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Figure 1. Percentage of overall deaths within 5 year age bands from specified diseases 
related to smoking, obesity and alcohol intake. Patients die from alcohol-related liver 
disease in their 30s 40s and 50s, whereas deaths from smoking and obesity related 
illness typically occurs at a much later age (analysis by N.S., for details see 
Supplementary Methods).  

 

 
 

  



Figure 2. Years of life lost (1990-2019) to adults in working age-groups due to six 
leading causes of death, as estimated by the Global Burden of Disease study (GBD) 
2019 (analysis by N.S., for details see Supplementary Methods).  

  
  



Figure 3. Different countries within the WHO European region have different trajectories 
of liver mortality 1968-2016 as demonstrated by standardized death rates (SDR; WHO 
Health For All analysis by N.S., for details see Supplementary Methods). 

 
 



Figure 4. Progressive liver fibrosis is the single common pathway for all aetiologies of chronic liver disease. Liver cancer 
mostly develops in patients with advanced fibrosis, but is increasingly observed in non-cirrhotic patients with non-alcoholic 
fatty liver disease. Population level interventions tend to be more effective and less expensive, whereas hospital 
interventions are more expensive and less effective. Printed with permission from Kari Toverud. 

 



Figure 5. The relationship between population level alcohol consumption (L/cap) and 
standardised liver death rates (SDR); analysis by N.S., for details see Supplementary 
Methods. Panel A. For a large number of European countries this is self-evident with a 
tight correlation between countries and temporally within countries (Spearman 
correlation 0.63, P <0.0010. Panel B. Countries have been selected if the maximum 
Liver SDR / Alcohol per capital ratio is >= 4 (Spearman correlation 0.31, P <0.001)  
(WHO Health For All dataset 1968-2016).  

 



Figure 6. Epidemiology of primary liver cancer due to non-alcohol related 
steatohepatitis (NASH) in the WHO European region, 1990 vs. 2019. Estimates 
retrieved from Global Burden of Disease (GBD) 2019. In the past 30 years, the 
prevalence of NASH-related liver cancer has almost doubled (expressed as age 
standardized rates per 100,000). NASH-related liver cancer death rates and incidence 
rates have also increased in the past 3 decades. For details, see Supplementary 
Methods.    

 

 

 

 

 

 

 

 

 

  



Figure 7. Panel A. Coexistence of risk factors in Europe, i.e. alcohol per capita and 

obesity prevalence (https://easl.eu/publication/hepahealth-project-report/). The most 

recent year with available data in each country on prevalence of alcohol and body mass 

index (BMI) are presented (n=31). Panel B. Grouping together countries which have 

both high alcohol consumption and high obesity prevalence, countries with only one risk 

factor and countries with both. The cutoffs for the definition of high obesity prevalence 

and high alcohol consumption were above sample medians. Cutoff – alcohol median 

10.5 (L per capita) and percentage of population obese median 17.5. *Low alcohol 

consumption and low percent population obese (Denmark, Finland, Italy, Netherlands, 

Norway, Slovenia, Spain, Sweden, and Switzerland). Low alcohol consumption and high 

percent population obese (Greece, Iceland, Latvia, Malta, Portugal, Romania, and 

Serbia). High alcohol consumption and low percent population obese (Austria, Belgium, 

France, Germany, Poland, and Slovakia). High alcohol consumption and high percent 

population obese (Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Ireland, 

Lithuania, Luxembourg, and United Kingdom). 
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PANEL B 
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Figure 8. Premature deaths per 100,000 persons per year due to liver disease 

according to aetiology calculated by the OECD Strategic Public Health Planning for non-

communicable diseases (SPHeP-NCDs) model. See the Supplementary OECD 

Methods Appendix for details. 
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Figure 9. Panel A. Potential benefits of different health policies in terms of life years 

(LYs) or disability adjust life years (DALYs) in the European Union (EU) 27+5 (i.e. EU 

and CHE, ISL, GBR, NOR, RUS), calculated by the OECD Strategic Public Health 

Planning for non-communicable diseases (SPHeP-NCDs) model. Panel B. Potential 

economic impact of different health policies in terms of reduced health expenditure and 

increased labour force productivity in the EU 27+5 calculated by the OECD SPHeP-

NCD model. See the Supplementary OECD Methods Appendix for details. 
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Figure 10. Investment and return on investment from hepatitis C elimination in the 
WHO European region 2020-2050. Panel A. Cost of testing, treatment and healthcare 
for elimination and status quo scenarios. Panel B. Annual economic productivity gains 
from elimination compared to the status quo. Panel C. Net economic benefit of hepatitis 
C elimination compared to the status quo (includes testing, treatment, healthcare and 
productivity costs). Costs and disease adjusted life years discounted at 3% per annum. 
Solid line and shading represent median and inter-quartile range of multiple uncertainty 
simulations. See Viral Hepatitis Modeling Methods Appendix for details. 

