increase in maternal 

conditions of baseline HTN and DM, obesity, GDM, history of 

GDM, pre-eclampsia, and composite outcomes of hypertensive 

complications of pregnancy. NAFLD pregnant patients show a sig-

nificantly increased fetal risks of preterm birth, LGA birth as well 

as a history of abortion or miscarriage. Importantly, the data also 

suggests that the odds of NAFLD are substantially higher for 

women of Hispanic ethnicity and those with increased parity. This 

data is important for clinicians managing these patients before, 

during and after pregnancy. It is also important for pregnant 

NAFLD patients to be educated about the long-term sequelae of 

this metabolic condition. There should be an awareness that a 

prior or current episode of GDM indicates a high index of suspi-

cion of NAFLD.

The higher BMI (>30 as opposed to >25) and the more estab-

lished diabetic state (DM as opposed to GDM) groups have shown 

a stronger association with NAFLD in pregnancy. In our analysis, 

whilst there were moderately elevated odds for GDM, past Hx of 

GDM, and overweight or obesity (BMI >25; OR, 3.2–4.8), the as-

sociation was notably higher for obesity (BMI >30) or baseline di-

abetes mellitus (OR, 6.0–8.4). NAFLD shares the attribute of pe-

ripheral insulin resistance with other manifestations of the 

metabolic syndrome such as obesity and type 2 DM,36 and hence 

a stronger association with disease states that have a higher de-

gree of insulin resistance would be expected.

There is a higher prevalence of obesity and insulin resistance in 

patients from a Hispanic and African-American backgrounds, 

compared to the general USA population.37 Whilst patients of His-

panic background experience a higher rate of visceral adiposity, 

patients of an African-American background have a favourable 

visceral adiposity, lipid profile and lower NAFLD prevalence com-

pared to the populace.37,38 In our analysis limited to female pa-

tients, similar findings were demonstrated whereby patients of a 

Hispanic ethnicity had a significantly higher odds with NAFLD 

compared with patients of an African-American background hav-

ing an inversely proportional relationship to NAFLD which was 

not significant. Similarly, a Swedish study has observed a signifi-

cant association between being Iraqi-born and NAFLD (based on 

fatty liver index) compared to the Swedish-born citizens.39 This in-

dicates the potential for genetics and lifestyle choices as impor-

tant factors in NAFLD, and that in certain backgrounds the signifi-

cance of NAFLD and its implications on pregnancy outcomes may 

be a more prevalent issue.

In our analysis, pooled data showed a significant association 

between NAFLD and increasing parity (OR, 0.64, 1.17, and 1.52 

for 1st, 2nd, and 3rd or more pregnancies, respectively, n=2). One 

of the two studies in the analysis adjusted parity for maternal age 

and obesity status and achieved the same significant associa-

tion.11 The link between NAFLD and ageing is apparent, as the 

former is a manifestation of a chronic progressive metabolic dis-

ease. It is likely that the independently increased risk of NAFLD 

with increasing parity is related to a combination of hormonal and 

lifestyle factors. There is evidence that women with higher parity 

have lower measured follicular estradiol levels compared to nullip-

arous women.40 Estrogen acts to decrease appetite and food in-

take by various mechanisms and hence a lower estrogen in parous 

women could contribute to weight gain and NAFLD. This interest-

ing finding of a potential link between parity and NAFLD in the 

absence of obesity perhaps points to other hormonal factors or 

the aforementioned lifestyle factors yet to be explored.

The remarkable link between NAFLD and GDM and/or baseline 

DM has multiple clinical implications. Firstly, all NAFLD patients 

warrant the highest tier risk for screening for GDM early to avoid 

the gestational morbidity of DM by detecting and managing it ap-

propriately. Secondly, given GDM is a well-established risk factor 

for future development of type 2 DM,41 NAFLD is an early warning 

marker for those higher risk women at risk for diabetes mellitus to 

be screened early after pregnancy. Finally, NAFLD may continue 

post-partum and can be influenced by lifestyle modifications and 

is a marker to potentially monitor for metabolic disease. Current 

evidence indicates that NAFLD increases the risk of subsequent 
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GDM in the same pregnancy,5,8 yet, the bidirectional nature of the 

relationship between these two conditions and the shared mecha-

nisms suggests that targeting the former will likely reduce the fu-

ture occurrence of the latter. Further long-term follow-up studies 

are warranted to establish this relationship.

The mechanism by which NAFLD causes impaired glucose toler-

ance is likely due to a shared pro-inflammatory adipokine and 

hepatokine-mediated response.10 Some of these have been mea-

sured in the included studies8 and showed trends such as low adi-

ponectin and high selenoprotein which correlated with NAFLD in 

the first trimester and subsequent GDM in the second trimester. It 

is possible that NAFLD and GDM are distinct metabolic diseases 

that share a common metabolic dysfunction such as insulin resis-

tance.4,13 The significantly higher odds for obesity in the NAFLD 

cohort can independently account for pre-eclampsia and GDM as 

a well-recognized risk factor.42,43 Lee et al.8 has demonstrated that 

developing GDM in the second trimester in women with NAFLD 

(diagnosed in the first trimester) was significant at OR, 2.50 

(P<0.05); despite adjusting for age, abdominal obesity, insulin re-

sistance (based on Homeostatic Model Assessment for Insulin Re-

sistance) and various adipokines and hepatokines. This highlights 

the presence of other mediators implicated in NAFLD or GDM and 

other unknown mechanisms. Other potential factors include the 

glycoprotein ‘sex-hormone binding globulin’ which has been 

shown to be inversely proportional with the prevalence of NAFLD 

in middle aged women.44 The roles these mediators play during 

pregnancy is not well understood. During pregnancy, the baseline 

insulin resistance state present in NAFLD is further challenged by 

the secretion of placental lactogen hormone as well as other pla-

cental hormones that could worsen systemic insulin resistance 

and subsequently lead to the elevation of maternal blood glucose 

levels to facilitate the supply of energetic substrates to the fetus.45 

Table 3. Full-publication studies and how they described NAFLD diagnosis criteria

Study
Exclusion of 

significant alcohol 
consumption

Exclusion of other 
causes of hepatic 

steatosis

Absence of 
coexisting chronic 

liver disease

Demonstration of 
hepatic steatosis by 
imaging or biopsy

Satisfied 
NAFLD Criteria 

were met

Herath et al.12 (2019) Yes Yes Yes Imaging (USAB) Yes

Hagström et al.13 (2016) Not reported Not reported Not reported Not reported Unknown

Sarkar et al.14 (2020) Not reported Not reported Not reported Not reported Unknown

Mousa et al.15 (2018) Yes Yes Yes Imaging (USAB) Yes

Page et al.16 (2011) Yes Yes Yes Imaging (4/5 patients) or 
Histology (1/5 patients)

Yes

De Souza et al.5 (2016) Yes Yes Yes Imaging (USAB) Yes

Jung et al.20 (2020) Yes No Yes Imaging (USAB) Unknown

Sattari et al.17 (2020) Not reported Not reported Yes Imaging (USAB) Unknown

Liu et al.22 (2013) Yes Not reported Yes Imaging Unknown

Forbes et al.6 (2011) Not reported Not reported Not reported Imaging Unknown

Ajmera et al.7 (2016) Yes Yes Not reported Imaging (CT scan) Unknown

Wang et al.23 (2021) Not reported Not reported Not reported Not reported Unknown

Lu et al.24 (2017) Yes Not reported Yes Imaging (USAB) Unknown

Golabi et al.25 (2018) Yes Not reported Yes Imaging (USAB) Unknown

Ryu et al.26 (2015) Yes Yes Yes Imaging (USAB) Yes

Bruno Ade et al.27 (2014) Yes Yes Yes Imaging (USAB) Yes

Lee et al.8 (2019; LGA study) Yes Yes Yes Imaging (USAB) Yes

Lee et al.21 (2019; GDM study) Yes Yes Yes Imaging (USAB) Yes

Liu et al.28 (2013) Yes Partial Not reported Imaging (USAB) Unknown

Kubihal et al.9 (2021) Yes Yes Yes Imaging (USAB) Yes

Rosenbluth et al.18 and Ali et al.19 were not included in the table as they are conference abstracts.
NAFLD, non-alcoholic fatty liver diseasel; USAB, ultrasound of abdomen; CT, computer tomography.
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The mechanism of fetal macrosomia is hypothesized by Pederson’s 

hypothesis46 of maternal hyperglycemia leading to fetal hyperinsu-

linemia, increased uptake of glucose and increased fetal adipose 

tissue. Fetal prematurity is a multi-factorial condition with risk 

factors such as maternal obesity, diabetes and hypertension47,48 

which are notably prevalent in our pooled cohort (See Table 2 for 

prevalence data).

Our analysis highlighted that NAFLD pregnancies herald multi-

ple potentially undesirable maternal and fetal outcomes. Our 

study is the first meta-analysis on the topic of NAFLD in pregnan-

cy and its outcomes and showing that NAFLD has a significant 

association with a past or current history of GDM, GHTN, pre-ec-

lampsia and a range of other baseline characteristics associated 

with the metabolic syndrome. NAFLD in pregnancy is associated 

with fetal outcomes, with significantly higher odds of premature 

birth, a novel significant association with a history of abortion or 

miscarriage and large for gestational age birth. Moreover, the sig-

nificantly elevated odds for current GHTN in NAFLD would pro-

mote further research to a past history of GHTN and pre-pregnan-

cy hypertension which are likely associated. Data on these two 

areas is currently limited. The primary outcome was the demon-

stration of a myriad of diabetic, hypertensive associations and fe-

tal complications. Multiple co-variates showed significant associa-

tions such as certain ethnic backgrounds and the interesting link 

with parity are all specific risk factors for NAFLD in the pregnancy 

state; this is a major strength of the analysis. The higher occur-

rence of preterm birth in NAFLD patients is possibly translated 

through the higher occurrence of DM and HTN in its various se-

verities, which are known risk factors for prematurity.49 The higher 

occurrence of past miscarriage or abortion is also related to obe-

sity which is a stronger risk factor for miscarriage than DM.50

A limitation of this analysis included studies that did not explic-

itly excluded concomitant hepatitis B/C (4 of 14), also none of the 

studies commented on the presence or absence of liver transplan-

tation patients. Only one study commented on the presence of 

NASH subset of patients.19 Various studies did not disclose meet-

ing the clinical diagnosis criteria for NAFLD of demonstrating he-

patic steatosis (imaging or biopsy), excluding significant alcohol 

and other causes of hepatic steatosis and the absence of co-exist-

ing chronic liver disease (Table 3).51 We were unable to assess 

publication bias as there was not a reasonable number of studies 

to undertake the analysis (a minimum of 10 studies are recom-

mended for Egger’s regression analysis).35 Therefore, we are un-

sure of the impact of publication bias in this meta-analysis and 

given that there was substantial heterogeneity in some of the 

analyses the number of studies required to undertake an Egger’s 

regression and publication bias assessment would be substantially 

more than ten studies.35 The strengths of this meta-analysis in-

cluded a comprehensive literature search strategy which consisted 

of several electronic databases to ensure a broad range of litera-

ture from different regions of the world were included. A note-

worthy strength was the low level of statistical heterogeneity 

found in many variables in the analysis. This highlights the consis-

tency of the individual study results for each of the various out-

comes assessed in this study. Furthermore, despite the observa-

tional nature of the studies included, the combination of the 

sample size and the quality of the studies allowed for moderate 

GRADE scores for clinical outcomes highlighting that the estimat-

ed effect is likely close to the true effect. Finally, we cannot be as-

sured that in the individual studies all negative outcomes were re-

ported accurately.

Current The Asian Pacific Association for the Study of the Liver, 

European Association for the Study of the Liver, and The Ameri-

can Association for the Study of Liver Diseases management 

guidelines for NAFLD do not discuss the disease in the pregnancy 

state. In high metabolic risk female patients, the pre-conception 

physician review is suggested to test prospective mothers with 

NAFLD or a past history of GDM or GHTN for the other associated 

comorbidities. This allows early management, setting weight tar-

gets and pharmacological therapy for GDM or GHTN. Further 

studies are needed to hypothesize the BMI target to recommend 

screening for NAFLD and GDM in pregnancy. However, a preg-

nant obese woman with GDM in the current or previous pregnan-

cies would benefit from screening for NAFLD, and cardiovascular 

risk factors such as lipids profile and for hypertension. Conversely, 

a pregnant woman with the risk factors of obesity (BMI >30), cur-

rent GHTN, AITD or Hispanic race should consider screening for 

NAFLD and GDM. Whilst screening for GDM is universally per-

formed during the second trimester, screening for NAFLD post-

partum is reasonable as it would allow patient education, lifestyle 

modification and importantly the potential to diagnose the cir-

rhotic subset of NASH patients to prevent further liver specific 

morbidity too. Given the sheer volume of NAFLD worldwide, fur-

ther studies are needed to assess the ideal target in screening for 

each risk factor, to balance between clinical gain and financial 

and logistical limitations.

NAFLD in pregnancy is associated with substantial adverse ma-

ternal and fetal outcomes. Those with the condition should be ed-

ucated immediately after diagnosis and be closely monitored be-

fore, during and after pregnancy. Long-term follow up studies are 
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essential to help establish the potential association of current 

NAFLD with future development of pregnancy-related metabolic 

conditions. Future studies are also required to assess pregnant 

patients with NAFLD to guide the multidisciplinary management 

of these patients.
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INTRODUCTION

Disease-related pathophysiological changes in patients with liv-

er cirrhosis (LC) may influence the cerebrovascular system, in ad-

dition to the renal, pulmonary, and cardiac functions.1-3 Stroke is a 

leading cause of functional impairment and death worldwide, and 

atherosclerotic stenosis of a major cranial artery is one of the 

most common causes of in situ ischemic stroke, with a substantial 

risk of recurrent stroke episodes. However, it is unclear whether 

there is an association between LC and cerebrovascular athero-

sclerotic lesions.4

LC has been traditionally believed to have a protective effect 

against cerebral atherosclerosis, based on factors such as arterial 

hypotension and reduced cholesterol synthesis and bleeding ten-

dency.5,6 A population-based cohort study in an hepatitis B virus 

(HBV)-endemic area reported that chronic liver disorder, rather 

than seropositivity for HBV, was linked to a decreased risk of isch-

emic stroke.7 However, patients with decompensated cerebral au-

toregulation have been shown to maintain adequate arterial flow 

to the brain in response to hemodynamic changes, and, as a re-

sult, to be more vulnerable to cerebral ischemia. In addition, in-

fection with hepatitis C virus is reported to accelerate cerebrovas-

cular atherosclerosis.8,9

Remarkably, it seems that because of the general differences in 

factors believed to be responsible for intracranial versus extracra-

nial atherosclerotic plaque formation, cirrhotic patients may have 

different risks of occlusive events and associated infarction de-

pending on the cerebral vascular site.10

This study aimed to measure the comprehensive risk of subclini-

cal cerebral atherosclerosis according to the cranial site in poten-

tial transplant recipients with LC who underwent standardized 

magnetic resonance angiography (MRA) of the head and neck as 

a pre-transplant assessment and to compare the results with 

those obtained in healthy controls. In addition, we investigated 

whether coronary artery disease (CAD) or coronary artery calcium 

(CAC) score, detected using 64-section computed tomography 

(CT), was associated with cervicocephalic atherosclerosis in cir-

rhotic patients. Cranial site-specific risk factors for silent athero-

Background/Aims: We aimed to investigate the silent atherosclerotic burden of cervicocephalic vessels in cirrhotic 
patients compared with the general population, as well as the relevant risk factors including coronary parameters.
Methods: This study included 993 stroke-free patients with liver cirrhosis (LC) who underwent magnetic resonance 
angiography (MRA) of the head and neck as a pre-liver transplant assessment and 6,099 health checkup participants 
who underwent MRA examination. The two cohorts were matched for cerebrovascular risk factors, and the prevalence of 
atherosclerosis in major intracranial and extracranial arteries was compared in 755 matched pairs. Moreover, traditional, 
hepatic, and coronary variables related to cerebral atherosclerosis were assessed in cirrhotic patients.
Results: Overall, intracranial atherosclerosis was significantly less prevalent in the LC group than in the matched control 
group (2.3% vs. 5.4%, P=0.002), whereas the prevalence of extracranial atherosclerosis was similar (4.4% vs. 5.8%, 
P=0.242). These results were maintained in multivariate analyses of the pooled samples, with corresponding adjusted 
odds ratios [ORs] of LC of 0.56 and 0.77 (95% confidence intervals [CIs], 0.36–0.88 and 0.55–1.09). In the LC group, lower 
platelet count was inversely correlated with intracranial atherosclerosis (adjusted OR, 0.31; 95% CI, 0.13–0.76). Coronary 
artery calcium (CAC) score ≥100 was the only predictive factor for both intracranial and extracranial atherosclerosis 
(adjusted ORs, 4.06 and 5.43, respectively).
Conclusions: LC confers protection against intracranial atherosclerosis, and thrombocytopenia may be involved in 
this protective effect. High CAC score could serve as a potential surrogate for cervicocerebral vascular screening in 
asymptomatic cirrhotic patients. (Clin Mol Hepatol 2022;28:67-76)
Keywords: Atherosclerosis; Stroke; Liver cirrhosis; Transplantation

Study Highlights
• The prevalence of atherosclerosis in the intracranial territory was significantly lower in patients with LC than in healthy controls.
• Thrombocytopenia was found to be inversely correlated with intracranial atherosclerosis in cirrhotic patients.
• CAC score ≥100 was an independent predictor of both cranial and cervical stenosis.
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sclerotic changes in the cerebrovascular system were also exam-

ined in patients with CAD.

MATERIALS AND METHODS

Study population

This retrospective study included 993 cirrhotic patients with no 

signs or symptoms of brain ischemia who underwent MRA of the 

head and neck as a routine component of the pre-transplant cere-

brovascular assessment at Asan Medical Center, Seoul, Korea. 

The patients’ data were collected and extracted from the data-

base of a liver transplant registry including 1,183 potential adult 

recipients who were registered between October 2007 and De-

cember 2012. This database has been used in a previous study.11 

MRA was not performed in 67 of the potential transplant recipi-

ents because of poor medical condition, contraindications includ-

ing metallic implants and claustrophobia, or patient refusal. Non-

cirrhotic patients with acute liver failure (n=32), chronic hepatitis 

(n=41), idiopathic portal hypertension (n=6), and other liver dis-

eases such as polycystic liver disease (n=14), as well as patients 

with prior or current histories of ischemic cerebrovascular accident 

(n=24) or those with current structural brain parenchymal lesions 

(n=6) were also excluded. Of the 993 patients included in the 

study, 746 (75.1%) actually received a liver transplant.

