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Abstract

Background—The role of alcohol in the development of subclinical cardiovascular disease is 

unclear. We examined the association between alcohol consumption and markers of subclinical 

cardiac damage and wall stress.

Methods—We studied the cross-sectional and prospective associations of alcohol consumption 

with high-sensitivity cardiac troponin (hs-cTnT) and N-terminal pro B-type natriuretic peptide 

(NT-proBNP) measured at two time points, 6 years apart (baseline, 1990-1992; follow-up, 

1996-1998), in over 11,000 participants of the Atherosclerosis Risk in Communities (ARIC) Study 

with no history of cardiovascular disease. Alcohol was categorized as: never, former, current: ≤1, 

2-7, 8-14, and ≥15 drinks/week.

Results—Compared to never drinkers, persons who consumed 2-7 drinks per week were less 

likely to have increased hs-cTnT (≥ 14 ng/L) at baseline (OR= 0.67, 95%CI 0.46-0.96), and had a 

lower risk of incident increases in hs-cTnT at follow up (RR=0.70, 95%CI 0.49-1.00). Conversely, 

there was a positive association between alcohol intake and NT-proBNP concentrations at 

baseline. Consumption of ≥15 drinks/week was positively associated with incident increases in 

NT-proBNP (≥300 pg/mL) at the 6-year follow-up visit (RR=2.38, 95%CI 1.43-3.96).

Corresponding author: Mariana Lazo, Address: 2024 E. Monument Street 2-615, Baltimore, MD 21205, Phone: (410) 614-4096, Fax: 
(410) 955-0476, mlazo@jhu.edu. 

Conflict of interest:
Mariana Lazo has received support from the Alcohol and Beverage Foundation (ABMRF). Reagents for the high sensitivity cardiac 
troponin assays were donated by Roche Diagnostics. Dr. Ballantyne has received personal fees and grant support from Roche 
Diagnostics and is co-investigator on a provisional patent filed by Roche for use of biomarkers in heart failure prediction.
Dr. Selvin reports personal fees from Roche Diagnostics, outside the submitted work.
The other authors declare no commercial conflicts of interest.

HHS Public Access
Author manuscript
Clin Chem. Author manuscript; available in PMC 2017 September 01.

Published in final edited form as:
Clin Chem. 2016 September ; 62(9): 1202–1210. doi:10.1373/clinchem.2016.255778.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion—In this community-based study of middle-aged adults without a history of 

cardiovascular disease, moderate drinking was associated with lower concentrations of hs-cTnT, a 

marker of chronic subclinical myocardial damage, and positively associated with NT-proBNP, a 

biomarker of cardiac wall stress. Our results suggest that the cardiac effects of alcohol are 

complex. Cardiac biomarkers may help improve our understanding of the full cardiovascular 

effects of alcohol consumption.
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Epidemiologic studies have demonstrated a benefit of low to moderate alcohol consumption 

on cardiovascular disease (CVD), in particular on coronary artery disease morbidity and 

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

consumption such as increased risk of liver disease, cancer and injuries (2), that may offset 

potentially beneficial effects and make it difficult to provide clear clinical recommendations 

regarding regular alcohol consumption.

The association of alcohol with subclinical cardiovascular disease is relatively 

uncharacterized and may shed some light into the mechanisms for the putative 

cardiovascular effects of alcohol consumption. Several studies have examined the 

association between alcohol consumption and measures of atherosclerosis, but these results 

have been inconsistent (3-6). Beyond its effects on measures of atherosclerosis or 

atherosclerotic risk factors (7), the effects of alcohol on the myocardium are unclear. While 

prolonged high levels of alcohol consumption (>100 grams/day >10 years) have been 

associated with overt myocardial damage (8), it is yet to be determined if cardiac damage 

occurs at lower levels of alcohol consumption.

Novel cardiac biomarkers can detect chronic subclinical myocardial damage and wall stress 

in the general population, and these biomarkers may help to further characterize the cardiac 

effects of alcohol consumption. Cardiac Troponin-T (cTnT), is a highly specific measure of 

myocardial damage and is a standard protein used to identify acute myocardial infarction.(9) 

New, highly sensitive assays for cardiac troponin-T (hs-cTnT) have much lower detection 

limits than standard clinical cTnT assays (10) and have been shown to improve the 

prediction of cardiovascular morbidity and mortality in persons without clinically evident 

cardiovascular disease (11-13). To our knowledge, the association between alcohol 

consumption and hs-cTnT has not been formally examined in a population based study, with 

the exception of a small study of ∼500 individuals (14).

