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a b s t r a c t

Objectives: To investigate and quantify the potential dose-response association between alcohol
consumption and risk of coronary artery disease (CAD).
Methods: We searched the PubMed database from inception to March 2015 and reviewed the
reference list of relevant articles to identify prospective studies assessing the association between
alcohol consumption and risk of CAD. Study-specific relative risk (RR) estimates were combined
using a random-effects model. Publication bias was estimated using Begg’s funnel plot and Egger’s
regression asymmetry test. The meta-analysis included 18 prospective studies, with a total of 214
340 participants and 7756 CAD cases. The pooled adjusted RRs were 0.62 (95% confidence interval
[CI] 0.56–0.68) for highest alcohol consumption amount versus lowest amount. Begg’s and Egger’s
regression tests provided no evidence of substantial publication bias (P ¼ 0.762 for Begg’s test and
0.172 for Egger’s test).
Results: In a dose response analysis, we observed a nonlinear association between alcohol con-
sumption and risk of CAD (P for nonlinearity <0.00). Compared with non-drinkers, the RRs (95% CI)
of CAD across levels of alcohol consumption were 0.75 (0.70–0.80) for 12 g/d, 0.70 (0.66–0.75) for
24 g/d, 0.69 (0.64–0.75) for 36 g/d, 0.70 (0.64–0.77) for 60 g/d, 0.74 (0.67–0.83) for 90 g/d, and 0.83
(0.67–1.04) for 135 g/d.
Conclusions: Alcohol consumption in moderation is associated with a reduced risk of CAD with
36 grams/d of alcohol conferring a lower risk than other levels.

� 2016 Elsevier Inc. All rights reserved.

Introduction

Coronary artery disease (CAD) is now a severe public health
problem, affecting millions of people in both developed and
developing countries. CAD is the major cause of death in devel-
oped countries [1], accounting for up to 40% of all fatal events [2].
In low and middle income countries, the incidence of cardio-
vascular disease has significantly increased. By 2020, the disease
is expected to be the leading cause of morbidity and mortality in

most developing countries [3]. Increased CAD risk is associated
with increased atherosclerosis, which is more frequent in
patients with chronic kidney disease, especially the dialysis ones,
than in the general population [4]. CAD is by far the most com-
mon initiating cause of heart failure (inw70% of patients), which
makes things even worse [5].

Alcohol is one of the most widely consumed beverages in the
world and is the fifth leading reason for death and disability
accounting for 4% of life years lost due to disease [6]. Disease
burden and disability are closely associated with the volume of
alcohol consumption [7]. Consumption of alcohol is believed to
have potential health benefits, such as antiinflammatory effect
on atherosclerosis [8], increases in high-density lipoprotein
cholesterol (HDL-C) [9], inhibitory effects on platelet aggregation
[9], influence on antioxidant capacity and insulin sensitivity, thus
restraining atherosclerosis [10,11]. Nevertheless, it can also have
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harmful effects. Alcohol use is associated with a worse hemato-
logical picture of total cholesterol, low-density lipoprotein
cholesterol (LDL-C) levels, and systolic blood pressure [12].

The association between alcohol consumption and the risk of
CAD is of great importance because of the popularity of alcohol
and the huge burden caused by CAD. The role of alcohol in the
risk of CAD is well established, and has been assessed in a large
number of observational epidemiologic studies or meta-analyses
[12–16]. Though all demonstrated a U-shaped or J-shaped
association between alcohol intake and CAD such that both
non-drinkers and heavy drinkers appear to have higher
morbidity rates than light and moderate drinkers, few studies
have been designed to quantitatively assess the amount of
alcohol, rather than qualitatively studying levels of alcohol
consumption (e.g., “heavy” versus “low”). Thus, we aimed to
better quantify the association between alcohol consumption
and the risk of CAD through a comprehensive systematic litera-
ture review and dose-responsemeta-analysis that can intuitively
reflect the relationship between alcohol consumption and risk of
CAD.

Materials and methods

Literature search and selection

We identified potentially relevant articles regardless of language by a
computerized search of the PubMed database from inception to April 2015. The
following search terms were used: “coronary artery disease”, “coronary heart
disease”, “cardiovascular disease”, “myocardial infarction” (MI), “ischemic heart
disease” (IHD), “CAD”, “IHD combined with alcohol consumption”, “drink”,
“drinking”, and “ethanol”. The reference lists of pertinent articles were reviewed
to identify additional studies. Two investigators independently reviewed all
identified studies. Eligibility criteria for inclusion in the present meta-analysis
were: (1) the study was prospective design; (2) the exposure was alcohol con-
sumption; (3) the outcome was total CAD incidence (including MI, CAD, non-
stroke cardiovascular disease, and other coronary events); (4) the population
was free from CAD at baseline; and (5) relative risks (RRs) with 95% confidence

intervals (CIs), adjusted for at least age, were reported. If a study reported more
than one set of RR estimates, we used themaximally adjusted RRs.We considered
sex-specific estimates in cases where a study reported data separately for men
and women.

Data extraction

From each study, we extracted the first author’s last name, country in which
the study was performed, duration of follow-up, sex and age, method of alcohol
consumption assessment, total numbers of cases and participants, and person-
years in every exposure category, the most fully adjusted RRs with correspond-
ing 95% CIs for each category of alcohol consumption and covariates adjusted for
in the analysis. If there was disagreement between the two investigators about
eligibility of the data, it was resolved by consensus with a third reviewer.

Statistical methods

We standardized alcohol consumption across studies using a common scale,
i.e., alcoholic g/d to pool the study-specific RRs. When a study reported alcohol
consumption in drinks/week, we converted the intake into g/d assuming that one
drink contains 12 g of alcohol. For each study, we assigned the median or mean
alcohol consumption for the category to each corresponding RR. When the
median or mean consumption was not reported, we assigned the midpoint of
the upper and lower boundaries in each category as the median consumption. If
the upper boundary for the highest category was not provided, the midpoint of
the category was set at 1.5 times the lower boundary. When the lowest category
was open-ended, we set the lower boundary to zero. If the number of cases and
person-years were not available, we used the relative risks comparing the highest
versus lowest categories of alcohol intake to obtain a summary estimate.

The heterogeneity among studies was estimated by the Cochran Q test and I2

statistic. Heterogeneity was confirmed with a significance level of P� 0.10. The I2

statistic describes the percentage of total variation in point estimates that can be
attributed to heterogeneity. For the I2 metric, we considered low, moderate, and
high I2 values to be 25%, 50%, and 75%, respectively. We used a fixed effect model
(Mantel-Haenszel method) when heterogeneity was negligible and a random
effect model (DerSimonian and Laird method) when heterogeneity was signifi-
cant. Publication bias was evaluated using Begg’s funnel plot [17] and Egger’s
regression asymmetry test [18].

To evaluate the dose-response association between alcohol consumption and
risk of CAD, a 2-stage random-effects dose-response meta-analysis, taking into
account the between-study heterogeneity, was performed proposed by Orsini
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Fig. 1. Flow chart of study selection.
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