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Abstract A large evidence-based review on the effects of a moderate consumption of beer on
human health has been conducted by an international panel of experts who reached a full
consensus on the present document.

Low-moderate (up to 1 drink per day in women, up to 2 in men), non-bingeing beer consump-
tion, reduces the risk of cardiovascular disease. This effect is similar to that of wine, at compara-
ble alcohol amounts. Epidemiological studies suggest that moderate consumption of either beer
or wine may confer greater cardiovascular protection than spirits. Although specific data on beer
are not conclusive, observational studies seem to indicate that low-moderate alcohol consump-
tion is associated with a reduced risk of developing neurodegenerative disease. There is no ev-
idence that beer drinking is different from other types of alcoholic beverages in respect to risk
for some cancers. Evidence consistently suggests a J-shaped relationship between alcohol con-
sumption (including beer) and all-cause mortality, with lower risk for moderate alcohol con-
sumers than for abstainers or heavy drinkers.

Unless they are at high risk for alcohol-related cancers or alcohol dependency, there is no
reason to discourage healthy adults who are already regular light-moderate beer consumers
from continuing.

Consumption of beer, at any dosage, is not recommended for children, adolescents, pregnant
women, individuals at risk to develop alcoholism, those with cardiomyopathy, cardiac arrhyth-
mias, depression, liver and pancreatic diseases, or anyone engaged in actions that require con-
centration, skill or coordination.

In conclusion, although heavy and excessive beer consumption exerts deleterious effects on
the human body, with increased disease risks on many organs and is associated to significant so-
cial problems such as addiction, accidents, violence and crime, data reported in this document
show evidence for no harm of moderate beer consumption for major chronic conditions and
some benefit against cardiovascular disease.
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Introduction

The multiple effects of alcohol consumption on human
health have received increasing attention from the scien-
tific community internationally [1]. However, while the
harms associated with high intake of alcohol are well
known, the effects of moderate doses (up to 1 drink
-equivalent to 12 g of ethanol- per day in women, up to 2
in men of all types of alcoholic beverages combined) are
more complex to deal with, and are the subject of a lively
debate [1]. Of particular interest is the issue of the possible
different effects of diverse alcoholic beverages (wine, beer,
spirits), in relation to their heterogeneous content of non-
alcoholic components. In particular, the question remains
on the specific role of moderate consumption of beer, by
far the most widely consumed alcoholic beverage
throughout the world.

An international consensus document

It appeared thus appropriate to conduct an evidence-based
review on the effects of the consumption of moderate
amounts of beer on human health and disease.

A selected international Panel of independent scientific
experts was gathered to develop a consensus document on
beer consumption and health. Panelists contributed to this
consensus on their own responsibility, not reflecting the
opinion nor following the guidelines of any scientific so-
ciety or association. To start, each panelist prepared a first
draft manuscript on a specific aspect of the review’s topic.
Articles were individually retrieved by each panelist until
November 2015, by search in PUBMED (MEDLINE),
EMBASE and Cochrane Library using at least one of the
following terms: beer, wine, liquor, spirits, alcohol in
combination with health, morbidity, survival, death, car-
diovascular or cancer or neurological or liver disease, hy-
pertension, diabetes, supplemented by references included
in the retrieved articles, meta-analyses and reviews.
Studies were excluded if they were not in English. SC and
ADC also carefully went through the volume “Beer in
health and disease” edited by Victor R. Preedy, Elsevier,
2009. In several cases, the specific effects of beer con-
sumption could not be separated from that of other alco-
holic beverages: in that case the effects of alcohol itself
were briefly reported.

All manuscripts were then exchanged and discussed
among all panelists by mail/telephone and finally sub-
mitted to two external anonymous reviewers (one in
Europe and the other one in USA). On the basis of the
reviewers’ comments, a pre-final text was prepared. A
one-day meeting of the Panel was then held in Rome,
during which the full text was read, commented and,
when agreed upon by the Panel, modified. The consensus
document was finalized few days later and submitted
again to both external reviewers. The Panel unanimously
approved the very final version and decided to submit it
for publication to a peer reviewed journal specialized in
nutrition and chronic diseases.

The preparation of the manuscript (in particular the
organization and costs of the Panel meeting) was sup-
ported in part by Assobirra, the Italian Association of the
Beer and Malt Industries. This funding source had no
involvement in either study design, or selection of the
Panel members, or collection and interpretation of data, or
the writing of the report nor in Panel’s decision to submit
the manuscript for publication.

What is beer?

Beer has been included in the human diet since at least
5000 BC and as a product of the fermentation of cereals
containing sugars and a variety of important nutrients
(Table 1). Beer consists over 90% water; it contains car-
bohydrates and alcohol whose metabolism in the human
body follows the release of an amount of energy. The
alcoholic content of different kinds of beer varies and it is
frequently estimated to range approximately from 3.5 to
10% w/v. Moderate intake of alcohol is considered up to 1
drink (typically a can of beer, 330 mL, containing about 4%
w/v alcohol) per day in women and up to 2 in men. Using
the food composition table (FCT) from the United States
Department of Agriculture (USDA) [2] a can of 330 mL of
an average beer contains approximately 140 Kcal. In a diet
of 2000 Kcal in a general population, the almost “hidden
liquid calories” of 1 drink of beer cover 7% of the daily
energy requirements. Results from epidemiological and
experimental studies provide inadequate scientific evi-
dence to assess whether beer intake at moderate levels
(i.e. <500 mL/day) is associated with general or abdominal
obesity [3]. However, the extensive consumption of beer
(i.e. >60 g/day of ethanol) may increase the risk for a
positive energy balance that could lead to abdominal or
general obesity [4,5]. Thus consumers should be informed
on their daily energy requirements as well as on the caloric
content of their preferred beer.

A small part of the caloric content of beer could be
attributed to the metabolism of the carbohydrates it con-
tains. According to the USDA FCT, a can of 330 mL of an
average beer includes approximately 12 g of carbohydrates
that may cover only 2.4% (i.e. 48 Kcal) of the daily energy
requirements in a diet of 2000 Kcal. In addition, the mean
content of simple sugars is zero [2].

Beer also contains trace amounts of minerals such as
calcium, iron, magnesium, phosphorus, potassium,



Table 1 Mean nutrient composition of regular beer (data from
USDA, National Nutrient Database for Standard Reference, Release
27) [2].

Compound Units Mean content

(per liter) (per standard
drink)

Water g 920 306.7
Energy kcal 430 143.3
Protein g 4.6 1.5
Total lipid (fat) g 0 0
Carbohydrate, by difference g 35.5 11.8
Fiber, total dietary g 0 0
Sugars, total g 0 0

Minerals
Calcium, Ca mg 40 13.3
Iron, Fe mg 0.2 0.07
Magnesium, Mg mg 60 20
Phosphorus, P mg 140 46.7
Potassium, K mg 270 90
Sodium, Na mg 40 13.3
Zinc, Zn mg 0.1 0.03
Copper, Cu mg 0.05 0.02
Manganese, Mn mg 0.08 0.03
Selenium, Se mg 6 2
Fluoride, F mg 442 147.3

Vitamins
Vitamin C, total ascorbic acid mg 0 0
Thiamin mg 0.05 0.02
Riboflavin mg 0.25 0.08
Niacin mg 5.13 1.7
Pantothenic acid mg 0.41 0.14
Vitamin B-6 mg 0.46 0.15
Folate, DFE mg 60 20
Choline, total mg 101 33.7
Vitamin B-12 mg 0.2 0.07
Vitamin A, RAE mg 0 0
Vitamin E (alpha-tocopherol) mg 0 0
Vitamin D IU 0 0
Vitamin K (phylloquinone) mg 0 0

Lipids
Fatty acids, total saturated g 0 0
Fatty acids, total

monounsaturated
g 0 0

Fatty acids, total
polyunsaturated

g 0 0

Cholesterol mg 0 0

Amino acids
Alanine g 0.12 0.04
Aspartic acid g 0.16 0.05
Glutamic acid g 0.47 0.16
Glycine g 0.13 0.04
Proline g 0.35 0.12
Alcohol, ethyl g 39 13

Phenolic composition
Flavonoids
Flavan-3-ols
Catechin mg 3.8 1.27
Epicatechin mg 0.8 0.27
Gallocatechin mg 0.7 0.23

Flavonols
Kaempferol mg 8.1 2.70
Myricetin mg 0.2 0.07
Quercetin mg 0.1 0.03

Table 1 (continued )

Compound Units Mean content

(per liter) (per standard
drink)

Proanthocyanidin
Proanthocyanidin monomers mg 6.3 2.10
Proanthocyanidin dimers mg 8.5 2.83
Proanthocyanidin trimers mg 1.5 0.50
Proanthocyanidin 4-6mers mg 4 1.33
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sodium, zinc, copper, manganese and selenium, fluoride
and silicon [2]. A quantity of 2 cans of 330 mL of beer
contain almost 300 mg of fluoride that could approximately
cover 10% of the recommended dietary allowance (RDA)
for adults (i.e. 3000e4000 mg per day) [6]. This fact should
be studied in parallel with the American Dietetic
Association’s statement about the impact of fluoride on
health [7].

Beer has also been indicated as a rich source of dietary
silicon [8] which is important for the growth and devel-
opment of bone and connective tissue. Clinical studies are
however required on the association of beer intake with
osteoporosis prevention.

In addition, as a product of the fermentation of cereals,
beer includes B-complex vitamins. Most of them are pre-
sent in small amounts; however, folate and choline con-
tent is relatively significant. In particular, 2 cans of 330 mL
of a regular beer contain approximately 40 mg of folate and
70 mg of choline [2] that cover almost 10% of the RDA of
these vitamins [6].

Beer also includes a range of polyphenols such as fla-
vonoids and phenolic acids that contribute directly to
several beer characteristics such as flavor, haze, body and
fullness [9]. In a recent identification of richest dietary
sources of polyphenols [10] using food composition data
of the Phenol-Explorer database, regular and dark beer
servings of 550 mL took the 57th and 66th ranking po-
sitions, respectively. The total polyphenolic content for
the same portions was estimated to 22 mg for regular
beer and 10 mg for dark beer. Data from recent studies
indicate a favorable role of polyphenol-rich food and
polyphenol intake on inflammation biomarkers and
possibly on the prevention of inflammation-related dis-
ease [11e14].

The content of polyphenols in beer is also influenced by
the genetic factors of its raw materials, by the environ-
mental conditions in which they grow, and by technolog-
ical brewing factors [15].

In conclusion, beer consumption is associated with the
intake of “liquid calories” and of significant amounts of
fluoride, folate, choline, polyphenols and silicon. Further
studies on the associations and interactions of the intake
of these nutrients through beer with health outcomes are
required in a public health perspective.

Additional aspects related to the consumption of beer,
its spread and its production are discussed in the
Appendix.
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Beer consumption and cardiovascular risk

Since the proposal of a “French paradox” in the early
Nineties [16], the possibility that consuming alcohol in the
form of wine might confer a protection against coronary
artery disease above that expected from its alcohol content
has been extensively investigated.