B-type natriuretic peptide (BNP) is a hormone secreted by the heart in response to 

hemodynamic stress with natriuretic, diuretic, and vaso-relaxant activity (15). BNP is 

closely associated with left ventricular mass index (16) and is clinically used for heart failure 

diagnosis and prognosis (17). N-terminal pro B-type natriuretic peptide (NT-proBNP), a 

stable prohormone of BNP, has been demonstrated to reflect subclinical left ventricular 

dysfunction, and is also associated with cardiovascular risk and mortality in the general 

population(18-21). Few studies, have examined the association between alcohol and 

natriuretic peptides and their findings were inconsistent (14, 22, 23).
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We undertook the present study to comprehensively examine the association of alcohol 

consumption with subclinical myocardial damage and wall stress, as assessed by hs-cTnT 

and NT-proBNP, respectively, in 11,597 participants of the community-based 

Atherosclerosis Risk in Communities (ARIC) Study. The availability of hs-cTnT and NT-

proBNP measurements at two time points, 6 years apart, permitted us to evaluate both cross-

sectional and prospective associations of these biomarkers with alcohol consumption.

Methods

The ARIC Study is an ongoing community-based, predominantly bi-racial cohort of 15,792 

middle-aged adults from 4 U.S. communities: Forsyth Country, North Carolina (white and 

black participants); Jackson, Mississippi (black participants); suburbs of Minneapolis, 

Minnesota (white participants); and Washington County, Maryland (white participants)(24). 

The first examination of participants took place from 1987 to 1989, with 3 subsequent 

follow-up visits each taking place, approximately 3 years apart, and a fifth visit conducted in 

2011-2013. The current analyses are based on information obtained at two visits, 6-years 

apart: visit 2 in 1990-1992 and visit 4 in 1996-1999. For the present study, visit 2 

(1990-1992) was the baseline. All participants signed written informed consent and the 

institutional review boards (IRB) at each site approved the study.

Assessment of Alcohol Consumption

Information on alcohol consumption status and average quantity of alcohol consumption 

among current drinkers was obtained at ARIC visit 2 (1990-1992). During the exam, 

participants were asked the following questions: Do you presently drink alcoholic 

beverages?”, and “Have you ever consumed alcoholic beverages?”. Individuals replying no 

to both questions were classified as never drinkers. Those who replied “no” to the first 

question and “yes” to the second question were classified as former drinkers. For those 

reporting presently drinking alcoholic beverages, 3 separate questions were asked to assess 

the usual number of drinks (4 oz. wine,12 oz. beer, or 1.5 oz. liquor) per week, with open 

ended responses. Given that prior ARIC studies (25) and others (7) have found uniform 

associations across beverage type, we used total weekly alcohol consumption as the main 

independent variable. Based on the answer to these questions we categorized individuals into 

6 mutually exclusive groups: never, former, current: ≤1 drink/week, 2-7, 8-14, ≥15 drinks/

week. History of excessive alcohol consumption (yes/no) was only assessed during ARIC 

visit 3 using the following question: “Was there ever a time in your life when you consumed 

5 or more drinks of any kind of alcoholic beverage almost every day?”. We used this 

variable only for further description of the study sample.

Measurement of High Sensitivity Cardiac Troponin T (hs-cTnT)

Cardiac troponin T was measured at the two visits, 6 years apart (1990-1992 and 

1996-1998), using a high sensitivity (pre-commercial) sandwich immunoassay method 

(Roche Elecsys T; Roche Diagnostics, Indianapolis, Indiana). Stored serum samples 

collected at visit 2 (1990-1992) were assayed for hs-cTnT using a Roche Elecys 2010 

Analyzer (Roche Diagnostics) at the University of Minnesota in 2012-2013. Stored plasma 
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samples collected at visit 4 (1996-1998) were assayed for hs-cTnT using a Cobas e411 

analyzer (Roche Diagnostics) at Baylor College of Medicine.

Measurement of NT-proBNP

NT-proBNP was also measured at visits 2 and 4. Stored serum from samples collected at 

visit 2 were analyzed using a sandwich immunoassay method (Roche Diagnostics) 

implemented on a Roche Elecys 2010 Analyzer at the University of Minnesota. Stored 

plasma from samples collected at visit 4 were analyzed using an electrochemiluminescent 

immunoassay on an automated Cobas e411 analyzer (Roche Diagnostics) at Baylor College 

of Medicine.

