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Abstract: Summary
Background
Liver cirrhosis is a major cause of death worldwide. Cirrhosis develops after a long
asymptomatic period of fibrosis progression, with the diagnosis frequently occurring
late when major 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. Moreover, prognostic value in the prediction of liver-
related outcomes was ascertained in 416,200 participants without known liver disease
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with median follow-up of 12 years (UK Biobank cohort).
Findings
The score, composed of age, gender, and six standard laboratory variables, accurately
predicted 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 stratification 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
development of liver-related outcomes in the general population. The score may allow
for stratification of individual subjects according to liver risk and thus guide preventive
care.
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Summary 27 

Background 28 

Liver cirrhosis is a major cause of death worldwide. Cirrhosis develops after a long asymp-29 

tomatic period of fibrosis progression, with the diagnosis frequently occurring late when ma-30 

jor complications or cancer develop. Currently, there is a lack of reliable tools for timely 31 

identification of subjects at risk of cirrhosis so as to allow for early intervention. We aimed to 32 

develop a novel score to identify subjects at risk for future liver-related outcomes. 33 

Methods 34 

The score was derived from an international prospective cohort of 6,357 subjects without 35 

known liver disease from general population, who underwent liver fibrosis assessment by 36 

transient elastography. The model’s discriminatory accuracy and calibration were externally 37 

validated in two prospective cohorts including 8,369 subjects from general population. More-38 

over, prognostic value in the prediction of liver-related outcomes was ascertained in 416,200 39 

participants without known liver disease with median follow-up of 12 years (UK Biobank 40 

cohort). 41 

Findings 42 

The score, composed of age, gender, and six standard laboratory variables, accurately pre-43 

dicted liver stiffness in development and external validation cohorts, and was superior to 44 

conventional serum biomarkers of fibrosis, as measured by AUC (0.83 95%CI[0.78 to 0.89] 45 

vs FIB4 (0.68 95%CI[0.61 to 0.75] at 10kPa). The score was effective in identifying subjects 46 

at risk of liver-related mortality and hospitalization, and liver cancer, thereby allowing strati-47 

fication to different risk groups for liver-related outcomes. The hazard ratio for liver-related 48 

mortality in the high-risk group was 471 (95%CI 234 to 590) compared to the minimal risk 49 

group, and overall AUC of the score in predicting 10-year liver-related mortality was 0.90 50 

95%CI(0.88 to 0.91) vs FIB4 0.84 95%CI(0.82 to 0.86). 51 

Interpretation 52 

A ©LiverRisk score based on simple parameters predicts liver fibrosis and future develop-53 

ment of liver-related outcomes in the general population. The score may allow for stratifica-54 

tion of individual subjects according to liver risk and thus guide preventive care.  55 

  56 



3 

 

INTRODUCTION 57 

Liver cirrhosis accounts for 2.4% of yearly deaths worldwide and is associated with a signifi-58 

cant economic burden for healthcare systems.1 Notably, cirrhosis is the second cause of years 59 

of life lost in European countries2. Moreover, cirrhosis may lead to hepatocellular carcinoma, 60 

the incidence of which is increasing in many areas of the world.3 Cirrhosis, characterized by 61 

diffuse hepatic fibrosis with nodular regeneration, is the final consequence of any chronic 62 

inflammatory process in the liver that may be caused by different factors, particularly hepati-63 

tis virus, alcohol, or metabolic syndrome, the latter currently known as non-alcoholic fatty 64 

liver disease (NAFLD). Persistent liver inflammation is clinically silent but may result in 65 

liver fibrosis, eventually leading to cirrhosis. Although this process takes years or decades, 66 

the diagnosis is generally made only at later stages when the disease becomes symptomatic 67 

and patients develop severe complications related to liver failure or portal hypertension that 68 

require multiple hospitalizations, or liver cancer.2,4 The vast majority of these symptomatic 69 

patients die of liver disease unless liver transplantation is performed. Although the prevalence 70 

of cirrhosis due to hepatitis C virus infection is decreasing worldwide due to extremely effec-71 

