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Abstract

Background and aims—Several studies have reported a significant inverse association of light 

to moderate alcohol consumption with coronary heart disease (CHD). However, studies assessing 

the relationship between alcohol consumption and atherosclerosis have reported inconsistent 

results. The current study was conducted to determine the relationship between alcohol 

consumption and aortic calcification.

Methods—We addressed the research question using data from the population-based ERA-JUMP 

Study, comprising of 1006 healthy men aged 40-49 years, without clinical cardiovascular diseases, 

from four race/ethnicities: 301 Whites, 103 African American, 292 Japanese American, and 310 

Japanese in Japan. Aortic calcification was assessed by electron-beam computed tomography and 

quantified using the Agatston method. Alcohol consumption was categorized into four groups: 0 

(non-drinkers), ≤1 (light drinkers), >1 to ≤3 (moderate drinkers) and >3 drinks per day (heavy 

drinkers) (1 drink=12.5 grams of ethanol). Tobit conditional regression and ordinal logistic 

regression were used to investigate the association of alcohol consumption with aortic calcification 

after adjusting for cardiovascular risk factors and potential confounders.

Results—The study participants consisted of 25.6% nondrinkers, 35.3% light drinkers, 23.5% 

moderate drinkers, and 15.6% heavy drinkers. Heavy drinkers [Tobit ratio (95% CI) = 2.34 (1.10, 

4.97); odds ratio (95% CI) = 1.67 (1.11, 2.52)] had significantly higher expected aortic 

calcification score compared to nondrinkers, after adjusting for socio-demographic and 

confounding variables. There was no significant interaction between alcohol consumption and 

race/ethnicity on aortic calcification.

Conclusions—Our findings suggest that heavy alcohol consumption may be an independent risk 

factor for atherosclerosis.

Keywords

Alcohol; Aorta; Atherosclerosis; Calcification; Men

INTRODUCTION

Although a J-shaped association has been very well established between alcohol 

consumption and coronary heart disease (CHD)1, with light to moderate drinkers showing a 

reduced risk compared to both heavy drinkers and nondrinkers, the underlying 

pathophysiological mechanisms remain to be elucidated. Plausible mechanisms for the 

protective effect of moderate alcohol consumption on CHD include: increase in high-density 

lipoprotein cholesterol (HDL-C), lower inflammation, anticoagulant effect (inhibition of the 

fibrinolytic system), improved endothelial function, and a reduced risk of type 2 diabetes 

mellitus2–5. Studies assessing the relationship between alcohol use and atherosclerosis (the 

major underlying cause of CHD6) reported conflicting results: no significant association7, 8, 
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a U or J-shaped association9–12, and a dose-response association13–15. The reason for these 

inconsistent results is not clear. To investigate the relationship between alcohol and 

atherosclerosis may help clarify the mechanisms underlying the association between alcohol 

and CHD.

Aortic calcification, a reliable and validated biomarker of atherosclerosis, is independently 

associated with cardiovascular morbidity and mortality16, 17 and has a high specificity for 

detection of severe coronary atherosclerosis18. Aortic calcification is a less commonly used 

measure of atherosclerosis compared to coronary artery calcification (CAC) which is a well-

established biomarker of coronary atherosclerosis. Some studies have reported that aortic 

calcification may be a better measure of atherosclerosis than CAC because it is more 

prevalent, has an earlier onset19, has a better association with cardiovascular risk 

factors16, 20, 21, and seems to add prognostic information of atherosclerotic burden beyond 

CAC16, 20. However, unlike CAC, studies examining the relationship between alcohol 

consumption and aortic calcification are scarce10, 13, 19. Moreover, the available results are 

inconsistent partly because of variability in studied populations, aortic segment examined, 

imaging modalities, and scoring method used, which avert an unbiased comparison across 

different populations13, 19, 22.

Our objective is to determine the relationship between alcohol consumption and aortic 

calcification measured in asymptomatic men aged 40-49 years, using data from the ERA-

JUMP Study (the Electron Beam Computed Tomography (EBCT), risk factor assessment 

among Japanese and the United States (US) men in the post-World-War-II birth cohort). 

Based on our previous finding of a J-shaped association between alcohol consumption and 

CAC among Japanese in Japan23, as well as following the notion of a J-shaped association 

between alcohol consumption and CHD, we hypothesized that light to moderate alcohol 

consumption would have an inverse association, and heavy alcohol consumption would have 

a positive association with aortic calcification. To our knowledge, this is the first population-

based study exploring the association of alcohol consumption and aortic calcification among 

asymptomatic middle-aged men across different races/ethnicities, from various countries, in 

a standardized manner.

