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Summary 

Background 

Liver cirrhosis is a major cause of death worldwide. Cirrhosis develops after a long asymp-

tomatic period of fibrosis progression, with the diagnosis frequently occurring late when ma-

jor complications or cancer develop. Currently, there is a lack of reliable tools for timely 

identification of subjects at risk of cirrhosis so as to allow for early intervention. We aimed to 

develop a novel score to identify subjects at risk for future liver-related outcomes. 

Methods 

The score was derived from an international prospective cohort of 6,357 subjects without 

known liver disease from general population, who underwent liver fibrosis assessment by 

transient elastography. The model’s discriminatory accuracy and calibration were externally 

validated in two prospective cohorts including 8,369 subjects from general population. More-

over, prognostic value in the prediction of liver-related outcomes was ascertained in 416,200 

participants without known liver disease with median follow-up of 12 years (UK Biobank 

cohort). 

Findings 

The score, composed of age, gender, and six standard laboratory variables, accurately pre-

dicted liver stiffness in development and external validation cohorts, and was superior to 

conventional serum biomarkers of fibrosis, as measured by AUC (0.83 95%CI[0.78 to 0.89] 

vs FIB4 (0.68 95%CI[0.61 to 0.75] at 10kPa). The score was effective in identifying subjects 

at risk of liver-related mortality and hospitalization, and liver cancer, thereby allowing strati-

fication to different risk groups for liver-related outcomes. The hazard ratio for liver-related 

mortality in the high-risk group was 471 (95%CI 234 to 590) compared to the minimal risk 

group, and overall AUC of the score in predicting 10-year liver-related mortality was 0.90 

95%CI(0.88 to 0.91) vs FIB4 0.84 95%CI(0.82 to 0.86). 

Interpretation 

A ©LiverRisk score based on simple parameters predicts liver fibrosis and future develop-

ment of liver-related outcomes in the general population. The score may allow for stratifica-

tion of individual subjects according to liver risk and thus guide preventive care.  
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INTRODUCTION 

Liver cirrhosis accounts for 2.4% of yearly deaths worldwide and is associated with a signifi-

cant economic burden for healthcare systems.1 Notably, cirrhosis is the second cause of years 

of life lost in European countries2. Moreover, cirrhosis may lead to hepatocellular carcinoma, 

the incidence of which is increasing in many areas of the world.3 Cirrhosis, characterized by 

diffuse hepatic fibrosis with nodular regeneration, is the final consequence of any chronic 

inflammatory process in the liver that may be caused by different factors, particularly hepati-

tis virus, alcohol, or metabolic syndrome, the latter currently known as non-alcoholic fatty 

liver disease (NAFLD). Persistent liver inflammation is clinically silent but may result in 

liver fibrosis, eventually leading to cirrhosis. Although this process takes years or decades, 

the diagnosis is generally made only at later stages when the disease becomes symptomatic 

and patients develop severe complications related to liver failure or portal hypertension that 

require multiple hospitalizations, or liver cancer.2,4 The vast majority of these symptomatic 

patients die of liver disease unless liver transplantation is performed. Although the prevalence 

of cirrhosis due to hepatitis C virus infection is decreasing worldwide due to extremely effec-

tive oral antiviral drugs, that of NAFLD is increasing markedly, owing to the epidemics of 

obesity and type-2 diabetes mellitus.2,4 

Early identification of individuals at risk for progressive fibrosis would enable lifestyle modi-

fications or therapeutic interventions to prevent the development of cirrhosis, and would fa-

cilitate selection of patients for specialist referral. However, current non-invasive tools for 

identification of subjects in the population at risk for progressive hepatic fibrosis and, there-

fore, the long-term development of cirrhosis and liver-related death have significant limita-

tions.5 Techniques such as transient electrography that measure liver stiffness, a surrogate for 

hepatic fibrosis, are accurate, but application of elastography to population screening is lim-

ited by expense and lack of availability outside of specialist settings.2,4 Risk scores based on 