tive oral antiviral drugs, that of NAFLD is increasing markedly, owing to the epidemics of 72 

obesity and type-2 diabetes mellitus.2,4 73 

Early identification of individuals at risk for progressive fibrosis would enable lifestyle modi-74 

fications or therapeutic interventions to prevent the development of cirrhosis, and would fa-75 

cilitate selection of patients for specialist referral. However, current non-invasive tools for 76 

identification of subjects in the population at risk for progressive hepatic fibrosis and, there-77 

fore, the long-term development of cirrhosis and liver-related death have significant limita-78 

tions.5 Techniques such as transient electrography that measure liver stiffness, a surrogate for 79 

hepatic fibrosis, are accurate, but application of elastography to population screening is lim-80 

ited by expense and lack of availability outside of specialist settings.2,4 Risk scores based on 81 
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liver blood tests, such as fibrosis-4 index (FIB-4) or aspartate aminotransferase-AST to plate-82 

let ratio index (APRI) show some utility in predicting the long-term development of cirrhosis 83 

or liver-related death in the general population.5 However, because these indices were de-84 

signed for fibrosis assessment in patients with hepatitis C virus infection and high prevalence 85 

of fibrosis, their predictive accuracy for the general population is modest.5,6  86 

Hence, there is an unmet medical need to develop more accurate tools using easily available 87 

laboratory or clinical variables for the identification of subjects at risk for the long-term de-88 

velopment of cirrhosis, liver-related complications, and death. Such predictive tools would 89 

enable case-finding and individualized follow up for persons with progressive liver disease in 90 

primary care and other non-liver health care settings, before development of cirrhosis or its 91 

complications, and subsequent allow application of preventive measures such as weight loss 92 

in overweight/obese patients with NAFLD and alcohol rehabilitation in patients with high 93 

alcohol consumption 7,8. Therefore, the aim of the current study was to develop a liver risk 94 

score to identify subjects at risk for future liver-related outcomes. 95 
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PATIENTS AND METHODS 96 

The current study consists of two distinct parts. The aim of the first part was to develop and 97 

validate a diagnostic liver risk score (“LiverRisk score”) in subjects from the general popula-98 

tion which predicted individual values of liver stiffness by using a combination of standard 99 

demographic, clinical, and/or laboratory variables. The aim of the second part was to assess 100 

whether the LiverRisk score is useful for the prediction of future liver-related outcomes in 101 

individuals without known liver disease in the general population. 102 

Patient population 103 

Derivation cohort for the LiverRisk score 104 

Patient-level data from seven independent prospective studies using transient elastography to 105 

assess liver stiffness were used in the development of the model aimed at predicting the pres-106 

ence of liver fibrosis. These studies include subjects from Denmark,9 Hong Kong,10 Germa-107 

ny,11 France,12 United Kingdom,13 and Spain.14,15  108 

Information on gender, age, alcohol consumption, body mass index (BMI), waist circumfer-109 

ence, arterial pressure, diabetes mellitus, arterial hypertension, fasting glucose, creatinine, 110 

total cholesterol, HDL-cholesterol, triglycerides, aspartate aminotransferase (AST), alanine 111 

aminotransferase (ALT), gamma-glutamyl transferase (GGT), bilirubin, leukocyte levels, 112 

hemoglobin, and platelet count were available from these databases. The outcome of interest 113 

was a validated liver stiffness value (in kPa), as measured by transient elastography5. All 114 

quantitative measurements, including biomarkers and liver stiffness were standardised across 115 

all cohorts. A model was developed from this cohort to generate a LiverRisk score that was 116 

predictive of the measured liver stiffness value (in kPa), which estimates the presence of he-117 

patic fibrosis5.  118 

Validation cohorts for the LiverRisk score 119 
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The LiverRisk score obtained from the derivation cohort was validated in two external co-120 

horts. The first external validation cohort included participants in the Rotterdam Study16, a 121 

population-based study of subjects older than 45 years who underwent liver stiffness meas-122 

urement, while the second validation cohort included subjects participating in the Liv-123 

erScreen Study, a European multicenter prospective diagnostic study also assessing the pres-124 

ence of liver fibrosis in the population using liver stiffness by transient elastography.17 125 

