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Background: Alcohol is a risk factor for cancer of the oral cavity, pharynx, oesophagus, colorectum, liver, larynx and female breast,
whereas its impact on other cancers remains controversial.

Methods: We investigated the effect of alcohol on 23 cancer types through a meta-analytic approach. We used dose-response
meta-regression models and investigated potential sources of heterogeneity.

Results: A total of 572 studies, including 486538 cancer cases, were identified. Relative risks (RRs) for heavy drinkers compared
with nondrinkers and occasional drinkers were 5.13 for oral and pharyngeal cancer, 4.95 for oesophageal squamous
cell carcinoma, 1.44 for colorectal, 2.65 for laryngeal and 1.61 for breast cancer; for those neoplasms there was a clear
dose-risk relationship. Heavy drinkers also had a significantly higher risk of cancer of the stomach (RR 1.21), liver (2.07), gallbladder
(2.64), pancreas (1.19) and lung (1.15). There was indication of a positive association between alcohol consumption and risk of
melanoma and prostate cancer. Alcohol consumption and risk of Hodgkin's and Non-Hodgkin's lymphomas were inversely
associated.

Conclusions: Alcohol increases risk of cancer of oral cavity and pharynx, oesophagus, colorectum, liver, larynx and female breast.
There is accumulating evidence that alcohol drinking is associated with some other cancers such as pancreas and prostate cancer
and melanoma.
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It is estimated that alcohol is responsible for ~2.5 million deaths
each year and for 4.5% of the global burden of disease and injury
(World Health Organization, 2011). Alcohol is an established
causal factor for cirrhosis of the liver, epilepsy, poisoning, road
traffic accidents, violence and some types of cancer. With regard to
cancer, alcohol consumption was estimated to have caused
~500000 cancer deaths worldwide in 2004 (Rehm et al, 2009),
and accounted for 4.4% of cancer deaths in China in 2005 (Liang
et al, 2010) and 3.5% in the United States in 2009 (Nelson et al,
2013). In Europe, a large heterogeneity was observed in patterns
and trends of alcohol consumption between countries (Boniol and
Autier, 2010; La Vecchia et al, 2014), with proportion of
cancer cases attributable to alcohol varying accordingly (Boffetta
et al, 2006).

The first published exploratory study on the carcinogenic effect
of alcohol dates back to the beginning of the twentieth century,
when an excess of cancer mortality due to alcohol consumption
was reported (Newsholme, 1903). In the wake of the accumulating
evidence on the carcinogenicity of alcohol (Lamy, 1910; Martinez,
1969; Olsen et al, 1985; Trichopoulos et al, 1987), in 1988 the
International Agency for Research on Cancer (IARC) listed alcohol
among the carcinogens for oral cavity and pharynx, oesophagus,
liver and larynx (IARC Working Group, 1988). Afterwards, given
the consolidating data for a link between alcohol and cancer of
colorectum and female breast (Hamajima et al, 2002; Ferrari et al,
2007), these two sites were added to the above list in 2010 (IARC
Working Group, 2010). The results on the association between
alcohol and cancer at other sites, such as stomach, pancreas and
prostate, are still conflicting.

Given the vast and sometimes contradictory literature on the
carcinogenicity of alcohol, our group has conducted in recent years
a series of meta-analytic studies on the association between alcohol
and several single cancers (Islami ef al, 2010, 2011; Tramacere et al,
2010, 2012a,b,c,d; Turati et al, 2010a,b; Bagnardi et al, 2011;
Fedirko et al, 2011; Bellocco et al, 2012; Pelucchi et al, 2012; Seitz
et al, 2012; Rota et al, 2012a,b; Galeone et al, 2013) to shed light on
the subject. With the present meta-analysis, we aim to provide a
more global picture of the association between alcohol drinking
and a large variety of cancers.

MATERIALS AND METHODS

Search strategy. We performed a literature search in MEDLINE,
ISI Web of Science (Science Citation Index Expanded) and
EMBASE for epidemiological studies published online before
September 2012. For the sake of completeness, we also reviewed
references from all relevant studies, reviews and meta-analyses
published on the alcohol-cancer association to identify additional
studies. We limited our search to solid tumours. The key words
used for the literature search are reported in Supplementary
Material S1. We considered only studies published in English.

Inclusion criteria. Articles were included in the meta-analysis
only if they satisfied the following criteria:

(1) Case-control, cohort or nested case-control studies
published as original articles (abstracts, letters, reviews and meta-
analyses were excluded).

(2) Studies that reported findings expressed as odds ratio (OR),
relative risk (RR) or hazard ratio (or reporting sufficient data to
compute them) for at least two levels of alcohol consumption vs
nondrinkers and/or occasional drinkers.

(3) Studies that reported standard errors or confidence intervals
(CIs) of the risk estimates or provided sufficient data to calculate
them.

We excluded studies reporting on a specific type of alcoholic
beverage only (e.g., beer only) because in those studies the

nondrinkers of a specific beverage could possibly be drinkers of
other types of alcoholic beverages.

We included all cancer sites for which five or more papers were
available.

Data abstraction. The reports available for each cancer site were
independently reviewed by one of the authors to determine the
eligibility of each article for inclusion in the meta-analysis. Doubts
or disagreements were resolved by consensus among all the
investigators. When the results of the same study were published in
more than one paper, only the most recent and/or complete article
was included in the analysis. However, when results from a study
were published in a single paper but also within a pooled analysis
that included other unpublished results, we chose the pooled
analysis, even if the individual study provided the most detailed or
recent information.

For each included study, we extracted details on study design,
outcome, country, gender, RR estimates and 95% ClIs, adjustment
variables and, when available, the number of cases and controls
(case—control studies) or number of events and subjects at risk/
person-years (cohort studies) for the reported exposure levels.
Case-control studies nested within prospective cohorts were
categorised as case-control studies. We also recorded whether
the reference category of nondrinkers included occasional drinkers
or not. Where possible, separate risk estimates were extracted for
men and women.

