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a b s t r a c t 

Background: Chronic hepatitis C infection is common among people with history of substance use. Liver 

fibrosis assessment is a barrier to linkage to care, particularly among those with history of substance 

users. The use of non-invasive scores can be helpful in predicting liver cirrhosis in the era of HCV 

elimination, especially in countries where transient elastography (TE) is not available. We compared the 

commonly used non-invasive scores with a novel non-invasive score in predicting liver cirrhosis in this 

population. 

Methods: HCV patients with history of substance use between 2011 and 2016 were analyzed. All patients 

had TE for liver fibrosis assessment. Clinical performance of established non-invasive scores for fibrosis 

assessment and novel score were compared. Youden’s index was used to determine optimal cut-off of the 

novel score. 

Results: A total of 579 patients were included. In multivariate logistic regression, cirrhosis on TE was as- 

sociated with age ( P = 0.002), aspartate aminotransferase (AST) ( P = 0.004), and platelet count ( P < 0.001), 

but not alanine aminotransferase (ALT) ( P = 0.896). These form the components of modified AST-to- 

platelet ratio index (APRI) score. Modified APRI was superior to APRI in predicting cirrhosis (AUROC, 

0.796 vs. 0.770, P = 0.007), but not fibrosis-4 score (FIB-4) ( P = 1.00). Modified APRI at cut-off of 4 has 

sensitivity, specificity and negative predictive value (NPV) of 94.4%, 26.9% and 92.6%, respectively, and at 

19, has sensitivity, specificity and positive predictive value (PPV) of 33.3%, 96.2% and 77.1%, respectively. 

FIB-4 has a NPV and PPV of 88.6%, 41.8% and 78.5%, 77.6%, at cut-off of 1.45 and 3.25, respectively. Using 

the cut-off of 4 and 14 for modified APRI, 32.5% of patients can be correctly classified and misses out 

only 5.6% of cirrhosis patients. 

Conclusions: Modified APRI score is superior in predicting cirrhosis in HCV population, with 32.5% of the 

population being correctly classified using cut-off of 4 and 14. Further studies are required to validate the 

findings. 

© 2018 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Hepatitis C is a major public health problem globally, with

1 million people estimated to be infected worldwide with a

revalence around 1% in the Western population [1] . Chronic HCV

ad been the commonest indication for liver transplantation in the

estern world in the last decade, and it remains an important

ontributor to the burden of liver disease globally [2,3] . The Global

urden of Disease Study showed that viral hepatitis accounted for

.45 million deaths in 2013, a 63% increase compared with the
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.89 million deaths in 1990. The biggest increase was seen

mongst HCV infections, with a rise in the proportion of at-

ributable deaths from 33.8% in 1990 to 48.4% in 2013 [4] . 

Former and active substance users form a major proportion

f HCV-infected individuals. The seroprevalence of HCV amongst

hose with a history of intravenous drug use, is much higher than

hat of the general population and is estimated at 40 −60% [5] .

espite the availability of highly potent direct-acting antiviral

reatment for HCV elimination programs, linkage to care of HCV

atients to receive curative antiviral therapy is still poor, particu-

arly among people who inject drugs [6,7] . In countries like Aus-

ralia, the universal reimbursement of direct-acting antiviralvastly

mproved patients’ access to treatment and improved the model

f HCV care to allow primary care physicians to treat HCV [8] .
a. Published by Elsevier B.V. All rights reserved. 
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Despite this, there are still barriers to HCV treatment delivery, par-

ticularly in the area of liver fibrosis assessment; where liver biopsy

is invasive and not well tolerated, and the availability of transient

elastography (TE) is limited to public hospitals in metropolitan

cities [9,10] . Liver fibrosis assessment is a foreseeable barrier if

scale-up treatment and population elimination of HCV is desired,

particularly among those with substance use [11] . The unique pop-

ulation of ex-substance users and people who inject drugs with

HCV infection, tend to have poorer access to health care, lower so-

cioeconomic status [12] , and thus have limited access to specialist

assessment and TE [7] . 

In the recent years, there has been the development of several

non-invasive fibrosis scores to predict cirrhosis (F4), which is an

important predictor of liver complications and mortality [13,14] .

The two most commonly used non-invasive scores in HCV pop-

ulation are the fibrosis-4 (FIB-4) and AST-to-platelet ratio index

(APRI). Recently, APRI score has been proposed as a non-invasive

tool for fibrosis prediction, but it has limited supporting evidence

so far [15,16] . At the cut-off of 1.0, meta-analysis has shown APRI

has sensitivity of 76% and specificity of 72% for cirrhosis [15] .

