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Conclusions of epidemiological studies examining the effects of alcoholic beverages on human health

may be unclear and limited if they do not take into account drinking pattern parameters such as beverage

type, regular moderate versus binge drinking and drinking with or without meals. This review considers

different aspects of drinking patterns and effects on human health with special attention to wine. We

particularly discuss the potential underlying mechanisms for epidemiological evidence that the beneficial

effects of wine are more evident if consumed with food. In this context, we address the effects of food

on blood alcohol concentration and acetaldehyde production in the gastrointestinal tract, the role of

wine components and uric acid in counteracting the detrimental effects of postprandial oxidative stress,

as well as wine’s antimicrobial properties and its potential to act as a digestive aid. In addition to its bio-

logical correlates, drinking patterns with regard to different socio-cultural circumstances in different

populations are also considered. In order to avoid confusion and misconceptions in the general popu-

lation because of the hormetic associations of wine with human health, it is important that all

medical and scientific information concerning the effect of wine consumption on human health are

evidence-based and communicated in a competent, credible and unbiased manner. In conclusion, we

propose several practical recommendations concerning wine consumption and consumer information to

minimize the risks of alcohol-related harm and to encourage individual responsibility and a healthy

lifestyle.

Introduction

Even though alcohol consumption has been decreasing
in many regions of the world over the last 20 years, alcohol-
related problems have increased in different societies.
Harmful and hazardous consumption of alcoholic beverages,
especially among young people, has become a major social,
economic and health problem in many countries throughout

the world. Alcohol is a significant contributor to the global
burden of disease and it is the third most important risk
factor globally, and the most important in middle-income
countries.1,2 It is estimated that harmful alcohol use is the
third biggest cause of early death and illness in the European
Union.3 Also, there is a clear relationship between heavier
alcohol intake and different types of cancers, particularly
those of the digestive tract, liver and breast.4–7

There is evidence, however, that light-to-moderate con-
sumption of alcoholic beverages, especially wine, is associated
with a lower risk of cardiovascular diseases, and all-cause
mortality.8–15 Moderate wine consumption is also related to
a lower risk of diabetes mellitus,16,17 cardiometabolic compli-
cations in diabetic patients,18,19 and declining cognitive
function.20,21

The associations of wine consumption with human health
are complex: they can cause confusion in the general
population and lead to misconceptions about the effect of
wine consumption on human health. Hence, evidence-based
knowledge and education of the general public, health and
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social policy professionals as well as the relevant media, are
prerequisites for the successful implementation of national
alcohol policies.

Aspects of drinking patterns and
human health

It has been repeatedly emphasized that information on
average alcohol consumption-irrespective of beverage type-is
not sufficient when describing alcohol-related morbidity and
mortality, and that epidemiological studies examining the
effects of alcohol on human health should include measures
of drinking patterns.22,23

Unfortunately, many epidemiological studies examining the
effects of alcohol are incomplete or lack information on drink-
ing patterns with regard to beverage type, regular moderate
versus binge drinking and drinking with or without meals.
Consequently, the conclusions of such studies may be unclear
and limited.

This is reflected in a three-fold to six-fold higher risk of a
major coronary event when consuming up to 200 g ethanol
within one or two days rather than distributed over a week.24 It
has also been shown that repeated ‘binge drinking’ is associ-
ated with higher ‘all-cause’ mortality than light to moderate
drinking and abstinence.23,25–27 Conversely, a recent study
examining the relationship between an overall alcohol-drink-
ing pattern and all-cause mortality indicated that high adher-
ence to a traditional Mediterranean alcohol-drinking pattern
could reduce mortality beyond the reduction observed when
only moderate alcohol intake was taken into account.28 By sim-
ultaneous assessment of seven measures of drinking patterns
(moderate alcohol intake, alcohol intake spread out over the
week, low spirit consumption, wine preference, red wine con-
sumption, wine consumed during meals and avoidance of
binge drinking) the authors also observed a lower rate of mor-
tality among wine drinkers compared with non-wine drinkers.

