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SUMMARY 

Alcohol consumption is a causal risk factor for cancers of the upper aerodigestive tract 

(UADT), colorectum, liver and female breast. The strength of the association is expected 

to differ across the alcohol-related cancers due to different carcinogenic pathways. 

However, empirical evidence is lacking.  

Although Europe is among the regions with the highest per capita alcohol consumption, 

detailed and comparable information on the alcohol attributable burden of cancer 

incidence is sparse. Former consumers of alcohol are at increased risk of cancer, but this 

has not been considered in prior computations of the alcohol attributable burden. In order 

to limit both individual and population burden of cancer due to alcohol, an upper daily limit 

of alcohol consumption of two drinks in men, one drink in women was recommended. 

However, it is unknown how adherence to the recommendation would affect the cancer 

burden due to alcohol consumption. Since it is known that increasing the price of alcoholic 

beverages is an effective tool to lower alcohol consumption on a population basis, it is 

valuable to estimate potential effects of price increases of e.g. 25% and 50% on the 

alcohol attributable burden of cancer incidence and compare these to following the current 

recommendations.  

 

In the present thesis, the risk of cancer due to alcohol consumption was investigated 

among 109,118 men and 254,870 women from eight European countries participating in 

the European Prospective Investigation into Cancer and Nutrition (EPIC) study. Applying 

Cox proportional hazards regression as a competing risk approach, one global model 

including all single cancer endpoints (UADT, liver, colorectum, female breast, pancreas, 

lung, stomach, bladder, kidney, prostate, ovary, corpus uteri) was fitted, and the 

differences between hazard ratios were tested. Hazard ratios quantifying the risk of 

cancer for former compared to never consumers and for alcohol consumption as 

continuous function among current consumers from the EPIC study were combined with 

representative data on alcohol consumption. The distribution of alcohol consumption in 

current consumers was modelled by Γ-distribution functions. Using these functions, effects 

of price increases and adherence to the current recommendation on alcohol consumption 

were modelled.  
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During a mean follow-up time of 8.8 years, 6,203 cancer cases in men and 14,602 cancer 

cases in women occured in the EPIC study. Using the competing risk approach each 

additional alcoholic drink increased the risk of total and alcohol-related cancer, which was 

driven by increased risks of cancer of the UADT, liver, colorectum and female breast. 

Former compared to light consumers of alcohol exhibited an increased risk of total and 

alcohol-related cancer, which resulted mostly from higher risks of UADT and liver cancer. 

Testing these hazard ratios for difference, the association of alcohol consumption with 

UADT and liver cancer seemed to differ from the association of alcohol consumption to 

other cancers in men, while in women merely associations with UADT cancer was 

significantly different to the association to the other cancers.  

An important part of the cancer incidence was found to be attributable to both former and 

current alcohol consumption with 45.1% and 28.1% for UADT cancer, 33.6% and 20.1% 

for liver cancer, 17.6% and 4.6% for colorectal cancer in men and women respectively, 

and 5.1% for female breast cancer. If the European populations adhered to the current 

recommendations of no more than two alcoholic drinks daily in men and one alcoholic 

drink daily in women, the overall burden of cancer incidence could be reduced by 40% or 

more. Increasing the retail prices of alcoholic beverages by 50% would decrease the 

alcohol attributable burden of cancer by at least 30%.  

 

The present results support the recent evaluation of alcohol consumption as a causal risk 

factor of cancer of the UADT, liver, colorectum and female breast. Furthermore, it seems 

likely that alcohol exhibits a greater risk on the development of UADT and liver cancer 

than on colorectal and breast cancer, which may be due to different carcinogenic 

pathways of alcohol.  

Since, alcohol consumption is a modifiable risk factor of cancer, it offers a great potential 

for primary prevention. As adherence to the recommended upper limit of alcohol 

consumption would substantially reduce the alcohol attributable burden of cancer, 

effective public health intervention targeted on heavy consumers of alcohol should be 

developed. With respect to public health interventions, increase of price of alcoholic 

beverages is a relatively easy and effective tool to lower alcohol consumption and thereby 

also alcohol attributable burden of cancer. This work highlights the large potential of 

alcohol consumption for cancer prevention and underscores the current political efforts to 

reduce alcohol consumption in order to prevent cancer incidence.  
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ZUSAMMENFASSUNG 

Alkoholkonsum gilt als etablierter Risikofaktor für Karzinome des oberen 

Verdauungstrakts, der Leber, des Dickdarms und der weiblichen Brust. Dabei ist es 

wahrscheinlich, dass die Stärke der Risikobeziehung zwischen Alkoholkonsum und dem 

Auftreten der kausal assozierten Krebsentitiäten in Abhängigkeit von den biologischen 

Mechanismen variiert. Jedoch fehlen bisher empirische Beweise. 

Europa zählt zu den Regionen mit dem höchsten Alkoholkonsum, doch existieren kaum 

detaillierte und ländervergleichende Informationen zur Erkrankungslast von Krebs 

aufgrund von Alkoholkonsum. Außerdem berücksichtigten frühere Schätzungen nicht das 

Risiko an Krebs zu erkranken, welches durch früheren Alkoholkonsum bedingt ist. 

Kürzlich wurde die Empfehlung von zwei Gläsern Alkohol pro Tag bei Männern und einem 

Glas pro Tag bei Frauen ausgesprochen, um alkoholbedingte Erkrankungen auf 

individueller und populationsbezogener Ebene zu minimieren. Es ist allerdings nicht 

bekannt, wie sich die Einhaltung dieser empfohlenen Obergrenze auf die Erkrankungslast 

von Krebs auswirken würde. Da sich die Erhöhung des Verkaufspreises von 

alkoholischen Getränken als effektives Mittel zur Verringerung des Alkoholkonsums auf 

Populationsebene erwiesen hat, erschien es weiterhin interessant, die Auswirkungen 

potentieller Preiserhöhungen von z.B. 25% oder 50% und deren Auswirkungen auf die 

Erkrankungslast von Krebs vergleichend zu untersuchen. 

 

Für die Analysen standen 109.118 Männer und 254.870 Frauen aus der European 

Prospective Investigation into Cancer and Nutrition (EPIC) Studie zur Verfügung, um 

relative Risiken in Abhängigkeit vom Alkoholkonsum in acht europäischen Ländern mittels 

des Competing Risk Ansatzes zu berechnen. Dabei wurde ein globales Modell für alle zur 

Verfügung stehenden Krebsentitäten (oberer Verdauungstrakt, Leber, Dickdarm, Mamma, 

Pankreas, Lunge, Magen, Blase, Niere, Prostata, Ovarien, Uterus) entwickelt, was zudem 

einen Test auf Unterschiede der Risikoassoziationen zuließ. 

Mithilfe populationsbezogener Daten zum Alkoholkonsum wurden attributable Risiken 

sowie der Anteil des attributablen Risikos berechnet, der auf einen Konsum über der 

empfohlenen Obergrenze zurückgeht. Dabei wurde der gegenwärtige Alkoholkonsum als 

Γ-Verteilung modelliert, welche auch für die weiteren Modellierungen der 

Preiserhöhungen und Einhaltung der empfohlenen Obergrenze herangezogen wurde.  
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Während einer mittleren Nachbeobachtungszeit von 8,8 Jahren traten 6.203 Krebsfälle 

bei den Männern und 14.602 bei den Frauen auf. Mit jedem zusätzlich konsumierten 

alkoholischen Getränk erhöhte sich das Risiko an Krebs insgesamt zu erkranken, was 

dem erhöhten Erkrankungsrisiko an Krebs des oberen Verdauungstraktes, der Leber, des 

Dickdarms und der weiblichen Brust zuzuschreiben ist. Der ehemalige im Vergleich zu 

derzeitig leichtem Alkoholkonsum war ebenfalls mit einem deutlich erhöhten Risiko für 

Gesamtkrebs, Krebs des oberen Verdauungstrakts und der Leber verbunden. Bei 

Männern wurde ein signifikanter Unterschied in der Stärke der Assoziation für Krebs des 

oberen Verdauungstrakt sowie der Leber gegenüber den verbleibenden Krebsentitäten 

gefunden, während bei Frauen dies nur für Krebs des oberen Verdauungstrakts und die 

verbleibenden Krebsentitäten sichtbar war.  

Weiterhin konnte gezeigt werden, dass ein erheblicher Anteil der Krebsinzidenz bei 

Männern und Frauen auf den derzeitigen und ehemaligen Konsum von Alkohol 

zurückführbar ist, nämlich jeweils 45,1% und 28,1% des oberen Verdauungstrakts, 33,6% 

und 20,1% der Leber, 17,6% und 4,6% des Dickdarms und 5,1% der weiblichen Brust. 

Die hypothetische Reduktion des Alkoholkonsums auf die derzeitig empfohlenen 

Obergrenzen würde zu einer Verminderung der alkoholbedingten Krebsinzidenz von mehr 

als 40% führen. Eine Preiserhöhung von alkoholischen Getränken um 50% hätte ebenfalls 

einen starken Rückgang der alkoholbedingten Krebsinzidenz um mehr als 30% zur Folge. 

 

Die Ergebnisse der vorliegenden Arbeit unterstützen die derzeitige Evidenzlage zum 

Zusammenhang zwischen Alkoholkonsum und Krebsinzidenz. Weiterhin scheint es 

wahrscheinlich, dass das alkoholbedingte Erkrankungsrisiko für Krebs des oberen 

Verdauungstrakts und evtl. der Leber sich vom Erkrankungsrisiko für Dickdarm- oder 

Brustkrebs unterscheidet, was auf unterschiedliche biologische Mechanismen der 

Krebsentstehung durch Alkohol hinweist. 

Alkoholkonsum ist ein modifizierbarer Lebensstilfaktor und birgt deshalb ein großes 

Potential zur primären Krebsprävention. Da durch Einhaltung der empfohlenen 

Obergrenze des Alkoholkonsums die alkoholbedingte Krebsinzidenz beträchtlich gesenkt 

werden könnte, sollten hinreichend effektive Strategien zur Einhaltung der empfohlenen 

Obergrenze auf Bevölkerungsebene entwickelt werden. In dieser Hinsicht stellten sich 

leicht umzusetzende Preiserhöhungen von alkoholischen Getränken als effektives Mittel 

zur Senkung des Alkoholkonsums und die dadurch resultierende Erkrankungslast durch 

Krebs heraus. Diese Arbeit zeigt deutlich das Potential der primären Krebsprävention 

durch Absenkung des Alkoholkonsums und unterstreicht, dass gesundheitspolitische 

Maßnahmen zur Senkung des Alkoholkonsums dringend weiterverfolgt und intensiviert 

werden sollten.  



    

1 INTRODUCTION 

Alcohol consumption is an established risk factor for several cancer sites, i.e. cancer of 

the upper aerodigestive tract (oral cavity, pharynx, larynx, oesophagus; UADT), liver, 

colorectum and female breast [1, 2]. Associations to pancreatic cancer are suspected [3], 

but the body of evidence is not sufficiently large to draw final conclusions [1]. In terms of 

mechanisms of how alcohol consumption causes cancer several pathways are discussed. 

For example pure alcohol as well as acetaldehyde, the primary metabolite of alcohol, are 

suspected to directly induce cancer, especially of the UADT [1, 4]. Liver cirrhosis results 

from a chronic intoxication by alcohol and is, thus, the main precursor of liver cancer [5, 

6]. The association between colorectal cancer and alcohol consumption may be driven by 

nutritional deficiency of folate and metabolism of alcohol to acetaldehyde by colonic 

bacteria [4, 7]. The predominant paradigm of how alcohol induces breast cancer is by 

increasing oestrogen level [8, 9]. As there exist different pathomechanisms of how alcohol 

may cause cancer, the alcohol-cancer association may differ substantially across cancer 

entities. Previous analyses, however, have merely focussed on studying the effect of 

alcohol on single cancer sites without providing empirical evidence on whether there are 

differences in the strength of the associations reflecting different biological mechanisms 

[10-16]. Therefore, fitting a competing risk model that allows a global view on the 

association between alcohol consumption and risk of cancer and thereby testing for 

differences between risk estimates seems appealing.  

In 2009, it was estimated that alcohol consumption accounts for a substantial number of 

deaths worldwide, with Europe and America showing the highest alcohol attributable 

fractions (AAF) of 6.5% and 5.6% [17], respectively. Chronic diseases, especially cancer, 

contribute markedly to this burden. Although alcohol consumption is a major risk factor for 

cancer incidence, and Europe is among the regions with the highest per capita alcohol 

consumption [18], detailed information on the fractions of cancer that are attributable to 

alcohol consumption based on direct empirical evidence for the different cancer sites is 

sparse [16, 19] and systematic and comparable estimates across European countries are 

lacking. Moreover, so far only current alcohol consumption was considered, when 

estimating the burden of disease attributable to alcohol consumption, although it is widely 

accepted that alcohol consumption in the past increases risk for chronic diseases as 

shown in the increased risk of mortality [20]. Thus, it is of particular interest to estimate the 



Introduction  2 

alcohol attributable burden of cancer incidence for former and current alcohol 

consumption based on directly estimated hazard ratios. The International Agency for 

Research on Cancer (IARC) and the World Cancer Research Fund/American Institute for 

Cancer Research (WCRF/AICR) published recommendations on alcohol consumption, 

stating an upper limit of consumption of no more than two drinks per day in men and one 

drink per day in women [21, 22]. However, it is unknown which proportion of the AAF 

actually occurs due to the consumption above these recommended upper limits. Also, 

effects of successful strategies of lowering alcohol consumption on cancer incidence, i.e. 

increase of retail price of alcoholic beverages [23-25], are unknown.  

Therefore, the aim of the present work is two-fold: first, to estimate the risk between 

alcohol consumption and incidence of cancer by the competing risk approach allowing to 

test for differences in risk associations, and second, to compute the burden of cancer 

incidence due to current and former alcohol consumption and quantify, which proportion of 

the alcohol attributable cancer incidence could be prevented by either adhering to the 

recommended upper limits or by increasing the retail price of alcoholic beverages.  

1.1 PREVALENCE OF ALCOHOL CONSUMPTION 
Consumption of alcohol is well accepted in (Western) societies, and is an integral part of 

social events such as celebrations or religious services [26]. Although alcohol is 

considered a drug and a toxin, its consumption belongs to society and to social rituals like 

no other drugs. Alcohol is usually consumed as alcoholic beverage with three 

predominant types: beer, wine and spirits comprising a huge variety of different types of 

alcoholic beverages and regional and national specialities [26-28]. 

 

Most reliable and comparable information on the consumption of alcohol can be retrieved 

from the Global Information System on Alcohol and Health (GISAH) [29] developed by the 

World Health Organization (WHO). As mentioned above, alcohol consumption is found all 

over the world, however, there is considerable variation in the amount of alcohol 

consumed. Whereas the per capita consumption of alcohol is highest in developed 

countries from the Northern hemisphere (Europe and Russia), it is rather low in North 

Africa [18] (see Figure 1). 

Europe is the region with the highest per capita intake of alcohol with more than 12.5 litres 

in average. About 1.3 litres of this, however, is unrecorded alcohol and origins from 

homemade or informal production, from alcohol intended for industrial or medical use or 

from cross-border shipping [27, 29]. Most of the alcohol consumed in Europe origins from 

beer with 37.1%, followed by spirits with 34.6% and wine accounting for about 26.4% [18]. 

Within the European Union (EU), however, there is a marked variation in preferred type of 

alcoholic beverage, with Northern and Central European countries consuming mainly 
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beer, while those in the Southern part prefer wine [27]. Sweden and Spain are the 

exceptions, as wine is the most preferred beverage in Sweden and beer in Spain [27]. 

  

Figure 1: Alcohol consumption of the adult population expressed as per capita 
consumption in litres of pure alcohol in 2005. (copied from [18]) 

In Europe, more men than women consume alcohol, which is indicated by the lower 

proportion of men abstaining from alcohol compared to women (12.6% vs. 24.6% 

respectively), and by the lower proportion of former consumers of alcohol (11.0% vs. 

13.5%, respectively) [18]. The proportion of abstainers varies considerably across Europe 

with most abstainers (>20%) in Southern European countries (e.g. Spain, Italy) and least 

(<5%) in Central and Northern European countries (e.g. Denmark, Germany) [27, 30].  

In terms of consumption pattern1, describing how people consume alcohol, rather than 

how much they consume, it is obvious that Central and Southern Europe follow a least 

risky alcohol consumption pattern, whereas in Northern Europe a more risky consumption 

pattern was seen. Heavy episodic drinking, the so called binge drinking, is an evolving 

phenomenon especially among the younger part of the population [31]. Recent data 

suggest that in Europe the proportion of heavy episodic alcohol consumers is still 

relatively low with about 16.8% in men and 4.6% in women [18]. Regarding time trends of 

alcohol consumption in Europe, per capita alcohol consumption was relatively stable in 

the past decade (1990 to 2005) [18, 29, 32], indicating stagnation of alcohol consumption 

and the lack of effective public health interventions to lower alcohol consumption in 

Europe.  

                                                
1
 The alcohol consumption pattern considers factors like the usual number of consumed drinks, 

whether alcohol is consumed daily, the proportion of events when consumers get drunk, the 
consumption to meals and consumption in public places. 
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1.2 EPIDEMIOLOGY OF CANCER 
In 2008 57 million deaths occurred of which almost two third (37 million) were due to non-

communicable diseases – the most common cause of death in developed countries. 

Cancer is, after cardiovascular diseases, the second leading cause of death among the 

non-communicable diseases, with about 7.6 million deaths (13.3%) worldwide in 2008 

[33]. In Europe, about 1.8 millions deaths due to cancer were recorded in 2008, which is 

equivalent to a death rate of 168 deaths per 100,000 in men and for about 97 per 100,000 

in women [34]. The incidence of cancer is considerably higher with about 3.4 million new 

cancer cases in 2008 [21], which makes Europe to the region with the highest incidence of 

cancer worldwide [33]. It is predicted that cancer will be an increasingly important cause of 

both morbidity and mortality in the next decades, because life expectancy increases in all 

parts of the world and cancer is a disease of age and the elderly. With the forecasted 

demographic changes in the next 20 years and assuming constant cancer rates, the 

incidence of cancer will almost double in 2030 with 21.4 million incident cancer cases as 

compared to 12.7 million cancer cases in 2008 [33, 35]. Thus, cancer should no longer be 

seen as a rare disease [35]. The highest incidence of all types of cancer is seen in the 

WHO region of Europe and the Americas. In these regions the incidence rates were >330 

per 100,000 person years (PYs) in men and >250 per 100,000 PYs in women. The most 

common cancer in men was prostate cancer, while it was breast cancer in women. They 

were followed by cancer of the lung in men and colorectal cancer in women [36]. In the 

following, the herein investigated cancer sites will be briefly introduced in terms of their 

epidemiology and risk factors starting with the cancers causally related to alcohol. A brief 

summary of the epidemiology and major risk factors of these cancers is presented in 

Table 1, page 8. 

Specific cancer sites 

UADT cancer is a group of cancers of the lip, oral cavity, oesophagus, larynx and pharynx 

(except for nasopharynx). It is strongly dominated by oesophageal cancer, which is the 

eighth most common cancer worldwide and the sixth most common cause of death from 

cancer [35]. Incidence rates are higher in less developed countries as compared to more 

developed countries. Whereas the mortality rate for cancers of the oral cavity, pharynx 

and larynx in men from the EU is decreasing, it is rather stable for oesophageal cancer 

[37]. Among women, mortality rates for oral and pharyngeal cancer were seen to increase, 

whereas those for oesophageal and laryngeal cancer seem to be constant over the past 

30 years [37]. The five year survival of laryngeal cancer is about 60% and of oral cavity 

and pharyngeal cancer up to 40% in developed countries. In contrast, for oesophageal 

cancer the prognosis is rather poor and the five-year survival is less than 20% [21]. The 

use of tobacco and the consumption of alcohol are classical risk factors for UADT 
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cancer [1, 3]. For cancer of the oral cavity, human papilloma virus type 16 (HPV 16), were 

recently recognised to also increase the risk [38, 39]. 

Liver cancer is one of the less common cancers in developed countries and more often 

found in less developed countries, where about 85% of the liver cancer cases occur [35]. 

The incidence and mortality rates of liver cancer increased in the past 20 years and it was 

seen that liver cancer is diagnosed in progressively younger ages [37, 40]. The prognosis 

of liver cancer patients is very poor with a survival time of less than six month after 

diagnosis and with a minor proportion of liver cancer patients (5-9%) surviving the first five 

years after diagnosis. The aetiology of liver cancer is an interplay between viral infection, 

i.e. hepatitis B and C, and environmental factors, such as alcohol consumption, tobacco 

use or aflatoxin exposure [41]. Both alcohol consumption tobacco are established 

independent risk factors for development of liver cancer [1, 42].  

Colorectal cancer is the third most frequent cancer in men and the second most common 

cancer in women [35]. There are substantial differences in colorectal cancer incidences 

between less developed and more developed countries with Europe being one of the 

regions with highest incidence rates. Incidence rates are either gradually increasing or 

stabilising in Northern and Western Europe [43]. The mortality rates for the EU show a 

decrease since 1990 in both men and women [37], which could be due to advancements 

and efficacy in detecting colorectal cancer by faecal occult blood testing, sigmoidoscopy 

and colonoscopy [21]. The five-year survival of colorectal cancer is about 65% in North 

America and 54% in Western Europe, while in less developed countries this drops down 

to 30% as for example in India [44]. As colorectal cancer incidence differs dramatically 

between less and more developed countries, different lifestyles are the probable 

underlying causes. A lifestyle typical for affluent countries is identified to increase risk of 

colorectal cancer. This includes a diet rich in red and processed meat and low in dietary 

fibre, high consumption of alcohol as well as low physical activity and the use of tobacco 

[21, 22, 45]. Body fatness, both general as well as abdominal, are consequences of this 

lifestyle, but were also identified as independent risk factor for colorectal cancer [21, 22, 

40, 45, 46]. 

Breast cancer is the most frequent cancer among women, and is also the most important 

cause for death of cancer among women [21, 35]. Between 1973 and 1997 the incidence 

of breast cancer increased in all regions of the world [40]. Mortality rates for Europe, 

however, were seen to decline since 1995 [37], which could result from advancements in 

treatments, but also due to screening programs. These factors also increased the survival 

of breast cancer patients, which is now about 85% [21]. Breast cancer is strongly 

associated with reproductive factors, such as nulliparity, late first birth, early menarche, 

late menopause, no breastfeeding [47-49]. Moreover, exogenous hormone use, i.e. oral 
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contraceptives (OC) and hormone replacement therapy (HRT), overweight and obesity 

and the consumption of alcohol are established risk factors of breast cancer [1, 22, 47-50].  

Pancreatic cancer ranges at place 13 on the list of the most common cancers worldwide, 

but is the fourth leading cause of death from cancer indicating the poor prognosis and 

survival [21, 35]. The five-year survival of pancreatic cancer is lower than 5%, which is 

due to the very aggressive nature of this malignancy as well as late diagnosis and lack of 

effective treatment of this cancer. Pancreatic cancer occurs more often in the high-income 

than in low-income countries. Incidence rates of pancreatic cancer have been relatively 

stable over the last decades. Mortality rates in the EU have been increasing in men and 

women until the late 1980s, whereas after that they tended to level off [37]. Established 

risk factors for cancer of the pancreas are tobacco smoking, diabetes as well as chronic 

inflammatory pancreatits. In terms of diet, an association to heavy alcohol consumption is 

suspected [51]. 

Lung cancer is the second leading incident cancer in men in developed countries and the 

leading cause of cancer death among men [35]. Until the beginning of the 20th century, 

lung cancer was a rare disease. However, when smoking became more and more 

popular, it was paralleled by 20-30 years delayed increase of incidence and mortality of 

lung cancer. Since 1990 the incidence and mortality rates among men are declining in 

Europe, whereas for women a continuing increase in both incidence and mortality is seen 

[37, 40, 52]. The most important risk factor of lung cancer is use of tobacco, to which more 

than 80% of the all lung cancer cases can be attributed. Other risk factors are exposure to 

asbestos and radon, as shown in lifelong never smokers [53]. The survival of lung cancer 

patients is poor with approximately 15% surviving the first five years after diagnosis [40].  

Stomach cancer is the fourth most common malignancy worldwide and is the second 

leading cause of death from cancer [35]. Since 1975, when stomach cancer was the most 

frequent cancer worldwide, the incidence rates have been declining, however the exact 

reason is not known. The survival of stomach cancer patients is rather poor, as they are 

mostly diagnosed in relatively advanced stages of cancer [21]. In the US, the five-year 

survival is about 24%, whereas in Germany the survival varies between 35% and 31% for 

men and women respectively [52]. More than half of the non-cardia stomach cancers are 

attributable to the infection with helicobacter pylori, which is the major risk factor of 

stomach cancer [54, 55]. No other strong risk factor is yet identified. Even diet, which 

could be thought to be directly related to the aetiology of stomach cancer seems to play 

an ancillary role [21, 22, 54]. 