Prognostic evaluation cohort of the LiverRisk score 126 

The prognostic cohort was obtained from the UK Biobank dataset.18 The UK Biobank is a 127 

large population-based cohort that includes over 500,000 individuals with baseline demo-128 

graphic, serologic, lifestyle, and genetic measurements initiated in 2007. UK Biobank col-129 

lects information on all participants which includes baseline demographic, environmental, 130 

and lifestyle characteristics of all individuals, as well as information on hospitalizations and 131 

death from all participants. Data of death, including primary and secondary causes of death, 132 

are recorded from ICD-10 codes from the death registry and are updated two to three times 133 

every year. Data on hospitalizations are also based on ICD-10 codes and updated every year. 134 

Exclusion criteria for our evaluation included: diagnosis of liver disease before enrollment 135 

(n=3,471), diagnosis of viral hepatitis at baseline or at any point during follow-up (n=541), 136 

and incomplete laboratory variables (n=86,263). We conducted a complete case analysis only 137 

in the cohort without missing variables. 138 

The evaluated outcomes included: liver-related mortality, first liver-related hospitalization, 139 

and incident liver cancer.2 We also selected non-liver-related mortality, first non-liver-related 140 

hospitalization, and incident cancer as negative control outcomes. Statistical analysis 141 

Model development 142 
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Variable selection in the development sample was performed using a recursive feature elimi-143 

nation (RFE) algorithm.19 RFE is a technique that ranks the most relevant predictors in a da-144 

taset, by training models with and without all potential predictor combinations. Next, to de-145 

termine the optimal number of variables we assessed the incremental gain in predictive per-146 

formance associated with each variable and stopped at the inflexion point. After variable se-147 

lection with RFE, we trained four statistical models with centered and scaled selected predic-148 

tors, due to the different scales of the predictors and to ease the intercept of models to the 149 

mean liver stiffness, including: a linear regression model (LM),20 quantile regression model 150 

(QR),21 gradient boosting model (GBM),22 and a random forest model (RF).23 No further 151 

functional transformations of the predictors were used, and no interaction terms were includ-152 

ed in the linear model. To assess the degree of potential over-fitting of each algorithm, we 153 

trained them using a 5-fold 5-repeat cross-validation procedure. The sample size considera-154 

tions for model development are shown in supplementary Table S1. 155 

Model evaluation 156 

To assess the discriminatory accuracy of the developed model, in all three diagnostic cohorts, 157 

we used the area under the receiver-operating characteristics curve (AUROC) at 3 values of 158 

the LiverRisk score that estimate levels of fibrosis severity in population-based studies: ≥6, 159 

≥9, and ≥15 kPa thresholds.24-26 Using these cutoffs we categorized the subjects into 4 risk 160 

groups according to the predicted risk of liver fibrosis: minimal-risk group, (LiverRisk score 161 

values <6), low-risk group (LiverRisk score values from 6 to <10), medium-risk group 162 

(LiverRisk score values from 10 to <15), and high-risk group (LiverRisk score values ≥15). 163 

All models were compared to FIB4 and APRI scores, two methods used in clinical practice to 164 

assess liver fibrosis non-invasively (supplementary Table S2).5 Confidence intervals were 165 

computed with bootstrapping with 2,000 random draws. To inspect the calibration of the pre-166 

dictive models, linear regression models between predicted and observed liver stiffness val-167 
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ues were estimated with calibration intercept and slopes, and graphical representations were 168 

plotted. 169 

Prognostic evaluation 170 

For the prognostic evaluation of the models, we calculated the competing risks-adjusted (for 171 

non-liver-related events) cumulative incidence functions of liver-related outcomes (hospitali-172 

zation, cancer incidence, and mortality) as a function of 4 different risk categories (minimal-173 

risk, low-risk, medium-risk, and high-risk) according to the LiverRisk score. ICD10 codes 174 