There is consistent epidemiological evidence of a sig-
nificant inverse association between moderate alcohol
consumption and cardiovascular risk, coronary heart dis-
ease (CHD), in particular. A large meta-analysis (based on
16 studies including almost 290,000 healthy adults) pub-
lished in 2011 [17] confirmed the significant reduction of
vascular risk associated with wine consumption, but also
showed a J-shaped relationship between beer intake and
cardiovascular risk (Fig. 1 and Table 2). Moreover, the
comparison of studies which included a parallel, but
separate evaluation of wine or beer consumption, indi-
cated a comparable protecting effect of either beverage, at
comparable alcohol doses, against cardiovascular risk. In
particular, Fig. 2 shows two similar doseeresponse curves
for wine and beer consumption in relation to fatal and not
fatal ischemic heart disease. The two curves were over-
lapping, especially at light-moderate alcohol consumption
and the maximal protection by either beverage was 33% at
25 g alcohol/day. In contrast, no statistically significant
association with vascular events was apparent for the
intake of spirits. This might be due to the much lower
proportion of subjects consuming liquors than that
consuming wine or beer and very different patterns of li-
quor consumption. However spirits are also a type of
alcoholic drink with the highest alcohol concentration but
the lowest polyphenolic concentration, suggesting that the
polyphenolic constituents found in wine or beer could
contribute to the beneficial effect of alcoholic beverages on
vascular events [18e20].
Figure 1 Beer intake in relation to CVD ri
The main message from that meta-analysis [17] is that
drinking alcohol in moderation appears to be more
important than the content of the bottle, at least when
wine and beer are taken into consideration. Although non-
alcoholic components may play an important role, it
cannot be excluded that the protective effect on cardio-
vascular events of wine and beer drinking in moderation
could be (mainly) due to ethanol itself.

A review published in 2012 concludes that the main pro-
tective effects on the cardiovascular system resulting from
moderatewine or beer intake ismainly due to their common
components, both alcohol and polyphenols [21]. Beneficial
effects of the moderate intake of alcoholic beverages against
atherosclerosis have been attributed to their antioxidant and
anti-inflammatory effects, as well as to their actions on
vascular function: part of these effects may be linked to
polyphenols contained not only in wine but in beer too.

Nowadays, the question whether the beneficial effects
of alcoholic beverages (mainly) depend on the alcoholic or
non-alcoholic components of these beverages is still open.

Protection of CHD and other cardiovascular outcomes
by moderate alcohol consumption should be linked to al-
cohol’s action on well-known cardiovascular risk factors
(diabetes mellitus, elevated blood levels of low-density
lipoprotein (LDL) cholesterol and triglycerides, reduced
high-density lipoprotein (HDL) cholesterol) and throm-
bosis/fibrinolysis processes. The plausible mechanisms to
explain these protective effects against ischemic cardio-
vascular disease (CVD) include an increase in HDL
cholesterol, a decrease in platelet aggregation, a reduction
in the levels of fibrinogen and an increase in insulin
sensitivity, which have all been attributed to the ethanol
content [21e23]. Other studies have provided evidence
that wine exhibits beneficial properties which are inde-
pendent of the presence of alcohol, and should be attrib-
uted to their polyphenolic content [18,19].
sk (modified from Costanzo et al. [17]).



Table 2 Summary of the studies on beer included in the meta-analysis on different alcoholic beverages in relation to cardiovascular events by
Costanzo et al., 2011 [17].

Study Type Participants, n Outcome Categories of
consumption

Results Adjustment

Yano et al.
N Engl J Med, 1977

Prospective 7705 Fatal non-fatal
CHD

0
1e299 mL/day
�300 mL/day

-1-
0.74 (0.57e0.97)
0.57 (0.42e0.77)

Age

Stampferet al.
N Engl J Med, 1988

Prospective 87,526 Fatal non-fatal
CHD

0
1e106 mL/day
>106 mL/day

-1-
0.3 (0.2e0.8)
1 (0.6e1.6)

Age

Tavani et al.
Epidemiol Biostat, 1996

Caseecontrol 983 AMI 0
1 drink/day
>1 drink/day

-1-
1 (0.7e1.3)
0.9 (0.6e1.4)

Age, education,
residence, smoking,
BMI, coffee, angina,
diabetes, hypertension,
hyperlipidemia, heart
disease

Bobak et al.
BMJ, 2000

Caseecontrol 937 AMI <0.5 L/week
0.5e3.9 L/week
4e8.9 L/week
�9 L/week

-1-
0.65 (0.42e1)
0.34 (0.19e0.61)
0.54 (0.25e1.14)

Age, residence,
smoking, education,
WHR, diabetes,
hyperlipidemia

Gronbaek et al.
Ann Intern Med, 2000

Prospective 24,523 CHD mortality 0
1e7 drinks/week
8e21 drinks/week
>21 drinks/week

-1-
0.78 (0.67e0.91)
0.63 (0.52e0.77)
0.78 (0.58e1.05)

Types of alcohol,
age, sex, smoking,
education, physical
activity, BMI

Tavani et al.
Eur J Epidemiol, 2001

Caseecontrol 985 AMI 0
�1 drink/day
>1 drink/day

-1-
0.6 (0.4e0.9)
0.4 (0.3e0.7)

Age, sex, education,
BMI, cholesterol,
smoking, coffee,
physical activity,
hyperlipidemia,
diabetes, hypertension
and family history
of AMI.

Mukamal et al.
N Engl J Med, 2003

Prospective 38,077 AMI 0
0.1e9.9 g/day
10e14.9 g/day
15e49.9 g/day
>50 g/day

-1-
0.93 (0.83e1.04)
0.78 (0.61e1.01)
0.57 (0.37e0.89)
0.34 (0.12e0.92)

Age, smoking, BMI,
diabetes, hypertension,
hypercholesterolemia,
family history of AMI;
aspirin use, physical
activity, energy intake;
vitamin E, fat intake,
and dietary fiber and
for all other types of
beverage

Mukamal et al.
J Am Geriatr Soc, 2006

Prospective 4410 CHD 0
<1 drink/week
1e6 drinks/week
�7 drinks/week

-1-
1.07 (0.80e1.43)
0.89 (0.60e1.31)
0.71 (0.43e1.19)

Age, sex, race, education,
marital status, smoking,
exercise intensity,
depression score, aspirin
use, BMI, diabetes and
intake of other two
beverage types

Harriss et al.
Addiction, 2007

Prospective 38,200 CVD mortality
(Male)

None
0e20 g/day
20e40 g/day
>40 g/day

-1-
1.24 (0.9e1.71)
1.25 (0.78e2.02)
0.74 (0.37e1.48)

Age, country of birth,
smoking, total daily
energy and fruit intake.

Schroder et al.
Nutr Metab Cardiovasc
Dis, 2007

Caseecontrol 1514 AMI 0
<20 g/day
�20 g/day

-1-
0.17 (0.09e0.31)
0.22 (0.09e0.52)

Age and other alcoholic
beverages

Streppel et al.
J Epidemiol Community
Health, 2009

Prospective 1373 CVD mortality 0
<20 g/day
�20 g/day

-1-
0.91 (0.72e1.14)
1.26 (0.55e2.88)

Former drinking,
energy intake smoking,
intake of vegetables,
fruit, fish, saturated
and trans fatty acids,
BMI, AMI, stroke,
diabetes, cancer,
socioeconomic status
and total alcohol intake

Abbreviation: AMI, acute myocardial infarction; BMI, body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; IHD, ischemic
heart disease; OC, oral contraceptive; WHR, waist to hip ratio.
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Figure 2 Comparison between curves fromwine (solid lines) and beer (dotted lines) intake in relation to CVD risk (modified from Costanzo et al. [17]).
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Likewise, the (poly)-phenolic contents in beer have
shown different biological activities (shown in enzymatic
assays or cell cultures) such as antioxidant, anti-
carcinogenic, anti-inflammatory, estrogenic and even
antiviral properties. Different profiles of in vitro biological
activity have been described for these compounds which,
combined together, could have a synergistic effect [21].

Regarding beer consumption, the effects of its alcoholic
and non-alcoholic components on atherosclerotic bio-
markers in high cardiovascular risk men have been eval-
uated in a randomized trial [20]. This experimental study
concludes that the phenolic content of beer, similarly to
what was previously observed with wine-derived poly-
phenols, reduces leukocyte adhesion molecules and in-
flammatory biomarkers, whereas alcohol mainly improves
the lipid profile and reduces some plasma inflammatory
biomarkers related to atherosclerosis.

The question of the effect of different alcoholic bever-
ages on health is complicated by possible confounding as
wine drinkers in Northern European countries, often have
a more favorable overall cardiovascular risk profile, while
in Mediterranean countries wine is more often drunk
during meals [23]. Moreover the usual pattern of alcohol
drinking may also be important: binge and heavy irregular
drinking indeed nullifies the favorable effect of moderate
alcohol (wine, beer) intake on CHD risk [24].

Binge drinking is the practice of consuming large
quantities of alcohol in a single session, usually defined as
five or more drinks at one time for a man, or four or more
drinks at one time for a woman [1].

The evidence on the beneficial effects of moderate
alcohol consumption (without any distinction between
beer and wine) was also confirmed in patients who had
experienced a first cardiovascular event. In a meta-analysis
on CVD mortality, including 12,819 CVD patients, the
overall relationship between cardiovascular mortality and
alcohol intake was interpreted as a J-shaped curve,
showing a protective effect (average 22% decrease) that
was maximal in the range of 5e10 g/day [25].

Concerns exist whether findings of alcohol’s protective
effects on CVD may be biased by industry funding. In a
recent study no evidence was found of possible funding
effects for outcomes such as CVD mortality, incident cor-
onary heart disease, coronary heart disease mortality,
other than stroke [26] possibly because the effects of
alcohol on this clinical outcome are more uncertain (see
the next chapter) [26].

In conclusion, the main message for an adult general
population can be summarized as follows:

� Epidemiologic studies indicate that consumption of
low-moderate doses of beer are protective against car-
diovascular risk in an adult healthy population [17].
Such a protective effect is comparable to that reported
for moderate wine consumption but is not shared by
spirits.

� Binge drinking of beer (or of other alcoholic beverages),
even on limited occasions such as weekends, should be
strongly discouraged [24].

� Heavy beer drinkers (as well as those exceeding the
recommended intake of any alcoholic beverages)
should be urged to cut and modify their consumption
[22].

� Unless they are at high risk of alcohol-related cancers
(see next chapter), there is no reason to discourage
healthy adults who are already regular light-moderate
beer (or other alcoholic beverages) consumers from
continuing to follow the same pattern [17].
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� Consumption of beer (and other alcoholic beverages), at
any dosage, is not recommended for young people,
pregnant women, those at risk of alcoholism, those
with cardiomyopathy, cardiac arrhythmias, treated with
selected drugs (antidepressants such as selective sero-
tonin reuptake inhibitors) or liver or pancreatic diseases
or during performing actions that require concentra-
tion, skill or coordination [22].

Although low-moderate, non-binging beer (alcohol)
consumption e in the absence of contraindications and in
the context of healthy eating and a healthy lifestyle e re-
duces the risk of CVD, we do not recommend that adult
total life-long abstainers begin drinking for health reasons.
This is because there is a risk that some of those who start
to drink will consume more than the low-risk drinking
amounts [27].
Beer consumption and stroke

As mentioned above, a large meta-analysis [17] indicates a
comparable protecting effect of both wine and beer against
cardiovascular risk (Figs. 1 and 2). However, a similar
meta-analytic conclusion concerning stroke risk cannot be
acquired, because of the lack of a sufficient number of
epidemiologic studies on the topic.

