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Alcohol consumption. A leading risk factor for cancer 
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A B S T R A C T   

In 2016, alcohol consumption was one of the leading risk factors for cancer development and cancer death 
globally, causing an estimated 376 200 cancer deaths, representing 4.2% of all cancer deaths, and 10.3 million 
cancer disability-adjusted life years lost, representing 4.2% of all cancer disability-adjusted life years lost. The 
impact of alcohol consumption on cancer in 2016 varied by age group; the proportion of cancer deaths attrib
utable to alcohol consumption ranged from 13.9% of cancer deaths among people aged 30–34 years to 2.7% of 
cancer deaths among people aged 80–84 years. The burden of cancers caused by alcohol consumption might be 
decreased through (i) individual-level and societal-level interventions that reduce alcohol consumption, and (ii) 
measures that target those risk factors that interact with alcohol consumption to increase the risk of cancer or 
that directly affect the risk of alcohol-related cancers.   

1. Alcohol consumption as a risk factor for cancer 

The IARC Monographs [1] and the Continuous Update Project of the 
World Cancer Research Fund (WCRF)/American Institute for Cancer 
Research (AICR) [2] have attributed the highest level of causal evidence 
to the association between consumption of alcoholic beverages and the 
development of cancer. IARC classified alcohol consumption as carci
nogenic to humans (Group 1), and the WCRF/AICR Continuous Update 
Project concluded that there is convincing evidence that consumption of 
alcoholic beverages increases cancer risk. 

Alcoholic beverages contain numerous carcinogenic compounds, but 
the majority of the risk relationship between alcohol consumption and 
the development of cancer is due to ethanol [3]. Although carcinogen
esis due to alcohol is far from being fully understood, the main patho
physiological carcinogenic mechanisms of ethanol that have been 
postulated include its metabolism into the carcinogenic metabolite 
acetaldehyde, its inhibition of the one-carbon metabolism pathway and 
DNA methylation (especially among people with a low dietary intake of 

folate), and its effect on increasing serum levels of endogenous estrogens 
[2]. Ethanol has also been hypothesized to increase the risk of cancer 
through the production of reactive oxygen species and polar metabo
lites, through the conversion of pro-carcinogens in the metabolic 
pathway of ethanol, by lipid peroxidation, by the production of pros
taglandins, by altering the insulin-like growth factor 1 pathway, and by 
acting as a solvent for cellular penetration of environmental carcinogens 
(e.g. tobacco) [2]. The biological pathways involved, and the relative 
contributions of these pathways to carcinogenesis, differ by cancer site. 

On the basis of the evidence from epidemiological studies in humans, 
studies in experimental animals, and mechanistic data, the IARC 
Monographs and the WCRF/AICR Continuous Update Project have re
ported that alcohol consumption causes cancers of the oral cavity, 
oropharynx, hypopharynx, oesophagus (squamous cell carcinoma), 
colon, rectum, liver and intrahepatic bile duct, larynx, and female breast 
(both premenopausal and postmenopausal as evaluated by IARC [1]; 
postmenopausal only as evaluated by the WCRF/AICR Continuous Up
date Project [2]). For all of these sites, there are dose–response 
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relationships, with almost linear gradients of relative risks and no 
apparent lower risk threshold [4,5]. The risk relationships depend 
mainly on the level of lifetime exposure to alcohol [5,6]. However, for 
female breast cancer, in addition to the dose–response relationship be
tween level of exposure and cancer incidence, patterns of alcohol con
sumption, especially episodic heavy drinking, may play an important 
role [7]. 

The risk relationships have been shown to differ by population. For 
example, Mendelian randomization studies have found genetic varia
tions that affect the metabolism of acetaldehyde in humans. In partic
ular, people with at least one copy of the aldehyde dehydrogenase 
ALDH2*2 allele (with the Glu487Lys polymorphism), a variant that is 
prevalent in eastern Asian populations, have a higher risk of cancers of 
the upper aerodigestive tract and of colorectal cancer [8]. Variations in 
the alcohol dehydrogenase 1B (ADH1B) and 1C (ADH1C), cytochrome 
P450 2E1, and methylenetetrahydrofolate reductase (MTHFR) genes are 
also hypothesized to modify the relationship between alcohol con
sumption and the development of cancer [9,10]. 

