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Abstract

Background & Aims: Only a minority of excess alcohol drinkers develop cirrhosis. We 

developed and evaluated risk stratification scores to identify those at highest risk.

Methods.—Three cohorts (GenomALC-1: n=1690, GenomALC-2: n=3037, UK Biobank: 

relevant n=6898) with a history of heavy alcohol consumption (≥80 g/day (men), ≥50 g/day 

(women), for ≥10 years) were included. Cases were participants with alcohol-related cirrhosis. 

Controls had a history of similar alcohol consumption but no evidence of liver disease. Risk 

scores were computed from up to eight genetic loci identified previously as associated with 

alcohol-related cirrhosis and three clinical risk factors. Score performance for the stratification of 

alcohol-related cirrhosis risk was assessed and compared across the alcohol-related liver disease 

spectrum, including hepatocellular carcinoma (HCC).

Results: A combination of three single nucleotide polymorphisms (SNPs) (PNPLA3:rs738409, 

SUGP1-TM6SF2:rs10401969, HSD17B13:rs6834314) and diabetes status best discriminated for 

cirrhosis risk. The odds ratio (OR) and 95% confidence intervals (CI) for the extreme score 

quintiles (Q1-Q5) of the 3-SNP score, based on independent allelic effect size estimates, were 

5.99 (4.18;8.60) (GenomALC-1); 2.81 (2.03;3.89) (GenomALC-2); and 3.10 (2.32;4.14) (UK 

Biobank). Patients with diabetes and high-risk score, compared to those without diabetes and 

a low-risk score, had ORs increased to 14.7 (7.69;28.1) (GenomALC-1) and 17.1 (11.3;25.7) 

(UK Biobank). Patients with cirrhosis and HCC had significantly higher mean risk scores than 

patients with cirrhosis alone (0.76±0.06 versus 0.61±0.02, p=0.007). Score performance was not 

significantly enhanced by information on additional genetic risk variants, body mass index or 

coffee consumption.

Conclusions: A risk score based on three genetic risk variants and diabetes status can provide 

meaningful risk stratification for cirrhosis in excess drinkers, allowing earlier prevention planning 

including intensive intervention.

LAY SUMMARY

Excessive chronic drinking leads to liver cirrhosis in some people, but so far there is no way 

to identify those at high risk of developing this debilitating disease. Our study has developed a 

genetic risk score (GRS) test that can identify patients at high risk and shows that the risk of 

cirrhosis is increased >10-fold with just two risk factors - diabetes and high GRS. Risk assessment 
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using this test has potential for early and personalised management of this disease in high-risk 

patients.

Graphical Abstract

Keywords

Hepatocellular carcinoma; risk stratification; chronic alcohol use; genome wide association; single 
nucleotide polymorphism; coffee

INTRODUCTION

Although the risk for developing cirrhosis is positively associated with alcohol consumption, 

only a minority of people with high-risk alcohol intake develop cirrhosis. The prevalence 

can vary between 7–16%1,2 with some reports suggesting the prevalence to be as low as 

2%3,4. The risk threshold for what is considered high-risk intake has changed over time5–7. 

Long-term consumption of 80 grams per day (g/d) or more is associated with increased risk 

of cirrhosis8,9, but the threshold for liver harm is below this level, especially for women10,11. 

The 80 g/d (men) and 50 g/d (women) cut-offs were set at a relatively high level to ensure 

both the cirrhosis and control groups were exposed to a substantial level of alcohol-related 

risk. We used this threshold to define “heavy drinking” in this study.

Primary prevention of alcohol-related liver disease (ALD) would involve decreasing alcohol 

intake of the whole population but achieving this remains challenging. Focused intervention 

through the identification of people with high alcohol intake or more specifically through 

stratification of individuals within this population at risk for developing cirrhosis depends on 

identification of those at high risk. Evidence from clinical trials12 suggests that informing 

excessive drinkers that they have abnormal liver function tests/hepatic fibrosis can motivate 

them to reduce their alcohol intake. A number of both constitutional13–16, and genetic17–20 

risk factors for the development of alcoholic-related cirrhosis have been identified, but no 

attempt appears to have been made, to date, to bring these together to provide an integrated 
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measure of risk. Thus, the aim of this study was to devise risk scores for the stratification of 

cirrhosis risk and evaluate them in heavy drinkers from three independent cohorts.

