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ABSTRACT
Previous meta-analyses have reported either a
protective, neutral or detrimental association from
chronic heavy drinking in relation to ischaemic heart
disease (IHD). We investigated the potential for
systematic error because of study design. Using
MOOSE guidelines, studies were identified through
MEDLINE, EMBASE and Web of Science up to end of
March, 2014. Epidemiological studies reporting on
chronic heavy drinking and IHD risk in population
studies and samples of people with alcohol use
disorder (AUD) were included. Random-effects meta-
analysis was used to pool eligible studies. The I2

statistic was used to assess heterogeneity across
studies. In total, 34 observational studies with 110 570
chronic heavy drinkers and 3086 IHD events were
identified. In population studies among men, the
pooled risk for IHD incidence (fatal+non-fatal events)
among chronic heavy drinkers (on average ≥60 g pure
alcohol/day) in comparison to lifetime abstainers (n=11
studies) was relative risk (RR)=1.04 (95% CI 0.83 to
1.31, I2=54%). Few studies were available for women.
In patients with AUD, the risk of IHD mortality in
comparison to the general population was elevated
with a RR=1.62 (95% CI 1.34 to 1.95, I2=81%) in men
and RR=2.09 (95% CI 1.28 to 3.41, I2=67%) in
women. There was a general lack of adjustment other
than sex and age in studies among patients with AUD.
There is no systematic evidence for a protective
association from any type of chronic heavy drinking on
IHD risk. Patients with AUD were at higher risk for IHD
mortality, but better quality evidence is needed with
regard to potential confounding.

INTRODUCTION
For some time the alcohol-heart relationship
has been a controversial topic in heart disease
epidemiology.1–3 The relationship between
average alcohol consumption and ischaemic
heart disease (IHD) is usually described as a
J-shaped curve in epidemiological studies.
Several meta-analyses have shown a protective
association of some form of average alcohol
consumption on IHD outcomes,2 4 5 with
short-term experimental studies showing
support for an effect on several surrogate

biomarkers for elevated IHD risk6; these pro-
tective associations were quite strong and com-
parable to preventive measures for IHD, such
as physical activity.7 8 The protective associ-
ation seems to be not only relatively strong in
magnitude, but also to include a wide range of
average alcohol consumption.2 9 In particular,
one meta-analysis4 concluded that there was
an inverse relation with no detrimental effect
on IHD from alcohol consumption even
among chronic heavy drinkers (∼25% risk
reduction). However, another meta-analysis2

reached a very different conclusion with
regard to IHD mortality among chronic heavy
drinkers (no beneficial effect), and a similar
conclusion with a risk reduction for IHD mor-
bidity (beneficial effect). This underlines the
importance of stratifying analyses by IHD
outcome when examining evidence for the
relationship between alcohol consumption
and IHD. Additionally, using current abstai-
ners as the referent (ie, the inclusion of
former drinkers in the reference group) might
lead to overestimation of any potential protect-
ive effects,10 and adjustment for potential con-
founding has not been optimal in many
studies.1 3 The specific risk of chronic heavy
drinking in comparison to abstainers taking
into account these important conceptual and
study design issues has not been systematically
examined before and it is currently unclear
whether chronic heavy drinking has a protect-
ive, neutral, or detrimental association with
IHD. Furthermore, population studies often
times miss many chronic heavy drinkers in
order to maximise follow-up or because of
other sampling issues.11 A good example of
optimisation for follow-up availability is the
Health Professionals Follow-Up Study.12

Inadvertently, these samples mostly contain
more favourable drinking behaviour, such as
low and regular alcohol consumption within a
certain stratum of the socioeconomic con-
tinuum in high-income countries. However, as
is increasingly evident in middle-income
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countries, this is not the drinking pattern observed glo-
bally, which is characterised by more heavy drinking occa-
sions.13 Among participants missed in typical cohort
studies is a subgroup of chronic heavy drinkers, namely
people with alcohol use disorders (AUD), who may drink
considerably more than the threshold for chronic heavy
drinking we use in this meta-analysis (≥60 g of pure
alcohol per day).14–16 Several studies conducted among
patients in treatment for AUD showed a relatively strong
elevated IHD risk.15 17 18

We hypothesised that there is no beneficial association
with IHD risk in chronic heavy drinkers. Available evi-
dence was systematically reviewed for IHD risk among
chronic heavy drinkers in general population samples,
and for people in AUD treatment (clinical samples). We
stratified the analyses by reference group used for com-
parison and IHD outcomes (mortality vs morbidity).