In fact, very few studies provided prospective data on
the association of beer intake and risk of stroke.

� In The Copenhagen City Heart Study [28] (13,329 men
and women, aged �45, 16 years of follow-up, 833 first-
ever strokes events), the Authors failed to observe any
association between intake of beer and the risk of both
ischemic or haemorrhagic stroke.

� In The Framingham Study [29] (5209 men and women,
aged �30, 10 years of follow-up, 441 first-ever ischemic
strokes) the Authors observed no effects for beer
(hazard ratio (HR) 1.0; 95% Confidence Interval (CI):
0.8e1.4).

� In The Cardiovascular Health Study [30] (4410 men and
women, �65 years, 9.2 years of follow-up, 434 cases of
incident ischemic stroke), the Authors observed that
1e6 servings of beer per week, compared with
abstention, were associated with lower risk of ischemic
stroke (�61%; 95% CI: �16% to �81%), whereas a higher
intake was associated with a non-statistically signifi-
cant increase of risk (þ65%; 95% CI: �0.2% to þ128%).

As for ischemic cardiac disease, numerous mechanisms
have also been suggested that would mediate the protec-
tive effect of alcohol on cerebrovascular events (i.e.
increased levels of HDL cholesterol, decreased levels of LDL
cholesterol, reduction in platelet aggregation, beneficial
effects on inflammation) [22]. On the other hand, anti-
atherogenic and anti-thrombotic effects and regulation of
endothelial function (i.e. enhanced release of nitric oxide)
were mainly ascribed to non-alcoholic components
(polyphenols) of alcoholic beverages; such constituents
being present not only in wine but also in beer [20].
In conclusion, the relationship between alcohol con-
sumption and stroke is complex, in part reflecting the
heterogeneity of this vascular disease. There is a J-shaped
relationship between alcohol consumption and ischemic
stroke, with lower risk for moderate alcohol consumers
[31]. So far, existing data on beer are not conclusive,
although some results indicate a positive role of drinking
beer in moderation (1 drink/day) against ischemic stroke
[30]. Heavy alcohol (and then beer) consumption increases
the risk of stroke, both ischemic and hemorrhagic. Alcohol
(beer) consumption should not be encouraged for those
who do not already drink because of the harm associated
with potential heavy use. Further research is needed to
better assess whether moderate beer consumption has a
beneficial effect for specific subtypes of ischemic and
hemorrhagic stroke.

Beer consumption and cardiovascular disease
prevention: possible physiological and biochemical
pathways

Current evidence obtained from epidemiological studies
has pointed out the protective effect of moderate drinking
on the cardiovascular system, including CHD, ischemic
stroke, peripheral arteriopathy and congestive heart fail-
ure. Positive effects have also been reported for moderate
alcohol consumption on cellular aging damage, cognitive
function and dementia [1]. However, the highest level of
scientific evidence can only be obtained by randomized
clinical trials. To date the few randomized studies per-
formed have only focused on intermediate markers of
cardiovascular risk. Studies on hard end-points as final
variables are still lacking [1,22].

Effects of ethanol

Since beneficial or harmful effects are observed after the
consumption of either wine or beer in a dose-dependent
manner, these effects are most likely due to ethanol itself.
Accordingly, lower risk of myocardial infarction in both
sexes has been mainly related to the effects of moderate
alcohol consumption on lipoproteins (HDL), coagulation
(fibrinogen) and sensitivity to insulin.

Except in people with liver impairment, alcohol inges-
tion raises serum HDL-cholesterol levels. Inverse relations
of HDL-cholesterol and CHD risk operate substantially via
removal of lipid deposits in large blood vessels. HDL also
binds with cholesterol in the tissues and may aid in pre-
venting LDL cholesterol oxidation [22]. The net effect is a
reduction in plaque building up in walls of large blood
vessels, such as coronary arteries. Triglycerides may also
play an independent role in the risk of CHD. A subset of
heavy drinkers has a substantial increase in triglyceride
levels, but this is infrequently seen in light to moderate
drinkers.

Alcohol also inhibits several promoters of blood clot-
ting, including platelet stickiness and fibrinogen levels. In
addition, moderate alcohol consumption also affects the
fibrinolytic system, increasing plasminogen activator
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inhibitor activity and reducing plasminogen activator ac-
tivity in the postprandial period (5 h after eating), a fact
that might explain the reduction in the early morning risk
of cardiovascular events observed in moderate drinkers
who consume alcohol with dinner [21].

Finally, a meta-analysis of prospective observational
studies has concluded that moderate alcohol consumption
lowers the risk of type-2 diabetes [32]. In the same way,
randomized clinical trials have also shown that moderate
alcohol intake has beneficial effects on insulin concentra-
tions and insulin sensitivity in non-diabetic patients,
suggesting that moderate alcohol consumption decreases
the risk of CVD and type-2 diabetes by improving insulin
sensitivity [33].
Effects of polyphenols

As mentioned above, polyphenols and their metabolites
can contribute to protect against CVD [18,19]. In an
observational study within the PREDIMED (PREvención
con DIeta MEDiterranea) trial, those participants who re-
ported a high polyphenol intake showed a reduced risk of
overall mortality, and also a lower incidence of CVD,
compared to those with lower intakes [34]. In addition to
alcohol, wine and beer contain polyphenols which could
confer additional beneficial health properties compared to
other types of alcoholic beverages. Polyphenols in wine
[35e37] and beer [20] decrease blood pressure while
increasing plasma nitric oxide concentration. Fig. 3 shows
the changes in systolic and diastolic blood pressures after
4-week intervention with alcoholic beer, de-alcoholized
beer and gin [20]. Interestingly, data suggest that only
non-alcoholic, but not alcoholic beer intake, was associ-
ated with a decrease of blood pressure [20]. One can
speculate that alcohol counteracts in some way the effects
of polyphenols, at least in decreasing blood pressure. The
inverse association between moderate alcohol intake and
low diabetes risk was most apparent in wine and beer
Figure 3 Changes in systolic and diastolic blood pressure observed at ba
alcohol/d), non-alcoholic beer (900 mL/d e same amount of polyphenols
alcohol as beer with alcohol intervention) in 33 asymptomatic subjects at h
non-alcoholic beer achieved statistical significance compared to the othe
intervention). Reprinted with permission from Chiva-Blanch et al. [20].
drinkers as compared to those who reported spirit intake.
Accordingly, in a randomized clinical trial that examined
the effects of three interventions (red wine, de-alcoholized
red wine and gin), both red wine and de-alcoholized wine
decreased HOMA-insulin resistance index, a measurement
of insulin sensitivity, suggesting that polyphenols con-
tained in wine exert a protective effect on glucose meta-
bolism [37]. The effects of beer on preventing diabetes
seem to be still controversial. Plasma homocysteine con-
centration, another novel risk factor, significantly
decreased and serum folic acid increased only after the
non-alcoholic beer intervention.

Wine polyphenols apparently decrease plasma malon-
dialdehyde concentration, a measurement of oxidative
stress status, inhibit LDL-cholesterol particles oxidation
and increase activity of several antioxidant enzymes. In
addition, there is evidence for anti-inflammatory effects of
regular wine consumption. Polyphenol-rich alcoholic
beverages such as red wine, but not gin, diminished CRP in
plasma, increase serum anti-inflammatory Interleukins
(ILs), and decrease lymphocyte and monocyte adhesion
molecules and cytokines, molecules that participate in
the recruitment and migration of circulating leukocytes
into the vascular endothelium, initiating the atheroscle-
rotic process [18,19]. Beer, despite its relatively lower
antioxidant and anti-inflammatory activity, also exerts a
comparable protective role against CVD. Alcoholic and
nonalcoholic beer decrease lymphocyte expression of LFA-
1 and Sialyl-Lewis X(SLex), as does monocyte expression of
SLex and monocyte expression of C-C chemokine receptor
type 2 (CCR2), as well as E-Selectin, IL-6r, IL-15, RANTES
and tumor necrosis factor(TN)-b [20]. Finally, beer and de-
alcoholized beer also increase circulating endothelial cells,
bone-marrow derived stem cells with the ability to repair
and maintain endothelial integrity and function (Fig. 4)
[38].

On the other hand, a large body of studies addressing
this issue has been based on in vitro assays and animal
studies, which have shown that the compounds derived
seline and after 4 weeks of intervention with beer (600 mL/d e 30 g/
as beer with alcohol intervention) and gin (92 mL e same amount of
igh risk. Notice that only the reduction in systolic blood pressure after
r two interventions (*P Z 0.007, t test between before and after the



Figure 4 Changes in the number of circulating Endothelial Progenitor Cells (EPC) observed at baseline and after 4 weeks of intervention with beer
(600 mL/d e 30 g/alcohol/d), non-alcoholic beer (900 mL/d e same amount of polyphenols as beer with alcohol intervention) and gin (92 mL e same
amount of alcohol as beer with alcohol intervention) in 33 asymptomatic subjects at high risk. Notice that the number of EPC is significantly higher
after beer and non-alcoholic beer than after gin interventions (PZ 0.008). *Significant differences between before and after the interventions (t test).
Reprinted with permission from Chiva-Blanch et al. [38].
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from benzoic and cinnamic acids, catechins, procyanidins,
humulones and prenil-chalcones are the major contribu-
tors to the antioxidant capacity of beer. It has also been
observed that xanthohumol inhibited the oxidation of LDL
in vitro induced by Cu2þ, as well as lipid peroxidation of
liver microsomes in rats. Finally, the anti-inflammatory
effects of bioactive compounds of beer are mainly due to
the inhibition of inducible nitric oxide synthase and inhi-
bition of the activity of cyclo-oxygenase 1 [21].
Beer consumption and cancer risk

Beer is the most common type of alcoholic beverage
worldwide, and is therefore responsible for a substantial
proportion of alcohol-related neoplasms and deaths,
although no specific estimate is available for beer only. It is
difficult, in fact, to disentangle the possible role of beer
drinking separately or in combination with other alcoholic
beverages. This is essentially due to the fact that, in several
populations, heavy drinkers tend to use more than one
type of alcoholic beverage, and the role of (moderate) beer
drinking is difficult to analyze and disentangle in any
single study, particularly after adjustment for other alco-
holic beverages. In addition, data on moderate drinkers of
beer only are sparse in most populations.

Using estimates of cancer incidence and deaths and
relative risks (RR) for alcohol-related neoplasms from two
large meta-analyses including approximately 600 studies
and 200,000 cases of various alcohol-related cancers
[39,40], in 2012, a total of about 770,000 alcohol-related
cancers was estimated worldwide (5.5% of the total). Of
these, 536,000 (7.2%) were in men, and 233,000 (3.5%) in
women. Corresponding figures for cancer deaths were
about 480,000 (5.8% of total deaths) in both sexes
combined e over 360,000 men (7.8%) and over 115,000
(3.3%) women [41].

Strong epidemiologic associations with alcohol drink-
ing were observed for cancers of the oral cavity and
pharynx, esophagus and larynx, with RRs around 5 for an
amount around 50 g/day of ethanol. Direct relations were
also observed for cancers of the colon and rectum, liver,
breast and (for high doses only) pancreas. For all alcohol-
related cancers, there is a clear doseerisk relationship,
while the role of duration of e and of stopping e drinking
is less clear and more difficult to investigate and quantify
[42,43].

