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Alcohol consumption has been linked to an increased risk for various types of cancer. A
combined analysis of more than 200 studies assessing the link between alcohol and various types
of cancer (i.e., a meta-analysis) sought to investigate this association in more detail. This meta-
analysis found that alcohol most strongly increased the risks for cancers of the oral cavity,
pharynx, esophagus, and larynx. Statistically significant increases in risk also existed for cancers
of the stomach, colon, rectum, liver, female breast, and ovaries. Several mechanisms have been
postulated through which alcohol may contribute to an increased risk of cancer. Concurrent
tobacco use, which is common among drinkers, enhances alcohol’s effects on the risk for cancers
of the upper digestive and respiratory tract. The analysis did not identify a threshold level of
alcohol consumption below which no increased risk for cancer was evident. Key worps: AOD
(alcohol or other drug) consumption; chronic AODE (effects of AOD use, abuse, and dependence);
cancer; carcinogenesis; oral disorder; esophageal disorder; dose-response relationship; gender
differences; tobacco in any form; distilled alcoholic beverage; drug concentration; risk analysis;

meta-analysis

egular alcohol consumption can
have numerous consequences,
eneficial or detrimental, on

the health of the drinker. For example,
light-to-moderate alcohol consumption'
may protect against certain types of heart
disease and stroke. Conversely, heavy
drinking has been associated with liver
disease; cardiovascular disease; disorders
of the digestive tract; and illness or death
from alcohol-related injuries, motor
vehicle crashes, and violence. Another
group of disorders that has been linked
to drinking is cancer, particularly can-
cers of the upper airway and digestive
tract (e.g., mouth, pharynx, larynx,
and esophagus). Although alcohol has

not been shown to cause cancer (i.e.,

be carcinogenic) in animal studies,
strong epidemiological evidence indi-
cates that consumption of alcoholic
beverages increases the risk of those
cancers. Alcohol consumption also is
associated with primary liver cancer.
This relationship is difficult to investigate
in epidemiological studies, however,
because it is more indirect. Thus, alcohol
causes cirrhosis of the liver in a sub-
stantial proportion of heavy drinkers,
which then can lead to liver cancer. In
addition, heavy alcohol consumption
can increase the drinker’s risk for infec-
tion with the hepatits C virus (HCV),
which in turn can also result in liver
cancer (for more information on the
relationship between alcohol consump-

tion and HCV infection, see the article
in this issue by Lieber, pp. 245-254).
Alcohol consumption also has been
linked to cancers of the large bowel
(i.e., colon and rectum) in both men
and women and to breast cancer in
women, although these associations
have not yet been proven unequivocally.
Nevertheless, because these are the two
most common types of cancer in devel-
oped countries after lung cancer, even a
moderate increase in risk may result in

1The definitions of light, moderate, and heavy alcohol
consumption vary across studies. In the United States,
the U.S. Department of Health and Human Services and
the U.S. Department of Agriculture have defined moderate
drinking as no more than one drink per day for women
and no more than two drinks per day for men.
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a relatively large number of additional
cases and therefore have important public
health implications. The association
between alcohol consumption and other
types of cancer (e.g., stomach, pancre-
atic, prostate, and endometrial cancer)
is sdill controversial (International Agency
for Research on Cancer [IARC] 1988;
Doll et al. 1999).

The increased risk of cancer among
heavy drinkers is primarily attributed
to the alcohol (chemically referred to as
ethanol) in alcoholic beverages. Thus,
the risk tends to increase with the overall
amount of ethanol consumed. It is still
unclear, however, whether any defined
consumption threshold exists below
which no increased risk for cancer is
evident JARC 1988; Doll et al. 1999).

To evaluate the overall effects of alcohol
on the cancer risk of a population, one
must accurately quantify its effects on
various types of tumors. To this end,
researchers have performed comprehen-
sive meta-analyses of published studies
investigating the relationship between
alcohol intake and the risk for numer-
ous types of cancer. Meta-analyses are
studies that pool data from several stud-
ies, thereby substantially enhancing the
overall number of cases evaluated. This
approach allows researchers to detect
relationships that may have been over-
looked in the individual studies because
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of the relatively small sample size and
insufficient statistical power of those
individual studies. This article summa-
rizes the major findings of one such
meta-analysis (Corrao et al. 1999, 2000).