METHODS
Search strategy
This meta-analysis followed the MOOSE guidelines.19

Updated search strategies from three previous
meta-analyses2 20 21 were used to identify observational
studies reporting relative risk (RR) estimates for IHD in
chronic heavy drinkers in comparison to abstainers in
population samples, and to the general population in
clinical samples up to 4th week of March 2014. Search
terms included variations for the exposure (alcohol con-
sumption), outcome (ischaemic heart disease) and
study design (see online supplementary methods and
figures S1 and S2 for details).
Inclusion criteria for the meta-analysis on chronic

heavy drinking in population samples were: (1) prospect-
ive or historical cohort or case–control study design; (2) a
measure of risk and its corresponding measure of vari-
ability was reported (or sufficient data to calculate these);
(3) IHD was reported as a separate outcome (ie, exclud-
ing other cardiovascular diseases, such as stroke); (4) a
risk estimate for chronic heavy drinking using any type of
beverage (≥60 g pure alcohol per day on average based
at least on a typical week’s intake pattern) was reported
among current drinkers; (5) a risk estimate for current or
lifetime abstainers was reported; (6) estimates were strati-
fied by sex and at least age-adjusted.
Inclusion criteria for the meta-analysis on AUD in clin-

ical samples were: (7) prospective or historical cohort
study; (8) a mortality risk estimate for patients with AUD
was reported in comparison to the general population;
(9) IHD was reported as a specific outcome; (10) a
measure of risk and its corresponding measure of vari-
ability was reported (or sufficient data to calculate
these); (11) estimates were stratified by sex and at least
age-adjusted.

Data extraction
From all relevant articles we extracted authors’ names,
year of publication, country, calendar year(s) of baseline

examination, follow-up period, setting, assessment of
IHD, assessment of alcohol consumption or AUD diag-
nosis, mean and range of age at baseline, sex, number
of observed IHD cases among participants by drinking
group, number of total participants by drinking group,
adjustment for potential confounders and RR and its
SE. The most adjusted RR reported was used, and prior-
ity was given to estimates comparing chronic heavy
drinking to lifetime abstainers.

Definition of chronic heavy drinking and reference groups
Heavy drinking is not uniformly defined.22 In this
meta-analysis, chronic heavy drinking was defined as all
drinking groups where the lower limit was at least 60 g/
day. Clinical samples (patients with AUD) are generally
missed in population studies, but they can be seen as
similar in terms of heavy alcohol intake although a clear
definition of alcohol intake in g/day is not possible.14

The clinical sample of patients with AUD was defined by
a diagnosis of AUD by entering an alcohol treatment
programme in a specialised treatment facility (this
includes Diagnostic and Statistical Manual (DSM-III and
IV) ‘alcohol abuse and dependence’ and International
Classification of Diseases (ICD-9 and 10) ‘alcohol use
disorders’). Lifetime abstainers are defined as non-
drinking groups where former drinkers were excluded.
Current abstainers include both lifetime abstainers and
former drinkers.

Outcome ascertainment
Self-reported IHD outcomes were excluded. In popula-
tions samples, IHD was defined based on standard cri-
teria ascertained by death records (death certificate, and
in some cases autopsy findings), standard criteria for
myocardial infarction by WHO criteria,23 24 ICD-7: 420–
422, ICD-8: 410–429, ICD-9: 410–414, ICD-10: I20–I25,
or by committee decision based on medical records. In
clinical samples, several versions of ICD were used in
primary studies, but all studies were based on death cer-
tificates, sometimes using additional sources of informa-
tion about the cause of death. For this meta-analysis we
have categorised IHD outcomes into three groups: (1)
IHD incidence (fatal or non-fatal events), (2) IHD mor-
tality (fatal events only) and (3) IHD morbidity (non-
fatal events only).