Non-invasive fibrosis scores have the potential to improve the care

cascade of fibrosis assessment by enabling the exclusion of cirrho-

sis with a high degree of confidence such that patients can be

rapidly staged and linked to treatment without referral to spe-

cialist clinics and TE. Currently, there is limited data to support

the utility of non-invasive fibrosis scores in place of TE, particu-

larly in Asia. Therefore, we examine the performance of these non-

invasive scores in the prediction of cirrhosis. Such scores may be

clinically useful to triage HCV positive patients in primary care or

correctional facilities, to facilitate cirrhosis management and allow

earlier treatment of the individual with HCV, in countries where

treatment access may already be limited. 

Methods 

Patient selection and data collection 

Between 2011 and 2016, all HCV viremic patients seen at Changi

General Hospital, Singapore, with a history of sharing drug para-

phernalia and intravenous drug use were reviewed. All patient had

TE performed to stage for liver disease and to help prioritize HCV

treatment and the subsequent decision on cirrhosis management.

None of the patients received HCV treatment prior to the fibro-

sis assessment. A total of 1054 cases were reviewed, 311 patients

were excluded as they had no history of intravenous drug use. A

further 136 patients were excluded as their blood test results were

beyond 3-month window from the time of the TE. Twenty-eight

patients were excluded because they had more than one TE read-

ings during the study period. A total of 579 patients were included

into the study ( Fig. 1 ). This study was reviewed and approved

by the Institutional Review Board (IRB) of SingHealth Services,

Singapore. 

Demographics data, liver stiffness measurement (LSM) results,

biochemical profile such as liver function test, platelet count,

and HCV viral characteristics were reviewed. The LSM cut-offs

used to define liver fibrosis in the population of interest were F3,

LSM ≥ 9.6 kPa, and F4, LSM ≥ 12.6 kPa as previously described [17] .

All TEs were performed two hours after fasting using the standard

protocol [18] , and ten valid measurements with interquartile

range/median ratio ≤ 30% were considered reliable results as previ-

ously described [19] . XL probe was used for patients who failed M

probe [20] . In this study, only 1.6% (9 of 579) required XL probe to

obtain LSM. Cirrhosis was of interest because of the more urgent

need for treatment, and benefits from surveillance and monitoring

of liver-related complications. The three non-invasive clinical

scores, namely FIB-4, APRI and modified APRI were calculated
ased on the clinical data collected. 

IB- 4 : 
Age × AST 

P l atel et count ×
√ 

ALT 

PRI : 
AST 
40 

P l atel et count 
× 100 

odified APRI : 
Age ×

(
AST 
40 

)

Albumin × pl atel et 
× 100 

upper limit of AST being 40 IU/L, albumin in g/dL, platelet

xpressed as platelet × 10 9 /L) 

tatistical analysis 

Categorical data were presented as frequency (percentage). Nu-

eric data were presented as mean ± standard deviation (SD) for

arametric distribution and median (interquartile range, IQR) for

on-parametric distribution. Chi-square test or Fisher’s exact test

ere used for categorical variables, and 2-sample t test or Mann-

hitney U test for continuous variables, where appropriate. 

Clinical variables were evaluated to determine if they were sig-

ificant predictors of cirrhosis, using logistic regression. Factors

ith P < 0.05 were entered into a multivariate regression model.

eceiver operating characteristic (ROC) curve and its area under

he ROC curve (AUROC) was used to evaluate the diagnostic per-

ormance of the non-invasive scores. The clinical performance of

he non-invasive scores was analyzed by the sensitivity, specificity,

ositive predictive value (PPV) and negative predictive value (NPV).

ut-offs for the clinical scores were first obtained from previously

ublished studies [21,22] . Youden’s index was also used to find out

he optimal cut-off in our study to exclude and predict cirrho-

is. In addition, the differences between the AUROCs of the non-

nvasive scores were compared using the DeLong test. In case of

ignificance of DeLong test was detected, Bonferroni correction was

pplied for post-hoc multiple comparisons of AUROCs. Data were

nalyzed using SPSS version 23 (IBM, Armonk, New York, USA)

ith statistical significance defined as P < 0.05. 