METHODS USED FOR THE
META-ANALYSIS

To identify scientific articles to include
in the meta-analysis, the researchers fol-
lowed three steps: First, they conducted
a search of several bibliographic databases
(e.g., MEDLINE, Current Contents,
EMBASE, CAB Abstracts, and Core Bio-
medical Collection) for studies published
between 1966 and 2000. Second, the
investigators reviewed all references in
the resulting articles to identify any
studies that had not been found in the
database search. And third, to ensure
that the list of studies included was as
complete as possible, the investigators
conducted a manual search of the most
relevant journals of epidemiology and
medicine and compared their search
results with those of other general reviews
and meta-analyses published on this topic.

Each article identified by this search
process was reviewed and included in
the analysis if it met the following three
criteria:

¢ The article was a case-control or a
cohort study published as an original
article. Case-control studies compare
people with a certain disease (e.g.,
cancer)—the cases—with a similar
group of people without the disease—
the controls. Investigators then col-
lect information (e.g., regarding
alcohol consumption) for both
groups to determine whether differ-
ences exist between the groups. For
example, significant differences
between the groups with respect to
alcohol intake suggest that alcohol
was a causative factor in the disease.
Cohort studies follow a group of
initially healthy people over a pro-
longed period of time. At the outset,
the investigators determine the par-
ticipants’ drinking patterns so that
they can relate drinking patterns
and disease development during
the followup period.

* The findings of the study were
expressed as relative risk (RR) or
odds ratio (OR) and considered at
least three levels of alcohol con-
sumption. The RR determines the
strength of the relationship between
a variable (e.g., alcohol consumption)
and the development of a disease.
The RR for a disease among people
without the variable (e.g., among
abstainers) is defined as 1.0. A RR
among people with the variable (e.g.,
among drinkers) of greater than 1.0
indicates that the variable increases
the risk of the disease. Conversely,
an RR of less than 1.0 indicates that
the variable has a protective effect.
(The OR s used to estimate the RR

under certain conditions.)

* The article reported the number of
cases and non-cases (i.e., controls in
case-control studies and person-time
exposed during the followup in a
cohort study) and estimates of the
RR or OR for each exposure level.

Two readers, who received no infor-
mation on the names and affiliations of
the authors of each study or the alcohol-
related results, independently deter-
mined the eligibility of each article for
inclusion in the meta-analysis. When
the results of a study were published in
more than one article, only the most
recent and complete article was
included in the analysis.

To estimate the effect of alcohol con-
sumption on the risk for each type of
cancer studied, based on the pooled data
from all studies included in the meta-
analysis, the investigators used meta-
regression models—statistical models
developed specifically for such analyses
(Corrao et al. 1999, 2000). For a more
detailed description of these statistical
analyses, see the textbox, p. 265, and
the articles by Corrao and colleagues
(1999, 2000).

RESULTS OF THE META-
ANALYSIS

In all, 229 studies (183 case-control
studies and 46 cohort studies) met the
eligibility criteria and were included in
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the meta-analysis. These studies, which
reported a total of 115,199 cases, inves-
tigated alcohol’s effects on the risk for
developing cancer at a total of 19 sites
in the body or at all sites combined (see
the table and figure for a summary of the
studies and their findings for each of
those sites). For five of the cancer sites
(i.e., small intestine, gall bladder, skin
[melanomal, cervix, and kidney), alcohol’s
effects were analyzed in only one or two
studies; in these cases, the researchers
could not calculate the pooled RR or
95-percent confidence interval (95%
CI).2 For all other cancer sites, both the
pooled RR and the 95% CI were deter-
mined for three levels of alcohol con-
sumption (i.e., 25, 50, and 100 grams