4 

 

liver blood tests, such as fibrosis-4 index (FIB-4) or aspartate aminotransferase-AST to plate-

let ratio index (APRI) show some utility in predicting the long-term development of cirrhosis 

or liver-related death in the general population.5 However, because these indices were de-

signed for fibrosis assessment in patients with hepatitis C virus infection and high prevalence 

of fibrosis, their predictive accuracy for the general population is modest.5,6  

Hence, there is an unmet medical need to develop more accurate tools using easily available 

laboratory or clinical variables for the identification of subjects at risk for the long-term de-

velopment of cirrhosis, liver-related complications, and death. Such predictive tools would 

enable case-finding and individualized follow up for persons with progressive liver disease in 

primary care and other non-liver health care settings, before development of cirrhosis or its 

complications, and subsequent allow application of preventive measures such as weight loss 

in overweight/obese patients with NAFLD and alcohol rehabilitation in patients with high 

alcohol consumption 7,8. Therefore, the aim of the current study was to develop a liver risk 

score to identify subjects at risk for future liver-related outcomes. 
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PATIENTS AND METHODS 

The current study consists of two distinct parts. The aim of the first part was to develop and 

validate a diagnostic liver risk score (“LiverRisk score”) in subjects from the general popula-

tion which predicted individual values of liver stiffness by using a combination of standard 

demographic, clinical, and/or laboratory variables. The aim of the second part was to assess 

whether the LiverRisk score is useful for the prediction of future liver-related outcomes in 

individuals without known liver disease in the general population. 

Patient population 

Derivation cohort for the LiverRisk score 

Patient-level data from seven independent prospective studies using transient elastography to 

assess liver stiffness were used in the development of the model aimed at predicting the pres-

ence of liver fibrosis. These studies include subjects from Denmark,9 Hong Kong,10 Germa-

ny,11 France,12 United Kingdom,13 and Spain.14,15  

Information on gender, age, alcohol consumption, body mass index (BMI), waist circumfer-

ence, arterial pressure, diabetes mellitus, arterial hypertension, fasting glucose, creatinine, 

total cholesterol, HDL-cholesterol, triglycerides, aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), gamma-glutamyl transferase (GGT), bilirubin, leukocyte levels, 

hemoglobin, and platelet count were available from these databases. The outcome of interest 

was a validated liver stiffness value (in kPa), as measured by transient elastography5. All 

quantitative measurements, including biomarkers and liver stiffness were standardised across 

all cohorts. A model was developed from this cohort to generate a LiverRisk score that was 

predictive of the measured liver stiffness value (in kPa), which estimates the presence of he-

patic fibrosis5.  

Validation cohorts for the LiverRisk score 
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The LiverRisk score obtained from the derivation cohort was validated in two external co-

horts. The first external validation cohort included participants in the Rotterdam Study16, a 

population-based study of subjects older than 45 years who underwent liver stiffness meas-

urement, while the second validation cohort included subjects participating in the Liv-

erScreen Study, a European multicenter prospective diagnostic study also assessing the pres-

ence of liver fibrosis in the population using liver stiffness by transient elastography.17 

Prognostic evaluation cohort of the LiverRisk score 

The prognostic cohort was obtained from the UK Biobank dataset.18 The UK Biobank is a 

large population-based cohort that includes over 500,000 individuals with baseline demo-

graphic, serologic, lifestyle, and genetic measurements initiated in 2007. UK Biobank col-

lects information on all participants which includes baseline demographic, environmental, 

and lifestyle characteristics of all individuals, as well as information on hospitalizations and 

death from all participants. Data of death, including primary and secondary causes of death, 

are recorded from ICD-10 codes from the death registry and are updated two to three times 

every year. Data on hospitalizations are also based on ICD-10 codes and updated every year. 

Exclusion criteria for our evaluation included: diagnosis of liver disease before enrollment 

(n=3,471), diagnosis of viral hepatitis at baseline or at any point during follow-up (n=541), 

and incomplete laboratory variables (n=86,263). We conducted a complete case analysis only 

in the cohort without missing variables. 

