Review in depth 15

Average volume of alcohol consumption, patterns of drinking
and risk of coronary heart disease - a review
J. Rehm®P°, C. T. Sempos® and M. Trevisan®

The effect of average volume of alcohol on coronary heart
disease (CHD) is J-shaped in established market econo-
mies. Light to moderate drinkers have less risk than
abstainers, with heavy drinkers displaying the highest level
of risk. This relationship between average volume of
alcohol consumption and CHD is modified by different
patterns of drinking. Heavy drinking occasions as well as
drinking outside meals are related to increased CHD risk,
independently of volume of drinking. Beverage type does
not seem to have much impact, even though there are
some indications that wine is more protective than other
forms of alcohol. Physiological mechanisms have been
identified to explain this complex relationship between
alcohol and CHD. Since patterns of drinking are important

Introduction

Patterns of drinking have recently come to the attention
of epidemiology research [1], and this interest in patterns
has been increased by the discussion about the role of
alcohol in the fluctuations of mortality in Russia in the
past 20 years [2-7]. Recently, there have been two
reviews on this topic: Puddey and colleagues [8] reviewed
the influence of patterns of drinking on cardiovascular
disease and risk factors, and McKee and Britton [9]
reviewed physiological mechanisms which may be re-
sponsible for the detrimental effects of heavy drinking
occasions on cardiovascular disease (CVD). This review
focuses on contributions appearing after the above-
mentioned reviews.

Average volume of alcohol consumption and
CHD

Average volume of drinking and CHD seems to show a
J-shape relationship in customary medical epidemiologi-
cal cohort studies in established market economies [10].
Compared with abstinence from alcohol, low to moderate
average consumption of alcohol has been found to be
associated with lower risk for CHD incidence and
mortality. For higher levels of average volume of alcohol
consumption, the risk relationship reverses [10,11], with
heavy average consumption being associated with risks
larger than the risks for abstainers. Corrao and colleagues
[10] in the most recent meta-analysis demonstrated the
described J-shape, and in addition demonstrated several
other characteristics of the literature on average volume
of consumption and CHD:

1350-6277 © 2003 Lippincott Williams & Wilkins

in determining CHD risk, they should be included in future
epidemiologic studies, together with biomarkers further
to test hypotheses about pathways. J Cardiovasc Risk
10:15-20 © 2003 Lippincott Williams & Wilkins.

Journal of Cardiovascular Risk 2003, 10:15-20

Keywords: alcohol, average volume, patterns of drinking, CHD risk, heavy
drinking occasions, meals, beverage type

aAddiction Research Institute, Zurich, Switzerland, PPublic Health Sciences,
University of Toronto, Canada, °Centre for Addiction and Mental Health, Toronto,
Canada and dUniversity at Buffalo, New York, USA.

Correspondence and requests for reprints to J. Rehm, Ph.D., Institut fiir
Suchtforschung, Konradstrasse 32, Postfach, CH-8031 Ziirich, Switzerland.
Tel: +41 1448 11 60; fax: +41 1 448 11 71; e-mail: jtrehm@isf.unizh.ch

1. There was a pronounced gender effect showing
women had less protective effects at the same
level of consumption, and an earlier upturn of the
curve.

2. For fatal outcomes the beneficial effect of alcohol was
less pronounced than for non-fatal outcomes.

3. There was heterogeneity in the studies especially
with respect to RRs for higher intake, indicating
additional influencing factors not controlled for.

4. Better quality studies had the maximal beneficial
effect at lower levels of average alcohol intake
(maximum protective effect at 20g average pure
alcohol intake per day; the RR = 1 line equivalent to
abstainers’ risk was crossed at 72 g average intake,
and there was a significant detrimental effect after
89 g average intake per day).

5. Specifically, wholly adjusted studies, studies
comparing against lifetime abstainers, studies
excluding sick subjects at baseline and cohort
studies showed less beneficial effects in
comparisons to unadjusted or partially adjusted
studies, compared with current abstainers,
inclusions of sick subjects and case—control studies.