 
  



Figure 11.  Mortality rates for all liver disease (underlying cause) by English local 
authority (North West) and Index of Multiple deprivation (IMD) score, 2006 to 2010. 
There is a strong positive association between deprivation and liver disease mortality; 
R2 suggesting that 68% of the total variability can be explained by deprivation (data 
plotted from Office of National Statistics, reprinted with permission from 
http://www.hcvaction.org.uk/sites/default/files/resources/Burden%20of%20Liver%20Dis
ease%20in%20the%20North%20West%20of%20England%20%282012%29.pdf) 
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Figure 12 Data from the Survey of Health, Aging and Retirement in Europe (SHARE, 
http://www.share-project.org/home0.html) showing the prevalence of obesity (Panel A) 
and type 2 diabetes (Panel B) among selected European countries on 2017. A person 
with diabetes was specified on the basis of questionnaire. Obesity was defined as a 
body mass index of equal or above 30 kg/m2. Economic status definition was based on 
assessment of household economic capacity (two situations: make ends meet with 
difficulty and make ends meet easily). For details, see Supplementary Methods.  
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Figure 13. Health Behaviour in School-aged Children (HBSC) survey in Europe, 
WHO. In this figure, only the low vs high categories are presented. There is a higher 
prevalence of overweight and obesity amongst less affluent boys and girls as well as 
higher proportion of consumption of sweets and soft drinks on a daily basis, while a 
lower proportion of daily consumption of fruits and vegetables. The Pearson Chi-
Squared test was used to examine the differences in overweight and eating behaviors 
between affluence categories, all P values were significant <0.001. For details see 
Supplementary Methods. 
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Figure 14. Stigma and discriminatory attitudes towards people at risk of or with liver disease, occur at different levels: 
general population (public stigma), health and social policy (structural stigma) and the health setting. These attitudes 
generate self-stigma in this group, which has multiple related consequences: care avoidance and delayed diagnosis, 
increases in the number of people with liver disease, and increases in health and social inequalities. To reduce the liver 
disease burden attributable to stigma, anti-stigma interventions should target each level and be combined and also target 
support patient empowerment. Printed with permission from Kari Toverud. 

 

 



Figure 15. Survival rates of individuals following a first admission with liver failure 
(years). Of 3,335 subjects, 2,335 (70%) had no prior outpatient (OP) referral and these 
subjects had a reduced survival on Cox regression analysis after considering potential 
confounders (alcohol intake, type 2 diabetes and viral hepatitis); analysis by N.S., for 
details see Supplementary Methods. 

 
  



Figure 16. Of 394,253 subjects in the CIRRUS dataset8 with a calculable CIRRUS 
result, 35,809 had data to allow comparison between standard blood tests (SBTs) 
alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma-glutamyl 
transferase (GGT) and one fibrosis algorithm (CIRRUS). Of these 1,455 subject went on 
to have a first serious liver event (admission with complications of cirrhosis, liver failure 
or varices). Area-under-the-curve (AUCs) were calculated for first, last, mean and 
maximum blood test results. The maximum results had the highest AUC for prediction of 
a first subsequent serious liver event and are given here. Analysis by N.S. 

  



Figure 17. Survival rates of series of patients from areas with different implementation 
of hepatocellular carcinoma (HCC) screening activities; high - Ogaki (Japan); 
intermediate - Birmingham, Newcastle and Pamplona (Europe); and low - Hong-Kong 
(China). For details, see Supplementary Methods. 
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Figure 18. A template for stratification of individuals at risk of liver disease for non-hepatologists. The future orientation is 
towards case finding and screening in high risk individuals as indicated by middle and right panels, with the key 
distinguishing feature between primary and secondary care residing with progressive liver fibrosis, not liver blood test 
(LBT) abnormalities. This fibrosis-oriented paradigm should form the basis of a new interface between hepatology and 
collaborating specialties. *For obesity, general screening cannot be recommended based on current evidence, and a key 
emphasis should be put on generating evidence for scaled-up case finding in this population. NAFLD, non-alcohol related 
liver disease; HCV, hepatitis C virus infection; HBV, hepatitis B virus infection; PWID, people who inject drugs; HIV, 
human immunodeficiency virus; MSM, men who have sex with men. Printed with permission from Kari Toverud. 



Figure 19. Percentage of European liver transplants which were attributable to viral 
etiologies per year (data plotted with permission from the European Liver Transplant 
Registry, www.eltr.org).  

 
  

http://www.eltr.org/


Figure 20. The relationship between the price of alcohol and liver death rates across 

selected European countries in 2010. Data taken from a range of European countries 

demonstrates an inverse exponential relationship between the price of alcohol and liver 

death rates across countries suggesting that raising the price of alcohol can be one of the 

most effective policies to combat alcohol-related liver disease (analysis by N.S., for details 

see Supplementary Methods). 

 

 

 

 