STATISTICAL METHODS
USED IN THE
META-ANALYSIS

To determine the effects of alcohol
on the risk for various types of can-
cer, the researchers used three statis-
tical methods. They first pooled the
original published data for each
type of cancer. Subsequently,
they determined the relationship
between alcohol consumption and
the risk for a given type of cancer
by fitting to the pooled data several
statistical models called fractional
models (Royston et al. 1999). Such
models can identify trends (e.g.,
J- or U-shaped curves) as well as
other relationships between alcohol
exposure levels and relative risks.
The investigators then chose the
best-fitting model to summarize
the relation of interest (Corrao et al.
1999). Next, they assessed whether
gender modified the effect of
alcohol on the risk for each neo-
plasm. They also looked at the
effect of adjusting the reported est-
mates for smoking when examin-
ing tobacco-related types of cancer.
Finally, the researchers evaluated
the variability (i.e., heterogeneity)
among the studies’ results accord-
ing to methods proposed by
Greenland and Longnecker (1992).

of alcohol per day, corresponding to
approximately 2, 4, and 8 standard
drinks? per day, respectively).

For most of the tumor types included
in the studies, the analysis found a dose-
dependent increase in risk from alcohol
consumption—that is, greater alcohol
consumption was associated with a
greater increase in risk. Alcohol most
strongly increased the risks for cancers
of the oral cavity and pharynx (RR=5.7
for the highest alcohol consumption
level), esophagus (RR=4.2) and larynx
(RR=3.2). Appreciably smaller, although
still statistically significant at the 5-
percent level, increases in risk existed for
cancers of the stomach, colon, rectum,
liver, female breast, and ovaries. The
smallest increases in risk were observed
for cancers of the lung (RR=1.1 at the
highest consumption level) and prostate
(RR=1.2). For all these types of cancer,
significant increases in risk existed even
at the lowest consumption level studied
here (i.e., 25 grams of alcohol, or two
standard drinks per day). In contrast, no
significant relationship existed between
alcohol consumption and the risk for
pancreas, endometrial, and bladder can-
cers. With the exceptions of cancers of
the ovary, prostate, and bladder, signifi-
cant heterogeneity across studies existed
for each type of cancer; this means that
results vary greatly among the various
studies analyzed, so an overall summary
of average effect across studies must be
taken with caution.

The researchers also investigated
whether gender modified the effect of
alcohol intake on the risk for each type
of cancer. Statistically significant gender
differences existed only for esophageal
and liver cancer—where the alcohol-
related risk was higher in women than in
men—but not for other types of cancer.

2Statistical analyses generally do not lead to a calculated,
accurate result but instead provide an estimate of the result.
The 95% Cl is the range of the value under investigation
that with a 95-percent likelihood contains the true value.

3In the United States, a standard drink frequently is defined
as 0.5 ounces (0z) or 14 grams of pure alcohol. This alcohol
amount is found in 12 fluid oz of beer, 5 fluid oz of wine,
and 1.5 fluid oz of 80-proof distilled spirits.

4Statistically significant means that the observed result
would occur by chance under hypothesized conditions
less than a specified proportion of the time (usually 5
percent).

The results of eight appropriate stud-
ies were pooled to determine the rela-
tionship between alcohol consumption
and the risk of cancer at all sites com-
bined. This analysis found that alcohol
consumption of at least 50 grams (i.e.,
4 standard drinks) per day significantly
increased the risk of developing any
type of cancer.

DisCcuUsSION OF THE STUDY
FINDINGS

Limitations and Strengths
of the Meta-Analysis

As with other meta-analyses of published
studies, the analysis presented here has
various limitations and strengths. One
limitation is that for most types of can-
cer included, the estimates of alcohol’s
effects tended to vary widely among
the individual studies, making interpre-
tation of the pooled data more difficult.
Part of this variability may result from
differences in the characteristics of the
subjects included in the studies. For
example, the gender of the study partic-
ipants may play a role because potential
differences in alcohol breakdown (i.e.,
metabolism) exist between men and
women and may systematically influence
the overall pooled estimates (Corrao et
al. 1999, 2000).

To control for this possibility, the
investigators included separate analyses
for men and women in their statistical
models, where feasible. However, gender
explained a significant portion of the
observed variability in study results only
for esophageal and liver cancer, but not
for other types of cancers. Another lim-
itation of this and other meta-analyses
is that alcohol consumption levels may
have been systematically underreported
in several studies, leading to biased RR
estimates.