used are shown in supplementary table S3. Cox regression models were also used to estimate 175 

the hazard ratios of different thresholds of the LiverRisk score. Several subgroup analyses 176 

were carried to assess the sensitivity of the scores with respect to different population charac-177 

teristics. Analyses were carried for age groups, presence or absence of diabetes, obesity, al-178 

cohol consumption patterns, gender, and ethnicity. We also assessed the association between 179 

the continuous LiverRisk score and liver-related and non-liver-related  10-year mortality and 180 

hospitalizations with generalized additive models (GAM). All analyses were also performed 181 

to compare the performance of the LiverRisk score with that of FIB4 and APRI scores. All 182 

analyses were performed in R version 4.1.2. 183 

The funders of the study had no role in study design, data collection, data analysis, data inter-184 

pretation, writing, or the decision to submit the report. Ethical authorization was obtained to 185 

analyse all study cohorts. The UK Biobank study was approved by the North West Multi-186 

Centre Research Ethics Committee and all participants provided written informed consent to 187 

participate in the UK Biobank study.  188 
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RESULTS 189 

Derivation and validation of the LiverRisk score 190 

We included a total of 14,726 subjects, 6,357 subjects in the derivation cohort, 4,370 in the 191 

first external validation cohort, and 3,999 in the second external validation cohort. The base-192 

line characteristics of subjects included in the three cohorts are shown in Table 1. 193 

In the derivation cohort, the four different models developed had very high accuracy in pre-194 

dicting liver stiffness either as continuous or categorical measurements using cutoff values of 195 

6, 10, and 15 kPa (supplementary Figure S1 and supplementary Table S4). Findings were 196 

highly consistent in the two validation cohorts albeit accuracy was slightly lower compared to 197 

that of the derivation cohort (supplementary Table S5). Calibration results of the four models 198 

in the validation cohorts are shown in supplementary Figures S2 to S4. Out of the 4 models 199 

evaluated, the linear regression model (LM), from now on designated as ©LiverRisk score, 200 

was selected due to the better calibration and simpler model interpretation. Variables includ-201 

ed in the ©LiverRisk score were age, gender, fasting glucose, cholesterol, AST, ALT, GGT, 202 

and platelet count. The accuracy of ©LiverRisk score in predicting liver stiffness was superi-203 

or to that of standard non-invasive fibrosis tests, such as FIB-4 or APRI for the different cut-204 

offs used (Table 2). The ©LiverRisk score can be calculated with an on-line calculator 205 

[https://liverriskscore.com]. 206 

Association between LiverRisk score and liver-related mortality 207 

A total of 416,200 subjects that met the inclusion criteria were included in the prognostic 208 

cohort (Table 1). We calculated the ©LiverRisk score for each of the 416,200 subjects using 209 

their entry variables and analyzed its association with liver-related mortality, first liver-210 

related hospitalization, and liver cancer during follow-up. During a median follow-up period 211 
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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) 212 

died because of liver disease.  213 

We estimated the competing risks-adjusted cumulative incidence of liver-related mortality for 214 

four groups (minimal-risk, low-risk, medium-risk, and high-risk group) according to selected 215 

cutoff values of ©LiverRisk score of 6, 10, and 15 as shown before (Figure 1, panel a). The 216 

proportion (and number) of subjects in these four groups was 86.4% (359,713 subjects), 217 

12.7% (52,845), 0.8% (3,157), and 0.1% (485), respectively. There was a strong association 218 

between ©LiverRisk score groups and the probability of liver-related death, with subjects 219 

within the low, medium, and high-risk groups demonstrating a progressively higher probabil-220 

ity of liver-related death at 12 years of follow-up compared to those in the minimal-risk 221 

group (figure 1a).  222 

Figure 2 (panel a) shows the competing-risks adjusted hazard ratios of liver-related and non-223 

liver-related mortality of all subjects divided into the risk groups. There was a progressive 224 

increase in hazard ratio of liver-related mortality according to risk groups, with subjects in 225 