Bladder cancer ranks on place 10 of the most common cancers worldwide. The incidence 

and the mortality rates have not been changing much in the last decades [21, 37]. Bladder 

cancer is more frequently diagnosed in developed countries and is more often found 
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among men than women. The five-year survival of bladder cancer is fair with 47% to 88% 

depending on the stage of disease. The major risk factor is tobacco use, which accounts 

for about two third of all bladder cancer cases in men and one third in women [56, 57] in 

Europe. Furthermore, occupational exposure to aromatic amines, such as working in 

aluminium production, coal gasification or mangenta manufacture also increases the risk 

for bladder cancer. In terms of diet, no convincing risk factor was identified [21, 22]. 

Kidney cancer is a cancer of high income countries with about five times higher incidence 

rates in more developed countries than in lower developed countries [21, 22]. Incidence 

rates are increasing worldwide and accounted for 5.2 cases/100,000 PYs in men and 2,8 

cases/100.000 PYs in women worldwide in 2008 [35]. In the EU mortality rates in both 

men and women are declining since the mid-1990s [37], which could be due to earlier 

diagnosis of kidney cancer and thus, increasing chances of survival. The five-year survival 

rate is about 95% for kidney cancer detected at early stages, whereas for advanced 

stages the five-year survival drops to 20% [37]. The established risk factors for kidney 

cancer are body fatness, chronic hypertension [21] and cigarette smoking [1, 58, 59]. 

Alcohol consumption was in several studies inversely associated to kidney cancer [16, 58-

62], the reason why a substantial risk was judged to be unlikely be the IARC [9].  

The incidence of prostate cancer, the most common cancer in men in Europe and in North 

America, has risen strikingly in the last two decades, which can be attributed to the 

introduction of the prostate specific antigen (PSA) test. The mortality rate of prostate 

cancer has started to decrease in most of the developed countries, which is partly 

explainable by the PSA test, but also by advances in treatment and surgery practise [21, 

63, 64]. The five-year survival of prostate cancer patients is about 60% worldwide and 

with 76% versus 45% considerably higher in high-income than in low- or middle-income 

countries. The aetiology of prostate cancer, however, is largely unclear. Neither tobacco 

smoking nor alcohol consumption is associated with prostate cancer risk [1], and in terms 

of diet no convincing risk factor is identified [22, 65]. Also, vitamin E and selenium, 

suspected beneficial factors for prostate cancer risk, were shown to be not or even slightly 

positively associated with prostate cancer risk [66].  

Ovarian cancer is the ninth most common cancer in women worldwide with an incidence 

rate of 6.3 cases/100.000 PYs and a mortality rate of 3.8/100.000 PYs [35]. Ovarian 

cancer is more common in high-income countries and incidence rates increase in 

countries undergoing economic transition [22]. As ovarian cancer does not cause any 

symptoms at early stages, most diagnoses are made in relatively advanced stages. 

Therefore, the five-year survival lies between 30 to 50%. Ovarian cancer does not seem 

to be associated with diet [21, 22, 67], but with the reproductive history of a woman, 

indicating a strong association to hormones. The number of reproductive cycles during a 
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woman´s lifetime and nulliparity are the few identified risk factors of ovarian cancer. Since 

excess body weight is related to higher levels of sex hormones, such as oestrogens, an 

association between obesity and ovarian cancer is suggested [68]. As alcohol 

consumption was shown to also directly affect sex hormone levels, an association seems 

plausible, but was not corroborated by case-control or cohort studies [67]. 

Cancer of the corpus uteri is the eighth most common cancer among women worldwide 

with an incidence of 8.2 cases/100.000 PYs and a mortality rate of 2.0/100.000 PYs [35]. 

This shows that cancer of the corpus uteri has a relatively good prognosis and survival as 

usually clear symptoms appear at early stages of the disease. Cancer of the corpus uteri 

is a disease of the high-income countries. In the EU a constant downwards trend in 

mortality rates from about 12 down to six deaths/100.000 between 1970 and 2003 was 

observed [37]. Established risk factors are all related to endogenous or exogenous 

hormone exposure, such as reproductive history, use of oral contraceptives or obesity. 

Alcohol consumption, which leads to increased levels of sex hormones, was suggested to 

be associated to an increased risk of cancer of the corpus uteri, however, prior studies did 

not confirm this theory [67]. 

Table 1: Summary of epidemiology and established risk factors of cancer entities included 
in the present thesis. 

Cancer Incidence  Mortality  5-year survival Established risk factors 
Cancers causally related to alcohol consumption

1
 

UADT ♂:3.4-10.2 
♀:0.8-4.2 

♂:2.2-8.6 
♀:0.3-3.4 

20%-60%
2
 alcohol, tobacco, HPV 

Liver ♂: 16.0 
♀: 6.0 

♂: 14.6 
♀: 5.7 

5-9% alcohol, tobacco, aflatoxin,  
hepatitis B and C 

Colorectum ♂: 20.4 
♀: 14.6 

♂: 9.7 
♀: 7.0 

30-65%  alcohol, red and processed meat,  
low fibre, tobacco, body fatness 

Breast ♀: 39.0 ♀: 12.5 85% alcohol, reproductive factors, HRT, OC, 
body fatness 

Cancer with limited evidence of association to alcohol consumption
1
 

Pancreas ♂: 4.4 
♀: 3.3 

♂: 4.2 
♀: 3.1 

<5% tobacco, diabetes, chronic prancreatitis 

Cancers with inadequate evidence of association to alcohol consumption
1
 

Lung ♂: 34.0 
♀: 13.5 

♂: 29.4 
♀: 11.0 

5-10% tobacco, asbestos 

Stomach ♂: 19.8 
♀: 9.1 

♂: 14.3 
♀: 6.9 

<25% helicobacter pylori 

Bladder ♂: 9.1 
♀: 2.2 

♂: 3.3 
♀: 0.9 

47-88% tobacco, aromatic amines 

Prostate ♂: 28.5 ♂: 7.5 60%  - 
Ovary ♀: 6.3 ♀:3.8 30-50% nulliparity, number of reproductive cycles 
Corpus uteri ♀: 8.2 ♀: 2.0 78-86% endogenous and exogenous hormone 

exposure, body fatness 
Cancer with lack of association to alcohol consumption

1
 

Kidney ♂: 5.2 
♀: 2.8 

♂: 2.2 
♀: 1.1 

20-95%  body fatness, chronic hypertension, 
tobacco 

1
 based on the evaluation by the International Agency for Research on Cancer (IARC), WHO, Monograph 100 

[9]; 
2
 developed countries only; incidence and mortality age-standardised rates (world standard) per 100,000 

worldwide 2008 [35]; UADT upper aero-digestive tract, HPV human papilloma virus, HRT hormone 
replacement therapy, OC oral contraceptive. 
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1.3 PATHOPHYSIOLOGY OF CANCER 
Cancer is characterised by uncontrolled cellular growth. The development of cancer is 

complex and proceeds over a period of decades. It is thought to follow a mechanistic 

model consisting of three stages: initiation, promotion and progression [21, 22, 69-73].  

Initiation: Many cancers arise from just one cell in which the DNA is damaged by a 

mutagen (see Figure 2). Mutagens can result from endogenous metabolic reactions as for 

example oxidative stress, or they can be exogenous factors, such as toxins or radiation. 

Such a mutagen can either react directly with the DNA forming DNA adducts, or cause 

DNA damage, which could be anything between the change of one single DNA nucleotide 

(small scale mutation) and the gain of a part of a chromosome or the loss of a whole 

chromosome (large scale mutations). Due to the large number of cells forming a body, 

mutation of a cell is no rare event. Therefore, the human body possesses several 

mechanisms of DNA repair in order to reverse such mutations. However, not all changes 

are recognised or can be repaired, which leads to the persistence of the DNA damage in 

some of the cells. Furthermore, if the mutation is not leading to apoptosis of the altered 

cell and cell division is not impaired, this DNA alteration will be inherited to the daughter 

cells and can, thus, proliferate. 

 

 

Figure 2: Schematic overview of the three stage process of cancerogenesis.  
(own illustration) 
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Promotion: The mutated cell proliferates and the daughter cells are carriers of the same 

mutation. By this, many mutated cells develop and, if the ability of increased proliferation 

is not commenced by first mutation (initiation) additional mutations may lead to abnormal 

proliferation of these mutated cells. This additional DNA damage is usually caused by a 

promoter, an agent that would not alter the growth of normal cells, but does influence the 

growth of mutated cells. The abnormal growth leads first to a dysplasia and, if the pre-

neoplastic cells are altered by further damages in the DNA, a carcinoma in situ is formed. 

Such tumours are benign and will eventually over time develop to malignant tumours. 

Progression: In this step, the benign tumour becomes a malignant tumour by further 

spontaneous alterations of the DNA of the preneoplastic cells. These alterations lead to 

uncontrolled cell division accompanied by invasiveness of the tumour cells, meaning that 

healthy tissue will be displaced by the neoplastic cells. At this stage, the tumour cells 

have, in contrast to normal cells, gained immortality, meaning that the tightly regulated 

process of cell proliferation and apoptosis is disturbed. The malignant cells can, moreover, 

invade other organs and can form metastases in distant areas of the body. This stage of 

disease is usually life-threatening. 

Ethanol, an ingredient of alcoholic beverages, plays an important role in all three stages of 

tumour development. This will be described further in the second part of the following 

paragraph (see 1.4). 

1.4 CARCINOGENICITY OF ALCOHOL CONSUMPTION 
Alcohol consumed orally is rapidly absorbed into the blood stream [74]. A minor part of the 

alcohol is absorbed by the mucosa of the oral cavity. The major part, however, is 

absorbed by the small intestine, from which the alcohol is transported through the portal 

vein to the liver. The liver is the central organ of alcohol metabolism. Between 90-98% of 

all ingested alcohol is detoxified in the liver [75]. The remaining part is metabolised in the 

oral cavity, stomach, small intestine or by other peripheral tissue [9]. The dominant 

enzyme system to detoxify alcohol belongs to the group of alcohol dehydrogenases (ADH) 

[74, 75]. First, alcohol is oxidised by the alcohol dehydrogenase into acetaldehyde, which 

is an even stronger toxin (see Figure 3). Acetaldehyde will be further metabolised into 

acetate by the help of the aldehyde dehydrogenase. The first step is speed-limiting for the 

degradation of alcohol. Besides the ADH-system, the microsomal ethanol oxidation 

system (MEOS) consisting of enzymes of the cytochrome P450 family, is found in the 

human body. The MEOS system metabolises a relatively small part of the ingested 

alcohol, however, the proportion of oxidised alcohol varies by alcohol consumption habits. 

The more alcohol is consumed, the more the CYP P450 enzymes are available, and can, 

thus, contribute to the alcohol metabolism [9, 75]. 
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(MEOS – microsomal ethanol oxidation system) 

Figure 3: Metabolism of ethanol in the human body.  

Now, the question arises, how consumption of alcohol can lead to cancer? The 

mechanisms by which consumption of alcohol exerts its carcinogenic effect are not fully 

understood yet, and it is suspected that mechanisms differ between cancer sites. Alcohol 

may directly induce cancer or indirectly by via hormones, oxidative stress or nutritional 

deficiency.  

The direct carcinogenic effect of alcohol was shown in rats and mice, in which alcohol led 

to DNA adducts, DNA breaks, sister chromatid exchanges and to lethal mutations [76-78], 

as well as reduced activity and availability of DNA repair systems [79, 80]. It is suspected 

that alcohol causes similar damages in the human body, which could be the initiation of 

cancer. However, not only alcohol, but also its primary oxidation product – acetaldehyde – 

damages DNA as shown in numerous in vitro and in vivo experiments [9]. Hence, both 

alcohol and its direct metabolite acetaldehyde can act as mutagen leading to initiation of 

the cancer process [81]. Acetaldehyde has been particularly linked to cancer of the UADT 

[9] by epidemiological studies revealing the causal link between polymorphisms of the 

aldehyde dehydrogenase and cancer of the UADT [4, 7, 82-85]. The development of other 

cancers, such as cancer of the liver or colorectum, may also be initiated and/or promoted 

by acetaldehyde [78, 86, 87].  

An indirect effect of how alcohol may lead to cancer is the induction of the MEOS system. 

The alcohol-induced CYP 450 2E1 enzyme leads to increased oxidative stress by 

producing various reactive oxygen molecules [88]. Such oxidative stress has been linked 

to DNA damage as well as to impairment of the DNA repair system [89]. By this, alcohol 

may indirectly act as initiator or promoter of carcinogenesis of many organs such as the 

breast, liver and pancreas [8, 9]. Especially for liver cancer this pathway might explain the 

synergistic effect of viral infection and alcohol consumption [4].  

Another indirect path, of how alcohol may lead to cancer, is nutritional deficiency by 

reduced uptake of nutrients and by generally poor diet among persons consuming alcohol 

heavily. Folate and other vitamins (B12, B6) involved in the one-carbon metabolism are 

suspected to play an important role in the promotion of the carcinogenesis of colorectal 

but also breast cancer [8]. Deficiency in these vitamins results in lower methylation of the 

DNA and thereby influence genes involved in carcinogenesis [4, 8, 81, 90]. 

Also, alcohol may influence the development of cancer indirectly by increasing levels of 

sex hormones, i.e. oestrogens and androgens [8, 9, 91]. This is of particular importance 

for the development of gynaecological and breast cancer in women, which are hormone-

Ethanol         Acetaldehyde        Acetate 
Alcohol dehydrogenase 

MEOS, cytochrome P 450 

Acetaldehyde dehydrogenase 
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related cancers [4, 21]. The oxidation of alcohol increases the redox state in the liver [74], 

which in turn inhibits the degradation of sex hormones in the liver [9, 92]. Thereby, the 

consumption of alcohol can lead to increased levels of sex hormones, and, thus, may 

contribute to promotion and progression of cancer [22]. However, it has been recently 

concluded that alcohol consumption is a causal risk factor of breast cancer, but not of 

cancer of the ovary or corpus uteri [1, 67], which are also hormone-depended cancers. 

This raises questions on the carcinogenic effect of alcohol consumption on hormone-

responsive organs, and whether the biological pathway is fully understood yet.  

Besides this, the consumption of alcoholic beverages is a strong risk factor for liver 

cirrhosis, which is the pre-step of liver cancer [5, 6, 42, 74, 93, 94]. Liver cirrhosis is 

characterised by inflammation of the liver and fibrosis of the hepatocytes. Chronic 

inflammation can result in DNA damage as well as cancer promotion [22]. Both 

inflammation and fibrosis result from increased fat synthesis in the liver, which is a direct 

cause of alcohol metabolism. Moreover, oxidative stress and acetealdehyde expedite the 

development of fatty liver disease. A chronic fatty liver turns eventually into liver cirrhosis.  

Other postulated mechanisms of how alcohol can cause cancer are: a) the formation of 

polyunsaturated fatty acids (due to oxidative stress), which could lead to peroxidation, and 

thereby to the initiation and promotion of cancer [22, 74]; b) reduced vitamin A absorption, 

metabolism and increased degradation, which may favour proliferation and malignant 

transformation of hepatocytes; and c) influencing insulin-like growth factors and mitogen-

activated protein kinase, which may contribute to cancer promotion and progression [7]. 

These pathways are not fully established yet and deserve further investigation. 

 

The consumption of alcohol is often accompanied with the use of tobacco and both 

lifestyles may lead to synergistic effects in terms of carcinogenesis [9, 95, 96]. Several 

interactions between alcohol and tobacco are postulated, which are important for the role 

of alcohol as carcinogen. First, alcohol may increase the permeability of the mucosa in the 

oral cavity allowing carcinogens from tobacco to penetrate the tissue. Second, alcohol 

consumption may affect detoxification enzymes, such as from the cytochrome family 

leading to increased metabolic activation of potential carcinogens from tobacco smoke, 

especially in the liver. Third, alcohol degradation by the CYP 450 enzymes may compete 

with the detoxification of carcinogens from tobacco smoke, and thereby increase the 

chance for initiation, promotion or progression of cancer by carcinogens from tobacco 

smoke. And last, both alcohol consumption and tobacco smoking increase the level of 

acetaldehyde, especially in the UADT and lead by this to a higher risk of cancer [96]. As 

alcohol consumption and use of tobacco share certain pathways of carcinogenesis, the 
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examination of a potential interaction for the risk of cancer is of particular importance and 

interest in the present study. 

There is a huge body of evidence, both from case-control and from cohort studies, 

showing the carcinogenic effect of alcohol on cancer of the UADT, liver, colorectum and 

female breast. Thus, these sites were judged to be causally related to alcohol 

consumption by both the IARC and WCRF/AICR [9, 22]. For pancreatic cancer there is an 

association possible, perhaps for high levels of alcohol intake, while for kidney cancer no 

substantial risk due to alcohol consumption was reported. However, studies investigating 

the alcohol-cancer association do this by single analyses and so far, no empirical 

evidence of differences between the alcohol-cancer associations is available. Thus, fitting 

a global model, that allows statistical testing whether or not relative risk estimates differ 

across cancer entities, is of great interest. 

1.5 BURDEN OF CANCER DUE TO ALCOHOL CONSUMPTION 
In 2006, alcohol consumption was estimated to be the ninth leading cause of death and 

fifth leading cause of burden of disease worldwide. Moreover, the total costs of crime, 

health care and lost output due to the consumption of alcohol was estimated to be 125 

billion euro in the EU, which accounts for 1.3% of the GDP (gross domestic product), and 

which is more than four times of the combined alcohol taxes earned in the EU in 2003 

[27]. A large proportion of the alcohol attributable disease burden is allotted to cancer 

death with about 18.5% in men and 25.0% in women, and cancer incidence with about 

7.6% in men and 13.5% in women [17]. Some prior studies report on the alcohol 

attributable burden of cancer mortality [97-102] or incidence [16, 19, 22, 98, 103, 104] for 

WHO regions, continents or single countries. Generally, the alcohol attributable burden of 

both cancer mortality and incidence is higher in men than in women, with the largest 

proportion of cancer mortality and incidence being attributable to UADT cancer with 

values ranging between 25%-70% in men and 5%-50% in women. This was followed by 

liver cancer (12%-32% in men, 3%-14% in women) and colorectal cancer (5%-39% in 

men, 2%-52% in women). In women, several studies reported a comparably low AAF for 

breast cancer, ranging between 4%-10%, while for Scotland it accounted for 19% of the 

breast cancer mortality [101] and 22% of the breast cancer incidence [22]. There is a huge 

variation in AAFs of cancer due to differences in consumption of alcohol across 

regions/countries and time intervals investigated, but also due to varying methods and 

data sources used in the reports. So far, no comparable data on AAFs on cancer 

incidence or mortality across countries using fully adjusted direct risk estimates and 

comparably assessed alcohol consumption data is available.  

Despite this lack in knowledge, it is evident that alcohol consumption causes considerably 

harm and cost [18, 105, 106], especially among high-income countries as they tend to 
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have the highest alcohol consumption levels (e.g. countries from the EU) [100]. Therefore, 

the core of the WHO health intervention policy “to limit harm caused by alcohol 

consumption, by reducing or at least preventing from rising the overall consumption per 

person” [107] is of special interest. With respect to limit the alcohol consumption, both the 

IARC and the WCRF/AICR stated, that if alcohol is consumed, it should be limited to two 

drinks a day in men and one drink a day in women [21, 22] in order to reduce the alcohol-

related harm. However, it is unknown how much of the cancer burden could be prevented, 

if adherence to the recommended upper limit of alcohol consumption would be attained on 

population level. Such a change in population consumption pattern can be seen as the 

plausible minimum of the alcohol attributable burden [108], because such a consumption 

distribution is imaginable, but has not been observed in populations yet. In contrast, the 

feasible minimum of the alcohol attributable burden of cancer would relate to a 

consumption distribution that has been already observed in populations. Several 

strategies on how to limit alcohol consumption and their effectiveness on population level 

have been investigated and reviewed [25]. Besides the drink-driving policies (e.g. random 

breath testing or reducing the allowed alcohol concentration in blood) and restricting 

physical availability of alcoholic beverages by minimum purchase age and governmental 

monopolies, pricing policies have been proven to be notably effective in lowering alcohol 

consumption on the population level [18, 25, 27, 30, 33]. In fact, it was estimated that 

increasing the retail prices of alcoholic beverages by increasing taxation is a highly cost-

effective policy, as it increases the governmental earnings and decreases alcohol 

attributable harm [27, 108, 109]. The effect of alcohol pricing on the consumption of 

alcohol on the population level has been studied extensively, and recent meta-analyses 

report elasticity2 measures between -0.440 to -0.518 [23, 24] for short-run effects and an 

even higher elasticity measure for long-run effects of -0.816 [24]. Due to the relatively 

strong and sustainable effect of price increases on the consumption of alcoholic 

beverages in the population, it is a quite attractive tool for public health interventions. 

However, literature on estimating the impact of increases of retail prices of alcoholic 

beverages is sparse.  

                                                
2
 Elasticity describes to which percentage the demand of a good or service changes, if the price of 

the respective good or service is increased by one percent.  
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1.6 OBJECTIVES AND RESEARCH QUESTIONS 
As outlined above, there are several potential mechanisms how alcohol consumption 

could directly or indirectly lead to cancer, which may influence the strength of the 

observed alcohol-cancer association. Furthermore, in terms of the abovementioned lack 

of comparable data of the burden of cancer due to alcohol consumption in Europe, it is of 

great interest to estimate AAFs based on direct empirical evidence, using the same 

methodology in terms of exposure data assessment and computation method. Moreover, 

the consideration of risk due to former alcohol consumption may deserve more attention in 

this context. As pointed out, one of the major aims of the WHO is to limit alcohol 

attributable harm. Therefore, it is valuable to estimate how much of the alcohol attributable 

burden of cancer actually occurs due to the consumption above the recommended upper 

limit; and following this thought, how the relatively easy tool of increasing the price of 

alcoholic beverages would compare to this adherence to the recommended upper limit. In 

particular, the following aims will be addressed in the present thesis: 

 

1. To estimate the relative risks of cancer incidence for current and former alcohol 

consumption in the European Prospective Investigation into Cancer and Nutrition 

(EPIC) study population considering several confounders and using the competing 

risk approach, which allows fitting one global model for all cancer endpoints. 

2. To test whether the associations between alcohol consumption and risk of cancer 

differ between single cancer entities. 

3. To estimate the AAFs of the incidence of causally related cancers3 considering 

both the risk due to former and current alcohol consumption based on the direct 

empirical evidence from the EPIC study. 

4. To quantify the potential impact of adhering to the recommended upper limit of 

alcohol consumption on the burden of cancer incidence, and compare this to the 

effect of increasing the retail price of alcoholic beverages. 

 

These objectives will be addressed in a consecutive manner by first assessing the 

association between alcohol and cancer incidence in the EPIC study. Thereafter, the 

AAFs of causally related cancers will be computed, which will serve as basis for modelling 

the potential impact of strategies lowering alcohol consumption on the burden of cancer 

incidence. 

                                                
3
 Causal association to alcohol consumption based on evaluation of the International Agency for 

Research on Cancer (IARC), WHO, Monograph 100 [9]. 



    

2 MATERIAL AND METHODS 

In the present work, data from several sources were used. Data from the EPIC study were 

used to estimate the risk of cancer due to alcohol (see 2.1 and 2.3.2). Representative 

information on alcohol consumption, needed to compute the alcohol attributable burden of 

cancer, were based on the per capita consumption of alcohol and surveys assessing 

alcohol consumption in the general populations (see 2.2).  

2.1 THE EPIC STUDY 
The EPIC study is an ongoing multi-centre prospective cohort study aiming to investigate 

the relationships between diet, metabolic characteristics, various lifestyle factors and the 

risk of cancer as well as other chronic diseases. The EPIC study was started in 1992 and 

is co-ordinated by the IARC of the WHO in Lyon, France [110]. Between 1992 and 2000, 

519,978 study participants (366,521 women, 153,457 men) from 23 centres in 10 

European countries (France (FR), Italy (IT), Spain (ES), United Kingdom (UK), 

Netherlands (NL), Greece (GR), Germany (GER), Sweden, Denmark (DK), Norway), 

mostly aged between 35-70 years, were enroled into the EPIC study (Figure 4). 

The EPIC study aims to increase the statistical power to investigate diet-disease 

associations by combining study populations with different exposure spectra and disease 

incidences, e.g. cancer. In most of the study centres, participants were recruited from the 

general population residing in the respective geographical area or from sub-groups of the 

general population, e.g. persons attending screening programmes or blood donors. The 

French cohort was based on female members of health insurance plans, whereas in 

Murcia and San Sebastian the cohorts were recruited among civil servants. Moreover, in 

the UK a part of the cohort was enroled from persons following a special lifestyle and diet, 

e.g. vegan or vegetarian diet (health-conscious population). In Norway, France, Utrecht 

(NL) and Naples (IT), women only were recruited. 

All participants gave written informed consent and the study was approved by the ethical 

committee of the IARC and by the respective local ethics committees in each study 

centre. 
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Figure 4: Map of cohorts participating in the European Prospective Investigation into 
Cancer and Nutrition (EPIC) study. (copied from [111]) 

Baseline examination 

Eligible study participants were invited to take part in the EPIC study via phone, letter or 

personal contact. Persons, who agreed to participate were invited for an examination at 

the respective EPIC study centre. Questionnaires on diet and lifestyle were either sent to 

the participants prior to the initial examination, or were given to them during their visit at 

the study centre. Besides the questionnaires, participants were asked to provide a blood 

sample, as well as to allow anthropometric measurements to be taken. The data are 

stored locally as well as at the coordinating IARC in Lyon, France [110, 112]. 