The statistical power of this meta-
analysis also is somewhat limited because,
although it included more than 115,000
cases, the numbers of cases for certain types
of cancers (e.g., cervix and melanoma)
were relatively small. Similarly, for cer-
tain cancers, there were only a few cases
with certain levels of alcohol consumption
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Summary of the Studies Included in the Meta-Analysis

Pooled RR [and 95% Cl]

Study design associated with alcohol intake of Hetero-
No. of No. of Case- 25 g/day 50 g/day 100 g/day Gender geneity
Cancer site Studies Cases Cohort control [range] [range] [range] effect (p) test (p)
Oral cavity 26 7,954 1 25 1.73 2.77 5.75 n.s. <0.01
[1.67-1.78] [2.67-2.95] [5.22-6.34]
Esophagus? 28 7,239 1 27 151 2.21 4.23 <0.05 <0.01
[1.48-1.55] [2.11-2.31] [3.91-4.59]
Males 18 3,310 1 17 1.43 1.98 3.49 - <0.01
[1.38-1.48] [1.87-2.11] [3.14-3.89]
Females 5 304 0 5 1.52 2.24 4.45 -
[1.42-1.63] [1.95-2.58] [3.37-5.87]
Stomach 16 4,518 2 14 1.07 1.15 1.32 n.s. <0.01
[1.04-1.10] [1.09-1.22] [1.18-1.49]
Small intestine 2 415 0 2 - - - - -
Colon 17 5,948 4 13 1.14 1.21 1.32 n.s. <0.01
[1.07-1.21] [1.11-1.32] [1.16-1.49]
Rectum 16 3,872 3 13 1.11 1.17 1.32 n.s. <0.01
[1.03-1.20] [1.06-1.30] [1.16-1.51]
Liver?® 19 1,961 3 16 1.20 141 1.83 <0.05 <0.01
[1.13-1.27] [1.26-1.56] [1.53-2.19]
Males 10 949 2 8 1.28 151 1.62 - <0.01
[1.13-1.45] [1.27-2.10] [1.18-2.24]
Females 3 231 1 2 1.97 3.57 9.15 -
[1.30-3.00] [1.56-8.21] [1.73-48.41]
Gallbladder 2 81 1 1 - - - - -
Pancreas 17 2,524 4 13 0.98 1.05 1.18 n.s. <0.01
[0.90-1.05] [0.93-1.18] [0.94-1.49]
Larynx 20 3,759 0 20 1.35 1.83 3.24 n.s. <0.01
[1.31-1.40] [1.72-1.95] [2.89-3.65]
Lung 6 2,314 3 3 1.02 1.04 1.08 n.s. <0.01
[1.00-1.04] [1.00-1.08] [1.00-1.18]
Melanoma 2 708 0 2 - - - - -
Female Breast 49 44,033 12 37 131 1.67 2.71 - <0.01
[1.27-1.36] [1.56-1.78] [2.33-3.08]
Cervix 1 242 - 1 - - - - -
Endometrium 6 2,473 2 4 1.05 1.09 1.20 - <0.01
[0.88-1.24] [0.78-1.54] [0.60-2.37]
Ovary 5 1,651 - 5 1.11 1.23 1.53 - n.s.
[1.00-1.24] [1.01-1.54] [1.03-2.32]
Prostate 11 4,094 4 7 1.05 1.09 1.19 - n.s.
[1.00-1.08] [1.02-1.17] [1.03-1.37]
Bladder 11 5,997 2 9 1.04 1.08 1.17 n.s. n.s.
[0.99-1.09] [0.98-1.89] [0.97-1.41]
Kidney 2 921 0 2 - - - - -
All sites combined 8 14,495 6 2 1.01 1.22 1.91 n.s. <0.01
[0.90-1.05] [1.11-1.27] [1.77-2.06]
Total* 229 115,199 46 183 - - - - -

NOTE: Table gives the pooled relative risks (RR) and corresponding 95-percent confidence intervals (95% Cl) for three alcohol consumption levels. Those levels specified
corresponded to approximately two, four, and eight standard drinks per day, respectively. The effects of gender and differences (i.e., heterogeneity) in the study results for
various cancer sites also are presented. The RR indicates the strength of the relationship between alcohol consumption and a given type of cancer. A RR greater than 1.0
means that alcohol consumption at the level indicated increased the risk for that type of cancer. The greater the value over 1.0, the greater the risk. The 95-percent confidence
intervals indicate the range of RR that is 95 percent likely to show a true RR. A statistically significant heterogeneity level indicates that results varied greatly among the various
studies analyzed and that, therefore, an overall summary of average effect across studies must be interpreted with caution.