A set of controls representing healthy individuals was derived 

from 7,152 health checkup participants who underwent MRA with 

the same protocol at the health promotion center of our institu-

tion during the same period as the cirrhotic patients. Individuals 

who had a history of cerebrovascular attack (n=287), brain paren-

chymal lesions (n=31), or any prior or current hepatic disease in-

cluding nonalcoholic fatty liver disease (n=735) were excluded. 

The remaining 6,099 participants without warning signs and 

symptoms of stroke were used as controls in the matching analy-

sis. This study was reviewed and approved by the Institutional Re-

view Board of Asan Medical Center (approval No. 2014-0760).

MRA of the head and neck and evaluation of cerebral 
atherosclerosis

Head and neck MRA was performed using a three-dimensional 

time-of-flight gradient echo technique in a 1.5- or 3.0-T magnetic 

resonance scanner (1.5-T Magnetom Avanto and 3.0-T Skyra [Sie-

mens, Erlangen, Germany] or Achieva 3.0-T TX [Philips Health-

care, Best, Netherlands]) equipped with an eight-channel head 

coil for the intracranial arteries and three-dimensional contrast-

enhanced MRA for extracranial evaluation. Intracranial large ves-

sels comprising the intracranial portion of the internal carotid ar-

tery (distal ICA), middle cerebral artery, anterior cerebral artery, 

posterior cerebral artery, and basilar trunk artery were assessed 

using the Warfarin-Aspirin Symptomatic Intracranial Disease 

method.12-14 Severe intracranial atherosclerosis was defined as  
≥50% stenosis in at least one relevant artery.13-15 The extracranial 

major vessels corresponding to the extracranial portion of the 

ICA, vertebral artery, subclavian artery, and common carotid ar-

tery were evaluated according to the North American Symptomat-

ic Trial Collaborators criteria.16 Severe extracranial atherosclerosis 

was defined as ≥70% stenosis in at least one of the extracranial 

arteries.16 Representative MRA images of intracranial and extra-

cranial atherosclerosis are shown in Supplementary Figure 1.

Assessment of coronary artery stenosis and calcium 
score

CT scanners with ≥64 detector rows were used for coronary CT 

angiography and CAC scoring. Coronary artery stenosis was eval-

uated as described previously.11 A ≥50% narrowing in at least 

one coronary artery was defined as obstructive CAD.11 CAC scores 

were calculated with an automated, computerized software pro-

gram using the Agatston scoring method.17 The participants were 

grouped according to the following CAC score categories: 0, 

1–99, and ≥100.18,19

Identification of cerebrovascular risk factors

Demographic and clinical data, including age, sex, family history 

of cerebrovascular accident, smoking status, body mass index 

(BMI), presence of hypertension, diabetes mellitus, and hyperlip-

idemia, together with other blood test results, were collected 

from all study participants at the time of MRA evaluation. Arterial 

hypertension was defined as systolic blood pressure ≥140 mmHg 

or diastolic blood pressure ≥90 mmHg, or current use of antihy-

pertensive medications.20 The use of diuretics for the management 

of ascites, or of nonselective β-blockers for the primary or second-

ary prevention of variceal bleeding, was not considered to indicate 

hypertension if the patient had not been diagnosed with hyper-

tension before the administration of these drugs. Diabetes melli-

tus was diagnosed when patients were using oral hypoglycemic 

agents or insulin or had a fasting plasma glucose level of ≥126 
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mg/dL on the first assay and on at least one further assay on a 

later day.21 Hyperlipidemia was defined as fasting low-density li-

poprotein levels ≥190 mg/dL or use of lipid-lowering drugs.22

Statistical analysis

Student’s t-test was used to compare quantitative variables, and 

the chi-square test was used to compare qualitative variables. 

Propensity score (PS) matching was implemented to reduce the 

effect of selection bias and potential confounding between pa-

tients with LC and controls. The variables used for PS matching 

were age, sex, smoking status, family history of cerebrovascular 

incident, hyperlipidemia, hypertension, diabetes mellitus, and 

BMI. PS matching was performed through greedy matching using 

a caliper of 0.2 standard deviation of the logit of the PS, and sta-

tistical inference was completed with Cox regression models, with 

robust standard errors that accounted for the clustering of 

matched pairs using the SAS macro gmatch “gmatch”.23 Absolute 

standardized differences were used to assess the balance after 

matching. Subsequently, McNemar’s test was used to compare 

patients with LC and the matched controls in terms of the rates of 

intracranial and extracranial atherosclerosis, followed by the rate 

of atherosclerosis at any location. To explore factors related to 

cerebrovascular atherosclerosis in patients with LC, all clinically 

relevant variables with P<0.05 in the univariate analysis were en-

tered into a multivariate logistic regression analysis. The severity 

of multicollinearity in the regression analysis was assessed by 

measuring the variance inflation factor. All statistical analyses 

were performed using R version 4.03 (R Foundation for Statistical 

Computing, Vienna, Austria) or SAS version 9.3 (SAS Institute, 

Cary, NC, USA). All reported P  values were two-sided, and 

P<0.05 was considered significant.

RESULTS

Baseline characteristics of the LC and control cohorts

The baseline hepatic parameters of the 993 patients with LC are 

presented in Table 1. Most patients were men (76.9%) and had 

HBV infection (71.3%), which is a leading cause of chronic liver 

disease in South Korea.24 The mean patient age was 53.3±8.0 

years. The Child-Pugh class was A in 298 patients (30.0%), B in 

391 patients (39.4%), and C in 304 patients (30.6%). The demo-

graphics and established cerebrovascular risk factors of the LC 

and control cohorts are shown in Supplementary Table 1. After PS 

matching, 755 matched pairs with balanced baseline profiles were 

generated, with post-matching absolute standardized differences 

of <0.25 (Supplementary Table 1).

Landscape of cerebrovascular atherosclerosis in the 
LC and control cohorts

Among all 993 patients with LC, atherosclerosis in relevant ma-

jor arteries was located in the intracranial area in 24 patients 

(2.4%), in the extracranial area in 47 patients (4.7%), and in both 

areas in eight patients (0.8%) (Fig. 1A). An analysis of the pooled 

cohorts (n=7,092) showed that the rates of atherosclerosis of in-

tracranial and extracranial arteries were significantly lower in cir-

rhotic patients than in the healthy examinees (Fig. 1A). In the 

matched pairs, the overall prevalence of intracranial atherosclero-

sis was also significantly lower in the LC group than in the 

matched control group (2.3% vs. 5.4%, P=0.002), whereas there 

Table 1. Baseline hepatic parameters of the entire cohort of cirrhotic 
patients

Characteristic Value (n=993)

Age (years) 53.3±8.0

Male sex 764 (76.9)

Etiology of chronic liver disease

HBV infection 708 (71.3)

HCV infection 75 (7.6)

Alcoholic liver disease 134 (13.5)

Nonalcoholic fatty liver disease 40 (4.0)

Others 36 (3.6)

INR 1.38 (1.19–1.62)

Bilirubin (mg/dL) 1.9 (1.2–4.0)

Albumin (g/dL) 2.9 (2.5–3.4)

Creatinine (mg/dL) 0.75 (0.63–0.90)

Platelet count (103/µL) 66 (45–96)

CTP classification

A/B/C 298 (30.0)/391 (39.4)/304 (30.6)

MELD score 13 (10–18)

Presence of HCC 547 (55.1)

Values are presented as mean±standard deviation, median (interquartile 
range), or number (%).
HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized 
ratio; CTP, Child-Turcott-Pugh; MELD, model for end-stage liver disease; 
HCC, hepatocellular carcinoma.
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was no significant between-pair difference in terms of extracranial 

vascular disease (4.4% vs. 5.8%, P=0.242; Fig. 1B). The results of 

the multivariate regression analyses according to the location of 

atherosclerotic lesions in the pooled cohorts were similar to those 

for the matched pairs (adjusted odds ratio [OR], 0.56; 95% confi-

dence interval [CI], 0.36–0.88; P=0.011 for intracranial athero-

sclerosis and OR, 0.77; 95% CI, 0.55–1.09; P=0.139 for extracra-

nial atherosclerosis; Table 2). The rates of severe atherosclerosis in 

intracranial and extracranial vessels were comparable in the 

matched pairs (0.4% vs. 0.8%, P=0.504 and 0.3% vs. 0.5%, 

Figure 1. Prevalence of cervicocephalic atherosclerosis on magnetic resonance angiography in the (A) pooled cohort (n=7,092) and (B) matched co-
hort (n=1,510). The prevalence of atherosclerosis is consistently lower in patients with liver cirrhosis (LC) than in controls in the pooled cohort regardless 
of the vascular location (all P<0.001). In the matched cohort, vascular stenosis is less prevalent in patients with LC than in the matched controls in terms 
of intracranial disease (2.3% vs. 5.4%, P=0.002) but not extracranial disease (4.4% vs. 5.8%, P=0.242).
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Table 2. Independent predictive factors of cervicocephalic atherosclerotic disease in the pooled cohort (n=7,092)

Variable
Intracranial atherosclerosis Extracranial atherosclerosis

OR 95% CI P-value OR 95% CI P-value

Liver cirrhosis 0.56 0.36–0.88 0.011 0.77 0.55–1.09 0.139

Age 1.08 1.07–1.10 <0.001 1.09 1.08–1.10 <0.001

Male sex 0.82 0.66–1.01 0.066 1.57 1.21–2.04 0.001

Smoking status

Never - - - 1.0

Current - - - 1.52 1.14–2.02 0.005

Former - - - 1.07 0.84–1.36 0.602

BMI 1.03 0.99–1.07 0.119 1.01 0.98–1.04 0.514

Hypertension 1.61 1.29–2.01 <0.001 1.42 1.17–1.72 <0.001

Diabetes mellitus 1.64 1.26–2.12 <0.001 1.81 1.46–2.25 <0.001

Hyperlipidemia 1.15 0.90–1.47 0.255 1.60 1.31–1.96 <0.001

Covariates with P<0.05 in univariate analysis, together with the presence of cirrhosis, were included in a multivariate analysis using a logistic regression 
model.
There was no significant multicollinearity, as all variance inflation factor values measured between variables were <5.
OR, odds ratio; CI, confidence interval; BMI, body mass index.
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P=0.682; Supplementary Table 1).

Among all patients with LC, the most frequently affected site by 

intracranial disease was the middle cerebral artery or distal ICA 

and that by extracranial disease was the vertebral artery or ICA 

(Supplementary Table 1). In the matched pairs, a significant differ-

ence between the rates of atherosclerosis in the two groups was 

noted only in the intracranial posterior cerebral artery (0.3% in 

cirrhotic patients vs. 1.9% in controls, P=0.006) and not in any 

extracranial arteries (Fig. 2).

Association between cerebrovascular atherosclerosis 
and CAD in the LC cohort

Coronary CT with CAC score measurement was performed in all 

patients with LC, excluding one patient with chronic kidney dis-

ease and one patient with a prior history of coronary bypass sur-

gery, both of whom did not have any signs or symptoms of cardiac 

ischemia at the time of coronary evaluation. Obstructive coronary 

stenosis was found in 79 of the other 991 patients (8.0%). The 

prevalence of obstructive coronary disease was significantly high-

er in patients with intracranial and extracranial atherosclerosis 

than in their counterparts (Supplementary Table 2). In terms of 

coronary calcification, the CAC score was 0 in 604 patients 

(60.9%), 1–99 in 235 patients (23.7%), and ≥100 in 152 patients 

(15.3%). The median CAC scores significantly differed between 

Figure 2. Distribution of cervicocephalic atherosclerosis in the matched cohort (n=1,510) according to vascular anatomy. (A) Intracranial atherosclerotic 
disease. (B) Extracranial atherosclerotic disease. A significant difference in the rate of atherosclerosis between the two groups is noted only in the intra-
cranial PCA (0.3% in cirrhotic patients vs. 1.9% in controls, P=0.006) and not in any extracranial arteries. MCA, middle cerebral artery; ACA, anterior cere-
bral artery; PCA, posterior cerebral artery; BA, basilar artery; ICA, internal carotid artery; VA, vertebral artery; SCA, subclavian artery; CCA, common ca-
rotid artery.
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Figure 3. Distribution of CAC scores according to the presence of intra-
cranial and extracranial atherosclerosis in the 991 patients with liver cir-
rhosis who underwent coronary evaluation. More than half of the indi-
viduals with normal cerebral arteries have CAC=0, whereas those with 
either cervical or cephalic atherosclerosis were less likely to have CAC=0 
(P=0.005 and P<0.001, respectively). CAC scores ≥100 are observed in 
47.8% and 48.9% of individuals with intracranial and extracranial athero-
sclerosis, respectively. In comparison, the respective prevalence is 14.6% 
and 13.7% among those without cerebral atherosclerotic change 
(P<0.001). CAC, coronary artery calcium.
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patients with and without cervicocephalic atherosclerosis regard-

less of location (all P<0.001). Significant negative and positive 

correlations were also observed between the existence of athero-

sclerosis in both intracranial and extracranial sites and CAC scores 

of 0 and ≥100, respectively (Fig. 3).

Risk factors for cerebrovascular atherosclerosis in 
the LC cohort according to location

Of the factors that were significant in the univariate analysis of 

the 991 cirrhotic patients, the association of thrombocytopenia 

with intracranial atherosclerosis remained significant in a multi-

variate model (adjusted OR, 0.31; 95% CI, 0.13–0.76; P=0.010) 

(Fig. 4, Supplementary Table 3). In addition, CAC score ≥100 was 

an independent predictor of a stenotic intracranial artery (adjusted 

OR, 4.06; 95% CI, 1.45–11.41; P=0.008), whereas obstructive 

CAD was not.

In terms of the extracranial vascular structures, CAC score ≥100 

was also significantly correlated with atherosclerotic stenosis (ad-

justed OR, 5.43; 95% CI, 2.68–11.00, P<0.001). Neither platelet 

Figure 4. Multivariate analysis of risk factors for intracranial and extracranial atherosclerosis in the 991 cirrhotic patients with coronary computed to-
mography results. (A) CAC ≥100 is predictive of intracranial atherosclerosis, and platelet count <100,000/mm3 is negatively associated with intracranial 
stenosis. (B) CAC ≥100 and age ≥60 years are predictors of extracranial atherosclerosis. In the multivariate analysis, obstructive coronary artery stenosis 
is not independently associated with the presence of atherosclerotic change in the head and neck. OR, odds ratio; CI, confidence interval; CAC, coro-
nary artery calcium.
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count nor prothrombin time was associated with cervical athero-

sclerosis in the multivariate analysis. The etiology of liver disease 

was not significant in terms of the relationship to atheroma at ei-

ther location.

DISCUSSION

The effect of LC per se on the formation or prevention of ather-

oma in the brain vasculature remains uncertain.8,25 Given the ten-

dency of cerebral atherosclerotic disease to lead to transient or 

permanent ischemic attacks, individuals with any grade of steno-

sis are recommended to receive treatment for risk factors and un-

dergo carotid duplex surveillance annually.26 In this PS-matched 

per-location study based on full MRA evaluation of the brain vas-

cular anatomy, overall stenosis in the intracranial major arteries 

was detected in 2.3% of cirrhotic patients, which is a significantly 

lower rate than that observed in the matched healthy controls 

(5.4%), whereas the corresponding rates for the cervical vessels 

were not significantly different. Intracranial stenosis was inversely 

associated with lower platelet count, which usually correlates 

with cirrhosis-induced portal hypertension. Importantly, CAC 

scores detected with coronary CT, rather than coronary artery ob-

struction, was a robust predictor of atherosclerosis in both intra-

cranial and extracranial sites.

Intracranial atherosclerosis is particularly prevalent in Asians. In 

one report, it was detected in 7% of a Chinese population aged 

>40 years,27 a rate similar to that observed in our healthy Korean 

cohort.28 Nevertheless, the prevalence of silent intracranial dis-

ease decreased by almost 3-fold in our cirrhotic patients, to a se-

vere stenosis rate of 0.3% at most, although the frequency of 

atheromatous changes in the most affected arteries (i.e., middle 

cerebral artery and ICA) did not differ between the LC and control 

groups. These observations may explain the reduced risk of overt 

cerebrovascular events in cirrhotic patients, which has also been 

observed in pathological autopsies and population-based longitu-

dinal studies.4,29

In general, advanced cirrhosis is accompanied by quantitative or 

functional abnormalities of platelets.30 It has become clear that, 

besides their primary role in hemostasis, platelets are key cellular 

components of inflammatory-dependent atherothrombosis.31 In 
vitro  and in vivo studies have found that platelets adhere to the 

vascular endothelium of the arteries as an initial step in chronic 

vascular damage and thereafter become activated and release a 

variety of chemokines, which enhance inflammatory processes 

and localized cell recruitment.32 Thus, this crosstalk between 

platelets, recruited myeloid and immune cells, and the vascular 

endothelium creates an atherogenic milieu and promotes plaque 

formation.31 Therefore, it is likely that such platelet-induced 

chronic inflammatory processes within the vascular wall are im-

paired in cirrhotic patients with their innate thrombocytopenia or 

thrombocytopathy, thus protecting against cerebrovascular re-

modeling. This hypothesis is supported by our finding of an in-

verse relationship between thrombocytopenia and atherosclerotic 

development in intracranial vessels in patients with LC. Converse-

ly, the impact of only traditional risk factors for extracranial ath-

erosclerosis, such as age ≥60 years and CAC score ≥100, even in 

cirrhotic patients may explain their similar prevalence of the dis-

ease to that in noncirrhotic populations.