The evaluated outcomes included: liver-related mortality, first liver-related hospitalization, 

and incident liver cancer.2 We also selected non-liver-related mortality, first non-liver-related 

hospitalization, and incident cancer as negative control outcomes. Statistical analysis 

Model development 
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Variable selection in the development sample was performed using a recursive feature elimi-

nation (RFE) algorithm.19 RFE is a technique that ranks the most relevant predictors in a da-

taset, by training models with and without all potential predictor combinations. Next, to de-

termine the optimal number of variables we assessed the incremental gain in predictive per-

formance associated with each variable and stopped at the inflexion point. After variable se-

lection with RFE, we trained four statistical models with centered and scaled selected predic-

tors, due to the different scales of the predictors and to ease the intercept of models to the 

mean liver stiffness, including: a linear regression model (LM),20 quantile regression model 

(QR),21 gradient boosting model (GBM),22 and a random forest model (RF).23 No further 

functional transformations of the predictors were used, and no interaction terms were includ-

ed in the linear model. To assess the degree of potential over-fitting of each algorithm, we 

trained them using a 5-fold 5-repeat cross-validation procedure. The sample size considera-

tions for model development are shown in supplementary Table S1. 

Model evaluation 

To assess the discriminatory accuracy of the developed model, in all three diagnostic cohorts, 

we used the area under the receiver-operating characteristics curve (AUROC) at 3 values of 

the LiverRisk score that estimate levels of fibrosis severity in population-based studies: ≥6, 

≥9, and ≥15 kPa thresholds.24-26 Using these cutoffs we categorized the subjects into 4 risk 

groups according to the predicted risk of liver fibrosis: minimal-risk group, (LiverRisk score 

values <6), low-risk group (LiverRisk score values from 6 to <9), medium-risk group (Liver-

Risk score values from 9 to <15), and high-risk group (LiverRisk score values ≥15). All 

models were compared to FIB4 and APRI scores, two methods used in clinical practice to 

assess liver fibrosis non-invasively (supplementary Table S2).5 Confidence intervals were 

computed with bootstrapping with 2,000 random draws. To inspect the calibration of the pre-

dictive models, linear regression models between predicted and observed liver stiffness val-
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ues were estimated with calibration intercept and slopes, and graphical representations were 

plotted. 

Prognostic evaluation 

For the prognostic evaluation of the models, we calculated the competing risks-adjusted (for 

non-liver-related events) cumulative incidence functions of liver-related outcomes (hospitali-

zation, cancer incidence, and mortality) as a function of 4 different risk categories (minimal-

risk, low-risk, medium-risk, and high-risk) according to the LiverRisk score. ICD10 codes 

used are shown in supplementary table S3. Cox regression models were also used to estimate 

the hazard ratios of different thresholds of the LiverRisk score. Several subgroup analyses 

were carried to assess the sensitivity of the scores with respect to different population charac-

teristics. Analyses were carried for age groups, presence or absence of diabetes, obesity, al-

cohol consumption patterns, gender, and ethnicity. We also assessed the association between 

the continuous LiverRisk score and liver-related and non-liver-related  10-year mortality and 

hospitalizations with generalized additive models (GAM). All analyses were also performed 

to compare the performance of the LiverRisk score with that of FIB4 and APRI scores. All 

analyses were performed in R version 4.1.2. 

The funders of the study had no role in study design, data collection, data analysis, data inter-

pretation, writing, or the decision to submit the report. Ethical authorization was obtained to 

analyse all study cohorts. The UK Biobank study was approved by the North West Multi-

Centre Research Ethics Committee and all participants provided written informed consent to 

participate in the UK Biobank study.  
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RESULTS 

Derivation and validation of the LiverRisk score 

We included a total of 14,726 subjects, 6,357 subjects in the derivation cohort, 4,370 in the 

first external validation cohort, and 3,999 in the second external validation cohort. The base-

line characteristics of subjects included in the three cohorts are shown in Table 1. 