Follow-up 

Since the study was started, information on the study participant’s vital status, cause of 

death and the occurrence of diseases, including cancer was obtained regularly. This was 

done by passive follow-up in seven of the participating countries (UK, Norway, Sweden, 

DK, NL, ES, IT) using record linkage to population based registers. France, Germany and 

Greece, however, used active follow-up by applying a combination of methods including 

medically verified self-reports of participants and next of kin, cancer and pathology 

registers, health insurance records, or death certificates. 
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2.1.1 Assessment of relevant variables 

Alcohol consumption 

Self-reported usual alcohol consumption covering the year prior recruitment was assessed 

via validated dietary questionnaires requesting information on the frequency and portion 

size of beer/cider, wine, spirits and fortified wine (see Appendix 1). Alcohol consumption in 

the past was measured as self-reported consumption of beer, wine and spirits at the ages 

of 20, 30, 40 and/or 50 years using lifestyle questionnaires (see Appendix 2). Whereas all 

countries and centres collected the information on alcohol consumption one year prior 

recruitment, lifetime alcohol consumption was only assessed in Denmark, Italy (except 

Naples), France, Spain, Greece, Germany, UK and The Netherlands (except Bilthoven). 

Information on lifetime alcohol consumption was not available for Sweden and Norway. An 

overview of the available information on alcohol consumption is given in Figure 5. 

 Lifetime alcohol consumption Baseline alcohol 
consumption 

EPIC country (centre) Age 20 Age 30 Age 40 Age 50 1 year prior to 
baseline 

Denmark      

Italy (Florence)      

Italy (Varese)      
Italy (Ragusa)      
Italy (Turin)      

France      

Spain      

Greece      

Germany      

United Kingdom      

The Netherlands (Utrecht)      

The Netherlands (Bilthoven)      

Italy (Naples)      

Sweden      

Norway      

Figure 5: Overview of the available information (grey shaded) on alcohol consumption in the 
European Prospective Investigation into Cancer and Nutrition (EPIC) study. 

The average daily alcohol consumption expressed in grams per day (g/d) was computed 

by combining the information on usual alcohol consumption covering the year prior to 

recruitment and the average alcohol content of the respective alcoholic beverage. 

Information on the average content of alcohol of the alcoholic beverages was based on 

the information of the gender- and country-specific size of a standard drink assessed in a 

24-hour dietary recall (24-HDR) in the EPIC calibration sample [113].  

For the present analysis, distinction between current, former and never consumers of 

alcohol was made. Using the information of alcohol consumption at recruitment and during 

lifetime: never consumers of alcohol were those, that neither consumed alcohol in the past 

(at ages 20, 30, 40 or 50 years) nor during the year prior recruitment; former consumers of 

alcohol were those participants, that consumed alcohol at any time in the past (at ages 20, 
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30, 40 or 50 years) but not prior the year to recruitment; and current alcohol consumers 

were those participants, that consumed alcoholic beverages during the year prior 

recruitment. 

In the present work, merely the information on whether a participant consumed alcohol in 

the past but not the quantitative information on daily consumption was used. This was 

done because of two reasons: first alcohol consumption in the past is more or less a 

snapshot of habitual alcohol consumption at certain ages and does not cover the whole 

past alcohol consumption, and, second, some countries did not assess all age points in 

the past and participants, that were younger than 50 or 40 years could not provide 

information on past alcohol consumption for all requested ages. Therefore, former and 

never consumers of alcohol were expressed as proportions of the EPIC study population. 

For the current consumers of alcohol the quantitative information on alcohol in the year 

prior to recruitment was used. 

Dietary intake 

The habitual diet during the past 12 months prior baseline examination was assessed by 

means of country-specific food frequency questionnaires (FFQ), which were designed to 

capture regional dietary habits and to yield a high compliance within the study 

populations. These FFQs were validated in numerous validation studies across the 

various study populations included in the EPIC study [114-117]. With the exceptions of 

Sweden, where a modified diet history was applied, and Denmark and Naples (IT), where 

a semi-quantitative FFQ was used, all FFQs were quantitative, meaning that the 

participants were asked to report besides the frequency also the usual portion size based 

on pictures of different portion sizes. The questionnaires consisted of core dietary items, 

which were asked in each country. In order to ensure comparability and to reduce 

systematic over- and underreporting of dietary intake across the EPIC-centres and 

countries, a linear calibration was employed [118]. For this purpose, single 24-HDRs were 

collected within the EPIC calibration study, comprising 36,900 participants [113]. A special 

standardised computer programme, called EPIC SOFT was developed to obtain the 

dietary intake of the previous 24 hours of each participant randomly chosen for the 

calibration study [119, 120]. The information on dietary intake from the 24-HDRs 

(=reference method), weighted by day of the week and season of the year, were 

subsequently regressed on the dietary information assessed via FFQ [118]. 

Lifestyle and medical information 

A standardised self-administered questionnaire addressing lifestyle and health was used 

in France, Italy, Spain, UK, The Netherlands, Greece and Germany. The other countries 

developed questionnaires on non-dietary variables independently. However, a 

comprehensive re-coding scheme was developed to standardise the questionnaire items 
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as closely as possible to the EPIC lifestyle questionnaire [112]. Among others, information 

on education; tobacco smoking and physical activity were assessed in great detail. For 

physical activity, a simple score was developed, which combined occupational physical 

activity together with time spend for cycling and other physical exercises, such as keep fit, 

aerobics, swimming and jogging [121]. This score was divided into pre-specified 

categories: inactive, moderately inactive, moderately active and active and had shown a 

good repeatability and association with objective measures of physical activity [121]. 

Anthropometry 

Following a similar protocol, body weight and height as well as waist circumference (WC) 

were assessed by trained study personnel in all study centres with exception of France 

and Oxford, UK, where study participants were asked to self-report anthropometry. Body 

weight was measured without shoes to nearest of 0.1 kg; body height to the nearest 

0.1 cm; and WC was measured either at the narrowest torso circumference (France, Italy, 

Spain, UK, Utrecht) or midway between the lower ribs and the iliac crest (Spain, Bilthoven, 

Greece, Germany, Malmö) to the nearest of 0.1 cm [122]. BMI (kg/m²) was computed by 

dividing the individual’s weight in kilogram (kg) by the squared body height in metre (m). 

Definition of cancer cases 

Cancer cases were coded according to the 2nd Revision of the International Classification 

of Diseases for Oncology (ICD-O2). The classification of cancer cases is in accordance 

with the GLOBOCAN-2008 cancer definitions [36], which are described in more detail in 

Table 2. Besides the single cancer entities, the groups of alcohol-related cancer (UADT, 

liver, colorectum and in women additionally breast cancer) and total cancer (except for 

skin cancer) was investigated. 

Table 2: Classification of cancer cases in the European Prospective Investigation into 
Cancer and Nutrition (EPIC) study. 

Cancer site ICD-O2 code Organ site 
C00-C08 lip, oral cavity  
C09-C10, C12-C14 other pharynx 
C15  oesophagus 

Upper aerodigestive tract 
(UADT) 

C32 larynx 
Liver C22  liver including intrahepatic bile ducts 
Colorectum C18-C21  colon, rectum including anus 
Breast (female) C50 breast 
Pancreas C25 pancreas 
Lung C33-C34 trachea, bronchus, lung 
Stomach C16 stomach 
Bladder C67 bladder 
Kidney C64-C66, C68 kidney, renal pelvis, ureter, other unspecified 

urinary organs 
Prostate C61 prostate 
Ovary C56, C57.0-4 ovary, other uterine adnexa 
Corpus uteri C54 corpus uteri 
Alcohol-related cancer C00-C08, C09-C10, C12-C14, 

C15, C32, C22, C18-21, C50 
UADT, liver, colorectum, and for women breast 

Total cancer C00-C80, but C44  all organ sites but skin 
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The cancer cases included in the present analysis are all first primary cancers, meaning 

that each participant could contribute with one cancer only. However, in men there were 

17 and in women six participants who suffered from multiple primary cancers. As 

competing risk analysis does not allow multiple endpoints for the same individual, the 

rarest cancer was chosen to contribute to the final analysis. Sensitivity analyses with the 

most frequent cancer contributing to the analysis as well as excluding participants with 

multiple primary cancers were done and similar or identical results were found (results not 

shown). 

2.1.2 Analytical study population 

Figure 6 shows the in- and exclusion criteria and respective number of participants of the 

analytical study population within the EPIC study.  

 

 

Figure 6: Exclusion criteria of the analytical study population within the European 
Prospective Investigation into Cancer and Nutrition (EPIC) study. 

In total, 478,478 men and women free of cancer, and who were not in the bottom or top 

1% of the energy requirement to energy expenditure ratio, were eligible from the EPIC 

study. However, further exclusions were made for persons with missing information on 

alcohol consumption in the past (n=114,461), because it is important to make a distinction 

between former and never consumers of alcohol. As Sweden (n=48,688), Norway 

(n=35,227) and the centres in Bilthoven (n=21,329) and Naples (n=4,953) did not collect 

information on lifetime alcohol consumption, these countries or centres had to be 

excluded completely. The remaining 4,264 participants, who were excluded due to 

missing information of alcohol consumption in the past, originated from the other 

478,478 eligible participants from the EPIC study  

free of cancer and within the 1-99
th

 percentile of ER/EE 

363,988 participants comprising analytical study population  

114,461 missing information on past alcohol consumption 
 

(Sweden: 48,688; Norway 35,227; Bilthoven: 21,329; Naples: 4,953, 
4,264 from remaining study centres) 
 
 
20 implausible alcohol consumption (>250 g/d) 
 
 
9 missing information on anthropometry and dietary intake 

Exclusion 

Exclusion 

Exclusion 

ER: energy requirement, EE: energy expenditure 
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countries. In these countries, the proportion of missing information on past alcohol 

consumption was lower than 5% in all centres except for Cambridge, UK, (10%, n=2,301). 

Also, participants with an alcohol consumption of >250 g/d (n=20) were excluded from the 

present analysis, as such consumption was judged to be implausibly high. Moreover, eight 

participants did not provide information on important dietary and anthropometric variables, 

i.e. weight, height, the intake of vegetables, fruits, red meat and meat products, fish and 

shellfish, fibre and were, thus, also excluded from the present analysis. In total, a sample 

of 363,988 subjects (109,118 men and 254,870 women) from Denmark, France, Italy, 

Spain, The Netherlands (centre of Utrecht), UK, Greece and Germany was available for 

the present analysis.  

2.2 ALCOHOL CONSUMPTION IN THE GENERAL EUROPEAN POPULATION 
Alcohol consumption on the national level was obtained from several sources and was 

combined to one country- and gender-specific estimate by triangulation4. Collection of 

these data and triangulation was not part of this thesis. The data on alcohol consumption 

were obtained from Prof. Dr. Jürgen Rehm from the Centre of Addiction and Mental 

Health in Toronto, Canada [123]. In the following, the sources of information and the 

triangulation process will be briefly described to better understand the data basis. 

In order to obtain representative estimates of alcohol consumption, per capita alcohol 

consumption is the most reliable measure, as it is usually based on sales and production 

records [123]. Any other direct or indirect measure of alcohol consumption is prone to 

error, such as underreporting or inadequate sampling [27, 123]. However, in addition to 

per capita consumption of alcohol, unrecorded alcohol consumption can make up a large 

proportion of the true alcohol consumption in a population [124]. Therefore, this has to be 

considered for estimating the total per capita alcohol consumption. Both, data on recorded 

and unrecorded alcohol consumption were provided by the Global Information System on 

Alcohol and Health (GISAH) from the WHO [18, 29]. The recorded alcohol consumption 

referred to the average alcohol consumption in the years 2003 to 2005 for the adult 

population aged >15 years and was based on government sources (sales data) and 

statistics from economic operators (production data) [18]. The unrecorded alcohol 

consumption referred to the year 2005 and is based on empirical investigations, e.g. 

surveys, and on expert judgements [18]. 

After retrieving the total per capita consumption data, the next challenge was to allocate 

the aggregated measures to the gender and age groups of the respective population. For 

this purpose, surveys assessing alcohol consumption played an important role. Assuming 

that the surveys assessed both the proportion of never, former and current consumers of 

                                                
4
 Triangulation refers to the application and combination of several research methodologies. In this 

contexts it describes the combination of several data sources on alcohol consumption. 
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alcohol as well as the distribution of consumption in current consumers correctly, one can 

allocate the total per capita consumption of alcohol proportionally to each consumption 

category in men and women. By doing so, one receives corrected data with a coverage of 

100% of both recorded and unrecorded alcohol. The survey information used in this thesis 

stem from the GENACIS project, which is a collaborative international project that aims to 

examine further and in more detail the different drinking behaviours and patterns across 

the several European countries [125]. The surveys in the respective countries used the 

same standardised questions to assess alcohol consumption and, thus, information on 

alcohol consumption is highly comparable. However, only for Greece no data were 

available from GENACIS. Therefore, the information was taken from the national survey 

on licit and illicit drug use [126]. 

2.3 STATISTICAL ANALYSIS 
Descriptive statistics and the estimation of cancer risk due to alcohol consumption were 

performed using the software “Statistical Analysis Systems” (SAS), version 9.2 (SAS 

Institute Inc., Cary, NC, USA). Generally, all statistical tests were two-sided with a 

significance level at p<0.05.  

Fitting of the Γ-functions, the estimation of the AAFs as well as the computation of the 

95% confidence intervals (95% CI) of the AAFs were performed using the software 

package R version 2.13.1, ISBN 3-900051-07-0. 

An overview of the statistical analyses is shown in Figure 9 on page 34. 

2.3.1 Description of the study population 

For descriptive purposes general characteristics were computed across categories of 

alcohol consumption. Proportions were computed for categorical variables, whereas 

arithmetic means and respective standard deviations were computed for continuous 

variables. 

2.3.2 Evaluation of the alcohol-cancer association 

Cox proportional hazards model 

In prospective studies, where time of follow-up is available and usually varies for each 

study participant, the Cox proportional hazards model is used to estimate relative risks. 

This statistical regression model considers in contrast to logistic regression, also time until 

the event occurs and is, thus, suitable for the analysis of survival data [127]. The Cox 

proportional hazards model is usually expressed as follows: 

( ) ( )
∑

⋅= =

p

i

ii X

ethXth 1

0,
β

    Equation A 
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Let ( )Xth ,  be the hazard at the time t  with a given specification of a set of explanatory 

variables denoted by X . This hazard is a product of first, the baseline hazard ( )th0 , 

which only depends on the time, but not on the set of covariates; and second, the 

exponential expression e  to the linear sum of ii Xβ , where the sum is over the p  

explanatory X  variables [127]. Whereas the hazard function ( )Xth ,  depends on the 

explanatory variables, is the baseline hazard independent of the explanatory variables 

and depends only on time. Therefore, the baseline hazard is equal for each individual and 

will cancel out when computing a ratio by comparing two individuals or groups with each 

other. The ratio measure between two groups, lets say exposed and unexposed to a 

certain factor, is called the hazard ratio (HR). 

 

In the present work, HRs and 95% CI were computed for the association between alcohol 

consumption with risk of several single cancer endpoints as well as risk of alcohol-related 

cancer combined and of total cancer5. The Cox proportional hazards regression models 

were stratified by centre to control for variation in questionnaire design, follow-up periods 

and for other (unmeasured) centre effects [118], and for age at recruitment using 1-year 

age categories. The study participant’s age was used as the underlying time variable with 

entry 0t  and exit time 1t  defined as the subject’s age at recruitment and age at cancer 

diagnosis or censoring, respectively. 

When evaluating the association between alcohol consumption and risk of cancer 

incidence, the following well-established confounders assessed at baseline were 

considered: smoking (never; past <10 years ago, ≥10 years ago; current <15 cigarettes 

daily, >15-25 cigarettes daily, >25 cigarettes daily, other (cigars, pipe, cigarettes with 

missing dose)); education (higher education/university, technical school, secondary 

school, primary school, none or missing (1.2%)); physical activity (inactive, moderately 

inactive, moderately active, active); BMI (kg/m²); consumption (g/d) of meat and meat 

products, fish, fruits and vegetables; fibre, and non-alcoholic energy intake (KJ/d); and for 

women additionally: menopausal status (pre-, post-/surgical, perimenopausal), age at 

menarche (<13 years, 13/14 years, >14 years, missing (30.8%)), breastfeeding (yes, no or 

missing (32.9%)), oral contraceptive (OC) use (yes, no or missing (31.6%)), hormone 

replacement therapy (HRT) (yes, no or missing (30.6%)). 

When examining the association between alcohol consumption and cancer risk, smoking 

may not only be a confounder, but act as an effect modifier. Therefore, effect modification 

by smoking by including two-way interaction terms of alcohol consumption at recruitment 

                                                
5
 Results were partly published in: Schütze et al., Alcohol attributable burden of incidence of cancer 

in eight European countries based on results from prospective cohort study., BMJ 2011 [152] 
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(g/d) and smoking status (never, former, current smoker) was tested using the likelihood 

ratio test between nested models. Moreover, analyses were stratified by smoking status 

and the risk of cancer due to alcohol consumption in current consumers was estimated. 

 

The Cox proportional hazards model requires an important assumption, namely the 

proportionality of the HR over time. This essentially means that the HR should be 

independent of time and merely depend on the set of explanatory variables. The 

proportional hazards assumption was tested in fully adjusted models: first, by dividing the 

follow-up time into four time intervals (1, >1-4, >4-8, >8 years of follow-up) and computing 

the HRs for the associations between alcohol consumption (g/d) and risk of each cancer 

entity for each time interval. Thereafter, a test for heterogeneity of the HRs using the 

meta-analytic approach was done. Second, the Schoenfeld residuals [128] were obtained 

for current alcohol consumption (g/d) from the fully adjusted proportional hazard 

regression models. These residuals were correlated with the cancer cases, ranked after 

failure time. If there is no association between the Schoenfeld residuals and the cancer 

cases ranked after failure time, the proportional hazards assumption is fulfilled. In the 

present study, there was no indication that the proportional hazards assumption was 

violated, meaning that applying this type of regression analysis on the underlying data 

was appropriate. 

As the EPIC study is a multi-country study, test for heterogeneity across countries was 

done. Heterogeneity of the HRs was examined by a) likelihood ratio tests using the 

deviances of nested models with and without product terms between country and alcohol 

in g/d, and b) by computing country-specific HRs and combining these estimates using a 

meta-analytic approach [129, 130].  

In order to evaluate non-linearity of the risk association between alcohol consumption and 

cancer, restricted cubic spline regression [131] was applied. Knots were defined at the 

25th, 50th and 75th percentile of alcohol consumption. Test for linearity was restricted to 

those that indicated alcohol consumption at recruitment. 

Competing risk models 

The aim of this work was not only to evaluate the risk of cancer incidence due to alcohol 

consumption, but also to test whether the associations differ significantly between the 

single cancer endpoints. This test was performed within competing risk analyses, as 

proposed by Lunn and McNeal [132]. For this purpose the data were augmented, which 

means duplicating the data set as many times as endpoints should be tested (men: nine 

cancer endpoints; women 11 cancer endpoints). By duplicating the data set for each 

endpoint, one row per endpoint is available for each observation. By introducing an 

indicator variable reflecting the number of competing endpoints (status indicated by 
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subscript g ), one can distinguish between the competing events (cancer sites) for each 

subject. The general formula for fitting a competing risk model is [127]: 

( ) ( )0

1 1 2 2
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    Equation B 

with 1 2 3, X , X ,...,  X pX denote the p predictors of interest; 

1 2 3, , ,...,  CD D D D  indicator variables distinguishing the C competing risks; 

and 21 32 43, , ,...,  Cpδ δ δ δ  regression coefficient6 for product terms of C indicator variables 

(number of competing risks) and p predictor variables.  

 

This model provides the same effect estimates for all explanatory variables as when fitting 

single models for each cancer endpoint. However, the advantage is, that further 

inferences can be drawn, for example testing whether the effect estimate of the exposure 

(alcohol consumption) differs across cancer sites. This test is based on the model fit 

statistics, the log likelihood, of nested models. The reduced model contains alcohol 

consumption only, and the full model contains additionally product terms between the 

status variable and alcohol consumption [127, 132].  

2.3.3 Burden of cancer incidence due to alcohol consumption 

The computation of the attributable fraction is only meaningful for diseases causally 

related to the exposure [133]. Therefore, the AAF was estimated for cancer of the UADT, 

liver, colorectum, female breast as well as for the groups of alcohol-related cancer 

combined and total cancer based on the evaluation of IARC and WCRF/AICR [21, 22].  

The following paragraph describes how modelling of alcohol consumption was done in 

order to compute the AAFs. 

Modelling alcohol consumption on population level 

Representative information on alcohol consumption for the herein investigated countries 

was available as proportions of never, former and current consumers of alcohol, and as 

the average volume of alcohol (g/d) consumed by current consumers (see section 2.2, 

                                                
6
  The regession coefficient from the Lunn and McNeil approach is not equivalent to the regression 

coefficient in a separate model. For estimation of the “true” regression coefficient, 1β  has to be 

added: ( )1 1 1 11 vs. 0 expg gHR X X β δ = = = +   
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page 22). For the estimation of AAFs it is not methodologically correct to simply use the 

mean alcohol consumption level, because alcohol consumption follows a right skewed 

distribution on the population level. In order to model such a right skewed distribution, the 

Γ-distribution function (see Equation C) was shown to be feasible [134].  

To fit such a Γ-distribution function the two determining parameters k  and θ  are needed. 

These parameters depend directly on the mean ( µ ) and the standard deviation (σ ) of the 

variable (x) one wishes to model (see Equations D and E), in the present case on the 

mean and standard deviation of the alcohol consumption in current consumers.  
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The mean of the alcohol consumption in current consumers is known from triangulating 

per-capita alcohol consumption with the information on never, former and current 

consumers of alcohol from surveys. The standard deviation the alcohol consumption, 

however, is missing. In order to solve this problem, an algorithm for computing the 

standard deviation for alcohol consumption in men and women derived on the basis of 

851 subpopulations was used [135]. In this equation it is assumed that gender was coded 

0 for men and 1 for women [134, 135] (see Equation F). 

sex⋅+⋅= 003.1174.1 µσ     Equation F 

Now, as both the mean and the standard deviation of alcohol consumption in men and 

women are known, the parameters k  and theta (θ ) describing the Γ-distribution function 

can be computed (see Equation C). Once the gender- and country-specific Γ-distribution 

functions are known, the proportions of heavy consumers in these populations can be 

computed. For this purpose, the quantile of the Γ-distribution function beyond 24 g/d in 

men and 12 g/d in women was estimated. 
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Alcohol attributable fractions (AAF) 

AAFs7 were computed using HRs from the EPIC study and representative alcohol 

exposure information from the general population (see 2.2, page 22), applying following 

formula (see Equation G) [134, 136-140]: 

( ) ( )

( ) ( )

250 /

0.0001 /

250 /

0.0001 /

1 1

1

g d

NC FC FC CC

g d

g d

NC FC FC CC

g d

P P HR P x HR x dx

AAF

P P HR P x HR x dx

⋅ + ⋅ + ⋅ −

=

⋅ + ⋅ + ⋅

∫

∫
   Equation G 

 

where , NC FCP P  and ( )CCP x  refer to the proportions of never (%), former (%) and current 

(%, Γ-distribution function) consumers of alcohol, respectively. 

( )HR x  denotes the adjusted risk of cancer incidence per consumed gram of alcohol per 

day, and 

FCHR  refers to the adjusted risk of cancer incidence in former compared with never 

consumers of alcohol.  

 

Further, to estimate which part of the AAF actually occurs due to the consumption beyond 

the recommended upper limit of 24 g/d in men and 12 g/d in women, the partial AAF was 

computed (see Equation H). The derivation of the formula is shown in Appendix 3. 
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⋅ −

=

⋅ + ⋅ + ⋅

∫

∫
  Equation H 

where >24g/dCCP  denotes the proportion of current consumers of alcohol consuming more 

than the recommended upper limit.  

For women, the boundaries among current consumers have to be changed accordingly to 

the recommended upper limit to compute the partial attributable fraction. Please note, that 

for both formulas (Equations G and H) the counterfactual scenario is the complete 

elimination of alcohol consumption on the population level [108]. 

Effects of lowering alcohol consumption on cancer incidence 

In the present work, the impact of two public health scenarios of lowering alcohol 

consumption to the incidence of cancer was investigated. First, the elimination of heavy 

                                                
7
 Results were partly published in: Schütze et al., Alcohol attributable burden of incidence of cancer 

in eight European countries based on results from prospective cohort study., BMJ 2011 [152]. 
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alcohol consumption (adherence to the recommended upper limit of alcohol consumption), 

is possible but very ambitious and therefore denotes the plausible minimum; and second, 

the increase in prices of alcoholic beverages, which is a more realistic example, because 

decreases in consumption due to price increases were already observed in populations 

[23, 24, 28]. Thus, the latter scenario refers to the feasible minimum of AAF [108]. 