As cardiac atherosclerosis and cerebral atherosclerosis share 

similar risk factors and pathogenic mechanisms, they have repeat-

edly been found together in post-mortem examinations and gen-

eral population-based studies.33,34 CAC score, which is an estab-

lished surrogate for coronary atherosclerosis and a strong 

predictor of future cardiovascular events,35 has been shown to be 

associated with the coexistence of atheroma in other vascular ter-

ritories, including the arteries supplying blood to the brain, as well 

as with the incidence of stroke in the general population.36,37 This 

is the first study to address the predictive value of the extent of 

coronary calcification for both intracranial and extracranial ath-

erosclerosis in a set of patients with LC. According to USA guide-

lines, carotid/vertebral testing with duplex ultrasonography 

should be considered in selected patients with multiple risk fac-

tors for atherosclerotic disease, such as a history of peripheral ar-

tery disease or CAD, smoking, and hypercholesterolemia, al-

though not on a routine basis.38 According to our findings, CAC 

score measurement, a simple, safe, and easily interpretable meth-

od, could be used as a risk stratification tool in screening for ca-

rotid artery disease in cirrhotic patients. In our study, one normo-

lipidemic patient with LC who had a high CAC score (i.e., 121.4) 

and extracranial common carotid artery narrowing on MRA before 

liver transplant experienced an ischemic stroke event during the 

median follow-up of 5 years.

The current study had certain limitations. First, chronic viral 

hepatitis as the cause of LC in our Korean cohort was mostly due 

to HBV.24 Although the individual causes of liver disease per se 

were not found to be associated with the occurrence of cerebral 

atherosclerosis in our multivariate analysis, additional studies of 

samples of different ethnic origins and with different distributions 

of the causes of hepatic disease would be helpful in clarifying the 
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association between cirrhosis and cerebrovascular stenosis. Sec-

ond, with respect to the diagnostic performance of the assess-

ment method used in our study, although MRA tends to some-

what overestimate the severity of vascular stenosis compared with 

conventional digital angiography, it can provide accurate structur-

al information on the cervical and cerebral arteries and yield mea-

surements of the diameters of the stenotic lesions, unlike carotid 

or transcranial Doppler tests.39

In conclusion, our data point to a protective role of LC against 

the development of intracranial atherosclerosis, but not of extra-

cranial atherosclerosis. The thrombocytopenia associated with cir-

rhosis may have an anti-atherogenic effect on the cerebral arteries 

in patients with LC. High CAC levels could potentially be included 

in the criteria for cervicocephalic vascular screening in asymptom-

atic cirrhotic patients.
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INTRODUCTION

Chronic liver diseases (CLDs) represent a global health problem 

and account for approximately 2 million deaths per year world-

wide.1 Liver fibrosis is the result of liver injury from various CLDs 

and is the common pathway towards cirrhosis and its complica-

tions. The level of fibrosis inversely correlates with liver function 

and the quality of life.2

Cirrhosis is the terminal stage of progressive liver fibrosis, and is 

associated with increased risk of hepatocellular carcinoma (HCC) 

and complications of portal hypertension.3 Cirrhosis is classified 

as compensated or decompensated disease based on the absence 

or presence of portal hypertension-related complications (ascites, 

spontaneous bacterial peritonitis, variceal bleeding), hepatic en-

cephalopathy, and/or hepatorenal syndrome.4 Most morbidity and 

mortality in patients with liver cirrhosis can be attributed to the 

transition to the decompensated state. Patients with compensat-

ed cirrhosis are expected to survive more than 10 years, compared 

with a median survival of 2 years in patients with hepatic decom-

pensation.5,6 Therefore, it is important to identify CLD patients at 

high risk of developing cirrhosis and decompensation.

Urea is a non-toxic, nitrogenous organic end product of protein 

metabolism, facilitating 80–90% of nitrogen elimination from hu-

man body.7 Increased blood urea level indicates impaired renal 

function, and decreased urea level can be due to poor liver func-

tion and protein-energy malnutrition.8 Serum creatinine, another 

marker of renal function, is a component of the Model for End-

stage Liver Disease score, which is used for prognostication and 

liver transplant prioritization in patients with various liver condi-

tions.4 Accordingly, high urea level also correlates with poor liver 

outcomes. Recently, several experimental studies revealed that 

urea synthesis is impaired even in early CLD and this correlates 

with hepatic fibrosis.9-11 Additionally, urea cycle dysregulation 

contributes to carcinogenesis.12 Therefore, CLD patients with low 

urea level may have more advanced disease and be at risk of dis-

ease progression.

Background/Aims: We aimed to determine the association between blood urea level and incident cirrhosis, hepatic 
decompensation, and hepatocellular carcinoma in chronic liver disease (CLD) patients.
Methods: The association between blood urea level and liver fibrosis/liver-related events were evaluated on continuous 
scale with restricted cubic spline curves based on generalized additive model or Cox proportional hazards models. Then, 
the above associations were evaluated by urea level within intervals.
Results: Among 4,282 patients who had undergone liver stiffness measurement (LSM) by transient elastography, 
baseline urea level had a U-shaped association with LSM and hepatic decompensation development after a median 
follow-up of 5.5 years. Compared to patients with urea of 3.6–9.9 mmol/L, those with urea ≤3.5 mmol/L (adjusted hazard 
ratio [aHR], 4.15; 95% confidence interval [CI], 1.68–10.24) and ≥10 mmol/L (aHR, 5.22; 95% CI, 1.86–14.67) had higher risk 
of hepatic decompensation. Patients with urea ≤3.5 mmol/L also had higher risk of incident cirrhosis (aHR, 3.24; 95% CI, 
1.50–6.98). The association between low urea level and incident cirrhosis and hepatic decompensation was consistently 
observed in subgroups by age, gender, albumin level, and comorbidities. The U-shaped relationship between urea level 
and LSM was validated in another population screening study (n=917). Likewise, urea ≤3.5 mmol/L was associated with 
a higher risk of incident cirrhosis in a territory-wide cohort of 12,476 patients with nonalcoholic fatty liver disease at a 
median follow-up of 9.9 years (aHR, 1.27; 95% CI, 1.03–1.57).
Conclusions: We identified a U-shaped relationship between the urea level and liver fibrosis/incident cirrhosis/hepatic 
decompensation in patients with CLD. (Clin Mol Hepatol 2022;28:77-90)
Keywords: Urea; Liver cirrhosis; Fibrosis; Non-alcoholic fatty liver disease; Hepatitis B

Study Highlights
Increased blood urea level indicates impaired renal function, and decreased urea level can be due to poor liver function and protein-energy malnu-
trition. The association between low blood urea level and liver fibrosis/liver-related events has not been evaluated in previous studies. There was a 
U-shaped relationship between the urea level and the severity of liver disease. Patients with low urea level had increased risk of liver fibrosis, incident 
cirrhosis and hepatic decompensation. Clinicians should watch out for advanced liver disease in patients with low urea level.
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With this background, we hypothesize that there is a U-shaped 

relationship between blood urea level and the severity of liver dis-

ease, with both low and high urea level indicative of at-risk pa-

tients. To test this hypothesis, we studied three cohorts and dem-

onstrated consistent results in the association with liver stiffness 

measurement (LSM) and various liver-related events (LREs).

MATERIALS AND METHODS

Study populations

LSM cohort
This was a post-hoc analysis of the LSM cohort study.13 Between 

August 2012 and March 2016 at the Prince of Wales Hospital, pa-

tients who underwent transient elastography (TE) examination for 

suspected or known CLDs were included in this study. Patients 

who had history of cancer, hepatic decompensation, unreliable 

LSM (defined below), or with missing data of blood urea level 

were excluded. In addition, patients with LSM >15 kPa (suspected 

of cirrhosis) or clinical diagnosis of cirrhosis before baseline were 

further excluded for the analysis of the association between urea 

level and incident cirrhosis.

Magnetic resonance spectroscopy (MRS) cohort
The association between urea level and LSM was validated in 

an independent cohort (MRS cohort). The MRS cohort was a pop-

ulation screening study including 917 subjects randomly recruited 

from the census database of the Hong Kong Government (May 

2008 to September 2010).14 All the subjects underwent TE and 

proton-magnetic resonance spectroscopy and did not have cancer 

or hepatic decompensation at the time of assessment.

Nonalcoholic fatty liver disease (NAFLD) cohort
The association between urea level and hepatic decompensa-

tion/incident cirrhosis/HCC was validated in another independent 

cohort (NAFLD cohort) using data from the Clinical Data Analysis 

and Reporting System (CDARS) of the Hospital Authority, Hong 

Kong. CDARS facilitates the retrieval of clinical data captured 

from different operational systems for analysis and reporting and 

provides good quality information to support retrospective clinical 

and management decisions by integrating the clinical data resid-

ing in data warehouse. It covers the electronic health records and 

laboratory results from all public hospitals and clinics in Hong 

Kong and represents data of approximately 80% of the local pop-

ulation. The NAFLD cohort included 12,476 patients with a diag-

nosis code of NAFLD (International Classification of Diseases, 

ninth revision, clinical modification [ICD-9-CM] code 571.8) be-

tween January 2000 and June 2020. Patients who had cancer or 

hepatic decompensation before baseline were excluded.

The study protocol was approved by the Joint Chinese Universi-

ty of Hong Kong-New Territories East Cluster Clinical Research 

Ethics Committee. All subjects in the MRS cohort provided in-

formed written consent, whereas the Ethics Committee exempted 

the need for consenting for the LSM and NAFLD cohorts because 

of their retrospective nature.

Clinical data

The baseline date was defined as the date when TE was per-

formed (LSM and MRS cohorts) or the date when NAFLD was first 

coded (NAFLD cohort). Data collected at baseline included the 

complete blood count, prothrombin time and international nor-

malized ratio, liver and renal biochemistries, fasting lipids, glu-

cose, and glycated hemoglobin. Use of lipid lowering medications, 

antiviral medications, and anti-platelet agents were also recorded. 

All diagnoses and events were extracted from the CDARS based 

on ICD-9-CM codes, which were subsequently confirmed manual-

ly by two independent investigators using patient medical records 

(Supplementary Table 1).

Chronic hepatitis B or C were diagnosed by positive serology 

tests for serum hepatitis B surface antigen or anti-hepatitis C virus 

antibodies, respectively. In LSM and MRS cohorts, NAFLD was di-

agnosed by the presence of hepatic steatosis seen on ultrasonog-

raphy and/or histology or as evidenced by an elevated controlled 

attenuation parameter (CAP) ≥248 dB/m after exclusion of alter-

native liver diseases and secondary causes of fatty liver. Autoim-

mune and cholestatic liver diseases (primary biliary cholangitis 

and primary sclerosing cholangitis) were diagnosed based on 

standard serological, cholangiographic, and histologic criteria.

The primary outcome was new onset hepatic decompensation. 

Secondary outcomes include incident cirrhosis, and HCC. Hepatic 

decompensation was defined as new-onset ascites, spontaneous 

bacterial peritonitis, variceal bleeding, hepatic encephalopathy, 

and/or hepatorenal syndrome. Liver cirrhosis, which included 

compensated and decompensated cirrhosis, was identified by the 

ICD-9-CM diagnosis codes for cirrhosis and its related complica-

tions. The diagnosis of HCC was established based on liver tumor 

features seen on dynamic imaging techniques, tumor histology, 

and/or high alpha-fetoprotein level (above 400 ng/mL) in LSM and 
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MRS cohorts, and by the ICD-9-CM diagnosis codes in NAFLD co-

hort. Only the first occurrence of these events was studied. Pa-

tients who did not develop study endpoints due to death or loss 

to follow-up were censored at the date of their last recorded 

blood test or clinical encounter.

TE

LSM and CAP measurements were performed by experienced 

operators using the FibroScan502 Touch machine (Echosens, Par-

is, France) as described previously. All patients were fasted for at 

least 2 hours before the procedure. The final LSM (in kPa) and 

CAP values (in dB/m) were represented by the median of ≥10 

measurements. LSM was considered reliable only if at least 10 

successful acquisitions were obtained and the interquartile range 

(IQR)-to-median ratio of the 10 acquisitions was ≤0.3 for LSM 

values of ≥7.1 kPa.15

Statistical analysis

Statistical analysis was performed by Statistical Package for So-

cial Science (SPSS version 25.0; IBM, Armonk, NY, USA) and R 

(version 4.0.5; RStudio, Boston, MA, USA). Continuous variables 

were expressed in mean±standard deviation or median (IQR) as 

appropriate. Differences between subgroups were analyzed using 

chi-squared test or Fisher’s exact test for categorical parameters 

and one-way analysis of variance and Kruskal Wallis test for con-

tinuous parameters as appropriate.

Non-linear association
The non-linear relationship between urea level and LSM was 

evaluated on a spline curve based on generalized additive model 

in the LSM cohort. The associations between urea level and he-

patic decompensations/incident cirrhosis/HCC were evaluated on 

a continuous scale with restricted cubic spline based on Cox pro-

portional hazards models with four knots at the 5th, 35th, 65th 

and 95th percentiles.16

Stratification of LSM cohort by urea level
Rather than dichotomizing our population at a single cutoff of 

urea level, it would be more clinically relevant to define abnor-

mally low or high urea levels because both conditions may be as-

sociated with increased risk of LREs.17 We first divided the LSM 

cohort into the derivation and validation cohorts with the ratio of 

Figure 1. Study flow diagram. LSM, liver stiffness measurement; HCC, hepatocellular carcinoma.

5,078 patients with suspected
or known chronic liver disease

Excluded: 
Patients with active cancer (n=292)
Patients with hepatic decompensations 

before baseline (n=19)
Patients with missing urea level (n=503)

4,282 patients available for
analysis of LSM, hepatic
decompensations, HCC

344 patients with low urea level  
(≤3.5 mmol/L)

325 patients with low urea level  
(≤3.5 mmol/L)

3,760 patients with moderate urea level  
(3.6–9.9 mmol/L)

3,557 patients with moderate urea level  
(3.6–9.9 mmol/L)

178 patients with high urea level  
(≥10 mmol/L)

161 patients with high urea level  
(≥10 mmol/L)

Excluding 239 patients with
LSM more than 15 kPa

4,043 patients available for
analysis of incident cirrhosis
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Table 1. Clinical characteristics of patients with different urea levels in the LSM cohort

Characteristic All Low urea level Moderate urea level High urea level P-value

Total 4,282 344 3,760 178

Age (years) 55.6±12.3 47.7±11.5 55.9±12.0 65.6±9.9 <0.001

Male sex 2,367 (55.3) 125 (36.3) 2,132 (56.7) 110 (61.8) <0.001

HBV infection 1,375 (32.1) 125 (36.3) 1,218 (32.4) 32 (18.0) <0.001

HCV infection 131 (3.1) 6 (1.7) 124 (3.3) 1 (0.6) 0.039

NAFLD 1,581 (36.9) 106 (30.8) 1,410 (37.5) 65 (36.5) 0.048

Type 2 diabetes mellitus 994 (23.2) 66 (19.2) 808 (21.5) 120 (67.4) <0.001

Hypertension 2,290 (53.5) 109 (31.7) 2007 (53.4) 151 (84.8) <0.001

Hypercholesterolemia 2364 (55.2) 147 (42.7) 2066 (54.9) 151 (84.8) <0.001

Body mass index (kg/m2) 26 (23–28) 25 (22–28) 26 (23–28) 27 (24–29) 0.021

ALT (IU/L) 26 (18–39) 26 (16–44) 26 (19–39) 21 (16–29) <0.001

Albumin (g/L) 43.6±3.1 43.4±3.4 43.8±3.0 40.2±3.8 <0.001

Total bilirubin (μmol/L) 10.5 (7.9–14.0) 10.3 (7.5–14.2) 10.6 (8.1–14.1) 7.1 (5.6–10.0) <0.001

ALP (IU/L) 67 (56–82) 66 (53–79) 67 (56–81) 76 (62–91) <0.001

AFP (μg/L) 2.8 (1.9–4.1) 2.7 (1.8–4.3) 2.8 (2.0–4.1) 2.0 (1.5–2.8) 0.034

WCC (×109/L) 6.6±1.9 6.4±2.1 6.6±1.9 7.4±1.9 <0.001

Platelet (×109/L) 214 (176–255) 229 (188–276) 213 (174–253) 214 (183–252) <0.001

Prothrombin time (seconds) 10.7 (10.1–11.3) 10.7 (10.3–11.3) 10.7 (10.1–11.3) 10.4 (9.8–11.1) 0.054

INR 1.0 (0.9–1.1) 1.0 (1.0–1.0) 1.0 (0.9–1.0) 1.0 (0.9–1.0) 0.079

Triglycerides (mmol/L) 1.2 (0.8–1.7) 1.1 (0.8–1.5) 1.2 (0.8–1.7) 1.5 (1.0–2.4) <0.001

Cholesterol (mmol/L) 4.5 (3.9–5.2) 4.7 (4.0–5.3) 4.5 (3.9–5.2) 4.3 (3.7–4.8) <0.001

FBS (mmol/L) 6.0 (5.1–7.7) 5.3 (4.8–7.0) 6.0 (5.1–7.7) 6.9 (5.6–8.5) <0.001

Haemoglobin A1c (%) 6.7 (5.8–7.8) 6.1 (5.6–7.5) 6.7 (5.8–7.7) 7.6 (6.8–8.7) <0.001

Positive HBeAg* 213 (19.1) 27 (24.5) 184 (18.6) 2 (12.5) 0.253

HBV DNA* (log10 IU/mL) 4 (3–6) 4 (3–6) 4 (3–6) 2 (1-5) 0.554

Creatinine (µmol/L) 75 (62–89) 62 (54–72) 75 (63–88) 184 (132–256) <0.001

eGFR (mL/min/1.73 m2) 92.7 (76.9–104.2) 107.2 (97.8–115.5) 92.3 (78.1–103.2) 29.0 (19.2–42.5) <0.001

Urea (mmol/L) 5.1 (4.3–6.2) 3.2 (2.9–3.4) 5.2 (4.4–6.2) 12.9 (10.9–16.9) <0.001

LSM (kPa) 5.9 (4.5–7.9) 5.4 (4.3–7.2) 5.9 (4.5–7.9) 6.3 (4.9–9.0) <0.001

CAP (dB/m) 262 (217–310) 255.5 (204.0–303.5) 263.0 (218.0–311.0) 254.0 (209.0–309.5) 0.028

Medication use

Statins 1,807 (42.2) 88 (25.6) 1575 (41.9) 144 (80.9) <0.001

Anti-platelet drugs 834 (19.5) 36 (10.5) 704 (18.7) 94 (52.8) <0.001

Antiviral treatment 625 (14.6) 48 (14.0) 562 (14.9) 15 (8.4) 0.052

Values are presented as mean±standard deviation, median (interquartile range), or number (%).
LSM, liver stiffness measurement; HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, nonalcoholic fatty liver disease; ALT, alanine aminotransferase; ALP, 
alkaline phosphatase; AFP, alpha-fetoprotein; WCC, white cell count; INR, international normalized ratio; FBS, fasting blood sugar level; HBeAg, hepatitis B e 
antigen; eGFR, estimated glomerular filtration rate; CAP, controlled attenuation parameter.
*HBeAg and HBV DNA data are only shown among chronic hepatitis B patients. HCV RNA data are not reported as very few patients who had HCV RNA 
checked.
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1:1 by the simple randomization method. In the derivation cohort, 

we identified a dividing point with the smallest hazard ratio (HR) 

for hepatic decompensation. In other words, the risk of hepatic 

decompensation began to increase in patients with a urea level 

below or above that dividing point. We then selected two cutoffs 

among patients below or above the dividing point. The optimal 

cutoffs for urea to predict hepatic decompensation were deter-

mined by the ‘survminer’ package from R by the minimum P-val-

ue-based approach in the derivation cohort. Then, the cutoffs 

were validated by bootstrap with 5,000 replications in the valida-

tion cohort.18 Subsequently, patients in the LSM cohort were di-

vided into three groups by the cutoffs, i.e., the low, moderate, 

and high urea level groups.