In the derivation cohort, the four different models developed had very high accuracy in pre-

dicting liver stiffness either as continuous or categorical measurements using cutoff values of 

6, 10, and 15 kPa (supplementary Figure S1 and supplementary Table S4). Findings were 

highly consistent in the two validation cohorts albeit accuracy was slightly lower compared to 

that of the derivation cohort (supplementary Table S5). Calibration results of the four models 

in the validation cohorts are shown in supplementary Figures S2 to S4. Out of the 4 models 

evaluated, the linear regression model (LM), from now on designated as ©LiverRisk score, 

was selected due to the better calibration and simpler model interpretation. Variables includ-

ed in the ©LiverRisk score were age, gender, fasting glucose, cholesterol, AST, ALT, GGT, 

and platelet count. The accuracy of ©LiverRisk score in predicting liver stiffness was superi-

or to that of standard non-invasive fibrosis tests, such as FIB-4 or APRI for the different cut-

offs used (Table 2). The ©LiverRisk score can be calculated with an on-line calculator 

[https://liverriskscore.com]. 

Association between LiverRisk score and liver-related mortality 

A total of 416,200 subjects that met the inclusion criteria were included in the prognostic 

cohort (Table 1). We calculated the ©LiverRisk score for each of the 416,200 subjects using 

their entry variables and analyzed its association with liver-related mortality, first liver-

related hospitalization, and liver cancer during follow-up. During a median follow-up period 
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of 12 years, 28,627 of the 416,200 subjects died (6.9%), of whom 596 (2.1% of all deaths) 

died because of liver disease.  

We estimated the competing risks-adjusted cumulative incidence of liver-related mortality for 

four groups (minimal-risk, low-risk, medium-risk, and high-risk group) according to selected 

cutoff values of ©LiverRisk score of 6, 10, and 15 as shown before (Figure 1, panel a). The 

proportion (and number) of subjects in these four groups was 86.4% (359,713 subjects), 

12.7% (52,845), 0.8% (3,157), and 0.1% (485), respectively. There was a strong association 

between ©LiverRisk score groups and the probability of liver-related death, with subjects 

within the low, medium, and high-risk groups demonstrating a progressively higher probabil-

ity of liver-related death at 12 years of follow-up compared to those in the minimal-risk 

group (figure 1a).  

Figure 2 (panel a) shows the competing-risks adjusted hazard ratios of liver-related and non-

liver-related mortality of all subjects divided into the risk groups. There was a progressive 

increase in hazard ratio of liver-related mortality according to risk groups, with subjects in 

the high-risk group having a hazard ratio (HR) of 437 (95%CI -347 to 641-) for liver-related 

mortality compared to subjects in the minimal risk group. The score was highly specific in 

predicting liver-related mortality, yet it was also associated with an increased hazard ratio of 

non-liver-related death, but the effect was lower compared to that of liver-related death (HR 

of 2.29 comparing high-risk and minimal-risk groups).  

Ten-year liver-related mortality estimates increased markedly after the ©LiverRisk score 

reached a value of approximately 10, while non-liver-related mortality increased initially and 

then plateaued at around a ©LiverRisk score value of 20 (Figure 3). The significance of the 

©LiverRisk score in predicting liver-related mortality persisted across different subpopula-
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tions, such as age groups, alcohol consumption, diabetes mellitus, gender, ethnicity, obesity 

(supplementary figures S5 to S10, and supplementary table S6). 

FIB-4 and APRI also predicted liver-related mortality in the cohort, but their accuracy was 

lower compared to that of the ©Liver Risk score (figure 4 and figures S11 and S12). ©Liver-

Risk score also outperformed the fibrotic NASH index (FNI), a score that includes AST, 

HDL cholesterol, and HbA1c that has been reported to predict liver fibrosis in subjects with 

NAFLD (figure S13). 