Data extraction from the original studies for the meta-analysis
was carried out according to the following procedure. First, as
different studies used different units of measure to express alcohol
consumption (g, ml, ounces or drinks consumed every day, week,
month or year), we used g per day as a standard measure of ethanol
intake using the following equivalencies: 0.8 gml ~ ', 28 g per ounce
and 12.5g per drink. Second, as the levels of consumption were
often given by a range, the value x of exposure was assigned as the
midpoints of the ranges of the reported categories of alcohol intake
(as suggested by Berlin et al, 1993; the x values were calculated as
1.2 times the lower bound for the open-ended upper category). We
decided to consider as light, moderate and heavy drinking every
interval whose midpoint was respectively <12.5, <50 and >50g
per day of alcohol. As several studies reported two or more
adjusted risk estimates for a single dose category (e.g., 6 and 12 g
per day for light drinking) we combined them into a single
estimate using the method for pooling nonindependent estimates
within a single study described by Hamling et al (2008). This
method uses the number of exposed to different levels of alcohol
and nonexposed subjects and the associated reported risk estimates
to derive a set of pseudo-numbers of cases and controls/subjects at
risk by taking into account the correlation between the original
estimates due to the common reference group. These pseudo-
numbers can then be used to calculate a single pooled adjusted risk
estimate and its 95% CI.

Statistical methods. Because cancer is a relatively rare outcome,
we assumed that ORs, risk ratios and rate ratios were all
comparable estimates of the RR. When available, we used the risk
estimates adjusted for the main site-specific confounders. Other-
wise, we calculated the unadjusted RRs from the raw data
presented in the paper. Measures of association and the
corresponding CIs were translated into log(RR)s and their
variances (Greenland, 1987).

We computed a pooled RR of site-specific cancer for light
drinkers vs nondrinkers, moderate drinkers vs nondrinkers and
heavy drinkers vs nondrinkers using random-effects models. We
used random-effects models to estimate pooled RRs in order to
take into account the heterogeneity, although small, of the risk
estimates. Each study log(RR) was weighted by the inverse of its
variance plus the between-study variance component 7. The
moment estimator of 7> was used (DerSimonian and Laird, 1986).
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We evaluated the statistical heterogeneity among studies using
%, the proportion of total variation contributed by between-study
variance (Higgins and Thompson, 2002). We carried out subgroup
analyses and meta-regression models to investigate potential
sources of between-study heterogeneity (i.e., study design, gender,
geographic area and publication year). Only cancer sites for which
more than 10 studies were available were considered in the
subgroup analyses. We tested the overall difference of summary
estimates among subgroups using a linear model including as the
dependent variable the logarithm of the pooled estimate and as
factors the dose (light, moderate or heavy) and the group (e.g.,
study design: case—control or cohort). The model was weighted by
the inverse of the variance of the pooled estimate. The F-statistics
associated with group was taken as a global test of heterogeneity of
pooled estimates between strata. Finally, we carried out a dose-risk
analysis using a random-effect meta-regression model based on a
nonlinear dose-response relationship framework (Rota et al, 2010),
providing the best fitting two-term fractional polynomial model.
The method is based on a two-step process. First, two-term
fractional polynomial models are fitted within each study included
in the meta-analysis, taking into account the correlation between
the reported estimates for different exposure levels, as described by
Greenland and Longnecker (1992). Second, the pooled dose-
response relationship is estimated considering the between-studies
heterogeneity, using a bivariate random-effects model.

We performed all analyses with SAS software, version 9.1 (SAS
Institute Inc., Cary, NC, USA) and R-software (R Development
Core Team, 2008). All P-values were two sided.

RESULTS

A total of 572 studies published between 1956 and 2012, including
a total of 486 538 cancer cases, met the inclusion criteria and were
analysed in the present study (Table 1 and Figure 1): 409 (71.5%)
were case—control studies and 163 (28.5%) cohort studies; 541
(94.6%) reported incidence and 31 (5.4%) mortality as the outcome
of interest; 236 (41.3%) were conducted in North America, 184
(32.2%) in Europe, 101 in Asia (17.7%), 51 (8.9%) in mixed or
other areas; 219 (38.3%) reported estimates for men, 256 (44.8%)
for women and 179 (31.3%) for both men and women together;
297 (51.9%) reported adjusted estimates whereas 138 (24.1%)
included occasional drinkers in the reference category together
with abstainers.

In Figure 2, we reported the pooled RR estimates for light,
moderate and heavy drinking as compared with nondrinkers and
occasional drinkers. Every category of alcohol consumption, from
light to heavy drinking, was associated with an increased risk of
cancer - in a dose-risk manner - of oral cavity and pharynx (RR
1.13 (95% CI 1.00-1.26) for light, RR 1.83 (1.62-2.07) for moderate
and 5.13 (4.31-6.10) for heavy drinking; 52 studies), oesophagus
(squamous cell carcinoma (SCC); RR 1.26 (1.06-1.50) for light, RR
2.23 (1.87-2.65) for moderate and 4.95 (3.86-6.34) for heavy
drinking; 54 studies) and female breast (RR 1.04 (1.01-1.07) for
light, RR 1.23 (1.19-1.28) for moderate and 1.61 (1.33-1.94) for
heavy drinking; 118 studies). Moderate and heavy drinking, but
not light drinking, was associated with an increased risk of cancer
of colorectum (RR 1.17 (95% CI 1.11-1.24) for moderate and 1.44
(1.25-1.65) for heavy drinking; 66 studies) and larynx (RR 1.44
(1.25-1.66) for moderate and 2.65 (2.19-3.19) for heavy drinking;
41 studies). Heavy drinking was significantly associated with an
increased risk of cancer of liver (RR 2.07 (95% CI 1.66-2.58); 36
studies), stomach (RR 1.21 (1.07-1.36); 39 studies), pancreas (RR
1.19 (1.11-1.28); 39 studies), lung (RR 1.15 (1.02-1.30); 34 studies)
and gallbladder (RR 2.64 (1.62-4.30); 8 studies), as compared with
nondrinkers and occasional drinkers. There was little indication of