the high-risk group having a hazard ratio (HR) of 437 (95%CI -347 to 641-) for liver-related 226 

mortality compared to subjects in the minimal risk group. The score was highly specific in 227 

predicting liver-related mortality, yet it was also associated with an increased hazard ratio of 228 

non-liver-related death, but the effect was lower compared to that of liver-related death (HR 229 

of 2.29 comparing high-risk and minimal-risk groups).  230 

Ten-year liver-related mortality estimates increased markedly after the ©LiverRisk score 231 

reached a value of approximately 10, while non-liver-related mortality increased initially and 232 

then plateaued at around a ©LiverRisk score value of 20 (Figure 3). The significance of the 233 

©LiverRisk score in predicting liver-related mortality persisted across different subpopula-234 
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tions, such as age groups, alcohol consumption, diabetes mellitus, gender, ethnicity, obesity 235 

(supplementary figures S5 to S10, and supplementary table S6). 236 

FIB-4 and APRI also predicted liver-related mortality in the cohort, but their accuracy was 237 

lower compared to that of the ©Liver Risk score (figure 4 and figures S11 and S12). ©Liver-238 

Risk score also outperformed the fibrotic NASH index (FNI), a score that includes AST, 239 

HDL cholesterol, and HbA1c that has been reported to predict liver fibrosis in subjects with 240 

NAFLD (figure S13). 241 

Association between liver risk score and first liver-related hospitalization and incident liver 242 

cancer 243 

During a median follow-up of 12 years, 2,438 of the 416,200 subjects (0.59%) had at least 244 

one liver-related hospitalization. ©LiverRisk score groups were associated with progressively 245 

increased risk of liver-related hospitalization but not with risk of non-liver related hospitaliza-246 

tion (Figure 1, panel b). The hazard ratios of liver-related hospitalization in the medium and 247 

high-risk groups were 47 (95% CI 42-53) and 126 (95% CI 102-154), respectively, compared 248 

to subjects in the minimal-risk group (Figure 2, panel b). The significance of the ©LiverRisk 249 

score in predicting first liver-related hospitalization persisted across different subpopulations 250 

categorized by age, alcohol consumption, diabetes mellitus, gender, ethnicity, and obesity 251 

(supplementary figures S14 to S19).  252 

The incidence of liver cancer was also associated with ©LiverRisk score groups. Out of the 253 

whole cohort, 182 subjects (0.04%) developed hepatocellular carcinoma during a median 254 

follow-up of 8 years, with subjects in the high-risk group having a cumulative probability of 255 

4.4% of developing liver cancer at 8 years of follow-up, while subjects in the two lower risk 256 

groups had a very small probability of incident liver cancer (minimal-risk group (0.009%), 257 

low risk 0.1%), and medium risk (1.0%) (Figure 1 panel c and figure 2 panel c). FIB-4 and 258 
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APRI also predicted liver-related hospitalization and incident liver cancer in the cohort, but 259 

their accuracy was lower compared to that of the ©Liver Risk score (figure 4, table S7, and 260 

figure S12). 261 

DISCUSSION 262 

The current study reports on a new score, the ©LiverRisk score, that predicts degree of liver 263 

stiffness and also future liver-related outcomes in an adult general population without known 264 

liver disease. The ©LiverRisk score is composed of eight variables that include age and gen-265 

der as well as six laboratory variables (fasting glucose, cholesterol, AST, ALT, GGT, and 266 

platelet count), all of which are easily available in standard laboratory evaluations worldwide, 267 

and can be calculated with an on-line calculator. The ©LiverRisk score is reminiscent of 268 

scores widely used to assess risk profiles in chronic diseases, such as cardiovascular risk 269 

scores27, and appears to be quite specific for liver-related outcomes. 270 

The proposed ©LiverRisk score is effective in identifying subjects at risk for liver-related 271 

mortality and liver-related hospitalization as well as liver cancer and allows categorization of 272 

subjects of the population in four groups with markedly different risk of liver-related out-273 

comes. As for liver-related mortality, only 0.04% of subjects in the minimal-risk group and 274 