The WCRF/AICR Continuous Update Project concluded that there is 
probable evidence that alcohol consumption is associated with the risk 
of non-cardia stomach cancer, and limited–suggestive evidence that 
alcohol consumption is associated with the risk of cancers of the lung, 
pancreas, and skin (basal cell carcinoma and malignant melanoma) [2]. 
However, alcohol consumption is associated with other risk factors, 
including diet and smoking, and therefore confounding may explanation 
these associations. Furthermore, there are inconsistent epidemiological 
findings for a relationship between alcohol consumption and the 
development of cancers of the gall bladder and prostate [4]. In addition, 
there is no evidence that alcohol consumption affects breast cancer 
survival or recurrence [2]. 

The WCRF/AICR Continuous Update Project concluded that there is 
probable evidence that alcohol consumption is associated with a 
decreased risk of kidney cancer; this may be due to improved insulin 
sensitivity, improved blood lipid profiles, and higher adiponectin levels 
among people with light and moderate alcohol consumption [2]. 
Resveratrol (a substance found in red wine) has received attention for its 
hypothesized anticarcinogenic properties; however, based on the 
empirical evidence, for every cancer case that the resveratrol in wine 
prevents, 100 000 cancer cases are caused by ethanol [5]. Inconsistent 
inverse associations between alcohol consumption and the development 
of thyroid cancer, Hodgkin lymphoma, and non-Hodgkin lymphoma 
also have been found in epidemiological studies, but there is currently 
not sufficient evidence to determine the causality of these relationships 
[1,2]. 

As a result of its effects on the propensity to engage in unprotected 
sex and its weakening of the immune system, alcohol also may indirectly 
increase the risk of infection with sexually transmitted viruses that 
potentially cause cancer (including Kaposi sarcoma-associated herpes
virus and human papillomavirus) and of HIV-1; the immunosuppression 
caused by HIV-1 is thought to increase the carcinogenic effect of other 
infectious agents [5]. However, more research is needed to further 
establish and quantify any indirect effect of alcohol on an increased risk 
of cancers caused by infectious diseases. 

2. The global cancer burden due to alcohol 

In 2016, alcohol consumption caused an estimated 3.0 million deaths 
from all causes worldwide, representing 5.3% of all deaths [11]. A large 
proportion of the health burden caused by alcohol consumption stems 
from cancer. In 2016, alcohol caused an estimated 376 200 (95% un
certainty interval, 324 900–439 700) cancer deaths, representing 4.2% 
(95% uncertainty interval, 3.6–4.9%) of all cancer deaths, and an 
age-standardized rate (ASR) of 4.8 deaths (95% confidence interval, 
4.2–5.7) per 100 000 people (Table 1). Here, the term “alcohol-
attributable cancers” is used to refer to cancers caused by alcohol. The 
proportion of alcohol-attributable cancers is thus defined by the pro
portion of cancers that would not have occurred if there had been no 
alcohol exposure (for definitions of causality, see [12]; for 
alcohol-attributable fractions, see [13]). 

ICD-10, International Statistical Classification of Diseases and 
Related Health Problems, 10th revision. 

Of the 245 million disability-adjusted life years (DALYs) lost in 2016 
due to cancer, 10.3 million (95% uncertainty interval, 8.7 million–12.0 
million) were due to alcohol consumption, representing 4.2% (95% 
uncertainty interval, 3.6–4.9%) of all cancer DALYs lost (Table 2). The 
majority (97.7%) of these alcohol-attributable cancer DALYs lost were 
due to years of life lost because of premature death resulting from high 
cancer fatality rates. 

DALYs, disability-adjusted life years; ICD-10, International Statisti
cal Classification of Diseases and Related Health Problems, 10th 
revision. 

In 2016, cancers of the colorectum, liver, and oesophagus were the 
largest contributors to the alcohol-attributable cancer burden, respon
sible for 23.9%, 22.3%, and 19.3%, respectively, of all alcohol- 
attributable cancer deaths. 