MATERIALS AND METHODS

Study population

The details of the study protocol have been described previously24. Briefly, during 2002–

2006, a population-based sample of 1033 men aged 40–49 years, with no clinical 

cardiovascular diseases (CVD) or other severe illnesses, was obtained from 3 centers: 310 

White and 107 Black from Pittsburgh, Pennsylvania, US; 303 Japanese American from 

Honolulu, Hawaii, US; and 313 Japanese from Kusatsu City, Shiga, Japan24, 25. The study 

protocol followed ‘the 1975 Declaration of Helsinki ethical guidelines’. The Institutional 

Review Boards of University of Pittsburgh, Pittsburgh, US; Kuakini Medical Center, 

Honolulu, Hawaii, US; Shiga University of Medical Science, Otsu, Japan approved the 

study. Written informed consent was obtained from all participants. We excluded 

participants with missing data for aortic calcification (n=27). Our final sample size was 
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1006, with 301 US White, 103 US Black, 292 Japanese American, and 310 Japanese in 

Japan.

Risk factor assessment

All participants underwent a physical examination, completed a lifestyle questionnaire, and 

a laboratory, as described previously24, 25. Data collection procedures were standardized 

across all centers. Body weight and height were measured while the participant was wearing 

light clothing without shoes. Body Mass Index (BMI) was calculated as weight (kg) divided 

by the square of the height (m2). Blood pressure and heart rate were measured after the 

participant emptied his bladder and sat quietly for 5 min. Blood pressure was measured 

twice on the right arm with an automated sphygmomanometer (BP-8800, Colin Medical 

Technology, Komaki, Japan) using an appropriately sized cuff; average of the two 

measurements was used. Hypertension was defined as systolic blood pressure ≥140 mmHg 

and/or diastolic blood pressure ≥90 mmHg or use of antihypertensive medications26. 

Participants were considered smokers if they reported current use of cigarettes or had 

stopped smoking within the past 30 days. Pack-years of smoking were calculated as years of 

smoking multiplied by the number of cigarettes per day divided by 20. Use of medications 

(antihypertensive, antidiabetic, and lipid-lowering) was reported as ‘yes/no’. Meat intake 

was defined as individuals who ate beef, pork, or sausage ≥2 times per week. Physical 

activity related to the current job was self-reported and categorized into sedentary, light, 

medium, and heavy physical activity27.

Venipuncture was performed early in the clinic visit after a 12-h fast. Blood samples were 

stored at −70°C and shipped on dry ice from all the centers to the University of Pittsburgh. 

Serum lipids were determined using the protocol standardized by the Centers for Disease 

Control and Prevention, including total cholesterol, HDL-C, and triglycerides28. Low-

density lipoprotein cholesterol (LDL-C) was estimated by the Friedewald equation29. When 

the value of triglycerides exceeded 4.52 mmol/l (400 mg/dl), LDL-C was measured directly 

using an automated spectrophotometric assay [LDL Direct Liquid Select (Equal Diagnostics, 

Exton US)]. Serum glucose was determined by using hexokinase-glucose-6-phosphate-

dehydrogenase enzymatic assay. Diabetes was defined as individuals with fasting glucose 

≥7.0 mmol/l or use of medications for diabetes30. C-reactive protein (CRP) was determined 

using a calorimetric-competitive-enzyme-linked-immuno-sorbent assay, and fibrinogen was 

determined using an automated-clot-rate assay (Diagnostica Stago, Parsippany, U.S.)

Alcohol consumption assessment

The drinking habits of each subject were assessed by a validated self-administered 

questionnaire31. Alcohol consumption was assessed by asking whether the participant drank 

beer, wine, liquor, sake (Japanese rice wine), or other alcoholic beverages. Alcoholic status 

of the study participants was decided as never drinker (lifetime abstainers), former drinkers, 

and current drinkers. Among current drinkers, alcohol consumption per day was estimated 

assuming that the concentration of alcohol was 5% for beer, 12% for wine, 40% for liquor, 

and 16% for sake. Current alcohol drinkers were further categorized into three groups: ‘light 

drinkers’ (≤1 drink), ‘moderate drinkers’ (>1 to ≤3 drinks), and ‘heavy drinkers’ (>3 drinks) 

per day, with one drink, equaled to 12.5 grams of alcohol32 [which is approximately 
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equivalent to 350 ml (12 oz) of regular beer, 150 ml (one glass) of wine, 45 ml of distilled 

spirits, and 110 ml of sake]. Former alcohol drinkers were combined with never drinkers 

(lifetime abstainers) and were together considered as ‘nondrinkers.’