Most alcohol-related cancers (85e90%), in fact, are due
to heavy drinking (>2 drinks per day in men, >1 in
women), while moderate drinking is associated to about
50e60,000 cancer cases and 30e40,000 deaths per year
worldwide. Light drinking is associated with oral and
pharyngeal cancers (RR about 1.2), esophageal (RR about
1.3) and breast cancer (RR 1.06) [39]. No association was
observed for other alcohol-related cancers, including lar-
ynx, colorectum, pancreas and liver [44]. It is also possible
that under-reporting of alcohol by subjects with greater
use may at least in part explain the increased risk of
selected cancers from light drinking [45]. There is also a
strong interaction between alcohol and tobacco on upper
digestive and respiratory tract neoplasms with a multi-
plicative effect between the two factors [46], but alcohol
per se has an independent effect on those cancer sites [47].

For similar doses, the RR of alcohol-related cancers tend
to be higher in Asian than in Caucasian or Black pop-
ulations, and beer is the most common alcoholic beverage
in Asia. In a meta-analysis of all available data on oral and
pharyngeal cancers up to 2010 [48] the RR for moderate
alcohol drinking of all alcoholic beverages (1e2 drinks per
day) was 1.62 (95% CI 1.26e2.08) in studies from Asia as
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compared to 1.27 (95% CI 1.08e1.50) in those from America
and Europe. A similar meta-analysis on colorectal cancer
[49] gave a pooled RR for heavy drinkers of 1.81 (95% CI
1.33e2.46) for studies conducted in Asia versus 1.16 (95%
CI 0.95e1.43) for studies conducted in Europe.

However, rather than due to specific or stronger asso-
ciations for beer as compared to other alcoholic beverages,
such elevated RRs in Asia may be related to acetaldehyde
dehydrogenase (ALDH) polymorphisms in East Asian
populations. Some of these (rs671, Glu504Lys), in fact,
modify individual differences in acetaldehyde-oxidizing
capacity. This leads to the consequent accumulation of
acetaldehyde, the first metabolite of alcohol and a recog-
nized carcinogen [50e52]. Subjects with variant ALDH,
therefore, even if not heavy drinkers, have higher alcohol-
associated RRs than subjects without this polymorphism, if
moderate drinkers. This mechanism may well explain the
higher alcohol-related RRs in Asian as compared to
Caucasian or Blacks. There are therefore no valid data to
indicate that beer is associated to higher cancer risk than
wine or spirits in Asia.

With reference to other areas of the world, in studies
conducted in Denmark beer drinkers had higher RR of
lung and upper digestive cancers as compared to wine
drinkers [53,54]. The RR of lung cancer for the highest
beer consumption level (>2 drinks per day) was around 2,
while that for wine (much less frequently consumed in
that population, particularly in the past) was below unity.
Lung cancer is however not clearly related to alcohol,
pointing to a role of residual confounding by tobacco and
other correlates of social class [55]. Likewise, the RR of
upper digestive tract cancers for the highest level of pre-
dominantly beer intake was 4.3, while there was no
consistent association with other types of alcoholic bev-
erages in that Danish population. This may, however, be
largely or totally due to residual confounding by socio-
economic status (and its major correlate, tobacco), since in
Denmark wine tend to be selectively consumed by higher
social class individuals. Indeed, Italian data [56] showed
higher RR for wine than for beer and other alcoholic
beverages on the risk of oral cavity and esophageal can-
cers. In Italy, wine is the most common type of alcoholic
beverage, and is frequently consumed by lower social class
individuals.

A network of Italian and Swiss caseecontrol studies
considered the role of different types of alcoholic bever-
ages on the risk of head and neck (HN) and esophageal
cancers (Table 3) [57e59]. Moderate amounts (up to 2
drinks/day) of beer drinking were not associated to any
significant excess risk of these neoplasms, and that no
appreciable heterogeneity of risk was observed between
beer, wine and spirits. The RRs for moderate beer drinkers
were 1.2 for oral, 1.0 for esophageal and 1.7 for laryngeal
cancer, and none of these estimates were significant. For
heavy beer drinking, the RR of oral cancer was 2.3 (95% CI
1.4e3.2). The associations for spirits were similar to those
of beer, whereas the RRs for heavy wine drinkers were
much higher (RR Z 16.1 for oral and pharyngeal, 17.9 for
esophageal, 4.3 laryngeal cancer).
The highest RR for wine is due to the appreciably
greater consumption of wine in southern European pop-
ulations. There is also an inherent difficulty in disen-
tangling the role of different beverages, since, as already
mentioned, most heavy drinkers consume more than one
type of beverage.

A meta-analysis of all available epidemiological data on
oral and pharyngeal cancers up to 2010 [48] gave a pooled
RR for moderate drinkers of 2.1 for wine, 2.4 for beer and
2.3 for spirits. For heavy drinkers, the RRs were 4.9 for
wine and 4.2 for beer. So far, no adequate data was avail-
able for spirits only.

Studies conducted in northern Europe found an excess
risk of colorectal [60] and pancreatic [61] cancers, with a
specific association with heavy beer drinking. Subsequent
studies from southern Europe [62,63], however, did not
confirm such specific associations with beer, again sug-
gesting that heavy beer drinking in northern (but not
southern) Europe was a correlate of low socioeconomic
status, and possibly tobacco smoking. Hence, residual
confounding by socioeconomic status, and consequently
tobacco, may explain that apparent association. Recent
data confirm that heavy alcohol drinking, including beer
drinking, is related to colorectal cancer risk, but the asso-
ciation is modest for moderate drinkers, and there is no
specific relation with beer rather than other alcoholic
beverages [49,64].

Thus, in each population the most commonly used type
of alcoholic beverage appears to be the major determinant
of heavy drinking, and hence the one most strongly related
to cancer risk, in the absence of material difference in RR
across types of beverages [56].

In conclusion, there is no evidence that heavy beer
drinking is more (or less) harmful on cancer risk than
other types of alcoholic beverages. The message therefore
remains that moderate alcoholic drinking (up to 1 drink
per day in women, up to 2 in men of all types of alcoholic
beverages combined) is associated with a modest excess
risk of oral and pharyngeal, esophageal and breast cancers
[40]. The total amount of ethanol remains the key deter-
minant of an individual subsequent cancer.

Beer consumption and liver function

The specific mechanisms through which beer and its
minor components may affect the liver are not fully un-
derstood and poorly elucidated.

Laboratory and animal experimental studies

A quantity of 0.5 mL beer/day for 3 months was able to
counteract the oxidant action of aluminum toxicity in
NMRI mice (aluminum was used as it is considered a
substance with powerful pro-oxidant activity, which might
be explained by the formation of an aluminum superox-
ide). At the end of a 30 day experiment, the mice treated
with both aluminum and beer showed significantly lower
markers of oxidation and TNF-a RNA expression than
aluminum treated mice; in addition beer prevented



Table 3 Relative risks (and 95% confidence intervals) of oral cavity, esophageal and laryngeal cancer in drinkers of beer and other types of
alcoholic beverages. Italy and Switzerland, 1986e2000.

Oral cavity and pharynx
Altieri et al., 2004 [58]
(749 cases, 1772 controls)

Esophagus
Bosetti et al., 2000 [57]
(714 cases, 3137 controls)

Larynx
Garavello et al., 2006 [59]
(672 cases, 3454 controls)

Beer, drinks per day
Non drinkers 1 1 1
1e2 1.2 (1.0e1.5) 1.0 (0.8e1.2) 1.7 (0.7e4.5)
�3 2.3 (1.4e3.7) 1.8 (0.3e11.2)

Wine, drinks per daya

�2 1 1 1
3e4 2.2 (1.6e3.0) 1.7 (1.1e2.5) 0.9 (0.6e1.4)
5e7 7.1 (5.0e10.1) 4.2 (2.7e6.6) 1.7 (1.0e2.9)
8e11 11.8 (8.1e17.2) 8.8 (5.4e14.2) 3.9 (2.4e6.3)
�12 16.1 (10.2e25.3) 17.9 (6.6e48.9) 4.9 (1.8e13.4)

Spirits, drinks per day
Non drinkers 1 1 1
1e2 1.0 (0.8e1.2) 1.0 (0.8e1.2) 0.9 (0.7e1.1)
�3 1.9 (1.1e3.3) 1.5 (1.0e2.4) 1.2 (0.7e2.0)
a Wine only, whenever available.
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accumulation of lipid damage and beer treated mice
showed a 40% lower level of aluminum than aluminum
treated mice [65]. Studies in vitro have shown that beer
components may increase the antioxidant capacity of the
human serum [66], reduce the formation of Reactive Ox-
ygen Species (ROS) in peripheral blood mononuclear cells
[67] and prevent the induction of pre-neoplastic lesions
and DNA damage in liver and colon of rats treated with
heterocyclic aromatic amines [68].

Experimental studies in humans

There are only limited data from human studies investi-
gating the effect of beer drinking on liver enzymes. Two
independent small cross-over trials indicated that up to 4
beers/day do not affect liver enzymes significantly. No
evidence of an increase in gamma-glutamyltransferase
(GGT), aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) after 3 weeks of daily intake of
four beers was found in 11 men [69]. Romeo et al.
confirmed the lack of an effect on AST, ALT and GGT after
consumption in moderation of 1 beer/day in women and 2
beers/day in men for a period of 30 days [70].

However, Sierksma et al., in a small cross-over trial of 10
men consuming 4 beers/day and of 9 post-menopausal
women consuming 3 beers/day for a period of three
weeks, found a slight increase of GGT and ALT but only in
women [71]. An anti-inflammatory action through
decreased levels of CRP and fibrinogen was reported as
well in both sexes.