Besides the factors relating to the drinking patterns that are
subject to the consumer’s self-control, the J-shaped relation-
ship between the intake of alcoholic beverages and mortality
from cardiovascular diseases may also be influenced and
modified by other factors,11 such as age,29,30 gender31 and
genetic variations.32

Some epidemiological evidence suggests that the cardio-
protective effects of wine are more evident in individuals who
consume wine with food.33–35

A marked suppression of postprandial hydroperoxides was
found when food was consumed with wine, suggesting that
these hydroperoxides can be formed during the digestive
process and then act at the systemic level.36 Supportive of this
are findings of some interventional studies showing that
drinking moderate amounts of red wine mitigates oxidative
stress and vascular endothelial damage induced by a high-fat
meal;37,38 and that it may reduce the susceptibility of human
plasma and LDL to lipid peroxidation39 as well as protect
diabetic patients from meal-induced oxidative stress and

thrombosis activation.40 It should be noted, however, that pro-
tective effects of wine against oxidative damage are influenced
by the type of food and may be less pronounced in individuals
consuming a well-balanced diet.41,42

Wine contains ethanol, phenolic compounds and many
other naturally-occurring bioactive compounds. Cardioprotec-
tive effects have been particularly attributed to ethanol43 and
to phenolic components.44 These components act in a comp-
lementary way on cholesterol, blood clotting and blood flow,
and on vascular endothelial function. In addition to the wine-
derived phenolic compounds themselves, their metabolites
formed in the small intestine and hepatic cells as well as low
molecular weight catabolic products of the colonic microbiota,
may also play an important role in the different biological
effects of wine.45,46

Studies have shown that after ingesting a moderate amount
of wine, the antioxidant activity in the serum increases.47,48

Initially, this effect was primarily attributed to the highly con-
centrated phenolic compounds in wine, especially in red
wine.49,50 Later, it was shown that the acute increase in plasma
antioxidant capacity following wine consumption is mainly
mediated by the moderately increased level of plasma uric
acid.51,52 Thus, the antioxidant activity is influenced by two
separate mechanisms, wine-derived phenolic compounds and
plasma urate.53

If the wine is consumed with meals, onset of the plasma
uric acid elevation coincides with the period of postprandial
oxidative stress, which may contribute to the wine’s protective
effects. Consistent with this is a critical review of studies relat-
ing to moderate wine consumption with oxidative damage in
humans, which concluded that the cardioprotective effects of
moderate wine consumption are best demonstrated during
the meal-related period of postprandial oxidative stress.54

These parallel mechanisms provide support for the positive
effects of wine in spite of the low concentrations of
phenolic compounds measured in human blood after wine
consumption.55

Furthermore, the unabsorbed phenolic compounds that
remain in the gastrointestinal system following wine consump-
tion may also contribute to the anti-oxidant effects of wine.
There they can scavenge free radicals locally, preventing lipid
peroxidation as well as the absorption of cytotoxic lipid peroxi-
dation products.56–58

Another important argument in favor of consuming wine
with food is the lowering effect on blood alcohol concentration
(BAC). It was demonstrated that food in the stomach
before drinking alcoholic beverages not only lowers the peak
BAC, but also boosts the rate of ethanol metabolism and
elimination.59,60

If the BAC exceeds 0.8–1‰ (and even less in women), the
break down capacity of the liver’s alcohol dehydrogenase
enzyme system becomes saturated, and the liver has to switch
to the microsomal ethanol oxidizing system (MEOS) to metab-
olize the alcohol. This MEOS pathway, however, generates oxi-
dative free radicals that can damage the liver tissue in the
long-term.61
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In addition to the BAC lowering effect, food may also act as
a mechanical ‘wash-out’ of alcohol from the oral mucosa,
thereby decreasing the risk of ethanol-associated carcinogen-
esis in the oral cavity and upper gastrointestinal tract. Namely,
oral microbiota can effectively metabolize alcohol into acet-
aldehyde, which is carcinogenic and is thought to play a major
role in the tumor-promoting action of alcohol.62,63 Hence,
drinking with a meal could provide additional positive effects
by decreasing alcohol availability to oral microbiota.