an association between consumption of alcohol and risk of
melanoma (RR 1.11 (95% CI 0.97-1.27) for light and 1.20 (1.03-
1.41) for moderate drinking; 14 studies) and prostate cancer (RR
1.04 (1.01-1.08) for light, RR 1.06 (1.01-1.11) for moderate and
1.09 (0.98-1.21) for heavy drinking; 43 studies). Alcohol was not
significantly associated with the risk of adenocarcinoma of the
oesophagus and gastric cardia (25 studies), cancer of the small
intestine (5 studies), cervix (5 studies), endometrium (21 studies),
ovary (20 studies), bladder (19 studies) and brain (6 studies).
Hodgkin’s lymphoma (RR 0.73 (95% CI 0.59-0.89) for light, RR
0.73 (0.60-0.87) for moderate and 0.63 (0.41-0.97) for heavy
drinking; 9 studies) and non-Hodgkin’s lymphoma (RR 0.88 (0.80-
0.97) for light, RR 0.87 (0.81-0.95) for moderate and 0.75 (0.64-
0.88) for heavy drinking; 24 studies) had statistically significant
inverse associations with the consumption of alcohol. Finally, the
risk of cancer of the kidney (RR 0.92 (95% CI 0.86-0.99) for light
and RR 0.79 (0.72-0.86) for moderate; 17 studies) and thyroid (RR
0.81 (0.74-0.88) for light and RR 0.81 (0.71-0.94) for moderate;
9 studies) was significantly lower for light or moderate drinkers
compared with nondrinkers or occasional drinkers.

Figure 3 illustrates the association between site-specific cancer
risk and doses of alcohol treated as a continuous variable. Results
mirrored the above reported trends. The risk of cancer of oral
cavity and pharynx and oesophageal SCC steeply increased with
increasing dose of alcohol. Similar trends, but of lower magnitude,
were observed for melanoma and cancer of the colorectum,
gallbladder, larynx and breast. A slight but significant linear
increase was observed for cancers of the pancreas, lung and
prostate. An increased risk for stomach and liver cancer was
observed with doses of ~25g per day (i.e., two drinks per day). No
significant dose-response effect was observed for adenocarcinoma
of the oesophagus and gastric cardia, and cancers of the small
intestine, cervix, endometrium, ovary, bladder and brain. The risk
of lymphomas linearly decreased as the dose of alcohol increased.
Finally, lower doses were inversely associated with kidney and
thyroid cancer risk.

The results of heterogeneity analyses by study design, gender
and geographic area are shown in Tables 2-4, respectively. Case—
control studies reported a stronger association with alcohol on oral
cavity and pharynx cancer as compared with cohort studies
(heterogeneity P=0.007; Table 2). Similarly, the association was
somewhat stronger in case-control than in cohort studies for
cancers of the oesophagus (SCC), liver and larynx, although the
corresponding heterogeneity tests were not significant. On the
other hand, alcohol drinking was significantly associated with an
increased risk of melanoma only in cohort studies (RRs of 1.25 for
light and 1.27 for moderate drinking). The association between
alcohol and colorectal cancer was stronger in men than in women
(heterogeneity P=0.010; Table 3), and no significant detrimental
effect of drinking on colorectal cancer risk was observed in women.
The effect of light drinking on the risk of oral cavity and pharynx
and oesophageal SCC was statistically significant only in studies
carried out in Asian populations (RRs of 1.33 for oral cavity and
pharynx and 1.54 for oesophageal SCC, Table 4). Furthermore,
alcohol drinking was significantly associated with an increased risk
of melanoma (RRs of 1.32 for light and 1.47 for moderate
drinking) and prostate cancer (RRs of 1.05 for light, 1.09 for
moderate and 1.20 for heavy drinking) only in studies conducted in
North America. The effect of alcohol on non-Hodgkin’s lymphoma
differed according to geographic areas: evidence of a protective
effect was found in studies conducted in Asian and North
American countries, whereas no association was found in studies
conducted in Europe (heterogeneity P=0.013). We found no
significant evidence for an effect of the year of study publication on
the association between alcohol and cancer (data not shown).

The list of main confounders by cancer site is reported in
Supplementary Material S2. In a first sensitivity analysis, we
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31473 Non-unique papers identified through literature
search

(oral cavity and pharynx: 909; oesophageal SCC 3199;
oesophageal AC and GC: 712; stomach: 226; small

intestine: 207; colorectal: 594; liver: 10 098; gallbladder:

249; pancreas: 1547; larynx: 399; lung: 2413; malignant
melanoma: 1044; breast (female): 3594; cervix: 571;

endometrium: 912; ovary: 913; prostate: 1342; bladder:

305; kidney: 372; thyroid: 595; brain: 1031; Hodgkin
lymphoma: 137; Non-Hodgkin lymphoma: 104)

29 786 Non-unique papers
excluded (title and/or abstract

were not relevant for the end point
of the study)

A 4

1687 Non-unique full-text papers retrieved for
detailed evaluation

210 Non-unique additional papers
identified through review of
reference lists of retrieved articles

\ 4

1897 Non-unique full-text papers considered for
the inclusion

1193 Non-unique papers excluded

(not conforming to the inclusion
criteria)

\ 4

704 Non-unique papers included in the meta-analysis
(oral cavity and pharynx: 52; oesophageal SCC 54; oesophageal AC
and GC: 25; stomach: 39; small intestine: 5; colorectal: 66; liver: 36;
gallbladder: 8; pancreas: 39; larynx: 41; lung: 34; malignant
melanoma: 14; breast (female): 118; cervix: 5; endometrium: 21;
ovary: 20; prostate: 43; bladder: 19; kidney: 17; thyroid: 9; brain: 6;
Hodgkin’s lymphoma: 9; non-Hodgkin’s lymphoma: 24)

56 Papers investigated more than one
site
(two sites: 38 papers; three sites:
6 papers; four sites: 4 papers; five sites:

2 papers; six sites: 1 paper; eight sites:

1 paper; ten sites: 1 paper; twelve sites:

1 paper; thirteen sites: 1 paper; nineteen
sites: 1 paper)

4

572 Unique papers included in the meta-

analysis

Figure 1. Flowchart of selection of studies for inclusion in meta-analysis.

limited the analysis to studies reporting adjusted estimates only,
and results did not materially change (Supplementary Material S3).
In a second sensitivity analysis, we excluded the estimates from
studies that included occasional drinkers in the reference category,
and again results did not materially change (Supplementary
Material S3). Notably, the association between alcohol and prostate
cancer emerged more clearly in those sensitivity analyses than in
the overall analysis. A list of all included studies by site is reported
in Supplementary Material S4, and study-specific relative risk
estimates for increasing level of alcohol consumption by cancer site
are reported in Supplementary Material S5.