Survival analysis
We conducted univariate analyses to determine clinical parame-

ters associated with the study endpoints (hepatic decompensa-

tion/incident cirrhosis/HCC). To test the predictive value of urea 

level based on the derived cutoffs, we categorized urea into low, 

moderate, or high in these models. The multivariable Cox regres-

sion model using a backward stepwise approach was performed 

among covariates that were associated with study endpoints on 

univariate analysis (P<0.05) to determine independent factors. 

Adjusted HR and 95% confidence interval (CI) of the risk factors 

were computed. The Kaplan-Meier method was used to estimate 

the cumulative probability of study endpoints. All statistical tests 

were two-sided. Statistical significance was taken as P<0.05.

The non-linear association between urea level and LSM was 

validated in the MRS cohort, and the associations between differ-

ent levels of urea and hepatic decompensation/incident cirrhosis/

HCC were validated in the NAFLD cohort.

RESULTS

The LSM cohort

During the study period, a total of 5,078 patients with known 

or suspected CLD underwent TE (Fig. 1). We excluded 292 pa-

tients with cancer (5.8%), 503 (9.9%) with missing urea value, 

and 19 (0.3%) who had hepatic decompensation before baseline. 

A further 239 patients (4.7%) were excluded from the analysis for 

incident cirrhosis, because they had LSM >15 kPa at baseline. In 

the final cohort of 4,282 subjects (Table 1), 55.3% were males 

and the mean age was 55.6 years.

The median follow-up was 5.5 years (IQR, 3.0–6.4). During the 

follow-up period, 46 patients (1.0%) developed hepatic decom-

pensation, with ascites being the most common initial decompen-

sating event. Twenty-nine patients developed new-onset ascites, 

including 20 in the moderate urea level group, four in the low 

Figure 2. A U-shaped relationship between urea level and (A) hepatic decompensation and (B) incident cirrhosis after adjustment for the patients’ 
age, gender, viral hepatitis infection status, NAFLD, alanine transaminase, total bilirubin, and albumin levels in the LSM cohort. The solid red lines repre-
sented the adjusted hazard ratios (natural logarithm value), with dashed lines representing the 95% confidence intervals derived from restricted cubic 
spline with four knots. Reference lines for no association are indicated by the dashed lines at a log HR of zero. The purple regions showed the fraction 
of the population with different levels of urea. The black points indicated the concentration of urea level with the lowest risk of hepatic decompensa-
tion. HR, hazard ratio; Ref., reference; CI, confidence interval; NAFLD, nonalcoholic fatty liver disease; LSM, liver stiffness measurement.
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urea level group, and five in the high urea level group. Cirrhosis 

was the main contributor of ascites in those patients. One hun-

dred patients (2.3%) developed HCC. Supplementary Table 2 lists 

the number of patients with different LREs.

U-shaped relationship of urea with LSM and LREs

A U-shaped association between LSM and urea level was iden-

tified in the LSM cohort (Supplementary Fig. 1A). As shown in the 

Figure 2, urea showed strong U-shaped associations with decom-

pensation and incident cirrhosis after adjustment with confound-

ing variables. For both outcomes, the risk was the lowest when 

the urea level was around 6 mmol/L and then increased in both 

directions (P  for non-linearity <0.05). There was no significant 

non-linear association between urea level and HCC (data not 

shown).

Additionally, we performed the analysis to study for the associa-

tion between creatinine level/urea-to-creatinine ratio (UCR) and 

hepatic decompensation. As showed in the Supplementary Figure 2, 

there was no significant non-linear association between creati-

nine level and hepatic decompensation. There was a U-shaped 

association between the UCR and risk of decompensation, how-

ever, the non-linear association between UCR and risk decompen-

sation was mainly contributed by the urea level.

Cutoffs of urea level to predict hepatic 
decompensation

Next, we determined the best cutoffs of urea to identify pa-

tients at risk of hepatic decompensation. As indicated in the pre-

vious section, a urea level of 6 mmol/L was the dividing point 

with the risk of incident cirrhosis and hepatic decompensation 

starting to increase in both directions. We divided the LSM cohort 

into the derivation and validation cohorts (Supplementary Table 3). 

Based on the minimum P-value-based approach and bootstrap 

validation with 5,000 replications, the urea cutoffs of 3.5 mmol/L 

(63 mg/dL) and 10 mmol/L (180 mg/dL) were selected as optimal 

to predict hepatic decompensation, and the patients were divided 

into low (≤3.5 mmol/L), moderate (3.6–9.9 mmol/L), and high 

(≥10 mmol/L) urea groups (Supplementary Fig. 3).

At the derived cutoffs, 344 (8.0%), 3,760 (87.8%), and 178 pa-

tients (4.2%) were in the low, moderate, and high urea level 

groups respectively. The median urea level in the LSM cohort was 

5.1 mmol/L (IQR, 4.3–6.2), and 3.2 mmol/L (IQR, 2.9–3.4), 5.2 

mmol/L (IQR, 4.4-6.2), 12.9 mmol/L (IQR, 10.9–16.9) in the low, 

moderated, and high urea level groups, respectively. Patients in 

the low urea group were younger and had fewer comorbidities 

compared with the moderate and high urea groups (Table 1).

Figure 3. Kaplan-Meier analysis of the cumulative probability of (A) hepatic decompensation and (B) incident cirrhosis among patients with low (≤3.5 
mmol/L), moderate (3.6-9.9 mmol/L), or high (≥10 mmol/L) urea levels in the liver stiffness measurement cohort.
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Factors associated with LREs in the LSM cohort

Compared with the moderate urea group, both low and high 

urea levels predicted a significantly higher risk of hepatic decom-

pensation (Fig. 3A, log-rank P<0.001). Significant variables asso-

ciated with hepatic decompensation on univariate analysis were 

low or high urea levels, older age, diagnosis of viral hepatitis or 

NAFLD, hypercholesterolemia, elevated alanine aminotransferase, 

elevated bilirubin, low serum albumin, low platelet count, and in-

creased LSM (Table 2). On multivariate analysis, urea level re-

mained one of independent predictors of hepatic decompensa-

tion. Patients with low urea level (HR, 4.15; 95% CI, 1.68–10.24) 

had a comparable risk of decompensation as those with high urea 

level (HR, 5.22; 95% CI, 1.86–14.67) when using the moderate 

urea level as the reference. Other independent predictors of he-

patic decompensation were elevated alanine aminotransferase, 

Table 2. Factors associated with hepatic decompensation and incident cirrhosis in the LSM cohort

Variable
Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

Hepatic decompensation

Urea level, low vs. moderate level 3.52 (1.68–7.41) <0.001 4.15 (1.68–10.24) 0.002

Urea level, high vs. moderate level 5.56 (2.32–13.37) <0.001 5.22 (1.86–14.67) 0.002

Age, per year increase 1.05 (1.02–1.08) 0.001 1.04 (1.00–1.08) 0.027

Male sex, vs. female 1.77 (0.95–3.27) 0.071

Viral hepatitis, yes vs. no 4.06 (2.21–7.46) <0.001 1.17 (0.47–2.91) 0.737

NAFLD, yes vs. no 0.26 (0.12–0.59) 0.001 0.51 (0.17–1.48) 0.212

Diabetes, yes vs. no 1.82 (1.00–3.32) 0.050

Hypertension, yes vs. no 0.65 (0.37–1.17) 0.156

Hypercholesterolemia, yes vs. no 0.55 (0.31–0.99) 0.047 0.81 (0.38–1.75) 0.591

ALT, per IU/L increase 1.03 (1.02-–1.04) <0.001 1.00 (1.00–1.01) 0.027

Albumin, per g/L increase 0.74 (0.69–0.78) <0.001 0.87 (0.81–0.93) <0.001

Total bilirubin, per μmol/L increase 1.07 (1.05–1.09) <0.001 0.99 (0.97–1.02) 0.547

Platelet, per 1×109/L increase 0.98 (0.97–0.99) <0.001 0.99 (0.98–0.99) <0.001

LSM, per kPa increase 1.09 (1.08–1.10) <0.001 1.07 (1.05–1.10) <0.001

Incident cirrhosis

Urea level, low vs. moderate level 3.26 (1.67–6.34) 0.001 3.24 (1.50–6.98) 0.003

Urea level, high vs. moderate level 3.60 (1.42–9.12) 0.007 1.45 (0.49–4.29) 0.508

Age, per year increase 1.03 (1.01–1.06) 0.010 1.03 (0.99–1.05) 0.079

Male sex, vs. female 1.09 (0.65–1.85) 0.726

Viral hepatitis, yes vs. no 3.48 (2.04–5.92) <0.001 0.72 (0.36–1.41) 0.334

NAFLD, yes vs. no 0.14 (0.06–0.34) <0.001 0.19 (0.07–0.51) 0.001

Diabetes, yes vs. no 0.54 (0.25–1.14) 0.103

Hypertension, yes vs. no 0.66 (0.39–1.11) 0.119

Hypercholesterolemia, yes vs. no 0.35 (0.20–0.61) <0.001 0.57 (0.30–1.09) 0.087

ALT, per IU/L increase 1.00 (1.00–1.01) 0.059

Albumin, per g/L increase 0.86 (0.79–0.93) <0.001 0.90 (0.82–0.99) 0.031

Total bilirubin, per μmol/L increase 1.05 (1.02–1.07) <0.001 1.03 (0.99–1.06) 0.126

Platelet, per 1×109/L increase 0.98 (0.98–0.99) <0.001 0.99 (0.98–0.99) 0.004

LSM, per kPa increase 1.35 (1.25–1.45) <0.001 1.32 (1.21–1.44) <0.001

LSM, liver stiffness measurement; HR, hazard ratio; CI, confidence interval; NAFLD, nonalcoholic fatty liver disease; ALT, alanine aminotransferase.
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low serum albumin, low platelet count, and increased LSM.

High and low urea levels were also associated with incident cir-

rhosis (Fig. 3B). After adjusting for potential confounding vari-

ables, low urea level was still significantly associated with incident 

cirrhosis (HR, 3.24; 95% CI, 1.50–6.98), but not high urea level 

(HR, 1.45; 95% CI, 0.49–4.29). As shown in the Supplementary 

Figure 4 and Supplementary Table 4, there was no significant as-

sociation between the urea level and HCC.

Subgroup analysis

As shown in the Figure 4, both low and high urea levels were 

associated with significantly higher risk of hepatic decompensa-

tion compared with the moderate urea group in almost all sub-

groups. In patients with hypercholesterolemia, the HR for hepatic 

decompensation in patients with low urea level was of similar 

magnitude as the other subgroups, but fell short of statistical sig-

nificance.

Likewise, both low and high urea levels were associated with 

incident cirrhosis in most subgroups, with the exception of a few 

subgroups with small patient numbers (Fig. 5). Using a more con-

servative LSM cutoff of ≥12 kPa to exclude patients with pre-ex-

isting cirrhosis, a low urea level at baseline remained significantly 

associated with incident cirrhosis.

Figure 4. Subgroup analysis of the association between urea level and hepatic decompensations risk in the liver stiffness measurement cohort. Sub-
groups of age less than 60 years, female, NAFLD, and chronic kidney disease (CKD) were not included due to a small number of patients with high urea 
level. CI, confidence interval; NAFLD, nonalcoholic fatty liver disease.

Subgroup
No. of

patients (%)
Hazard ratio

(95% CI)
P-value

All patients
Low urea level 344 (8) 4.54 (1.68 to 7.41) <0.001
High urea level 178 (4.2) 7.87 (2.32 to 13.37) <0.001

Age >60
Low urea level 44 (2.9) 10.1 (1.64 to 18.56) 0.006
High urea level 126. (8.2) 8.14 (2.26 to 14.02) 0.002

Male sex
Low urea level 125 (5.3) 8.13 (2.25 to 14.01) <0.001
High urea level 110 (4.6) 12.18 (3.37 to 20.98) <0.001

Viral hepatitis
Low urea level 131 (8.8) 5 (1.38 to 8.63) 0.008
High urea level 32  (2.1) 20.04 (4.59 to 35.48) <0.001

Hypertension
Low urea level 106 (4.8) 8.81 (1.74 to 15.88) 0.003
High urea level 174 (7.6) 9.72 (2.25 to 17.2) <0.001

Diabetes
Low urea level 66 (6.6) 9.24 (1.62 to 16.87) 0.006
High urea level 120 (12.1) 9.46 (1.65 to 17.26) 0.005

Hypercholesterolemia
Low urea level 147 (6.2) 6.16 (0.94 to 11.39) 0.065
High urea level 151 (6.4) 9.65 (1.87 to 17.43) 0.002

Normo-albuminemia
Low urea level 338 (8) 4.15 (1.2 to 7.1) 0.018
High urea level 157 (3.7) 9.41 (2.41 to 16.41) <0.001

Without CKD
Low urea level 343 (8.9) 4.84 (1.76 to 7.93) <0.001
High urea level 14 (0.3) 41.28 (1.51 to 81.06) 0.018
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Validation in the MRS and NAFLD cohorts

The MRS cohort was collected from the general population, and 

those subjects had very low risk of hepatic decompensation (Sup-

plementary Table 5). Therefore, we used this cohort to demon-

strate a U-shaped association between urea level and LSM (Sup-

plementary Fig. 1B).

The baseline characteristics of the NAFLD cohort are shown in 

Supplementary Table 6. One thousand eight hundred thirty-eight 

(14.7%), 10,091 (80.9%), and 547 patients (4.4%) were in the 

low, moderate, and high urea level groups, respectively. The me-

dian follow-up was 9.9 years (IQR, 8.2–12.1). Compared with the 

moderate urea group, high urea level at baseline was associated 

with increased incidence of hepatic decompensation and incident 

cirrhosis (Supplementary Fig. 5, log-rank P<0.001). Low urea level 

also increased the risk of hepatic decompensation and incident 

Figure 5. Subgroup analysis of the association between urea level and incident cirrhosis in the liver stiffness measurement (LSM) cohort. Subgroups 
of age less than 60 years, NAFLD, and chronic kidney disease (CKD) were not included due to a small number of patients with high urea level. CI, confi-
dence interval; NAFLD, nonalcoholic fatty liver disease.

Subgroup
No. of

patients (%)
Hazard ratio

(95% CI)
P-value

All patients
Low urea level 325 (8) 4 (1.67 to 6.34) <0.001
High urea level 161 (3.9) 5.27 (1.42 to 9.12) 0.007

Age >60
Low urea level 38 (2.7) 7.95 (0.84 to 15.06) 0.085
High urea level 115 (8.1) 6.32 (1.59 to 11.04) 0.003

Male sex
Low urea level 112 (5) 6.16 (1.56 to 10.76) 0.004
High urea level 100 (4.5) 7.76 (1.67 to 13.86) 0.004

Female sex
Low urea level 213 (11.7) 4.1 (1.12 to 7.07) 0.028
High urea level 61 (3.3) 6.54 (0.23 to 12.86) 0.594

Viral hepatitis
Low urea level 122 (8.9) 3.87 (1.12 to 6.62) 0.03
High urea level 30 (2.2) 12.9 (2.79 to 23.01) <0.001

Hypertension
Low urea level 93 (4.4) 6.7 (1.41 to 11.98) 0.009
High urea level 158 (7.5) 5.88 (1.24 to 10.53) 0.019

Diabetes
Low urea level 55 (6.2) 10.97 (0.3 to 21.64) 0.391
High urea level 107 (11.9) 12.54 (0.92 to 24.17) 0.063

Hypercholesterolemia
Low urea level 138 (6.2) 6.28 (0.95 to 11.6) 0.061
High urea level 140 (6.3) 8.79 (1.33 to 16.24) 0.016

Normo-albuminemia
Low urea level 322 (8.1) 3.98 (1.67 to 6.29) <0.001
High urea level 145 (3.6) 5.59 (1.52 to 9.66) 0.004

Without CKD
Low urea level 324 (8.9) 3.99 (1.66 to 6.32) <0.001
High urea level 13 (0.3) 27.06 (1.02 to 53.1) 0.048

LSM ≤12 kPa
Low urea level 312 (8) 3.87 (1.37 to 6.36) 0.006
High urea level 151 (3.9) 4.99 (0.87 to 9.11) 0.086
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cirrhosis (Table 3). By multivariate analysis, high urea level re-

mained as an independent factor associated with hepatic decom-

pensation (adjusted HR, 3.71), but low urea level was no longer 

significant after adjustment. In contrast, both high and low urea 

levels were independent factors for incident cirrhosis. Similar to 

what was observed in the LSM cohort, low urea level was not as-

sociated with HCC in the NAFLD cohort (Supplementary Fig. 6, 

Supplementary Table 7).

DISCUSSION

To our knowledge, this is the first study to describe a U-shaped 

relationship between urea level and the severity and outcome of 

CLD. We showed that patients with urea level of 3.5–10 mmol/L 

had the lowest risk of advanced liver disease and hepatic decom-

pensation, while the risk was increased when urea was below or 

above this range. This is close to the normal range of urea used in 

different laboratories. Importantly, while clinicians focused on the 

use of high urea level to identify patients with renal dysfunction 

previously, we provided clinical meaning to low urea level.