A further important biological property of wine is its potent
antimicrobial activity including human foodborne, medical
and oral pathogens.64,65 Numerous wine-based marinades
have been shown to be effective against the detrimental
effects of foodborne pathogens and background flora on meat
products.64,66,67 Thus, in addition to the improvement of
microbial food safety, wine consumed with a meal may also be
protective against alimentary infections.68,69

In addition to the described short-term effects of wine,
there are long-term effects which are mediated by its constitu-
ents, but elaboration of those effects and of the associated
underlying molecular mechanisms exceeds the scope of this
article.

Drinking patterns, socio-cultural
circumstances and educational
aspects

Alcoholic beverages, including wine are consumed by almost
half the world’s population, although there is considerable
variation between and within countries, since its consumption
is an aspect of social and cultural habits. While wine con-
sumption in different regions of the world has fallen consider-
ably over the past 20 years, among young people there has
been a gradual global increase in the misuse of alcoholic bev-
erages in general, particularly in the form of ‘binge drink-
ing’.70,71 There are, however, considerable national variations
in ‘binge drinking’ behaviors. The European Comparative
Alcohol Study (ECAS) looked at trends in drinking patterns
among adults and reported lower rates of binge drinking in
Southern European traditional wine drinking countries than
in Northern and Central Europe where beer and spirits are the
preferred beverages.72 A similar drinking pattern was observed
among young people. In countries where the students drink
often, for example in Greece, the total amount of alcohol con-
sumed per drinking occasion is usually low. The opposite and
hence a more risky drinking pattern was reported from
countries with low consumption frequencies such as the
Nordic countries.73 Thus, it seems that the cultural differences
regarding drinking patterns are reflected in young people’s
behavior.

In some societies, misuse of alcoholic beverages is often
associated with violent or anti-social behavior, while in others,
drinking behavior may be more harmonious. These differences
are partly related to inconsistent cultural beliefs about the

consumption of alcoholic beverages, expectations regarding
the effects of alcohol, and social norms regarding drunken-
ness and intoxication.74–76

It is widely recognized that a spectrum of measures includ-
ing education and the provision of medical and scientific
information is essential to encourage individual responsibility
and at the same time to discourage behaviors that lead
to abuse and excess.77–81 For successful implementation
of public health campaigns about risky drinking behaviors,
application of the “audience segmentation” principle could be
a useful approach. For example, light and moderate drinkers
who rarely engage in binge drinking may be more likely than
heavy drinkers to abide with a campaign’s messages and to
improve their drinking habits and lifestyle. Heavy drinkers, on
the other hand, may require more individualized and intensive
interventions to change their behavior.82

All medical and scientific information concerning the
effects of alcoholic beverages on health must be evidence-
based and presented in a competent, credible and unbiased
manner.

In the case of children, adolescents and young adults,
parents and school staff should be particularly supported to
effectively educate about responsible consumption patterns
and practices83–85 since parents as well as peer groups can sig-
nificantly influence behavior.86–88 The educational programs
for young people must take into account the social, legal, econ-
omic and cultural aspects suitable for each country.

Unfortunately, most educational programs focus on the
negative consequences without proposing recommendations
for a healthy lifestyle and moderate consumption of alcoholic
beverages with appropriate self-control, to minimize the
risks of harm to health and society.89–91 This is the case
because individual risk factors cannot be assessed. However,
based on the available scientific evidence, adults who
consume wine with meals regularly and moderately, in most
circumstances experience more health benefits than risks.92,93

In conclusion, the following recommendations regarding
wine consumption and consumer information are proposed:

Information and education on responsible wine consumption

It is important to provide individuals with relevant, credible,
balanced and accurate information so that they can make
informed decisions. It is also important to provide education
in life skills in the broadest sense to promote sensible drink-
ing patterns and cultural change in the approach to wine, in
order to reduce alcohol-related harm.