DISCUSSION

The present work, based on the results published in 572 studies,
represents the most up-to-date, exhaustive and comprehensive

review on the association between alcohol and cancer. It updates
and expands two previous meta-analyses by our group: the first
based on 235 studies, published in 2001 (Bagnardi et al, 2001), and
the second, which focussed on light alcohol drinking, published in
2013 (Bagnardi et al, 2013). We determined RR estimates and
dose-response risk functions for the association between alcohol
consumption and a large number of neoplasms, some of which
were never investigated using a meta-analytic approach.

The mechanisms by which alcohol consumption exerts its
carcinogenic effect are various and not fully understood.
Acetaldehyde, the first metabolite of ethanol, is accountable for
part of the carcinogenicity of alcohol drinking on the liver and
the upper aerodigestive tract (Boffetta and Hashibe, 2006).
Polymorphisms of the genes that encode enzymes for ethanol
metabolism affect the ethanol/acetaldehyde oxidising capacity, and
are responsible for the limited action of the enzyme that converts
acetaldehyde to acetate that is not toxic to the body (Péschl and
Seitz, 2004; Seitz and Stickel, 2007; Yu et al, 2010). Along this line,
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Site (number of included studies) Alcohol intake : RR (95% CI) 2 (%)
1
Light = 1.13 (1.00-1.26) 26
. Moderate — 1.83 (1.62-2.07) 72
Oral cavity and pharynx (52) Heavy X ——  5.13(4.31-6.10) 77
Light = 1.26 (1.06-1.50) 68
Oesophageal SCC (54 Moderate 1 — 2.23 (1.87-2.65) 85
phag (54) Heavy | —B— 495 (3.86-6.34) 91
Light R 0.86 (0.76-0.98) 32
Oesophagus AC and gastric cardia (25 Moderate —e 0.97 (0.78-1.22) 72
phag g (25) Heavy . 1.15 (0.95-1.39) 36
Light = 0.99 (0.92-1 Aoeg 55
Moderate = 0.97 (0.90-1.04 46
Stomach (39) Heavy , - 1.21 (1.07-1.36) 41
. ] Light . 1.05 (0.77-1.44) 8
Small intestine (5) Moderate —— 1.00 (0.81-1.25) 0
Heavy —:l— 1.07 (0.67-1.68) 21
Light Bk 0.99 (0.95-1.04) 40
Colorectum (66) Moderate , B 1.17{1.11—1.24; 52
Heavy , 1.44 (1.25-1.65 69
1
. Light — 1.00 (0.85-1.18) 47
Liver (36) Moderate = 1.08 (0.97-1.20) 45
Heavy 1 —— 2.07 (1.66-2.58) 79
Light | 1.23 (0.84-1.83) 18
Gallbladder (8) Moderate L 0.88 (0.68-1.13) 10
Heavy : —a— 2.64 (1.62-4.30) 0
Light = 0.95 (0.89-1.01) 40
Pancreas (39) Moderate - 1.08 (0.97-1.09) 25
Heavy , 1.19 (1.11-1.28) 0
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Figure 2. Pooled RR estimates by cancer site and alcohol intake. Squares indicate the RR estimates and whiskers their 95% confidence intervals.
Abbreviations: AC =adenocarcinoma; Cl= confidence interval; RR= relative risk; SCC = squamous cell carcinoma.

we observed a significant increased risk of cancers of the upper the gene ALDH2 (Goedde et al, 1992; Oze et al, 2011). Many other
aerodigestive tract associated with light alcohol drinking in Asian factors in addition to acetaldehyde might be related to carcino-
countries only, where 28-45% of the population has a variation of ~ genesis (Boyle et al, 2013) such as the alcohol-related increase of
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oestrogens and androgen levels in women that might promote the
development of breast cancer (Singletary and Gapstur, 2001), or
the alcohol-related immunodeficiency and immunosuppression
that might facilitate carcinogenesis at various organs (Watson et al,
1994). In addition, ethanol-related folate malabsorption and
deficiency are associated with different forms of cancer, of which
colon cancer is the most commonly described (Hamid et al, 2009).
Finally, alcohol may cause direct lesions to the epithelium of the
upper digestive and respiratory tract, and favour the absorption of
carcinogens (Doll et al, 1999).

There is accumulating evidence that alcohol might increase the
risk of cancer of the pancreas and prostate. With regard to
pancreatic cancer, heavy consumption of alcohol increased the risk
by 19% compared with nondrinkers or occasional drinkers. This
association was homogeneously reported across studies. Residual
confounding by other risk factors, such as smoking, overweight
and diabetes, is a major concern. However, when we limited the
calculation of the pooled RR to fully adjusted estimates only, we
still obtained a significant 20% increase in the risk of pancreatic
cancer. Pancreatitis related to heavy alcohol consumption is a
possible mechanism. As for prostate cancer, we found a moderate
but statistically significant risk increase with increasing doses of
alcohol consumption. This observation was mainly driven by
studies conducted in North America that showed pooled RR

Oral cavity and pharynx

Oesophageal SCC

estimates of 1.05, 1.09 and 1.20 for light, moderate and heavy
drinking, respectively. Similarly, two recent studies published
during the drafting of this review reported a significant positive
association between alcohol consumption and prostate cancer
(McGregor et al, 2013; Sawada et al, 2014).

Consumption of alcoholic beverages increases the risk of
colorectal cancer. We found significant heterogeneity between
men and women and, differently from our older findings (Fedirko
et al, 2011), we found no significant effect of alcohol in women. In
support of this, authors of a recent meta-analysis did not find any
significant association between alcohol and colorectal cancer
mortality in women (Cai et al, 2014). We found some evidence
that alcohol is associated with an increased risk of melanoma. This
evidence was principally apparent in cohort studies and in studies
conducted in North America. The mechanisms for the harmful
effect of alcohol drinking on skin cancer are not clear. However, in
the presence of UV radiation, alcohol intake can substantially
enhance cellular damage and subsequently lead to formation of
skin cancers (Saladi et al, 2010). Another plausible hypothesis is
that alcohol intake increases immunodeficiency and immuno-
suppression (Watson et al, 1994), the conditions that facilitate
melanoma formation (Mukherji, 2013). Because of limited data, it
was not possible to evaluate the effect of heavy drinking on the risk
of melanoma.