Among all cancers types, alcohol consumption had the largest impact 
on cancers of the upper aerodigestive tract. Alcohol was responsible for 
26.4% of all cancers of the lip and oral cavity, 30.5% of all other 

Table 1 
Alcohol-attributable cancer deaths in 2016, by sex and cancer site.  

Outcome and 
cancer site 

ICD-10 
code 

Number of alcohol-attributable deaths/1000 (95% uncertainty 
interval) 

Percentage of deaths attributable to alcohol 
consumption (95% uncertainty interval) 

Percentage of the total 
alcohol-attributable cancer 
deaths 

Men Women Both sexes Men Women Both sexes 

Cancer C00–97 297.6 
(246.9–346.1) 

78.6 (66–115.4) 376.2 
(324.9–439.7) 

5.8 (4.8–6.8) 2.0 
(1.7–3.0) 

4.2 (3.6–4.9) 100.0 

Lip and oral 
cavity 

C00–08 38.9 (30.4–46.0) 5.2 (3.8–7.3) 44.0 (35.3–52.3) 34.7 
(27.1–41.0) 

9.4 
(7.0–13.3) 

26.4 
(21.2–31.4) 

11.7 

Other pharynx C09–10, 
C12–14 

31.7 (24.9–37.7) 2.1 (1.5–3.0) 33.8 (27.0–39.9) 35.3 
(27.8–42.1) 

9.9 
(7.3–14.2) 

30.5 
(24.4–36.1) 

9.0 

Oesophagus C15 66.9 (51.6–79.7) 5.8 (3.9–8.9) 72.7 (56.8–87.2) 21.7 
(16.7–25.8) 

4.8 
(3.2–7.4) 

16.9 
(13.2–20.3) 

19.3 

Colorectum C18–21 75.9 (61.5–89.6) 13.8 (6.6–25.2) 89.8 (73.1–107.4) 17.6 
(14.3–20.7) 

3.8 
(1.8–6.9) 

11.3 
(9.2–13.5) 

23.9 

Liver C22 65.1 (31.5–102.5) 18.9 (9.5–34.4) 84.0 (49.8–125.3) 11.1 
(5.4–17.5) 

7.8 
(3.9–14.1) 

10.1 
(6.0–15.1) 

22.3 

Larynx C32 19.1 (14.8–23.1) 0.8 (0.6–1.0) 19.9 (15.6–24.0) 23.7 
(18.4–28.6) 

6.7 
(5.2–9.2) 

21.6 
(16.9–26.1) 

8.5 

Breast C50 – 32.0 
(26.8–51.1) 

32.0 (26.8–51.1) – 5.5 
(4.6–8.8) 

5.5 (4.6–8.7) 5.3 

All causes A00–Z99 2307.3 
(1929.7–2720.1) 

681.0 
(536.4–990.7) 

2988.3 
(2596.8–3523.9) 

7.7 (6.4–9.0) 2.6 
(2.0–3.8) 

5.3 (4.6–6.2) –  
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pharyngeal cancers (excluding nasopharyngeal cancers), 21.6% of all 
laryngeal cancers, and 16.9% of all oesophageal cancers. These findings 
reflect the stronger associations – i.e. the higher gradients of the dos
e–response curves – between levels of alcohol consumption and cancers 
of the upper aerodigestive tract compared with cancers of the color
ectum, liver, and breast [11]. 

Like with cancer deaths, in 2016 the largest contributors to the 
alcohol-attributable cancer DALYs lost were cancers of the liver, color
ectum, and oesophagus, responsible for 22.5%, 20.6%, and 18.5%, 
respectively, of all alcohol-attributable cancer DALYs lost. 

Similarly, alcohol consumption had the largest contributory impact 
on DALYs lost due to cancers of the upper aerodigestive tract. Alcohol 
was responsible for 25.7% of all lip and oral cavity cancer DALYs lost, 
30.6% of all other pharyngeal cancer DALYs lost (excluding nasopha
ryngeal cancers), 21.8% of all laryngeal cancer DALYs lost, and 17.5% of 
all oesophageal cancer DALYs lost. 