Abnormal urea levels are usually caused by abnormal produc-

tion or excretion of urea. Ureagenesis, which covers the final and 

irreversible transformation of amino nitrogen to urea nitrogen, is 

an essential function of the liver involved in whole body nitrogen 

homeostasis.19 The capacity for urea synthesis is decreased in pa-

tients with CLD due to several etiologies. Glavind and colleagues20 

showed that patients with alcoholic hepatitis had marked reduc-

tion in urea synthesis compared with healthy controls using func-

tional hepatic nitrogen clearance (FHNC). Reduced FHNC was also 

observed in patients with viral hepatitis and NAFLD.9,21 The ex-

pression of enzymes involved in the urea cycle is also reduced in 

Table 3. Factors associated with hepatic decompensation and incident cirrhosis in the NAFLD cohort

Variable
Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

Hepatic decompensation

Urea level, low vs. moderate level 1.63 (1.09–2.43) 0.016 1.19 (0.78–1.80) 0.421

Urea level, high vs. moderate level 10.84 (6.72–17.46) <0.001 3.71 (2.21–6.23) <0.001

Age, per year increase 1.06 (1.04–1.07) <0.001 1.03 (1.01–1.04) <0.001

Male sex, vs. female 1.98 (1.43–2.73) <0.001 1.71 (1.22–2.39) 0.002

Diabetes, yes vs. no 2.57 (1.79–3.70) <0.001 2.20 (1.50–3.22) <0.001

Hypertension, yes vs. no 1.78 (1.25–2.55) 0.002 1.14 (0.77–1.67) 0.520

ALT, per IU/L increase 0.99 (0.99–1.00) 0.038 0.99 (0.99–1.00) 0.012

Albumin, per g/L increase 0.85 (0.83–0.87) <0.001 0.87 (0.85–0.89) <0.001

Total bilirubin, per μmol/L increase 1.01 (1.00–1.01) <0.001 1.01 (1.00–1.01) <0.001

Platelet, per 1×109/L increase 0.99 (0.98–0.99) <0.001 0.99 (0.99–1.00) <0.001

Incident cirrhosis

Urea level, low vs. moderate level 1.58 (1.30–1.93) <0.001 1.27 (1.03–1.57) 0.024

Urea level, high vs. moderate level 4.28 (2.98–6.16) <0.001 2.26 (1.56–3.28) <0.001

Age, per year increase 1.05 (1.04–1.06) <0.001 1.03 (1.03–1.04) <0.001

Male sex, vs. female 1.63 (1.39–1.90) <0.001 1.41 (1.19–1.67) <0.001

Diabetes, yes vs. no 1.26 (1.07–1.48) 0.006 1.10 (0.93–1.30) 0.263

Hypertension, yes vs. no 1.27 (1.08–1.51) 0.005 0.97 (0.81–1.16) 0.718

ALT, per IU/L increase 1.00 (1.00–1.01) <0.001 1.00 (1.00–1.01) <0.001

Albumin, per g/L increase 0.88 (0.87–0.89) <0.001 0.91 (0.89–0.93) <0.001

Total bilirubin, per μmol/L increase 1.01 (1.00–1.01) <0.001 1.00 (1.00–1.01) 0.002

Platelet, per 1×109/L increase 0.99 (0.98–0.99) <0.001 0.99 (0.98–0.99) <0.001

NAFLD, nonalcoholic fatty liver disease; HR, hazard ratio; CI, confidence interval; ALT, alanine aminotransferase.
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pre-cirrhotic CLD.10 Furthermore, reduced ureagenesis is associat-

ed with the accumulation of ammonia, which in turn activates he-

patic stellate cells and promotes fibrosis progression.11 Nonethe-

less, previous studies lacked clinical outcome data, and it is 

impractical to apply FHNC and enzyme expression assays in rou-

tine clinical settings. Therefore, the present study offers a simple, 

yet important message on the use of low urea level to identify 

and predict advanced liver disease.

Unlike a mechanistic study, it is difficult to determine if low urea 

was the cause or result of advanced liver disease, though previous 

studies, as discussed above, suggest it might be both. In very ad-

vanced liver disease, low albumin levels reduce ureagenesis by the 

downregulation of protein metabolism.22 However, we excluded 

patients with pre-existing hepatic decompensation in all three co-

horts, and the association between low urea level and clinical 

outcomes remained robust after adjustment for the albumin level.

In terms of potential clinical application, identification of these 

patients with low urea may prompt consideration for earlier inter-

vention. In viral hepatitis patients, low urea level may herald the 

need to commence antiviral therapy if not already done so. In-

deed, in our current study, patients with moderate urea levels had 

the highest rates of antiviral therapy (Table 1). Furthermore, 

Laursen et al.23 showed early normalization of reduced urea syn-

thesis capacity after commencing antiviral therapy. This is not to 

say clinicians should initiate antiviral therapy based on the urea 

level. We should follow the treatment guidelines instead. A low 

urea level may be a marker of advanced liver disease and prompt 

clinicians to perform further tests to assess the disease severity 

and guide treatment. In patients with alcohol-related liver disease 

and NAFLD, those with low urea levels could be prioritized for re-

ferral to more intensive alcohol cessation counselling or NAFLD 

clinical trials, respectively. As discussed above, patients with low 

urea levels should be assessed for malnutrition and sarcopenia, 

and commenced on aggressive nutritional supplementation if 

present. Clearly these hypotheses require future study to evaluate 

if urea levels can be improved with the above interventions and if 

they correspond with improvements in patient prognosis.

With regard to patients with high urea levels, it is well known 

that urea is primarily excreted in the urine and renal dysfunction 

results in its accumulation in blood. Renal dysfunction is common 

in patients with acute and CLDs.24 In the present study, more than 

90% of patients with high urea level had chronic kidney disease 

(CKD), and CKD was a risk factor for hepatic decompensation. 

However, high urea level continued to be associated with hepatic 

decompensation after we excluded patients with CKD. Previous 

studies demonstrated that stressful situations like pain, recent 

surgery, uncontrolled diabetes, and inflammation located outside 

of the liver can also lead to upregulated ureagenesis.20

Our study has several limitations. First, although the LSM and 

MRS cohorts were prospectively recruited, the NAFLD cohort was 

retrospective in nature and was based on a real-world registry. 

However, the latter provided a huge sample size with a long fol-

low-up duration. Second, although we validated the findings in 

multiple independent cohorts, our study only included ethnic Chi-

nese, and therefore our findings may not be generalizable to other 

populations. Third, we assessed our patients using TE, which is a 

good but imperfect noninvasive test for liver fibrosis. However, it 

would be impractical and unethical to conduct liver biopsy on all 

subjects, particularly those in the general population. Fourth, the 

studied population was heterogeneous and the number of prima-

ry outcomes was small. To demonstrate consistent results, we 

have performed various subgroup analysis and adjusted for im-

portant confounding factors. Finally, treatments of CLD might al-

ter the natural history and in turn affect the urea level. However, 

the present studies included CLD patients of different etiologies, 

and it would be difficult to adjust for the varying types and effica-

cies of treatments.

In conclusion, we identified a U-shaped relationship between 

the urea level and liver fibrosis/incident cirrhosis/hepatic decom-

pensation in patients with CLD. Clinicians should recognize low 

urea level as a potential marker and predictor of advanced liver 

disease.
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INTRODUCTION

The hepatitis C virus (HCV) is a major cause of liver cirrhosis, 

hepatocellular carcinoma (HCC), and liver-related mortality. Glob-

ally, there were 5.8 million people living with HCV infection in 

2019, accounting for 0.75% of the entire population.1 The esti-

mated number of newly infected people (1.75 million) exceeded 

the estimated number of people dying from HCV infection 

(399,000) and those being cured (843,000) in 2015.2 Therefore, 

without prevention and treatment, HCV-related mortality seems 

to increase.

The introduction of highly efficacious direct acting antivirals 

(DAAs) resulted in achieving a sustained virologic response (SVR) 

of >90% after 8–12 weeks of treatment, which is considered a 

“cure.” SVR has been shown to reduce the incidence of HCC by 

an estimated 85% and liver-related mortality and all-cause mor-

tality by 70–75% in individuals with or without cirrhosis.3-5 There-

fore, the World Health Organization (WHO) called for the elimina-

tion of viral hepatitis B (HBV) and C infections as a public health 

problem at a 90% reduction in incidence (95% for HBV and 80% 

for HCV) and 65% reduction in mortality by 2030, compared to 

the 2015 baseline. In 2021, the WHO interim guidance used the 

following absolute impact targets for hepatitis elimination: an ab-

solute annual HCV incidence of ≤5/100,000 people or ≤2/100 

people who inject drugs (PWID); an HCV-related annual mortality 

rate of ≤2/100,000 people. These targets should be accomplished 

by testing >90% of the HCV diagnosed, treating >80% of diag-

nosed patients, and preventive measures including 0% unsafe in-

jections, 100% blood safety, and 300 needles/syringes/PWID per 

year.1

HCV accounted for 10–20% of the cause of liver cirrhosis and 

HCC in South Korea. The prevalence of antibodies to HCV (anti-

HCV) in the Korean adult population was 0.78% in 2009 and 

0.6% in 2015, showing increasing prevalence according to age.6 

Therefore, about 90% of chronic HCV patients were aged over 40 

years. Considering that Korea is a region with low HCV prevalence 

Background/Aims: This study aimed to evaluate the cost-effectiveness of hepatitis C virus (HCV) screening compared to 
no screening in the Korean population from societal and healthcare system perspectives.
Methods: A published decision-tree plus Markov model was used to compare the expected costs and quality-adjusted 
life years (QALY) between one-time universal HCV screening and no screening in the population aged 40–65 years using 
the National Health Examination (NHE) program. Input parameters were obtained from analyses of the National Health 
Insurance claims data, Korean HCV cohort data, or from the literature review. The population aged 40–65 years was 
simulated in a model spanning a lifetime from both the healthcare system and societal perspectives, which included the 
cost of productivity loss due to HCV-related deaths. The incremental cost-effectiveness ratio (ICER) between universal 
screening and no screening was estimated.
Results: The HCV screening strategy had an ICER of $2,666/QALY and $431/QALY from the healthcare system and societal 
perspectives, respectively. Both ICERs were far less than the willingness-to-pay threshold of $25,000/QALY, showing 
that universal screening was highly cost-effective compared to no screening. In various sensitivity analyses, the most 
influential parameters on cost-effectiveness were the antibodies to HCV (anti-HCV) prevalence, screening costs, and 
treatment acceptance; however, all ICERs were consistently less than the threshold. If the anti-HCV prevalence was over 
0.18%, screening could be cost-effective.
Conclusions: One-time universal HCV screening in the Korean population aged 40–65 years using NHE program would 
be highly cost-effective from both healthcare system and societal perspectives. (Clin Mol Hepatol 2022;28:91-104)
Keywords: Hepatitis C virus; Mass screenings; Cost effectiveness; Quality adjusted life years 

Study Highlights
• The one-time universal HCV screening in the Korean population aged between 40–65 years with anti-HCV test and DAA treatment was highly 

cost-effective compared to no screening, from both healthcare system and societal perspectives.
• This screening strategy could prevent HCV-related deaths and development of HCC compared to no screening.
• The national action plan for HCV elimination until 2030 should include universal screening and enhanced linkage of care.
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in the global perspective, with a highly effective system for dis-

ease screening by the National Health Examination (NHE) pro-

gram (Supplementary Table 1) run by the government,7 HCV eradi-

cation is highly feasible.

Previous studies on the screening of the Korean population with 

a high prevalence of HCV (age 40–60 years) using the NHE sys-

tem were robustly cost-effective from the healthcare system per-

spective.8-10 However, no study has been conducted on the cost-

effectiveness of these screening strategies from a societal 

perspective. In addition, the treatment cost or duration and dis-

ease epidemiology is rapidly evolving; thus, for a national plan for 

HCV elimination and cost-effectiveness update from a healthcare 

perspective is needed.11,12 Therefore, this study aimed to investi-

gate the cost-effectiveness of universal anti-HCV antibody screen-

ing in the Korean population aged 40–65 years as a part of NHE 

compared to no screening, from both healthcare system and soci-

etal perspectives.

MATERIALS AND METHODS

Overview of the cost-effectiveness model

A cost-utility analysis was conducted to compare the “one-time 

universal screening in the Korean population aged 40–65 years 

using anti-HCV,” provided as a part of the NHE program, to “no 

screening.”

An established model reflecting the actual clinical setting and 

natural history of HCV infection was used, which was developed 

with the TreeAge Pro program (TreeAge Software, Williamstown, 

MA, USA).9 Some input parameters were updated, and the model 

was partially modified to reflect current practices such as prescrib-

ing trends and reduced prices of DAA agents. The model had two 

parts: a decision tree model and a Markov model. In the decision 

tree model, the population was divided into subgroups of “treat-

ment state (F0-F4),” “diagnosed state (F0-F4),” “undiagnosed 

state (F0-F4),” and “alive without HCV” according to the preva-

lence of HCV antibodies, test performance of HCV antibody, HCV 

RNA positivity, and acceptance rates of screening and treatment 

(Fig. 1A). Then, the population was entered into the Markov mod-

el and moved to 28 predefined health states, including chronic 

hepatitis with fibrosis stage 0–3, compensated cirrhosis (F4), de-

compensated cirrhosis (DC), HCC, SVR, and liver transplantation 

(LT). In every health state, patients were at the risk of death from 

non-liver disease (age-related mortality) or liver disease (disease-

specific mortality in DC, HCC, or LT). The cycle length of the Mar-

kov model was 1 year, and the lifetime horizon was selected. In 

each cycle, patients either remained in their current health state 

(recursive arrow) or progressed to another health state (straight 

arrow) according to the transition probability (Fig. 1B).

The model estimated the costs, gained life years (LY), and quali-

ty-adjusted life years (QALY) for a lifetime. The costs were calcu-

lated based on a healthcare system and societal perspective. An 

annual discount rate of 4.5% was applied to both costs and out-

comes, according to the pharmacoeconomic evaluation guidelines 

of the Health Insurance Review & Assessment Service of Korea 

(HIRA).13

The following assumptions were made in our analysis. 1) Only 

one-time screening for HCV infection was provided to the Korean 

population aged 40–65 years during the biannual NHE. 2) Half of 

the patients were treated in the year of diagnosis, while the other 

half were treated in the following year. 3) Patients diagnosed from 

screening would have mild or no symptoms; hence, there were no 

symptomatic cases of decompensated liver cirrhosis at the time 

points of simulation entry. 4) Although there is insufficient data 

on HCV re-infection, it is considered to be very rare in Korea. 

Therefore, we assumed an absence of re-infection in our model.

Input parameters and data source

Studies in South Korea and other countries on epidemiology 

and treatment effects on patients with chronic HCV, analysis of 

health insurance claim data, and government statistics were ex-

tensively used. The optimal values were determined after discus-

sion with the researchers. Data from South Korea were primarily 

used. The input parameters used in the model are listed in Table 1 

and Supplementary Table 2.

Screening performance and other analysis conditions
Screening was performed by testing anti-HCV with 98.1% sen-

sitivity and 99.8% specificity. The assumed acceptance rate of 

screening was 77.4% based on a report from the Korean National 

Health Insurance Service (KNHIS).14 HCV viremia was estimated to 

be present in 46.5% of people showing a positive anti-HCV.9,15 

The population structure by age was extracted from the 2019 

population census;16 the prevalence of anti-HCV by age group was 

estimated to be 0.38%, 0.63%, and 1.06% in 40s, 50s, and 60s, 

respectively.6 The annual detection rate of HCV infection without 

screening was applied as 3.8–5.6%.17,18

The current prescription profiles of various DAA regimens were 
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Figure 1. Cost-effectiveness model including (A) decision tree model and (B) Markov model. The model has two parts: (A) decision tree model and (B) 
Markov model. (A) Populations were divided into subgroups according to screening, diagnosis, and treatment. (B) Populations were entered into the 
Markov model and moved to 28 predefined health states, including chronic hepatitis (F stage 0–3), compensated LC (F4), decompensated cirrhosis 
(DC), HCC, SVR, and liver transplantation, and death by each transition probability. The cycle length of the Markov model was 1 year, and the lifetime 
horizon was chosen. In each cycle, patients either remained in their current health state (recursive arrow) or progressed to another health state 
(straight arrow) according to the transition probability. HCV, hepatitis C virus; Tx, treatment; SVR, sustained virologic response; LC, liver cirrhosis.
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Table 1. Input parameters

Parameter Value Reference

Population characteristics & analysis conditions

Population structure by age 16

Age 40–49 years 39.68%

Age 50–59 years 40.55%

Age 60–65 years 19.78%

Anti-HCV prevalence by age group 6

In 40s 0.38% (0.28–1.00%)

In 50s 0.61% (0.60–1.30%)

In 60s 1.06% (0.88–1.80%)

Acceptability of screening 77.35% KNHIS claim data

Referral rate 70.0% (60.0–80.0%) Assumption

Acceptability of treatment 72.8% 6

Treatment efficacy (SVR rate)* 96.3% 17,19-22

Awareness of HCV infection 20.0% 43

Detection rate without screening† 6,18

In 40s 5.26%

In 50s 5.57%

In 60s 3.77%

HCV screening test 44

Sensitivity 98.1% (92.6–99.7%)

Specificity 99.8% (99.2–99.9%)

HCV RNA positivity in people with anti-HCV 46.5% (30.0–50.0%) 9,15

Distribution of fibrosis stage by age 45

Age 40–49 years

Stage F0 6.67%

Stage F1 45.33%

Stage F2 26.67%

Stage F3 13.33%

Stage F4 8.00%

Age 50–59 years

Stage F0 10.28%

Stage F1 27.10%

Stage F2 38.32%

Stage F3 14.95%

Stage F4 9.35%

Age 60–65 years

Stage F0 4.31%

Stage F1 34.44%

Stage F2 24.44%

Stage F3 16.80%

Stage F4 20.00%
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estimated using the data extracted from the 2019 Korean HCV 

cohort study. Specifically, glecaprevir/pibrentasvir for 8 weeks was 

the most commonly prescribed regimen (74.8%), followed by ledi-

pasvir/sofosbuvir (11.2%), elbasvir/grazoprevir (10.5%), and sofos-

buvir and ribavirin (3.5%) for 12 weeks each. The SVR rates of 

each regimen were obtained from the literature review.17,19-22

Transition probabilities for movement between health states 

were determined as the best optimal values by authors through 

previous literature reviews or from the Korean government data-

bases.23-34

Costs and quality of life
The direct medical costs related to each health state were ex-

tracted from the KNHIS claim data analysis and reimbursement 

price list from HIRA. Direct medical costs included total fees for 

hospitalization, consultation, medication, examination, and other 

management. The operational definitions for each health state to 

estimate medical costs using claims data are presented in Supple-

mentary Table 3. Indirect costs associated with productivity loss 

due to premature deaths were calculated using the average num-

ber of working days, average wage, and employment rate by age 

group from the Korean government database. Transportation 

costs resulting from hospital visits were also estimated according 

to the health states. All costs were measured in Korean won 

(KRW) and adjusted for inflation using the Korean consumer price 

index to reflect the 2020 KRW; they were converted to United 

States dollars ($) using the annual average currency rate in 2020 

($1=1,180 KRW) (Supplementary Table 3).