Elimination of heavy alcohol consumption 

It was aimed to estimate how high the AAF would be, if everybody who consumed above 

the recommended upper limit would adhere to the recommendations of no more than two 

alcoholic drinks a day in men (24 g/d) and one alcoholic drink a day in women (12 g/d). 

For this purpose, alcohol consumption in current consumers was modified, whereas the 

proportions of never, former and current alcohol consumers remained unchanged. All 

heavy consumers were set to consume exactly 24 g/d in men and 12 g/d in women. Such 

a shift in alcohol consumption is shown schematically for men and women for all countries 

combined in Figure 7.  
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Figure 7: Schematic distribution of alcohol consumption in current consumers for men and 
women when shifting all heavy consumers of alcohol to the recommended upper limit. 

To compute the impact of a public health intervention, the formula on the potential impact 

fraction (PIF) can be applied [108, 141-143], in which the potential exposure distribution 

P´(x) after the intervention is subtracted from the currently observed exposure distribution 

P(x) (see Equation I): 

( ) ( ) ( ) ( )

( ) ( )

0 0

0

´
m m

x x
m

x

P x HR x dx P x HR x dx

PIF

P x HR x dx

= =

=

⋅ − ⋅

=

⋅

∫ ∫

∫

     Equation I 

Γ distribution function Original distribution of heavy consumers  

39.0% 
33.2% 
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Applied on the herein shift of the heavy consumers of alcohol the computation of the PIF 

for men was done as follows (see Equation J): 

( ) ( ) ( ) ( )

( ) ( )
no heavy
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0.0001 / 0.0001 /

250 /

0.0001 /
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∫ ∫

∫

  

Equation J 

 

To compute the AAF, given there is no heavy alcohol consumption in women, the 

respective recommended upper limit of 12 g/d alcohol was applied.  

Increase of alcohol prices 

As in the previous example, for modelling the effect of price increases on the consumption 

of alcoholic beverages, the proportions of never, former and current consumers of alcohol 

were not altered. However, the mean alcohol consumption on the population level was 

modified regarding the elasticity measure published in a meta-analysis by Gallet [24]. In 

this meta-analysis the long-run price elasticity was estimated to be -0.816 [144].  

In the present work, price increases of 25% and 50% of the current price level were 

modelled. For the computation of the respective standard deviation of the lowered mean 

alcohol consumption, the algorithm shown in equation F on page 27 was applied. Using 

the feature that the parameters k  and theta (θ ) of the Γ-distribution function depend 

directly on the mean and standard deviation of the alcohol consumption, the hypothetical 

Γ-distribution functions could be easily computed for the respective increases in prices. 

Table 3 shows the mean and standard deviations of the alcohol consumption in current 

consumers and the resulting parameters k  and theta (θ ) of the Γ-distribution function 

based on price increases of 25% and 50%. 
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Table 3: Arithmetic mean, standard deviation and parameters of the Γ-distribution functions 
of alcohol consumption on population level after 25% and 50% price increase of alcoholic 
beverages. 

 25% price increase  50% price increase 
Men mean SD k  θ  mean SD k θ 
Denmark 26.2 30.7 0.726 36.1  19.5 22.9 0.726 26.8 
Germany 27.8 32.6 0.726 38.3  20.7 24.3 0.726 28.5 
Greece 21.8 25.6 0.726 30.1  16.2 19.0 0.726 22.4 
Italy 24.0 28.1 0.726 33.0  17.8 20.9 0.726 24.6 
Spain 26.3 30.8 0.726 36.2  19.5 22.9 0.726 26.9 
UK 28.0 32.9 0.726 38.6  20.8 24.5 0.726 28.7 
Total 26.4 31.0 0.726 36.4  19.7 23.1 0.726 27.1 
          
Women          

Denmark 13.9 17.4 0.644 21.6  10.4 13.2 0.619 16.7 
France 13.3 16.6 0.641 20.8  9.9 12.6 0.615 16.1 
Germany 14.4 17.9 0.647 22.3  10.7 13.6 0.622 17.2 
Greece 11.5 14.5 0.628 18.2  8.5 11.0 0.599 14.2 
Italy 9.9 12.6 0.615 16.1  7.3 9.6 0.582 12.6 
Netherlands 12.3 15.4 0.634 19.3  9.1 11.7 0.607 15.0 
Spain 10.7 13.5 0.622 17.2  7.9 10.3 0.591 13.4 
UK 14.0 17.5 0.645 21.7  10.4 13.2 0.620 16.8 
Total 12.7 15.9 0.637 19.9  9.4 12.1 0.610 15.4 

Decrease in mean alcohol intake is based on price elasticity of -0.816; k shape and θ scale parameter of the 
Γ-distribution function; SD standard deviation; UK United Kingdom. 

These modified alcohol consumption data were applied to compute the PIF, by subtracting 

the hypothetical exposure distribution after the price increase from the observed exposure 

distribution as outlined below in Equation K: 

( ) ( ) ( ) ( )

( ) ( )

250 / 250 /

 Price increase

0.0001 / 0.0001 /

Price increase 250 /

0.0001 /

1

g d g d

CC CC

g d g d

g d
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g d

P x HR x dx P x HR x dx

PIF

P P HR P x HR x dx

⋅ − ⋅

=

⋅ + ⋅ + ⋅

∫ ∫

∫
       Equation K 

The PIF represents the part of the AAF that would not occur given that the observed 

exposure distribution would change to the hypothetical distribution. In order to estimate 

the respective hypothetical AAF that would still be present after the public health 

interventions were successfully implemented, the PIF was subtracted from the currently 

observed AAF for both public health interventions. This allows the direct comparison of 

the burden of cancer attributable to the current exposure distribution of alcohol to the 

hypothetical exposure distributions of no heavy alcohol consumption or increases of 

prices of the alcoholic beverages.  

 

For all AAFs the respective 95% CIs were computed by applying Monte Carlo simulations 

[145, 146] considering the uncertainty due to the HRs and the exposure prevalence in the 

population. 
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The absolute burden of cancer incidence, as number of attributable cancer cases, was 

estimated by multiplying the AAFs with the total number of incident cancer cases from 

2008 derived from the GLOBOCAN 2008 project [36]. 

Sensitivity analysis 

From the extensive literature on the computation of attributable fractions it is known, that 

the herein applied formula for the computation of AAFs (Equation G) is only valid, if the 

relative risk estimates are unadjusted [133, 136, 137, 139, 147-151]. However, using the 

unadjusted risk between alcohol consumption and cancer is not possible due to important 

confounders, e.g. smoking, age, diet. When using adjusted relative risks for the estimation 

of the AAFs, the exposure prevalence among the cases has to be applied to perform 

methodologically correct computations (see Equation L).  

250g/d

case exposure

0.0001

( )
1

( )

NCC FCC CCC

NC FC

P P P x
AAF dx

RR HRR HRR x
= − − − ∫    Equation L 

where NCCP , FCCP  and ( )CCCP x  denote the prevalence of never (%), former (%) and 

current  

(%, Γ-distribution function) consumers of alcohol in cancer cases, respectively. 

( )HR x  denotes the adjusted risk of cancer incidence per consumed gram of alcohol per 

day, and 

FCHR  refers to the adjusted risk of cancer incidence in former compared with never 

consumers of alcohol.  

 

Information on alcohol consumption among cancer cases from the general population was 

not available, and, thus, the correct estimation of the AAF not feasible. However, based 

on the data used in this work, a simulation of alcohol consumption among cancer cases 

was possible. This was done by weighting the alcohol consumption of cancer cases in the 

EPIC study in that way, that it reflects the alcohol consumption of cancer cases from the 

general population. The weights used for this simulation were derived by dividing intervals 

of the Γ-distribution function from the general population by the Γ-distribution function from 

EPIC study as exemplarily shown in Figure 8 for men. The thereby generated weights 

were then multiplied with the respective volume of alcohol consumption in cancer cases 

from the EPIC study, and by this the alcohol consumption of cases was simulated as, if 

they originated from the general population. The proportions of never, former and current 

consumers of alcohol were taken directly from the respective group of cancer cases from 

the EPIC study, assuming that these proportions reflect the distribution of consumption 

status in the cancer cases from the general population. The detailed exposure information 
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simulated among cancer cases is shown in Table 4 for cancer sites that are causally 

related to alcohol consumption. 
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Figure 8: Derivation of weights for estimation of the mean alcohol consumption among 
cancer cases from the general population based on alcohol consumption data from the 
European Prospective Investigation into Cancer and Nutrition (EPIC) study. 

This approach required the assumption that underreporting of alcohol consumption in the 

EPIC study as compared to the general population was equal to underreporting of alcohol 

consumption among cancer cases in the EPIC study as compared to cancer cases from 

the general population.  

Table 4: Mean alcohol consumption and parameters of Γ-distribution functions modelling 
alcohol consumption in the current consumers in cancer cases from the general population. 

Cancer Alcohol consumption  Γ-distribution parameters 
Men Never (%) Former (%)  Current (%, mean g/d)  K θ 
UADT 0.3 12.2  87.5 78.6  0.726 108.4 

Liver 0.0 13.3  86.7 55.0  0.726 75.8 

Colorectum 0.8 5.8  93.5 39.2  0.726 54.1 

Alcohol-related
1
 0.6 7.9  91.5 51.2  0.726 70.6 

Total
2
 1.2 6.5  92.3 38.8  0.726 53.5 

         

Women         

UADT 10.3 6.6  83.1 27.4  0.682 40.2 

Liver 12.3 13.7  74.0 22.3  0.673 33.2 

Colorectum 9.0 5.4  85.6 18.0  0.661 27.3 

Breast 8.7 4.2  87.1 18.1  0.662 27.4 

Alcohol-related
1
 8.8 4.6  86.6 18.3  0.662 27.7 

Total
2
 9.3 5.3  85.4 17.8  0.661 26.9 

1
 cancer of the UADT, colorectum, liver and female breast, 

2
 all cancer sites except for skin cancer; UADT 

upper aerodigestive tract; proportions of never, former and current consumers of alcohol were taken from 
incident cancer cases from the European Prospective Investigation into Cancer and Nutrition (EPIC) study; k 
shape and θ scale parameter of the Γ-distribution function. 

wi = 

w4 w5 w6 wi w3 

w2 

w1 
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Figure 9: Overview of the statistical analysis to estimate risk and burden of cancer 
incidence due to alcohol consumption. 
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a) Adherence of all heavy consumers to the recommendation of no more than 2 alcoholic drinks a day in men 
and one alcoholic drink a day in women: shift of all heavy alcohol consumers to recommended upper limit 

( ) ( ) ( ) ( )

( ) ( )
no heavy

250 / 250 /

24g/d 24g/d

0.0001 / 0.0001 /

250 /

0.0001 /

(24g/d)

1

g d g d

CC CC CC

g d g d

g d

NC FC FC CC

g d

P x HR x dx P x HR x P HR dx

PIF

P P HR P x HR x dx

≤ >
⋅ − ⋅ − ⋅

=

⋅ + ⋅ + ⋅

∫ ∫

∫

 

b) Increase of retail price of alcoholic beverages by 25% and 50%: change in mean alcohol consumption by 
elasticity of -0.816 [24] and fitting respective Γ-distribution functions 
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AIM 3: Estimation of alcohol attributable fraction of causally related cancers  

 

AIM 4: Effect of lowering alcohol consumption on alcohol attributable fraction (AAF) of cancer 

AIM 1: Risk of cancer due to alcohol consumption 

 

AIM 2: Test whether association differs between 
alcohol consumption and selected cancer endpoints 

 

Linkage of AAFs with cancer incidence from GLOBOCAN 2008 [36] to estimate the absolute number of cancer 
cases attributable to alcohol in each country 



    

3 RESULTS 

3.1 DESCRIPTION OF THE STUDY POPULATION 

3.1.1 General Characteristics 

The analytical study population consisted of 363,988 participants from eight European 

countries, of whom 109,118 were men. In Table 5 and Table 6 general characteristics are 

shown across categories of alcohol consumption. Mean age at enrolment was 53.0 years 

for men and 51.4 years for women. In both genders, consumers of alcohol were on 

average 2-3 years older than never or former consumers. Current smoking was found in 

about one third of all men and women, with the higher prevalence in current as compared 

to never or former consumers of alcohol. As expected, the proportion of current smokers 

increased across the categories of alcohol consumption in both men and women. A larger 

proportion of current consumers were grouped as physical active [121], with increasing 

proportions across the categories of alcohol consumption. In both men and women the 

proportion of higher educated persons was higher in current than in never or former 

consumers of alcohol. While in men this proportion decreased across categories of 

current alcohol consumption, it increased among women.  

Men and women had a mean BMI of 26.8 kg/m² and 25.0 kg/m², respectively, which was 

higher in never and former consumers than in current consumers of alcohol. Moreover, 

BMI was found to increase across the categories of alcohol consumption in men, while it 

decreased in women. 

In terms of diet, current consumers followed a less favourable diet as never and former 

consumers of alcohol. That was, the intake of fruits, vegetables and fish was lower in 

current than in never and former consumers. In terms of red meat, former consumers 

showed the highest intake. Both fruit and vegetable consumption were inversely 

associated to current alcohol consumption, while a direct association was found for red 

meat and fish intake.  

With respect to hormone use, the proportion of both HRT and OC use was two-fold higher 

in current alcohol consumers as compared to never consumers. The proportion of women 

that ever breastfed was slightly higher in the never consumers than in the former or 

current consumers of alcohol.  
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Table 5: General characteristics in men from the European Prospective Investigation into Cancer and Nutrition (EPIC) study across categories of 
alcohol consumption, n=109,118. 

 Status of alcohol consumption  Categories of current alcohol consumption 
 Never Former Current  >0-6 g/d >6-12 g/d >12-24 g/d >24-60 g/d >60 g/d 
n 1,727 4,743 102,648  22,714 16,617 23,789 29,623 9,905 
Age 53.7 (11.0) 55.6 (9.6) 52.9 (9.4)  52.9 (11.0) 52.7 (10.2) 53.0 (9.0) 52.7 (8.4) 53.2 (7.2) 
Smoking (%)          
  Never 45.5 25.0 29.2  36.7 35.2 29.7 24.1 16.6 
  Current 30.9 34.1 34.1  28.9 29.3 31.7 37.2 51.2 
Higher education (%) 19.6 12.9 28.8  27.0 30.9 31.1 29.7 21.7 
Physical activity (%)          
  inactive 33.5 33.6 18.5  24.1 19.3 16.6 15.9 17.0 
  mod. inactive 26.4 26.3 31.3  30.3 31.8 32.3 32.2 28.3 
  mod. active 21.5 20.8 24.9  22.6 24.9 25.3 26.0 25.5 
  active 18.6 19.3 25.3  23.0 24.0 25.8 25.9 29.2 
Diet

1
 (g/d)          

  Vegetables 209.4 (69.5) 189.5 (66.5) 183.0 (57.9)  187.8 (56.4) 181.5 (56.5) 179.1 (57.0) 184.9 (58.5) 177.9 (62.8) 
  Fruits 294.4 (169.8) 268.8 (176.1) 228.8 (145.4)  242.6 (154.5) 222.3 (136.0) 226.1 (139.3) 232.6 (146.9) 202.7 (144.2) 
  Red meat 124.5 (52.8) 137.3 (57.5) 133.7 (51.4)  114.0 (53.5) 123.0 (50.7) 133.6 (46.4) 145.3 (47.2) 162.2 (48.8) 
  Fish, shellfish 53.9 (33.5) 52.9 (36.2) 41.0 (28.9)  34.8 (25.4) 36.9 (24.9) 40.2 (26.1) 44.5 (30.8) 53.5 (36.5) 
  Fibre 24.4 (4.7) 24.3 (5.5) 24.6 (4.8)  24.6 5.0 () 24.5 (4.8) 24.9 (4.8) 24.7 (4.7) 23.9 (4.8) 
Energy intake (kcal/d) 2403 (365.8) 2427 (364.5) 2543 (318.7)  2424 (300.1) 2462 (289.1) 2526 (290.7) 2611 (304.0) 2784 (333.1) 
BMI (kg/m²) 27.3 (3.7) 27.2 (4.0) 26.7  (3.6)  26.5 (3.9) 26.5 (3.6) 26.6 (3.5) 26.8 (3.5) 27.6 (3.8) 

If not other indicated, values refer to mean (standard deviation). n number of observations; mod. moderate, UK United Kingdom; physical activity index combining leisure time 
and occupational physical activity, 

1
 dietary intake was adjusted for total energy intake. 
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Table 6: General characteristics in women from the European Prospective Investigation into Cancer and Nutrition (EPIC) study across categories 
of alcohol consumption, n=254,870. 

 Status of alcohol consumption  Categories of current alcohol consumption 
 Never Former  Current   >0-6 g/d >6-12 g/d >12-24 g/d >24 g/d 
n 26,389 12,332 216,149  105,429 45,175 39,742 25,803 
Age (years) 52.4 (9.5) 54.2 (9.4) 51.1 (10.0)  51.1 (10.4) 50.7 (10.2) 51.2 (9.6) 51.8 (8.5) 
Smoking (%)         
  Never 66.2 56.7 47.3  53.0 48.1 41.6 30.8 
  Current 23.4 24.8 29.6  26.4 28.0 32.5 41.1 
Higher education (%) 14.0 11.7 26.2  22.7 28.5 29.6 31.6 
Physical activity (%)         
  inactive 40.8 40.4 21.0  23.9 18.3 18.0 17.8 
  mod. inactive 33.4 33.4 37.2  36.8 37.4 37.8 38.1 
  mod. active 17.5 16.7 25.5  24.1 26.7 26.9 26.5 
  active 8.3 9.5 16.3  15.2 17.6 17.3 17.6 
Diet

1
 (g/d)         

  Vegetables 190.7 (56.5) 185.1 (58.9) 183.7 (49.0)  184.2 (49.0) 183.2 (47.9) 183.9 (48.6) 182.5 (51.5) 
  Fruits 281.2 (109.3) 272.1 (115.3) 235.5 (90.3)  242.6 (91.9) 232.8 (87.1) 232.3 (88.7) 216.3 (88.4) 
  Red meat 87.8 (29.8) 88.6 (29.3) 83.1 (33.0)  79.1 (33.3) 82.5 (32.4) 87.8 (31.9) 93.4 (31.4) 
  Fish, shellfish 38.9 (20.5) 37.9 (21.7) 29.7 (16.4)  28.2 (16.3) 29.8 (16.0) 31.5 (16.6) 32.9 (16.9) 
  Fibre 19.5 (3.3) 20.0 (3.8) 20.5 (3.7)  20.4 (3.7) 20.7 (3.8) 20.6 (3.7) 20.2 (3.7) 
Energy intake (kcal/d) 1,777 (246.0) 1,792 (240.3) 1,884 (219.7)  1,842 (213.7) 1,890 (212.1) 1,929 (213.5) 1,982 (220.7) 
BMI (kg/m²) 26.8 (5.4) 26.8 (5.0) 24.7 (4.3)  25.1 (4.7) 24.5 (4.0) 24.2 (3.8) 24.3 (3.8) 
Breastfeeding (%) 70.8 69.8 66.1  67.1 65.8 65.3 63.9 
HRT (%) 9.4 11.4 17.6  15.7 18.3 19.2 21.8 
Oral contraceptive (%) 1.8 1.7 5.4  5.2 6.5 5.6 4.4 

If not other indicated, values refer to mean (standard deviation). n number of observations; mod. moderate, UK United Kingdom; HRT hormone replacement therapy; physical 
activity index combining leisure time and occupational physical activity, 

1
 dietary intake was adjusted for total energy intake.  
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3.1.2 Distribution of alcohol consumption 

Table 7 depicts the distribution of never, former and current consumers of alcohol in the 

EPIC study. In all countries, more than 90% of the men were current consumers of 

alcohol, except for Spain where about 85% consumed alcohol at recruitment. The 

proportion of never consumers was lowest with 1.6% on average and ranging between 

0.3% for Danish to 4.5% for Greek men. In total 4.3% of all men reported to have 

consumed alcohol in the past, with the highest proportion in Spain with 10.8% and the 

lowest proportion in Denmark with 1.4%. 

Table 7: Status of alcohol consumption and mean daily alcohol consumption in men and 
women from the European Prospective Investigation into Cancer and Nutrition (EPIC) study, 
n=363,988. 

 Consumers of alcohol 
Country Never  Former   Current 
Men %  %  % Mean   (SD) 
Denmark 0.3  1.4  98.2 32.0  (28.4) 
Germany 0.5  3.6  95.9 26.2  (25.1) 
Greece 4.5  5.6  89.9 18.6  (22.3) 
Italy 1.9  2.1  96.0 24.2  (21.5) 
Spain 3.6  10.8  85.6 37.8  (32.7) 
United Kingdom 1.1  4.9  93.9 13.5  (15.5) 
Total 1.6  4.3  94.1 25.6  (26.1) 
       
Women       

Denmark 1.4  1.2  97.4 15.0  (15.9) 
France 10.4  2.9  86.7 12.5  (14.1) 
Germany 1.5  2.7  95.8 9.8  (12.6) 
Greece 28.6  6.7  64.7 4.9    (6.8) 
Italy 12.5  5.0  82.5 10.2  (12.5) 
The Netherlands 10.2  6.5  83.3 10.7  (12.6) 
Spain 35.0  16.7  48.3 9.8  (11.8) 
United Kingdom 1.8  3.8  94.4 8.0  (10.0) 
Total 10.4  4.8  84.8 10.7  (13.0) 

 

In contrast, the proportion of current consumers of alcohol was lower among women with 

an average of 84.8%, ranging between 48.3% in Spain and 97.4% in Denmark. The 

proportion of former consumers with 4.8% was lower than the proportion of never 

consumers of alcohol with 10.4%. Again the proportion of never consumers of alcohol was 

highest in the Southern European countries like Spain and Greece with more than 28%, 

whereas Northern and Central European countries like Denmark, Germany and the UK 

had the lowest proportions of never consumers with less than 2%.  

 

In Spain, where the lowest proportion of current consumers of alcohol was found, the daily 

average alcohol intake among men was highest with 37.8 g/d, followed by Denmark and 

Germany with 32.0 g/d and 26.2 g/d, respectively. In contrast, the health-conscious men 

from the UK reported the lowest daily alcohol intake with 13.5 g/d. In women the average 
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daily consumption of alcohol accounted for 10.7 g/d with considerably lower mean alcohol 

consumption in Greek women (4.9 g/d) and higher daily alcohol consumption in Danish 

women (15.0 g/d).  

3.1.3 Distribution of cancer cases 

During a mean follow-up time of 8.8 years (3,192,881 PYs), 6,203 cancer cases in men 

and 14,602 cancer cases in women occured. Mean age at diagnosis was 63.8 years in 

men, ranging between 26.3 and 95.8 years; and 59.8 years in women with a range of 21.2 

to 98.7 years. There were almost no differences in mean age at diagnosis between the 

single cancer sites. The distribution of cancer cases across participating countries is 

shown in Table 8 for men and women separately. 

In men, most person time and total cancer cases were contributed from the study cohort 

in Denmark, whereas least person time and cancer cases came from Greece. The crude 

incidence rates per 100,000 PYs in men varied between 13.4 cases for liver cancer and 

178.2 for prostate cancer.  

In women, the cohort from France contributed most person time and total cases of cancer. 

However, for rare cancer entities, e.g. UADT, liver, or kidney the cohorts from Denmark or 

Germany contributed more cancer cases. Such direct comparison, however, may not be 

meaningful as none of the cohorts are representative samples for the respective 

countries. Breast cancer was by far the most frequent malignancy with 262.8 cases per 

100,000 PYs, whereas liver cancer was the most rare cancer form with 3.2 cases 

diagnosed in 100,000 PYs. 
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Table 8: Distribution of cancer cases and person years in men (n=109,118) and women (n=254,870) across countries participating into the 
European Prospective Investigation into Cancer and Nutrition (EPIC) study. 

Cancer Denmark France Germany Greece Italy NL Spain UK  All crude IR1 
Men            
Person years 194,870 n.a. 174,092 73,424 117,717 n.a. 152,466 182,517  895,086  
            

UADT 108 n.a. 54 5 23 n.a. 77 44  311 34.7 
Liver 54 n.a. 26 13 11 n.a. 6 10  120 13.4 
Colorectum 264 n.a. 174 37 108 n.a. 132 202  917 102.4 
Pancreas 57 n.a. 36 13 19 n.a. 19 30  174 19.4 
Lung 246 n.a. 144 80 77 n.a. 108 128  783 87.5 
Stomach 45 n.a. 43 27 28 n.a. 31 43  217 24.2 
Bladder 172 n.a. 86 21 74 n.a. 83 114  550 61.4 
Kidney 37 n.a. 62 12 28 n.a. 32 39  210 23.5 
Prostate 363 n.a. 403 39 140 n.a. 201 449  1,595 178.2 
            

Alcohol-related
1
 427 n.a. 254 56 142 n.a. 215 256  1,350 150.8 

Total cancer
2
 1,725 n.a. 1,225 328 678 n.a. 865 1,382  6,203 693.0 

            
Women            
Person years 214,551 730,800 227,263 108,486 214,048 132,302 239,955 430,390  2,297,795  
            

UADT 38 7 13 2 12 17 12 35  136 5.9 
Liver 14 9 11 8 14 5 3 9  73 3.2 
Colorectum 231 434 104 26 153 161 99 245  1,453 63.2 
Pancreas 32 64 22 9 17 28 22 35  229 10.0 
Lung 217 126 40 11 50 74 22 98  638 27.8 
Stomach 17 20 13 10 36 17 24 18  155 6.7 
Bladder 41 30 41 4 27 30 13 53  239 10.4 
Kidney 28 6 35 4 32 27 11 29  172 7.5 
Breast 816 2,424 456 114 611 409 312 897  6,039 262.8 
Ovary 91 122 50 25 52 35 46 114  535 23.3 
Corpus uteri 130 277 43 12 85 59 78 112  796 34.6 
            

Alcohol-related
1
 1,099 2,874 584 150 790 592 426 1,186  7,701 335.1 

Total cancer
2 

2,047 5,119 1,101 330 1,425 1,137 926 2,517  14,602 635.5 

UADT upper aerodigestive tract; NL The Netherlands; UK United Kingdom; IR incidence rate per 100,000 person years; n.a. not applicable; 
1
 cancer of the UADT, 

colorectum, liver and female breast, 
2
 all cancer sites except for skin cancer.  
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3.2 EVALUATION OF THE ALCOHOL-CANCER ASSOCIATION 

3.2.1 Risk of cancer due to alcohol consumption 

Hazard ratios and corresponding 95% CI for the association between consumption of 

alcohol, both continuous and categorical, and risk of cancer are shown in Table 9 for men 

and in Table 10 for women.  