Ecological studies

Four ecological studies investigated the relationship be-
tween beer consumption and mortality due to liver
cirrhosis. In a 1962 report focusing on 46 States from the
USA, liver cirrhosis mortality was more strongly
associated with wine consumption than either beer or
spirit [72]. A positive and significant populationelevel
association between beer consumption and mortality for
liver disease was found in 221 municipalities in the State
of Louisiana [73]. The relationship between estimates of
alcohol use from specific beverages and mortality from
liver cirrhosis was analyzed in eight regions of Mexico
and a positive association was found with consumption of
spirits and pulque (an alcoholic beverage made from the
fermented sap of the agave plant), but not beer or wine
[74]. Finally spirit consumption was the strongest corre-
late of cirrhosis mortality in a pooled cross-sectional
time-series analysis of data from a group of English-
speaking countries from 1953 to 1993 [75]. The cost of
the specific alcoholic beverage in different parts of the
world and its relationship with heavy alcohol use might
explain some of the findings from these ecological
studies.
Epidemiological studies

While numerous studies on the relationship between
specific alcoholic beverages total or cardiovascular mor-
tality have been published, only two studies are available
on the longitudinal relation between beer drinking and
liver health. In a cohort of 36,350 healthy men from
eastern France, consumption of up to five beers/day was
not associated with an increased mortality due to cirrhosis.
Whereas, daily intake of more than 55 g of alcohol was
associated with an increased risk [76]. In a Danish cohort
of 30,630 men and women high intake of all 3 types of
alcohol was associated with an increased risk for liver
cirrhosis. However, wine drinkers had lower risk than beer
and spirits drinkers [77]. Other studies did not find sig-
nificant differences in the effects on liver determined by
different types of alcoholic beverage, i.e. beer vs. wine or
spirits [78].
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To date, there is limited information regarding the
specific association between consumption of beer and liver
function/health. It is clear that excessive use of beer (as for
any alcoholic beverage) is detrimental to health and that
beer (as other alcoholic beverages) should be used in
moderation. So far, there is no evidence that beer is more
deleterious or has more benefits compared with other
sources of alcohol. Alcohol apparently remains the most
powerful biological agent in any alcoholic beverage.
Beer consumption, cognitive impairment and dementia

Dementia is a major public health concern in modern so-
cieties. Its prevalence increases with age, especially after
65 years, and about 20% of the individuals aged 80 years or
older are affected. The most frequent type of dementia is
Alzheimer’s disease that is associated with high levels of
morbidity, mortality and socio-economic costs. With the
aging of the population, the prevalence of dementia is
expected to increase significantly. Since there is no
established treatment or preventive measure, delaying its
onset through the identification of risk factors associated
with dementia and Alzheimer’s disease is crucial. Actually,
lifestyle habits have been considered to play a key role in
reducing the risk burden of such disease, and among these,
alcohol consumption has been extensively studied in
relation to the occurrence of dementia in recent years,
with conflicting results [79].

Alcohol has been postulated to act as a neuroprotective
factor through different mechanisms [80]:

� First, as already mentioned above, it might act through
reduction of cardiovascular risk factors, either through
an inhibitory effect on platelet aggregation, or an
alteration of the serum lipid profile. In actual fact,
randomized crossover dietary studies demonstrated
that alcohol intake is able to raise HDL-cholesterol, in-
sulin sensitivity, and ameliorate inflammatory
pathways.

� Second, alcohol has been found in experimental studies
to initially increase hippocampal acetylcholine release,
which is associated with an improvement of memory
performance.

� Third, alcohol use has been inversely associated with
dementia through protective changes in cerebral
vasculature. Indeed, light-to-moderate alcohol use has
been associated with a lower prevalence of MRI-defined
white matter lesions and sub-clinical infarcts. However,
the inverse association of alcohol use with dementia
has been found to be more relevant among subjects not
carrying the APOE e4 allele, who are at lower risk of
dementia.

Over the last years, despite an increasing interest on
the possible association between alcohol consumption
and neurodegenerative disease, only few analytical
studies (7 in total, of which 3 were nested caseecontrol
and 4 cohort prospective studies) have reported data on
beer consumption [81]. The studies showing the possible
association between beer consumption and neurodegen-
erative outcomes are reported in Table 4 [82e88]. As far as
caseecontrol studies are considered, data are available
from 3 studies analyzing subjects living in 3 different
countries (Denmark, Canada and U.S.). In the Copenhagen
City Heart Study, data on alcohol consumption collected
in 1976 was linked to the risk of dementia after 15e18
years of follow-up. Compared to never or hardly ever
drinkers, the risk of developing dementia was signifi-
cantly lower for monthly and weekly intake of wine but
not for daily intake. With regard to beer consumption, a
non-significant association was found for weekly (OR
2.13; 95% CI: 0.98e4.78) and daily intake (OR 1.73; 95% CI:
0.75e3.99), while a significant increased risk was
observed for monthly intake of beer (OR 2.28; 95% CI:
1.13e4.60).

Later, the Canadian Study of Health and Aging, which
investigated the risk of developing dementia in 4088
subjects followed for 5 years, obtained similar results. The
risk was decreased for total alcohol consumption, but the
greater reduction was observed in wine drinkers (OR 0.49;
95% CI: 0.28e0.88), with respect to beer drinkers (OR 0.84;
95% CI: 0.51e1.41) and spirit drinkers. A null association
with beer consumption was also evidenced in a nested
caseecontrol study of 373 cases with incident dementia
and 373 controls analyzed through neurological and neu-
ropsychological examinations within the cohort of the
Cardiovascular Health Study. Self-reported usual weekly
intake of total alcohol, compared with abstention, was
associated with a significant reduced risk of dementia.
However, when total alcohol was analyzed for its different
beverage types (beer, wine, liquor), no significant associ-
ation was revealed.

With regard to cohort prospective studies, data on beer
consumption were available from 4 studies for subjects
living in 3 different countries (The Netherlands, USA and
China). In 2002, the association between alcohol con-
sumption and dementia was analyzed in the participants
of the Rotterdam Study. The cohort comprised 7983 sub-
jects aged 55 years or over who developed, after 6 years of
follow-up, 197 incident cases of dementia. The risk of de-
mentia were significantly decreased among subjects who
drank 1e3 drinks per day, but when type of alcohol was
taken into consideration, no difference was observed for
all the studied types of beverage, including beer.

Another cohort study, which investigated the association
between total alcohol and specific types of beverage, was
the Washington Heights InwoodeColumbia Aging Project,
conducted in New York City, 980 community-dwelling in-
dividuals aged 65 and older without dementia at baseline
were studied for their alcohol consumption and followed
for 4 years afterwards. After 4 years of follow-up 260 in-
dividuals developed dementia (199 Alzheimer’s disease and
61 dementia associated with cerebrovasular disease). The
results, at a multivariable model adjusted for all the possible
confounders, showed an association between light-to-
moderate alcohol consumption and lower risk of demen-
tia and Alzheimer’s disease, but non-significant association
for beer consumption was evidenced.



Table 4 Studies investigating the association between beer consumption, dementia, Alzheimer’s disease and cognitive impairment.

Study (Cohort) Type Patients, n Outcome Categories of
consumption

R lts Adjustment

Truelsen et al., 2002
(Copenhagen City
Heart Study) [82]

Nested caseecontrol
study

83 with dementia
1626 nondemented subjects

Dementia Never/hardly ever
Monthly
Weekly
Daily

-
2 (1.13e4.60)
2 (0.98e4.78)
1 (0.75e3.99)

Age, sex, education, history of
stroke, income, blood pressure,
smoking habit

Ruitenberg et al., 2002
(Rotterdam Study) [83]

Prospective study 7983 nondemented subjects
197 incident dementia

Dementia <1 drink per week
�1 drink per week
1e3 drinks per day

N N.R.

Lindsay et al., 2002
(Canadian Study of Health
and Aging) [84]

Nested caseecontrol
study

194 AD patients
3894 cognitively normal
subjects

AD Weekly consumption 0 (0.51e1.41) Age, sex, education

Mukamal et al., 2003
(Cardiovascular
Health Study) [85]

Nested caseecontrol
study

373 incident dementia
373 controls

Dementia None
<1 drink/wk
1e6 drinks/wk
�7 drinks/wk

-
0 (0.48e1.47)
0 (0.36e1.54)
1 (0.71e5.47)

Age, sex, race, apoE, education,
income, marital status, estrogen
therapy, smoking habit, diabetes,
BMI, cholesterol, atrial fibrillation,
history of stroke, physical activity

Luchsinger et al., 2004
(Washington Heights-Inwood
Columbia Aging Project) [86]

Prospective study 980 nondemented subjects
199 AD after 4 yrs

AD None
Light-to-moderate

-
1 (0.95e2.06)

Age, sex, education, apoE

Deng et al., 2006
(Chonhqing City) [87]

Prospective study 2632 nondemented subjects
121 incident dementia after
2 yrs

Dementia Non-drinker
Light-to-moderate
Excessive drinker

-
2 (1.23e4.96)
1 (0.43e8.93)

Age, sex, education, blood pressure,
smoking habit, history of stroke,
MMSE score

Weyrer et al., 2011 [88] Prospective study 3202 nondemented subjects
217 incident dementia after
3 yrs

Dementia
AD

Consumption
Consumption

0 (0.56e1.35)
0 (0.30e1.21)

Age, sex, education, depression,
apoE, smoking habit

Abbreviation: AD, Alzheimer’s disease; N.R., Not reported; BMI: Body Mass Index; MMSE: Mini-Mental State Examination.
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Conversely, a significant increased risk of dementia for
beer consumption was reported in a 2-year prospective
study conducted in a cohort of elderly people from six
communities in China [87]. The cohort comprised 2632
participants who developed, after 2 years of follow-up, 121
incidental cases of dementia. By grouping subjects ac-
cording to alcohol consumption into three categories, non-
drinkers, light-to-moderate and excessive drinkers, the
study reported a significant protection for light-to-
moderate consumption of total alcohol (OR 0.52; 95% CI
0.32e0.85) versus occurrence of all types of dementia.
However, when specific types of alcohol beverage were
taken into consideration, light-to-moderate consumption
of wine was related with a reduced risk of dementia (OR
0.68; 95% CI 0.50e0.92) while light-to-moderate con-
sumption of beer was associated with a significantly
increased risk of dementia than that of non-drinkers (OR
2.47; 95% CI 1.23e4.96).

Finally, results from a 3-year follow-up prospective
study conducted among primary care attenders aged 75
years and older in Germany were reported [88]. The cohort
included 3202 subjects free of dementia that were studied
at baseline, 1.5 years and 3 years later. Incident overall
dementia was diagnosed in 217 of them. Significant in-
verse relationship was found between total alcohol con-
sumption and incident overall dementia (HR 0.71; 95% CI
0.53e0.96) for consumers vs. abstainers, but no significant
association was found for subjects who reported that they
drank only beer for the occurrence of overall dementia (HR
0.87; 95% CI 0.56e1.35) and Alzheimer’s disease (HR 0.60;
95% CI 0.30e1.21).

In conclusion, nested caseecontrol and prospective
cohort studies tend to show that moderate alcohol con-
sumption is associated with a reduced risk of developing
dementia and Alzheimer’s disease [85]. This may how-
ever be due to selective stopping alcohol drinking in
subjects with cognitive impairment (i.e. reverse causa-
tion) However, no clear association between specific
type of alcohol beverage and dementia has been evi-
denced. In particular, the existing literature on beer
consumption, although very limited with respect to that
available for wine consumption, reports no clear asso-
ciation between beer and dementia or mild cognitive
impairment. Specific and larger studies are warranted to
clarify this issue.

Beer consumption and total mortality

Low alcohol intake is inversely related to vascular disease,
but the other side of the coin shows an increased risk of
certain cancers, cirrhosis and death from accidents asso-
ciated with increasing alcohol consumption [89]. As a
consequence, even at lower dosages the benefit of alcohol
could be overcome by its harmful effects [38,90]. This
hypothesis was tested in a meta-analysis including 34
prospective studies on alcohol and all-cause mortality [89]
that pooled findings from more than one million adult
(aged � 18 years) healthy subjects and about 95,000
deaths from any cause. The J-shaped relationship observed
between total mortality and increasing amounts of alcohol
consumed indicates that low to moderate consumption of
alcohol (�1 drink/day in women and �2 drinks/day in
men) significantly reduces total mortality, while higher
doses increase it [89]. The pooled curves for males and
females were different for the range at which alcohol re-
mains protective (protection in women disappeared at
doses lower than in males) but comparable (17e18%)
regarding the maximum protection [89]. Maximum risk
reduction in males was lower in USA (14e19%) as
compared to Europe (20e28%); the protection extended
up to 6 drinks/day in European but only up to 3 drinks/day
in USA studies [89].