Quality assessment
Most quality scores are tailored for meta-analyses of ran-
domised trials of interventions25–28 and many criteria do
not apply to epidemiological studies like the ones exam-
ined here. Also, their use in meta-analyses remains con-
troversial.28 29 Thus, quality assessment was incorporated
differently by including quality components such as
study design and alcohol measurement into the inclu-
sion and exclusion criteria (see online supplementary
table S1 and methods for details). One author per-
formed the literature search and abstracted the data. To
control for subjectivity, 10 papers were randomly

2 Roerecke M, Rehm J. Open Heart 2014;1:e000135. doi:10.1136/openhrt-2014-000135

Open Heart



selected and extracted by another author. No changes in
abstraction were recorded. Information found in related
papers from the same cohort was used where possible.
Authors from primary studies were not contacted in case
insufficient information was provided.

Statistical analysis
Standardised mortality ratios, HRs, ORs and RRs were
treated as equivalent measures of risk. We calculated the
overall pooled risk of IHD events associated with chronic
heavy drinking stratified by sex and reference group,
and conducted subanalyses stratified by assessment of
IHD outcome (fatal and non-fatal events). IHD inci-
dence included combined fatal and non-fatal events, or
each respective outcome if only this was reported. When
more than one estimate from primary studies was
assigned to an IHD category, we combined the reported
results using fixed-effects to derive one effect estimate
per study separately for each analysis or subanalysis;
chronic heavy drinking groups were combined using the
method by Hamling et al.30 RRs were pooled across
studies using inverse-variance weighted
DerSimonian-Laird random-effect models to allow for
between-study heterogeneity.31 Between-study heterogen-
eity was quantified using the I2 statistic.32 I2 can be inter-
preted as the proportion of the total variation in the
estimated effects for each study that is due to heterogen-
eity between studies. We conducted meta-regression ana-
lyses to identify study characteristics that influenced the
association between chronic heavy drinking and IHD.
Potential publication bias was examined using Egger’s
regression-based test.33 All regression-based tests were
only conducted when 10 or more data points were avail-
able. Sensitivity analyses for the influence of single
studies on the pooled RRs were conducted omitting
studies one by one and re-estimating the pooled RR. All
meta-analytical procedures were conducted on the
natural log scale in Stata statistical software, V.11.2 (Stata
Corp, College Station, Texas, USA).

RESULTS
Literature search
In total 34 unique articles meeting the inclusion criteria
were used in this meta-analysis (see online supplemen-
tary table S1). Overall, 8 studies were conducted in the
USA, 5 in Sweden and 4 in Japan, but articles from 20
countries were included altogether. Two papers provided
pooled individual data from several studies.34 35 The
analysis was based on 3086 observed IHD events (fatal
and non-fatal) among 110 570 chronic heavy drinkers.
Average weighted follow-up time was 11.7 years in popu-
lation samples and 10.4 in clinical samples. Regarding
population samples, most excluded IHD disease at base-
line or adjusted for prevalent IHD and smoking at base-
line. Ten studies provided data from patients with AUD
treatment (clinical samples), mostly standardised
(by age and sex) mortality ratios (see online supplemen-
tary table S1 for details).

Meta-analyses
IHD risk among chronic heavy drinkers in men is dis-
played in table 1. Among population samples, 11 studies
provided data with lifetime abstainers as the reference
group and 14 with current abstainers. The pooled risk
for IHD incidence among chronic heavy drinkers in
comparison to lifetime abstainers was RR=1.04, 95% CI
0.83 to 1.31, n=11 studies, figure 1), IHD mortality risk
was similar (RR=1.00, 95% CI 0.74 to 1.36).
Heterogeneity was moderate (for IHD incidence
I2=54%). In comparison to a reference group which
contains current abstainers, pooled risks among chronic
heavy drinkers were consistently lower (RR point esti-
mates between 0.78 and 0.85, IHD incidence was statis-
tically significant with RR=0.83, 95% CI 0.70 to 0.98,
figure 2) compared to examinations using lifetime
abstainers as the reference group. Heterogeneity was
more pronounced in studies using current abstainers as
the reference group (for IHD incidence I2=73%). Five
studies reported IHD morbidity risk among chronic

Table 1 Chronic heavy drinking and ischaemic heart disease (IHD) risk in men, 1967–2013

Heavy drinking

group, IHD end

point Reference group

Number of

studies

Number of

events*

Number of

chronic

heavy

drinkers

Relative

risk 95% CI p Value† I2 (%)

Chronic heavy drinking (population samples)