* The number of individual studies does not add up to the total shown because several studies examined more than one type of cancer.

a For this type of cancer, the RRs associated with alcohol consumption for males and females are listed separately because a statistically significant difference existed between
the two sexes.

n.s. = not significant
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(e.g., high levels of alcohol consump-
tion in female breast cancer patients).
Furthermore, biases resulting from con-
founding factors may have affected the
pooled estimates. A confounding factor
is a variable that is related to both the
exposure variable (e.g., alcohol consump-
tion) and the risk of disease (e.g., can-
cer). For example, alcohol intake may
appear to be positively associated with
lung cancer but the actual association
may be confounded by cigarette smok-
ing, which is related with both alcohol
intake (because people who smoke also
tend to drink) and the risk of lung cancer.
One of the strengths of this meta-
analysis is that the investigators performed
a separate analysis of studies that also
reported estimates adjusted for tobacco
use, which contributes to various forms
of cancer, prominently lung cancer. Such
analyses were conducted for most can-
cers of the upper airways and digestive
tract, as well as for lung and bladder
cancer. These analyses found that tobacco
use had a substantial modifying effect
not only on the alcohol-related risks for
lung and bladder cancer but also on the
risk for laryngeal cancer. For example,
when the investigators considered only
studies reporting RRs not adjusted for
tobacco use, the pooled RR for lung can-
cer at the highest level of alcohol con-
sumption was 6.30. When they excluded
such studies from the analysis and con-
sidered only studies reporting estimates
adjusted for tobacco use, however, the
pooled RR declined to 1.07. This finding
indicates that alcohol itself only weakly
increases the risk for lung cancer and that
lung cancer risk primarily results from
tobacco use, which is common in heavy
drinkers. For laryngeal cancer, tobacco
use also substantially influences the
risk, though a strong association with
alcohol consumption, indicated by a RR
of 3.24, remained even when considering
only studies presenting adjusted estimates.
The association between various levels
of alcohol consumption and an increased
risk of liver cancer remains difficult to
interpret even with the pooled data used
in this meta-analysis. This difficulty
results from the fact tha, as discussed
earlier, the association between alcohol
consumption and liver cancer is only
indirect. Furthermore, patients with liver

cancer resulting from cirrhosis typically
have reduced their alcohol consump-
tion by the time they develop liver can-
cer (Arico et al. 1994). This change in
consumption levels may lead to an
underestimate of the real association.

Mechanisms of Alcohol-Related

Carcinogenesis

Researchers have known about the rela-
tonship between heavy alcohol consump-
ton and the risk for esophageal and
other upper digestive and respiratory
tract cancers since the beginning of the
last century. Furthermore, substantial
epidemiological evidence (as reviewed
in this article) accrued over the past 50
years has shown that alcohol contributes
to the development of these cancers.
Nevertheless, the mechanisms underly-
ing alcohol-related cancer development
remain largely unclear.

To date, no experimental evidence
indicates that alcohol by itself can cause
cancer—that is, that alcohol can act as
a complete carcinogen. Over the past
few decades, however, several animal
studies have indicated that alcohol
can have a cocarcinogenic, or cancer-
promoting, effect. This means that
when alcohol is administered together
with other known cancer-inducing agents
(i.e., carcinogens), it promotes or accel-
erates cancer development. This effect
was noted for several digestive tract can-
cers, specifically cancers of the esopha-
gus and the nonglandular forestomach®
(Doll et al. 1999).