The epidemiological evidence that light to moderate
average alcohol consumption protects against CHD is
strengthened by growing and, in some instances,
substantial evidence concerning the biological mechan-
isms by which a protective effect could be mediated [12—
17]. First, moderate alcohol intake has been clearly linked
to favourable lipid profiles, especially an increase in
high density lipoproteins (HDL) [16,18]. It has been
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estimated that as much as 40-50% of the protective
effect may be attributable to this mechanism [19,20].
Secondly, moderate alcohol intake favourably affects
coagulation profiles [16], in particular, through its effects
on platelet aggregation [21] and fibrinolysis [22]. A
recent meta-analysis on 42 published trials confirmed
both pathways, the influence of alcohol on lipids and on
blood-clotting factors [16].

Thirdly, low to moderate consumption of alcohol has been
shown favourably to affect insulin resistance [13,23,24].
Fourthly, it has been postulated that alcohol could protect
against IHD through its effect on hormonal profiles, in
particular, its oestrogenic effects [14]. Fifthly, the alcohol
metabolite acetate has been postulated to protect against
CHD by promoting vasodilatation [25]. Sixthly, alcohol
may also affect the inflammation associated with athero-
sclerotic plaques and by this pathway may influence
CHD [26-28]. Overall, the physiological pathways 3-6
are much less experimentally supported than the effects
of light to moderate consumption on lipids and blood-
clotting factors.

The protective effect of light to moderate consumption
has been criticized for several reasons. Since 1988 the
question of a comparison group has been raised [29-31],
first in the form of the sick-quitter hypothesis, that is,
that in the abstainer group, there are people who quit
drinking because of health reasons and this may be
responsible for the elevated disease risk compared with
light and moderate drinkers. However, many subsequent
papers controlled for this effect by taking lifetime
abstainers as the comparison group [32]. Still, in most
established market economies, where most of the
research on alcohol and CHD took place, abstainers
constitute only a minority within the general population,
and it cannot be excluded that they have other
behavioural characteristics responsible for the elevated
CHD risk. While such a possibility can never be
excluded, no alternative explanation has ever been
empirically demonstrated. For instance, social isolation
has been theoretically claimed to confound the alcohol-
mortality relationship [33], but empirical research could
not substantiate this effect [34].

In sum, the relationship between average volume of
drinking and CHD seems to be J-shaped. Light to
moderate drinking is associated with a lower CHD risk
than abstaining or heavy drinking. However, the studies
on average volume of consumption and CHD are
heterogeneous, indicating that factors other than those
included in the study co-determine the relationship. One
of the main factors determining the relationship between
average volume and CHD risk may be the pattern of
drinking, that is, the way in which the same average
amount of alcohol is consumed.

Patterns of drinking and CHD

Heavy drinking occasions

Heavy drinking occasions have been linked to adverse
cardiovascular events for some time [35]. However, many
studies had used wider endpoints than CHD [36], or
used samples of problem drinkers or persons with alcohol
use disorders [37-39], where heavy drinking patterns are
confounded with volume.

However, some of the more recent studies controlled for
(average) volume of drinking. In a case—control study in
Australia [40] a comparison was made between 11511
cases of acute myocardial infarction or coronary death
with 6077 randomly selected population controls. If
people drank in binges (usually women had five or more
drinks on an occasion, men had nine or more drinks on an
occasion), there were no protective effects for coronary
events and mainly relative risks larger than one compared
with abstainers, that is, indicating higher risks for major
coronary events. This elevated risk was even present in
groups with low overall volume of drinking. As expected,
the authors also found a protective effect for daily
drinkers, which was most pronounced for regular, light to
moderate drinkers.

Similarly, Murray and colleagues [41] evaluated cardio-
vascular consequences of binge drinking (eight or more
drinks at a sitting) and usual (nonbinge) drinking of
alcohol in a longitudinal, population-based study. Inter-
view data from 1154 men and women aged 18 to 65 in
Winnipeg, Manitoba, Canada were linked to health care
utilization and mortality records. Using an 8-year follow-
up period, Cox proportional hazards regressions were
separately performed for men and women, on time to first
event for physician visits, hospitalizations and deaths due
to CHD, hypertension, or other cardiovascular disease
(CVD). Binge drinking increased the risk of CHD in men
(Hazard Ratio (HR) = 2.3; 95% CI = 1.2-4.2) and
women (HR = 1.1; 95% CI = 1.02-1.2) and increased
the risk of hypertension in men (HR = 1.6; 95%
CI = 1.04-2.4) but not women. Binge drinking had no
effect on the risk of other CVD. All of these results were
controlled for average volume of drinking. Again, the
expected cardioprotective effects were confirmed in both
men and women. The harmful effects of heavy drinking
occasions on CHD morbidity and mortality could thus be
disaggregated from the effect of average volume of
drinking.