Aortic calcification assessment

EBCT was performed using a GE-Imatron C150 Electron Beam Tomography scanner (GE 

Medical Systems, South San Francisco, US) at the three center sites, using standardized 

methods as described previously33, 34. The scanner was set to acquire 6 mm images from the 

aortic arch to the iliac bifurcation to evaluate aortic calcification. Technicians regularly 

calibrated scanners following a standardized protocol. All scan data were saved to optical 

disc. Readings of the scans were done centrally in the Cardiovascular Institute, University of 

Pittsburgh, using a DICOM (Digital Imaging and Communications in Medicine) workstation 

and software by AccuImage (AccuImage Diagnostic Cooperation, San Francisco, US). The 

software program implemented the widely accepted Agatston scoring method35. One trained 

radiology technician evaluated the readings. The reader was blinded to each participant’s 

characteristics and the study centers. The intra-reader reproducibility of non-zero Agatston 

Aortic Calcification Score (AoCaS) had an intra-class correlation of 0.98.

Statistical analysis

Distributions of triglycerides, years of education, and pack-years of smoking were highly 

skewed and therefore log transformed. Continuous variables with approximately normal 

distributions (age, BMI, LDL-C, and HDL-C) were standardized. Across the different 

categories of alcohol consumption and AoCaS: (i) age and race/ethnicity adjusted BMI, 

LDL-C, and HDL-C were expressed as means ± standard error (SE), (ii) age and race/

ethnicity adjusted triglycerides, number of education years, and pack-years of smoking were 

expressed as a median and interquartile range, (iii) age and race/ethnicity adjusted 

categorical variables were expressed in percentages. A p-value for trend across the different 

categories of alcohol consumption and AoCaS was determined either using linear regression 

when a response variable is continuous, or using quartile regression when a response 

variable is skewed, continuous or logistic regression when a response variable is categorical.

We used Tobit conditional regression and ordinal logistic regression to model the association 

of alcohol consumption and aortic calcification adjusting for potential confounders and 

intermediary variables. We considered Tobit conditional regression because it is suited to the 

uncommon distribution of AoCaS data (right sided skewness and many participants with 

zero scores)36, 37. For Tobit conditional regression, outcome variable aortic calcification was 

log transformed after addition of one [ln (AoCaS + 1)]. “Tobit conditional regression is a 

combination of two regression approaches: a logistic regression of the presence of aortic 

calcification (AoCaS = 0 vs. AoCaS >0) and a linear regression of log-transformed aortic 

calcification when AoCaS >038. The combination of two regression approaches provides a 

single point estimate for the relationship of predictors with aortic calcification. Secondarily, 

we also performed the ordinal logistic regression to assess the likelihood of study 

participants being in a higher category of AoCaS. Four AoCaS categories used were: 0, 

1-99, 100-299 and ≥300. Model I was adjusted for sociodemographic variables (age, race/

ethnicity, and years of education); Model II was further adjusted for potential confounders 
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(pack-years of smoking, BMI, diabetes, lipid-lowering medications, physical activity related 

to current job, meat intake, LDL-C, and CRP); Model III was additionally adjusted for 

intermediary variables (hypertension, HDL-C, triglycerides, and fibrinogen) in the relation 

between alcohol consumption and atherosclerosis/CHD. In Model III, we tested the 

interaction between race/ethnicity and alcohol consumption on aortic calcification. To 

minimize the possibility of residual confounding, the inclusion of variables in regression 

models was based on the published literature on alcohol and atherosclerosis/CHD. In Tobit 

regression, as well as in ordinal regression, a p-value for linear and quadratic trend across 

different categories of alcohol consumption was calculated using contrast.

We also conducted the race/ethnicity stratified analysis because including the term ‘race’ in 

a multivariable model may not have provided adequate adjustment for race/ethnicity 

differences. In addition, the inclusion of former drinkers and lifelong abstainers into the 

nondrinker group could have substantially increased the adverse effect of alcohol 

consumption among nondrinkers, we repeated the analysis by excluding former drinkers 

from the non-drinker category.

All p-values were two-tailed and a p-value <0.05 was considered as significant. SAS version 

9.4 (SAS Institute, Cary, North Carolina) and STATA version 14.0 (StataCorp LP, College 

Station, TX, US) were used for all statistical analyses.

RESULTS

Overall as well as by race/ethnicity, baseline characteristics are presented in Table 1. We 

included 1006 study participants in our final analyses. The mean (SD) age of the study 

participants was 45.3 (2.8) years. Study participants consisted of 25.6% nondrinkers [16.5% 

never drinkers + 9.1% former drinkers], 35.3% light drinkers, 23.5% moderate drinkers, and 

15.6% heavy drinkers. Overall, 56.9% study participants had AoCaS >0.

Table 2 describes the age and race/ethnicity adjusted demographic and clinical 

characteristics of participants across the alcohol consumption categories. Compared to 

nondrinkers, alcohol consumers had a lower age, BMI, anti-lipid medication use, rate of 

diabetes, CRP, and fibrinogen; and a higher AoCaS, HDL-C, and pack-years of smoking.