MATERIALS/PATIENTS AND METHODS

Information on disease status, genotypes and clinical risk factors was available for three 

cohorts: i) GenomALC-1 and ii) GenomALC-2 from the GenomALC consortium, and 

iii) the UK Biobank. Details of the recruiting and contributing sites, with numbers of 

patients by diagnosis and by country are given below and in Supplementary Table 1. Cohort 

characteristics of the cases and controls from each source are described in Supplementary 

Table 2.

GenomALC-1

The GenomALC-1 cohort was recruited according to a pre-designed protocol between 

2012 and 2017 in Australia, France, Germany, Switzerland, the UK, and the USA. The 

recruitment criteria and the data collection protocol were detailed previously21. Briefly, 

all participants had a history of heavy drinking (≥80 g/d (men) and ≥50 g/d (women) for 

≥10 years). For cases, cirrhosis had been diagnosed by a combination of clinical criteria, 

laboratory variables and/or liver elastography (Fibroscan®), with liver biopsy if clinically 

indicated. Clinical features defining the severity of cirrhosis are shown in Supplementary 

Table 2. Other liver diseases (hepatitis B or C, haemochromatosis, Wilson’s disease, and 

autoimmune hepatitis) were excluded by laboratory testing or clinical criteria. For controls, 

liver disease was excluded through a combination of clinical history and measurement of 

liver function tests (bilirubin, albumin, ALT). For both cases and controls, HIV infection 

was an exclusion criterion. The study was approved by appropriate Ethics Committees or 

Institutional Review Boards at each site and conformed to the ethical guidelines of the 

1975 Declaration of Helsinki. Participants were provided with explanations of the study and 

gave written informed consent. Genotyping was performed at Erasmus University Medical 

Centre, Rotterdam using the Illumina GSA genotyping array, as described20.

GenomALC-2

The biological samples and data were donated by research groups who had independently 

collected them for other studies. Some of the GenomALC-2 samples were included 

in a previous GWAS17; therefore, for the purposes of this study, overlapping samples 

were removed from the analysis. Clinical diagnosis of cases and controls was similar to 

GenomALC-1 criteria but detailed clinical information was limited for this cohort. Patients 

had given informed consent and the studies were approved by the appropriate Ethics Review 

Boards. DNA from these participants’ samples was also genotyped as outlined above for 

GenomALC-1.

Genotypes in the GenomALC-1 and GenomALC-2 cohorts were 22 cleaned using a widely 

used quality control pipeline, the GWASTools package https://bioconductor.org/packages/

devel/bioc/manuals/GWASTools/man/GWASTools.pdf and imputed to 1000 Genomes 

reference using the Michigan Imputation Server (MIS)22
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UK Biobank

The UK Biobank23 includes approximately 500,000 volunteers from the UK with a wide 

range of data including computer-administered questionnaires, physical measurements, 

laboratory tests, and genotyping. All participants gave informed consent, consistent with 

the UK Biobank Ethics and Governance Framework. Recruitment and initial assessment 

occurred between 2006 and 2010 when participants were aged 40 to 69 years. Access to the 

UK Biobank database was obtained (Application 18870) and relevant data (with diagnoses 

updated to June 2020) were extracted. For cases, information was restricted to assigned 

clinical diagnosis (Supplementary Table 2) on hospital admissions and diagnoses, and on 

causes of death in participants who have subsequently died. Information was available on 

self-reported alcohol intake at the time of assessment (by beverage type, in drinks per 

week, or for less frequent drinkers per month), and participants also reported whether this 

was less than, similar to or more than they had been consuming 10 years previously. The 

amounts were converted to express the alcohol intake in g/d. Participants who had a recorded 

diagnosis or cause of death of alcohol-related cirrhosis (ICD-10 K70.3, ‘Alcoholic cirrhosis 

of liver’) from hospital records or death certificates were included as cases (n=594), and 

those with reported drinking above the 80 or 50 g/day limits, with similar or greater 

consumption 10 years before, but with no diagnosed liver disease (either alcohol-related 

or other causes) were included as controls (n=6304). Exclusion criteria for UK Biobank 

subjects were similar to GenomALC-1.