esults 

atient characteristics 

The demographics, clinical and viral characteristics of 579 pa-

ients with HCV infection were shown in Table 1 . The majority

f patients were male (92.7%). The median age of the cohort is

8.0 years old. Genotype 3 (77.7%) was the most prevalent HCV

enotype, followed by genotype 1 (20.8%). Most of the patients

ere Malay (59.9%), followed by Chinese (23.1%) and Indian (13.5%)

thnicity. Overall, TE showed that 46.5% of the cohort has advanced

brosis and 28.0% have cirrhosis. 

linical predictors of cirrhosis 

The clinical predictors associated with cirrhosis are shown in

able 2 . In multivariate analysis, age (adjusted Odds ratio (aOR):

.04, 95% CI: 1.02–1.07), AST (aOR: 1.01, 95% CI: 1.01–1.02), platelet

ount (aOR: 0.99, 95% CI: 0.98–0.99), and albumin (aOR: 0.90, 95%

I: 0.85–0.96) were significant predictors for cirrhosis, while ALT

aOR: 1.00, 95% CI: 0.99–1.01) was not a predictor of cirrhosis. As

lbumin is an important predictor of cirrhosis and this variable is

art of modified APRI, modified APRI was further compared with

he known non-invasive scores. 

erformance of non-invasive scores 

The ROC curves of all three non-invasive scores in detecting

irrhosis are shown in Fig. 2 . The AUROC for FIB-4, APRI and



Y. Zhao et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 143–148 145 

Fig. 1. Patient recruitment flowchart. 

Table 1 

Patient characteristics. 

Characteristics Frequency ( n = 579) 

Sex 

Male 537 (92.7%) 

Female 42 (7.3%) 

Ethnicity 

Chinese 134 (23.1%) 

Indian 78 (13.5%) 

Malay 347 (59.9%) 

Others 20 (3.5%) 

Age (yr) 48.0 (42.0–54.3) 

HIV coinfection ( n = 455) ∗

Positive 9 (2.0%) 

Negative 446 (98.0%) 

Hepatitis B coinfection ( n = 527) ∗

Positive 6 (1.1%) 

Negative 521 (98.9%) 

HCV genotype ( n = 538) ∗

Type 1 112 (20.8%) 

Type 2 5 (0.9%) 

Type 3 418 (77.7%) 

Type 4 2 (0.4%) 

Type 6 1 (0.2%) 

HCV viral load (log IU/mL) 6.07 (5.43–6.46) 

Severity of liver fibrosis (liver stiffness measure) 

F0-F1 ( < 7.1 kPa) 180 (31.1%) 

F2 ( ≥ 7.1 kPa, < 9.6 kPa) 130 (22.5%) 

F3 ( ≥ 9.6 kPa, < 12.6 kPa) 107 (18.5%) 

F4 ( ≥ 12.6 kPa) 162 (28.0%) 

∗ Per protocol analysis of available results. 

m  

0  

i  

p  

Table 2 

Clinical predictors of cirrhosis (liver stiffness measurement ≥ 12.6 kPa). 

Variables Univariate analysis Multivariate analysis 

OR (95% CI) P value aOR (95% CI) P value 

Sex 2.03 (0.88–4.67) 0 .10 NA NA 

Age 1.06 (1.04–1.08) < 0 .001 1.04 (1.02–1.07) 0 .002 

Ethnicity 0 .76 NA NA 

Chinese 1 

Indian 1.07 (0.89–1.95) 

Malay 0.84 (0.54–1.31) 

Others 1.07 (0.35–3.27) 

ALT 1.01 (1.00–1.01) < 0 .001 1.00 (0.99–1.01) 0 .896 

AST 1.02 (1.01–1.02) < 0 .001 1.01 (1.01–1.02) 0 .004 

Platelet 0.99 (0.98–0.99) < 0 .001 0.99 (0.98–0.992) < 0 .001 

Albumin 0.88 (0.83–0.92) < 0 .001 0.90 (0.85–0.96) < 0 .001 

Bilirubin 1.03 (1.01–1.05) 0 .002 1.00 (0.98–1.02) 0 .893 

ALT: alanine aminotransferase; AST: aspartate aminotransferase; OR: Odds ra- 

tio; aOR: adjusted Odds ratio; NA: not available. 
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odified APRI are 0.789 (95% CI: 0.747–0.830), 0.770 (95% CI:

.727–0.814) and 0.796 (95% CI: 0.754–0.838), respectively. Mod-

fied APRI has a better performance in predicting cirrhosis com-

ared to APRI (0.026, 95% CI: 0.009–0.042, P = 0.007). There is no
ignificant difference between APRI and FIB-4 ( P = 0.64), as well as

IB-4 and modified APRI ( P = 1.00) in predicting cirrhosis. 