As shown in Table 3, except for HDL-C, compared to the no AoCaS category, participants 

with AoCaS >0 had a higher age and race/ethnicity adjusted BMI, pack-years of smoking, 

LDL-C, triglycerides, rate of diabetes, rate of hypertension, lipid-lowering medication use, 

CRP, and fibrinogen.

The Tobit regression analysis showed that in Model II, heavy drinkers had a significantly 

higher expected AoCaS [TR (95% CI) = 2.34 (1.10, 4.97)] compared to nondrinkers. In 

Model II, moderate drinkers appeared to have an inverse association with aortic calcification 

[TR (95% CI) = 0.86 (0.45, 1.66)], but this association was statistically nonsignificant. In 

Model III, with further adjustment for potential mediators in the relationship between 

alcohol and atherosclerosis/CHD, a significant association of heavy drinking with aortic 

calcification attenuated and became nonsignificant [TR (95% CI) = 1.90 (0.84, 4.28)].
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Results of the ordinal regression analysis were very similar to the Tobit regression analysis 

(Table 5). In Model II, heavy drinkers had significantly higher odds of being in a higher 

category of AoCaS [OR (95% CI) = 1.67 (1.11, 2.52)]. In Model III, with further adjustment 

for potential mediators, a significant association of heavy drinking with aortic calcification 

attenuated and became nonsignificant [OR (95% CI) = 1.54 (0.99, 2.40)]. In Tobit 

regression, as well as in ordinal regression, in Model III, attenuation in significance was 

mainly due to adjustment for hypertension and HDL-C. When we repeated the analysis by 

excluding hypertensive patients (n=257) from the main analysis (n=1006), there was no 

significant association between heavy alcohol consumption and aortic calcification after 

adjusting for sociodemographic variables and potential confounders [Model II: TR (95% CI) 

= 2.37 (0.88, 6.35), OR (95% CI) = 1.05 (0.58, 1.89)] (data not shown).

In Tobit regression, as well as in ordinal regression, there was no significant interaction 

between alcohol consumption and race/ethnicity on aortic calcification. In a race/ethnicity 

stratified analysis, either in Model II or Model III, none of the alcohol consumption 

categories were significantly associated with aortic calcification (Table 4 and 5). After 

excluding former drinkers from the nondrinker category (reference category = never 

drinker), heavy drinkers [TR (95% CI) = 2.68 (1.15, 6.24); OR (95% CI) =1.80 (1.15, 2.81)] 

had a significantly higher expected AoCaS compared to never drinkers, after adjusting for 

socio-demographic and confounding variables (Supplementary Table 2 and 3).

DISCUSSION

In this community-based sample of asymptomatic middle-aged men (the US White, US 

Black, Japanese American, and Japanese in Japan), heavy alcohol consumption was 

significantly associated with higher AoCaS independent of potential confounders. The 

available literature describes various patterns of association between alcohol consumption 

and atherosclerosis: no significant association7, 8, a U or J-shaped association9–12, and a 

dose-response association13–15. Our results are consistent with results from several other 

studies, which have reported harmful effects of heavy drinking on atherosclerosis, with no 

beneficial effect of light to moderate drinking10, 14, 22. McClelland et al. in the Multi-Ethnic 

Study of Atherosclerosis, among White, African American, Hispanic, or Chinese men and 

women aged 45-84 years, from six different US communities, reported the significant 

positive association of alcohol consumption (≥2 drinks/day) with both baseline CAC and 

CAC progression22. Similarly, Tanaka et al.14, in the Circulatory Risk in Communities Study 

of men aged 30-79 years, reported a significant positive association of heavy alcohol 

consumption with endothelial dysfunction, which is hypothesized to contribute to the 

development of atherosclerosis and CHD39. Jiang et al., in a population-based cohort study 

with men and women aged 50-85 years, showed a significant association between heavy 

alcohol consumption and the presence and severity of aortic arch calcification in men. There 

was no beneficial effect of moderate drinking in total alcohol or any types of alcoholic 

beverages on aortic arch calcification13. Pletcher and colleagues, in the CARDIA Study 

among US White middle-aged men and women aged 33-45 years, found a direct association 

between higher levels of alcohol consumption and CAC15.
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Our study findings imply that heavy alcohol consumption (>37.5 grams of alcohol/day) may 

have a detrimental effect on atherosclerosis indicated by aortic calcification among healthy 

middle-aged men. Although not tested in this study, the positive relationship between heavy 

alcohol consumption and aortic calcification could be explained by the deleterious effect of 

heavy alcohol consumption on endothelial function, platelet aggregation, the activation of 

the clotting cascade, and the promotion of LDL oxidation by acetaldehyde14, 40. Several 

lines of evidence suggest that endothelial dysfunction is the initial step of atherosclerosis 

development41. Heavy alcohol consumption reduces nitric oxide (NO) production by 

reducing endothelial NO synthase activity, increases endothelial permeability to lipoproteins 

and other plasma components, and causes inflammatory/oxidative injury to the 

endothelium42. In response to the altered endothelial functions following various humoral 

and hemodynamic insults, as a part of the reparative mechanism, the systemic vasculature 

can respond by depositing calcium at the site of injury43,44.