We conducted a formal calibration study of both hs-cTnT and NT-proBNP (N=200 paired 

samples) to evaluate possible differences across specimen type and laboratory. No 

significant differences were observed and statistical correction was not indicated for either 

assay (26).

Other Measurements

Socio-demographic characteristics, smoking status, medical history and medication use, 

were assessed during a home interview or during the visit to the ARIC field center according 

to the original ARIC protocol. Using standardized methods, height, weight, and blood 

pressure were measured. We defined history of cardiovascular disease (CVD) as self-

reported myocardial infarction or stroke before visit 1, or any of the following: silent 

myocardial infarction (diagnosed by electrocardiographic changes) at or before visit 4, 

myocardial infarction (adjudicated) or revascularization (at or before visit 4), or 

hospitalization for congestive heart failure (at or before visit 4). Diabetes was defined as a 

self-reported physician diagnosis of diabetes, current use of diabetic medications or 

hemoglobin A1c >6.5% or fasting plasma glucose ≥126 mg/dl (≥6.99 mmol/L).

ECG evidence of left ventricular hypertrophy was defined using the Cornell voltage criteria. 

Fasting blood samples were obtained, and using standard methods the following assays were 

performed: serum glucose, cholesterol (total, and HDL-cholesterol), triglycerides and 

creatinine. LDL cholesterol was calculated using the Friedewald equation (27). Gamma-

glutamyl transferase (GGT) and hs-C-reactive protein were measured in 2012-13 in stored 

serum samples (Roche Diagnostics). Glomerular filtration rate was estimated from serum 

creatinine, sex, race and age using the CKD-EPI 2009 equation (28).

Study Populations

Of the total 14,348 ARIC participants who attended visit 2, we excluded participants with 

history of coronary heart disease (including silent myocardial infarction detected by ECG) 

or heart failure (n=1,365), those with missing cardiac biomarkers (n=844), those without 

information on alcohol consumption (n=24), those with missing covariates (n=437) and 

finally those with race/ethnicity other than black or white, or blacks from the Washing 

County and Minnesota field centers,owing to small numbers (n=81). The final analytic 

sample for our cross-sectional analyses consisted of 11,597 participants. In our prospective 
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analyses of incident increased hs-cTnT at the 6 year follow-up visit, we further excluded 454 

participants with increased hs-cTnT (≥14 ng/L) at baseline and those with missing hs-cTnT 

at visit 4 who had not had a cardiovascular event or death between visits. Among the 9,476 

persons included in our prospective analyses for hs-cTnT, there were 632 cardiovascular 

events and 284 deaths. Similarly, for our prospective analyses of incident increased NT-

proBNP (≥300 ng/L) at the 6 year follow-up visit, we excluded 308 participants with 

increased NT-proBNP (≥300 ng/L) at baseline and those with missing NT-proBNP at visit 4 

who had not had a cardiovascular event or death between visits. Among the 9,587 persons 

included in our prospective analyses for NT-proBNP, there were 643 cardiovascular events 

and 296 deaths. In secondary analyses using a lower cut-point to define 6-year incident 

increased NT-proBNP (≥100 ng/L), we necessarily excluded 2,439 participants with 

increased NT-proBNP (≥100 ng/L) at baseline. Among the 7,785 persons included in this 

prospective analysis, there were 475 cardiovascular events and 211 deaths. (Supplemental 

Figure 1)

Statistical Methods

For the cross-sectional analyses, the main outcomes were: 1) increased hs-cTnT (≥14 ng/L), 

and 2) increased NT-proBNP (≥300 ng/L) at baseline (13, 29). We conducted secondary 

analyses using a lower cut-point of 100 ng/L of NT-proBNP (30). We also modeled hs-cTnT 

and NT-proBNP continuously (log transformed). We used multivariable logistic regression 

models to examine the association of alcohol categories with increased hs-cTnT and NT-

proBNP concentrations. For the continuous analyses, we used robust regression models to 

examine the association of alcohol categories with hs-cTnT concentrations among those 

with measurable concentrations of hs-cTnT (>3 ng/dl), n=5,562. Similarly, we used robust 

regression models to examine the association of alcohol consumption categories with NT-

proBNP concentrations using data from 11,221 participants with detectable concentrations 

of NT-proBNP (≥5 ng/L). For the main analyses, all multivariable models were adjusted for 

confounders not thought to be in the causal pathway: age (years), race-center (whites, 

Washington County; whites, Minneapolis; blacks, Jackson; blacks, Forsyth County; or 

whites Forsyth County), sex, education (less than high school), smoking (current, former, 

never). Further analyses adjusted for other cardiovascular risk factors potentially in the 

causal pathway: body mass index, diabetes, systolic blood pressure, use of anti-hypertensive 

medications, left-ventricular hypertrophy, HDL-cholesterol, triglycerides and c-reactive 

protein.