In excluding cirrhosis, FIB-4 established cut-off of 1.45 has sen-

itivity of 81.5%, specificity of 55.9%, and NPV of 88.6%. At the

pper cut-off of 3.25, FIB-4 has sensitivity of 32.1%, specificity of

6.4% and PPV of 77.6% for F4. Using Youden’s index, modified APRI

ith albumin incorporated in the equation, at the cut-off of 4, has

ensitivity and NPV of 94.4% and 92.6%, respectively for the exclu-

ion of cirrhosis. At the cut-off of 14, modified APRI has, specificity

nd PPV and NPV of 90.2%, 65.0% and 81.4%, respectively. At the

ut-off of 19, modified APRI has specificity and PPV and NPV of 

6.2%, 77.1% and 78.8%, respectively ( Table 3 ). 

A commonly used APRI cut-off of 1.0 has sensitivity, speci-

city and NPV of 57.4%, 82.5% and 83.3% for excluding cirrhosis,
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Table 3 

Performance of non-invasive scores in predicting cirrhosis in hepatitis C population. 

Scores AUROC Cut-off value Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%) Youden’s Index 

FIB-4 0.789 1.45 81.5 55.9 41.8 88.6 0.374 

3.25 32.1 96.4 77.6 78.5 0.285 

APRI 0.770 0.5 85.8 39.8 35.6 87.8 0.256 

1.0 57.4 82.5 56.0 83.3 0.399 

1.5 35.8 93.5 68.2 78.9 0.293 

2.0 20.4 97.1 73.3 75.8 0.175 

Modified APRI 0.796 4 94.4 26.9 33.4 92.6 0.213 

14 46.9 90.2 65.0 81.4 0.371 

19 33.3 96.2 77.1 78.8 0.295 

Cirrhosis is defined using transient elastography as reference. 

FIB-4: fibrosis-4 score; APRI: AST-to-platelet ratio index; AUROC: area under the ROC curve. 

Table 4 

Performance of combination algorithm of non-invasive scores in excluding cirrhosis. 

Non-invasive score with 

low/high cut-offs 

Overall correctly classified 

(non-cirrhosis/ cirrhosis) 

Correctly 

classified 

Number of cirrhosis 

misclassified, at the low 

cut-off (cirrhosis, n = 162) 

Number in the 

indeterminate 

range 

Number of correctly 

classified cirrhosis / 

number of patients at the 

high cut-off

FIB-4 < 1.45 & FIB-4 > 3.25 233 / 52 49.2% 30 (18.5%) 249 (43.0%) 52 / 67 (77.6%) 

FIB-4 < 1.45 & Modified 

APRI > 14 

233 / 76 53.4% 30 (18.5%) 199 (34.4%) 76 / 117 (65.0%) 

FIB-4 < 1.45 & Modified 

APRI > 19 

233 / 54 49.6% 30 (18.5%) 246 (42.5%) 54 / 70 (77.1%) 

Modified APRI < 4 & 

FIB-4 > 3.25 

112 / 52 28.3% 9 (5.6%) 391 (67.5%) 52 / 67 (77.6%) 

Modified APRI < 4 & Modified 

APRI > 14 

112 / 76 32.5% 9 (5.6%) 341 (58.9%) 76 / 117 (65.0%) 

Modified APRI < 4 & Modified 

APRI > 19 

112 / 54 28.7% 9 (5.6%) 388 (67.0%) 54 / 70 (77.1%) 

Cirrhosis defined by liver stiffness measurement ≥ 12.6 kPa. 

FIB-4: fibrosis-4 score; APRI: AST-to-platelet ratio index. 

Fig. 2. AUROC curve for three clinical non-invasive scores in predicting liver 

cirrhosis. 

APRI: AST-to-platelet ratio index; FIB-4: fibrosis-4 score; AUROC: area under the 