For other cancers of the digestive tract
(e.g., stomach, pancreas, colon, and rec-
tum), however, the results are less clear
and generally are variable across studies,
possibly because of differences in study
design. Researchers also have no clear
understanding of the potential mecha-
nisms through which alcohol might act
as a cocarcinogen at these sites (JARC
1988; Doll et al. 1999). Moreover, the
RR estimates based on the pooled data
in this meta-analysis ranged from 1.1
to 1.3 for the highest level of alcohol
intake. These values indicate only a weak
association of alcohol with these types
of cancer, which may possibly result
from residual bias in the analysis or
from confounding factors, such as diet.

Therefore, one cannot draw any con-
clusions regarding a potential causal
role of alcohol in the development of
these cancers.

For female breast cancer, the meta-
analysis described here confirms the
existence of a strong dose-risk relation-
ship between alcohol consumption level
and breast cancer risk. The exact role
of alcohol in the development of breast
cancer remains unclear. It is possible,
however, that for breast cancer and other
types of cancer related to disturbances
in female hormone levels, alcohol may
act by altering the metabolism and blood
levels of female hormones, such as
estrogen (Longnecker 1994). Moreover,
a recent study suggests that the associa-
tion may be limited to women with a
family history of breast cancer (Vachon
etal. 2001).

Effects of Combined Alcohol
and Tobacco Use

Alcohol and tobacco enhance each
other’s effects (i.e., act synergistically)
on the risk for cancers of the upper
digestive and respiratory tract.® Studies
conducted in North America, France,
and Italy have shown extremely high
RRs for certain cancers among people
who both drink and smoke heavily
(Doll et al. 1999). For example, in a
series of case-control studies conducted
in Iraly, the RRs for the highest expo-
sure levels to both risk factors were 80
for cancers of the oral cavity and phar-
ynx, 12 for laryngeal cancer, and 18 for
esophageal cancer (Franceschi et al.
1990). From a public health view, this
synergism implies that over 75 percent
of cancers of the upper digestive and
respiratory tract in developed countries
are attributable to alcohol and tobacco.
Accordingly, the cessation or moderation
of tobacco and/or alcohol use could
avoid the majority of these cancer cases.

5These studies were conducted in hamsters. The stomach
of a hamster is divided into a portion that does not contain
glands which secrete digestive enzymes (i.e., nonglandu-
lar forestomach) and a portion closer to the intestine that
does contain such glands.

8Similarly, synergistic effects have been reported between
high alcohol consumption and dietary factors, such as low
consumption of fruits and vegetables.
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A. Neoplasms of the Upper-Aerodigestive Tract
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Relationship between increasing amounts of alcohol and risk (i.e., relative risk or RR) for 14 types of cancer. The RR describes the
strength of the relationship between a variable (e.g., alcohol consumption) and a disease (e.g., cancer). The RR for the disease in
people without the variable (e.g., abstainers) is defined as 1.0. A RR among the people with the variable (e.g., drinkers) of greater
than 1.0 indicates that the variable increases the risk for the disease. The greater the value, the greater the risk. The curves shown
here were obtained by fitting certain statistical models to the data from several studies (i.e., a meta-analysis). Blue dotted lines
indicate 95-percent confidence intervals; that is, the range of RR that is 95 percent likely to show a true RR.
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The synergism between alcohol and
tobacco also implies that cancers of the
upper digestive and respiratory tract in
Europe and North America are extremely
rare among people who have never
smoked, and only limited data are avail-
able on the effects of alcohol in those
“never-smokers.” Those limited data
indicate that for oral and pharyngeal
cancers (Fioretti et al. 1999; Talamini
etal. 1998) as well as for esophageal
cancer (Doll et al. 1999), high alcohol
consumption in people who have never
smoked is directly associated with an
increased risk for these types of cancer.
(For laryngeal cancer, the evidence in
this respect is inconsistent.) The sub-
stances contained in tobacco products
are not the only carcinogenic agents to
which the upper digestive tract is exposed,
however, and alcohol may facilitate or
promote the effects of other carcinogens
present in the diet or other environ-
mental exposures.