Utility weights for health states were obtained from published 

studies.9,23,26 Age-specific utility weights in the general population 

Parameter Value Reference

Transition probability

Annual probability of fibrosis progression 25

F0 to F1 0.107 (0.097–0.118)

F1 to F2 0.082 (0.074–0.091)

F2 to F3 0.117 (0.107–0.129)

F3 to F4 0.116 (0.104–0.131)

Annual probability of disease progression

F3 to HCC 0.0073 (0.0000–0.0087) 23,24

F4 to DC 0.048 (0.030–0.067) 24,26,27

F4 to HCC 0.053 (0.024–0.077) 24,27,30

DC to HCC 0.075 (0.014–0.082) 23,26,30

DC to LT 0.023 (0.010–0.062) 31

DC to death 0.118 (0.103–0.216) 23,26,30

HCC to LT 0.04 (0.00–0.14) 31

HCC to death 0.32 (0.19–0.43) 23,32,33

LT to death 0.21 (0.14–0.21) 28

Post-LT to death 0.014 (0.011–0.034) 28

Annual probability of disease progression after SVR

SVR(F3) → HCC 0.00475 (0.00000–0.00577) 31

SVR(F4) → DC 0.0033 29

SVR(F4) → HCC 0.0034 29

Values are presented as number (range).
HCV, hepatitis C virus; KNHIS, Korean National Health Insurance Service; SVR, sustained virologic response; HCC, hepatocellular carcinoma; DC, decompensated 
cirrhosis; LT, liver transplantation.
*Weighted average value by the distribution of direct acting antiviral use (2019 data from Korean HCV cohort study).
†Number of notification of hepatitis C infection/antibodies to HCV prevalence (data from the infectious disease portal [http://www.kdca.go.kr/npt/biz/npp/ist/
bass/bassSexdstnAgeStatsMain.do]).

Table 1. Continued
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were derived from the EQ-5D values in the Korean National 

Health and Nutrition Examination Survey 2018 (Supplementary 

Tables 2, 4).

Analysis

The main output was the incremental cost-effectiveness ratio 

(ICER) of the “universal HCV screening” strategy compared to the 

“no screening” strategy. The ICER was calculated by dividing the 

incremental costs by the incremental QALY (or LY) between the 

comparative strategies. When the estimated ICER was less than 

$25,000/QALY, implicitly accepted as a willingness-to-pay (WTP) 

threshold in Korea, the universal screening was considered to be 

cost-effective.

One-way deterministic and probabilistic sensitivity analyses 

were performed to explore the uncertainty of the input parame-

ters and applied assumptions. For one-way sensitivity analyses, 

the following variables related to HCV screening and the natural 

course of HCV infection were included: the prevalence of anti-

HCV, detection rate without HCV screening, age, acceptability of 

treatment, SVR rate of DAA therapy, test fee, medical cost, utility 

weight, and discount rate.

A probabilistic sensitivity analysis, using a second-order Monte 

Carlo simulation, was performed to evaluate the overall effect of 

uncertainty. The simulation was run 10,000 times with parameter 

values randomly generated from the relevant distributions. We 

applied a beta distribution for transition probabilities and utility 

weights and a gamma distribution for the costs (Supplementary 

Table 5). The results are presented as a cost-effectiveness accept-

ability curve (CEAC).

RESULTS

Base-case analysis

In the base-case analysis from a healthcare system perspective, 

including direct medical costs, the universal HCV screening and 

DAA treatment group gained 0.0014 QALY (and 0.0010 LY) per 

patient compared to the “no screening” group over the lifetime 

horizon. The difference in the total costs per patient was $3.6, 

and the estimated ICER were $2,666/QALY and $3,653/LY (Table 2). 

The cost-effectiveness results from a societal perspective, in-

cluding the cost of productivity loss due to premature deaths and 

transportation cost, as well as direct medical costs, showed that 

universal HCV screening and DAA treatment compared to no 

screening would raise the QALY by 0.0014 (and LY by 0.0010) and 

the cost by $0.58, resulting in an ICER of $431/QALY and $590/LY. 

Therefore, the results from the societal perspective showed lower 

ICER than those from the healthcare system perspective. As the 

estimated ICERs ($2,666/QALY and $431/QALY) were far less than 

the threshold of $25,000/QALY, universal screening was highly 

cost-effective compared to the no screening strategy.

One-way sensitivity analysis

The results of the one-way sensitivity analyses are presented in 

Table 3 and Figure 2. The most influential parameter on the ICERs 

was the anti-HCV prevalence. As the prevalence of anti-HCV anti-

bodies increased, the ICER decreased remarkably (Fig. 2). The 

changes in ICER according to various anti-HCV prevalence are 

shown in Figure 3; in the analysis from a healthcare system per-

Table 2. Base-case analysis

Perspective Screening No screening Difference ICER ($/LY or $/QALY)

Healthcare system

LYs 17.0110 17.0100 0.0010 3,653

Costs ($) 37.17 33.56 3.60

QALYs 15.6877 15.6863 0.0014 2,666

Costs ($) 37.17 33.56 3.60

Societal

LYs 17.0110 17.0100 0.0010 590

Costs ($) 49.89 49.31 0.58

QALYs 15.6877 15.6863 0.0014 431

Costs ($) 49.89 49.31 0.58

ICER, incremental cost-effectiveness ratio; LY, life years; QALY, quality-adjusted life years.
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Table 3. Results of the one-way sensitivity analysis

Scenario (applied value at base-case)
ICER ($/QALY)

Healthcare perspective Societal perspective

Base-case 2,666 431

Anti-HCV prevalence (40s: 0.23%, 50s: 0.38%, 60s: 1.06%)

0.4% 4,429 962

0.6% 2,422 Dominant*

0.8% 1,634 Dominant*

1.0% 1,223 Dominant*

1.2% 973 Dominant*

1.4% 806 Dominant*

Detection rate without HCV screening (40s: 5.26%, 50s: 5.57%, 60s: 3.77%)

2% 1,841 Dominant*

12% 5,174 3,731

Age group (40–65 years)

40s 3,561 Dominant*

50s 2,808 1,446

60s 1,728 1,352

Acceptability of DAA treatment (72.8%)

60% 3,788 2143

80% 2,084 Dominant*

SVR rate (96.3%)

-5%: 91.5% 3,186 1,025

+3%: 99.2% 2,378 101

Cost 

Excluding genotype test ($127.32): $0 2,313 254

Screening test ($3.91): D7026, $13.61 8,199 5,964

HCC state ($10,972.06): from other source8, $6,160 3,433 1,197

DC state ($8,487.37): from other source8, $6,258 3,019 783

Discount rate (4.5%)

0% Dominant* Dominant*

3% 992 Dominant*

Utility 

SVR (0.894): lower value, 0.83 3,936 636

SVR (0.894): upper value, 0.92 2,357 381

F0–F3 (0.854): lower value, 0.79 2,193 354

F0–F3 (0.854): upper value, 0.88 2,922 472

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; anti-HCV, antibodies to HCV; HCV, hepatitis C virus; DAA, direct acting antiviral; 
SVR, sustained virologic response; DC, decompensated cirrhosis.
*“Dominant” indicates that the universal screening strategy shows superior efficacy and less cost compared to no screening strategy, and consequently, a 
negative value of the ICER. In this case, it is unnecessary to estimate ICER.
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spective, the ICER was $15,170/QALY with 0.2% anti-HCV preva-

lence and $527/QALY with 2.0% of it. Similarly, in the analysis 

from a societal perspective, the trend of ICER changed according 

to anti-HCV prevalence. With the anti-HCV prevalence over 

0.179–0.186%, universal screening was cost-effective (ICER 

<$25,000/QALY) from both the healthcare system and societal 

perspectives (Fig. 3).

Regarding the screening costs, it was observed that when the 

high-quality immunoassay test (National Health Insurance [NHI] 

fee code: D7026, $13.61) was substituted for the anti-HCV test 

(D7005, $3.91), the ICER increased to $8,199/QALY. Although our 

baseline anti-HCV test is adequate for population screening, many 

healthcare centers in Korea currently use the high-quality immu-

noassay test. For the detection rate without HCV screening, the 

ICER was $1,841/QALY with 2% and $5,174/QALY with 12% in the 

analysis from healthcare system perspective (in a societal per-

spective, -$0.54 and $3,731, respectively).

Other variables affecting the ICERs included the acceptance rate 

of DAA treatment, discount rate, utility weight for SVR, cohort 

age, SVR rate of DAA agent, utility weight for F0–F3, medical 

costs for HCC and DC, and HCV genotype testing.

Probabilistic sensitivity analysis

The results of the probabilistic sensitivity analysis simulated 

10,000 times are illustrated in a CEAC (Fig. 4) and a cost-effec-

tiveness scatter plot (Supplementary Fig. 1). CEAC indicated that 

the probability of a one-time screening and DAA therapy being 

cost-effective was 60.3%, 81.8%, and 97.7% with a WTP of 

$1,000, $2,000, and $5,000, respectively. In the cost-effective-

ness scatter plot, the probability was 99.9% at a WTP threshold 

of $25,000. This confirmed the robustness of the cost-effective-

ness of universal screening strategy.

Health-related outcomes

Under the base-case analytic conditions, the one-time universal 

screening for Korean populations aged 40–65 years (total 

21,099,926) was estimated to detect 32,148 HCV infection cases 

additionally. Moreover, it was estimated to reduce 4,081 HCV-re-

lated deaths over a lifetime (19.4/100,000). The number of pre-

ventable HCCs, DCs, and LTs over a lifetime was 3,156, 1,939, 

and 554, respectively (Supplementary Table 6).

Figure 2. One-way sensitivity analysis presented through a tornado diagram. The most influential parameter on the ICERs was anti-HCV prevalence, 
showing that the ICER decreased remarkably as the prevalence of anti-HCV increased. This was followed by the screening cost according to the differ-
ent immunoassay tests. Other variables affecting the ICERs included the detection rate without HCV screening, discount rate, acceptance rate of DAA 
treatment, utility weight for SVR, cohort age, SVR rate of DAA agent, utility weight for F0–F3, medical costs for HCC and DC, and HCV genotype test-
ing. ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; HCV, hepatitis C virus; DAA, direct acting antiviral; Tx, treatment; SVR, 
sustained virologic response; HCC, hepatocellular carcinoma; DC, decompensated cirrhosis.
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Figure 3. Changes in ICERs according to anti-HCV prevalence. The changes in ICER according to various anti-HCV prevalence are shown. From a 
healthcare system perspective, the ICER was $15,170/QALY with 0.2% anti-HCV prevalence and $527/QALY with 2.0% of it. Similarly, in the analysis from 
a societal perspective, the trend of ICER changed according to anti-HCV prevalence. With the anti-HCV prevalence over 0.179–0.186%, universal 
screening is cost-effective (ICER <$25,000/QALY) from both healthcare system and societal perspectives. ICER, incremental cost-effectiveness ratio; 
QALY, quality-adjusted life years; anti-HCV, antibodies to hepatitis C virus.
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Figure 4. Cost-effectiveness acceptability curve. The results of the probabilistic sensitivity analysis simulated 10,000 times are illustrated. This indicates 
that the probability of a one-time screening and DAA therapy being cost-effective is 60.3%, 81.8%, and 97.7% with a WTP of $1,000, $2,000, and $5,000, 
respectively. QALY, quality-adjusted life years; DAA, direct acting antiviral; WTP, willingness-to-pay.
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DISCUSSION

This study demonstrated that one-time universal screening with 

an anti-HCV test, provided as a part of the NHE program, and 

DAA treatment is highly cost-effective compared to no screening 

in the Korean population aged 40–65 years. In our results, an in-

crease in QALY by 0.0014 and additional cost by $3.6 resulted in 

an ICER of $2,666/QALY from a healthcare system perspective. 

The results from a societal perspective, including the cost of loss 

of productivity by premature death related to HCV infection, 

showed lower ICER than that from the healthcare system perspec-

tive ($431/QALY). Both ICERs were calculated to be far less than 

$25,000, which is the implicit threshold of a WTP in Korea, based 

on the country’s gross domestic product per capita.

We conducted analyses from both the healthcare system and 

societal perspectives according to the recommendation for meth-

odological practice by the panel on cost-effectiveness in health 

and medicine.35 The report strongly emphasized that all cost-ef-

fectiveness analyses should report two analyses of both perspec-

tives to improve quality and comparability. As shown in our study, 

results from a societal perspective generally have lower ICER than 

that from a healthcare system perspective, as the preventive cost 

can be covered not only in the healthcare sector, but also by em-

ployment and other sectors in society.36 Therefore, in research 

dealing with disease in a relatively young population, the ICER 

difference between perspectives is greater. 

The base-case analysis was simulated with 0.6% anti-HCV 

prevalence, and we showed that the estimated ICER could be 

maintained under the threshold even if the prevalence was low-

ered by 0.18%. Furthermore, universal screening prevented 19 

HCV-related deaths, 15 HCCs, and nine DCs per 100,000 screened 

people. Although the expenses increased for HCV screening tests 

and DAA treatment in early diagnosed patients, the reduced 

health events that profoundly impacted medical expenses could 

be offset. Additionally, the robustness of cost-effectiveness for 

universal screening was demonstrated through the various sensi-

tivity analyses to test the changes in the assumptions and input 

values of the model.

Our model was designed in a very sophisticated manner to re-

flect the actual conditions of the NHE program in Korea. NHI 

members over the age of 40 receive a biennial health examination 

from the NHIS; therefore, the model simulated that half of the 

population underwent examination in the current year and the 

other half in the following year. We also considered that half of 

the patients who accepted treatment would take medicine in the 

current year and the others in the following year, since not all pa-

tients receive treatment at once. Furthermore, the characteristics 

related to the medical utilization of the population, such as ac-

ceptability of screening and treatment, rate of clinic visits, and de-

tection rate without screening, were applied to the model to re-

flect a real-world setting. Additionally, our analysis adopted the 

actual treatment proportion of DAA agents from the Korea HCV 

cohort study and the recent medical costs from representative 

data sources, such as the NHI claims data and NHI service fee ta-

ble. Therefore, our results showed strong evidence for cost-effec-

tiveness when HCV screening would be provided as part of the 

NHE program.

Our overall findings agree with previous studies that suggested 

the cost-effectiveness of universal HCV screening compared to no 

screening or risk-based screening in several countries.29,37-39 In the 

economic evaluation studies of HCV screening for the Korean 

population, the universal screening was highly cost-effective as 

the estimated ICER was approximately $3,500–$9,000/QALY.8-10 

Cost-effectiveness varies depending on the healthcare system, 

medical service fees, treatment cost, and prevalence rate in each 

country.40 Estimation of relatively lower ICERs from studies in Ko-

rea could be related to the cheaper medical service fees and DAA 

treatment cost. In particular, the DAA cost per course in Korea 

was $7,300–$18,500 according to the genotype just a few years 

ago, but the current cost is about $9,250 owing to a voluntary 

price cut by pharmaceutical companies since the advent of the 

pan genotypic DAA.41 As a result, studies conducted after the 

price cut of DAA suggested a much lower ICER.8 In addition to 

the price reduction of DAA, increased acceptance of DAA treat-

ment and increased medical costs of severe health states, such as 

HCC and DC, led to a lower ICER compared to that seen in our 

previous work, although the same model was used.9

Compared to our previous study, the estimated number of 

health events, such as HCV-related deaths, HCC, DC, and LT, de-

creased, and the number of preventable health outcomes (differ-

ence) between strategies was also reduced. This was attributed to 

changes in some input parameters. First, patients with advanced 

liver fibrosis decreased (F0–F2: 69.0% vs. 74.4%; F3–F4: 31.0% 

vs. 25.6%). Second, the acceptability of the treatment increased 

from 63.7% to 72.8%. Third, the detection rate without a screen-

ing changed from 0.8% to 3.8–5.3%, according to the age group. 

The two former variables influenced the reduction in the absolute 

number of events and the latter played a role in reducing the dif-

ference. Fourth, additional costs due to false-positive results of 

HCV screening tool (e.g., re-examination and transportation fee) 
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were not applied to our model, as the anti-HCV test already 

showed very high sensitivity and specificity. Lastly, we simulated 

using a static (Markov) model instead of a dynamic model, which 

is known to be more suitable for infectious disease modelling. Dy-

namic models are important when an intervention affects a path-

ogen’s ecology or disease transmission. However, the scope of our 

research did not correspond to these situations. In addition, since 

a static model potentially underestimates the health effects of 

treatment, it provides a conservative estimate of cost-effectiveness.42

By conducting additional analysis and partially modifying the 

analytic model, the current study overcame some limitations of 

our previous work. However, this study still had some limitations. 

First, several parameters related to the natural history of HCV in-

fection were based on the literature and not fully defined. Second, 

the utility weights of patients with HCV infection were obtained 

from foreign data since there were no appropriate utility values 

for these health states for the Korean population. To assess the 

uncertainty of the input values and assumptions, we conducted 

extensive sensitivity analyses, which showed that the estimated 

ICERs were maintained robustly under the WTP threshold. Third, 

from a societal perspective, we only included the cost of produc-

tivity loss due to premature HCV-related deaths. The cost of un-

paid lost productivity owing to illness or cost of uncompensated 

household production were not counted due to the absence of 

relevant information.

In conclusion, the one-time universal HCV screening with anti-

HCV test and DAA treatment was highly cost-effective compared 

to no screening in the Korean population aged 40–65 years. The 

cost-effectiveness was even higher from a societal perspective, 

which included the cost of productivity loss due to HCV-related 

deaths. As more pan genotypic DAAs are launched in the future, 

genotype testing could be omitted and the prices of antiviral 

treatment could fall owing to market competition, which would 

affect the ICER decline. Therefore, providing universal HCV 

screening as part of the NHE program can help achieve the goal 

of HCV elimination in South Korea.
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INTRODUCTION

Gestational diabetes mellitus (GDM) complicates 5–10% of all 

pregnancies, and is associated with increased maternal morbidity 

and fetal/neonatal complications. In accordance with the rising 

incidence of obesity and metabolic complications worldwide, the 

incidence of GDM is also increasing.1 Therefore, early and accu-

rate prediction of GDM is critical to ensure preventive strategies 

are effective.