ROC curve 
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respectively. At the lower cut-off of 0.5, APRI has sensitivity, speci-

ficity of 85.8%, 39.8% and PPV, NPV of 35.6%, 87.8%, respectively. At

the cut-offs of 1.0, 1.5 and 2.0, APRI improved the PPV at 56.0%,

68.2% and 73.3%, respectively. These values were still lower than

the PPV for FIB-4 and modified APRI at the higher cut-off. Modi-

fied APRI and FIB-4 have the highest AUROCs, therefore these two
cores were examined in different combination to evaluate the

tility in predicting cirrhosis patients ( Table 4 ). With the combi-

ation of modified APRI cut-off of 4 and 14, 32.5% of the patients

ould be accurately predicted while misclassifying 5.6% (9 of 162)

f cirrhosis patients as non-cirrhosis. The commonly used FIB-4

nd its cut-offs of 1.45 and 3.25 would accurately predict 49.2% of

he patients but misses 18.5% of cirrhosis patients at the lower cut-

ff. Using the cut-off of 4 and 14 for modified APRI, 58.9% (341) of

he patients would be in the ‘gray zone’, of these only 77 (22.6%)

ad cirrhosis by TE criteria. For FIB-4, 43.0% of the patients fall into

he gray zone, between 1.45 and 3.25. However, modified APRI had

ower percentage of cirrhosis misclassified at the low cut-off as

on-cirrhosis (5.6%) compared to FIB-4 (18.5%) at the low cut-off. 

iscussion 

In our study of 579 HCV patients with history of drug use,

odified APRI performed better than APRI or FIB-4 score as non-

nvasive tool in the assessment of cirrhosis. Modified APRI which

as derived using multivariate logistic regression, has high NPV

or excluding cirrhosis and misclassified cirrhosis only at 5.6%. This

on-invasive score could aid clinicians in triaging patients where

E may not be readily available and resources are scarce. 

In line with the global HCV elimination strategy, there is an

rgent need to limit the number of steps within the HCV cas-

ade of care. Staging of liver disease has been a major obstacle

ithin the care cascade. Within the last decade, a number of non-

nvasive scoring systems have been shown to be equally effective

o TE, negating the need for a liver biopsy in most instances. This

s particularly important if the strategy of decentralization of HCV

are is to be pursued in the era of HCV elimination. The perfor-

ance of three non-invasive scores for prediction of cirrhosis was

ssessed in a population of ex-substance users with HCV infection,
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n Singapore. Within this cohort, modified APRI was found to

e a superior non-invasive score in predicting cirrhosis, in order

o forego the need for TE in the era of HCV elimination with

opulation scale-up treatment. The combination of modified APRI

ut-off threshold of 4 and 14 had the lowest rate of missing

irrhosis as non-cirrhosis at 5.6%, while achieving a high percent-

ge of accurately classifying non-cirrhosis and cirrhosis in 32.5% of

he population. 

TE is an excellent non-invasive means of staging for liver dis-

ase but it has several limitations. It requires a trained staff to

perate the device and may not be readily available in non-

etropolitan based hospitals, due to its high procurement cost.

n some countries, TE cannot be done on the initial visit of HCV

ssessment at the specialist clinic. Hence these reasons pose an

mpediment for linkage to care. Effort s need to be made to circum-

ent this step in the care cascade. Decentralization of diagnosis and

taging by means of non-invasive biomarkers or composite scoring

ystems is an effective way to abbreviate the care cascade. Such al-

orithm may be useful in primary care or correctional facilities for

he purpose of screening HCV patient directly for treatment ab-

ogating the need for TE. Minimizing the need for certain aspects

f HCV care cascade, such as TE, is vital to allow increasing HCV

reatment coverage within areas of high HCV prevalence [23,24] . 

Identification of cirrhosis is important in the HCV care cascade

ecause this group of patients warrant further management such

s variceal screening and hepatocellular cancer surveillance. We

emonstrated that the cut-offs of 4 and 14 had the highest NPV

92.6%) and a good PPV (65.0%) for detecting cirrhosis, making it a

atisfactory non-invasive tool to rule out cirrhosis and as a surro-

ate for TE. The modified APRI offers an inexpensive, reliable and

asy to use non-invasive fibrosis scoring system which can be used

o stratify for the probability of cirrhosis. In this regards, modified

PRI outperformed other fibrosis scoring systems with the best

ear under the curve values. For modified APRI, 58.9% of the pa-

ients fell in the ‘gray zone’. Given modified APRI has the highest

UROC, in practice applying additional non-invasive score would

ot improve the performance. In this group of patients, better non-

nvasive assessment like TE would be superior to applying an alter-

ative non-invasive score like FIB-4 or APRI. 

