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4. Rationale:  

Epidemiologic studies have demonstrated a beneficial effect of low and moderate alcohol 

consumption on cardiovascular disease, in particular on coronary artery disease morbidity 

and mortality.
1
 However, there are also numerous adverse consequences of alcohol 

consumption 
2-4

 that may offset beneficial effects and that make it difficult to provide 

clinical recommendations regarding regular alcohol consumption.   

 

To better understand the cardiovascular effects of alcohol consumption, it is important to 

examine the effects of different amounts and patterns of alcohol consumption on 

subclinical cardiac disease.  The literature reporting the association between alcohol 

consumption and subclinical cardiovascular disease is scarce. Few studies have examined 

the association between alcohol consumption and atherosclerosis, and the results have 

been inconsistent. In the MESA study, alcohol consumption was not associated with 

prevalence of coronary atherosclerosis as assessed by coronary artery calcium, except for 

those with binge drinking (RR 1.12, 95% CI 1.03-1.17)
5
. An analysis of ARIC data

6
 

showed a null association with markers of subclinical atherosclerotic disease including 

carotid intima medial thickness.  In contrast, there are studies that suggest a beneficial 

effect of moderate drinking. In one study, compared to never drinkers, those with 

moderate consumption of alcohol were significantly less likely to have extensive 

coronary calcification
7
. In another study of middle aged women with existing coronary 

heart disease, those with moderate consumption had less progression of angiographically-

measured coronary atherosclerosis
8
. 

 

Beyond the effects on atherosclerosis or atherosclerotic risk factors
9
, the effects of 

alcohol on the myocardium are unclear. Novel cardiac biomarkers tests can detect 

subclinical myocardial damage and hemodynamic stress. 

 

Cardiac Troponin-T (cTnT), a measure of myocardial damage,  is associated with 

cardiovascular disease outcomes in both the general population and in high-risk groups
29

. 

New high sensitivity assays for cardiac troponin-T (hs-cTnT) have much lower detection 

limits than standard clinical cTnT assays 
30

  and have also been shown to improve the 

prediction of cardiovascular morbidity and mortality in subjects with stable coronary 

artery disease 
31

 and in persons without clinically evident cardiovascular disease in ARIC 
32

and other population-based cohorts
33, 34

. 

 

B-type natriuretic peptide is closely associated with left ventricular mass index
35

 and is 

clinically used for heart failure diagnosis and prognosis
36

. N-terminal pro-brain 

natriuretic peptide (NT-proBNP) is also associated with cardiovascular risk 
37

 and 

mortality
38, 39

. When compared to BNP, NT-proBNP was superior in the prediction of 

death in the general population 
40

. NT-proBNP has been demonstrated to detect 

subclinical left ventricular dysfunction 
42

.  

 

The availability of both novel assays of cardiac biomarkers at two time points (6 years 

apart) in ARIC offers an opportunity to extend previous ARIC findings
10-14

 and 

rigorously characterize the associations of alcohol with subclinical myocardial damage 

and hemodynamic stress. In addition, the ARIC study offers other important advantages 



such as its large size, thorough characterization of potential confounders and repeated 

measures of alcohol consumption.  

 

We seek to investigate the relationship of average alcohol consumption, patterns of 

alcohol consumption (binge, frequency, amount and changes) with biomarkers of 

myocardial damage and structural heart disease.  

 

5. Main Hypothesis/Study Questions: 

 

Study Question 1: What is the cross-sectional, independent, association of alcohol 

consumption (amount and frequency) with hs-cTnT and NT-proBNP?   

Study Question 2: What is the prospective, independent, association of alcohol 

consumption (amount and frequency) with incident subclinical myocardial damage, as 

defined by 6-year risk of elevation in hs-cTnT? 

Study Question 3: Are there different associations (cross-sectional or prospective) by 

race, sex, type of alcohol consumed (wine, beer, liquor) and pattern of alcohol use (binge 

vs non-binge)?  

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Study design: The study has a cross-sectional and a prospective component. 

 

Cross-sectional: We will examine the association of alcohol consumption with cardiac 

biomarkers (hs-cTnT and NT-proBNP) at ARIC visit 2. 

 

Prospective: We will examine the association of baseline [ARIC visit 2 (1990-1992)] and 

change in alcohol consumption with 6 year changes in hs-cTnT  and NT-proBNP [ARIC 

visit 4 (1996-1998)]  

 

Exposure: 

The following alcohol related (or surrogates) data are available in ARIC: 

Variables V1 V2 V3 V4 

Summary ethanol intake per week (grams) X X X X 

Current status: current, former, never X X X X 

If former: Number of years since quitting X X X X 

If former: Number of years drinking X X X X 

If former: Type of drinks and average number of drinks X X X X 

     
Usual number of glasses of wine, beer and liquor per week (asked separately) X X X X 

     Past 24 hrs: drinks, wine, beer, liquor (amount-units) X X X X 

Frequency per week per type of drink 

  

X X 

Binge 

  

X 

 
     GGT 

 

X 

 

X 

HDL X X X X 



For each of the visits, for current drinkers, we will use the number of drinks per week to 

categorize them into groups: ≤1, 2-3, 4-5,6-7, 8+, drinks per week. We will additionally 

examine commonly used cut-points of what has been considered excessive alcohol 

consumption: >14 drinks/week in men and >7 drinks/week in women (mostly used in the 

US)
15

; and >21 drinks/week in men and >14 drinks/week in women (mostly used outside 

the US)
16

. 