0.5% in the low-risk group died because of liver disease compared with 4.1% of the subjects 275 

in the medium-risk group, and 12.9% of those into the high-risk group. This corresponds to a 276 

hazard ratio of liver-related mortality of 471 in the high-risk group and 134 in the medium-277 

risk group as compared to the minimal-risk group.  278 

The accuracy of the ©LiverRisk score in predicting long-term liver-related outcomes was 279 

better than that of FIB-4 or APRI. This is probably related to the fact that these latter scores 280 

were derived from smaller cohorts of patients with chronic hepatitis C with high prevalence 281 

of liver fibrosis5, whereas the ©LiverRisk score was derived from a larger, non-selected, 282 
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population-based cohort with low prevalence of liver fibrosis, reflective of the situation in the 283 

general population. The dependent variable used for development of ©LiverRisk score was 284 

liver stiffness assessed by transient elastography, a measurement that provides a good esti-285 

mate of presence and severity of hepatic fibrosis.5 The ©LiverRisk score was very accurate 286 

for diagnosis of increased liver stiffness in the derivation cohort as well as two independent 287 

validation cohorts, including a total of more than 14,000 subjects from the general popula-288 

tion. Therefore, it is likely that the prognostic value of the ©LiverRisk score is related to its 289 

capacity to identify liver fibrosis early. Current evidence indicates that liver fibrosis is a 290 

strong predictor of liver-related complications and death, both in NAFLD and alcohol-291 

associated liver disease.28,29 Of note and at variance with other studies assessing the value of 292 

some scores in the prediction of future clinical events in cohorts of subjects with NAFLD,30 293 

our study was performed in population-based cohorts of adult subjects and therefore is not 294 

selective for any specific etiology of liver disease. 295 

The ©LiverRisk score reported here is applicable for general use in clinical practice world-296 

wide due to its simplicity, use of laboratory variables that are readily available, and relative 297 

low cost. The ©LiverRisk score may be used by general practitioners and nurses for oppor-298 

tunistic screening of liver fibrosis among subjects seen in primary care with metabolic risk 299 

factors for chronic liver disease or chronic alcohol consumption. This may allow subsequent 300 

correction of etiological factor(s), which may then prevent disease progression and improve 301 

prognosis. Besides, the ©LiverRisk score may be applied as a tool for population screening 302 

by automatically embedding the score into standard laboratory analyses performed for peri-303 

odic controls in patients with chronic conditions, in hospitals or health centers, or in regular 304 

health check-ups. Hence, further studies are expected to explore the use of ©LiverRisk score 305 

in population screening. The score can also be used for risk prediction in individual subjects 306 

and maybe useful to empower individuals to change their lifestyle and behavior to decrease 307 
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the potential future risk of suffering from severe liver disease7,8. Finally, the ©LiverRisk sore 308 

can also be helpful to inform local policymakers and health authorities about liver diseases 309 

risks in the population for which they are responsible.  310 

Limitations 311 

In spite of the very large cohort size with long follow-up, the current study has some limita-312 

tions. First, the prognostic value of the ©LiverRisk score was evaluated in a very large cohort 313 

but assessment was retrospective by calculating the value of the score for each subject at en-314 

try into the cohort and then assessing liver-related hospitalizations and liver-related death 315 

during follow-up through ICD-10 codes. Although the cohort meets relevant standards of 316 

quality with respect to data collection, the prognostic value of the ©LiverRisk score should 317 

ideally be tested with prospective collection of data. On the other hand, since the majority of 318 

subjects included in the different cohorts were of Caucasian origin, it remains to be estab-319 

lished whether the current findings apply similarly to all ethnic groups.  320 

In summary, we report the development and validation of a ©LiverRisk score that predicts 321 

future development of liver-related outcomes in the general population. The calculation of the 322 