This study has to be interpreted within the context of its

imitations. Ideally, the non-invasive scores should have been com-

ared with liver histology as the gold standard for the validation

f the non-invasive fibrosis scores. However, as TE is now widely

sed as the mainstay method of fibrosis assessment [25,26] ,

ur study offers a real-world comparison of TE and the non-

nvasive fibrosis scores. The diagnostic accuracies for the non-

nvasive scores on HCV patients in our study were not too dis-

imilar to diagnostic accuracies from other studies based on liver

istology [25,27,28] . Furthermore, most clinical trials for hepatitis C

reatment utilize TE as a reference surrogate marker of liver fibro-

is. TE is also highly sensitive for detecting cirrhosis and excluding

brosis and since non-invasive fibrosis scores are principally being

sed to exclude cirrhosis, its comparison with TE is justified. This

ohort consists predominantly male subjects compared to other

tudies [21,22] . Thus, the utility of modified APRI in female

opulation will require further validation. 

The commonly used APRI score did not perform well in ex-

lusion of cirrhosis in our study. In a recent meta-analysis, APRI

ut-off of 1.0 has sensitivity of 76% and specificity of 72% for 

dentification of cirrhosis [15] , and has been suggested for use in

rimary care to facilitate early treatment of HCV patients without

irrhosis, or refer patients to specialists for further management of

irrhosis [29] . However, in our population, APRI > 1.0 has much

ower NPV (83.3%) compared to previously published literature.

his is likely due to higher proportion of advanced fibrosis (46.5%)

nd cirrhosis (28.0%) in our population and the lack of histological
omparison. Finally, we did not have an external cohort to validate

he performance of modified APRI. 

There were several interesting findings in this study. First, geno-

ype 3 infection was the most predominant genotype in this co-

ort of ex-substance users which is consistent with other studies

n Southeast Asia [30,31] . The current study offers a different in-

ight at the population level, into the true genotype prevalence

f HCV in Singapore which has never been shown in older stud-

es based on small sample size [32,33] . Finally, we have identified

ow seroprevalence of HIV (2%) and hepatitis B (1.1%) co-infection

mong the HCV population with history of drug use in Singapore,

hich has never been described previously. 

A viable strategy to achieve the WHO targets of the elimination

f HCV by year 2030, within the context of the Singapore health

are system is micro-elimination. In this regard, both WHO and

rofessional society guidelines recommend the use of non-invasive

ools to stage liver disease. We demonstrated that modified APRI

s a better scoring system for the Southeast Asian HCV population

ompared to APRI or FIB-4. The use of the modified APRI score

ould be ideal in clustered environments of HCV infection such as

rug rehabilitation centers and within the penal system and would

llow for a rapid assessment of patients where a test-and-treat ap-

roach of non-cirrhotics HCV patients can be adopted. Undoubt-

dly, this would aid effort s to scale up treatment programs. 

In conclusion, non-invasive score such as modified APRI is clin-

cally useful in the prediction of cirrhosis among high-risk HCV

opulation, to minimize the need for liver fibrosis assessment.

odified APRI of 4 and 14 can be considered adequate in exclud-

ng cirrhosis prior to direct-acting antiviral treatment. This may be

sed in primary care or remand institutions with high-prevalence

f HCV infection, where there is high demand for TE assessment.

urther studies are required to validate modified APRI in external

ohorts with HCV infection. 

ontributors 

ZY and HJC performed the research and data analysis, and

rote the first draft. ZY, TPH, KR, TJ, TEK and HJC collected the

ata. ZY, TPH, KR, TEK and HJC performed critical revision of the

anuscript. All authors contributed to the design and interpreta-

ion of the study and final manuscript. HJC is the guarantor. 

unding 

None. 

thical approval 

This study was approved by the Ethics Committee of Cen-

ralised Institutional Review Board of SingHealth, Singapore (CIRB

ef no. 2017/2615). 

ompeting interest 

No benefits in any form have been received or will be received

rom a commercial party related directly or indirectly to the sub-

ect of this article. 

eferences 

[1] Polaris Observatory HCV Collaborators Global prevalence and genotype distri-
bution of hepatitis C virus infection in 2015: a modelling study. Lancet Gas-

troenterol Hepatol 2017;2:161–176 . 

[2] Planas R , Ballesté B , Alvarez MA , Rivera M , Montoliu S , Galeras JA , et al. Natural
history of decompensated hepatitis C virus-related cirrhosis. A study of 200

patients. J Hepatol 2004;40:823–830 . 
[3] Verna EC , Brown RS Jr . Hepatitis C virus and liver transplantation. Clin Liver

Dis 2006;10:919–940 . 

http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0003


148 Y. Zhao et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 143–148 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

[  

 

 

 

[  

 

 

[  

 

 

 

 

[  

 

[  

 

 

 

 

[  

 

[4] Stanaway JD , Flaxman AD , Naghavi M , Fitzmaurice C , Vos T , Abubakar I ,
et al. The global burden of viral hepatitis from 1990 to 2013: findings from

the global burden of disease study 2013. Lancet 2016;388:1081–1088 . 
[5] Nelson PK , Mathers BM , Cowie B , Hagan H , Des Jarlais D , Horyniak D ,

et al. Global epidemiology of hepatitis B and hepatitis C in people who inject
drugs: results of systematic reviews. Lancet 2011;378:571–583 . 