UK Biobank also included 758 cases within the spectrum of other alcohol-related liver 

disease diagnoses (Supplementary Table 1). Genotype data for the relevant UK Biobank 

participants were downloaded from the server and genotypes for the relevant SNPs were 

extracted. Data on coffee consumption, body mass index (BMI) and diabetes status were 

recorded (Supplementary Table 2).

Data curation and statistical analysis

Data management and statistical analyses used IBM SPSS Statistics, version 22 (IBM Corp., 

New York NY). Binary variables were coded as 0 (absent) or 1 (present). Diabetes status 

(absent/present), BMI, kg/m2) and coffee consumption (0: not a coffee consumer, 1: coffee 

consumer) shown in our previous report as associated with cirrhosis16 were also modelled. 

Genotype data were coded as single nucleotide polymorphisms (SNPs) minor allele dosages, 

assuming an additive model for allelic effects.

Calculation of risk scores requires coefficients for the effect sizes associated with each risk 

factor, and assessment of the performance of the risk scores requires testing in independent 

cohorts not included in the derivation of these coefficients. The scheme shown in Table 1 

sets out the basis for the scores and the data-sets which were used for evaluation.

SNPs with the lowest p-value at three loci (PNPLA3:rs738409, SUGP1-
TM6SF2:rs10401969 and HSD17B13:rs6834314) were selected based on previous 

association with the risk of alcohol-related cirrhosis17,18, and confirmed at genome-wide 

significance in our meta-analysis20. Two significantly associated SNPs have been reported 

at SUGP1-TM6SF2 locus17 which are in near-complete linkage disequilibrium (d’1.00, r2 
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0.955), and rs10401969 was chosen over rs58542926 because of its stronger association 

with cirrhosis.

A score based on these three loci (‘3-SNP score’) was computed for each participant in each 

of the three cohorts. Minor allele counts (‘dosage’) were obtained from direct or imputed 

genotypes for each SNP, multiplied by the beta coefficients for allelic effect sizes (derived 

from published odds ratios, calculated as beta = loge(OR)) and summed across SNPs (Table 

1). The means for 3-SNP scores were also compared between disease diagnostic groups in 

the three independent cohorts described in Supplementary Table 1.

Scores based on three, five, and eight loci were also computed for the GenomALC-2 

samples using coefficients of loci with significant association from the published meta-

analysis20 or other sources17,18 (‘3-SNP-M’, ‘5-SNP-M’ and ‘8-SNP-M’ scores) (Table 1). 

The 3-SNP-M score was based on the loci mentioned above, the 5-SNP-M score included 

above three loci, and SERPINA1 and FAF2 identified in our meta-analysis, and the 8-SNP-

M score which was derived from the 5-SNP-M score with addition of three reported loci 

(MBOAT7, MTARC1 [previously MARC1], HNRNPUL1) significantly associated with 

alcohol-related cirrhosis17,24,25.

Area under the ROC curve (AUC) analysis and logistic regressions (with the score as the 

predictor variable and case/control status as an outcome) were performed. Odds Ratios 

(ORs) of the score were compared for extreme quintiles (highest Q5 against lowest Q1).

RESULTS

Risk stratification by genetic loci-based scores

Results in the three study cohorts for the 3-SNP score AUCs, logistic regressions and the 

ORs comparing quintiles Q5 and Q1 of the score, are shown in Table 2. Each of these 

measures showed better performance of the score in the GenomALC-1 cohort than in either 

the GenomALC-2 or UK Biobank cohorts, and there was no significant difference in score 

between men and women (Supplementary Table 3).