In men, former consumers of alcohol had an increased risk for several cancer sites 

compared to light consumers consuming up to half a glass of alcoholic beverages (>0-6 

g/d). Increased risks were statistically significant for total and alcohol-related cancer as 

well as for cancers of the UADT, liver and pancreas. In current consumers of alcohol, 

statistically significant HRs for the highest consumption category (>60 g/d) as compared to 

light consumers of alcohol were found for the groups of total and alcohol-related cancer 

and for the single cancer entities of UADT and colorectum. For liver cancer a somewhat u-

shaped association to alcohol consumption was found with the lowest risk in consuming 

one to two standard alcoholic drinks per day. On the continuous scale, the risk of cancer 

increased with each additional standard drink consumed (continuous, per 12 g/d) with 3% 

(95% CI 2%, 4%) for total cancer, 10% (95% CI 7%, 13%) for alcohol-related cancer, 18% 

(95% CI 13%, 23%) for UADT, 13% (95% CI 2%, 25%) for liver, 5% (95% CI 2%, 8%) for 

colorectal cancer. Moreover, statistically significant HRs for continuous alcohol 

consumption and increased risk of cancer of the lung and decreased risk of kidney cancer 

were observed. The risk of lung cancer, however, was no longer statistically significant, 

when smoking duration was added as a confounder.  

In women, the association between alcohol consumption and cancer risk was similar, 

however, not as strongly pronounced as in men. Former consumers of alcohol were at 

statistically higher risk for total cancer as well as for liver and lung cancer, as compared to 

light consumers of alcohol (>0-6 g/d). Among current consumers, consumption of at least 

two standard drinks per day was associated with increased risk of UADT, breast, alcohol-

related and total cancer as compared to light consumption of alcohol (>0-6 g/d). Moreover, 

with each additional standard drink (per 12 g/d) the risk increased statistically significant 

for alcohol-related cancers combined by 5% (95% CI 3%, 7%) and for total cancer by 2% 

(95% CI 1%. 4%) for UADT cancer by 27% (95% CI 12%, 43%) and for breast cancer by 

5% (95% CI 2%, 7%),  
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Table 9: Adjusted hazard ratios (HR) and corresponding 95% confidence intervals (95% CI) for the association between alcohol consumption and cancer 
incidence in men from the European Prospective Investigation into Cancer and Nutrition (EPIC) study, n=109,118.  
  Continuous3   Current consumers  
Cancer  12 g/d  

Never Former 
 >0-6 >6-12 >12-24 >24-60 >60 p-trend

4
 

Number of cases  272  1 38  38 25 39 81 89  

UADT  1.18 
(1.13, 1.23) 

 0.37  
(0.05, 2.77) 

3.27  
(2.06, 5.21) 

 1.00 0.90  
(0.54, 1.49) 

0.87  
(0.55, 1.37) 

1.22  
(0.82, 1.82) 

2.46  
(1.62, 3.74) 

<.0001 

Number of cases  104  0 16  26 13 18 25 22  

Liver  1.13 
(1.02, 1.25) 

 - 2.73  
(1.45, 5.16) 

 1.00 0.63  
(0.32, 1.23) 

0.52  
(0.28, 0.99) 

0.57  
(0.31, 1.07) 

1.14  
(0.57, 2.25) 

0.19 

Number of cases  859  7 53  158 135 191 260 113  

Colorectum  1.05 
(1.02, 1.08) 

 0.62  
(0.29, 1.33) 

1.35  
(0.99, 1.86) 

 1.00 1.17  
(0.92, 1.47) 

1.13  
(0.91, 1.40) 

1.23  
(0.99, 1.51) 

1.50  
(1.14, 1.97) 

<0.01 

Number of cases  159  2 13  28 31 36 47 17  

Pancreas  1.02  
(0.94, 1.11) 

 1.07  
(0.24, 4.82) 

2.05  
(1.03, 4.07) 

 1.00 1.55  
(0.91, 2.63) 

1.16  
(0.68, 1.98) 

1.25  
(0.74, 2.10) 

1.32  
(0.67, 2.63) 

0.87 

Number of cases  715  13 55  147 103 131 210 124  

Lung  1.04  
(1.00, 1.07) 

 1.17  
(0.68, 2.02) 

1.18  
(0.86, 1.62) 

 1.00 0.99  
(0.77, 1.28) 

0.84  
(0.66, 1.07) 

1.00  
(0.80, 1.25) 

1.17  
(0.90, 1.54) 

0.09 

Number of cases  201  0 16  41 37 37 60 26  

Stomach  1.01  
(0.94, 1.08) 

 - 1.50  
(0.85, 2.66) 

 1.00 1.32  
(0.84, 2.07) 

0.98  
(0.61, 1.55) 

1.24  
(0.82, 1.88) 

1.36  
(0.79, 2.33) 

0.41 

Number of cases  518  6 26  103 79 120 159 57  

Bladder  1.01  
(0.97, 1.06) 

 0.87  
(0.39, 1.92) 

1.00  
(0.65, 1.55) 

 1.00 1.13  
(0.84, 1.51) 

1.14  
(0.87, 1.50) 

1.15  
(0.88, 1.50) 

1.00  
(0.69, 1.45) 

0.95 

Number of cases  194  3 13  50 31 45 47 21  

Kidney  0.92  
(0.85, 0.99) 

 0.83  
(0.25, 2.78) 

1.05  
(0.55, 1.99) 

 1.00 0.85  
(0.54, 1.34) 

0.84  
(0.55, 1.28) 

0.61  
(0.40, 0.95) 

0.62  
(0.34, 1.15) 

0.07 

Number of cases  1,493  20 82  347 244 360 419 123  

Prostate  0.99  
(0.96, 1.02) 

 0.81  
(0.51, 1.29) 

0.97  
(0.76, 1.24) 

 1.00 1.00  
(0.85, 1.18) 

1.06  
(0.91, 1.23) 

1.00  
(0.85, 1.16) 

0.82  
(0.65, 1.03) 

0.13 

Number of cases  1,235  8 107  222 174 248 366 225  

Alcohol-related1
 1.10 

(1.07, 1.13) 
 0.50  

(0.25, 1.02) 
1.88  

(1.48, 2.38) 
 1.00 1.05  

(0.86, 1.29) 
1.00  

(0.83, 1.20) 
1.13  

(0.94, 1.35) 
1.71  

(1.38, 2.11) 
<.0001 

Number of cases  5,726  74 403  1,223 874 1,241 1,653 735  

Total cancer2  1.03 
(1.02, 1.04) 

 0.83  
(0.66, 1.06) 

1.30  
(1.15, 1.46) 

 1.00 1.01  
(0.93, 1.11) 

0.99  
(0.91, 1.07) 

1.03  
(0.95, 1.11) 

1.16  
(1.04, 1.28) 

<0.01 

Adjusted for smoking, education, physical activity, BMI, consumption of meat and meat products, fish and shellfish, fruit and vegetables, fibre, and non-alcoholic energy intake; UADT 
upper aerodigestive tract; 

1
 cancer of the UADT, colorectum and liver; 

2
 all cancer sites except for skin cancer; 

3
 among consumers of alcohol (n=102,648 men); 

4
 test for linear trend 

among current consumers of alcohol by assigning median values of the respective alcohol categories. 
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Table 10: Adjusted hazard ratios (HR) and corresponding 95% confidence intervals (95% CI) for the association between alcohol consumption and 
cancer incidence in women from the European Prospective Investigation into Cancer and Nutrition (EPIC) study, n=254,870. 

table continues 

Table 10: continued 

  Continuous3   Current consumers  
Cancer  12 g/d  

Never Former 
 >0-6 g/d >6-12 g/d >12-24 g/d >24 g/d p-trend

4 

Number of cases  113  14 9  37 28 19 29  

UADT  1.27 
(1.12 1.43) 

 2.56 
(1.37, 4.80) 

1.54 
(0.66, 3.58) 

 1.00 1.95 
(1.20, 3.20) 

1.39 
(0.79, 2.46) 

2.86 
(1.65, 4.94) 

<0.001 

Number of cases  54  9 10  25 8 12 9  

Liver  1.11 
(0.92, 1.34) 

 1.28  
(0.60, 2.75) 

2.99  
(1.37, 6.54) 

 1.00 0.81  
(0.35, 1.83) 

1.35  
(0.67, 2.73) 

1.50  
(0.68, 3.30) 

0.42 

Number of cases  1,243  131 79  574 241 248 180  

Colorectum  1.04 
(0.99, 1.09) 

 0.94 
(0.77, 1.05) 

0.99 
(0.78, 1.27) 

 1.00 0.98 
(0.84, 1.14) 

1.06 
(0.91, 1.24) 

1.10 
(0.92, 1.32) 

0.24 

Number of cases  196  22 11  98 34 37 27  

Pancreas  1.02 
(0.90, 1.15) 

 0.78 
(0.48, 1.29) 

0.72 
(0.37, 1.40) 

 1.00 0.84 
(0.56, 1.25) 

0.97 
(0.65, 1.45) 

1.00 
(0.64, 1.55) 

0.99 

Number of cases  550  34 54  243 86 107 114  

Lung  1.02 
(0.96, 1,09) 

 0.83 
(0.57, 1.21) 

1.67 
(1.22, 2.28) 

 1.00 0.77 
(0.60, 0.98) 

0.92 
(0.73, 1.16) 

1.03 
(0.82, 1.31) 

0.61 

Number of cases  117  25 13  57 19 25 16  

Stomach  1.03 
(0.86, 1.23) 

 1.16 
(0.70, 1.93) 

1.18 
(0.64, 2.18) 

 1.00 0.84 
(0.49, 1.44) 

1.19 
(0.73, 1.93) 

1.10 
(0.61, 1.96) 

0.64 

Number of cases  193  26 20  98 35 37 23  

Bladder  0.98 
(0.84, 1.15) 

 1.46 
(0.92, 2.31) 

1.43 
(0.84, 2.42) 

 1.00 0.87 
(0.59, 1.28) 

1.00 
(0.68, 1.48) 

0.84 
(0.52, 1.36) 

0.58 

Number of cases  135  28 9  78 20 19 18  

Kidney  0.95 
(0.79, 1.15) 

 1.86 
(1.13, 3.07) 

0.79 
(0.39, 1.59) 

 1.00 0.66 
(0.40, 1.09) 

0.70 
(0.42, 1.17) 

1.00 
(0.59, 1.68) 

0.67 

Number of cases  5,259  524 256  2,322 1,061 1,072 804  

Breast  1.05 
(1.02, 1.07) 

 1.00 
(0.91, 1.11) 

1.03 
(0.90, 1.18) 

 1.00 1.02 
(0.95, 1.10) 

1.10 
(1.02, 1.19) 

1.19 
(1.09, 1.29) 

<.0001 

Number of cases  454  52 29  246 76 83 49  

Ovary  0.91 
(0.82, 1.00) 

 0.86 
(0.62, 1.19) 

0.82 
(0.55, 1.23) 

 1.00 0.73 
(0.56, 0.95) 

0.91 
(0.70, 1.17) 

0.84 
(0.61, 1.15) 

0.25 
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Adjusted for smoking, education, physical activity, BMI, consumption of meat and meat products, fish and shellfish, fruit and vegetables, fibre, non-alcoholic energy intake, menopausal 
status, age at menarche, breast feeding, oral contraceptive use, hormone replacement therapy ; UADT upper aerodigestive tract; 

1
 cancer of the UADT, colorectum, liver and female 

breast; 
2
 all cancer sites except for skin cancer;

 3 
among consumers of alcohol (n=216,149 women); 

4
 test for linear trend among current consumers of alcohol by assigning median 

values of the respective alcohol categories. 

 

  Continuous3   Current consumers  
Cancer  12 g/d  

Never Former 
 >0-6 g/d >6-12 g/d >12-24 g/d >24 g/d p-trend

4
 

Number of cases  655  86 55  308 142 123 82  

Corpus uteri  0.99 
(0.91, 1.06) 

 0.97 
(0.75, 1.26) 

1.28 
(0.95, 1.72) 

 1.00 1.09 
(0.89, 1.33) 

1.01 
(0.82, 1.25) 

1.03 
(0.80, 1.34) 

0.95 

Number of cases  6,669  678 354  2,958 1,338 1,351 1,022  

Alcohol-related1  1.05 
(1.03, 1.07) 

 1.01  
(0.92, 1.10) 

1.05 
(0.94, 1.18) 

 1.00 1.02 
(0.96, 1.09) 

1.10 
(1.03, 1.18) 

1.19 
(1.10, 1.28) 

<.0001 

Number of cases  12,467  1,359 776  5,775 2,428 2,447 1,817  

Total cancer2  1.02 
(1.01, 1.04) 

 1.02 
(0.96, 1.09) 

1.13 
(1.05, 1.22) 

 1.00 0.96 
(0.91, 1.00) 

1.03 
(0.98, 1.08) 

1.09 
(1.03. 1.15) 

<0.01 
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3.2.2 Examination of non-linearity of alcohol-cancer associations  

In analyses investigating alcohol consumption as categorical risk factor, the risk for some 

cancers seemed to follow a non-linear, somewhat u- or j-shaped association, e.g. cancer 

of the liver or lung in both men and women, or kidney cancer in women. However, in 

restricted cubic spline regressions, no deviation from linearity between alcohol 

consumption in current consumers and risk of cancer was found, except for liver cancer in 

men (p<0.001) and kidney cancer in women (p<0.01) (see Figure 10). 

  
 a) liver cancer in men (n=102,648)  b) kidney cancer in women (n=216,149) 

Figure 10: Restricted cubic spline regressions for the association between alcohol 
consumption in current consumers and risk of cancer in the European Prospective 
Investigation into Cancer and Nutrition (EPIC) study.  

In men, risk for liver cancer was lowest for an alcohol consumption of 25 g/d, however not 

statistically significant. For lower (<9 g/d) and higher consumption levels (>50 g/d), the risk 

increased significantly. In women, alcohol consumption seemed to be inversely related to 

kidney cancer, with higher risks in low consumers (<7 g/d) and lower risks in women 

consuming more then a standard drink of alcohol (>12 g/d) as compared to those 

consuming 12 g/d. 

3.2.3 Differences between the alcohol-cancer associations 

Besides the evaluation of type and strength of the association between alcohol 

consumption and risk of several cancers, test for differences between these associations 

were performed using the competing risk approach.  

Table 11 shows p-values for the likelihood ratio test whether or not there are statistically 

significant differences between the associations of alcohol consumption with the risk of 

cancer. The associations between alcohol and the risk of UADT and liver cancer differed 

strongly from those of all other cancer sites (p<0.05), meaning cancer of the colorectum, 

pancreas, lung, stomach, bladder, kidney and prostate. Moreover, statistical significant 

differences were found between risk for colorectal and prostate cancer and between lung 

and prostate cancer. When performing the same analyses among current consumers of 

alcohol only, the results were corroborated. 
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Table 11: Test for difference of the associations between alcohol consumption and risk of 
cancer in men from the European Prospective Investigation into Cancer and Nutrition (EPIC) 
study, n=109,118. 

 Liver Colorectum Pancreas Lung Stomach Bladder Kidney Prostate 
UADT n.s. .0003 .0431 <.0001 .0140 <.0001 .0002 <.0001 
Liver  .0021 .0420 .0045 .0354 <.0001 .0235 <.0001 
Colorectum   n.s. n.s. n.s. n.s. n.s. .0255 

Pancreas    n.s. n.s. n.s. n.s. n.s. 
Lung     n.s. n.s. n.s. .0365 
Stomach      n.s. n.s. n.s. 

Bladder       n.s. n.s. 
Kidney        n.s. 

n.s. not significant on the p<0.05, test performed globally across the categories of alcohol consumption with 
the null hypothesis of equality of hazard ratios for alcohol consumption and the risk of several cancers.  

Analogously, results for the test of differences between the associations of alcohol 

consumption and risk of cancer in women are presented in Table 12. As observed in men, 

the association between alcohol consumption and risk of UADT differed from those 

associations to most other cancers (colorectum, pancreas, lung, stomach, bladder, 

kidney, breast, ovary and corpus uteri). Although there was no formal difference between 

the risks of UADT and liver cancer, the risk of liver cancer seemed not to be different to 

the risk of the other investigated cancer sites. Further differences were observed between 

the associations between lung cancer and cancers of the colorectum, kidney and breast, 

and between kidney cancer and the cancers of the colorectum, breast and corpus uteri. 

The results were similar, when the test for difference was done in current consumers of 

alcohol only.  

Table 12: Test for difference of the associations between alcohol consumption and risk of 
cancer in women from the European Prospective Investigation into Cancer and Nutrition 
(EPIC) study, n=254,870. 

Liver 
Colo-

rectum 
Pan-

creas Lung Stomach Bladder Kidney Breast Ovary 
Corpus 

uteri 
UADT n.s. .0049 .0108 .0004 .0644 .0115 .0207 .0076 .0003 .0074 
Liver  n.s. n.s. n.s. n.s. n.s. n.s. . n.s. n.s. n.s. 
Colorectum   n.s. .0266 n.s. n.s. .0160 n.s. n.s. n.s. 
Pancreas    n.s. n.s. n.s. n.s. . n.s. n.s. n.s. 
Lung     n.s. n.s. .0098 .0036 n.s. n.s. 
Stomach      n.s. n.s. n.s. n.s. n.s. 
Bladder       n.s. n.s. n.s. n.s. 
Kidney        .0104 n.s. .0107 
Breast         n.s. n.s. 
Ovary          n.s. 

n.s. not significant on the p<0.05, test performed globally across the categories of alcohol consumption with 
the null hypothesis of equality of hazard ratios for alcohol consumption and the risk of several cancers. 

3.2.4 Effect modification by smoking 

Indication of effect modification by smoking was found for alcohol-related (p=0.02) and 

total cancer (p=0.02) in men (see Table 13), and for bladder (p<0.001), alcohol-related 

(p=0.02) and total cancer (p<0.01) in women (see Table 14).  
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Table 13: Adjusted hazard ratios (HR) and 95% confidence intervals (95% CI) for the alcohol-
cancer associations by smoking status in men from the European Prospective Investigation 
into Cancer and Nutrition (EPIC) study, n=102,398. 

Never smokers  Former smokers  Current smokers  Cancer 
n=30,009  n=37,343  n=35,046  

Men HR (95% CI)  HR (95% CI)  HR (95% CI) pint 
UADT 1.04 

(0.85, 1.27) 
 

1.11 
(0.99, 1.24) 

 
1.22 

(1.16, 1.28) 
0.10 

Liver 1.41 
(1.10, 1.81) 

 
1.05 

(0.89, 1.23) 
 

1.11 
(0.99, 1.24) 

0.07 
 

Colorectum 1.08 
(1.00, 1.17) 

 
1.04 

(0.98, 1.09) 
 

1.05 
(1.00, 1.11) 

0.23 
 

Pancreas 0.98 
(0.76, 1.25) 

 
1.09 

(0.96, 1.23) 
 

0.98 
(0.87, 1.11) 

0.76 
 

Lung 0.79 
(0.53, 1.19) 

 
1.00 

(0.93, 1.08) 
 

1.05 
(1.01, 1.09) 

0.24 
 

Stomach 1.11 
(0.95, 1.31) 

 
0.98 

(0.67, 1.11) 
 

0.99 
(0.90, 1.09) 

0.63 
 

Bladder 0.95 
(0.79, 1.14) 

 
1.02 

(0.95, 1.10) 
 

1.02 
(0.97, 1.08) 

0.33 
 

Kidney 0.80 
(0.65, 0.99) 

 
0.94 

(0.82, 1.08) 
 

0.95 
(0.85, 1.06) 

0.46 
 

Prostate 0.95 
(0.89, 1.01) 

 
1.00 

(0.95, 1.04) 
 

0.97 
(0.93, 1.02) 

0.23 
 

Alcohol-related
1
 1.10 

(1.03, 1.18) 
 

1.05 
(1.00, 1.10) 

 
1.13 

(1.09, 1.17) 
<0.01 

 
Total cancer

2
 0.99 

(0.96, 1.03) 
 

1.02 
(1.00, 1.04) 

 
1.04 

(1.03, 1.06) 
0.02 

 

Adjusted for education, physical activity, BMI, intake  of meat, fish, fruit and vegetables, fibre, non-alcoholic 
energy intake; pint p-value for interaction (product term smoking status and alcohol g/d) using likelihood ratio 
tests between nested models; 

1
 cancer of the UADT, colorectum and liver; 

2
 all cancer sites except for skin 

cancer. 

Stratifying the analyses by smoking status, for those cancers in which an interaction 

between smoking and alcohol consumption was observed, the risk due to alcohol 

consumption was highest in current smokers with HRalcohol-related=1.13 (95% CI 1.09, 1.17) 

and HRtotal=1.04 (95% CI 1.03, 1.06) in men. In women, risk of cancer due to alcohol 

consumption was highest in former smokers, with HRbladder=1.40 (95% CI 1.15, 1.70), 

HRalcohol-related=1.08 (95% CI 1.04, 1.13), and HRtotal=1.06 (95% CI 1.02, 1.09). The 

confidence intervals were overlapping for all estimates of alcohol consumption and the 

risks of cancer in never, former and current smokers in both men and women. 

 

 

 

 

 

 

 

 

 

 



Results                                                                                                                               48 

Table 14: Adjusted hazard ratios (HR) and 95% confidence intervals (95% CI) for the alcohol-
cancer associations by smoking status in women from the European Prospective 
Investigation into Cancer and Nutrition (EPIC) study, n=214,149. 

Never smokers  Former smokers  Current smokers  Cancer 
n=102,143  n=48,043  n=63,947  

Women HR (95% CI)  HR (95% CI)  HR (95% CI) pint 

UADT 1.11 
(0.74, 1.66) 

 
1.07 

(0.73, 1.56) 
 

1.39 
(1.19, 1.61) 

0.50 
 

Liver 1.19 
(0.84, 1.69) 

 
1.14 

(0.80, 1.63) 
 

1.05 
(0.73, 1.51) 

0.36 
 

Colorectum 1.01 
(0.92, 1.11) 

 
1.16 

(1.06, 1.26) 
 

1.01 
(0.93, 1.09) 

0.09 
 

Pancreas 0.89 
(0.66, 1.20) 

 
0.93 

(0.70, 1.24) 
 

1.12 
(0.95, 1.31) 

0.37 
 

Lung 0.95 
(0.75, 1.22) 

 
1.01 

(0.84, 1.21) 
 

1.08 
(1.01, 1.16) 

0.95 
 

Stomach 1.17 
(0.89, 1.54) 

 
0.90 

(0.59, 1.35) 
 

0.97 
(0.74, 1.28) 

0.64 
 

Bladder 0.87 
(0.64, 1.18) 

 
1.40 

(1.15, 1.70) 
 

0.80 
(0.62, 1.01) 

<0.01 
 

Kidney 0.93 
(0.65, 1.32) 

 
0.73 

(0.44, 1.20) 
 

1.03 
(0.83, 1.28) 

0.24 
 

Breast 1.00 
(0.96, 1.05) 

 
1.07 

(1.02, 1.12) 
 

1.06 
(1.02, 1.10) 

0.09 
 

Ovary 0.83 
(0.69, 1.01) 

 
0.95 

(0.78, 1.15) 
 

0.96 
(0.82, 1.14) 

0.76 
 

Corpus uteri 1.00 
(0.88, 1.12) 

 
0.94 

(0.79, 1.12) 
 

0.98 
(0.86, 1.11) 

0.90 
 

Alcohol-related
1
 1.01 

(0.97, 1.05) 
 

1.08 
(1.04, 1.13) 

 
1.06 

(1.03, 1.09) 
0.02 

 
Total cancer

2
 0.98 

(0.95, 1.02) 
 

1.06 
(1.02, 1.09) 

 
1.04 

(1.01, 1.06) 
<0.01 

 

Adjusted for education, physical activity, BMI, consumption of meat, fish, fruit and vegetables, fibre, non-
alcoholic energy intake, menopausal status, age at menarche, breast feeding, oral contraceptives, hormone 
replacement therapy; pint p-value for interaction (product term smoking status and alcohol g/d) using likelihood 
ratio tests between nested models; 

1
 cancer of UADT, colorectum, liver and female breast, 

2
 all cancer sites 

except for skin cancer. 