Risks Associated with Different
Types of Alcoholic Beverages

Researchers have made several attempts
to determine whether different types of
alcoholic beverages have different effects
on cancer risk. Some studies found no
apparent differences in the cancer risks
associated with various beverages, whereas
others have reported greater risks with
spirits than with wine or beer (Doll et
al. 1999). Researchers conducting a
study in Normandy, France (Tuyns et
al. 1979), reported an increased risk of
esophageal cancer associated with
apple-based drinks (e.g., apple brandy
and hard cider). Two studies from Italy
(Barra et al. 1990; Bosetti et al. 2000)
found that people who consumed only
wine had greater risks of oral, pharyn-
geal, and esophageal cancer compared
with people who consumed wine as well
as distilled spirits or beer after adjusting
for the overall amount of alcohol con-
sumed. Conversely, a Danish study found
no excess risk for cancer of the upper
digestive tract associated with wine
consumption (Gronbaek et al. 1998).
Taken together, these findings appear
to indicate that the most frequently
consumed beverage in each region or
country tends to be the beverage asso-

ciated with the highest estimated RR.
However, this topic requires further
study. Some researchers have suggested
that drinks containing higher alcohol
concentrations are more deleterious per
gram of alcohol than drinks with lower

alcohol concentrations. The evidence
for this hypothesis, however, is weak
and inconclusive (Doll et al. 1999).

CONCLUSIONS

This meta-analysis includes most pub-
lished information on alcohol and can-
cer and, the limitations discussed above
notwithstanding, consequently provides
the most accurate estimates of the RRs
for common cancers considered to be
alcohol-related. Some of the findings
are novel and of specific relevance. For
example, the analysis was unable to
identify a threshold level of alcohol con-
sumption below which no increased
risk for cancer is evident. Furthermore,
this meta-analysis found that the asso-
ciation of alcohol with the risk for oral
and pharyngeal cancer appears to be
stronger than the association with
esophageal or laryngeal cancer across
increasing levels of alcohol intake.

In terms of risk assessment, this meta-
analysis confirms that high levels of
alcohol consumption (i.e., more than
four drinks per day) result in a substantial
risk of cancer development at several sites.
Lower levels of consumption result in
a moderately increased risk for various
cancers. At the same time, other studies
have shown that moderate alcohol con-
sumption can have protective effects

against certain types of heart disease.
Accordingly, one must determine whether
moderate alcohol consumption results
in an overall favorable or unfavorable
risk-benefit balance for the individual
drinker or an entire population. This
balance depends on the age, gender,
and baseline disease rates among the
members of a given population. In addi-
tion, genetic factors also may influence
a person's risk-benefit balance as suggested
by the previously mentioned findings
that the association between alcohol
consumption and female breast cancer
may be limited to women with a fam-
ily history of breast cancer (i.e., with
predisposing genetic factors) (Vachon
et al. 2001). Consequently, any definite
risk-benefit assessment for moderate
alcohol drinking requires much more
far-reaching analyses that are beyond
the scope of this article but that in the
future may provide important information
from a public health perspective. ®

ACKNOWLEDGEMENTS

Ms. Ivana Garimoldi provided editorial
assistance in the preparation of this article.

REFERENCES

ARICO, S.; CORRAO, G.; TORCHIO, P. ET AL. A
strong negative association between alcohol con-
sumption and the risk of hepatocellular carcinoma
in cirrhotic patients: A case-control study. European

Journal of Epidemiology 10:251-257, 1994.

BARRA, S.; FRANCESCHI, S.; NEGRI, E.; TALAMINI,
R.; AND La VECCHIA, C. Type of alcoholic beverage
and cancer of the oral cavity, pharynx and oesopha-
gus in an Italian area with high wine consumption.
International Journal of Cancer 46:1017-1020, 1990.

BoserTl, C.; LA VECCHIA, C.; NEGRI, E.; AND
FRANCESCHI, S. Wine and other types of alcoholic
beverages and the risk of esophageal cancer. European
Journal of Clinical Nutrition 54:918-920, 2000.

CORRAO, G.; BAGNARDI, V.; ZAMBON, A.; AND
ARICO, S. Exploring the dose-response relationship
between alcohol consumption and the risk of several
alcohol-related conditions: A meta-analysis. Addiction
94:1551-1573, 1999.

CORRAO, G.; RUBBIATI, L.; BAGNARDI, V.; ZAMBON,
A.; AND POIKOLAINEN, K. Alcohol and coronary
heart disease: A meta-analysis. Addiction 95:1505—
1523, 2000.