The results of adding two clinical risk factors (BMI and coffee consumption) to the 

3-SNP score are shown in Table 2. Because the beta-coefficients for the two clinical risk 

factors were derived from the GenomALC-1 cohort, and information on these factors 

was not available for the GenomALC-2 cohort, this score was only evaluated against the 

UK Biobank data. A moderate, but not significant, improvement in risk stratification was 

observed following addition of these clinical risk factors; the Q5-Q1 OR estimate increased 

from 3.10 to 3.37 but the 95% confidence intervals overlapped. Coffee data did not improve 

the risk stratification, and nor did BMI (which was non-significant in the UK Biobank group 

and not available for GenomALC-2) (Table 2). Stratification of risk including the clinical 

factors in the score showed similar results for men and women (Supplementary Table 3).

The addition of further loci in the 5-SNP-M score (PNPLA3:rs2294915, 

SUGP1-TM6SF2:rs10401969, HSD17B13:rs10433937, SERPINA1:rs28929474, 

FAF2:rs11134997)17,24,25 and in the 8-SNP-M score, with MBOAT7:rs641738, 
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MTARC1:rs2642438 and HNRNPUL1:rs17251589 in addition to those in the 5-SNP-M 

score, did not improve the associations between score and outcome or the risk stratification 

(Table 2). Because the coefficients for FAF2 and SERPINA1 were obtained from the meta-

analysis of the GenomALC-1, Buch study17 and UK Biobank data, the 5-SNP-M and 

8-SNP-M scores could only be tested in the GenomALC-2 data. To allow a valid comparison 

between the multi-SNP scores each was based on the coefficients from our meta-analysis of 

GWAS results. This resulted in an improvement for the meta-analysis-based 3-SNP-M score 

compared to the 3-SNP score (Q5-Q1 ORs changed from 2.81 [95% CI 2.03,3.89] to 3.65 

[2.59,5.15]). There was also a high correlation between the 3-SNP and 3-SNP-M scores in 

GenomALC-2 (r = 0.826, n = 3037, p < 10−200; Supplementary Figure 1).

Clinical utility of the risk score

Numerical cut-offs that define or quantify risk are needed if the risk score is to have clinical 

utility. The 3-SNP scores in the GenomALC-1 cases and controls for the lowest and highest 

quintile boundaries were close to 0 and 1 (0.033 and 0.964, respectively; Figure 1). Division 

of the scores into three groups at low, intermediate and high cirrhosis risk was based on the 

3-SNP score distribution (Supplementary Figure 2). The final selected scores were, low: <0; 

intermediate >0 – 0.7 and high risk >0.7. In each study cohort the risk difference between 

the low- and high-risk groups ranged between 2.5-fold and approximately 5-fold (Table 3). 

The difference in risk between the high- and low-risk GenomALC-1 groups were similar 

across the six countries (Figure 2).

Diabetes

Diabetes is known to have a large effect on cirrhosis risk. Inclusion of diabetes status with 

genetic risks in a combined risk score led to a bimodal distribution and difficulty in defining 

score quintiles. Thus, to see the effect of genetic risk score in the context of diabetes status, 

the 3-SNP score was subdivided by the diabetes status and is presented separately (Table 4).

People with diabetes showed a substantial increase in the risk of cirrhosis in both the 

GenomALC-1 (OR 3.82, 95% CI 2.67;5.47) and the UK Biobank (OR 5.62, 95% CI 

4.33;7.28) cohorts. The genetic score effects were similar for people with and without 

diabetes, both in the GenomALC-1 (logistic regression coefficients ± SE, no diabetes: 1.055 

± 0.105; diabetes: 1.276 ± 0.338) and the UK Biobank data (no diabetes: 0.653 ± 0.093; 

diabetes: 0.735 ± 0.181). Tests for genetic score-diabetes interaction, either by including a 

(score x diabetes) term in the logistic regression or by testing for heterogeneity of Odds 

Ratios between those with and without diabetes, showed no evidence for interaction effects 

in either cohort (Table 4). The combined effects of having diabetes and a high genetic risk 

score resulted in a >10-fold increased risk in people with diabetes and a high risk 3-SNP 

score against people without diabetes and a low-risk score, for both GenomALC-1 (OR 14.7, 

95% CI 7.69;28.1) and the UK Biobank (OR 17.1, 95% CI 11.3,25.7) (Table 4).