A similar effect was observed in cardiovascular pa-
tients: in a meta-analysis on mortality for any cause
[25,91], based on 7 studies comprising 16,398 CVD pa-
tients, J-shaped pooled curves were observed in the overall
analysis (average maximal protection 18% in the range of
5e10 g/day) and in all subgroups according to either the
type of patients or characteristics of the studies.

These findings originate from two meta-analyses based
on alcohol intake from any type of alcoholic beverages.
Specific data on the link between beer and total mortality
are scarce.

� In a study conducted in eastern France [76] (36,250
healthy men, 12e18-year follow-up, 3617 deaths)
drinking wine or beer in moderation reduced the risk of
cardiovascular death, but only wine was associated
with a lower all-cause mortality.

� In a study conducted among 7735 British men aged
40e59 years [92] (17 years of follow-up, 1308 deaths
from all causes) regular beer drinking was associated
with a reduction of total mortality with a HR equal to
0.84 (95% CI: 0.71e1.01), in comparison with occasional
drinkers.

� In The Copenhagen City Heart Study [93] (270,505
person years of follow-up, 7208 people deaths for any
cause), only a monthly intake of beer was found to be
associated with a slightly lower mortality. Persons with
a daily intake of beer in excess of two drinks carried an
increased risk of death compared with never beer
drinkers.

� In the EPIC Study [94] (380,395 men and women, fol-
lowed up for 12.6 years on average, 20,453 fatal events)
lifetime never beer users displayed higher risks than
moderate drinkers. However, in women, beer use was
more strongly related than wine to overall mortality for
amounts greater than 3 g/day compared with the
reference category (0.1e2.9 g/day).

In conclusion, evidence suggests a J-shaped relationship
between alcohol consumption and total mortality, with
lower risk for moderate alcohol consumers [22,89,91].
Specific data on beer are not conclusive, although some
results indicate a positive role of drinking beer in moder-
ation (1 drink/day, about 12 g of ethanol) against mortality
for any cause [94]. Heavy alcohol (and beer) consumption
increases the risk of total mortality [89], ranking in the



Figure 5 Proportion of adolescents having consumed beer during the last 30 days by gender and country. Source: ESPAD data, 2011 [102].

Table 5 Comparison of beer drinking patterns in three countries by age and sex.

Country Available indicators Men Women

16e24 25e44 45e64 65þ 16e24 25e44 45e64 65þ
United Kingdom Drinking: adult’s behavior and knowledge, report, 2009 [106]

Percentage of drinks/week
Strong beera 23 10 12 8 11 4 3 2
Light beera 45 54 46 35 12 18 17 9
Beer (both)a 68 64 58 43 23 22 20 11

Italy “La vita quotidiana nel 2009” [107]
Prevalence of beer consumption 62 74 69 38 38 44 37 15
Daily beer consumption 8 11 8 3 2 2 1 1

Luxembourg ORISCAV-LUX 2007e2008 [105]
Percentage of drinks/week 18e24 25e44 45e64 65e69 18e24 25e44 45e64 65e69
Strong beera 12 5 5 4 5 5 2 0
Light beera 44 35 22 32 26 13 6 10
Beer (both)a 56 40 27 36 31 18 8 10
Prevalence of beer consumption (%) 70 76 70 58 36 29 25 24
Daily beer consumption (%) 0 7 11 11 0 1 0 5

a Only those that declared that they drunk at least one alcohol beverage were included.
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eighth place among the causes of attributable deaths all
over the world [95].

Conclusions

Low to moderate (up to 1 drink -equivalent to about 12 g of
ethanol- per day in women, up to 2 in men of all types of
alcoholic beverages combined), non-bingeing beer or wine
consumption, in the absence of specific contraindications
and in the context of healthy eating and a healthy lifestyle,
significantly reduces the risk of CVD. Less clear-cut evi-
dence is available for stroke, possibly due to the hetero-
geneity of this clinical condition.

Epidemiological studies suggest that regular and mod-
erate consumption of fermented beverages (wine and
beer) confer greater cardiovascular protection than spirits.
Part of the protective effects of beer and wine is due to
their alcoholic content and part to their non-alcoholic
components (mainly polyphenols).

There is limited information regarding the specific as-
sociation between low to moderate consumption of beer
and liver function. Low to moderate alcohol consumption
is associated with a reduced risk of developing neurode-
generative disease but the existing literature on beer
consumption is not conclusive.

Although regular, moderate alcoholic drinking is asso-
ciated to a modest excess risk of oral and pharyngeal,
esophageal and breast cancers, there is no evidence that
beer drinking is different from other types of alcoholic
beverages in respect to this particular cancer risk.

Evidence suggests a J-shaped relationship between beer
or wine consumption and all-cause mortality, with lower
risk for light to moderate alcohol consumers than for ab-
stainers or heavy drinkers.

The studies examined for the present Consensus are
primarily of European or US origin. Little evidence is
available from Asian, African or Latin American/Southern
American studies.

Unless they are at high risk of alcohol-related cancers,
there is no reason to discourage healthy adults who are
already regular light-moderate beer consumers from
continuing to follow the same pattern. On the other hand,
we do not recommend that adult life-long abstainers begin
drinking for health reasons as, up to now, there is no direct
evidence that adult abstainers who start drinking beer or
other alcoholic beverages (also in moderation) reduce
their risk of chronic diseases.

Excessive alcohol (beer) consumption exerts delete-
rious effects on the human body, with increased risks for
many organs, but most primarily for the liver. In addition,
there are social problems such as addiction, accidents,
violence and crime.

Data reported in this document show evidence for no
harm of moderate beer consumption for major chronic
conditions and some benefit against cardiovascular
disease.

Consumption of any alcoholic beverage, at any dosage,
is not recommended for children, adolescents, pregnant
women, individuals at risk of alcoholism, those with
cardiomyopathy, cardiac arrhythmias, depression, or liver
and pancreatic diseases, or during performing actions that
require concentration, skill or coordination.

Health messages extrapolated from this consensus
document should be integrated within specific socio-
cultural contexts in different Countries.
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Appendix. Additional aspects of beer consumption

Beer consumption among different age groups and
countries

The potential beneficial effects of alcohol consumption are
conferred only bymoderate consumption in healthy adults,
whereas heavy consumption is harmful and associatedwith
several chronic health problems [96e98]. There is no
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evidence that alcohol provides health benefits in the young,
rather the opposite. The effects of alcohol on young people
are not the same as they are on adults.While alcoholmisuse
can present health risks in all age groups, it is even more
dangerous for children and adolescents [99,100].

National surveys-based data: adolescents and young
adults (16e24 years)
The European School Survey Project on Alcohol and Other
Drugs (ESPAD-2011), conducted among 100,000 students
in 36 European countries in 2011, reports that beer is the
preferred beverage for boys and spirits for girls aged 15e16
years old [101,102]. An inter-country variation exists with
more than 60% of adolescents having consumed beer in
the last 30 days in Belgium, Germany, Bulgaria and Czech
Republic, 40% in the Baltic States and 17% in Iceland
(Fig. 5). Among students reporting “any last day alcohol
consumption”, about 52% of them did not drink beer, 37%
had a moderate consumption and 11% had more than 1 L of
beer. Among 17e18 years old students a large inter-
country variation is also reported, with the highest prev-
alence in Poland (80%), and the lowest in France (50%).
Overall, boys consume more alcohol than girls in all
countries [103].

Country-specific analysis of ESPAD data reported that
adolescents seeking to have fun and get drunk do prefer
beer or spirits. However after adjusting for the effect of
drinking motives, the beer preference does not remain
significantly related to risky drinking but spirit preference
does. Therefore developing approaches that target ado-
lescents that prefer spirits is recommended for prevention
[104]. Among adolescents, national legal age for sales of
alcohol beverages is likely to account for some of the
observed differences across countries; the high prevalence
in the last 30 days of beer consumption in countries with a
lower age limit stresses the importance of alcohol
restrictive policies.

Table 5 depicts a comparison of beer drinking patterns
in three countries by age and sex [101,105e107]. Italian
and Luxembourgish data show similar sex-specific differ-
ence for beer consumption among adolescents and young
adults (up to 24 years old) with 38%, 36% of women and
70%, 62% of men drinking beer, respectively. While there
are no daily consumers in Luxembourg, 8% of men and 3%
of women drink beer every day in Italy. Concerning weekly
beer consumption, making up 68% of weekly drinks in the
UK and 56% in Luxembourg, beer is the most consumed
beverage among British and Luxembourgish young men
but is less popular among young women (31% and 23%,
respectively).

A recent survey on Italian young people (under 24 years
old) has reported a progressive decrease of both beer and
wine consumption starting in 2006. Such a reduction was
apparent in both sexes especially for drinking in public
spaces rather than at home [108].

Adults (25þ years)
According to the survey on cardiovascular risk factors
(ORISCAV-LUX) and the European Health Interview &
Health Examination Surveys Database [101,105] beer is
very popular among adult men in Europe, as represented
by Luxembourg and Italy. About 70e76% of 25e64 years
old Luxembourgish and 69e74% of 25e64 years old Ital-
ians drink beer. After the age of 65, popularity of beer
drops to 58% in Luxembourg and to 38% in Italy. The
proportion of men drinking beer daily increases with age
in Luxembourg: from 7% of men aged 25e44 years to 11%
after 44 years old. In Italy only 3% of men drink beer every
day after their 65th anniversary, whereas among younger
men this percentage increases from 8 to 11%. Beer is less
popular among women and that popularity drops with
age in both countries. While daily consumption concerns
only 5% of older women in Luxembourg, in Italy it remains
at 1e2% across all ages (Table 5). Beer accounted for
58e64% of weekly drinks among 25e64 years old British
men. This percentage drops to 43% among older ages.
Among British women, about 1 in 5 alcoholic drinks per
week is beer, except for the 65 years or older group, in
whom 1 in 10 drinks is beer. Among Luxembourgish men
beer is less popular with 40% of weekly drinks among
25e44 years old; it drops to 27% among 44e64 years old
and increases to 36% among older men. Light beer is the
most preferred beverage in all ages in UK whereas in
Luxembourg, trends for both light and strong beers are
similar.

Alcohol sales data, retrieved from WHO reports, indi-
cate that among different types of alcohol consumption,
wine is the most popular alcoholic beverage consumed in
Italy, Luxembourg, Spain and France and beer in the UK,
although wine preference is increasing [109]. In 2010, beer
constituted 37% of the recorded per capita alcohol con-
sumption (15þ) in the UK, 36% in Luxembourg, and 23% in
Italy [109]. Annual per capita beer consumption from 1960
to 2010 was stable in Italy (around 2.3 L of pure alcohol),
and in Luxembourg (around 5 L of pure alcohol). In the UK
beer consumption increased from 6 to 8 L in 1979 and
dropped below 5 L of pure alcohol in 2010. For beer that
contains 5% of alcohol by volume, 1 L of pure alcohol
corresponds to 20 L of beer.