Association between liver risk score and first liver-related hospitalization and incident liver 

cancer 

During a median follow-up of 12 years, 2,438 of the 416,200 subjects (0.59%) had at least 

one liver-related hospitalization. ©LiverRisk score groups were associated with progressively 

increased risk of liver-related hospitalization but not with risk of non-liver related hospitaliza-

tion (Figure 1, panel b). The hazard ratios of liver-related hospitalization in the medium and 

high-risk groups were 47 (95% CI 42-53) and 126 (95% CI 102-154), respectively, compared 

to subjects in the minimal-risk group (Figure 2, panel b). The significance of the ©LiverRisk 

score in predicting first liver-related hospitalization persisted across different subpopulations 

categorized by age, alcohol consumption, diabetes mellitus, gender, ethnicity, and obesity 

(supplementary figures S14 to S19).  

The incidence of liver cancer was also associated with ©LiverRisk score groups. Out of the 

whole cohort, 182 subjects (0.04%) developed hepatocellular carcinoma during a median 

follow-up of 8 years, with subjects in the high-risk group having a cumulative probability of 

4.4% of developing liver cancer at 8 years of follow-up, while subjects in the two lower risk 

groups had a very small probability of incident liver cancer (minimal-risk group (0.009%), 

low risk 0.1%), and medium risk (1.0%) (Figure 1 panel c and figure 2 panel c). FIB-4 and 
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APRI also predicted liver-related hospitalization and incident liver cancer in the cohort, but 

their accuracy was lower compared to that of the ©Liver Risk score (figure 4, table S7, and 

figure S12). 

DISCUSSION 

The current study reports on a new score, the ©LiverRisk score, that predicts degree of liver 

stiffness and also future liver-related outcomes in an adult general population without known 

liver disease. The ©LiverRisk score is composed of eight variables that include age and gen-

der as well as six laboratory variables (fasting glucose, cholesterol, AST, ALT, GGT, and 

platelet count), all of which are easily available in standard laboratory evaluations worldwide, 

and can be calculated with an on-line calculator. The ©LiverRisk score is reminiscent of 

scores widely used to assess risk profiles in chronic diseases, such as cardiovascular risk 

scores27, and appears to be quite specific for liver-related outcomes. 

The proposed ©LiverRisk score is effective in identifying subjects at risk for liver-related 

mortality and liver-related hospitalization as well as liver cancer and allows categorization of 

subjects of the population in four groups with markedly different risk of liver-related out-

comes. As for liver-related mortality, only 0.04% of subjects in the minimal-risk group and 

0.5% in the low-risk group died because of liver disease compared with 4.1% of the subjects 

in the medium-risk group, and 12.9% of those into the high-risk group. This corresponds to a 

hazard ratio of liver-related mortality of 471 in the high-risk group and 134 in the medium-

risk group as compared to the minimal-risk group.  

The accuracy of the ©LiverRisk score in predicting long-term liver-related outcomes was 

better than that of FIB-4 or APRI. This is probably related to the fact that these latter scores 

were derived from smaller cohorts of patients with chronic hepatitis C with high prevalence 

of liver fibrosis5, whereas the ©LiverRisk score was derived from a larger, non-selected, 
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population-based cohort with low prevalence of liver fibrosis, reflective of the situation in the 

general population. The dependent variable used for development of ©LiverRisk score was 

liver stiffness assessed by transient elastography, a measurement that provides a good esti-

mate of presence and severity of hepatic fibrosis.5 The ©LiverRisk score was very accurate 

for diagnosis of increased liver stiffness in the derivation cohort as well as two independent 

validation cohorts, including a total of more than 14,000 subjects from the general popula-

tion. Therefore, it is likely that the prognostic value of the ©LiverRisk score is related to its 

capacity to identify liver fibrosis early. Current evidence indicates that liver fibrosis is a 

strong predictor of liver-related complications and death, both in NAFLD and alcohol-

associated liver disease.28,29 Of note and at variance with other studies assessing the value of 

some scores in the prediction of future clinical events in cohorts of subjects with NAFLD,30 

our study was performed in population-based cohorts of adult subjects and therefore is not 

selective for any specific etiology of liver disease. 