Genetic loci-based risk scores across alcohol-related liver diseases

The mean values for the 3-SNP score varied across groups defined by alcohol intake and 

by the diagnostic categories for alcohol-related liver disease for both GenomALC-1 and the 

UK Biobank cohorts (Supplementary Figure 3). Post hoc comparisons showed similar trends 
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of mean 3-SNP risk score increasing with disease severity for the GenomALC-2 cohort that 

included excessive drinkers with no liver disease and significantly differed between cases 

with severe alcoholic hepatitis and alcohol-related cirrhosis (p = 0.011) (Supplementary 

Table 4). Mean 3-SNP score increased with severity of liver disease (Supplementary Figure 

3), including when comparing cirrhosis with HCC against cirrhosis without HCC, both for 

GenomALC-1 (0.757 ± 0.057 versus 0.613 ± 0.019) and UK Biobank (0.717 ± 0.102 versus 

0.396 ± 0.031); see also Supplementary Table 5.

DISCUSSION

This study shows that a genetic score based on three lead SNPs associated at genome-wide 

significance with the risk for developing alcohol-related cirrhosis, can risk-stratify people 

drinking at potentially harmful levels.

Development of score for risk stratification

The performance of 3-SNP score improved considerably when used in conjunction with 

information on diabetes status, providing a powerful tool for identifying patients at high risk 

for developing advanced alcohol-related liver diseases. Higher scores were also associated 

with other severe liver injuries, including alcoholic hepatitis and HCC.

Our main measure of genetic risk stratification was to compare people who are in the highest 

quintile for a score against those in the lowest quintile, providing a more practical measure 

of stratification success than comparing the most extreme of all possible categories, which 

will usually contain only a small proportion of people26. Substantial Q5-Q1 risk differences 

were evident for the simple 3-SNP score in each of the cohorts; approximately six-fold in 

the GenomALC-1 cohort and three-fold in the other cohorts (Table 2). The greater difference 

in Q5-Q1 risk for GenomALC-1 is likely to be due to a more refined and pre-defined 

case-control definition for the recruitment protocol in this cohort.

Diabetes status led to a substantial enhancement of the utility of the 3-SNP score, 

predicting a >10-fold difference in risk between extreme groups (Q5 with diabetes and 

Q1 non-diabetes). Adding information on further genetic risk variants or BMI and coffee 

consumption had minimal effect.

Clinical utility of risk-score

Clinical application of a score requires the definition of decision points in numerical terms 

rather than by reference to population quintiles. However, Q5-Q1 comparisons can be useful 

for comparison across cohorts, such as in our study, and against genetic scores for other 

diseases. For clinical application boundaries of 0 and 0.7 were set for the 3-SNP score that 

provided a potentially useful stratification of risk in each of the three cohorts. As expected, 

lowering the high-risk threshold (e.g. from 1.0 to 0.7) identified a higher proportion of the 

cases as being at high risk but the ORs between the high- and low-risk groups decreased. For 

any classification based on a numerical test or score, changing the cut-off point(s) will alter 

the trade-off between test sensitivity and specificity and the optimum cut-offs will depend on 

the use to be made of the test. The prevalence of the condition is also important because this 

will affect the predictive value of positive or negative results. The AUCs shown in Table 2 
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were significant but when the desired test sensitivity was set at 80% (to flag nearly all those 

at high risk) the test specificities were between 30% and 40%. Thus, a substantial number of 

false positives must be accepted, making the score suitable for risk stratification but not for 

prediction of outcome in individual patients.