Based on country specific policies from five regulatory
domains e physical availability of alcohol, drinking
context, alcohol prices, alcohol advertising, and operation
of motor vehicles e an Alcohol Policy Index (API) score has
been validated [110]. Among the three countries,
Luxembourg was scored as having the least restrictive
policies whereas UK was the most restrictive. A less
restrictive alcohol policy at country level was significantly
associated with higher per capita alcohol consumption.
However, the association was based on cross-sectional
data, precluding the possibility to draw conclusions
about the causality of the relation. The annual sales of pure
alcohol liters/person older than 15 years do not give details
on age, gender variations and drinking patterns. Given the
relatively high quantities of alcohol bought by non-
residents, consumption might be over-estimated in small
countries. The API score provides ranking of countries and
benchmarking is possible based on their specific alcohol
policy control.
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The WHO uses the Patterns of Drinking Score (PDS) to
account for the impact and the multidimensionality of
alcohol consumption on health [109]. Several drinking
attributes like the usual quantity of alcohol consumed per
occasion; festive drinking; proportion of drinking events
when drinkers get drunk; proportion of drinkers that
drink daily (or nearly daily); drinking with meals; drinking
in public places, are weighted differently and combined
into the PDS. Two attributes, drinking with meals and
proportion of drinkers that drink daily make patterns of
drinking less risky [111]. The most risky patterns of alcohol
consumption, PDS score 5 in a scale of 1e5, are reported in
Russia and in Ukraine. This burden of disease-related
measure estimates a risk score 1 for Luxembourg and
Italy and 3 for UK. This is in line with international liter-
ature emphasizing major cultural and social differences
across Europe in the way alcohol is consumed (i.e. drinking
patterns), with Northern European countries showing
more risky alcohol behaviors than their Southern coun-
terparts, i.e. a North-to-South gradient [112]. Luxembourg,
despite its geographic location, is populated by large
southern European communities, primarily Portuguese
and Italians.

In conclusion, beer is a very popular alcoholic beverage
among teenagers and younger adults, whereas its appeal
seems to decline with increasing age, although with
considerable inter-country variations. Methodological is-
sues and inconsistencies in assessing beer intake across
surveys make international comparisons challenging.

Beer consumption in the context of the mediterranean
diet

A Mediterranean dietary style is associated with a
healthier and longer life in Western societies, when
compared with other dietary patterns. Moderate alcohol
consumption is part of the Mediterranean diet, with wine
as the typical alcoholic beverage choice. Although prefer-
ence for beer is more common in non-Mediterranean
populations, the use of beer is not trivial also in Mediter-
ranean countries and the question of the impact on health
of its use in these populations is an intriguing one. It may
provide information on some relevant questions: a) is
wine the specific “good” alcoholic beverage especially for
CHD?; b) is the beer drinking pattern, most common
outside the meal or even as a binge habit, a marker of a
“dangerous drinking style ” also in Mediterranean
populations?

In addition, the evaluation of the relationship between
the socio-cultural environment and the prevalence of
alcoholic beverage preference, as is the case of the com-
parison between Mediterranean and non-Mediterranean
populations, may provide information on the potential role
of socio-cultural factors as confounders of the effects of
alcohol consumption on health [113].

The use of beer as a preferred beverage is typical of
populations characterized by higher (compared with
Mediterranean populations) frequency of major chronic
disease (i.e. CVD and cancer), where other dietary
components and other biological characteristics may make
the difference [114]. In Italy, Spain, Greece and France the
annual per capita beer consumption is between 30 and
40 L, whereas in Central and Northern Europe the con-
sumption varies from 70 to more than 100 L [115]. The
preference for beer consumption is described in combi-
nation with less healthy habits in many non-
Mediterranean as well as in Mediterranean populations:
in the UK general population 12% of the budget is dedi-
cated to healthy foods compared with 18% in wine-
preferring households [116]; less fruit and vegetables and
more soft drinks, meat and fat are bought by beer con-
sumers in Denmark [117]; Finnish women preferring beer
have the highest energy intake from saturated fat and
sugar [118]. Outside Europe, in US general population
surveys beer consumption is associated to a worse Healthy
Eating index [119]. In France the highest intake of energy,
fat, carbohydrates, high-fat meat, potatoes and snacks has
been found in beer consumers [120,121]; in a Spanish
study beer drinkers adhere less to the guidelines on fruit,
vegetables, meat, fish and eggs consumption [122].

In Spain the beer consumption is increasingly replacing
wine in parallel with a change also in the way of eating,
that is less adherent to the Mediterranean style [123].
Recent studies on Spanish population samples indicate
that the observed change in the way of eating (including
the change from wine to beer) is associated with higher
prevalence of the metabolic syndrome (especially larger
waist circumference) and overweight (more weight gain in
life) [124,125]. These findings may be attributed to a gen-
eral change in dietary habits rather than to the change
from wine to beer. Moreover, the finding in the same
population that beer consumption, and not wine, is asso-
ciated with an increase of the prevalence of hypertension
may be due to the drinking pattern (outside meals and less
moderate) [126]. The evaluation of studies where the
Mediterranean dietary style has been analyzed both in
Mediterranean and in non-Mediterranean populations has
disproved the beer-belly hypothesis, that is the higher
probability of increase in waist circumference in beer
drinkers. This is likely to occur only with more than 1 L of
daily consumption of beer [123] and when the diet is not
adherent to the Mediterranean style [127].

The preference for wine has a different pattern of as-
sociation with dietary components when Mediterranean
and non-Mediterranean populations are compared. The
association with healthier eating habits is found in the
latter and not in the former [113,114]. This may indicate
that within a particular population, the use of a specific
type of beverage may be determined by socio-economic
and cultural conditions, usually independently associated
with health outcomes. In the Mediterranean countries
wine is consumed commonly at meals in different social
classes [115], and the accessibility of this beverage in terms
of cost reinforces this picture; whereas more than 60% of
the consumed beer occurs in pubs and restaurant rather
than at home. In non-Mediterranean countries wine con-
sumption is clearly more common in upper classes due to
the higher cost when compared to beer.
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Although clinical and epidemiological studies indicate
that moderate wine consumption may protect against
some chronic disease [17,21,22], the well-established as-
sociation between social factors and health outcomes
[128] suggests that part of this effect in non-
Mediterranean populations is mediated by better educa-
tion and by higher socio-economic status. On the other
hand, some unhealthy effects of beer drinking in all pop-
ulations may be confounded by other dietary habits or by
the drinking pattern. However, high quality European in-
vestigations on diet and chronic disease including the
evaluation of adherence to a Mediterranean diet, which
includes moderate alcohol consumption, show that the
greater adherence to Mediterranean-like dietary habits is
associated with increased longevity, reduced risk of colon
cancer and diabetes [129]. More interestingly, Italian
studies evaluating the Italian Mediterranean index, built
up on specific Italian dietary items that include moderate
alcohol consumption as wine or beer, indicate that a lower
risk of stroke, and colon cancer, are associated with a
greater adherence to the Mediterranean diet [128,129].

We can safely say that the health effects of beer and
wine are greater in combination with a healthy diet. We
have evidence that moderate beer consumption as well as
moderate wine consumption at meals may have some
healthy effects in combination with a Mediterranean-type
diet, rich in vegetables, whole grains, and fruit [129]. One
may speculate that this way of consuming alcoholic bev-
erages favors some synergistic effects between poly-
phenols in these two alcoholic beverages and other similar
compounds of the diet [21].

In conclusion, beer consumption is less preferred than
wine in Mediterranean populations, although in some
countries (i.e. Spain) beer consumption is becoming more
common. The health effect of beer is undistinguishable
from that of wine in population investigations where a
typical Mediterranean dietary pattern is evaluated. In all
populations non-moderate consumption and unhealthy
drinking pattern (outside meals and binges) of beer might
be responsible for undesirable health effect associated
with this beverage.

New generation beer: alcohol-free and gluten-free

Alcohol-free beer
Alcohol-free beer is a non-alcoholic beverage suitable for
all populations, even for countries where alcohol is either
wholly or partially banned. Contrarily, regular (alcohol)
beer consumption has to be avoided in some physiological
(pregnancy, sporting professionals, driving, handling
dangerous machinery, etc.) or pathological conditions
(liver disease, alcoholism, cancer, poly-medication, etc.) as
well as for cultural or religious reasons.

Alcohol-free beer has the same bioactive compounds
(although in lower concentrations) than regular beer
except for alcohol. In alcohol-free beer production, alcohol
is removed by (vacuum) distillation, vacuum evaporation,
dialysis and reverse osmosis. Therefore, during the de-
alcoholization process a significant loss of non-alcoholic
components such as polyphenols and other bioactive and
aromatic compounds may take place, to an extent
depending on the de-alcoholization method [130].
Alcohol-free beer contains about 120 mg/L total poly-
phenols while regular beer contains 280e520 mg/L [131].

There is no restriction in the daily amount of alcohol-
free beer consumption, so it seems feasible to achieve the
same total amount of these molecules with less intake of
alcohol-free beer than from regular beer. Thus, it brings
the question if alcohol-free beer consumption has the
same health effects as regular beer without the detri-
mental (or protective) effects of alcohol itself. In other
words, does the non-alcoholic fraction of beer act in the
human body independently of its alcoholic part?

Several in vitro and animal model studies have tested
the biological effects of beer polyphenols. Beer poly-
phenols (and the non-alcoholic fraction of beer) exert anti-
inflammatory [67,132,133] and antioxidant effects [134],
act as platelet inhibitors [135], prevent endothelial
dysfunction [136] and might be cancer chemopreventive.

In a cross-over trial, 33 men at high cardiovascular risk
were randomized to receive beer (30 g alcohol/d), the
equivalent amount of polyphenols in the form of non-
alcoholic beer, or gin (30 g alcohol/d) for 4 weeks each
intervention. In these patients, systolic blood pressure,
homocysteine and several biomarkers of inflammation
such as E-Selectin, Interleukin (IL)-6r, IL-15, regulated on
activation, normal T cell expressed and secreted (RANTES)
and Tumor necrosis factor (TNF)-b decreased only after the
non-alcoholic beer intervention. After beer and alcohol-
free beer interventions, the receptor antagonist of IL-1
increased, and lymphocyte expression of lymphocyte
function-associated antigen-1 (LFA-1), lymphocyte and
monocyte expression of Sialyl-Lewis X (SLex) and mono-
cyte expression of C-C chemokine receptor type 2 (CCR2)
decreased [20]. Moreover, moderate alcoholic and non-
alcoholic beer consumption enhanced the number of
circulating endothelial progenitor cells (Fig. 4) [38], known
to repair the injured endothelial layer by differentiating
themselves to mature endothelial cells [137].

In 29 postmenopausal women, who during 45 days
drank 500 mL/d of alcohol-free beer divided into two
doses, lipid profile, inflammatory markers such as C-
reactive protein (CRP), IL-1 and IL-6, and TNF-a, and pa-
rameters of oxidative metabolism were determined. After
the alcohol-free beer period, oxidized LDL, thiobarbituric
acid-reactive substances (TBARS) and plasma carbonyl
group content decreased. In addition, alpha-tocopherol
levels and erythrocyte glutathione levels increased,
showing a cardioprotective antioxidant effect of alcohol-
free beer consumption [138].