©LiverRisk score is based on simple demographic and laboratory parameters and can there-323 

fore be easily applicable to clinical practice in most countries of the world. The ©LiverRisk 324 

score may be useful for predicting risk in individual subjects and help them modify risk fac-325 

tors for liver disease as well as for screening for liver diseases at the population level. Future 326 

studies are needed to evaluate the impact of the use of this ©LiverRisk score and document 327 

cost effectiveness of screening, which may eventually help reduce the large burden of liver 328 

diseases in the world.  329 

 330 
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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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Research in context 

Liver cirrhosis is a major cause of death worldwide. Cirrhosis usually occurs after a very long 

period of asymptomatic chronic liver inflammation that results in a progressive hepatic fibro-

sis. The main etiological factors for cirrhosis are hepatitis B and C virus, alcohol consump-

tion, and metabolic syndrome, either acting alone or in combination. Despite the long period 

of disease evolution, diagnosis is usually made only in the stage of advanced cirrhosis when 

complications occur. There is, thus,  a need for effective strategies to diagnose liver fibrosis 

early in asymptomatic subjects before cirrhosis develops. We searched Pubmed for articles 

from inception up to Oct 31, 2022, with the search terms “liver fibrosis markers”, “non-

invasive liver fibrosis tests”, “serological markers of liver fibrosis”, and “hepatic fibrosis” in 

various combinations. There were several studies in hospital-based cohorts, but only a small 

number of population based studies performed in individuals without known liver disease. 

Added value of this study 

The current study reports on the ©LiverRisk scorethat predicts accurately in an adult general 

population without known liver disease the degree of liver fibrosis, as estimated by liver stiff-

ness measured by transient elastography,. ©LiverRisk score comprises of six simple laborato-

ry variables (AST, ALT, GGT, glucose, cholesterol, and platelet count) together with sex and 

gender. The ©LiverRisk score also accurately predicts long-term liver-related outcomes, in-

cluding liver-related mortality, liver-related hospitalization, and primary liver cancer, thus al-

lowing stratification of subjects from the community according to risk of future liver disease 

outcomes.  

Implications of all available evidence 

Sparse data are available regarding the use of scores developed for identification of subjects 

in the general population without known liver disease who are at high risk of developing ad-

vanced fibrosis or cirrhosis. ©LiverRisk score outperformed the most commonly used scores 

for non-invasive fibrosis estimation. ©LiverRisk may be used for early diagnosis of chronic 

liver disease with advanced fibrosis before development of liver cirrhosis and its complica-

tions, or liver cancer. Interestingly, this early diagnosis can be made in Primary Care and 

linked to personalized therapeutic interventions aimed at stopping/ reducing the impact of the 

etiological factor(s) responsible for chronic liver disease (metabolic syndrome, alcohol, hepa-

titis virus). The impact of the interventions could behalting disease progression and reducing 

liver-related hospitalizations and mortality, thereby reducing the burden of liver diseases in 

the world. 
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Table 1. Baseline characteristics of subjects included in the different cohorts. 

 

Derivation 
cohort 

Validation 
cohort I 

Rotterdam 

Validation 
cohort II 

LiverScreen 

Prognosis 
UK Biobank 

  N=6,357 N = 4,370 N = 3,999 N = 416,200 

Women N (%) 3352 (52.7%) 1972 (45.1%) 2244 (56.1%) 223687 (53.7%) 

Age (years) 55.1 (11.9) 67.4 (8.2) 57.6 (9.2) 56.6 (8.09) 

Alcohol Consumption* 2098 (33.0%) 838 (19.2%) 472 (11.8%) 84828 (20.4%) 

BMI (kg/m2) 27.1 (5.0) 27.2 (4.0) 27.7 (4.8) 27.4 (4.8) 

Waist Circumference (cm) 92.2 (12.9) 93.1 (12.3) 93.4 (13.6) 90.2 (13.4) 

SBP (mmHg) 129 (17) 143 (22) 131 (18) 138 (19) 

DBP (mmHg) 80 (10) 84 (11) 82 (11) 82 (11) 

Diabetes Mellitus 809 (12.7%) 373 (8.5%) 396 (9.9%) 20761 (4.9%)** 

Hypertension 1741 (27.4%) 3389 (77.6%) 2092 (52.3) 126786 (30.5%) 