3.2.5 Country-specific analyses 

Overall, country-specific analyses indicated little heterogeneity in the alcohol-cancer 

associations. Merely for liver cancer in men and colorectal cancer in women both the 

Cochran´s Q and the likelihood ratio test indicated statistically significant heterogeneity at 

p<0.05. Forest plots showing country-specific HRs for cancer sites with significant 

heterogeneity are depicted in Figure 11.  

For liver cancer the number of cases in each country was sparse. Thus, merely five 

countries could be depicted. Germany, which was responsible for the high heterogeneity 

in the risk association with liver cancer, showed a significantly decreased risk with each 

standard drink consumed. 

In women, risk of colorectal cancer increased significantly with each standard drink in 

France and Spain. In the cohorts from Italy, UK and Greece, HRs larger than the null 

value were seen, whereas in The Netherlands, Germany and Denmark, the risk of 

colorectal cancer was lower than one but not statistical significant.  
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 a) Liver cancer, men n=76,428 
  
 

 
 b) Colorectal cancer, women n=216,149 

 
Figure 11: Adjusted hazard ratios (HR) and 95% confidence intervals (95% CI) for alcohol 
consumption (per 12 g/d) in current consumers and risk of cancer in the European 
Prospective Investigation into Cancer and Nutrition (EPIC) study.  
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3.3 BURDEN OF CANCER INCIDENCE DUE TO ALCOHOL CONSUMPTION 

3.3.1 Data basis 

The computation of the population AAFs requires two types of information: first, relative 

risks, e.g. HRs, expressing the causal relationship between alcohol and cancer incidence; 

and, second, information on the distribution of alcohol consumption in the general 

population. HRs expressing risk of cancer due to alcohol consumption were computed in 

the previous section of this thesis. However, for the computation of the AAF, the 

counterfactional scenario is no alcohol consumption on population basis, which requires 

the quantification of cancer risk in former consumers compared to never consumers of 

alcohol. Therefore, the reference group in the alcohol-cancer analysis was exchanged 

from light (>0-6 g/d) to never (0 g/d) consumers of alcohol. The HRs and corresponding 

95% CI employed for the computation of the AAFs are shown in Table 15. 

Table 15: Adjusted hazard ratios (HR) and 95% confidence intervals (95% CI) for risk of 
cancer per 12 g/d increment in current consumers of alcohol and for former versus never 
consumers of alcohol from the European Prospective Investigation into Cancer and 
Nutrition (EPIC) study.  

 Continuous per 12 g/d3  Former Consumers 
Men cases HR (95% CI)  cases HR (95% CI) 
UADT 272 1.18 (1.13, 1.23)  38 1.56 (1.21, 2.00)

4
 

Liver 104 1.13 (1.02, 1.25)  16 1.56 (1.21, 2.00)
4
 

Colorectum 859 1.05 (1.02, 1.08)  53 2.19 (0.99, 4.83) 
Alcohol-related

1
 1,235 1.10 (1.07, 1.13)  107 3.74 (1.82, 7.68) 

Total cancer
2
 5,726 1.03 (1.02, 1.04)  403 1.56 (1.21, 2.00) 

      
Women      

UADT 113 1.27 (1.12, 1.43)  9 0.68 (0.28, 1.61) 
Liver 54 1.11 (0.92, 1.34)  10 2.34 (0.91, 5.97) 
Colorectum 1,243 1.04 (0.99, 1.09)  79 1.06 (0.79, 1.40) 
Breast 5,259 1.05 (1.02, 1.07)  256 1.03 (0.88, 1.20) 
Alcohol-related

1
 6,669 1.05 (1.03, 1.07)  354 1.05 (0.92, 1.19) 

Total cancer
2
 12,467 1.02 (1.01, 1.04)  776 1.10 (1.01, 1.21) 

1
 cancer of the UADT, colorectum, liver and female breast; 

2
 all cancer sites except for skin cancer;

 3 
among 

consumers of alcohol (n=102,648 men, n=216,149 women); 
4 

when there were no or limited number of cases 
in the reference category of never consumers, HR for total cancer was used; UADT upper aerodigestive tract. 

Risk of cancer increased significantly for each additional drink in men. Former compared 

to never consumers of alcohol were also at increased risk, although not statistically 

significant for colorectal cancer in men. Risk of UADT and liver cancer for former versus 

never alcohol consumption could not be estimated, because there were no liver cancer 

cases in never consumers, and for UADT cancer merely one case occured among never 

consumers allowing no precise estimation of the risk. Hence, the risk of total cancer in 

former as compared to never consumers was used to estimate the AAFs for UADT and 

liver cancer in men.  

In women, risk of cancer also increased with each additional drink consumed. Comparing 

former with never consumers, risk of total cancer increased significantly, whereas for liver, 
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colorectal, breast and alcohol-related cancers combined the risk was larger than the null 

value, but not statistically significant.  

 

The second piece of information to compute the AAF – alcohol prevalence data in the 

general population – was computed by triangulation (see page 22). The information was 

available as proportions of never, former and current consumers of alcohol as well as 

mean alcohol consumption (g/d) in the current consumers for men and women of the eight 

European countries (see Table 16). Like in the EPIC study population, the alcohol 

consumption in the general populations followed a north-south gradient with Spain and 

Greece having the highest proportions of never and former consumers of alcohol, and 

Denmark and Germany having the highest proportions of current consumers. The 

differences were more pronounced in men than in women. 

Table 16: Alcohol consumption and parameters of the fitted Γ-distribution modelling alcohol 
consumption in the general adult population aged ≥15 years. 

 Consumers of alcohol 
Country Never  Former   Current     Heavy2 
Men %  %  %  Mean  (SD)1  k θ  % 
Denmark 0.6  2.5  96.9 32.9 (38.7)  0.726 45.4  42.6 
Germany 1.3  2.6  96.1 34.9 (41.0)  0.726 48.1  43.8 
Greece 6.7  9.3  84.0 27.4 (32.3)  0.726 37.8  32.4 
Italy 5.8  3.9  90.3 30.1 (35.3)  0.726 41.5  37.3 
Spain 9.5  23.4  67.1 33.0 (38.8)  0.726 45.5  29.5 
UK 8.9  1.5  89.7 35.2 (41.4)  0.726 48.6  41.1 
Total

3
 5.6  6.2  88.2 33.2 (39.0)  0.726 45.8  39.0 

            
Women            

Denmark 0.9  7.0  92.1 17.5 (21.5)  0.659 26.5  41.0 
France 3.3  7.1  89.6 16.7 (20.6)  0.657 25.4  38.7 
Germany 2.0  2.6  95.3 18.1 (22.3)  0.663 27.3  43.5 
Greece 21.0  19.0  60.0 14.4 (17.9)  0.647 22.3  23.4 
Italy 19.4  6.0  74.6 12.4 (15.6)  0.635 19.6  25.8 
Netherlands 16.7  19.1  64.1 15.4 (18.1)  0.726 21.3  27.1 
Spain 24.7  31.6  43.8 13.4 (16.7)  0.641 20.9  16.1 
UK 15.2  2.9  81.9 17.6 (20.6)  0.726 24.2  37.7 
Total

3
 11.7  9.0  79.3 15.9 (19.7)  0.653 24.3  33.2 

1 
Mean alcohol consumption computed among current consumers; 

2
 alcohol consumption above 

recommended upper limit of >24 g/d (2 drinks) in men and >12 g/d (1 drink) in women; 
3
 weighted average by 

using population size data of each country; k shape and θ scale parameter of the Γ-distribution function; SD 
standard deviation; UK United Kingdom. 

Based on the mean and the standard deviation of alcohol consumption in current 

consumers, the parameters k and theta of the Γ-distribution function were computed. 

These parameters are listed in Table 16 for each country for men and women separately, 

and in Figure 12 the Γ-distribution functions are plotted exemplary for men and women 

from all countries. 
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Figure 12: Γ-distribution functions modelling alcohol consumption in current consumers in 
men and women in the general adult population aged ≥15 years. 

Using the Γ-distribution functions, the proportion of heavy alcohol consumers 

(consumption beyond the recommended upper limit), corresponding to >24 g/d in men 

and >12 g/d in women, was estimated. Again, there was a north-south gradient found for 

heavy alcohol consumption. Spain showed the lowest proportions of heavy consumers of 

alcohol with 29.5% in men and 16.1% in women. In contrast, in Germany the highest 

proportions of persons consuming more than the recommended upper limit were found 

with 43.8% in men and 43.5% in women. On average, about a third of the population 

consumed alcohol heavily.  

recommended upper limit Γ distribution function 

k=0.726 
θ=45.8 

k=0.653 
θ=24.3 
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3.3.2 Alcohol attributable fractions 

AAFs and corresponding 95% CI for the cancers causally related to alcohol across the 

eight European countries are shown in Figure 13.  
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Men, Colorectal cancer
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Figure 13: continued on following page 
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Men, Alcohol-related cancer
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DK Denmark, FR France; GER Germany; GR Greece; IT Italy; NL The Netherlands; ES Spain; UK United 
Kingdom; UADT upper aerodigestive tract; Alcohol-related cancer comprises cancer of the UADT, liver, 
colorectum and female breast cancer; Total cancer comprises all cancer sites except for skin cancer. 

Figure 13: Alcohol attributable fractions (AAF) of cancer incidence with 95% confidence 
intervals for men and women from selected countries for the population aged ≥15 years. 

In men, AAFs were highest for cancer of the UADT with almost half of the cancers being 

attributable to both current and former alcohol consumption. The AAFs ranged from 

37.8% (95% CI 27.8, 47.8%) in Greece to 48.5% (95% CI 35.7, 61.4%) in Germany. This 

was followed by liver cancer, for which about every third case could be attributed to 

current and former alcohol consumption. Likewise, the AAF of liver cancer was lowest in 

Greece with 28.4% (95% CI 11.1, 45.8%) and highest in Germany with 36.0% (95% CI 

12.0, 60.0%). For colorectal cancer, however, the largest proportion attributable to alcohol 

was found in Spain with 27.7% (95% CI 23.4, 32.1%), whereas in the UK only half as 

many colorectal cancers, namely 14.5% (95% CI 5.8, 23.2%) were attributable to alcohol 

consumption. Looking at the groups of cancer, the largest proportion attributable to 

alcohol consumption was again found in Spain with 46.9% (95% CI 44.3, 49.4%) for 

alcohol-related cancer and 16.0% (95% CI 14.0, 18.0%) for total cancer. In the other 

countries about one third of the alcohol-related cancers and about one tenth of the total 

cancers were attributable to alcohol consumption, with lowest fractions in the UK with 28% 

(95% CI 21.2, 34.8%) and 8.6% (95% CI 5.3, 12.0%), respectively. 

In women, the AAFs were also highest for UADT cancer. The alcohol attributable burden 

of UADT cancer was relatively low in countries with high proportions of former consumers 

and a low mean alcohol intake in current consumers, e.g. Spain with 7.0% (95% CI -6.1, 

20.0%) or Greece with 17.4% (95% CI 1.4, 33.4%). In contrast, in countries with low 

proportions of former consumers of alcohol and high mean alcohol intake in current 
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consumers more than every third UADT cancer case was attributable to both former and 

current alcohol consumption, e.g. Germany with 38.2% (95% CI 14.5, 62.0%) or Denmark 

with 35.3% (95% CI 12.2, 58.4%). For liver cancer there was also a substantial part 

attributable to alcohol consumption, ranging from one in six cases in Italy with 14.8% 

(95% CI -0.6, 30.1%) to one in three cases in Spain with 32.5% (95% CI 25.8, 39.2%). 

The AAF of colorectal and breast cancer was substantially lower with about one in 20 

cancer cases being attributable to both former and current alcohol consumption. Again, 

the AAFs were higher in countries with a low proportion of former consumers and high 

mean alcohol intake in current consumers, such as Germany with 5.7% (95% CI -1.8, 

13.2%) of colorectal cancer and 6.6% (95% CI 3.0, 10.3%) of breast cancer. Looking at 

the alcohol-related cancer combined, a similar pattern was found with relatively high AAFs 

(between 6.0% and 7.2%) in Denmark, Germany, France and the UK and lower AAFs 

(between 3.8% and 4.4%) for the Southern countries, e.g. Spain, Italy and Greece. For 

total cancer one in 30 cases was attributable to both former and current alcohol 

consumption, with a somewhat lower proportion in Italy with 2.3%. 

 

It became apparent that both the proportion of former consumers and the mean alcohol 

intake in current consumers determine the AAFs. Given, the proportion of former 

consumers in a population is fixed, the focus turns to mean alcohol consumption in the 

current consumers. Following the recommendation of the of IARC and WCRF/AICR, 

alcohol consumption should be limited to no more than two drinks daily in men and one 

drink daily in women. Figure 14 shows the partial AAFs due to consumption of more than 

the recommended upper limit (grey shaded bars) in comparison to the total AAF (coloured 

bars).  

Consuming more than two drinks daily in men accounted for 39.6% (95% CI 27.3, 51.9%) 

of UADT cancer, 28.1% (95% CI 6.7, 49.3%) of liver cancer and 10.1% (95% CI 2.8, 

17.4%) of colorectal cancer. For all alcohol-related cancer combined, 19.1% could be 

attributed to alcohol consumption of more than 24 g/d. For total cancer, this corresponded 

to 6.3% of all cases. This means that a major part, namely 57% to 88%, of the total 

alcohol attributable burden of cancer occurred due to the consumption above the 

recommended upper limit of two drinks daily in men in the investigated countries. 

In women the results were similar. The AAF due to the consumption of more than 12 g/d 

accounted for 27.3% (95% CI 8.0, 46.5%) of UADT cancer, 9.2% (95% CI -12.9, 31.3%) 

of liver cancer, 3.6% (95% CI -1.7, 8.8%) of colorectal cancer and 4.2% (95% CI 1.4, 

7.0%) of breast cancer. When grouping all alcohol-related cancers together, 4.5% (95% 

CI 1.9, 7.1%) could be attributed to heavy alcohol consumption in women. With respect to 

total cancer, 2.0% (95% CI 0.0, 4.0%) occurred due to the consumption above the 

recommended limit. Similarly to men, a major part, namely between 46% and 97%, of the 
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alcohol attributable burden of cancer occurred due to the consumption above the 

recommended upper limit in women. 
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UADT upper aerodigestive tract; Alcohol-related cancer comprises cancer of the UADT, liver, colorectum and 
female breast; Total cancer comprises all cancer sites except for skin cancer. 

Figure 14: Total and partial alcohol attributable fractions (AAF) and corresponding 95% 
confidence intervals in men (Denmark, Germany, Greece, Italy, Spain, UK) and women 
(Denmark, France, Germany, Greece, Italy, The Netherlands, Spain, UK) for the population 
aged ≥15 years. 

These results demonstrate a large potential for primary prevention, given the current 

alcohol consumption, especially if the consumption above the recommended upper limit 

on population basis is reduced. Therefore, in the following, potential effects of lowering 

alcohol consumption on population basis were investigated.  

3.3.3 Effects of lowering alcohol consumption on cancer incidence 

AAFs for the incidence of cancer were computed for a price increase of 25% and 50% of 

the initial retail price, and for the complete adherence to the current recommendations, 

meaning no heavy alcohol consumption in the population. Results are depicted in Figure 

15 for men and Figure 16 for women. For comparison the total AAFs based on the current 

alcohol consumption data were shown as light grey bars. 

In men, adherence to the recommendation had a stronger impact on the alcohol 

attributable burden of cancer incidence as compared with the increases in prices of 

alcoholic beverages. When eliminating heavy alcohol consumption on population basis, 

the AAF for cancer of UADT and liver would account for 13.9% and 12.6% respectively. 

This is equivalent to reducing the present alcohol attributable burden by more than two 

third for both cancer of UADT and liver. The AAF would account for 10.9% of colorectal 

cancer, 19.2% of alcohol-related cancers and 6.2% of total cancer, if male heavy alcohol 

consumers of alcohol would consume no more than two drinks a day. This corresponds to 

about 60% of the initial alcohol attributable burden, which means that 4 in 10 alcohol 

attributable cancer cases (colorectum, alcohol-related and total cancer) could be 

prevented in men, if heavy consumers would follow the recommendation. 

With respect to the relatively simple instrument of price increases of alcoholic beverages, 

stupendous effects were seen. A price increase of 25% would yield to a reduction of about 
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25% of the initial AAF of UADT and liver cancer and to about 15% lower AAFs for 

colorectal, alcohol-related and total cancer. Increasing the retail price by 50%, one could 

expect that one in two cancer cases that were initially attributable to alcohol consumption, 

would be prevented for cancer of the UADT and liver, and about three in ten cancer cases 

could be avoided for colorectal, alcohol-related and total cancer.  

With respect to the single countries investigated, the strongest effect of lowering alcohol 

consumption on the incidence of cancer was present in countries with a low proportion of 

never and former consumers of alcohol, and with a relatively high mean alcohol 

consumption in current consumers, i.e. Denmark, Germany and the UK. Conversely, the 

effects of public health strategies to lower alcohol consumption were less pronounced in 

Spain and Greece. 
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Figure 15: continued on following page. 
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Men, Colorectal cancer
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DK Denmark, GER Germany; GR Greece; IT Italy; ES Spain; UK United Kingdom; UADT upper aerodigestive 
tract; Alcohol-related cancer comprises cancer of UADT, liver and colorectum; Total cancer comprises all 
cancer sites except for skin cancer. 

Figure 15: Effects of lowering alcohol consumption on alcohol attributable fractions (AAF) 
of cancer incidence in men in six European countries for the population aged ≥15 years. 
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Likewise as in men, adherence to the recommended upper limit of one drink a day in 

women yielded the strongest decrease of the AAF of cancer incidence as compared to the 

increases in retail price of alcoholic beverages. If all women adhered to the 

recommendations, the AAFs would account for 7.2% of UADT cancer, 13.7% of liver 

cancer, 2.2% of colorectal cancer, 2.3% of breast cancer, 2.6% of alcohol-related cancer 

combined, and for 1.9% of total cancer. This is equivalent to one quarter of the initial AAF 

of UADT cancer, whereas it accounts for about 70% of the initial AAF of liver cancer and 

for about half of the alcohol attributable burden of colorectal, breast and alcohol-related 

and for about 60% of the burden of total cancer.  

Looking at the increases of price of alcoholic beverages, marked effects on the incidence 

of cancer are seen. With an increase of 25% of the retail price of alcoholic beverages, 

about one third of the initially attributable UADT cancer cases could be prevented, 

whereas this proportion would be somewhat lower for the remaining cancer sites with 12% 

and 15% for liver and total cancer, and 20% for colorectal, breast and alcohol-related 

cancers. By increasing the retail price of alcoholic beverages by 50%, more than half of 

the initially attributable UADT cancer cases could be prevented, while two in five cancer 

cases of the colorectum and female breast would not occur, and one in four liver cancer 

cases could be eliminated. The burden of alcohol-related cancers combined would 

decrease to 60% and for total cancer down to 70% of the burden of cancer attributable to 

the current alcohol consumption. 

In general, the lowest decrease of the AAFs was seen for liver cancer in women. For this 

cancer, the risk of former compared to never alcohol consumption was relatively high, and 

thus, current alcohol consumption is less important for liver cancer as for the other cancer 

endpoints.  

When looking at country-specific estimates, the potential of lowering the incidence of 

cancer by the investigated public health interventions was again highest in countries with 

higher mean alcohol intake in current consumers and a low proportion of former and never 

consumers, e.g. Germany, Denmark and UK. Countries with a higher proportion of never 

and former consumers, e.g. Greece and Spain, a lower proportion of cancer cases could 

be prevented by the investigated public health scenarios. 
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Figure 16: continued on following page. 
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Women, Breast cancer
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DK Denmark, FR France; GER Germany; GR Greece; IT Italy; NL The Netherlands; ES Spain; UK United 
Kingdom; UADT upper aerodigestive tract; Alcohol-related cancer comprises cancer of the UADT, liver, 
colorectum and female breast; Total cancer comprises all cancer sites except for skin cancer. 

Figure 16: Effects of lowering alcohol consumption on alcohol attributable fractions (AAF) 
of cancer incidence in women in eight European countries for the population aged ≥15 
years. 

 



Results                                                                                                                               62 

3.3.4 Total number of cancer cases attributable to alcohol consumption. 

Table 17 shows the total number of alcohol attributable cancer cases by site and country 

for men and women as well as the number of cancer cases that would still occur after the 

proposed public health interventions were successfully implemented in the respective 

populations. 

In men, a total of 76,769 cancer cases were attributable to alcohol consumption in the 

selected countries. A large proportion is made up by UADT cancer with 22,817 cases, 

followed by colorectal cancer cases with 19,078 cases. Liver cancer accounts for a 

relatively low number of cases with about 6,644 in all six European countries. UADT 

cancer is the most frequent alcohol attributable cancer in men in Denmark, Germany, UK 

and Greece. In contrast, in Italy and in Spain more colorectal than UADT cancer cases 

were attributable to alcohol consumption.  

As mentioned earlier, the elimination of heavy alcohol consumption would lead to the 

strongest decrease, closely followed by the increase in retail price by 50%. The latter 

scenario would decrease the number of cancer cases attributable to alcohol down to 

54,185 for total cancer, to 10,728 for UADT cancer, to 13,611 for colorectal cancer and 

3,514 for liver cancer. This offers the possibility to prevent 22,584 total cancer cases, or 

12,089 UADT cancer cases, 5,467 colorectal cancer cases and 3,130 liver cancer cases 

in men in the selected countries. 

In women, from the eight selected European countries, a total of 25,139 cancer cases 

were attributable to total alcohol consumption. By far, most alcohol attributable cancer 

cases were estimated for breast cancer, with 12,780 cases, followed by UADT cancer with 

6,062 alcohol attributable cases, colorectal cancer with 5,110 cases and liver cancer with 

2,297 cases. Again, it was obvious that in the Southern Mediterranean countries, i.e. 

Greece, Italy and Spain, UADT cancer accounted for least number of cancer cases. In 

these countries more colorectal and liver cancer cases were attributable to alcohol. For 

the central European and Nordic countries this was vice versa with more UADT cancer 

cases being attributable to alcohol consumption, followed by colorectal and liver cancer.  

Referring to the potential effects of lowering alcohol consumption, most cancer cases 

could be prevented, if female heavy alcohol consumers would cut down their consumption 

to no more than one glass a day. From initially 25,139 total cancer cases being 

attributable to alcohol consumption, about 14,777 cases would still occur. However, as in 

men, the effect of eliminating heavy consumption is closely followed by the effect of 

increasing the retail price of the alcoholic beverages by 50%. Price increases by 50% 

would lower the total number of alcohol attributable cancer cases down to 13,327 cases 

per year, a decrease by 8,801 cases of which the majority would be breast cancer cases 

with about 5,173 cases. 
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Table 17: Number of cancer cases attributable to alcohol consumption across the eight European countries and after lowering alcohol consumption 
by potential public health interventions for the selected European countries combined in 2008. 

 Total number of alcohol attributable cancer cases 
 Current distribution of alcohol consumption  Potentially lowered alcohol consumption 

Cancer Denmark France Germany Greece Italy NL Spain UK Total  
No heavy 

consumption 
25% price 

increase 
50% price 

increase 
Men              
UADT 461 n.a. 8,141 364 4,194 n.a. 4,384 5,320 22,817  7,010 16,269 10,728 
Liver 66 n.a. 1,847 183 2,482 n.a. 1,199 720 6,644  2,502 4,999 3,514 
Colorectum 354 n.a. 6,157 321 4,269 n.a. 4,621 2,992 19,078  11,760 16,335 13,611 
Alcohol-related

1
 1,022 n.a. 18,442 1,124 13,296 n.a. 14,422 9,570 58,779  34,363 49,312 40,425 

Total
2
 1,430 n.a. 24,392 2,085 15,718 n.a. 18,929 13,769 76,769  46,313 65,574 54,185 

 
          

   

Women              

UADT 160 1,487 1,844 45 581 247 141 1,730 6,062  1,549 4,128 2,598 
Liver 16 313 460 84 605 31 463 205 2,297  1,575 2,014 1,753 
Colorectum 120 959 1,840 61 773 230 427 818 5,110  2,503 4,130 3,176 
Breast 263 3,000 4,255 180 1,761 559 691 2,536 12,780  5,833 10,152 7,607 
Alcohol-related

1
 472 4,850 7,444 302 3,163 965 1,414 4,173 22,128  10,326 17,651 13,327 

Total
2
 545 4,783 7,168 556 3,513 1,362 3,139 4,136 25,139  14,777 21,349 17,620 

1
 cancer of the UADT, colorectum, liver and female breast; 

2
 all cancer sites except for skin cancer; n.a. not applicable; UADT upper aerodigestive tract; UK United Kingdom; NL 

Netherlands; Sum of cases for single countries might not exactly add to total number of cases because of country specific estimation of numbers and separate estimation for all 
countries combined. 
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3.3.5 Sensitivity Analysis 

A general problem when computing attributable fractions based on adjusted relative risk 

estimates is, that formally the exposure among the cases (case exposure approach) 

should be used instead of the exposure among the general population (population 

exposure approach) [133, 136, 137, 139, 147-151]. However, as population based data on 

alcohol consumption in cancer cases do not exist, information on alcohol consumption in 

the total general population was the only available source of information. In order to 

estimate the potential bias that may have resulted from using the population exposure 

approach, alcohol prevalence data among cancer cases were simulated by combining the 

information on alcohol consumption from cases in the EPIC study with information from 

the general population (section 0, page 32). 