Oesophageal AC and
gastric cardia
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Figure 3. Relative risk functions and corresponding 95% confidence intervals describing the dose-response relationship between alcohol
consumption and cancer risk obtained by fitting meta-regression models, by cancer site. Abbreviations: AC = adenocarcinoma; RR = relative risk;

SCC =squamous cell carcinoma.
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Figure 3. Continued.

Heavy drinkers had a significant 15% increase of lung cancer
risk as compared with nondrinkers or occasional drinkers. As
drinking and smoking are strongly associated, residual confound-
ing by smoking might have biased this result. In a recent meta-
analysis published by our group, alcohol consumption was not
associated with lung cancer risk in never smokers (Bagnardi et al,
2011). A weaker still significant residual confounding by smoking
might also partly explain the observed positive association between
heavy drinking and stomach cancer. In addition, although the
pooled RR from age-, sex- and smoking-adjusted estimates
maintained a statistical significance, as heavy alcohol drinking is
commonly associated with meager nutrition, residual confounding
by poor diet (Klatsky, 2001) could not be ruled out.

The evidence for an association between alcohol and cancer of
the endometrium and ovary is inconsistent, and the number of
studies investigating the association of alcohol with cancer of the
cervix, thyroid and brain is too small to draw any conclusion.
Moreover, the studies on cancer of the bladder, adenocarcinoma
of the oesophagus and gastric cardia indicate an absence of
association. We found a positive significant association between
high doses of alcohol consumption and risk of cancer of the
gallbladder that was homogeneous across the studies. However,
the paucity of data does not allow us to make any strong
conclusion.

We consistently observed an inverse association of alcohol with
both Hodgkin’s and non-Hodgkin’s lymphomas, as previously

reported by our group (Tramacere ef al, 2012¢,d). The mechanisms
accounting for a possible alcohol-induced decrease in the risk of
lymphomas remain largely unknown. The inverse relationship
observed could be partially attributable to a misclassification of
drinkers among cases, as early symptoms of lymphomas may cause
subjects to either quit or reduce their drinking (Bryant and
Newman, 2013; Brewin, 1966). A recent study from a European
cohort consisting of 120852 individuals did not show an inverse
association between alcohol consumption and lymphoid neo-
plasms (Heinen et al, 2013).

Our meta-analysis supports the hypothesis of a protective effect
of moderate alcohol consumption on the risk of renal cell cancer.
Despite the lack of a clear biological explanation, alcohol could
protect from renal cell cancer because of its effect on insulin
sensitivity (Kiechl et al, 1996; Lee et al, 2007) or because of its
diuretic effect, even though the association between total fluid
intake and cancer risk remains still open to debate (Altieri et al,
2003).

In the present study, alcohol drinking was associated with
cancer of the oral cavity and pharynx, oesophagus (SCC) and
female breast even at low doses. These results represent an update
and corroboration of previously published findings on the link
between light alcohol drinking and cancer (Bagnardi et al, 2013).
Given the high proportion of light drinkers in the population and
the high incidence of these tumours, especially breast cancer
(Ferlay et al, 2010), even small increases in cancer risk might be of
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Table 2. Comparison of pooled relative risks in cohort and case-control studies