In our study, light to moderate alcohol consumption was nonsignificantly associated with 

AoCaS. In contrast to our results, several studies have reported either a J-shaped 

association10–12 with light to moderate alcohol consumption showing a protective effect on 

atherosclerosis or no significant association7, 8, 45 between alcohol consumption and 

atherosclerosis. Mukamal and colleagues, in the Cardiovascular Health Study, among men 

and women aged ≥65 years, and free of clinical CVD, found that alcohol consumption of 1-6 

drinks/week had 0.07±0.04 mm significantly lower composite carotid intima-media 

thickness (CIMT) than abstainers. This relationship was consistent across men and women 

and internal and common carotid artery10. Vliegenthart et al., in the Rotterdam Coronary 

Calcification Study of men and women aged ≥55 years, reported a J-shaped association 

between alcohol consumption and CAC, with light and moderate drinkers having 

significantly lower odds of extensive CAC compared to non-drinkers11. Ellison et al., in the 

NHLBI Family Heart Study of men and women, with an average age of 55 years, reported 

no association between alcohol consumption and CAC7. Yang et al., in the South Bay Heart 

Watch Study45 of men and women aged ≥45 years, and intermediate risk for CHD, reported 

no association between alcohol drinking and CAC. A J-shaped association in the Rotterdam 

Study or a null association in the NHLBI Family Heart Study and the South Bay Heart 

Watch study could be because of ‘abstainer error’ (classifying people who had reduced or 

stopped drinking as lifetime abstainers). The potential for abstainer error is very high in all 

three studies because of inclusion of former drinkers, who might have stopped drinking 

because of age, ill health, or drugs that may interact with alcohol (‘Sick Quitters’), in the 

never drinker group. The inclusion of former drinkers and lifelong abstainers into the 

nondrinker group could have substantially increased the risk of CAC among nondrinkers. In 

our study, the potential for abstainer error is very minimal because it is unlikely that healthy 

middle-aged men would stop drinking because of ill-health. In addition, results were 

unchanged in a sensitivity analysis excluding former drinkers from the nondrinker category.

Our study has several limitations. First, we did not examine the relation of different drinking 

patterns (regular vs. episodic) and various types of alcohol beverages. Several lines of 

evidence suggest that binge drinking (episodic drinking of ≥5 drinks on any given occasion) 

is associated with atherosclerosis, and cardiovascular morbidity and mortality15, 46, 47. 

Second, alcohol consumption was assessed using self-administered standardized 
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questionnaires, and we expect that participants might have underreported their alcohol 

consumption to avoid social embarrassment48. Under-reported alcohol consumption would 

most likely have attenuated the strength of the association between alcohol and aortic 

calcification. Third, we mainly examined healthy men aged 40-49 years in Japan and the 

US; therefore, the results of the study cannot be generalized to females, other populations, or 

age groups. Fourth, although we have controlled for a variety of sociodemographic and 

clinical characteristics, the possibility of residual confounding cannot be excluded. However, 

any remaining potential confounder would need to be strongly associated with both alcohol 

consumption and atherosclerosis and not related to other covariates included in regression 

models. Fifth, we cannot establish any causality between alcohol consumption and aortic 

calcification based on our cross-sectional analyses.

The strengths of the current study include (i) the community-based nature of the study 

design, with participants from four different races/ethnicities from various countries; (ii) all 

variable measurements standardized across all centers; (iii) a considerable proportion of 

daily drinkers and subjects with aortic calcification to evaluate their association; (iv) use of 

EBCT to detect aortic calcification, which allowed detailed examination of subclinical 

disease in arterial beds, with accurate visualization of small calcific deposits in the arteries 

compared to X-ray; and (v) availability of data on several potential confounders and 

intermediary variables in the relationship between alcohol consumption and atherosclerosis/

CHD.