DoLL, R.; FOrRMAN, D.; LA VECCHIA, C.; AND
WOUTERSEN, R. Alcoholic beverages and cancers of

VoL. 25, No. 4, 2001

269



the digestive tract and larynx. In: Macdonald, I, ed.
Health Issues Related to Alcohol Consumption. 2nd ed.
Oxford: ILSI Europe-Blackwell Science Ltd, 1999.
pp- 351-393.

FIORETTI, F.; BOSETTI, C.; TAVANI, A.; FRANCESCHI,
S.; AND LA VECCHIA, C. Risk factors for oral and
pharyngeal cancer in never smokers. Oral Oncology
35:375-378, 1999.

FRANCESCHL, S.; TALAMINIL, R.; BARRA S.; ET AL.
Smoking and drinking in relation to cancers of the

oral cavity, pharynx, larynx, and esophagus in Northern
Ttaly. Cancer Research 50:6502—-6507, 1990.

GREENLAND, S., AND LONGNECKER, M.P. Methods
for trend estimation from summarized dose-
response data, with application to meta-analysis.
American Journal of Epidemiology 135(11):1301—
1309, 1992.

GRONBAEK, M.; BECKER, U.; JOHANSEN, D.; TONNESEN,
H.; JENSEN, G.; AND SORENSEN, T I. A population-
based cohort study of the association between alco-
hol intake and cancer of the upper digestive tract.

British Medical Journal 317:844-848, 1998.

International Agency for Research on Cancer. Alcohol
Drinking. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans. Vol. 44. Lyon,
France: IARC, 1988.

LONGNECKER, M.P. Alcoholic beverage consump-
tion in relation to risk of breast cancer: Meta-analy-
sis and review. Cancer Cause Control 5:73-82, 1994.

ROYSTON, P.; AMBLER, G.; AND SAUERBREI, W.
The use of fractional polynomials to model contin-
uous risk variables in epidemiology. International

Journal of Epidemiology 28:964-974, 1999.

TALAMINL R.; LA VECCHIA, C.; LEvI, F.; CONTI,
E.; FAVERO, A.; AND FRANCESCHI, S. Cancer of the
oral cavity and pharynx in nonsmokers who drink
alcohol and in nondrinkers who smoke tobacco.
Journal of the National Cancer Institute 90:1901—
1903, 1998.

Tuyns, A.J.; PEQUIGNOT, G.; AND ABBATUCCI, J.S.
Oesohageal cancer and alcohol consumption:

Importance of type of beverage. International

Journal of Cancer 23:443—447, 1979.

VACHON, C.M.; CERHAN, J.R.; VIERKANT, R.A;
AND SELLERS, T.A. Investigation of an interaction
of alcohol intake and family history on breast can-
cer risk in the Minnesota Breast Cancer Family

Study. Cancer 92:240-248, 2001.

“Make a Difference:
Talk to Your Child
About Alcohal” isa
research-based guide geared to
parents and caregivers of
young people ages 10 to 14.
Research shows that parents
have an enormous impact on
their children’s behavior.
This booklet covers a num-
ber of topics, from strategies to prevent under-

Matevials Fvailable on Underage Dvinking

NIAAA has developed materials specifically aimed at addressing the
problem of underage drinking. These materials may be ordered in
quantities for school and other educational programs.

AreYou Working on
Your GPA or Your
BAC?— Top Ten Myths
About Alcohol.” This
colorful poster is geared to
college-age students. It includes
atablet of tear-off sheets featur-
ing 10 of the most common
myths about drinking. Some
of those mythsinclude: “I can
sober up quickly if | haveto,”

age drinking to recognizing the warning signs of a
drinking problem. The booklet is availablein both
English and Spanish.

“Beer doesn’t have as much alcohol as hard
liquor,” “It's okay for meto drink to keep up with my
boyfriend,” and “1 can manage to drive well enough
after afew drinks.” Research-based facts are given
to correct these common misconceptions.

To order, write to: National Institute on Alcohol Abuse and Alcoholism, Publications Distribution Center,
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