The 3-SNP risk score was also associated with differences across the alcohol-related liver 

disease spectrum, including HCC. The HCC risk association is consistent with previous 

information showing that PNPLA3, HSD17B13 and TM6SF2 polymorphisms27–31 are 

associated with a higher risk for this condition compared to advanced cirrhosis, perhaps 

suggesting a pro-oncogenic role for these variants.

Scope of risk-score

The loci comprising the current risk score are also implicated in the risk for developing 

cirrhosis of diverse aetiologies. Using similar polygenic risk scores (PRS) in non-alcoholic 

fatty liver disease (NAFLD) revealed that combining genetic and clinical features refines 

the predictive utility of the algorithm for identifying those at higher risk of severe liver 

disease32–34. Given the many shared genetic and metabolic risks between alcohol-related 

liver disease and NAFLD, the predictive algorithm defined here may have a wider 

scope across these diseases for risk stratification of those at higher risk of cirrhosis. 

Recently Emdin and colleagues30 identified 12 variants, five previously known, including 

PNPLA3, HSD17B13 and TM6SF, and seven novel, which were associated at genome-wide 

significance with ‘any cause’ cirrhosis, and aggregated these into a PRS. A high PRS, 

defined as the top quintile of the distribution, was associated with significantly increased 

risk of cirrhosis compared with the lowest quintile (OR 2.26; P < .001). Our current 

study indicates that risk stratification for alcohol-related cirrhosis can be achieved as 

effectively using fewer genetic markers, and with algorithms based on a smaller base of 

GWAS information, presumably because the genetic architecture of alcohol-related cirrhosis 

includes a number of common variants with substantial effects on risk.

Preliminary investigation of adding previously reported risk loci over the 3-SNP score 

did not significantly improve risk stratification. To develop a robust PRS that incorporates 

many loci for alcohol-related cirrhosis risk would require a larger population based cohort. 

Another possible extension, again dependent on the availability of more data, would be 

to incorporate information on patients’ alcohol consumption in addition to genotyping for 

genetic variants associated with cirrhosis risk.

The outcome of risk stratification for alcohol-related liver disease can be compared with 

PRS approaches to other complex diseases, including cardiovascular disease and cancers. 

A recent study35 showed that for five common diseases (coronary heart disease, type 

2 diabetes, atrial fibrillation, breast cancer and prostate cancer), Q1-Q5 differences in 

PRS were associated with approximately two- to five-fold differences in the cumulative 

prevalence of diagnosis by age 80. Our 3-SNP score performance was equal to or slightly 

better than these.

The main strengths of this study were that it employed three large independent cohorts and 

that the case and control definitions were standardised. The study also had its limitations. 
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First, the included populations were of largely European ancestry so that the finding may 

not be universally applicable. Second, an unknown proportion of the controls, especially 

in the UK Biobank cohort, may have undiagnosed alcohol-related liver disease, although 

it should be recognised that misclassification of some cases as controls would lead to 

poorer stratification such that the effectiveness of our score would be under-, rather than 

over-estimated. Finally, the risk scores were derived from groups of heavy drinkers with 

cirrhosis or without liver disease. However, these were validated in case and control groups 

selected from the population-based UK Biobank cohort. Application of the risk score to an 

individual patient should be performed with an understanding that some patients’ outcomes 

will differ from those predicted by the score. Prospective studies are needed, both to relate 

score to progression across time in patients who present with early stages of liver disease, 

and to clarify the relationship between onset of diabetes and of advanced liver disease in 

patients with excessive alcohol use.

Based on the findings of the present study a 3-SNP score algorithm is proposed for use and 

interpretation of the risk stratification in heavy drinkers (Box 1).

Conclusions

An algorithm for stratifying the risk of developing alcohol-related cirrhosis among heavy 

drinkers, based on three genetic loci and information on diabetic status, has been developed 

and validated. It is intended to identify patients at particularly high risk for developing 

alcohol-related cirrhosis. In addition to stratifying risk of developing alcohol-related 

cirrhosis, this algorithm may also stratify risk for developing alcoholic hepatitis and HCC. 