[6] Wade AJ , Macdonald DM , Doyle JS , Gordon A , Roberts SK , Thompson AJ ,
et al. The cascade of care for an Australian community-based hepatitis C treat-

ment service. PLoS One 2015;10:e0142770 . 

[7] Iversen J , Grebely J , Catlett B , Cunningham P , Dore GJ , Maher L . Estimating the
cascade of hepatitis C testing, care and treatment among people who inject

drugs in Australia. Int J Drug Policy 2017;47:77–85 . 
[8] Wade AJ , Veronese V , Hellard ME , Doyle JS . A systematic review of community

based hepatitis C treatment. BMC Infect Dis 2016;16:202 . 
[9] Peltekian KM . Improving access to transient elastography in Canada will need

more than evidence-based guidelines and technical health assessment. Can J

Gastroenterol Hepatol 2015;29:343–344 . 
[10] Grebely J , Oser M , Taylor LE , Dore GJ . Breaking down the barriers to hep-

atitis C virus (HCV) treatment among individuals with HCV/HIV coinfec-
tion: action required at the system, provider, and patient levels. J Infect Dis

2013;207:S19–S25 . 
[11] Luhmann N , Champagnat J , Golovin S , Maistat L , Agustian E , Inaridze I ,

et al. Access to hepatitis C treatment for people who inject drugs in low and

middle income settings: Evidence from 5 countries in Eastern Europe and Asia.
Int J Drug Policy 2015;26:1081–1087 . 

[12] Omland LH , Osler M , Jepsen P , Krarup H , Weis N , Christensen PB , et al. Socioe-
conomic status in HCV infected patients - risk and prognosis. Clin Epidemiol

2013;5:163–172 . 
[13] Simmons B , Saleem J , Heath K , Cooke GS , Hill A . Long-term treatment out-

comes of patients infected with hepatitis C virus: a systematic review and

meta-analysis of the survival benefit of achieving a sustained virological re-
sponse. Clin Infect Dis 2015;61:730–740 . 

[14] Lackner C , Struber G , Liegl B , Leibl S , Ofner P , Bankuti C , et al. Comparison
and validation of simple noninvasive tests for prediction of fibrosis in chronic

hepatitis C. Hepatology 2005;41:1376–1382 . 
[15] Lin ZH , Xin YN , Dong QJ , Wang Q , Jiang XJ , Zhan SH , et al. Performance of the

aspartate aminotransferase-to-platelet ratio index for the staging of hepatitis

C-related fibrosis: an updated meta-analysis. Hepatology 2011;53:726–736 . 
[16] Khairy M , Abdel-Rahman M , El-Raziky M , El-Akel W , Zayed N , Khatab H ,

et al. Non-invasive prediction of hepatic fibrosis in patients with chronic HCV
based on the routine pre-treatment workup. Hepat Mon 2012;12:e6718 . 

[17] Castéra L , Vergniol J , Foucher J , Le Bail B , Chanteloup E , Haaser M ,
et al. Prospective comparison of transient elastography, Fibrotest, APRI, and

liver biopsy for the assessment of fibrosis in chronic hepatitis C. Gastroenterol-

ogy 2005;128:343–350 . 
[18] Sandrin L , Fourquet B , Hasquenoph JM , Yon S , Fournier C , Mal F , et al. Transient

elastography: a new noninvasive method for assessment of hepatic fibrosis.
Ultrasound Med Biol 2003;29:1705–1713 . 
[19] Castéra L , Foucher J , Bernard PH , Carvalho F , Allaix D , Merrouche W , et al. 
Pitfalls of liver stiffness measurement: a 5-year prospective study of 13,369

examinations. Hepatology 2010;51:828–835 . 
[20] Myers RP , Pomier-Layrargues G , Kirsch R , Pollett A , Duarte-Rojo A , Wong D ,

et al. Feasibility and diagnostic performance of the FibroScan XL probe for
liver stiffness measurement in overweight and obese patients. Hepatology

2012;55:199–208 . 
[21] Vallet-Pichard A , Mallet V , Nalpas B , Verkarre V , Nalpas A , Dhalluin-Venier V ,

et al. FIB-4: an inexpensive and accurate marker of fibrosis in HCV infec-

tion. comparison with liver biopsy and fibrotest. Hepatology 2007;46:32–
36 . 