Our study findings have public health and clinical significance. All over the world, alcohol is 

one of the most commonly used recreational substances. Evidence concerning alcohol 

consumption and atherosclerosis is limited. Nevertheless, available evidence suggests the 

detrimental effect of heavy alcohol consumption on atherosclerosis, measured by CAC15 or 

aortic calcification13 or CIMT10. Heavy alcohol consumption is associated with a risk of 

developing communicable diseases, non-communicable diseases, mental and behavioral 

disorders49. Evidence generated from this study further adds to the evidence on the serious 

health hazards of heavy alcohol consumption among healthy middle-aged men. Although 

results generated from a cross-sectional study like ours should be extrapolated to clinical 

care with caution, our study does support the 2015-2020 US dietary guidelines for 

Americans50, which recommends ‘if alcohol is consumed, it should be consumed in 

moderation—up to two drinks per day for men.’ Mechanistically, the nonsignificant 

association of light to moderate alcohol consumption with aortic calcification may imply 

that a major part of the cardiovascular benefits of light to moderate alcohol consumption is 

mediated through mechanisms other than the deposition of calcium in an arterial wall. These 

mechanisms may include the favorable effect of moderate alcohol consumption within the 

coagulation system or on the endothelial function or an antioxidant effect or increase 

resistance of myocyte to ischemic injury2–5.

Conclusions

Our study showed a null association of light to moderate drinking and a positive association 

of heavy alcohol consumption with aortic calcification. Thus, heavy alcohol consumption 

may be an independent risk factor for atherosclerosis and light to moderate alcohol 
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consumption may decrease cardiovascular risk through mechanisms other than those 

associated with the reduced deposition of calcium in the atherosclerotic lesions. Prospective 

data are needed to further clarify the association between alcohol consumption and 

incidence and the progression of atherosclerosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

FINANCIAL SUPPORT

The work was supported by grants HL068200, HL071561, UL1RR024153, and UL1TR00005 from the National 
Institutes of Health, USA (Bethesda, Maryland, USA), B 16790335 and A 13307016, 17209023, and 21249043 
from the Japanese Ministry of Education, Culture, Sports, Science and Technology (Tokyo, Japan).

References

1. Ronksley PE, Brien SE, Turner BJ, et al. Association of alcohol consumption with selected 
cardiovascular disease outcomes: a systematic review and meta-analysis. Bmj. 2011; 342:d671. 
[PubMed: 21343207] 

2. Agarwal DP. Cardioprotective effects of light–moderate consumption of alcohol: a review of 
putative mechanisms. Alcohol and alcoholism. 2002; 37:409–415. [PubMed: 12217928] 

3. Li JM, Mukamal KJ. An update on alcohol and atherosclerosis. Current opinion in lipidology. 2004; 
15:673–680. [PubMed: 15529027] 

4. Rimm EB, Williams P, Fosher K, et al. Moderate alcohol intake and lower risk of coronary heart 
disease: meta-analysis of effects on lipids and haemostatic factors. Bmj. 1999; 319:1523–1528. 
[PubMed: 10591709] 

5. Parks DA, Booyse FM. Cardiovascular protection by alcohol and polyphenols: role of nitric oxide. 
Annals of the New York Academy of Sciences. 2002; 957:115–121. [PubMed: 12074966] 

6. Hedin U, Hansson GK. Atherosclerosis—disease mechanisms and clinical consequences. Oxford 
Textbook of Vascular Surgery. 2016; 605:1.

7. Ellison RC, Zhang Y, Hopkins PN, et al. Is alcohol consumption associated with calcified 
atherosclerotic plaque in the coronary arteries and aorta? American heart journal. 2006; 152:177–
182. [PubMed: 16824853] 

8. Tofferi JK, Taylor AJ, Feuerstein IM, et al. Alcohol intake is not associated with subclinical 
coronary atherosclerosis. American heart journal. 2004; 148:803–809. [PubMed: 15523310] 

9. Schminke U, Luedemann J, Berger K, et al. Association Between Alcohol Consumption and 
Subclinical Carotid Atherosclerosis The Study of Health in Pomerania. Stroke. 2005; 36:1746–
1752. [PubMed: 16002763] 

10. Mukamal KJ, Kronmal RA, Mittleman MA, et al. Alcohol Consumption and Carotid 
Atherosclerosis in Older Adults The Cardiovascular Health Study. Arteriosclerosis, thrombosis, 
and vascular biology. 2003; 23:2252–2259.

11. Vliegenthart R, Oei H-HS, van den Elzen AP, et al. Alcohol consumption and coronary 
calcification in a general population. Archives of Internal Medicine. 2004; 164:2355–2360. 
[PubMed: 15557415] 

12. Kiechl S, Willeit J, Rungger G, et al. Alcohol consumption and atherosclerosis: what is the 
relation? Stroke. 1998; 29:900–907. [PubMed: 9596232] 

13. Jiang CQ, Xu L, Lam TH, et al. Alcohol consumption and aortic arch calcification in an older 
Chinese sample: The Guangzhou Biobank Cohort Study. International journal of cardiology. 2013; 
164:349–354. [PubMed: 21813196] 

Mahajan et al. Page 10

Atherosclerosis. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. Tanaka A, Cui R, Kitamura A, et al. Heavy Alcohol Consumption is Associated with Impaired 
Endothelial Function. Journal of atherosclerosis and thrombosis. 2016