Trevisan and colleagues [42] found in a case—control
design that after adjustment for average volume of
consumption, weekend drinking in men was significantly
related to risk of myocardial infarction compared with
men who drank less than once a week (logistic regression:
Odds Ratio 1.7; 95% CI=1.1-2.8).

In addition to the effect on CHD, there appears to be a
relationship between irregular heavy drinking occasions
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and other forms of cardiovascular death, especially
sudden cardiac death [36,43,44]. This is consistent
with the physiological mechanisms of increased clotting
and reducing the threshold for ventricular fibrillation
after heavy drinking occasions, which have been reviewed
by McKee and Britton [9]: Specifically, heavy drinking
occasion have been shown to increase low-density
lipoproteins, which in turn have been linked to
negative cardiovascular outcomes. Contrary to low or
moderate steady drinking, heavy irregular drinking
occasions are not associated with an increase of high-
density lipoproteins, which themselves have been linked
to favourable cardiovascular outcomes. In addition,
irregular drinking is associated with increased risk of
thrombosis, occurring after cessation of drinking [45].
Finally, irregular heavy drinking seems to predispose
to histological changes in the myocardium and conducting
system, as well as to a reduction in the threshold
for ventricular fibrillation. In sum, irregular heavy
drinking occasions are mainly associated with physiologi-
cal mechanisms increasing the risk of sudden cardiac
death and other cardiovascular outcomes, in contrast
to the physiological mechanisms triggered by steady
low to moderate consumption and linked to favourable
cardiac outcomes. However, individual level studies
are still scarce and there are studies showing no effects
[46].

Given the described scarcity of individual level studies, it
is not surprising that much of the discussion on
patterns of drinking and outcomes is based on aggregate
level studies, especially on the Russian experiences
with the natural experiment of the Gorbachev anti-
alcohol campaign. Russia is generally considered one of
the countries with the highest rate of irregular heavy
drinking occasions [47,48]. Thus, if a drinking style of
heavy drinking occasions has an adverse impact on
CVD in general and on CHD in particular, such effects
should have become evident in the experience of the
anti-alcohol campaign of the last years of the Soviet
Union. In the period 1984-1987, when estimated total
alcohol consumption in Russia fell by about 25% [49],
age-adjusted male deaths from circulatory disecase fell
by 9% [2]. After the end of the campaign, the death rate
rose again, quite dramatically. The interpretation of
alcohol’s role in the recent drastic upward changes in
mortality in Russia remains controversial, as there
were many other social changes occurring in the late
1980s and early 1990s [2-7]. However, there seems to be
agreement that alcohol has played a role in increasing
mortality rates, but the level of involvement seems to
be still under discussion. It is also not clear to what
extent the detrimental effect of alcohol was due to CHD
and to what degree to other cardiovascular causes of
disease. The main problem was to define a comparable
set of ICD codes for Coronary Heart Disease (ICD 9:
410-414). The Soviet Union, and later Russia, used,

at that time, a coding system very different from the
ICD.

There is another indirect line of research on the effect of
heavy drinking occasions on CHD. It has been shown that
in countries with a tradition of heavier or binge drinking
at the weekend show over-proportionally high CHD
mortality on Mondays [50-52].

To sum up the individual level and aggregate level
studies: heavy drinking occasions have been linked to
increased CHD morbidity and mortality. In addition,
heavy drinking occasions have been related to cardiac
arrhythmias, sudden cardiac death and other forms of
cardiovascular outcomes. As with the protective effect,
there are plausible physiological mechanisms, and results
from individual and aggregate level studies converge to a
certain degree. However, there are still many open
questions on mechanisms, the strength of the effect
and its generalization to different cardiovascular out-
comes.