Based on different consumption levels by age [14], the impact of 
alcohol consumption on cancer in 2016 varied by age group (Fig. 1); the 
proportion of cancer deaths attributable to alcohol consumption ranged 
from 13.9% of cancer deaths among people aged 30–34 years to 2.7% of 
cancer deaths among people aged 80–84 years. At younger ages, cancers 
of the liver, breast, and colorectum were the leading contributors to the 
alcohol-attributable cancer burden, responsible for 32.2%, 19.4%, and 
18.4%, respectively, of all alcohol-attributable cancer deaths among 
people aged 30–34 years. At older ages, cancers of the colorectum, liver, 
and oesophagus were the leading contributors to the 
alcohol-attributable cancer burden, responsible for 39.1%, 20.1%, and 
14.9%, respectively, of all alcohol-attributable cancer deaths among 
people aged 80 years and older. The impact of alcohol on cancer deaths 
and DALYs lost among people aged 29 years and younger is unknown, 
because data are lacking and the etiology of these cancers is complex; 
however, the proportion of alcohol-attributable cancers among this age 
group is hypothesized to be relatively small [15]. 

In 2016, there were large variations between countries and 
geographical regions in the ASRs of alcohol-attributable cancer deaths 
(Fig. 2) and cancer DALYs lost (Fig. 3). Based on the regions as defined 
by the Institute for Health Metrics and Evaluation’s Global Burden of 
Disease study, the burden of alcohol-attributable cancers was lowest in 
North Africa and the Middle East (ASRs of 0.8 cancer deaths and 24.2 
cancer DALYs lost per 100 000 people) and highest in eastern Europe 
(ASRs of 12.0 cancer deaths and 360.4 cancer DALYs lost per 100 000 
people). 

Similarly, the proportion of alcohol-attributable cancer deaths and 

cancer DALYs lost also varied between countries and regions. The pro
portions were lowest in North Africa and the Middle East (0.8% of 
cancer deaths and 0.8% of cancer DALYs lost) and highest in eastern 
Europe (8.1% of cancer deaths and 8.6% of cancer DALYs lost). 

The burden of cancer by site also varied across geographical regions 
(Fig. 4). In particular, alcohol-attributable cancers of the colorectum 
were prominent in southern Latin America, high-income North America, 
high-income Asia Pacific, Australasia, and central, eastern, and western 
Europe; all of these regions have countries with high or very high levels 
of the Human Development Index (HDI). 

Both the consumption of alcohol and the burden of cancer increase as 
countries develop [11,16]. In 2016, the ASRs of the alcohol-attributable 
cancer burden were highest for countries with very high HDI (7.3 cancer 
deaths and 203.8 cancer DALYs lost per 100 000 people) and lowest for 
countries with medium HDI (2.5 cancer deaths and 78.8 cancer DALYs 
lost per 100 000 people) (Fig. 5). The site-specific alcohol-attributable 
cancer burden also varied by HDI. The largest contributors to the ASRs 
of alcohol-attributable cancer deaths were colorectal cancer in countries 
with very high HDI, liver cancer in countries with low HDI and countries 
with high HDI, and cancers of the lip and oral cavity in countries with 
medium HDI. 

The alcohol-attributable cancer deaths and cancer DALYs lost dis
cussed above include only cancer sites for which sufficient causal evi
dence exists, as determined by the IARC Monographs, and do not include 
cancer sites for which there was insufficient evidence of carcinogenicity 
in humans [1]. However, an analysis conducted for France in 2015 
found that the proportion of cancer incidence due to alcohol increased 
from 7.9% when limited to cancers for which sufficient causal evidence 
exists to 8.4% when including cancers for which at least limited evi
dence of a causal association exists [17]. 

Country- and region-specific analyses of the relative contributions of 
risk factors to the cancer burden in the USA [18], France [15], the 
United Kingdom [19], Australia [20], and the Nordic countries 
(Denmark, Finland, Iceland, Norway, Sweden, the Faroe Islands, and 
Greenland) [21] have shown that alcohol is a leading risk factor for 
cancer development and cancer death. In some analyses and countries, 
alcohol is the second most important risk factor for cancer development 
and cancer death after tobacco, for example in an analysis of nine 
behavioural and environmental risk factors for the Global Burden of 
Disease 2000 study [22] and in an analysis of 13 risk factors for France in 
2015 [15]. 