15. Pletcher MJ, Varosy P, Kiefe CI, et al. Alcohol consumption, binge drinking, and early coronary 
calcification: findings from the Coronary Artery Risk Development in Young Adults (CARDIA) 
Study. American Journal of Epidemiology. 2005; 161:423–433. [PubMed: 15718478] 

16. Criqui MH, Denenberg JO, McClelland RL, et al. Abdominal aortic calcium, coronary artery 
calcium, and cardiovascular morbidity and mortality in the Multi-Ethnic Study of Atherosclerosis. 
Arteriosclerosis, thrombosis, and vascular biology. 2014; 34:1574–1579.

17. Gonçalves FB, Voûte MT, Hoeks SE, et al. Calcification of the abdominal aorta as an independent 
predictor of cardiovascular events: a meta-analysis. Heart. 2012; 98:988–994. [PubMed: 
22668866] 

18. Papanas N, Tziakas D, Mavridis G, et al. Aortic arch calcification predicts the extent of coronary 
atherosclerosis in patients with or without type 2 diabetes: short communication. Acta Clinica 
Belgica. 2007; 62:52–55. [PubMed: 17451146] 

19. Kuller LH, Matthews KA, Sutton-Tyrrell K, et al. Coronary and Aortic Calcification Among 
Women 8 Years After Menopause and Their Premenopausal Risk Factors The Healthy Women 
Study. Arteriosclerosis, thrombosis, and vascular biology. 1999; 19:2189–2198.

20. Criqui MH, Kamineni A, Allison MA, et al. Risk Factor Differences for Aortic Versus Coronary 
Calcified Atherosclerosis The Multiethnic Study of Atherosclerosis. Arteriosclerosis, thrombosis, 
and vascular biology. 2010; 30:2289–2296.

21. Hoffmann U, Massaro JM, D’Agostino RB, et al. Cardiovascular Event Prediction and Risk 
Reclassification by Coronary, Aortic, and Valvular Calcification in the Framingham Heart Study. 
Journal of the American Heart Association. 2016; 5:e003144. [PubMed: 26903006] 

22. McClelland RL, Bild DE, Burke GL, et al. Alcohol and coronary artery calcium prevalence, 
incidence, and progression: results from the Multi-Ethnic Study of Atherosclerosis (MESA). Am J 
Clin Nutr. 2008; 88:1593–1601. [PubMed: 19064520] 

23. Okamura T, Kadowaki T, Sekikawa A, et al. Alcohol consumption and coronary artery calcium in 
middle-aged Japanese men. The American journal of cardiology. 2006; 98:141–144. [PubMed: 
16828581] 

24. El Khoudary SR, Shin C, Masaki K, et al. Ectopic cardiovascular fat in middle-aged men: effects 
of race/ethnicity, overall and central adiposity. The ERA JUMP study, Int J Obes. 2015; 39:488–
494.

25. Vishnu A, Choo J, Wilcox B, et al. Brachial-ankle pulse wave velocity is associated with coronary 
calcification among 1131 healthy middle-aged men. International journal of cardiology. 2015; 
189:67–72. [PubMed: 25885874] 

26. Rodriguez CJ, Swett K, Agarwal SK, et al. Systolic Blood Pressure Levels Among Adults With 
Hypertension and Incident Cardiovascular Events: The Atherosclerosis Risk in Communities 
Study. JAMA internal medicine. 2014; 174:1252–1261. [PubMed: 24935209] 

27. Stamler J, Elliott P, Dennis B, et al. INTERMAP: background, aims, design, methods, and 
descriptive statistics (nondietary). J Hum Hypertens. 2003; 17:591–608. [PubMed: 13679950] 

28. Myers GL, Cooper GR, Winn CL, et al. The Centers for Disease Control-National Heart, Lung and 
Blood Institute lipid standardization program. An approach to accurate and precise lipid 
measurements. Clinics in Laboratory Medicine. 1989; 9:105–135. [PubMed: 2538292] 

29. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clinical 
chemistry. 1972; 18:499–502. [PubMed: 4337382] 

30. Diagnosis and Classification of Diabetes Mellitus. Diabetes Care. 2014; 37:S81–S90. [PubMed: 
24357215] 

31. Okamura T, Tanaka T, Yoshita K, et al. Specific alcoholic beverage and blood pressure in a middle-
aged Japanese population: the High-risk and Population Strategy for Occupational Health 
Promotion (HIPOP-OHP) Study. Journal of human hypertension. 2004; 18:9–16. [PubMed: 
14688805] 