 

We will explore the changes in alcohol consumption (status and ethanol intake volume) 

across visits. If, as we hypothesize, the status of consumption is stable over time we will 

use the information regarding frequency and binging only available at visit 3 to impute 

visit 2.  

 

Furthermore, based on the changes in alcohol consumption we will create categories to 

reflect decrease, increase and no change.  

 

 

Outcomes:  

Hs-cTnT will be examined continuously and categorically based on other existing ARIC 

literature (e.g., <5, 5-8, 9-13 and ≥14 ng/L)
17

. 

  

NT-proBNP will be analyzed both categorically and as a continuous variable. For the 

categorical analyses it will be categorized into:  undetected, quartile 1, 2, 3 and 4. 

 

Changes in hs-cTnT will be analyzed continuously and categorically (incident elevated 

[≥14 ng/L]) based on other existing ARIC literature
17

. 

Changes in NT-pro BNP will be analyzed continuously and categorically (incident 

elevated [≥300]
18

) 

 

 

Exclusions:  

 

We will exclude individuals with ethnicity other than black or white, those with missing 

alcohol consumption information or implausible [>4 SD] levels of alcohol consumption, 

those with missing hs-cTnT, NT-proBNP or missing covariates of interest and those 

individuals with existing CHD or CHF at visit 2. 

  

Statistical analyses:  

We will use linear and logistic regression models to assess the cross-sectional association 

between alcohol consumption (status, amount and frequency) and hs-cTnT and NT-

proBNP at Visit 2). Multinomial regression models will be used to estimate odds ratios 

and their 95% CIs for elevated hs-cTnT or NT-proBNP, by the categories of alcohol 

consumption and to account for intervening CVD, CHF events or deaths between visit 2 

and 4. Different reference groups (e.g. never, low) will be used to examine the robustness 

of the findings. For analyses of amount of alcohol we will adjust for frequency and 

viceversa). In addition, among current drinkers, we plan to model the association between 



alcohol amount and hs-cTnT and NT-proBNP using restricted cubic splines to better 

characterize the shape of the potential associations. 

 

All multivariable models will be adjusted for age (years), race-center (whites-Washington 

County; whites-Minneapolis; blacks-Jackson; blacks-Forsyth County, whites-Forsyth 

County), sex (male or female), body mass index (kg/m2), C-reactive protein (mg/L), 

smoking (current; former; never), LDL-cholesterol (mg/dL), triglycerides (mg/dL), 

diabetes (yes or no); current use of cholesterol-lowering medication (yes or no); 

estimated glomerular filtration rate (mL/min/1.73m2); and left ventricular hypertrophy 

(yes or no). 

 

A separate model will be used to additionally adjust for mean systolic blood pressure 

(mm Hg), current use of hypertension medication (yes or no), and HDL-cholesterol 

(mg/dL) as they may be mediators of the alcohol effects. 

 

We will formally test the presence of race- or sex- interactions and will present the results 

stratified if statistically significant. 

 

Secondary analyses:  

In secondary analyses we will explore the effects of amount of alcohol consumption on 

cardiac biomarkers by predominant (>60%
11, 12

) type of alcoholic beverage. 

In addition, the role of binging on cardiac biomarkers will be examined separately. 

Given that blood pressure may be an important effect modifier, we will conduct 

sensitivity analyses stratifying by hypertension status and we will formally test for 

interaction. 

Sensitivity analyses will be conducted adjusting for baseline levels of the biomarkers and 

adjusting for each other. 

 

 

Limitations: 

 

We will be using self-reported alcohol consumption to classify individual’s exposure 

status, thus there is the possibility of misclassification and reporting bias, in particular 

among heavy drinkers.  

There may be limited power to examine the association between heavy and binge 

drinking and cardiac biomarkers. Only 10% of the participants reported at visit 3 ever 

drinking 5 or more drinks per day and similarly a low prevalence of heavy alcohol 

consumption in this population  has been reported.  Similarly, we will have limited power 

to evaluate the association between specific type of alcoholic beverage and cardiac 

biomarkers. 

For examining drinking patterns (binging) we will be relying on information obtained at 

visit 3 and we will classify individuals as “ever bingers”.  
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