Among current drinkers, to further examine the shape of the continuous association between 

alcohol consumption and the two cardiac biomarkers, we used restricted cubic splines with 

knots placed at 1, 7, 14, and 21 drinks/week (31).

In prospective analyses, we used multinomial logistic regression and restricted cubic splines 

(in current drinkers with knots at 1, 7, 14 and 21 drinks/weeks) to examine the association of 

alcohol consumption at baseline with incident increased hs-cTnT (≥14 ng/L) or incident 

increased NT-proBNP (≥100 or ≥300 ng/L) at the 6 year follow-up visit. The multinomial 

regression approach allowed us to include in the analyses those individuals with intervening 

fatal or non-fatal CVD, and those non-CVD deaths as additional outcomes. For these 
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analyses, we created mutually exclusive categories in the following sequence: participants 

with a CVD event between visit 2 and 4, participants with non-CVD death between visit 2 

and 4, participants with incident increased hs-cTnT or NT-proBNP at visit 4, and 

participants without intervening CVD or death, without an incident increase in the 

biomarker. In addition, we used robust regression models to examine the association 

between alcohol consumption categories and 6-year absolute changes in NT-proBNP and hs-

cTnT using data from participants with detectable concentrations of each biomarker at each 

visit (n=3,689 in analyses of hs-cTnT and n=8,703 in analyses of NT-proBNP).

For both the cross-sectional analyses and the prospective analyses, we conducted analyses 

stratified by sex and formally testes for the presence of sex-by-alcohol consumption 

interaction.

Results

The characteristics of ARIC participants at baseline (1990-1992) by alcohol consumption 

group are shown in Table 1. Overall, 23% of the participants were never drinkers, 20% were 

former drinkers and 58% were current drinkers, with only 4.8% reporting heavy drinking. 

History of excessive drinking was more prevalent among former drinkers (14.9%) and those 

reporting drinking ≥15 drinks per week (33.3%), compared to those with more moderate 

consumption (4.9%). Both, never and former drinkers had in general a worse 

cardiometabolic profile, including a much higher prevalence of increased hs-cTnT, 

compared to current drinkers. Among current drinkers, higher alcohol consumption was 

associated with less obesity, more hypertension, higher HDL-cholesterol and triglycerides 

concentrations, higher prevalence of diabetes, smoking and left ventricular hypertrophy, and 

higher GGT, and higher C-reactive protein concentrations.

We did not find evidence for a robust association at baseline between number of drinks per 

week and concentrations of hs-cTnT among current drinkers (Figure 1, Panel A). However, 

when never and formers drinkers were included in the analysis, current drinking was 

associated with a lower likelihood of having increased hs-cTnT (≥14 ng/L) [e.g. OR=0.67, 

95% CI, 0.46-0.96 for 2-7 drinks/week (moderated drinking) compared never drinkers] 

(Table 2). In contrast, former drinkers were significantly more likely to have increased hs-

cTnT concentrations (OR=1.37, 95% CI 1.03-1.83) compared to never drinkers.

We observed a log-linear dose-response relationship of alcohol consumption and NT-

proBNP at baseline among current drinkers (Figure 1, Panel B). When we included former 

and never drinkers into the analysis (Table 2), the results were largely consistent, and further 

demonstrated a moderate but positive association between former drinking and increased 

NT-proBNP (≥100 ng/L). Using a higher cut-point to define increased NT-proBNP the 

results were consistent in the direction but no longer statistically significant (Table 2).

Further adjusting for risk factors potentially in the causal pathway did not appreciably alter 

our results for either hs-cTnT or NT-proBNP (Supplemental Table 1).