Moderate wine consumption

The optimal amount of wine for gaining maximal benefits and
for minimizing alcohol-related health risks cannot be precisely
prescribed, because of large inter-individual differences.
Instead, it is more appropriate to talk about the range of wine
intake that reflects the term “moderate”. Based on the results
of numerous epidemiological and interventional studies, it is
suggested that a daily intake of 200 to 300 mL of an average
wine for men (approximately 20 to 30 g ethanol), and 100 to
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200 mL for women (approximately 10 to 20 g ethanol), corres-
ponds with the targeted range of light to moderate wine con-
sumption associated with a lower risk of cardiovascular
diseases and all-cause mortality.

Drinking patterns

Different drinking patterns and their consequences need to be
understood in context, so that effective solutions can be deter-
mined, developed and implemented. Drinking patterns in
terms of frequency and the amount of wine consumed as well
as drinking with or without a meal are important influencing
factors for the biological effects of wine. Risky and harmful
drinking patterns including the regular consumption of high
amounts of wine, as well as consuming large amounts on a
single occasion (binge drinking), should be discouraged. It is
thus recommended that individuals drink wine as an accom-
paniment to food, and alternate it with a non-alcoholic bever-
age such as water.

Harmful effects of abusive wine consumption

Excessive and hazardous consumption of alcoholic beverages
including wine has both short-term and long-term harmful
effects on health. The short-term effects are primarily an
increased risk of accidents, aggressive and violent behaviors
and suicides. The longer-term effects are risk of diseases such
as hemorrhagic stroke, liver cirrhosis, pancreatitis and certain
cancers. Indeed, heavy consumption of alcoholic beverages
can be a direct or an additional detrimental risk factor in
many diseases, combined with other individual risk factors
such as diet, genetic predisposition, obesity, smoking and
physical inactivity.

Situations when wine consumption should be avoided

Pregnancy and breastfeeding. Maternal consumption of
alcoholic beverages including wine can harm the developing
fetus or a breastfed baby. Although a threshold for harm
has not yet been determined for women who are pregnant,
planning a pregnancy or breastfeeding, taking into account
the “precautionary principle”, not consuming any alcoholic
beverages is the safest option.

BAC and driving. The conditions for increasing the blood
alcohol concentration (BAC) vary between individuals and take
into account criteria such as body size and weight, gender,
concurrent drug and food consumption, and the general
health of an individual. Alcoholic beverages, including wine,
should be avoided by individuals who plan to operate machin-
ery, or take part in other activities that require attention and
coordination skills as well as by individuals who plan to drive,
to keep the blood alcohol concentration low, and below the
legal limits of driving set by different countries.

Adolescents and young adults. For adolescents, the safest
option is not to consume any alcoholic beverages. Drinking at
an early age enhances the likelihood of developing alcohol-
related mental health disorders and dependence, while
abusive alcohol consumption impedes brain development.

Similarly, young adults should limit their alcohol consump-
tion and never drink to intoxication. In addition, increased
risk taking behaviors are associated with these age groups,
which may be exacerbated by alcohol consumption.

Individuals with an increased risk of harm. Specific individ-
uals may be at increased risk of harm, if they drink alcoholic
beverages. These include individuals with:

- a family history of alcohol abuse and dependence;
- mental health problems;
- specific diseases or physical conditions that can deterio-

rate or be affected by alcohol, especially the liver and pancreas;
and

- individuals who use certain over-the-counter or prescrip-
tion medications, or recreational drugs.

Individuals who should seek professional advice about their
drinking habits. Specific individuals may need to seek pro-
fessional advice about their drinking habits, because of the
possible adverse interactions and associated harmful effects.
These include:

- individuals with alcohol-related, mental health or physical
conditions that can be worsened or affected by alcohol; and

- individuals who are concerned about their drinking
habits.
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