The American College of Obstetricians and Gynecologists 

(ACOG) has long recommended identifying women at high risk of 

developing GDM by screening them in early pregnancy using a se-

ries of clinical and demographic risk factors.2 According to these 

criteria, women with one or more risk factors (including a person-

al history of GDM or impaired glucose tolerance, a family history 

of diabetes, obesity, or glucosuria) should be identified and tested 

for GDM in early pregnancy. In 2017, based on the recommenda-

tions of the American Diabetes Association (ADA), the ACOG re-

vised its guidelines to incorporate these new criteria.3,4 However, 

these guidelines have not been universally adopted and they have 

low accuracy,5 which has severely limited our ability to prevent 

pregnancy-related complications.

Nonalcoholic fatty liver disease (NAFLD) refers to hepatic fat ac-

cumulation in the absence of excessive alcoholic consumption. It 

is a common cause of chronic liver dysfunction,6-11 and recent data 

suggest that NAFLD is the early hepatic manifestation of metabol-

ic syndrome.12-14 NAFLD has also been identified as a risk factor 

for pregnancy complications such as GDM, preeclampsia, and fe-

tal growth abnormalities.15-18 However, there is a paucity of infor-

mation regarding whether testing for NAFLD in early pregnancy 

can inform the prediction model for GDM.

Machine learning algorithms derived from computational learn-

ing methodologies are being increasingly used in medical infor-

matics. A few recent studies have included machine learning 

methods in the development of prediction models for GDM.19-21 

However, these studies had the some limitations, including the 

Background/Aims: To develop an early prediction model for gestational diabetes mellitus (GDM) using machine 
learning and to evaluate whether the inclusion of nonalcoholic fatty liver disease (NAFLD)-associated variables increases 
the performance of model.
Methods: This prospective cohort study evaluated pregnant women for NAFLD using ultrasound at 10–14 weeks and 
screened them for GDM at 24–28 weeks of gestation. The clinical variables before 14 weeks were used to develop 
prediction models for GDM (setting 1, conventional risk factors; setting 2, addition of new risk factors in recent guidelines; 
setting 3, addition of routine clinical variables; setting 4, addition of NALFD-associated variables, including the presence 
of NAFLD and laboratory results; and setting 5, top 11 variables identified from a stepwise variable selection method). 
The predictive models were constructed using machine learning methods, including logistic regression, random forest, 
support vector machine, and deep neural networks.
Results: Among 1,443 women, 86 (6.0%) were diagnosed with GDM. The highest performing prediction model among 
settings 1–4 was setting 4, which included both clinical and NAFLD-associated variables (area under the receiver 
operating characteristic curve [AUC] 0.563–0.697 in settings 1–3 vs. 0.740–0.781 in setting 4). Setting 5, with top 11 
variables (which included NAFLD and hepatic steatosis index), showed similar predictive power to setting 4 (AUC 0.719–
0.819 in setting 5, P=not significant between settings 4 and 5).
Conclusions: We developed an early prediction model for GDM using machine learning. The inclusion of NAFLD-
associated variables significantly improved the performance of GDM prediction. (ClinicalTrials.gov Identifier: 
NCT02276144) (Clin Mol Hepatol 2022;28:105-116)
Keywords: Nonalcoholic fatty liver disease; Diabetes, Gestational; Machine learning; Prediction; Pregnancy, High-risk

Study Highlights
- Using machine learning, a high-performance prediction model was developed.
- Among the variables, the addition of NAFLD and NAFLD-associated variables into the prediction model improved its performance.
-  Incorporation of NAFLD and NAFLD-associated variables into the prediction model can improve prediction of GDM. However, further evaluation 
through large prospective studies is needed before these factors can be incorporated in routine practice.
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following: 1) they used clinical/demographic variables collected in 

the second trimester, although prediction of GDM in the first tri-

mester is more important in clinical practice; and 2) they mostly 

developed prediction models using already established clinical 

variables and did not include NAFLD-associated variables. In ad-

dition, the development of a prediction model with a relatively 

small number of variables is also an important task, since the use 

of many variables in the prediction model of machine learning 

may keep the clinician away from a wide acceptance of the devel-

oped prediction model.

In the current study, we developed prediction models for GDM 

with three main goals: 1) to predict the risk of GDM in the first tri-

mester; 2) to use machine learning methodology to select essen-

tial variables to be included in the model and to develop the best 

predictive model; and 3) to evaluate whether the inclusion of 

NAFLD-associated variables improved the performance of the pre-

dictive model.

MATERIALS AND METHODS

Study population

This was a secondary analysis of a prospective cohort study of 

“Fatty Liver in Pregnancy” (NCT02276144).5,16,17,22 In this cohort, 

women with singleton pregnancies who visited either Incheon 

Seoul Women’s Hospital or Seoul Metropolitan Government Seoul 

National University Boramae Medical Center in Seoul, Korea for 

routine antenatal care in the first trimester were invited to enroll 

in the study. The enrolled subjects were routinely evaluated for 

fatty liver by ultrasound, taken for fasting blood at 10–14 weeks, 

and then followed at delivery. The cohort included all of the en-

rolled women, including women with fatty liver and those with-

out. The current analysis included enrolled women who delivered 

between June 2015 and April 2020. The study was approved by 

the Institutional Review Board of Seoul Metropolitan Government 

Seoul National University Boramae Medical Center and the Public 

Institutional Review Board designated by the Ministry of Health 

and Welfare of Korea (No. 1308-116-518). Each participant pro-

vided informed written consent, and the study was conducted in 

accordance with the ethical guidelines of the Declaration of Hel-

sinki. All authors had access to the study data, and they reviewed 

and approved the final version of the manuscript before submis-

sion.

Data collection

At the time of enrollment, patients with chronic liver diseases, 

such as hepatitis, primary biliary or sclerosing cholangitis, hemo-

chromatosis, and Wilson disease, were not invited to enroll in the 

study cohort. After enrollment, basic clinical and demographic 

factors, including medical and family history, were retrieved using 

a questionnaire. Alcohol consumption was self-reported using the 

validated cut-annoyed-guilty-eye questionnaire23 to exclude alco-

holic fatty liver. Patients with pre-GDM, incomplete records for 

classical risk factors for GDM, previable birth before 24 weeks, or 

incomplete follow-up were also excluded from the current study. 

The laboratory results that were routinely measured in early preg-

nancy during antenatal care, such as complete blood count, serol-

ogy for syphilis or hepatitis, and the presence or absence of gly-

cosuria, were also retrieved by reviewing the medical records of 

the patients.

During the routine antenatal visit at 10–14 weeks of gestation, 

fasting blood samples were collected and stored for subsequent 

analysis. At the same visit, liver ultrasound was performed to de-

tect NAFLD. Hepatic steatosis was assessed using a semi-quanti-

tative grading system (grades 0–3), and NAFLD was defined as 

hepatic steatosis grades 1–3.24,25 The hepatic steatosis index (HSI) 

was calculated using the following equation: HSI = 8 × alanine 

aminotransferase (ALT) / aspartate aminotransferase + body mass 

index (BMI) + 2 (if type 2 diabetes) + 2 (if female).26 The remain-

ing information regarding antenatal care and pregnancy outcomes 

were extracted from the patient’s medical charts by trained re-

searchers.

Diagnosis of GDM

It is a routine practice in the participating hospitals to diagnose 

GDM using a two-stage approach. First, all patients were 

screened at 24–28 weeks of gestation using a 50-g oral glucose 

tolerance test (OGTT).27 In screen-positive cases (defined as ≥140 

mg/dL), patients underwent a 100-g 3-hour OGTT (Supplementa-

ry Fig. 1). A diagnosis of GDM was made in patients with two or 

more blood glucose levels higher than the established cut-off val-

ues (≥95 mg/dL fasting, ≥180 mg/dL at 1 hour, ≥155 mg/dL at 2 

hours, and/or ≥140 mg/dL at 3 hours).28
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Definition of high-risk women using the old and new 
ACOG criteria

GDM risk factors used in the original ACOG guidelines were de-

rived from the 4th International Workshop Conference on GDM in 

1998, which defined high-risk women as those with at least one 

of the following risk factors: strong family history of diabetes, 

obesity, previous GDM history, impaired glucose tolerance, or glu-

cosuria (Supplementary Fig. 2).2 GDM risk factors in the most re-

cent 2018 ACOG guidelines4 were derived from the recommenda-

tions of the ADA, which defined high-risk women as those who 

are overweight or obese with one of the following risk factors: 

physical inactivity, family history of type 2 diabetes, high-risk race 

or ethnicity, previous delivery of a macrosomic infant, previous 

GDM history, preexisting hypertension, low high-density lipopro-

tein (HDL) or high triglyceride, personal history of polycystic ovari-

an syndrome or cardiovascular disease, and/or other conditions 

such as severe obesity.3,4 According to the World Health Organiza-

tion, the categories of overweight, obesity, and severe obesity for 

Asian population are defined as BMI of 23–25 kg/m2, 25–30 kg/m2, 

and >30 kg/m2, respectively.29,30

Statistical analysis

Clinical/demographic variables collected before 14 weeks were 

used to develop prediction models for GDM in four settings (set-

tings 1, 2, 3, and 4). To limit the number of variables and identify 

those that are most important, a stepwise variable selection 

methodology was used to define one additional model [Setting 5]. 

The variables used in each setting are summarized in Supplemen-

tary Table 1. In brief: setting 1, conventional risk factors from the 

4th International ADA Workshop; setting 2, setting 1 + revised 

risk factors from the ADA; setting 3, setting 2 + additional clinical 

variables; setting 4, setting 3 + additional variables associated 

with NAFLD; setting 5, using only 11 selected important variables.

To avoid overfitting, the study population was randomly divided 

into a model development and a test dataset with a 2:1 ratio (Fig. 1) 

in a stratified manner, taking into account the ratio of the GDM 

group and the non-GDM group. Prediction models were devel-

oped using the model development dataset. To identify important 

predictors for GDM, the area under the receiver operating charac-

teristic curve (AUC)-based stepwise selection was performed via 

5-fold cross validation on the model development set.31 Variables 

with the highest mean validation AUCs were selected at each step 

of the stepwise selection process. To construct predictive models, 

we considered four machine learning models: logistic regression 

(LR), random forest (RF),32 support vector machine (SVM),33 and 

deep neural network (DNN). For each model based on RF, SVM, 

and DNN, we tuned the hyperparameters to select the optimal 

combination with the highest mean AUC using 5-fold cross vali-

Figure 1. Workflow of the study. 

Data for analysis
(No. of samples=1,443)

Test set Model development set

5-fold cross-validation

Separate data (1:2)

Model evaluation

<Prediction model>
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(3) Support vector machine
(4) Deep neural network
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dation. Then, the final prediction model was evaluated using the 

test dataset.

To evaluate the predictive power for each setting more system-

atically and to avoid data split-dependent results, we repeated 

the data split process into a model development set and a test set 

a total of 10 times, and then compared the mean AUC of each 

model. All analyses were performed using R (version 3.6.1).

RESULTS

Subject population

A total of 1,709 women were enrolled in the original cohort. 

After excluding women with pre-GDM (n=27), incomplete records 

for classical risk factors for GDM (n=147), previable birth before 

24 weeks (n=11), or incomplete follow-up (n=81), 1,443 women 

were included in the current analysis (Supplementary Fig. 3). 

Among them, 86 women (6.0%) were subsequently diagnosed 

with GDM. Table 1 presents the baseline clinical/demographic 

Table 1. Baseline features and pregnancy outcomes of the study population

Characteristic No GDM (n=1,357) GDM (n=86) P-value

Baseline characteristic

Age (years) 32.3±4.0 32.4±4.6 0.758

Nulliparity 716 (52.8) 51 (59.3) 0.286

BMI before pregnancy (kg/m2) 22.1±3.6 25.1±4.9 <0.001

WC before pregnancy (cm) (n=1,418) 70.9±5.7 74.5±7.3 <0.001

Laboratory result in early pregnancy

Gestational age at measurement 7.8±1.4 7.8±1.5 0.952

Hemoglobin (g/dL) 12.7±1.0 13.0±1.0 0.006

Platelet counts (×103/uL) 250.7±53.6 273.6±57.1 <0.001

AST (U/L) 16.0±5.2 18.8±15.5 0.098

ALT (U/L) 14.3±10.1 20.9±20.7 0.005

Laboratory and ultrasound result at 10–14 weeks

Gestational age at measurement 12.4±0.5 12.3±0.6 0.209

AST (U/L) 16.6±10.7 17.6±9.1 0.819

ALT (U/L) 12.8±14.4 16.5±14.1 0.001

Cholesterol (mg/dL) 172.1±30.3 179.2±29.5 0.028

HDL cholesterol (mg/dL) 68.6±14.2 63.6±15.3 0.012

LDL cholesterol (mg/dL) 81.4±22.3 84.3±25.4 0.150

Triglycerides (mg/dL) 111.0±43.1 151.7±77.6 <0.001

γ-GT (U/L) 13.7±8.4 16.1±10.1 0.001

Fasting glucose (mg/dL) 79.6±8.9 88.7±13.0 <0.001

HSI 30.3±5.0 34.5±5.6 <0.001

NAFLD by liver ultrasound 158 (11.8) 32 (37.6) <0.001

Pregnancy outcome 1,327 85

Gestational age at delivery (weeks) 38.9±1.4 38.5±1.7 0.033

Birthweight (kg) 3.2±0.4 3.2±0.5 0.998

Large-for-gestational age neonates 137 (10.3) 15 (17.6) 0.053

Values are presented as mean±standard deviation or number (%).
GDM, gestational diabetes mellitus; BMI, body mass index; WC, waist circumference; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; γ-GT, gamma-glutamyl transferase; HSI, hepatic steatosis index; NAFLD, nonalcoholic fatty liver disease. 
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characteristics and pregnancy outcomes according to GDM status. 

Women who subsequently developed GDM were more likely to 

have a higher pre-pregnancy BMI and waist circumference com-

pared to those who did not. With regard to pregnancy outcomes, 

women with GDM delivered at an earlier gestational age 

(P=0.033) and, despite an earlier gestational age, their neonates 

were more likely to be large-for-gestational age, although the dif-

ference was not statistically significant (P=0.053).

Risk stratification according to conventional 
guidelines

Table 2 summarizes the categorization of women at high risk for 

developing GDM according to the 19982 and 2018 criteria.4 

Among those who developed GDM (n=86), the old criteria identi-

fied 59.3% (51/86) of women to be at high risk, and the frequen-

cy of all variables included was indeed higher in women who de-

veloped GDM. The new criteria identified only 41.9% (36/86) of 

women as high-risk, and the current analysis showed that some 

of the risk factors included in this ACOG-recommended model 

(physical inactivity, previous delivery of a macrosomic infant, low 

HDL, and a personal history of polycystic ovarian syndrome or 

cardiovascular disease) did not differ between the two groups in 

the cohort.

Selection of important variables

Among the variables retrieved, we selected important variables 

Table 2. Comparison of risk factors in the study population

Characteristic No GDM (n=1,357) GDM (n=86) P-value

Risk factors in old criteria, 19982

Classified as high-risk women by old criteria 387 (28.5) 51 (59.3) <0.001

Severe obesity, BMI ≥30 kg/m2 51 (3.8) 13 (15.1) <0.001

Family history of type 2 diabetes 290 (21.4) 31 (36.0) 0.002

Previous GDM 24 (1.8) 7 (8.1) <0.001

Impaired fasting glucose 20 (1.5) 18 (20.9) <0.001

Glucosuria 35 (2.6) 8 (9.3) 0.001

Risk factors in new ACOG criteria, 20184

Classified as high-risk women by new criteria 194 (14.3) 36 (41.9) <0.001

Overweight or obese, BMI ≥23 kg/m2 418 (30.8) 47 (54.7) <0.001

Physical inactivity 161 (11.9) 10 (11.6) 1.000

Family history of type 2 diabetes 290 (21.4) 31 (36.0) 0.002

High-risk race or ethnicity 0 (0.0) 0 (0.0) -

Previous macrosomia 15 (1.1) 1 (1.2) 1.000

Previous GDM 24 (1.8) 7 (8.1) <0.001

Preexisting hypertension 11 (0.8) 3 (3.5) 0.059

Low HDL, <35 mg/dL 13/1,350 (1.0) 1/84 (1.2) 1.000

High TG, >250 mg/dL 14/1,350 (1.0) 6/84 (7.1) <0.001

PCOS 23 (1.7) 2 (2.3) 0.993

Impaired fasting glucose 20 (1.5) 18 (20.9) <0.001

History of cardiovascular disease 8 (0.6) 1 (1.2) 1.000

Severe obesity, BMI ≥30 kg/m2 51 (3.8) 13 (15.1) <0.001

Values are presented as number (%).
The risk factors in the old criteria were from the 4th International Workshop Conference on GDM in 1998;2 the risk factors in the new criteria were based on 
the recommendation of the American Diabetes Association, which defined high-risk women as overweight or obese women with one of the risk factors.3

GDM, gestational diabetes mellitus; BMI, body mass index; ACOG, American College of Obstetricians and Gynecologists; HDL, high-density lipoprotein; TG, 
triglycerides; PCOS, polycystic ovarian syndrome.
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for the early prediction of GDM using AUC-based stepwise selec-

tion with 5-fold cross validation. The top 11 variables were fasting 

glucose, HSI, triglyceride level, HDL level, ALT in early pregnancy, 

preexisting hypertension, cardiovascular disease, polycystic ovarian 

syndrome, NAFLD, previous GDM history, and physical inactivity.

Evaluation of the predictive modeling

Supplementary Table 2 compares the baseline clinical character-

istics of the model development and test dataset. There were no 

differences in the characteristics between the model development 

and test dataset.