Table 18: Comparison of alcohol attributable fractions (AAF) of cancer incidence computed 
by the population exposure and by the case exposure approach. 

Cancer Site Population exposure  Case exposure  Deviation (%) 
Men AAF 95% CI  AAF 95% CI  absolute relative 
UADT 45.1 (33.2, 57.1)  44.0 (37.9, 50.1)  1.1 2.5 
Liver 33.6 (11.9, 55.2)  33.1 (19.7, 46.6)  0.5 1.5 
Colorectum 17.6 (10.2, 25.1)  15.6 (8.1, 23.0)  2.0 12.8 
Alcohol-related

1
 32.9 (27.6, 38.2)  30.0 (25.1, 35.0)  2.9 9.7 

Total
2
 10.3 (7.3, 13.3)  10.2 (7.0, 13.4)  0.1 1.0 

         
Women         

UADT 28.1 (8.3, 47.9)  24.1 (8.5, 39.6)  4.0 16.6 
Liver 20.1 (-0.2, 40.4)  19.3 (-4.6, 43.3)  0.8 4.1 
Colorectum 4.6 (-0.9, 10.1)  4.9 (-1.5, 11.2)  -0.3 -6.1 
Breast 5.1 (2.4, 7.7)  5.5 (2.6, 8.5)  -0.4 -7.3 
Alcohol-related

1
 5.6 (3.2, 7.9)  6.0 (3.4, 8.6)  -0.4 -6.7 

Total
2
 3.2 (1.5, 4.9)  3.1 (1.0, 5.2)  0.1 3.2 

1
 cancer of the UADT, colorectum, liver and female breast; 

2
 all cancer sites except for skin cancer;

 
95% CI 

95% confidence interval; UADT upper aerodigestive tract. 

As shown in Table 18 the AAFs in both men and women were of similar magnitude, 

regardless which exposure information was used. Also, the 95% CIs were overlapping, 

indicating no statistically significant difference. In men, the population exposure approach 

yielded to slight overestimation of the AAF, whereas in women both over- and 

underestimation of the AAF was seen. The strongest deviation between the AAFs were 

observed in men for colorectal cancer with a relative deviation of 12.8%, which 

corresponds to an absolute difference of 2.0 percent points, and in women for UADT 

cancer with a relative difference of 16.6% with is equivalent to an absolute difference of 

4.0 percent points. 



 

4 DISCUSSION 

In the present study, based on more than 360,000 men and women from eight European 

countries, alcohol consumption was found to increase risk of total and alcohol-related 

cancer as well as cancer of UADT, liver, colorectal and female breast [152]. Risk of UADT 

and liver cancer differed significantly from the risk of the other cancer entities in men, 

while in women a difference was merely found for UADT cancer.  

Combining these relative risks on current and former alcohol consumption with 

representative alcohol consumption data, this translated to an alcohol attributable burden 

of 10.3% of total cancer in men and 3.2% in women in the selected European countries. 

For the causally related cancer sites the figures were 45.1% (95% CI 33.2, 57.1%) and 

28.1% (95% CI 8.3, 47.9%) for UADT cancer, 33.6% (95% CI 11.9, 55.2%) and 20.1% 

(95% CI -0.2, 40.4%) for liver, 17.6% (95% CI 10.2, 25.1%) and 4.6% (95% CI -0.9, 

10.1%) for colorectal cancer for men and women respectively, and 5.1% (95% CI 2.4, 

7.7%) for female breast cancer. A substantial part of the alcohol attributable burden 

occurred due to consumption above the recommended level of two drinks a day in men 

and one drink a day in women [152]. The alcohol attributable burden of cancer could be 

lowered by more than 40%, if the current recommendations on alcohol consumption were 

followed. However, no effective strategy on how to maintain complete adherence to the 

current recommendations is available. In contrast, by means of a relatively easy public 

health intervention of increasing the retail price of alcoholic beverages by 50%, a decease 

of about 30% or more of the current alcohol attributable burden of cancer incidence could 

be achieved. The results of the present work indicate a high potential for primary cancer 

prevention by a relatively easy public health intervention of price increases of alcoholic 

beverages. 

4.1 METHODOLOGICAL ASPECTS 

4.1.1 Study Design and Study Population 

The present work used data from eight European countries from the EPIC study. The 

prospective design, the large sample size with relatively many incident cancer cases and 

the diversity of the study cohort with great variation in the herein investigated exposure 

are particular strengths. Especially the prospective design assessing alcohol consumption 
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prior onset of cancer is valuable, as it enables to disentangle cause and effect, minimises 

reverse causation and avoids recall bias [153]. Moreover, selection bias is decreased by 

the prospective design, as the selection of a study participant and his/her agreement to 

participate is very unlikely to have depended on later case and non-case status [153]. 

For the present analysis about 24% of the initial study population had to be excluded due 

to missing information on alcohol consumption, mostly information on former alcohol 

consumption. Although whole countries, i.e. Sweden and Norway, and study centres, i.e. 

Naples (Italy) and Bilthoven (The Netherlands), had to be excluded, it can be assumed 

that this did not harm the validity of the study. In these excluded centres, past alcohol 

consumption was not assessed due to limitations in resources, which are unlikely to be 

related to both alcohol consumption and cancer occurrence in the study population. 

However, due to exclusion of whole countries the assessment of the burden of cancer 

incidence in these countries was limited, as direct empirical data were not available. In 

most of the countries, where past alcohol consumption was assessed, the proportion of 

missing values was less than 5%, keeping bias due to systematic non-response of 

persons of potentially higher risk of cancer relatively low [154]. 

Selection bias could be an issue as the herein used study population is a convenience 

sample with different in- and exclusion criteria [112], and, thus, not representative for the 

respective European countries [155]. Lack of representiveness limits the transferability of 

descriptive statistics from the EPIC study population to the general population. Thus, for 

computing the alcohol attributable burden of cancer incidence, alcohol exposure 

information was used from the general population instead of the EPIC study population. In 

terms of evaluating risk associations, however, lack of representiveness does not harm 

validity of the relative risks [154, 156]. The selection of a study population, in which the 

study hypothesis at hand can well be investigated, is of importance for transferability of 

study results (internal and external validity) [154]. Since the EPIC study is an excellent 

study sample to investigate the relative risk of alcohol consumption on cancer incidence, 

aetiological conclusions based on hazard ratios from the EPIC study are valid and 

possible to be generalised on the general population [112, 156, 157]. This is essential 

when computing attributable fractions, as done in the present work. 

4.1.2 Data Quality 

Alcohol consumption 

Alcohol consumption at recruitment was assessed by validated quantitative FFQs 

covering the alcohol consumption of the 12 months preceding its application. The FFQ is 

a non-reactive diet and alcohol assessment instrument [158-160], which is relatively 

inexpensive to administer to large study populations, and has, thus, found wide 
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application in epidemiological studies. It was shown that the reliability and accuracy of 

alcohol consumption is higher, when it is assessed in the context of diet than separately in 

a specific alcohol questionnaire [161, 162]. Moreover, FFQs with a reference period of 12 

months are desirable as they minimise seasonal variation in alcohol consumption [163]. 

Furthermore, the FFQ applied in the EPIC study assessed the frequency and the usual 

number of alcoholic drinks consumed per occasion, which was shown to be advantageous 

as compared to using the frequency only [163-165]. Moreover, the assessment of 

frequency on a day, week or month base, as done in EPIC study (see Appendix 1), has 

been reported to be less burdensome for the respondent than to sum up the overall 

number of occasions per year [164]. The detailed structure by questioning several types of 

alcoholic beverages, as applied in the FFQ from the EPIC study, was shown to yield 

generally higher consumption levels and more accurate data than assessment of total 

alcohol consumption [164, 165]. However, FFQs were shown to be challenging for 

occasionally heavy alcohol consumers, as they have to average the alcohol consumption 

across light and heavy alcohol consumption periods [165].  

It has been reported that the validity of the assessment of alcohol consumption is 

generally high, with correlations of about 0.9 [165]. This is also supported by validation 

studies within the EPIC study showing correlations coefficients in the order of 0.8 for 

alcohol assessed by FFQ and multiple 24-HDRs [114, 115], and somewhat lower 

correlation coefficient between alcohol information assessed by FFQ and one single 24-

HDR [117]. Moreover, a sub-study within the EPIC-Potsdam arm confirmed a high validity 

of the information on alcohol from 24-HDR as compared with an objective biomarker of 

short term alcohol intake in urine [166]. This underlines that the data on current alcohol 

consumption from the EPIC study are of high quality with a high reliability assessed by the 

possibly best instrument in alcohol research.  

 

Within the EPIC study, also former alcohol consumption was assessed. It was reported 

that questioning fixed periods in the past reflect lifetime alcohol consumption equally well 

as using a long time-consuming lifetime drinking history [167]. However, the questions on 

alcohol consumption in the past, used in the EPIC study, did not refer to a certain time 

period, but rather to a certain age in time. It is not known, how well this captures true past 

alcohol consumption. Also, assessment of past alcohol consumption may be prone to 

recall bias. This recall bias can lead to underestimation of the past alcohol consumption, 

as the respondent may purposeful underreport alcohol consumption that is currently 

viewed as socially undesirable or unacceptable [163]. The effect of recall bias is assumed 

to be stronger, the longer the reference period lies in the past. Due to these shortcomings 

of the assessment of alcohol consumption in the past, the qualitative rather than the 
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quantitative information was used in the present study, to distinguish between never and 

former alcohol consumers. However, one has to be aware that even this is accompanied 

with uncertainties as alcohol consumption at ages not covered by the questions on past 

alcohol consumption, is not reflected in the variable of past alcohol consumption, Thus, a 

certain degree of misclassification of never and former consumers is likely. This 

misclassification can be assumed to be of non-differential nature, meaning that 

misclassification of never and former consumers of alcohol did not depend on later cancer 

case status. This would lead to a dilution of the potential alcohol-cancer association [153, 

154]. Conversely, the group of lifelong abstainers, as identified in a cohort study, may be a 

quite heterogeneous group consisting of persons truly abstaining from alcohol and those 

that quit alcohol consumption for several reasons, such as illness or social undesirability. 

From repeated measurements within the National Alcohol Survey in the USA and from the 

British Birth Cohort study it is known that more than half of those, who reported to have 

never consumed alcohol in their lives, indicated alcohol consumption in one of the prior 

assessment waves [168, 169]. This highlights that lifelong abstention is not measured 

precisely in cohort studies and, thus, light or moderate consumers of alcohol may be the 

more valid comparison group. Following this reasoning, light consumers (>0-6 g/d) were 

the reference group in the categorical analysis in the present work. However, for the 

computation of AAFs, this was not feasible. The counterfactional scenario is no 

consumption, and, thus the comparison to never consumers of alcohol (excluding former 

consumers) is inevitable. Knowing that never consumers may to a considerable part also 

consist of former or even current consumers of alcohol, the respective relative risk 

estimate may underestimate the true risk. Also, the relatively low number of incident cases 

in the group of never consumers decreased the precision of the relative risk estimates 

used to compute the attributable fractions. This is of special importance as the uncertainty 

of the attributable fractions depend directly on the uncertainty of the relative risk estimates 

[145]. 

 

In the present work, triangulated information on national alcohol consumption was used to 

compute the burden of cancer incidence due to alcohol consumption. One part of the 

information on alcohol consumption was the per capita intake of alcohol derived from 

sales, export and import figures, and refers to the officially recorded alcohol consumption. 

The quality of this information depends much on the quality of national statistics. As all 

included countries are high-economy countries, well developed governmental statistics 

offices can be expected. Another piece of information was the unrecorded alcohol 

consumption. This was based on either surveys or on expert judgements, which may be 

accompanied by some uncertainties. However, no better estimate on unrecorded alcohol 
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consumption is currently available and considering unrecorded alcohol consumption, 

despite the inherent uncertainty, may better reflect the true consumption on national level 

than using recorded alcohol consumption only [124]. The third piece of information was 

the alcohol consumption status, expressed as never, former and current consumer, which 

was retrieved from the GENACIS-study for all herein investigated countries, except for 

Greece, for which the most recent national survey on alcohol consumption was used 

[126]. The GENACIS-study developed core questionnaires in order to obtain highly 

comparable data across countries [125]. The survey conducted in Greece used similar, 

but not identical questions as the GENACIS-study, which could hamper comparability. 

Also the coverage of the population is of importance. With respect to alcohol, certain parts 

of the population tend to be underrepresented. This comprises mostly persons consuming 

alcohol heavily, persons in institutions or homeless people [170]. The response rate in the 

herein used surveys differed between 40% for Denmark and 80% for Greece [125, 126], 

indicating that perhaps the coverage rate of heavy alcohol consumers differed by country. 

Thus, it is likely that the proportion of current consumers of alcohol is underestimated, and 

this underestimation may differ between countries. Also the mode of conduction 

(telephone or personal interview, postal questionnaire) differed by country, which may 

affect comparability between the countries. However, to date this is the most complete 

and reliable information on alcohol consumption status, and is therefore, the best 

available data source. A recent study showed, that using a combination of different 

alcohol information, as done in the present work, more realistic estimates of the burden of 

disease were found than using information from surveys on alcohol consumption only 

[171, 172]. This underscores the necessity to combine data with different types of 

limitations to find the best, most comparable and accurate information on alcohol 

consumption on national level [167].  

Information on incident cancer 

Information on cancer incidence was obtained through record linkage with cancer 

registers in countries with passive follow-up or by a combination of methods, e.g. 

medically verified self-reports, pathology registers or health insurances in countries with 

active follow-up. The accuracy of information on cancer incidence in countries with 

passive follow-up depends much on the coverage rate of the respective national cancer 

registers. For the Danish cancer register a coverage rate of 100% was reported for breast 

cancer cases [173]. However, the degree of completeness may differ by country and also 

by cancer site. Generally, the IARC reports that information on cancer incidence from 

cancer registers in developed countries, such as the countries participating in the EPIC 

study, is of sufficient quality [35, 36]. Moreover, from the report “Cancer Incidence in Five 

Continents Vol. VIII” it is known that the proportion of death certificate only (DCO) cases is 
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relatively low with less than 5% in most countries using passive follow-up procedures in 

the EPIC study [174]. Exceptions were some regional cancer registers in Spain and the 

UK with a proportion of DCO of up to 16%.  

In countries with active follow-up the data quality depends much on the respondents 

characteristics, as shown by a study conducted in the Spanish part of the EPIC study 

[175]. The overall sensitivity was 57.5% and this was considerably higher in higher 

educated participants or those with a family history of cancer. Variation in sensitivity was 

observed by cancer site, with breast cancer being among the cancers with the highest 

diagnostic validity and cancer of the corpus uteri or colorectum with the lowest. However, 

active follow-up as conducted in the EPIC study does not only rely on the information of 

the participant, but also on local cancer registers or pathology registers, death certificates 

and physicians [176]. These structures help to identify a maximum of incident cancer 

cases in order to be as complete as possible. However, one has to admit, that there might 

be cancer cases, which are not included as such in the EPIC study. It is speculative 

whether these cases are the less severe ones. Certainly, these false negative cancer 

cases bias true associations towards the null and could, thus, mask true risk relationships.  

4.1.3 Statistical Analyses 

Cox proportional hazards regression and competing risk approach 

In the present analysis, Cox proportional hazards regression [177] was used to estimate 

the hazard ratios for the consumption of alcohol on the occurrence of cancer. Time to 

event data, which are characteristic for survival analyses, were available for each study 

participant of the EPIC study with date of entry and date of exit into the study. These 

individual follow-up times contain valuable information for modelling the risk of cancer and 

should, therefore, be considered, when modelling the effect of an explanatory variables on 

the hazard. The herein used Cox proportional hazards regression is the most suitable and 

most often applied statistical model to analyse such data [127]. 

Age was the underlying time scale variable used in the Cox proportional hazards model. 

The use of age instead of time-on-study is to be preferred, as usually the entry into the 

study does not correspond with the time point a participant becomes at risk for a certain 

disease, especially not in nutritional epidemiology. Moreover, previous studies showed, 

that using time-on-study could lead to biased relative risk estimates, which argues further 

for using the participants age as the underlying time variable [178, 179]. 

Furthermore, the Cox proportional hazards regression assumes linearity of the continuous 

explanatory variables on the respective hazard. As there was some indication for a non-

linear association between alcohol consumption and some cancer endpoints in the 

categorical analysis, restricted cubic spline regression models were applied to test 
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departure from linearity [129, 180]. Although, dividing the exposure variable into 

categories may be a valid approach to assess non-linearity of the association, it limits the 

power by creating an unnatural step-function of risk [131]. Therefore, restricted cubic 

spline regression is to be preferred in this context [131]. One may argue that the choice of 

knots is arbitrary and results may depend on set of knots. Thus, a sensitivity analysis, 

using the 10th, 50th and 90th percentile as knots in the restricted cubic spline regressions 

was done, showing essentially that same results as by using the 25th, 50th and 75th 

percentile. Results were robust and for the majority of the risk associations non-linearity 

was rejected, except for liver cancer in men and kidney cancer in women. These 

associations seemed to be u-shaped, which may, in case for liver cancer, be explained by 

decreased alcohol consumption after diagnosis of liver cirrhosis, which often precedes the 

diagnosis of liver cancer [181, 182] (for further discussion (see 4.2.1, page 74 ff). 

 

In the present study several endpoints were studied simultaneously using the competing 

risk approach as suggested by Lunn and McNeil [132]. The concept of competing risk is 

present in many observational epidemiological settings, however, not much attention has 

yet been paid to this approach. It has mostly been applied in clinical trials assessing the 

effect of a therapeutic treatment [183-185]. In the present work, the risk association 

between alcohol consumption and several types of cancer was investigated. These first 

primary cancers were competing events, because if a participant is diagnosed with one 

type of cancer, he or she is removed from the risk set, because he/she cannot acquire 

another type of cancer as first primary cancer [186-188]. In observational epidemiology 

the trend is to fit single models separately for each endpoint. This does not allow 

simultaneous assessment of the association between explanatory variables on the 

competing endpoints. Even more important, no further inference on differences of the 

association between the respective explanatory variable on the competing events can be 

drawn [132]. In the present work, however, it was of interest, whether the risk due to 

alcohol consumption differed across the single cancer endpoints. It is well recognised that 

several cancers share similar risk factors, such as alcohol consumption. But as described 

in 1.4 on page 10, alcohol may act by several different mechanisms, which could lead to 

differences in the strength of the association. This hypothesis could be tested by the 

competing risk approach, which is besides modelling all endpoints jointly in one model, a 

compelling argument for its application.  

It could be argues that multiple testing may be a problem, when testing relatively many 

relative risk estimates against each other, and a Bonferroni correction may be needed. 

However, it has been outlined that such correction is not needed, if the hypothesis is 

stated a priori [189], which was done in the present work. Moreover, Bonferroni correction 
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may be too conservative by increasing the type II error and leading, thus, to overlooking 

true differences [189]. Others even state that correction should never be done [190], 

because the underlying premise of research is that “nature follows regular law” and not 

chance is the explanation of observed phenomena. Following this reasoning, Bonferroni 

correction was not applied in the present work. 

One may argue that multiple endpoints can well be investigated by the polytomous logistic 

regression (PLR). However, PLR poses one major problem, namely that the individual 

time at risk is not considered. In PLR, the status whether or not the event has occurred is 

relevant and would lead with the present type of information on individual follow-up time to 

an important loss of information. Moreover, and not least important, for the present 

question, it cannot be tested whether the effect of alcohol consumption differs across 

single cancer endpoints. Furthermore, in the context of a multi-centre study, stratification 

by centre is important in order to accommodate heterogeneity due to differences in 

questionnaire design, follow-up procedure and differences in in- and exclusion criteria 

[118]. This, however, cannot be achieved in one global model by the PLR. These points 

clearly argue for the choice of the competing risk model using Cox proportional hazards 

regression in order to investigate the present scientific question. 

Modelling alcohol consumption on population level 

Fitting Γ-distribution functions to model alcohol consumption in current consumers was 

done, because it allowed using continuous relative risk estimates to estimate the AAFs. 

Prior studies mostly used categorical risk estimates [4, 16], most likely because the 

expression of continuous alcohol consumption prevalence was not possible. However, it is 

questionable to average risks within a pre-defined category, when it is known that the risk 

increases linearly, for example for alcohol consumption and cancer risk [131]. Doing so, 

one introduces an unnatural stepwise risk function, which is accompanied by a loss of 

precision in the expression of the risk association.  

Moreover, by Γ-distribution functions one can consider the right skewed nature of the 

distribution of alcohol consumption. Prior studies expressed alcohol consumption as mean 

[16] or as categories of alcohol consumption in order to estimate AAFs [4, 97]. However, 

both methods are limited to truly reflect the right-skewed distribution of alcohol 

consumption, and may therefore, lead to error in the AAFs.  

Another advantage is, that the mean of the Γ-distribution function is equivalent to the 

empirical mean of the alcohol consumption [134, 135], which allowed to shift the Γ-

distribution function according to the price elasticity measure published by Gallet [24]. 

Doing so, it was possible to model the direct consequence of price increases of alcoholic 

beverages on the alcohol consumption in the general population as well as on the 

incidence of cancer in the investigated countries. 
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Alcohol attributable fractions (AAF) 

The attributable fraction describes the proportion of diseases that can be attributed to a 

specific causal risk factor [136-140, 147, 191], in the present case attributable to alcohol 

consumption. It is a combination of relative risk estimates and the prevalence of the 

exposure to measure the proportion of cases that would not have occurred, if the 

exposure was not present. However, attention has to be paid on what type of relative risks 

(crude vs. adjusted) and in which population the prevalence of the exposure (cases vs. 

total population) is required. When dealing with adjusted relative risks, one should use the 

exposure prevalence among cases from the general population, in the present thesis the 

cancer cases. Only if there is no confounding present, it is valid to use the exposure 

prevalence in the total population [133, 136, 137, 147, 148, 150]. However, in most 

epidemiological settings adjustment for confounders is crucial, when examining a risk 

association. Thus, the exposure prevalence among cases is required for the computation 

of the attributable fractions. This, however, is in most instances not feasible from the 

practical point of view, simply because the exposure among cases from the general 

population is not known. In order to still be able to quantify the burden of disease, this 

limitation regarding the exposure prevalence in cases is ignored, and exposure 

prevalence in the general population is used [4, 16, 17, 98, 105, 106, 192-194]. This 

approach may, however, yield to biased estimates as outlined in many theoretical works 

[133, 136-138, 140, 147] and as shown in a practical example by Flegal and colleagues 

[148]. The magnitude of bias will depend on the degree of confounding, meaning that in 

the presence of strong confounders a strong degree of bias can be expected [136, 137, 

147]. Moreover, the degree of bias is also related on the strength of the association and 

on the prevalence of the exposure, which are key factors of the magnitude of the 

attributable fraction [147]. Studies, in which the traditional population exposure approach 

was used and a second unbiased estimate of the attributable fraction was computed, 

showed a bias in the magnitude of up to 17% for obesity attributable death in the US [148, 

194], and 15% for foetal monitoring and subsequent caesarean section rates [195, 196]. 

The herein performed sensitivity analysis, simulating the exposure prevalence of alcohol 

among cancer cases, indicated minor differences between the population exposure and 

the case exposure approach. Merely, for two cancer endpoints a similar magnitude of the 

deviation as in prior studies was found, that is 12.8% for colorectal cancer in men and 

16.6% for UADT cancer in women. Differences between the approaches for the all other 

endpoints were much lower magnitude, indicating a limited degree of bias in the present 

study. 

The weighted sum method was suggested as an alternative approach to compute 

unbiased attributable fractions [148, 150]. This method computes the attributable fraction 
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in confounder strata and aggregates them thereafter by the Mantel-Haenszel method. 

This approach is, when dealing with many confounders or confounders with many 

categories cumbersome, and especially for continuous variables categorisation is needed, 

which is accompanied with loss of information. Thus, the herein used population exposure 

approach is, despite the well known shortcomings, the most feasible and best approach to 

estimate the attributable fractions.  

It was suggested that bias of the population attributable fraction may arise, if relative risk 

estimates were derived from populations free of prior chronic diseases [197], such as the 

herein used cancer-free EPIC-population. Flegal et al. argued that the study population is 

not comparable to the general population one wishes to compute the attributable burden 

for. However, this is misleading, because these exclusions are crucial for obtaining valid 

relative risk estimates. Non-exclusion could lead to reverse causation [153, 154], which 

severely biases the relative risk estimate and, thus, also the attributable fractions.  