Alcohol Cohort Case—control
Cancer site intake N Pooled RR (95% CI) ? N Pooled RR (95% ClI) P P?
Oral cavity and pharynx Light 4 0.86 (0.60-1.23) 68 22 1.22 (1.10-1.35) 0 0.007
Moderate 5 1.25 (1.02-1.53) 16 47 1.91 (1.69-2.1¢) 70
Heavy 3 3.13 (1.59-6.19) 69 35 5.34 (4.46-6.39) 77
Oesophageal SCC Light 10 1.20 (0.84-1.71) 84 24 1.29 (1.07-1.55) 49 0.157
Moderate 13 1.92 (1.44-2.58) 83 40 2.34 (1.87-2.92) 86
Heavy 9 3.56 (2.25-5.64) 91 32 5.43 (4.04-7.32) 91
Oesophageal AC and gastric cardia Light 4 0.88 (0.74-1.03) 6 17 0.88 (0.74-1.04) 38 0.474
Moderate 4 0.82 (0.62-1.07) 50 17 1.06 (0.78-1.43) 75
Heavy 1 1.11 (0.48-2.56) 0 17 1.16 (0.95-1.41) 40
Stomach Light 19 0.94 (0.87-1.03) 55 16 1.08 (0.93-1.2¢) 57 0.227
Moderate 19 0.96 (0.88-1.06) 62 20 0.98 (0.89-1.08) 11
Heavy 9 1.15 (1.03-1.28) 0 11 1.22 (0.97-1.54) 65
Colorectum Light 33 1.01 (0.95-1.06) 22 32 0.97 (0.89-1.06) 53 0.129
Moderate 33 1.20 (1.12-1.29) 45 33 1.14 (1.05-1.25) 58
Heavy 14 1.41 (1.23-1.63) 46 15 1.46 (1.15-1.86) 78
Liver Light 9 0.85 (0.74-0.97) 32 12 1.31 (0.97-1.78) 23 0.226
Moderate 9 1.00 (0.87-1.17) 58 27 1.15 (0.97-1.35) 40
Heavy 7 1.12 (1.02-1.23) 0 24 2.79 (2.00-3.87) 76
Pancreas Light 18 0.95 (0.89-1.01) 40 18 0.97 (0.84-1.13) 42 0.363
Moderate 18 1.06 (0.99-1.13) 28 21 0.97 (0.88-1.06) 8
Heavy 9 1.18 (1.08-1.28) 0 13 1.16 (0.98-1.37) 17
Larynx Light 3 0.81 (0.61-1.07) 21 11 0.88 (0.61-1.27) 45 0.216
Moderate 3 1.09 (0.70-1.72) 46 34 1.48 (1.28-1.73) 62
Heavy 3 1.12 (0.75-1.67) 0 33 2.81(2.33-3.39) 76
Lung Light 18 0.85 (0.82-0.89) 26 1 0.71 (0.57-0.89) 57 0.882
Moderate 18 0.97 (0.91-1.04) 60 14 1.03 (0.87-1.21) 51
Heavy 13 1.07 (0.93-1.25) 75 7 1.33 (1.07-1.66) 51
Malignant melanoma Light 2 1.25(1.13-1.38) 0 12 1.06 (0.90-1.25) 32 0.156
Moderate 2 1.27 (1.13-1.42) 0 10 1.16 (0.92-1.45) 47
Heavy - n.e. n.e. - n.e. n.e.
Breast (female) Light 42 1.06 (1.03-1.10) 41 73 1.04 (0.99-1.09) 69 0.745
Moderate 37 1.22 (1.17-1.27) 31 58 1.23(1.16-1.32) 62
Heavy 6 1.50 (1.19-1.89) 0 5 1.78 (1.27-2.50) 28
Endometrium Light 8 0.97 (0.92-1.02) 13 0.95 (0.87-1.03) 14 0.631
Moderate 5 1.06 (0.89-1.26) 67 8 0.87 (0.64-1.18) 78
Heavy - n.e. n.e. - n.e. n.e.
Ovary Light 4 1.02 (0.96-1.08) 0 16 0.94 (0.87-1.01) 17 0.007
Moderate 4 1.08 (0.99-1.19) 20 13 0.99 (0.88-1.12) 43
Heavy - n.e. n.e. - n.e. n.e.
Prostate Light 19 1.04 (1.01-1.08) 0 17 1.04 (0.97-1.11) 0 0.773
Moderate 20 1.06 (0.99-1.13) 24 21 1.06 (0.99-1.14) 15
Heavy 8 1.04 (0.90-1.21) 45 10 1.12 (0.95-1.33) 37
Bladder Light 3 1.10 (0.87-1.41) 49 16 0.96 (0.85-1.09) 37 0.342
Moderate 3 1.03 (0.76-1.40) 56 16 1.01 (0.90-1.13) 42
Heavy - n.e. n.e. 10 0.95 (0.75-1.20) 65
Kidney Light 6 0.93 (0.85-1.02) 37 11 0.92 (0.82-1.03) 36 0.549
Moderate 6 0.74 (0.64-0.86) 46 11 0.82 (0.72-0.94) 32
Heavy 2 0.88 (0.16-4.92) 81 3 0.81 (0.67-0.98) 0
Non-Hodgkin’s lymphoma Light 9 1.02 (0.93-1.12) 39 15 0.78 (0.69-0.88) 46 0.360
Moderate 9 0.87 (0.77-0.97) 36 15 0.88 (0.78-0.99) 37
Heavy 3 0.74 (0.59-0.92) 0 4 0.82 (0.60-1.13) 50
Abbreviations: AC = adenocarcinoma; Cl = confidence interval; n.e. = not evaluable; RR = relative risk; SCC = squamous cell carcinoma. Only cancer sites for which more than 10 studies were
available were considered.
aHe-terogeneity test.
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Table 3. Comparison of pooled relative risks in men and women

Alcohol Men Women
Cancer site intake N Pooled RR (95% CI) ? N Pooled RR (95% CI) P P?
Oral cavity and pharynx Light 12 1.20 (1.06-1.35) 0 8 1.00 (0.78-1.27) 51 0.165
Moderate 26 2.01 (1.69-2.40) 73 9 1.67 (1.25-2.22) 52
Heavy 21 5.33 (4.28-6.63) 71 3 5.70 (3.75-8.66) 0
Oesophageal SCC Light 16 1.39 (1.11-1.74) 61 8 1.14 (0.87-1.49) 43 0.548
Moderate 28 2.25 (1.78-2.85) 85 8 2.18 (1.42-3.35) 72
Heavy 24 4.69 (3.49-6.31) 88 3 8.32 (2.95-23.45) 72
Oesophageal AC and gastric cardia Light 3 0.94 (0.42-2.08) 78 2 0.85 (0.63-1.14) 0 0.858
Moderate 5 0.92 (0.46-1.86) 76 2 0.62 (0.42-0.93)
Heavy 6 1.17 (0.72-1.88) 57 1 3.80 (0.89-16.32)
Stomach Light 14 1.00 (0.92-1.10) 17 6 1.08 (0.76-1.54) 73 0.817
Moderate 20 1.07 (1.00-1.14) 2 5 0.90 (0.66-1.22) 62
Heavy 12 1.20 (0.99-1.45) 63 1 3.23 (0.80-13.07) 0
Colorectum Light 29 1.05 (0.95-1.16) 44 23 0.95 (0.89-1.01) 27 0.010
Moderate 36 1.21 (1.11-1.32) 40 20 1.07 (0.99-1.16) 32
Heavy 20 1.53 (1.30-1.80) 70 4 1.24 (0.68-2.25) 69
Liver Light 10 1.05 (0.84-1.32) 53 6 0.81 (0.59-1.12) 26 0.953
Moderate 16 1.08 (0.88-1.32) 57 8 1.24 (0.88-1.75) 39
Heavy (N 1.59 (1.21-2.09) 69 3 3.89 (1.60-9.48) 10
Pancreas Light 15 0.98 (0.86-1.11) 46 13 0.93 (0.86-1.01) 39 0.196
Moderate 20 1.08 (1.00-1.15) 0 1 1.04 (0.93-1.17) 51
Heavy 12 1.16 (1.06-1.27) 0 4 1.17 (0.98-1.40) 2
Larynx Light 8 0.85 (0.61-1.19) 51 3 0.89 (0.62-1.29) 0 0.935
Moderate 21 1.50 (1.23-1.83) 66 3 1.59 (1.06-2.38) 0
Heavy 22 2.77 (2.15-3.57) 83 1 1.55 (0.45-5.34) 0
Lung Light 17 0.86 (0.82-0.91) 0 (N 0.85 (0.77-0.93) 59 0.828
Moderate 22 0.98 (0.89-1.08) 60 1" 1.01 (0.89-1.15) 70
Heavy 14 1.14 (1.00-1.31) 78 4 1.20 (0.75-1.92) 65
Malignant melanoma Light 3 1.19 (0.82-1.72) 0 4 1.25(1.13-1.38) 0 0.844
Moderate 3 1.32 (0.90-1.92) 0 3 1.27 (1.14-1.43) 0
Heavy - n.e. n.e. - n.e. n.e.
Bladder Light 9 1.13 (0.97-1.32) 32 7 0.88 (0.70-1.12) 52 0.055
Moderate 12 1.07 (0.95-1.22) 23 6 0.93 (0.72-1.20) 44
Heavy 5 1.24 (0.87-1.78) 70 1 0.81 (0.38-1.73)
Kidney Light 10 0.99 (0.87-1.11) 30 9 0.85 (0.78-0.92) 0 0.133
Moderate 10 0.83 (0.71-0.97) 46 6 0.65 (0.52-0.81) 42
Heavy 3 0.88 (0.29-2.63) 65 - n.e. n.e.
Non-Hodgkin’s lymphoma Light 7 0.96 (0.78-1.18) 50 8 0.90 (0.78-1.04) 62 0.065
Moderate 9 0.91 (0.76-1.08) 47 5 0.86 (0.72-1.03) 44
Heavy 2 0.87 (0.52-1.43) 0 - n.e. n.e.
Abbreviations: AC = adenocarcinoma; Cl = confidence interval; n.e.= not evaluable; RR =relative risk; SCC = squamous cell carcinoma. Only cancer sites for which more than 10 studies were
available were considered.
®Heterogeneity test.