Drinking with meals

Trevisan and colleagues [53] reported on drinking with
meals and CHD mortality based on the Risk Factor and
Life Expectancy Study, a pooled series of epidemiological
studies conducted in Italy with 8647 males and 6521
females, age 30-59 at baseline and free of cardiovascular
disease. Subjects were followed up on average for 7 years.
With respect to CHD, alcohol showed a protective effect,
and drinking wine with meals was linked to more positive
outcomes than drinking wine outside meals. Compared
with drinking with meals as a reference category, drinking
wine outside meals had a relative risk of 1.8 (95% CI
0.97-3.5) for CHD in males, adjusted for average volume
of drinking and other potential confounders. There were
not enough CHD cases to conduct a similar analysis for
females, but the effects for all-cause mortality for females
showed a fivefold risk for wine outside meals compared
with wine with meals (RR: 5.0; 95% CI: 1.5-10.9).

In another study of the same principal author and his
colleagues [42] using a case—control design, an examina-
tion was made of 443 male myocardial infarction survivors
and 922 healthy controls 35-69 years old. Findings were
that compared with nondrinkers, the age, education and
smoking adjusted odds ratios for former drinkers and
current drinkers were 0.67 (95% CI: 0.32—-1.38) and 0.47
(95% CI: 0.24-0.95) respectively, confirming the overall
cardioprotective effect of alcohol consumption (see
above). With respect to drinking with meals, men who
reported drinking without food at least 75% of the time
had an odds ratio of 1.5 (95% confidence interval 1.0-2.3)
compared with those who drank mainly with meals and
snacks, after adjustment for age, education and volume of
alcohol consumed.
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The potential mechanisms linking consumption of
alcoholic beverages with a meal to a lower CHD risk
compared with consumption away from meals is still not
clear; however, few have been hypothesized. A study by
Trevisan and colleages [54] in a large sample of Italian
men and women found a significant association between
drinking outside meals and a higher prevalence of
hypertension, compared with drinking with meals, even
after adjustment for differences in alcohol consumption
between these drinking pattern categories. These find-
ings were recently confirmed in another study using a
population-based sample in the USA [55]. Finally, Foppa
and colleagues [56] found in a controlled randomized trial
that moderate consumption of wine with the meal
reduced post-prandial blood pressure. Drinking with
meals has also been shown positively to affect fibrinolysis
[57] and lipids [58].

Potential physiological links between drinking with meals
and these CHD risk factors also include a reduced
absorption of alcohol due to the presence of food in the
gastrointestinal tract [59]. Another physiological link may
be that food increases the alcohol elimination rate [60].

Drinking alcohol with or without food may also just
represent a certain lifestyle, which may itself be the link
to protective and detrimental health effects [61]. For
example, in many established market economies, regular
meals with wine is one of the characteristics of the
middle- and upper-class, and social gradient is strongly
related to almost all morbidity and mortality indicators.

Beverage-specific effects

Rimm and colleagues [62] reviewed the literature with
respect to beverage-specific effects on CHD and could
not find any systematic effects. Although there have been
many more publications on this topic since their review,
no systematic pattern or results have emerged. Perhaps
most notably in this respect are the findings of similar
protective effects for Bavaria (Germany) and the Czech
Republic [63-64] as for Mediterranean countries. Bavaria
and the Czech Republic are regions where beer is
consumed in a way similar to the consumption of wine
in Mediterranean countries: regularly on an almost daily
basis with meals.

The overall problem with beverage effects is, however,
that beverage preferences in most cultures are linked
with other variables such as socio-economic status and
lifestyle variables [61]. These linkages may not be the
same for different cultures, but many countries show
clear co-variation. This makes it almost impossible to
separate effects of beverages from other effects.

In terms of physiological mechanisms, it is possible that
some of the protective effect is mediated through the

antioxidative constituents of wine [65]. However, as
discussed above, most of the protective effect appears to
be linked to ethanol, per se.

Conclusions

Patterns of drinking alcohol were linked to beneficial and
detrimental effects on CHD morbidity and mortality.
Unfortunately, this line of research, on the relationship
between patterns of drinking and other health outcomes,
has just started. In future, epidemiologists need to
address the complex issue of alcohol and health with a
more sophisticated approach to the characterization of
alcohol use. To take the impact of patterns seriously, it
will also be necessary to include biomarkers for the
various processes outlined above into population-based
studies. This will hopefully result in fewer studies of
better quality, specifically addressing hypotheses about
relationships and physiological pathways in the same
study. But the implications of such studies both for
prevention and policy will be much clearer.
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