Overall, no synergistic effects were observed between
the alcoholic and non-alcoholic fractions of beer, pin-
pointing that alcohol-free beer is cardioprotective because
of its non-alcoholic composition. In some of these studies
(not all) cells or animals were overdosed, possibly over-
estimating the real effects in humans, in whom lower
concentrations of dietary polyphenols are usually reached
in plasma and tissues.
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There is no epidemiological information on the rela-
tionship of alcohol-free beer consumption and cancer
incidence. In a large cohort, flavonol intake (a group of
polyphenols present in beer) reduced the risk for devel-
oping pancreatic cancer [139]. The chalcone xanthohumol
a characteristic hop-derived polyphenol of beer, protects
against DNA damage and liver and colon cancer at physi-
ological concentrations [68]. Antioxidant, anti-
inflammatory, antiangiogenic, antiproliferative and anti-
estrogenic effects of xanthohumol have been described,
affecting various steps of carcinogenesis from tumor
initiation to dissemination by several molecular pathways
[140,141]. Moreover, 6- and 8-prenylnaringenins, poly-
phenols also present in beer, have shown anti-proliferative
effects in a dose- and time-dependent manner [142].

Thus, taking into account that alcohol-free beer does
not contain ethanol, the principal carcinogenic compound
of beer, and that beer polyphenols at physiological doses
may have (perhaps subtle) anti-carcinogenic effects, it
seems plausible that alcohol-free beer might have a
modest preventive role in cancer development and
progression.

In summary, in view of the effects observed after
alcohol-free beer consumption, and taking into account
that it is a non-alcoholic beverage for which no detri-
mental effects have been described, it can be a useful
alternative to moderate beer consumption when alcohol
consumption is banned or should be avoided. This is of
special interest in pregnant or breastfeeding women, as it
has been observed that alcohol-free beer is likely innoc-
uous for the breastfed infant [143].

Light beer is another new generation beer whose con-
sumption is still modest but emerging. Light beer is a low-
alcohol beer produced by partial de-alcoholization of beer
or by impairing alcohol production by yeast. In conse-
quence, people that must avoid ethanol consumption
should not consume it. According to its composition one
may speculate that light beer consumption may be “in the
middle” between the protective effects of beer and the
effects of alcohol-free beer when consumed in the same
amount as regular beer. However, as it is still an emerging
product, no studies have been performed evaluating its
effects.

Gluten-free beer
The brewing industry is making efforts to increase its
presence in the market and to adapt to special needs of
certain groups of individuals. An example of that is the
development of gluten-free beers. Celiac disease is a
chronic disease precipitated by the ingestion of gluten-
containing foods. It consists of a reaction to a sequence of
amino acids in prolamins, especially gliadin of wheat
gluten, but also hordein in barley that causes lesions in
epithelial cells of the small intestine (villi) and as a result,
nutrients are poorly absorbed. Although celiac disease af-
fects only approximately 1/100 to 1/300 of the population
[144], its prevalence is increasing and its epidemiology has
iceberg characteristics: there are more undiagnosed cases
than diagnosed cases [145]. In addition, a non-celiac
gluten-intolerant population is being defined as those in-
dividuals who develop digestive track discomforts during
adult life.

Celiac disease is a chronic form of enteropathy, immu-
nologically mediated by T-cells, which affects the small
intestine in genetically predisposed subjects; it is triggered
by the ingestion of gluten (prolamin)-containing foods
[146].

A lifelong strict gluten-free diet is the only currently
available therapeutic treatment for patients with celiac
disease. Prolamin is the fraction of gluten responsible for
the immune reaction in predisposed individuals. In the
Codex Alimentaris, prolamins are defined as the fraction
from gluten that can be extracted by 40e70% of ethanol.
The prolamin from wheat is gliadin; from rye it is secalin,
from barley hordein and from oats avenin. In consequence,
no foods or medications containing gluten from wheat,
rye, and barley or their derivatives can be taken, as even
small quantities of gluten may be harmful. Oats are not
toxic in >95% of patients with celiac disease, but there is a
small subgroup in whom oats are not safe [147]. Therefore
the food industry is constantly making efforts to develop
processed food products free of gluten.

Beer contains only about 0.3% proteins or poly-
peptides, the principal source of which is malt. Malt is
produced mostly from wheat or barley, which contains
prolamins associated with celiac disease. Prolamins from
barley and/or wheat are totally or partially removed from
the bulk solution during the brewing process. However,
because of extensive proteolysis during fermentation,
several soluble peptides that may retain or even amplify
the immune-stimulating potential are released into wort
following the malting and mashing steps [148]. This fact
is of special relevance for the characterization and
quantification of both residual proteins and neoformed
peptides when quantifying the “overall” content of
gluten. There is no safe beer produced from barley or
wheat regarding the maximum tolerable daily intake
(10 mg) for celiac disease sufferers, although depending
on the grade of the disease, patients have different
tolerance levels of gluten. Effectively, wheat beer
(Weissbier) is brewed with barley and wheat, therefore is
definitely incompatible with the gluten-free diet [149].
On the other hand, some brewers have developed
“gluten-free” beers. If this type of beer should be
considered a gluten-free product, a very low gluten
product, or a product not appropriate for celiac patients,
will depend on the brewing process. Brewers must be
able to robustly demonstrate that they have produced a
gluten-free beer. According to the Codex Alimentarius, a
gluten-free food may contain about 3e20 ppm of gluten
and a very low gluten product about 20e100 ppm,
determined by the Enzyme-linked Immunoassay (ELISA)
R5 Mendez Method. On the other hand, the FDA defines
gluten-free foods as those made only from gluten-free
raw materials. Several gluten-free-labeled beers contain,
in fact, detectable amounts of gluten. Regular beer con-
tains from 0 to 1542.7 mg prolamin/kg, determined by
competitive ELISA [150]. Gluten concentration increases
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from alcohol-free beer (<3.0 mg/L), lager beers
(<3.0e8.7 mg/L), stouts (9.0e15.2 mg/L), to wheat beers
(10.6e41.2 mg/L) [151].

The main problem of labeling beer (and food) for its
gluten content relies on its method of quantification.
Allred et al. recommended the EZ Gluten� assay as a rapid
qualitative method to detect the presence of gluten in
foods, but is not an appropriate method to analyze gluten
for beer (or food) labeling [152]. Colgrave et al. pinpointed
several problems associated with the standard ELISA
methods and developed a robust and sensitive mass
spectrometric method to characterize and relatively
quantify a broad spectrum of hordein proteins and pep-
tides responsible for false negatives obtained by ELISA
[153]. Despite its sensitivity, and because of economical
and practical reasons, the most widely used method to
quantify hordeins is ELISA, which has improved sensitivity
when samples are previously digested [150,151].

The brewing industry (and the food industry as well)
should join the medical and scientific community in
seeking a more exact definition of the peptide sequence or
sequences that triggers a celiac reaction and develop
methods to analyze it. Thereafter, clinical trials are war-
ranted to demonstrate whether or not gluten-free beer can
trigger a celiac auto-immune reaction in subjects with
gluten intolerance.

Key points

� Beer consumption is less frequently consumed than
wine in Mediterranean populations, although its con-
sumption has been increasing over time in some of
these countries. Health effects of beer are comparable
to that of wine in population investigations where a
typical Mediterranean diet is consumed. Thus, drinking
alcohol in moderation, either as wine or beer, appears
to be useful for cardiovascular protection.

� Excessive consumption and unhealthy drinking pattern
(outside meals and binge) of either wine or beer is
responsible for specific undesirable health effect both in
Mediterranean and non-Mediterranean populations.

� Large epidemiological studies have shown that moder-
ate (1e2 drinks/day) alcohol consumption significantly
reduces cardiovascular morbidity and mortality. The
doseeeffect relationship is characterized by a so-called
“J-shaped curve”.

� Epidemiological studies also suggest that regular and
moderate consumption of fermented beverages (wine
and beer) confer greater cardiovascular protection than
spirits, possibly due to their higher phenolic content.
Part of the protective effects of beer and wine is due to
their alcoholic content (ethanol) and another part to
their non-alcoholic components (mainly polyphenols).

� Health benefits of drinking in moderation have mainly
been attributed to increase in insulin sensitivity,
changes in lipid profile, increase in antioxidant capacity
and decrease in systemic inflammation related to
atherosclerosis, as well as to an enhanced ability to
maintain endothelial integrity due to an increase in
circulating endothelial progenitor cells.

� The relationship between alcohol consumption and
stroke is complex, in part reflecting the heterogeneity of
this vascular disease. Specific data on beer are not
conclusive, although some results indicate a positive
role of drinking beer in moderation against ischemic
stroke. Heavy alcohol (and beer) consumption increases
the risk of stroke, both ischemic and hemorrhagic.

� Heavy alcohol is strongly associated with cancers of the
head and neck, esophagus and e to a lesser extent e

liver, colorectal, pancreas and breast. In northern
Europe, the alcohol-related cancer risk is stronger for
beer than for wine or spirits. However, such an
apparent excess risk is probably due to residual con-
founding by socioeconomic status and smoking, since
(heavy) beer drinking is more common in lower social
classes in those countries.

� In each population the most commonly used type of
alcoholic beverage appears to be the major determinant
of heavy drinking, and hence the one most strongly
related to cancer risk, in the absence of material dif-
ference in risk across types of beverages.

� There is no specific cancer risk associated with beer as
compared to other alcoholic beverages and, for similar
level of consumption, the relative risks of cancer are
similar for beer, wine and spirits.

� Excessive alcohol use is detrimental to liver function
and is a major public health problem. Alcoholic bever-
ages contain other substances that may counteract the
negative effects of alcohol on the liver. Experimental
studies suggest that there are substances in beer (with
antioxidant properties) that may even have a positive
effect on the liver.

� Epidemiological studies indicate that beer does not
have a significant different relationship with mortality
from liver cirrhosis than other alcoholic beverages and
that the observed positive association found is mainly
driven by heavy alcohol use.

� Epidemiologic studies indicate that moderate con-
sumption of alcohol (not distinguishing among
different beverages) protects against total mortality,
both in healthy subjects and in cardiovascular patients.
The effect is largely driven by a reduction in cardio-
vascular mortality. Specific data on beer are not
conclusive, although some results indicate a positive
role of drinking beer in moderation (1 drink/day)
against total mortality. Heavy alcohol (beer) consump-
tion increases the risk of death for any cause.

� Beer is a popular alcoholic beverage among teenagers
and younger adults, whereas its appeal seems to decline
with increasing age, although with considerable inter-
country variations. Methodological issues and in-
consistencies in assessing beer intake across surveys
make international comparisons challenging. Country-
specific regulations and variations in the national legal
age for sales of alcohol beverages are likely to account
for some of the observed differences across Europe.
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� Alcohol-free beer is increasing worldwide as a non-
alcoholic beverage. It can be consumed even in coun-
tries where alcohol is either wholly or partially banned,
while regular (alcohol) beer consumption has to be
avoided in some physiological or pathological condi-
tions as well as for cultural or religious reasons.
Alcohol-free beer contains several bioactive com-
pounds, being a potential alternative to moderate beer
consumption when alcohol consumption is banned or
should be avoided.

� Gluten-free beers, which may be satisfactory for celiac
individuals, are beverages with characteristics of regu-
lar beer but without its side effects induced by com-
ponents rich in gluten. However, there exists a big
variability in the results of gluten quantification
depending on the method used, so caution should be
taken when labeling a beer as gluten-free.
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