great public health relevance. Approximately 5000 deaths from oral
and pharyngeal cancer, 24000 from oesophageal SCC and 5000
from breast cancer were attributable to light drinking in 2004
worldwide (Bagnardi et al, 2013).

Our study has several limitations typical of meta-analyses of
observational studies (Stroup et al, 2000). The first one is that
heterogeneity across studies was high for some types of cancer.
Therefore, even if we used random-effects models to take
heterogeneity into account and performed several heterogeneity
analyses, some of the estimates should be interpreted with caution.
A second limitation is that we could not investigate the role of

different drinking patterns and different types of beverages in
modifying the effect of the total amount of alcohol consumed
(Bagnardi et al, 2008). Third, an underreporting of alcohol
consumption in drinkers may partly or largely explain the
association with light alcohol drinking. Another problem regarding
misclassification is the possible inclusion of former drinkers in the
nondrinkers category, as subjects with preclinical cancer symptoms
might tend to stop drinking more frequently than healthy
individuals (Brewin, 1966), thus diluting the risk of cancer among
drinkers. Heterogeneity among studies with regard to the
approaches used to measure alcohol consumption, modalities of
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Table 4. Comparison of pooled relative risks between main population groups

North
European American Asian
Alcohol Pooled RR Pooled RR Pooled RR
Cancer site intake | N (95% Cl) P | N (95% Cl) P | N (95% Cl) ? | P
Oral cavity and pharynx Light 5 0.95 (0.80-1.12) 0 " 1.09 (0.92-1.29) 38 7 1.33 (1.06-1.68) 21 10.375
Moderate 16 1.51 (1.22-1.89) 67 15 | 2.02 (1.74-2.34) 46 12 | 2.18 (1.64-2.91) 78
Heavy 14 5.41 (3.79-7.72) 81 12 | 5.58 (4.35-7.15) 71 4 | 3.02 (1.93-4.73) 62
Oesophageal SCC Light 7 1.05 (0.79-1.38) 22 12 | 1.07 (0.84-1.37) 32 11 1.54 (1.18-2.00) 71 | 0.503
Moderate 10 1.91 (1.32-2.77) 71 13 | 2.95(2.38-3.67) 37 23 2.20 (1.65-2.94) 91
Heavy 8 4.76 (2.69-8.41) 85 10 | 7.63 (5.34-10.91) | 59 18 | 4.24 (2.93-6.14) 93
Oesophageal AC and gastric cardia Light 7 0.79 (0.68-0.93) 0 10 | 0.95(0.78-1.16) 41 2 1.18 (0.24-5.79) 82 10.213
Moderate 5 0.90 (0.60-1.36) 61 10 | 0.99 (0.78-1.25) 56 4 | 0.97 (0.24-3.83) 91
Heavy 4 | 1.52(0.80-2.88) | 65 9 | 1.23(0.93-1.63) 38 3 | 0.89(0.49-1.64) 36
Stomach Light 12 0.98 (0.84-1.15) 66 6 | 0.95(0.75-1.22) 50 15 1.01 (0.94,1.08) 25 |0.738
Moderate (N 0.90 (0.79,1.04) 46 7 | 0.90 (0.76,1.06) 1 16 1.01 (0.91,1.12) 59
Heavy 5 1.21 (1.04,1.42) 0 3 | 1.42(0.86,2.34) 21 10 1.08 (0.93,1.26) 35
Colorectum Light 13 1.03 (0.97-1.10) 21 27 | 0.96 (0.90-1.03) 44 22 1.03 (0.91-1.18) 38 |0.215
Moderate 13 1.17 (1.07-1.29) 57 27 1.14 (1.05-1.24) 48 24 1.24 (1.08-1.42) 56
Heavy 7 1.22 (0.98-1.52) 61 9 | 1.29 (1.01-1.66) 65 13 1.73 (1.39-2.16) 67
Liver Light 6 0.92 (0.58-1.46) 31 3 | 1.24 (0.73-2.10) 0 12 1.02 (0.83-1.26) 58 |0.118
Moderate 9 0.83 (0.70-0.97) 0 8 | 1.23 (0.97-1.56) 33 18 1.14 (0.97-1.33) 59
Heavy 8 2.00 (1.07-3.74) 85 7 | 3.40 (2.54-4.55) 0 15 1.59 (1.27-2.00) 69
Pancreas Light " 0.90 (0.85-0.96) 0 | 16 | 0.99(0.89-1.09) 52 8 | 1.01(0.71-1.45) 45 10.074
Moderate 11 0.97 (0.90-1.04) 0 16 | 1.03 (0.95-1.12) 13 9 1.19 (0.97-1.46) 30
Heavy 4 0.79 (0.50-1.24) 0 9 | 1.17 (1.08-1.28) 0 8 1.18 (0.96-1.44) 0
Larynx Light 4 | 0.83(041-1.67) | 54 7 | 090 ©0.67-1.21) | 37 4 | 0.72(0.34-1.50) | 52 |0.291
Moderate 16 1.36 (1.12-1.65) 64 15 | 1.54 (1.20-1.98) 57 4 1.57 (0.78-3.16) 69
Heavy 18 2.71 (2.02-3.63) 82 13 | 2.74 (2.15-3.48) 60 3 1.63 (0.70-3.79) 81
Lung Light 4 0.80 (0.76-0.85) 0 14 | 0.87 (0.80-0.94) 44 9 | 0.81 (0.69-0.94) 45 | 0.045