This risk stratification system could be used to facilitate management of all people at risk for 

developing significant alcohol-related liver disease.
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Refer to Web version on PubMed Central for supplementary material.
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Box 1.

Use of the 3-SNP risk score for alcohol-related cirrhosis.

Calculate the risk score as:
(0.7839*PNPLA3 rs738409 G dosage) + (0.5423*SUGP1-TM6SF2 rs10401969 C dosage) – 

(0.4463*HSD17B13 rs6834314 G dosage)
Assign the patient to the appropriate stratum of risk, as follows:

Score less than 0 Score above 0.7

Low risk High risk

Relative risk if not diabetic 1 3-fold

Relative risk if diabetic 3-fold or more Over 10-fold

(Patients with scores between 0 and 0.7 are at intermediate risk)

When making use of this risk information, after appropriate explanation, consent and genotyping, be aware 
that this is a risk stratification scheme rather than providing individual predictions. Some patients whose score 
places them in the low-risk group will progress to significant liver disease, especially if they continue to drink 
excessively.
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Figure 1. 
Distribution of 3-SNP scores in cases and controls from the GenomALC-1 data, showing the 

boundaries of the lowest (Q1) and highest (Q5) quintiles at 0.033 and 0.964, respectively 

(dotted lines).
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Figure 2. 
Odds ratios, by country and overall, for the risk of alcohol-related cirrhosis in the 

GenomALC-1 cohort when results for the 3-SNP score are divided into low (<0), 

intermediate (0 to 0.7) and high (>0.7) categories. Error bars show 95% confidence intervals.
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Table 1.

Score construction and validation plan.

Cohorts available for independent validation

GenomALC-1
(N=1690)

GenomALC-2
(N=3037)

UK Biobank
(N=6898)

1 3-SNP score, using SNPs and coefficients from initial reports17,18 = 
(0.7839*PNPLA3 rs738409 G dosage) + (0.5423*SUGP1-TM6SF2 
rs10401969 C dosage) − (0.4463*HSD17B13 rs6834314 G dosage)

Yes Yes Yes

2 3-SNP score as in 1 above, with addition of BMI and coffee = [1] + 
(0.0709*BMI) − (0.645*Coffee)

No (BMI and 
coffee coefficients are 

derived from this 
cohort)

No (no information 
of BMI and coffee)

Yes

3 3-SNP-M score, using SNPs and coefficients from meta-analysis20 

= (0.7274*PNPLA3 rs2294915 T dosage) + (0.3988*SUGP1 
rs10401969 C dosage) − (0.2485*HSD17B13 rs10433937 G dosage)

No* Yes No*

4 5-SNP-M score; as in 3 above but with addition of two GW-significant 
SNPs from meta-analysis = [3] + (0.6419*SERPINA1 rs28929474 T 
dosage) − (0.2357*FAF2 rs11134997 C dosage)

No* Yes No*

5 8-SNP-M score; as in 4 but with three additional SNPs with genome-
wide significant associations with alcohol-related liver disease = 
[4] + (0.1446*MBOAT7 rs641738 T dosage) − (0.2401*MTARC1 
rs2642438 A dosage) − (0.1304*HNRNPUL1 rs17251589 T dosage)

No* Yes No*

*
SNP coefficients are derived from this cohort
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Table 2.

Results of ROC curve and logistic regression analyses, and estimated odds ratios for cirrhosis between the 

lowest (Q1) and highest (Q5) quintiles of scores.

ROC Curve Logistic regression
Q1-Q5 Odds Ratio (95% CIs)

AUC Beta p-value

3-SNP score
i GenomALC-1 0.665 ± 0.014 1.092 ± 0.099 2.90 × 10−28 5.99 (4.18 to 8.60)

GenomALC-2 0.606 ± 0.014 0.669 ± 0.090 1.44 × 10−13 2.81 (2.03 to 3.89)

UK Biobank 0.619 ± 0.014 0.729 ± 0.080 1.06 × 10−19 3.10 (2.32 to 4.14)