22] Wai CT , Greenson JK , Fontana RJ , Kalbfleisch JD , Marrero JA , Conjeevaram HS ,
et al. A simple noninvasive index can predict both significant fibrosis and

cirrhosis in patients with chronic hepatitis C. Hepatology 2003;38:518–
526 . 

23] Cousien A , Tran VC , Deuffic-Burban S , Jauffret-Roustide M , Dhersin JS , Yazdan-

panah Y . Hepatitis C treatment as prevention of viral transmission and liv-
er-related morbidity in persons who inject drugs. Hepatology 2016;63:1090–

1101 . 
[24] Scott N , Doyle JS , Wilson DP , Wade A , Howell J , Pedrana A , et al. Reaching

hepatitis C virus elimination targets requires health system interventions to
enhance the care cascade. Int J Drug Policy 2017;47:107–116 . 

25] European Association for Study of Liver; Asociacion Latinoamericana para

el Estudio del Higado EASL-ALEH clinical practice guidelines: non-invasive
tests for evaluation of liver disease severity and prognosis. J Hepatol

2015;63:237–264 . 
26] Singh S , Muir AJ , Dieterich DT , Falck-Ytter YT . American gastroenterological as-

sociation institute technical review on the role of elastography in chronic liver
diseases. Gastroenterology 2017;152:1544–1577 . 

[27] Cordie A , Salama A , El-Sharkawy M , El-Nahaas SM , Khairy M , Elsharkawy A ,

et al. Comparing the efficiency of Fib-4, Egy-score, APRI, and GUCI in
liver fibrosis staging in Egyptians with chronic hepatitis C. J Med Virol

2018;90:1106–1111 . 
28] Wang HW , Peng CY , Lai HC , Su WP , Lin CH , Chuang PH , et al. New noninvasive

index for predicting liver fibrosis in Asian patients with chronic viral hepatitis.
Sci Rep 2017;7:3259 . 

29] Strasser SI . Managing hepatitis C in general practice. Aust Prescr

2017;40:64–69 . 
[30] Ho SH , Ng KP , Kaur H , Goh KL . Genotype 3 is the predominant hepatitis C

genotype in a multi-ethnic Asian population in Malaysia. Hepatobiliary Pan-
creat Dis Int 2015;14:281–286 . 

[31] Wasitthankasem R , Vongpunsawad S , Siripon N , Suya C , Chulothok P ,
Chaiear K , et al. Genotypic distribution of hepatitis C virus in Thailand and

Southeast Asia. PLoS One 2015;10:e0126764 . 

32] Ng WC , Guan R , Tan MF , Seet BL , Lim CA , Ngiam CM , et al. Hepatitis C virus
genotypes in Singapore and Indonesia. J Viral Hepat 1995;2:203–209 . 

[33] Greene WK , Cheong MK , Ng V , Yap KW . Prevalence of hepatitis C virus se-
quence variants in South-East Asia. J Gen Virol 1995;76:211–215 . 

http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0005
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0005
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0005
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0005
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0005
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0005
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0005
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0005
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0007
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0007
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0007
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0007
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0007
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0007
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0007
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0008
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0008
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0008
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0008
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0008
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0024
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0024
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0024
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0024
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0024
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0024
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0024
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0024
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0025
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0026
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0026
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0026
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0026
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0026
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0027
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0027
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0027
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0027
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0027
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0027
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0027
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0027
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0028
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0028
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0028
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0028
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0028
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0028
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0028
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0028
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0029
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0029
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0030
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0030
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0030
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0030
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0030
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0031
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0031
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0031
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0031
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0031
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0031
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0031
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0031
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0032
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0032
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0032
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0032
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0032
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0032
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0032
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0032
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0033
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0033
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0033
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0033
http://refhub.elsevier.com/S1499-3872(18)30268-6/sbref0033

	Novel non-invasive score to predict cirrhosis in the era of hepatitis C elimination: A population study of ex-substance users in Singapore
	Introduction
	Methods
	Patient selection and data collection
	Statistical analysis

	Results
	Patient characteristics
	Clinical predictors of cirrhosis
	Performance of non-invasive scores

	Discussion
	Contributors
	Funding
	Ethical approval
	Competing interest
	References