A recently published study [192] stated, that both the alcohol consumption information 

used to estimate the relative risk and the alcohol consumption information for the 

prevalence data, should origin from similar sources – in the present case from 

questionnaire data. It is true, that by this the information on alcohol consumption would be 

more comparable. However, for the computation of the relative risk the ranking of the 

participants is of importance, meaning that if everybody underreports in the same manner, 

the relative risk would not be affected [153, 154]. However, given the same underreporting 

was present in the prevalence data, this would yield to deviations from the true attributable 

fractions. Thus, using relative risks and the best available information on the exposure in 

the population is considered the best approach to compute the attributable fraction. 

Corresponding to each estimate of the AAF the variance was computed by using Monte 

Carlo simulations by generating random sets of all parameters of the AAF [145]. It was 

shown that the strongest contributor to the variance of the AAF is the uncertainty of the 

relative risk estimates derived from the EPIC study. The variation due to the proportion of 

never, former and current consumers of alcohol consumers was rather low. Thus, the 

uncertainty from the hazard ratios, which is greatly determined by the number of cancer 

cases, is the main contributor to the variance of the AAF. 

4.2 RESULTS 

4.2.1 Evaluation of the alcohol-cancer association 

In the large scale EPIC study, each additional alcoholic drink was associated with a 

significant higher risk of alcohol-related and total cancer, which was possibly driven by an 

increased risk of cancer of the UADT, liver and colorectum in men; and cancer of the 

UADT and breast in women. An inverse association was found for alcohol consumption 
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and kidney cancer in men, but not in women. Former consumers of alcohol as compared 

to light consumers of alcohol exhibited a higher risk of alcohol-related and total cancer as 

well as of cancer of UADT, liver and pancreatic in men and of cancer of liver and lung 

cancer in women. The results on a positive association between alcohol consumption and 

the risk of UADT, liver, colorectal and breast cancer were consistent in direction and 

magnitude with meta-analyses [3, 198-204] and the current evaluation of the 

carcinogenicity of alcohol [1, 9]. 

The herein observed increased risk of lung cancer for each additional alcoholic drink in 

current consumers in men and former compared to light consumers in women was, 

however, not corroborated by most studies, although the risk may increase for higher 

consumption levels [13, 16, 205-207]. When investigating lung cancer, an extensive 

adjustment for smoking is crucial, because smoking is the strongest risk factor for lung 

cancer and it is highly associated with alcohol consumption. Performing a sensitivity 

analysis with additional adjustment for smoking duration showed, that the statistical 

significant association between alcohol consumption and lung cancer in men was no 

longer present, suggesting residual confounding by smoking for the observed positive 

association. One may question why smoking duration was not included in the overall 

model. The scarcity of cancer cases for some cancer sites did not allow this extensive 

adjustment in the overall model. 

Although liver cancer is a clearly alcohol-related cancer, it was found that men consuming 

one to two standard alcoholic drinks were at statistically significant lower risk for liver 

cancer than light consumers (>0-6 g/d) of alcohol. Across categories of alcohol 

consumption a rather u-shaped association was found, which was corroborated by the 

restricted cubic spline regression analysis, where the hypothesis of a linear association 

between current alcohol consumption and liver cancer was rejected. Several studies 

pointed on the difficulty to assess the association between alcohol consumption and liver 

cancer, as reverse causation may be play an major role [2, 182, 198]. Pre-diagnostic 

disease, such as liver cirrhosis, could lead to a decrease in alcohol consumption and to an 

increased risk for later diagnosis of liver cancer, which causes reverse associations. 

Moreover, cirrhotic persons continuing to consume large amounts of alcohol are at 

increased risk of death, and may have not survived until diagnosis of liver cancer [182], 

which may have contributed further to reverse causation in the present study.  

The evidence for an association between alcohol consumption and pancreatic cancer risk 

is limited. However, a meta-analysis [208] and two large pooling projects [209, 210] 

indicated that the risk may be increased for heavy alcohol consumption (> 4 drinks/day). 

This was not supported by results from the EPIC study for current alcohol consumption in 

either men or women. But in men former alcohol consumption, which is rarely investigated 
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in prior studies, exhibited a 2-fold higher risk of pancreatic cancer compared to light 

alcohol consumption, which supports a possible relation between alcohol consumption 

and pancreatic cancer.  

The inverse association between alcohol consumption and kidney cancer has been 

reported by others [60-62] and the IARC concluded recently, that a substantial risk of 

kidney cancer due to alcohol consumption is unlikely [9]. Biological plausible mechanisms 

for this potential inverse association are not established [58, 59], but improved insulin 

sensitivity, and, thus, decreased risk of diabetes are discussed to lower the risk for kidney 

cancer [211, 212]. 

For cancer of the stomach, bladder, prostate, corpus uteri and ovary no association was 

found to alcohol consumption, which is in line with recent meta-analyses [213-216] and 

also with the judgement of the IARC [1, 2, 9]. Although, in some studies an increased risk 

of stomach cancer is suspected at high levels of alcohol consumption, this finding was not 

found in the EPIC study. A potential increased risk of stomach cancer may be due to 

helicobacter pylori infection, which is the major risk factor for stomach cancer. Previous 

studies investigating the association between alcohol and stomach cancer, however, did 

not allow stratification by helicobacter pylori due to lack of information on this infection. 

 

Applying a competing risk model does not only enable to estimate the single relative risk 

estimates, but also to test these against each other, whether or not they differ in 

magnitude. Apparently, the risk association between alcohol and UADT and liver cancer 

differed significantly from those to the remaining cancers investigated in men, while this 

was merely seen for UADT cancer in women. For cancers with no association to alcohol 

consumption, this could be expected. However, for cancers causally related to alcohol, 

empirical evidence for a difference in strength of the association has not been shown 

before. This result indicates that there exist differences in the strength of the risk of 

cancer, perhaps depending on the primary carcinogenic pathway of alcohol. Alcohol 

exerts via the pathway of acetaldehyde a stronger carcinogenic effect than via other 

pathways of elevated hormone levels, inflammation, oxidative stress or folate deficiency.  

 

As mentioned earlier, alcohol consumption is tightly associated with smoking, which is the 

strongest confounder, when assessing the alcohol cancer association. Especially for 

cancer of the UADT, but also for liver cancer it was expected that smoking would modify 

the association to alcohol consumption as reported by others [217-220]. Formally, the test 

for interaction was not significant in neither men nor women, but in men there was 

indication for an effect modification with p=0.10 for UADT cancer and p=0.07 for liver 

cancer. However, the test for interaction was statistically significant for both total and 
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alcohol-related cancer, indicating that smoking is an effect modifier in the alcohol-cancer 

association. Thus, effect modification by smoking cannot ruled out for the single cancer 

entities. Limited power to detect such effect modification due to limited number of cancer 

cases, especially for cancer of UADT and liver, could be a possible reason. In contrast, 

the effect of the modification by smoking may rather be unlikely or modest for cancer of 

the colorectum or female breast, because despite the large number of cases, test for 

interaction was not statistically significant in neither men nor women. 

For most cancer sites causally related to alcohol consumption, except for liver cancer, a 

linear association was found, which indicates a lack of a safe limit of alcohol consumption. 

This observation reflects the current understanding of how alcohol is associated to cancer 

risk [9, 22], and is supported by previous meta-analyses [198-200], which also found 

linear risk increases. In contrast, a recent report stated a threshold for breast cancer of 

three drinks per week and for colorectal and laryngeal cancer of one drink per day [3], 

below which the risk is not increased. This conclusion was based on large meta-analyses, 

which however, divided alcohol into categories instead of investigating alcohol 

consumption continuously. As mentioned earlier, grouping a continuous exposure 

variables into categories does not only lead to an unnatural stepwise risk function, but 

also to a loss of power, which is most likely the reason for finding such thresholds in low 

exposure categories in which limited cases occur. One of the meta-analysis provided, 

besides the categorical analysis, a graph of the continuous association, in which there is a 

statistically significant risk increase, even at low doses of less than 12 g/d (<one 

drink/day) for colorectal cancer [201]. This supports the absence of a safe limit below 

which the risk of cancer is not increased. 

The results on alcohol consumption and cancer risk were relatively homogenous across 

countries included in the EPIC study. Merely for liver cancer in men and colorectal cancer 

in women there was statistically significant heterogeneity found, which was, based on the 

I², high for liver and moderate for colorectal cancer [130]. It can only be speculated about 

reasons of heterogeneity. Reverse causation [2, 182, 198] for liver cancer in German men 

or the lack of precision due to relatively low number of cases of colorectal cancer in Greek 

women may have led to the relatively high degree of heterogeneity. Reverse causation, a 

consequence of reduction of alcohol consumption due to pre-diagnostic diseases or 

positive screening results of potential early pre-clinical markers of cancer performed in 

some but not all EPIC-countries, was further investigated by excluding the first two years 

of follow-up. Heterogeneity for both liver and colorectal cancer was no longer statistically 

significant and I² reduced markedly, supporting reverse causation as the possible reason 

for heterogeneity. 
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4.2.2 Burden of cancer incidence due to alcohol consumption 

In the present study, about one in ten cancer cases occurring in men and one in 30 cases 

in women were attributable to current and former alcohol consumption. The AAF was 

highest for UADT cancer, followed by cancer of the liver, colorectum and the female 

breast. This is the first study that considered the risk of cancer due to former consumption 

and captures, in contrast to prior studies, the whole burden of cancer incidence due to 

alcohol consumption.  

Prior studies reporting the burden of cancer incidence or mortality are not fully comparable 

to the herein estimated attributable fractions due to differences in computation including 

modelling of the alcohol exposure, the expression of cancer risk, not considering the risk 

of former alcohol consumers and differences in adjustment of the relative risk estimates. 

Nevertheless, the magnitude of the alcohol attributable burden of cancer incidence was 

similar for both men and women to estimate of the burden due to alcohol consumption in 

France [103] and the UK [16, 22, 192]. Merely the proportion of breast cancer was 

estimated to be somewhat higher in computations by the WCRF/AICR [22], and the 

proportion of liver cancer was estimated to be lower in the recently published study by 

Parkin for the UK [192]. The latter study applied alcohol exposure information from a 

survey, which is known to underestimate the true consumption on the population level and 

may explain why the AAF was lower compared to the herein estimated burden.  

This is the first study that provides country-specific and directly comparable estimates of 

the alcohol attributable burden of cancer incidence across Europe. As the burden 

depends both on the exposure distribution and on the hazard ratios of current and former 

consumers, a high proportion of current consumers does not only determine a high 

burden of cancer. Also, if the risk of cancer in former consumers was considerably high, 

the overall AAF could be higher in countries with relatively low proportion of current 

consumers and high proportions of former consumers. An example for this is the AAFs of 

liver and colorectal cancer in women, where the hazard ratios of former compared to 

never consumers were 2.34 and 1.06, respectively. Thus, the burden of liver cancer was 

highest in countries with a high proportion of former consumers of alcohol, e.g. Greece 

and Spain, whereas the alcohol attributable burden of colorectal cancer was highest in 

countries with a high proportion of current consumers, e.g. Denmark, France or UK. This 

shows, on the one hand, the importance to consider the risk of cancer due to former 

alcohol consumption, and, on the other hand, that former consumers of alcohol on the 

population level may cause a substantial part of the AAF. As former consumers are most 

likely those that consumed alcohol in large quantities and stopped due to health 

constrains, primary prevention aiming specifically at heavy alcohol consumption may be of 
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importance, in order to reduce the proportion of former consumers of alcohol and to 

prevent heavy alcohol consumption. 

Smoking, is one of the strongest confounders in the alcohol-cancer association. When 

computing the burden due to alcohol consumption, confounding can be well handled by 

adequate adjustment of the confounder. However, if this co-factor modifies the effect of 

the relevant exposure on the endpoint, a simple adjustment is not sufficient. 

Overestimation of the AAF of cancer could, thus, be a severe problem, if smoking acts as 

an effect modifier of the alcohol-cancer association [221]. In the present study, smoking 

was not found to statistically modify the association between alcohol consumption and the 

single cancer sites. This could be due to limited power especially for UADT and liver 

cancer, because effect modification was seen for all alcohol-related cancers combined 

and for total cancer. When using the hazard ratios for current alcohol consumption 

computed in never smokers the AAF would be considerably lower for UADT cancer with 

11.4% vs. 45.1% in men and 12.7% vs. 28.1% in women. This suggests severe 

overestimation of the AAF, which is further supported by one case-control study stating an 

AAF for head and neck cancer of 4% (1.5%, 5.3%) in never smokers. However, the truth 

may lie somewhere in the middle. When dealing with effect modification, e.g. by smoking, 

the AAF reflects, on the one hand, the true burden due to alcohol consumption, and, on 

the other hand, the burden due to the synergistic action of both alcohol consumption and 

smoking. Since for the latter, alcohol and smoking are both needed to cause cancer, and 

it is rather unlikely that smoking can be completely prevented on the population basis, this 

burden is still relevant, when estimating the AAF for a population, which partly consists of 

smokers. This part is not reflected, when computing the alcohol attributable burden in 

never smokers, and, thus, the results on the AAF may be somewhat underestimated and 

may not reflect reality.  

In contrast to the estimates of UADT cancer, the burden of liver cancer was considerably 

higher in never smokers in men with 87.9% vs. 33.6% , but relatively similar in women 

with 24.2% vs. 20.1%, respectively. This is unexpected as the current understanding 

assumes a synergistic effect of smoking and alcohol consumption. Limited power to 

estimate the association between alcohol consumption and liver cancer due to relatively 

few cases may explain this strong difference. Reverse causation, if stronger in the current 

and former smokers than in never smokers may also partially explain this unexpected 

finding. 

 

Attributable fractions are useful measures of public health burden that help policymarkers 

to decide on the most promising public health intervention [147]. The strong ecologic link 

between alcohol consumption and alcohol-related harm indicates, that by reducing alcohol 
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consumption on the population basis, the alcohol-related harm, including cancer 

incidence, is supposed to decrease [28]. Lowering alcohol consumption according to the 

current recommendations of the upper daily limit of alcohol consumption (plausible 

minimum) [21, 22, 108, 222], the current AAF of cancer incidence could be reduced by 

40% or more. However, it is questionable, whether a complete elimination of the heavy 

consumers is practically possible, as so far no effective interventions to achieve this are 

available. Therefore, the feasible minimal AAF [108, 222] was computed based on a 

public health intervention, that has widely been shown to have substantial impact on the 

consumption of alcohol on the population level – namely the increase of retail prices of 

alcoholic beverages. Applying a long-term elasticity measure of price increases, a 

substantial impact on the alcohol attributable burden of a reduction of 15% or more and 

30% or more of the total alcohol attributable burden was found for a price increase of 25% 

and 50%, respectively. Although the effect of a price increase of 50% did not come up to 

the same effect, as if all heavy consumers adhered to the recommendations, the effect on 

cancer incidence is still markedly high, given the intervention is relatively easy to 

implement. In order to reduce the alcohol attributable burden of cancer down to the level 

one achieves by adhering to current recommendation of maximal daily alcohol 

consumption, price increases beyond 50% of the initial price would be needed. Even 

increases of 25% or 50% of the current retail price of alcoholic beverages would be 

substantial and have rarely been observed in free-living populations [223, 224]. 

Unrecorded alcohol consumption of homemade or imported alcoholic beverages, may 

increase as prices of alcoholic beverages increase [124]. But, it is unknown what 

consequences such strong increases would have, and a stepwise increase of prices over 

a relatively long time period, may, thus be recommended [28].In contrast, in the past 

decades alcohol prices decreased as compared to the disposable income in many 

European countries [28]. Thus, there is room for adjustments and increases of prices of 

alcoholic beverages perhaps steered the governments by increasing the taxation of 

alcoholic beverages. 

The herein used elasticity measure stems from a meta-analysis [24], which used 148 

studies and presented besides a short-term also a long-term elasticity value. This long-

term elasticity measure seems to be appealing because public health interventions are 

aimed to have a long lasting effect. Price elasticities of alcohol have been shown to 

depend on the alcoholic beverage with wine being the most and spirits the least price 

responsive alcoholic beverage [24]. Thus, depending on the predominant beverage 

consumed in a country, the effect of a price increase may differ. Such effects were not 

modelled in the present work, because data on alcoholic beverages were not available. 

However, knowing that Southern European countries are the typical wine-consuming 
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countries, it may be speculated, that the herein modelled public health interventions of 

price increases would be in reality somewhat larger in Mediterranean countries as 

compared to Central or Northern European countries.  

Comparing the tool of price increases to other public health interventions, such as 

restricting the physical availability of alcohol, the increase of price exhibits another positive 

effect. Given the price increase would be achieved by increasing excise duties for 

alcoholic beverages, higher financial resources may be available to the respective 

governments, which could be used to further fund public health interventions to increase 

the population’s health. Moreover, other public health interventions, e.g. commercial bans, 

governmental monopolies or minimum purchase age have not been shown to be as 

successful as compared to the increase of prices of alcoholic beverages [25, 28, 225]. 

This further argues to apply this relatively simple tool of price and tax regulation of 

alcoholic beverages to reduce alcohol-related harm. In the past three decades there have 

been attempts to harmonise the alcohol taxation policies within the EU [28, 30], however, 

no binding law has been developed, rather a directive, which is not binding to the member 

states. Thus, taxation varies greatly across Europe with relatively low taxes in the 

Mediterranean countries, intermediate taxes in Central European countries and 

comparably high excise duties in the Northern countries [30]. Thus, a harmonisation of the 

excise duties across Europe would lead to a larger increase in retail price in the Central 

and Southern European countries, and thereby to a stronger effect on alcohol-related 

harm as compared to Northern European countries. 

The total number of alcohol attributable cancer cases, which is of great importance for 

planning patient centred care, considers also the incidence of the respective disease. This 

means, if the disease is rare, the attributable number of cases is low, despite a high 

attributable fraction. This was seen for liver cancer, which exhibited the second largest 

AAF, but least cases of liver cancer in both men and women. Breast cancer, in contrast, is 

the most common incident cancer among women from developed countries [36], and 

exhibited the largest number of alcohol attributable cancer cases despite the relatively low 

AAF. Breast cancer cases were followed by UADT cancer cases in women. In men, UADT 

cancer accounted for the majority of alcohol attributable cancer cases, followed by cancer 

of the colorectum. The high absolute burden of UADT cancer is of particular interest, 

because this is a cancer with a poor prognosis and primary prevention is crucial until 

effective treatment is found. For breast and colorectal cancer, although better treatment is 

available and prognosis is better, prevention is just as important in order to limit health 

care costs, absenteeism and psychological burden due to diagnosis and treatment. 

Moreover, given the survival time of cancer patients would not change and the incidence 

of cancer was reduced, the prevalence of cancer would decline, meaning that less 
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persons would need treatment against cancer. By this, lowering alcohol consumption 

poses a great potential of lowering disease burden and reducing the need for therapeutic 

and care resources, an important part of the health costs. 

 

When looking at the burden of disease due to alcohol consumption, it is often argued that 

the cardioprotective effect of alcohol consumption may outweigh the hazardous effect of 

alcohol. Alcohol seems to be at low dosages beneficial for mortality of diabetes and 

cardiovascular disease [226-228], especially for coronary heart disease and ischemic 

stroke. However, there are serious doubts about the protective effect of alcohol on 

cardiovascular diseases due to the sick quitter phenomenon and a selection of high risk 

people in the comparison group [229, 230]. Moreover, high levels of alcohol consumption 

were shown to be not related [228] to or even detrimental [200] for diabetes and 

cardiovascular conditions, indicating that the beneficial effect, if present, refers to a 

relatively small window of consumption. Cancer is only one part of the burden of disease 

caused by alcohol. Other conditions such as chronic alcohol abuse, injuries, 

neuropsychiatric disorders or gastrointestinal diseases [17, 28] should also be considered, 

when formulating a global statement on alcohol consumption. An overall analysis 

considering both the potential beneficial and the detrimental effect of alcohol consumption 

on the burden of disease found a clearly harmful effect of alcohol consumption [17]. Even, 

if just looking at diabetes and cardiovascular diseases, the harm of alcohol is not weighted 

out by the potential beneficial effect of alcohol at low dosages given the current 

consumption levels in Europe. This clearly argues for enforcing strategies for lowering 

alcohol consumption to lower the burden of alcohol-related diseases.  

4.3 STRENGTHS AND LIMITATIONS 
The results presented are limited by the underlying data quality to generate the hazard 

ratios and by the data on alcohol exposure on the population level. Underreporting of 

alcohol consumption in the EPIC study is likely, which may have led to bias, if this 

underreporting was differential across sub-groups, e.g. heavy consumers vs. low 

consumers of alcohol. As the EPIC study population is a convenience sample and a 

number of exclusions were done, the transferability of the study results to the general 

population could be questioned. Selective participation however, should not have affected 

internal validity of the study and, thus, generalisation of the relative risk estimates is given 

[154, 156].  

Particular strengths of the study are the large sample size of the EPIC study, its 

prospective design, the comprehensive assessment of alcohol as well as co-variates, and 

the large variation in exposure across countries. Further, the analyses on AAFs benefited 

from the equally assessed and comparable alcohol data on population basis, which cover 
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the total alcohol consumption of the respective populations. Moreover, the risk of former 

alcohol consumption was considered when computing the alcohol attributable burden of 

cancer incidence. Also, by modelling alcohol consumption as Γ-distribution function, it was 

possible to consider the right-skewness of the alcohol distribution on population level and 

to use continuous risk functions. Moreover, these Γ-distribution functions offered the 

possibility to compute the potential impact fractions of following current recommendations 

on the upper limit of alcohol consumption and the increases of price of alcoholic 

beverages. 

4.4 PUBLIC HEALTH RELEVANCE 
In terms of cancer treatment, the advances have not been as effective as for other chronic 

diseases. Thus, primary prevention of cancer by lifestyle and environmental factors seems 

to be one of the promising ways to reduce the cancer burden [100]. The present study 

shows impressively, that an important part of the most common and most lethal cancers 

are caused by alcohol consumption. Both adherence to the current recommendations on 

population level and increases in retail price of 50% could substantially cut down the 

burden of cancer incidence due to alcohol. As alcohol consumption is both causally 

related to cancer risk, and widely found in European populations, it poses a great potential 

for primary prevention of cancer. As mentioned earlier, in 2008, about 3.4 million people 

were diagnosed with cancer in Europe. Referring to the herein presented results, about 

10% of these cancers in men and 3% in women were attributable to alcohol consumption, 

which would translate to about 230,000 cases annually. Of these alcohol-attributable 

cancers, a major part could be prevented, if either the retail price of alcoholic beverages 

was increased, or if an effective public health intervention was developed that would lead 

to adherence to the recommended upper limit of alcohol consumption. Thus, effective 

public health actions should be taken in order to limit and to reduce the alcohol 

attributable burden of cancer in Europe. 



 

5 CONCLUSION AND OUTLOOK  

This study provided for the first time empirical evidence that the risk of UADT and perhaps 

also liver cancer due to alcohol consumption differed from the risk of colorectal and breast 

cancer, suggesting different underlying biological mechanisms of the carcinogenesis of 

alcohol. Moreover, this is the first study that considers the risk of cancer due to former 

alcohol consumption and uses comparable alcohol exposure information to compute 

AAFs. Alcohol consumption causes a considerable burden of the incidence of cancer of 

the UADT, liver, colorectum and female breast in the selected European countries. While 

total elimination of alcohol consumption is a rather unlikely scenario, it was shown that the 

increase of retail prices of alcoholic beverages or adherence to the recommended upper 

limit of alcohol consumption would lead to a substantial decrease of the alcohol 

attributable burden of cancer incidence. As, however there is no effective public health 

strategy on how adherence to the current recommendation could be achieved, the 

increase in retail price seem to be an easy and very effective tool to lower alcohol 

consumption and thereby the burden of cancer incidence. Moreover, the increase of retail 

prices by increasing excise duties also increases the fiscal earnings, which could, thus, be 

used to enforce further public health activities. 

Further analyses may concentrate on refining the competing risk approach and extending 

this on several risk factors, such as smoking and obesity. By this, one could investigate 

whether some cancers share common risk sets and could, thus, reduce the competing 

risk model to a more parsimonious model [231]. This could result in computing attributable 

fractions for risk factor combinations to estimate the whole preventive potential of lifestyle. 

Also, relatively little is known on alcohol consumption pattern (lifetime pattern) and cancer 

risk, although it is likely that this is besides average alcohol consumption an important 

dimension of risk [232, 233]. First attempts on computing the burden due to both average 

consumption of alcohol and binge drinking were undertaken [234], but need further 

methodological refinement to express drinking patterns in more detail. This could in 

combination with estimation of the burden of disease yield more specific and targeted 

recommendations for high risk groups in order to reduce the burden of cancer and chronic 

disease incidence.  
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APPENDICES 

Appendix 1: Example of the assessment of alcoholic beverages by the German food 
frequency questionnaire used in the European Prospective Investigation into Cancer and 
Nutrition (EPIC) Study.  

 



Appendices                                                                                                                      99 

Appendix 2: Example of the assessment of past alcohol consumption by the German 
lifestyle questionnaire used in the European Prospective Investigation into Cancer and 
Nutrition (EPIC) Study.  

 

 



Appendices                                                                                                                      100 

Appendix 3: Derivation of the formulas for the computation of the partial alcohol attributable 
fractions (AAFs). 
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