3 SNP score
i
 + BMI, coffee

GenomALC-1
Not estimated

iii
Not estimated

iii
Not estimated

iii

GenomALC-2
Not estimated

iii
Not estimated

iv
Not estimated

iv

UK Biobank 0.636 ± 0.015 0.748 ± 0.073 1.77 × 10−24 3.37 (2.38 to 4.78)

Comparisons based on coefficients from meta-analysis:

3-SNP-M score
ii GenomALC-2 0.631 ± 0.014 0.909 ± 0.103 1.17 × 10−18 3.65 (2.59 to 5.15)

5-SNP-M score
ii GenomALC-2 0.626 ± 0.014 0.813 ± 0.096 2.96 × 10−17 3.66 (2.62 to 5.12)

8-SNP-M score
ii GenomALC-2 0.633 ± 0.014 0.807 ± 0.091 6.06 × 10−19 3.37 (2.43 to 4.66)

i
Coefficients estimated from Buch et al17 and Abul-Husn et al18

ii
Coefficients estimated from meta-analysis data Schwantes-An et al20

iii
Not estimated because coefficients would be partly based on data for this cohort.

iv
Not estimated because BMI and coffee data are not available for this cohort.
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Table 3.

Simplification of scoring system into three groups based on numerical values of the 3-SNP score.

Odds Ratios (95% confidence intervals)

Risk group score GenomALC-1 GenomALC-2 UK Biobank

Low ≤ 0 1 1 1

N = 273 (16.2%) N = 327 (18.5%) N = 3403 (56.1%)

Intermediate > 0 to 0.70 2.13 (1.61 to 2.83) 1.54 (1.18 to 2.00) 1.36 (1.04 to 1.77)

N = 731 (43.3%) N = 771 (43.7%) N = 1207 (19.9%)

High > 0.70 4.96 (3.67 to 6.71) 2.67 (2.02 to 3.53) 2.654(2.16 to 3.29)

N = 686 (40.6%) N = 668 (37.8%) N = 1456 (24.0%)
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Table 4.

Risk of alcohol-related cirrhosis by diabetes status, and comparison of risk in the low- and high-risk of 

the 3-SNP score stratified by diabetes status. For GenomALC-1, diabetes status was at time of recruitment 

and for UK Biobank at the time of (baseline) assessment. Information on diabetes was not available for the 

GenomALC-2 group. Only those participants with information on diabetes, and a 3-SNP score, are included.

Predictor Group Contrast Odds Ratios (95% Confidence Intervals)

GenomALC-1 UK Biobank

Diabetes Diabetes versus no diabetes 3.82 (2.67 to 5.47) 5.62 (4.33 to 7.28)

3-SNP score No diabetes ≤0 versus >0.7 in non-diabetics 4.77 (3.45 to 6.58) 2.37 (1.86 to 3.03)

Diabetes ≤0 (diabetes) versus >0.7 (diabetes)
5.32 (2.06 to 13.7)

1
3.74 (2.16 to 6.48)

2

≤0 (no-diabetes) versus >0.7 (diabetes) 14.7 (7.69 to 28.1) 17.1 (11.3 to 25.7)

1
Breslow-Day test for homogeneity of Odds Ratios in Non-Diabetes and Diabetes groups, GenomALC-1 χ2 = 0.05 p = 0.830.

2
Breslow-Day test for homogeneity of Odds Ratios in Non-Diabetes and Diabetes groups, UK Biobank χ2 = 2.20 p = 0.138.

J Hepatol. Author manuscript; available in PMC 2023 February 01.


	Abstract
	LAY SUMMARY
	Graphical Abstract
	INTRODUCTION
	MATERIALS/PATIENTS AND METHODS
	GenomALC-1
	GenomALC-2
	UK Biobank
	Data curation and statistical analysis

	RESULTS
	Risk stratification by genetic loci-based scores
	Clinical utility of the risk score
	Diabetes
	Genetic loci-based risk scores across alcohol-related liver diseases

	DISCUSSION
	Development of score for risk stratification
	Clinical utility of risk-score
	Scope of risk-score

	Conclusions
	References
	Table T5
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