The ©LiverRisk score reported here is applicable for general use in clinical practice world-

wide due to its simplicity, use of laboratory variables that are readily available, and relative 

low cost. The ©LiverRisk score may be used by general practitioners and nurses for oppor-

tunistic screening of liver fibrosis among subjects seen in primary care with metabolic risk 

factors for chronic liver disease or chronic alcohol consumption. This may allow subsequent 

correction of etiological factor(s), which may then prevent disease progression and improve 

prognosis. Besides, the ©LiverRisk score may be applied as a tool for population screening 

by automatically embedding the score into standard laboratory analyses performed for peri-

odic controls in patients with chronic conditions, in hospitals or health centers, or in regular 

health check-ups. Hence, further studies are expected to explore the use of ©LiverRisk score 

in population screening. The score can also be used for risk prediction in individual subjects 

and maybe useful to empower individuals to change their lifestyle and behavior to decrease 
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the potential future risk of suffering from severe liver disease7,8. Finally, the ©LiverRisk sore 

can also be helpful to inform local policymakers and health authorities about liver diseases 

risks in the population for which they are responsible.  

Limitations 

In spite of the very large cohort size with long follow-up, the current study has some limita-

tions. First, the prognostic value of the ©LiverRisk score was evaluated in a very large cohort 

but assessment was retrospective by calculating the value of the score for each subject at en-

try into the cohort and then assessing liver-related hospitalizations and liver-related death 

during follow-up through ICD-10 codes. Although the cohort meets relevant standards of 

quality with respect to data collection, the prognostic value of the ©LiverRisk score should 

ideally be tested with prospective collection of data. On the other hand, since the majority of 

subjects included in the different cohorts were of Caucasian origin, it remains to be estab-

lished whether the current findings apply similarly to all ethnic groups.  

In summary, we report the development and validation of a ©LiverRisk score that predicts 

future development of liver-related outcomes in the general population. The calculation of the 

©LiverRisk score is based on simple demographic and laboratory parameters and can there-

fore be easily applicable to clinical practice in most countries of the world. The ©LiverRisk 

score may be useful for predicting risk in individual subjects and help them modify risk fac-

tors for liver disease as well as for screening for liver diseases at the population level. Future 

studies are needed to evaluate the impact of the use of this ©LiverRisk score and document 

cost effectiveness of screening, which may eventually help reduce the large burden of liver 

diseases in the world.  
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Figure list 

Figure 1. Cumulative probability of a) liver and non-liver-related mortality; , b) liver and non-liver-

related hospitalization, and c)  liver and non-liver cancer  in the 416,200 subjects from the prognostic 

cohort categorized into risk groups according to the ©LiverRisk score (minimal-risk: <6; low-risk: 6-

10; medium-risk >10-15; and high-risk: >15). Shadowed areas represent 95% confidence intervals. 

 

Figure 2. Hazard ratios (Cox proportional hazards) competing risks results of a) liver-related mortali-

ty and non-liver-related mortality; b) first liver-related hospitalization and first non-liver related hos-

pitalization; and c) liver and non-liver cancer in the 416,200 subjects from the prognostic cohort cate-

gorized according to the ©LiverRisk score (minimal-risk: <6; low-risk: 6-10; medium-risk >10-15; 

high-risk: >15). 

 

Figure 3. Ten-year mortality (top) and first hospitalization (bottom) estimates as a function of 

©LiverRisk score; a) liver-related (red, continuous line) and non-liver-related (grey, discontinuous 

line). 

 

Figure 4. Cumulative probability of liver-related mortality (panels a) and b)), liver-related hospitali-

zation (panels c) and d)) and liver cancer (panels e) and f)) in the 416,200 subjects from the prognos-

tic cohort categorized according to FIB-4 (panels a), c), and e)) and APRI scores values (panels b), d) 

and f)).  
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