Mahajan et al. Page 11

Atherosclerosis. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



32. NIH ‘National Institute of alcohol abuse and alcoholism’. Alcohol facts and Statistics. Feb. 2017 
http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/alcohol-facts-and-
statistics. Accessed on May 05, 2017

33. Sekikawa A, Ueshima H, Zaky WR, et al. Much lower prevalence of coronary calcium detected by 
electron-beam computed tomography among men aged 40–49 in Japan than in the US, despite a 
less favorable profile of major risk factors. International journal of epidemiology. 2005; 34:173–
179. [PubMed: 15563587] 

34. Sekikawa A, Ueshima H, Kadowaki T, et al. Less subclinical atherosclerosis in Japanese men in 
Japan than in white men in the United States in the post–World War II birth cohort. American 
journal of epidemiology. 2007; 165:617–624. [PubMed: 17244636] 

35. Agatston AS, Janowitz WR, Hildner FJ, et al. Quantification of coronary artery calcium using 
ultrafast computed tomography. Journal of the American College of Cardiology. 1990; 15:827–
832. [PubMed: 2407762] 

36. Reilly MP, Wolfe ML, Localio AR, et al. Coronary artery calcification and cardiovascular risk 
factors: impact of the analytic approach. Atherosclerosis. 2004; 173:69–78. [PubMed: 15177125] 

37. Tobin J. Estimation of relationships for limited dependent variables. Econometrica: journal of the 
Econometric Society. 1958:24–36.

38. Martin SS, Qasim AN, Mehta NN, et al. Apolipoprotein B but not LDL cholesterol is associated 
with coronary artery calcification in type 2 diabetic whites. Diabetes. 2009; 58:1887–1892. 
[PubMed: 19491209] 

39. Shechter M, Shechter A, Koren-Morag N, et al. Usefulness of brachial artery flow-mediated 
dilation to predict long-term cardiovascular events in subjects without heart disease. The American 
journal of cardiology. 2014; 113:162–167. [PubMed: 24169007] 

40. Gorelick P, Kelly M. Alcohol as a risk factor for stroke. Heart disease and stroke: a journal for 
primary care physicians. 1991; 1:255–258.

41. Förstermann U, Sessa WC. Nitric oxide synthases: regulation and function. European Heart 
Journal. 2012; 33:829–837. [PubMed: 21890489] 

42. Husain K, Ferder L, Ansari RA, et al. Chronic ethanol ingestion induces aortic inflammation/
oxidative endothelial injury and hypertension in rats. Human & experimental toxicology. 2011; 
30:930–939. [PubMed: 20921064] 

43. Wu M-H, Chern M-S, Chen L-C, et al. Electron beam computed tomography evidence of aortic 
calcification as an independent determinant of coronary artery calcification. Journal of the Chinese 
Medical Association. 2006; 69:409–414. [PubMed: 17051751] 

44. Fitzpatrick L, Severson A, Edwards W, et al. Diffuse calcification in human coronary arteries. 
Association of osteopontin with atherosclerosis. Journal of Clinical Investigation. 1994; 94:1597. 
[PubMed: 7929835] 

45. Yang T, Doherty TM, Wong ND, et al. Alcohol consumption, coronary calcium, and coronary heart 
disease events. The American journal of cardiology. 1999; 84:802–806. [PubMed: 10513777] 

46. Rantakömi SH, Laukkanen JA, Kurl S, et al. Binge drinking and the progression of atherosclerosis 
in middle-aged men: an 11-year follow-up. Atherosclerosis. 2009; 205:266–271. [PubMed: 
19108835] 

47. Malyutina S, Bobak M, Kurilovitch S, et al. Relation between heavy and binge drinking and all-
cause and cardiovascular mortality in Novosibirsk, Russia: a prospective cohort study. The Lancet. 
2002; 360:1448–1454.

48. Livingston M, Callinan S. Underreporting in alcohol surveys: whose drinking is underestimated? 
Journal of studies on alcohol and drugs. 2015; 76:158–164. [PubMed: 25486405] 

49. Organization, WH. Global status report on noncommunicable diseases 2014. World Health 
Organization; 2014. 

50. DeSalvo KB, Olson R, Casavale KO. Dietary guidelines for Americans. Jama. 2016; 315:457–458. 
[PubMed: 26746707] 

Mahajan et al. Page 12

Atherosclerosis. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/alcohol-facts-and-statistics
http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/alcohol-facts-and-statistics


Highlights

– Alcohol consumption has a J-shaped association with CHD

– Studies reported a conflicting relationship between alcohol consumption and 

atherosclerosis

– We cross-sectionally examined the relationship between alcohol consumption 

and aortic calcification

– Heavy alcohol consumption was positively associated with aortic 

calcification

– Decreased CHD risk in light to moderate alcohol consumption may occur 

through mechanisms other than the reduced deposition of calcium in 

atherosclerotic lesions
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