Trends in the cancer burden due to alcohol from 2010 to 2016. 
Trends in the alcohol-attributable cancer burden depend on changes 

Table 2 
Alcohol-attributable cancer disability-adjusted life-years lost in 2016, by sex and cancer site.  

Outcome and 
cancer site 

ICD-10 
code 

Number of alcohol-attributable DALYs lost/100 000 (95% 
uncertainty interval) 

Percentage of DALYs lost attributable to 
alcohol consumption (95% uncertainty 
interval) 

Percentage of the total 
alcohol-attributable cancer 
DALYs lost 

Men Women Both sexes Men Women Both sexes 

Cancer C00–97 81.6 (67.0–95.9) 21.1 
(18.0–31.4) 

102.6 (87.3–120.0) 5.9 (4.9–7.0) 2.0 
(1.7–2.9) 

4.2 (3.6–4.9) 100.0 

Lip and oral 
cavity 

C00–08 12.2 (9.2–14.7) 1.4 (1.0–2.0) 13.6 (10.6–16.5) 33.2 
(25.0–40.0) 

8.6 
(6.3–12.2) 

25.7 
(19.9–31.0) 

13.3 

Other pharynx C09–10, 
C12–14 

9.7 (7.6–11.6) 0.6 (0.4–0.9) 10.3 (8.2–12.3) 35.5 
(27.6–42.5) 

9.3 
(6.8–13.4) 

30.6 
(24.1–36.5) 

10.1 

Oesophagus C15 17.7 (13.8–20.9) 1.4 (0.9–2.1) 19.0 (15.0–22.6) 22.1 
(17.2–26.1) 

4.7 
(3.2–7.2) 

17.5 
(13.8–20.7) 

18.5 

Colorectum C18–21 18.0 (14.4–21.4) 3.2 (1.6–5.8) 21.2 (17.2–25.3) 16.7 
(13.4–19.9) 

3.8 
(1.9–6.9) 

11.1 
(9.0–13.2) 

20.6 

Liver C22 18.6 (8.9–29.7) 4.5 (2.3–8.2) 23.1 (13.2–35.0) 10.7 
(5.1–17.0) 

7.2 
(3.7–13.1) 

9.7 
(5.6–14.8) 

22.5 

Larynx C32 5.4 (4.2–6.5) 0.2 (0.2–0.3) 5.6 (4.4–6.7) 23.8 
(18.5–28.8) 

6.7 
(5.2–9.0) 

21.8 
(17.0–26.3) 

9.6 

Breast C50 – 9.9 (8.2–16.4) 9.9 (8.2–16.4) – 5.2 
(4.4–8.7) 

5.2 (4.3–8.6) 5.4 

All causes A00–Z99 1065.4 
(903.2–1240.8) 

261.0 
(234.4–331.5) 

1326.4 
(1164.1–1539.8) 

7.6 (6.5–8.9) 2.2 
(1.9–2.7) 

5.1 (4.5–5.9) –  
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in alcohol consumption as well as in cancer incidence, treatment, and 
mortality. As a result of population growth and ageing and the economic 
development of countries, the total number of cancer deaths worldwide 
increased from 8.1 million in 2010 to 9.0 million in 2016 [11]. However, 
the ASR of cancer mortality decreased by 6.0% (from 122.4 per 100 000 
in 2010 to 115.0 per 100 000 in 2016), less than the 9.0% decrease in the 
ASR of overall mortality (from 791.3 per 100 000 in 2010 to 720.1 per 
100 000 in 2016). 

The ASRs of alcohol-attributable mortality decreased less than 
overall cancer mortality rates in general (by 4.8%, from 5.1 deaths per 
100 000 in 2010 to 4.8 deaths per 100 000 in 2016), resulting in an 
increase of 1.5% in the proportion of cancer deaths attributable to 
alcohol consumption (from 4.1% in 2010 to 4.2% in 2016). Thus, the 
relative impact of alcohol on cancer mortality increased slightly from 
2010 to 2016. 