Incidence Lifetime abstainers 11 954 35 756 1.04 0.83 to 1.31 0.016 54

Mortality Lifetime abstainers 5 618 34 182 1.00 0.74 to 1.36 0.026 64

Morbidity Lifetime abstainers 3 299 471 1.13 0.78 to 1.63 0.97 0

Incidence Current abstainers 14 1268 50 805 0.83 0.70 to 0.98 <0.001 73

Mortality Current abstainers 9 853 46 450 0.85 0.67 to 1.08 <0.001 74

Morbidity Current abstainers 2 193 884 0.78 0.21 to 2.90 0.006 87

Patients with AUD (clinical samples)

Mortality General population 9 761 18 758 1.62 1.34 to 1.95 <0.001 81

See Methods section for definitions of chronic heavy drinking groups.
*In chronic heavy drinking groups.
†For heterogeneity (Cochran’s Q).
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heavy drinkers, three with lifetime abstainers (RR=1.13,
95% CI 0.78 to 1.63) and two with current abstainers as
the reference group (RR=0.78, 95% CI 0.21 to 2.90).
There were not enough studies to further investigate
IHD morbidity. Among patients with AUD the risk of
IHD mortality in comparison to the general population
was substantially elevated with RR=1.62 (95% CI 1.34 to
1.95) among men (figure 3).
There were only 114 IHD events reported in women,

of which 75 were among patients with AUD. The pooled
RR for IHD mortality among patients with AUD (n=5
studies) was 2.09 (95% CI 1.28 to 3.41, figure 4).

Publication bias and sensitivity analyses
Tests for publication bias or meta-regressions were not
conducted in most analyses because of the small
number of studies available for each analysis. Two ana-
lyses with enough studies (IHD incidence risk in chronic
heavy drinkers compared to lifetime and current abstai-
ners in men) did not reveal evidence for such bias
(p=0.46, and 0.35, respectively, see online supplemen-
tary figures S3 and S4 for funnel plots). Omitting
studies one by one and re-estimating the pooled risks
did not change conclusions in any of the analyses. Using
meta-regression, study design (case–control vs cohort
studies) did not reveal a significant association for ana-
lyses on IHD incidence in chronic heavy drinkers com-
pared to lifetime abstainers (p=0.22).

The pooled risk for IHD incidence among chronic
heavy drinkers in population samples with lifetime
abstainers as the reference group that adjusted for age
and smoking status (n=8 studies) was virtually
unchanged with RR=1.04 (95% CI 0.82 to 1.33). The
risk for IHD incidence among chronic heavy drinkers in
population samples, which, in addition to age and
smoking status, also adjusted for either physical activity,
body mass index or at least one socioeconomic indicator
was RR=0.97 (95% CI 0.79 to 1.18, n=6 studies). A
similar sensitivity analysis with current abstainers as the
reference group revealed a pooled RR=0.75 (95% CI
0.62 to 0.91) and RR=0.72 (95% CI 0.58 to 0.89). In con-
trast, only one study among patients with AUD adjusted
for risk factors other than age, race, calendar year or
follow-up length. Therefore, such analyses were not con-
ducted among clinical samples.

DISCUSSION
Our analysis showed that when the comparison group
was lifetime abstainers in population studies, there was
no indication for a protective association from chronic
heavy drinking, contrary to our analysis using current
abstainers as the reference and results from another
meta-analysis, which reported a universal protective asso-
ciation between alcohol consumption and IHD.4

However, when current abstainers were the reference

Figure 1 Forest plot of the association between ischaemic heart disease incidence and chronic heavy drinking in population

samples in comparison to lifetime abstainers in men, 1980–2012.
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group, results indicated a ‘protective’ association, com-
parable in magnitude to that found in studies of moder-
ate overall alcohol intake.2 4 Ronksley et al,4 similar to
Roerecke et al,10 reported that former drinkers had an
elevated IHD risk compared to lifetime abstainers. Thus,
the difference in IHD risk found in the current
meta-analysis is consistent with the fact that the inclusion
of former drinkers in the reference group is responsible
for the systematic bias in effect estimates when current
abstainers are the reference group and leads to errone-
ous conclusions. Unfortunately, at this point, the major-
ity of studies used current abstainers as the reference
group, partly because large studies have limited space
for each risk factor and assessing former drinking status
requires more questionnaire space and interview time
than assessing current abstention. It should be good epi-
demiological practice to include items that are able to
differentiate between former and current drinking status
in any epidemiological study on IHD risk.
The difference regarding the reference group was also