The prediction model for GDM was developed using LR, RF, 

SVM, and DNN for settings 1–5. The AUC was used as an evalua-

tive measure. The results are presented in Table 3. Among set-

tings 1–4, the test AUC was the highest in setting 4 (highest AUC 

in setting 1–3, 0.617 by LR, 0.643 by RF, 0.697 by SVM, and 

0.609 by DNN; AUC in setting 4, 0.740 by LR, 0.781 by RF, 0.756 

by SVM, and 0.745 by DNN; Table 3), indicating that the addition 

of NAFLD-associated variables significantly improved performance 

of the prediction model. Then, we compared the test AUC of the 

models between setting 5 and settings 1–4. The test AUC of the 

developed prediction model using the top 11 variables [Setting 5] 

was similar to that of the model using setting 4, with the highest 

test AUC from the model developed by SVM (0.719 by LR, 0.763 

by RF, 0.819 by SVM, and 0.777 by DNN; Table 3). Using SVM, 

Table 3. Results of predictive modeling

Setting Variables used
Prediction 

model
Model development set Test set

P-value
AUC Sen Spe P-value AUC Sen Spe P-value

Setting 1 (1) Conventional 
ACOG risk factors

LR 0.728 0.649 0.723 <0.001 0.609∥ 0.483 0.698 0.041 0.194*

RF 0.667 0.368 0.961 <0.001 0.565 0.172 0.962 0.082 0.003†

SVM 0.713 0.649 0.723 <0.001 0.600 0.483 0.698 0.053 0.003‡

DNN 0.683 0.525 0.817 <0.001 0.585 0.359 0.796 0.042 0.023§

Setting 2 (1) + (2) New ACOG 
risk factors form 
2017

LR 0.777 0.719 0.734 <0.001 0.563 0.481 0.728 0.364 0.105*

RF 0.702 0.456 0.945 <0.001 0.578 0.222 0.951 0.069 0.009†

SVM 0.729 0.737 0.667 <0.001 0.697∥ 0.704 0.666 <0.001 0.084‡

DNN 0.686 0.631 0.672 <0.001 0.609 0.548 0.616 0.135 0.054§

Setting 3 (1) + (2) + (3) 
Routine clinical 
variables

LR 0.842 0.809 0.761 <0.001 0.617 0.520 0.758 0.104 0.297*

RF 0.983 0.915 0.955 <0.001 0.643∥ 0.440 0.859 0.033 0.167†

SVM 0.810 0.638 0.870 <0.001 0.605 0.520 0.725 0.095 0.008‡

DNN 0.615 0.545 0.599 0.035 0.597 0.480 0.628 0.250 0.014§

Setting 4 (1) + (2) + (3) + 
(4) Variables 
associated with 
NAFLD

LR 0.881 0.800 0.868 <0.001 0.740 0.500 0.929 <0.001 0.652*

RF 1.000 1.000 1.000 <0.001 0.781∥ 0.750 0.670 <0.001 0.647†

SVM 1.000 1.000 1.000 <0.001 0.756 0.708 0.747 <0.001 0.246‡

DNN 0.800 0.572 0.807 <0.001 0.745 0.517 0.836 <0.001 0.457§

Setting 5 Top 11 important  
variables selected

LR 0.840 0.778 0.779 <0.001 0.719 0.542 0.872 0.001 1

RF 1.000 1.000 0.996 <0.001 0.763 0.708 0.755 <0.001 1

SVM 0.800 0.733 0.775 <0.001 0.819∥ 0.708 0.866 <0.001 1

DNN 0.806 0.759 0.678 <0.001 0.777 0.750 0.654 <0.001 1

Sen (i.e., sensitivity) and Spe (i.e., specificity) are represented as the values at the threshold with the maximum balanced accuracy.
AUC, area under the receiver operating characteristic curve; Sen, sensitivity; Spe, specificity; ACOG, American College of Obstetricians and Gynecologists; LR, 
logistic regression; RF, random forest; SVM, support vector machine; DNN, deep neural network; NAFLD, nonalcoholic fatty liver disease.
*P-value when compared with the LR model in setting 5 in the test dataset.
†P-value when compared with the RF model in setting 5 in the test dataset.
‡P-value when compared with the SVM model in setting 5 in the test dataset.
§P-value when compared with the DNN model in setting 5 in the test dataset.
∥The maximum test AUC for each setting.
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the sensitivity and specificity in the test set were 70.8% and 

86.6%, respectively, in setting 5 (Supplementary Fig. 4).

Figure 2 shows the receiver operating characteristic curves of 

the best prediction model in each setting. Prediction models from 

settings 4 and 5 had higher AUCs compared to those from set-

tings 1–3. The old criteria of ACOG had a sensitivity of 59.3% 

and specificity of 71.5%, and the new criteria of ACOG had a sen-

sitivity of 41.9% and specificity of 85.9% for the prediction of 

GDM, as previously shown in Table 2.

We further identified which variable contributed the most to the 

prediction result, focusing on the SVM model that had the highest 

test AUC for setting 5. To this end, the 11 predictors used in set-

ting 5 were systematically excluded, and the effect on the predic-

tion result was thus evaluated. The more important the variable, 

the more the AUC value was expected to decrease once the vari-

able was excluded. Fasting glucose had the highest effect, fol-

lowed by HSI (Fig. 3).

To evaluate the predictive power for each setting more system-

atically by avoiding data split-dependent results, we repeated the 

data split process into a model development set and a test set 10 

times and compared the mean AUC of each model (Supplementa-

ry Fig. 5). These data confirmed that the predictive model with 

the top 11 variables had the highest predictive performance, re-

gardless of the data split. We compared the predictive power of 

the models in setting 5 with that in settings 1–4 using the Wil-

coxon rank-sum test (Supplementary Table 3). This analysis con-

firmed that the predictive performance of setting 5 was signifi-

cantly higher than that of settings 1–3 and similar to that of 

setting 4.

DISCUSSION

This study demonstrated that the addition of NAFLD-associated 

variables significantly improved the prediction model performance 

for GDM in early pregnancy. In addition, the model with selected 

important variables [Setting 5] showed similar predictive power as 

the model derived from all clinical variables, including NAFLD-as-

sociated variables [Setting 4].

Overall, we suggest a final model with 11 important variables 

[Setting 5]. The model showed the highest predictive power for 

the AUC among the five settings. The predictive performance of 

the final model was much higher than that of settings 1–3 with a 

small number of variables. Setting 5 also showed similar predic-

tive performance as setting 4, which used all available clinical 

Figure 2. Receiver operating characteristic curves of the best predic-
tion model for gestational diabetes in settings 1–5. Setting 1, conven-
tional risk factors using older ACOG criteria. Setting 2, addition of new 
ACOG risk factors to setting 1. Setting 3, addition of routine clinical vari-
ables to setting 2. Setting 4, addition of variables associated with NAFLD 
to setting 3. Setting 5, top 11 variables. High risk 1, old criteria (from the 
4th international workshop) had a sensitivity of 59.3% and specificity of 
71.5% for GDM. High risk 2, new criteria (from the ADA) had a sensitivity 
of 41.9% and specificity of 85.9% for GDM. ACOG, American College of 
Obstetricians and Gynecologists; NAFLD, nonalcoholic fatty liver disease; 
GDM, gestational diabetes mellitus; ADA, American Diabetes Associa-
tion.
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variables and NAFLD-associated variables. We confirmed that 

these trends were not data-split-dependent results through statis-

tical analysis. Based on the ultimate goal of developing a parsi-

monious model with high predictive power, we suggest a predic-

tion model in setting 5 as the final model.

NAFLD is strongly associated with the development of type 2 

diabetes, hypertension, metabolic syndrome, and other cardiovas-

cular complications.12-14,34 Several recent studies have reported 

that NAFLD is also a risk factor for GDM, which is consistent with 

the observation that pregnancy can unmask subclinical metabolic 

disorders in patients at risk of metabolic diseases later in life.15,16,35,36 

The molecular mechanisms underlying the relationship between 

NAFLD and metabolic complications in later life appear to be re-

lated to hepatic insulin resistance and lipotoxicity in the setting of 

excessive free fatty acids, hepatokines, or cytokines, and periph-

eral adiposity, which leads to oxidative stress, activation of proin-

flammatory cytokines, and fibrosis.16,37-39

In previous studies, NAFLD identified in early pregnancy was 

shown to increase the risk of GDM, with the odds ratios ranging 

from 2.2 to 6.5.40 Moreover, several biomarkers related to NAFLD, 

such as ALT, triglycerides (TG), and gamma-glutamyl transferase, 

have been independently reported as risk factors for GDM.19,41,42 

However, whether we should evaluate NAFLD-associated factors 

in early pregnancy for GDM prediction has not been evaluated to 

date. In this study, we showed that the addition of NAFLD-associ-

ated variables [Setting 4] significantly improved the prediction 

model performance for GDM by both traditional machine learning 

algorithms and DNN. In addition, NAFLD, HSI, TG, and ALT in the 

first trimester were identified among the top 11 important select-

ed variables for GDM prediction [Setting 5].

Several recent studies have used machine learning algorithms to 

develop prediction models for GDM, although most of the includ-

ed clinical variables were retrieved in the second trimester. Ye et 

al.19 failed to show better performance of machine learning algo-

rithms for GDM prediction compared to traditional LR analysis, al-

though other studies have reported improved performance. For 

example, Xiong et al.20 reported higher accuracy with gradient 

boosting and SVM with clinical variables up to 19 weeks; howev-

er, they used a case-control study design, which did not accurately 

represent the real-world context in which we see GDM. Artzi et 

al.21 used real-world data from retrospective electronic health re-

cords retrieved up to 20 weeks of gestation and developed a pre-

diction model for GDM with a gradient boosting model, with vari-

able success. Theoretically, machine learning should improve the 

performance of predictive models due to its ability to learn from 

non-linear and complex relationships among risk factors in real-

world datasets.43 In addition, machine learning can also identify 

important variables that may not have been identified in other 

analyses. In the current study, we showed that the machine learn-

ing algorithm performed better than the conventional LR analysis, 

and identified important variables in the prediction model.

Interventions such as lifestyle modification, weight gain optimi-

zation, and regular exercise starting early in pregnancy may pre-

vent some cases of GDM.44-46 As such, there is an increasing de-

mand for early prediction of GDM. Both the ACOG and ADA have 

developed guidelines to identify high-risk women in early preg-

nancy.2-4 However, predictive modeling using both original and re-

vised criteria has poor accuracy in identifying women at risk, and 

there is a high demand for a more accurate model in early preg-

nancy.5 In the current study, we developed a prediction model us-

ing clinical/demographic variables collected prior to 14 weeks, en-

abling accurate prediction of GDM in the first trimester. After 

acute prediction of GDM in early pregnancy, we can modify our 

screening strategies for GDM or intervention in high-risk women 

with lifestyle modification or regular exercise.

To establish a prediction model that could be implemented 

more easily in routine clinical practice, we tried to limit the num-

ber of variables in this study.47 The model with the 11 most impor-

tant variables [Setting 5] showed similar or better performances 

than settings 1–4 (Supplementary Fig. 1), making this probably 

the most useful of the five models. However, whether the sug-

gested model can be used in clinical practice requires further larg-

er randomized studies.

The strengths of this study are that it used data that were col-

lected prospectively, and included data on both NAFLD and HSI. 

In the current study, NAFLD was defined by liver ultrasound and 

not by histologic examination, although sonographic evaluation of 

the fatty liver is subjective and may not be able to detect small 

amounts of fat accumulation.48 However, histological confirmation 

of the liver was not possible in asymptomatic pregnant women. 

Instead, we evaluated HSI, a metric derived from laboratory re-

sults, which is a more objective marker of hepatic dysfunction 

than ultrasound alone.49 One of the limitations of the current 

study is that all study subjects were of Korean ethnicity. Whether 

these findings can be generalized to other racial/ethnic groups is 

not clear. In addition, we enrolled pregnant women only when 

they denied a history of chronic liver disease and agreed to enroll 

in a prospective cohort study. Given that there could be differenc-

es between women who agreed to participate in the study and 

those who refused, there is a possibility of selection bias at enroll-
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ment. Moreover, we did not include a cost-effective analysis. For 

this prediction model, participants should undergo further exami-

nations, such as liver ultrasound and laboratory tests, at 10–14 

weeks in addition to routine laboratory tests in early pregnancy. 

Whether the suggested model with additional evaluation can be 

used in practice also requires a cost-effective analysis. In addition, 

we did not use an external validation dataset to evaluate the pre-

diction model. However, the evaluation of liver ultrasound and 

sampling of fasting blood in early pregnancy has not been a rou-

tine practice in obstetrics, and we failed to find another pregnan-

cy population dataset for external validation that had similar data 

regarding NAFLD as ours. Instead, 1) we split the study popula-

tion into a development and test dataset before performing any 

analysis, and showed the performance of the final prediction 

model in a test dataset; and 2) we repeated this data split process 

10 times to avoid split-dependent results, and showed that the 

predictive model with the top 11 variables had the highest predic-

tive performance regardless of the data split. Nevertheless, the 

study population was based on a single cohort. Further studies 

with external datasets are needed to confirm the usefulness of 

the proposed prediction model. Lastly, we could not evaluate the 

influence of mild or significant fibrosis in the liver, although fibro-

sis itself might be more problematic in terms of metabolic out-

comes. Moreover, fibrosis has been reported to be associated 

with adverse outcomes in non-pregnant patients with NAFLD.50

In conclusion, we developed early prediction models for GDM 

using machine learning, which performed better than the models 

using only clinical/demographic variables recognized by the ACOG 

and ADA. The inclusion of NAFLD-associated variables signifi-

cantly improved the performance of early GDM prediction. How-

ever, further evaluation in large prospective studies is needed be-

fore these models can be incorporated into routine practice.
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In South Korea, liver transplantation (LT) began in 1988 when 

the first deceased donor liver transplantation (DDLT) of a child 

with Wilson’s disease was successful. Then, in 1994, living donor 

liver transplantation (LDLT) was first attempted in the country. In 

1999, the Korean Network for Organ Sharing (KONOS) was estab-

lished as the national institution to carry out transplant-related 

tasks, such as organ allocation. Since 2002, the model for end-

stage liver disease (MELD) score has been used as a criterion for 

long-term distribution in many regions around the world, includ-

ing the USA and Europe. In South Korea, the allocation system for 

emergency LT has been based on the MELD score since June 

2016.

Since the 2010s, the DDLT rate has continuously increased, ac-

counting for more than 20% of all liver transplants and 34.5% of 

all liver transplants in 2016. However, the amount of DDLT de-

creased again in 2017, with its proportion accounting for 25% of 

the total LT cases. In 2019, the number of brain-death organ do-

nors in South Korea was 8.7 per million people. This was much 

lower than the 49.6 per million people in Spain and the 36.1 per 

million people in the USA, and also far less than the 20 or more 

per million people reported in France, UK, and Australia.1 Due to 

the shortage of brain-death donors in South Korea, DDLT is being 

performed with an average MELD score as high as 36.5 points. 

Since DDLT is performed when the MELD score is too high, there 

is a concern that the number of cases with poor prognosis after 

DDLT may increase. Therefore, LT in South Korea, as in other East 

Asian countries, has been largely dependent on LDLT amid a 

shortage of brain-death donors.

A common indication for LT is an acute or chronic liver disease 

in which liver function is deteriorated severely to a point where it 

does not respond to any other treatments and can only be treated 

with a LT. Liver cirrhosis caused by viral hepatitis (hepatitis B or C) 

or alcohol, autoimmune hepatitis, primary sclerosing cholangitis, 

biliary atresia, Wilson’s disease, and hepatocellular carcinoma 

(HCC) are chronic liver diseases requiring LT. Due to the develop-

ment of surgical technique, postoperative care, and expansion of 

LDLT, the indications for LT are gradually expanding. However, LT 

is still contraindicated in patients with severe heart and lung dis-

eases, extrahepatic malignancy, and uncontrolled sepsis.

Hepatitis B and herbal medicine are the most common causes 

of acute liver failure requiring LT in South Korea.2 Until 2000, the 

incidence of acute hepatitis A has declined; but after that, the 

number of hepatitis A-induced fulminant liver failure patients in-

creased as the hepatitis A antibody-positive rate decreased in 

younger people under 30 years of age.

For chronic liver disease, in the past, more than 70% of adult 

LTs in South Korea were performed for cirrhosis and/or HCC 

caused by the hepatitis B virus. However, in recent years, this pro-

portion has decreased due to the development of antiviral agents. 

The proportion of patients receiving LT for liver cirrhosis or HCC 

due to hepatitis C has been increasing; however, after treatment 

with direct acting antiviral agents (DAA) in 2014, the proportion 

has declined again. On the other hand, as viral hepatitis has de-

creased, the number of LT for alcoholic liver disease has been in-

creasing. Also, similar to other countries, South Korea has been 

seeing a steady rise in the number of LT for nonalcoholic steato-

hepatitis or nonalcoholic fatty liver disease. Moreover, the number 

of patients receiving LT as a treatment for HCC has gradually in-

creased as LDLT is being actively implemented in South Korea.3

Recently, the 1-year survival rate of DDLT has reached 77.9%, 

and the 1-year survival rate of LDLT has reached 89.9%. The 

1-year survival rate of all LT is reported to be good enough to 

reach 86.9% due to improved surgical technique and patient 

management, as well as the appropriate use of various immuno-

suppressants. In addition, postoperative mortality is directly relat-

ed to the severity of LT recipients; therefore, it is important to pre-

pare for transplantation in a timely manner.4 The 3-year and 

5-year survival rates in South Korea have been excellent, reaching 

83.7% and 80.9% for LDLT and 72.3% and 68.9% for DDLT, re-

spectively (total, 80.8% and 77.9%, respectively). The long-term 

survival rate after LT in South Korea is also excellent, and the 10-

year survival rate after transplantation has reached 70%, which is 

comparable to the 10-year survival rate of 63% in other coun-

tries.4,5

The survival rate of LT in patients with HCC may vary depending 

on the size and number of tumors, as well as tumor biology. So 

far, LT has shown the best survival rate among the currently avail-

able treatment methods for HCC. However, LT for HCC patients 

still have problems that need to be addressed, including donor 

shortage and ethical issues. This is because LT in HCC is almost 
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entirely dependent on LDLT. Liver resection for living donor is a 

procedure that requires high degree of surgical skills, with its 

mortality rate reported to be 0.2–0.5% in foreign countries.6 In 

South Korea, one in 7,000 donors died after surgery. In addition, 

minimally invasive surgery, such as laparoscopic or robotic sur-

gery, is being more actively performed for donor hepatectomy in 

South Korea than in any other country. This minimally invasive 

surgery helps donors to recover earlier.
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