Glucose (mmol/L) 5.75 (1.28) 5.77 (1.22) 5.40 (1.32) 5.12 (1.24) 

Creatinine (mg/dL) 0.85 (0.22) 0.80 (0.20) 0.81 (0.20)  0.82 (0.21) 

Cholesterol (mmol/L) 5.39 (1.03) 5.49 (1.10) 5.42 (1.07) 5.69 (1.14) 

Cholesterol HDL (mmol/L) 1.44 (0.38) 1.50 (0.45) 1.34 (0.35) 1.31 (0.32) 

Triglycerides (mmol/L) 1.33 (0.94) 1.45 (0.80) 1.31 (0.85) 1.28 (0.57) 

AST (IU/L) 25 (16) 26 (14) 24 (10) 26 (10) 

ALT (IU/L) 26 (18) 21 (14) 24 (15) 24 (14) 

GGT (IU/L) 46 (79) 33 (40) 33 (34) 38 (42) 

Bilirubin (µmol/L) 12.0 (5) 9.4 (6.6) 10.9 (5.4) 9.1 (4.4) 

Leucocytes (10^9/L) 6.6 (1.8) 7.1 (2.0) N/A 6.9 (2.1) 

Hemoglobin (g/dL) 13.7 (2.00) 12.7 (0.74) 11.4 (1.83) 14.1 (1.25) 

Platelets (x1,000/µL) 245 (61.1) 267 (64.7) 238 (59.7) 253 (60.0) 

Liver Stiffness (kPa) 5.9 (5.8) 5.3 (2.2) 4.9 (1.9) N/A 

Ethnicity (white***) N (%) NA NA NA 392086 (94.2) 

Data are expressed as mean ± SD (in brackets) or number and percentages (in brackets) 

Notes: * measured as more than 14 (sex-adjusted) standard units of alcohol a week, ** measured as a 

prevalent DM diagnosis at baseline, *** classified as white with British, Irish, or any other white 

background. BMI, body mass index, SBP, systolic blood pressure, DBP, diastolic blood pressure, 

AST, aspartate aminotransferase, ALT, alanine aminotransferase, GGT, gamma glutamyl-

transpeptidase. 
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Table 2. Discriminatory Accuracy of the ©LiverRisk score, FIB-4 and APRI in the 

prediction of liver stiffness using cutoff values of 6, 10, and 15kPa. 

Score 6kPa 10kPa 15kPa 

Derivation cohort    

©LiverRisk 0.71 (0.70 - 0.73) 0.88 (0.86 - 0.90) 0.95 (0.93 - 0.97) 

FIB-4  0.60 (0.58 - 0.61) 0.75 (0.72 - 0.78) 0.85 (0.81 - 0.89) 

APRI   0.63 (0.61 – 0.65) 0.79 (0.76 - 0.82) 0.87 (0.83 - 0.90) 

Validation cohort I (Rotterdam)    

©LiverRisk 0.65 (0.63 - 0.66) 0.77 (0.72 - 0.81) 0.82 (0.71 - 0.92) 

FIB-4  0.59 (0.57 - 0.61) 0.67 (0.62 - 0.72) 0.73 (0.61 - 0.84) 

APRI   0.60 (0.58 – 0.61) 0.71 (0.66 - 0.76) 0.80 (0.71 - 0.90) 

Validation cohort II (LiverScreen)    

©LiverRisk 0.68 (0.66 - 0.70) 0.83 (0.78 - 0.89) 0.83 (0.72 - 0.94) 

FIB-4  0.53 (0.51 - 0.55) 0.68 (0.61 - 0.75) 0.78 (0.69 - 0.88) 

APRI   0.59 (0.56 – 0.61) 0.73 (0.66 - 0.81) 0.84 (0.74- 0.93) 

Notes: Values are Area under the receiver operating characteristic curve (AUROC) and their 

95% confidence interval (in brackets). Abbreviations: FIB-4: fibrosis 4 score, APRI: AST to 

platelet ratio index. 
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