evident within primary studies,34 where the risk was
below RR=1 when current abstainers were the reference
group, and above 1 when lifetime abstainers were the
reference group. As most of the studies reported on

mortality and only few studies examined IHD morbidity
in comparison to lifetime abstainers, we were unable to
draw firm conclusions about the relationship between
chronic heavy alcohol consumption and IHD morbidity.
More systematic research is needed in this area.
With regard to population studies, adjustment for con-

founders was not optimal in many studies; however sub-
group analyses of studies with good adjustment did not
change our conclusions (no beneficial association
between chronic heavy alcohol consumption and IHD
risk). In contrast to chronic heavy drinkers from popula-
tion samples, clinical samples of patients with AUD
showed a clear detrimental association with a 62%
higher risk of heart disease mortality compared to the
general population among men, and a twofold higher
risk among women. However, there was an apparent lack
of adjustment other than age and sex, and lack of recent
studies investigating IHD among patients with AUD with
only two studies with a baseline assessment after 1990. In
particular, the complete lack of adjustment for smoking
in clinical samples shows that better quality evidence is
needed to confirm the role of alcohol consumption on
IHD risk in patients with AUD. As the control group was
the general population for clinical samples, the risk for

Figure 2 Forest plot of the association between ischaemic heart disease incidence and chronic heavy drinking in population

samples in comparison to current abstainers in men, 1986–2012.
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Figure 4 Forest plot of the association between ischaemic heart disease mortality and alcohol use disorder in clinical samples

in comparison to the general population in women, 1967–2012.

Figure 3 Forest plot of the association between ischaemic heart disease mortality and alcohol use disorder in clinical samples

in comparison to the general population in men, 1967–2012.
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IHD should be expected to be somewhat higher com-
pared to population sample results (when the reference
was lifetime abstainers) if one assumes a protective
effect of moderate alcohol consumption. A recent
meta-analysis on average alcohol consumption2 has
shown strong evidence from observational studies that
the risk of IHD among moderate drinkers is reduced in
comparison to lifetime abstainers.
Among those reporting the strongest elevated risk for

IHD are studies from Russia.36 37 However, because
there are very few abstainers, the reference group is typ-
ically not abstainers, but people with low average alcohol
intake. A relatively frequent consumption pattern in
Russia is episodic heavy to very heavy consumption with
sometimes prolonged binges (‘zapoi’, an episode of con-
tinuous drunkenness lasting two or more days in com-
bination with withdrawal from normal social life). This
drinking pattern is so extreme that it is heavy with
regard to both average and episodic consumption.38 39

Nevertheless, the risk among heavy alcohol drinkers in
comparison to low level drinkers36 37 was substantial,
which points to no beneficial effects from heavy alcohol
intake and is in support of our findings.

Limitations
The analysis was limited to English-language,
German-language and Spanish-language studies, leaving
the possibility of unidentified studies. Furthermore, as is
the case for all meta-analyses, our analysis was subject to
bias and uncontrolled confounding as they were inher-
ent in the primary studies. I2 values were moderate to
high in most analyses. Although adjustment for major
IHD risk factors was investigated in population studies
and did not result in a change of conclusions, adjust-
ment for risk factors other than age and smoking was
not optimal in most studies, and uncontrolled confound-
ing may have contributed to any observed between-study
heterogeneity. Uncontrolled confounding might have
been most problematic in the clinical samples used in
our study, which did not control for smoking or any
other IHD risk factor other than sex and age. The
choice of random-effect models (although giving more
weight to smaller studies) was justified by the amount of
heterogeneity detected and because epidemiological
studies generally cannot control unobserved confound-
ing in the same way a randomisation process can.
However, conclusions were not affected by this choice.
Nevertheless, all studies were observational and thus
causality cannot be established. Ill-definition of cardio-
vascular deaths and substantial variation across countries
in terms of the quality of classifications of IHD deaths
may pose an additional problem.40 In a Swedish sample
included in our analysis, Denison41 examined informa-
tion from death certificates and independent evaluations
from hospital and clinical autopsy reports, police
reports, forensic autopsy reports and toxicology reports.
They found only a slightly higher mortality risk for car-
diovascular diseases compared to death certificate