Moderate 4 0.88 (0.83-0.94) 0 14 | 1.06 (0.98-1.15) 45 12 | 0.93 (0.80-1.08) 51
Heavy 4 | 0.96(0.74-1.26) | 40 6 | 1.26 (1.10-1.45) | 53 6 | 0.92(0.87-0.98) 0
Malignant melanoma Light 5 0.97 (0.74-1.28) 76 6 | 1.32(1.11-1.59) 0 - n.e. n.e. | 0.110
Moderate 5 1.01 (0.75-1.36) 68 5 | 1.47 (1.14-1.88) 0 - n.e. n.e.
Heavy - n.e. ne. | - n.e. ne. | - n.e. n.e.
Breast (female) Light 41 1.03 (0.98-1.10) 67 55 | 1.06 (1.03-1.10) 55 8 0.89 (0.72-1.11) 75 | 0.557
Moderate 33 1.19 (1.10-1.28) 60 46 | 1.25(1.20-1.31) 51 8 1.44 (1.21-1.71) 20
Heavy 5 1.82 (1.14-2.89) 43 4 | 1.67 (1.33-2.09) 0 1 3.44 (0.47-25.14) 0
Endometrium Light 8 1.00 (0.93-1.07) 10 11 0.93 (0.86-1.00) 13 2 | 0.93(0.68-1.26) 0 |0.589
Moderate 4 1.15 (0.84-1.57) 86 7 | 0.97 (0.80-1.18) 60 2 | 0.43(0.25-0.74) 0
Heavy - n.e. n.e. - n.e. n.e. - n.e. n.e.
Ovary Light 7 | 0.96(0.89-1.05) | 23 | 11 | 1.00 (0.92-1.09) 0 - n.e. n.e. | 0.160
Moderate 5 1.02 (0.93-1.11) 22 10 | 1.09 (0.95-1.24) 27 - n.e. n.e.
Heavy - n.e. ne. | - n.e. ne. | - n.e. n.e.
Prostate Light 11 1.02 (0.94-1.11) 0 21 1.05 (1.01-1.09) 5 3 0.91 (0.70-1.19) 0.214
Moderate 1 1.00 (0.90-1.11) 18 22 | 1.09 (1.02-1.16) 29 5 1.05 (0.85-1.31)
Heavy 4 0.95 (0.75-1.21) 36 7 | 1.20 (1.09-1.31) 13 4 1.00 (0.58-1.72) 50
Bladder Light 8 1.09 (0.85-1.40) 51 9 | 0.95(0.84-1.09) 41 2 1.00 (0.64-1.56) 0 |0.130
Moderate 8 1.07 (0.89-1.28) 43 9 | 0.96 (0.84-1.09) 40 2 1.49 (0.54-4.09) 65
Heavy 4 1.23 (0.76-1.99) 81 4 | 0.80 (0.56-1.14) 68 2 | 0.89(0.51-1.54)
Kidney Light 7 1.01 (0.86-1.17) 32 6 | 0.89 (0.80-1.00) 41 1 0.63 (0.35-1.13) 0.510
Moderate 7 0.81 (0.69-0.94) 34 6 | 0.80 (0.69-0.92) 38 2 1.07 (0.18-6.41) 84
Heavy 2 0.75 (0.60-0.93) 0 1 0.98 (0.68-1.41) 0 2 | 0.88(0.16-4.92) 81
Non-Hodgkin’s lymphoma Light 9 0.97 (0.83-1.12) 35 10 | 0.87 (0.77-0.99) 66 2 0.75 (0.41-1.36) 88 |0.013
Moderate 9 0.95 (0.82-1.12) 53 9 | 0.84 (0.76-0.94) 32 3 0.77 (0.61-0.98) 0
Heavy 2 0.97 (0.71-1.34) 0 1 0.77 (0.59-1.00) 0 3 0.62 (0.50-0.78) 0

available were considered.

aHeterogeneity test.

Abbreviations: AC = adenocarcinoma; Cl = confidence interval; n.e.=

not evaluable; RR =relative risk; SCC =squamous cell carcinoma. Only cancer sites for which more than 10 studies were
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interview and measures to ensure confidentiality, together with the
lack of beverage-specific analyses, represent other limitations of
our study. Some other issues (e.g., publication bias and the
differentiation between hospital-based and population-based con-
trols) were extensively treated by our group in a series of meta-
analytic studies on the association between alcohol and single
cancers (Islami ef al, 2010, 2011; Tramacere et al, 2010, 2012a,b,c,d;
Turati et al, 2010a,b; Bagnardi et al, 2011; Fedirko et al, 2011;
Bellocco et al, 2012; Pelucchi et al, 2012; Seitz et al, 2012; Rota et al,
2012a,b; Galeone et al, 2013).

In conclusion, consumption of alcoholic beverages increases the
risk of cancer of the oral cavity and pharynx, oesophagus (SCC),
colorectum, liver, larynx and female breast. Some other cancers,
such as pancreas and prostate cancer and melanoma, appear to be
associated with consumption of alcohol, but more studies are
needed to draw any final conclusion. The link of alcohol with
stomach and lung cancer and lymphomas could be biased by
unaccounted confounders and misclassification of exposure and
should be further investigated. There seems to be no association
between consumption of alcohol and adenocarcinoma of the
oesophagus and gastric cardia, and cancer of the endometrium,
urinary bladder and kidney.
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