Trends in the ASRs of alcohol-attributable cancer mortality and in 
the proportion of cancers attributable to alcohol consumption showed 

heterogeneous patterns by cancer site. In particular, the ASR of mor
tality due to cancers of the lip and oral cavity was the only ASR to in
crease (from 2.1 deaths per 100 000 in 2010 to 2.2 deaths per 100 000 in 
2016), and the ASR of mortality due to oesophageal cancer decreased 
the most (from 6.2 deaths per 100 000 in 2010 to 5.5 deaths per 100 000 
in 2016). 

In the long term, increases in the economic wealth of countries are 
likely to lead to further increases in life expectancies, resulting in higher 
incidence of and mortality from cancer and a concomitant higher rela
tive importance of cancer as a cause of death (http://www.healthdata. 
org/results/country-profiles), as well as to higher per capita alcohol 
consumption [11,14]. Furthermore, because the median latency be
tween mean alcohol consumption and the diagnosis of cancer is 10 years 
[23], it is expected that alcohol-attributable cancer mortality will 
continue to increase in the countries that have had the most pronounced 
increases in alcohol consumption over the past few years. Examples of 
such countries are China and India, countries in which life expectancies 

Fig. 1. Alcohol-attributable cancer deaths (top) and alcohol-attributable cancer disability-adjusted life years (DALYs) lost (bottom) in 2016, by age group [11].  
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have also increased [11]; http://www.healthdata.org/results/country 
-profiles). Accordingly, whereas in high-income countries alcohol con
sumption, cancer mortality rates, and alcohol-attributable cancer mor
tality rates have declined, and may continue to decline, the overall 
global burden of alcohol-attributable cancers is not expected to 
decrease, and may increase in the long term. 

The cancer burden due to alcohol is preventable. 

The current burden of cancers caused by alcohol consumption is 
large, and this burden is expected to increase in the future. Therefore, 
programmes designed to reduce alcohol consumption in the general 
population are an effective and cost-effective means of targeting and 
improving cancer control. The observed differences between countries 
and regions in alcohol-attributable fractions of cancer deaths and cancer 
DALYs lost provide an evidence base for how to reduce this burden 

Fig. 2. Global burden of cancer deaths caused by alcohol consumption in 2016: (top) age-standardized cancer deaths attributable to alcohol consumption per 100 
000 people; (bottom) percentage of cancer deaths attributable to alcohol [11]. 

Fig. 3. Global burden of cancer disability-adjusted life years (DALYs) lost caused by alcohol consumption in 2016: (top) age-standardized cancer DALYs lost 
attributable to alcohol consumption per 100 000 people; (bottom) percentage of cancer DALYs lost attributable to alcohol [11]. 
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through individual-level and societal-level programmes that reduce 
alcohol consumption, such as the WHO intervention strategies known as 
alcohol policy “best buys”, which include increasing excise taxation of 
alcoholic beverages, restricting access to retailed alcoholic beverages, 
and limiting advertising and promotion of alcoholic products [24]. 
Furthermore, the burden of alcohol-attributable cancers could be 
reduced through measures that target those risk factors that interact 
with alcohol consumption to increase the risk of cancer or that directly 
affect the risk of alcohol-related cancers, such as tobacco smoking. In 
addition, early recognition of the signs and symptoms of cancer, as well 
as prompt diagnosis of precancerous lesions and tumours, are in many 
cases vital to patient survival, and therefore screening for colorectal 
cancer and breast cancer may also reduce the burden of 

alcohol-attributable cancers [25]. Finally, despite the evidence of the 
causal relationship between alcohol consumption and the development 
of cancer, the majority of the general population is unaware of this 
causal link [26]. Warning labels can be used to raise awareness of the 
link between alcohol and cancer; however, the effectiveness of these 
labels to reduce alcohol consumption is currently unknown [11]. In 
addition, explaining the causal link between alcohol and cancer could be 
part of brief interventions by medical professionals in primary care, to 
reduce alcohol consumption [27]. 
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