information. As we focused on high-quality epidemio-
logical studies, we excluded self-reported IHD morbidity
and other forms of heart disease not defined by ICD-10:
I20–I25, and thus cannot generalise beyond the popula-
tions and outcomes in our study.
Study quality was substantially lower in clinical samples

because of lack of adjustment for potential confounding.
Only one study15 reported risk estimates adjusted for
more than just age, one other study also adjusted for
length of follow-up.41 Thus, confounding or effect modi-
fication from factors other than age and sex could not
be examined. It seems likely that, given the close correl-
ation of smoking with alcohol consumption in general
and at high levels of alcohol consumption in particular,
smoking had some undetected influence on IHD mor-
tality in clinical samples because of a clearly established
monotonous detrimental relationship of smoking with
heart disease. However, there is surprisingly little
research on this topic and it remains to be seen whether
smoking explains the elevated risk for IHD seen in
patients with AUD. Few studies have examined IHD risk
stratified by alcohol and smoking in population
studies,34 42 43 but no clear picture emerged. In particu-
lar, there are no studies investigating potential joint
effects from smoking and chronic heavy alcohol con-
sumption on IHD risk with lifetime abstainers as the ref-
erence group. If alcohol consumption in patients with
AUD is the determining factor for an increased risk of
IHD, evidence from AUD treatment outcome studies
could provide further pieces of evidence for a potential
causal effect. Many studies among patients with AUD
showed that a reduction from chronic heavy drinking to
moderate or low levels, including but not limited to
abstention, can substantially reduce all-cause mortality.44

However, there seems to be no investigations regarding
whether or not IHD as a cause of death played a sub-
stantial role in this reduction of all-cause mortality.

Experimental evidence for chronic heavy drinking
and heart disease risk
What is the underlying experimental evidence base?
Long-term randomised studies on IHD mortality or mor-
bidity are unavailable. Although regular low to moderate
alcohol intake has been found to have beneficial, dose-
dependent effects on biomarkers for IHD in short-term
experimental studies, mainly by increasing high-density
lipoprotein (HDL) levels, inhibiting platelet activation,
reducing fibrinogen levels and producing anti-
inflammatory effects,6 chronic heavy drinking has been
found to be related to detrimental effects on the heart,
with adverse effects mainly on blood pressure, fibrino-
lytic factors and ventricular arrhythmia after cessation of
heavy drinking, as well as in participants with existing
ischaemic disease through silent myocardial ischaemia
and angina.45 Chronic alcohol intake in particular is
associated with physiological changes of the heart,
including prolonged QT intervals and electrolyte abnor-
malities.46 There are some short-term experimental
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studies specifically on regular heavy drinking. During
heavy alcohol intake, trygliceride levels were elevated in
most studies,47–50 with transient positive effects on trygli-
ceride in one study51 and HDL cholesterol was elevated
in all studies.47–52 In fact, the highest HDL levels are
observed in people with AUD.53 It seems that despite a
beneficial effect on HDL cholesterol even in chronic
heavy alcohol consumers, other effects of chronic heavy
alcohol consumption on heart disease risk might negate
those beneficial effects,54 55 resulting in an overall
neutral or detrimental association found in our analysis.
Further work on distinct biochemical pathways and dif-
ferentiation of heart disease outcomes should be a prior-
ity in alcohol-heart research.

Conclusions
As the evidence base is scarce in women, we restrict our
conclusions to men only. Our findings, in combination
with previous investigations,2 20 lead to three main con-
clusions: First, there is no systematic evidence of a pro-
tective association between IHD and chronic heavy
drinking. Second, the findings show that the reference
category is crucial in determining IHD risk from any
type of alcohol consumption. Public perception of a uni-
versal cardioprotective association, however, might over-
shadow these important parts of the alcohol-heart
relationship, as it can be used as an excuse for heavier
drinking. Third, a detrimental association of alcohol
consumption on IHD is evident only for patients with
AUD, the highest end of the spectrum of alcohol con-
sumption. It should be stressed that there is a clear detri-
mental effect of any heavy drinking episodes on injuries
and through overall intake on many cancers.56 57 Thus
heavy drinking in all forms should be discouraged.
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