In prospective analyses, 4.6% of the population with hs-cTnT <14 ng/L at baseline had 

incident increased hs-TnT concentrations (≥14 ng/L) at the 6-year follow-up visit. Among 
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those persons with NT-proBNP <300 ng/L at baseline, 3.9% developed incident increased 

NT-proBNP concentrations (≥300 ng/L), and among persons with NT-proBNP <100 ng/L at 

baseline, 19.9% had NT-proBNP ≥100 ng/L at the 6-year follow–up visit. In the multinomial 

models, examining the association between baseline alcohol consumption with 6-year 

increases of hs-cTnT, moderate drinking (i.e. drinking 2-7 drinks/week) was associated with 

a significantly reduced risk of incident increase in hs-cTnT (Table 3). When limited to 

current drinkers, we observed some suggestion of a possible U-shaped association for 

alcohol consumption (drinks/week) with incidence of increase in hs-cTnT (Figure 1, Panel 

C). In contrast, drinking 8-14 and ≥15 drinks/week were strongly and positively associated 

with incident increase in NT-proBNP (≥300 ng/L) (Figure1, Panel D and Table 3). We did 

not observe significant associations of alcohol consumption with incident increased NT-

proBNP using the lower cut-point to define our outcome (NT-proBNP ≥ 100 ng/L).

Our results were not appreciably altered with adjustment for additional risk factors 

(Supplemental Table 2).

The results of the multinomial models showed an inverse association between alcohol 

consumption and cardiovascular deaths, and a borderline increased risk of cardiovascular 

event and a significant increased risk of non-CVD death for former drinkers are shown in 

Supplemental Tables 3, 4 and 5.

When we examined the association of alcohol use with 6-year change (absolute) in hs-cTnT 

and NT-proBNP as continuous variables, former drinkers had a greater increase in hs-cTnT 

(β=+0.37, P value=0.053), compared to never drinkers (Supplemental Table 6).

Sex-stratified analyses showed similar patterns of association in men and women with no 

evidence for interaction (all P -values-for-interaction >0.05, Supplemental Tables 7-9 and 

Supplemental Figure 2).

Discussion

In this large community-based population of adults without cardiovascular disease, there 

was a significant inverse association between moderate drinking and presence or 

development of subclinical myocardial damage, as indicated by increases in hs-cTnT. On the 

other hand, we found positive cross-sectional and prospective associations between alcohol 

consumption and increased concentrations of NT-proBNP.

Existing evidence suggests that moderate consumption of alcohol (1-2 drinks per day) is 

associated with decreased risk of coronary heart disease and, to a lesser degree, a reduced 

risk of ischemic stroke (1). Several studies have examined effects of moderate on alcohol 

consumption on cardiovascular risk factors (e.g. lipids, inflammation, coagulation), and have 

demonstrated favorable effects on HDL cholesterol, adiponectin, and fibrinogen (7). Our 

results evaluating the association between alcohol consumption and two cardiac biomarkers 

that reflect different processes in the myocardium expand these findings and highlight the 

complexities of the relationship between alcohol and the cardiovascular system. While there 

may be a protective effect of regular and moderate alcohol consumption on the myocardium, 
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as measured by hs-cTnT, we observed adverse associations with myocardial wall-stress, 

reflected by NT-proBNP.

Among asymptomatic individuals, increases of hs-cTnT detected using the newer highly 

sensitive assays are thought to reflect subclinical myocardial damage of any nature (e.g. 

ischemic or due to hypertrophy). Our finding of higher concentrations of hs-cTnT among 

former drinkers lend support to prior studies demonstrating a U-shaped association between 

alcohol consumption, heart failure (32) and CHD (1), often with highest CVD risk seen 

among former drinkers (as compared to never drinkers). Indeed, the “sick quitter effect” has 

been previously described (1) and our results provide additional evidence to support this 

phenomenon. Former drinkers not only had increased hs-cTnT at baseline but, in the 

prospective analyses, we demonstrated a significant increased risk of death, and borderline 

significant increased risk of CVD, as compared to never drinkers.

While the mechanisms by which alcohol consumption may contribute to increases in NT-

proBNP are unclear, it has been postulated that ethanol increases plasma osmolality which 

can then lead to an increase in the release of natriuretic peptides (22). Regardless of the 

mechanisms, however, the association between alcohol consumption and increased 

natriuretic peptides sheds some light into the potential mechanisms of the observed adverse 

effects of increased alcohol consumption on blood pressure, subsequent stroke, and 

alterations in cardiac structure and function, as determined using cardiac echography (1, 

33-36). In fact, the discrepant findings of the prospective analyses with the 2 different 

cutpoints to define increased NT-proBNP (≥ 300 vs ≥ 100) that showed that drinking 8-14 

and ≥15 drinks/week were strongly and positively associated with the incidence of large 

increase in NT-proBNP (≥300 ng/L) but not significantly associated with incident increase in 

NT-proBNP defined using the lower cutpoint suggest the possibility of alcohol 

cardiomyopathy with heavy alcohol consumption.

We found a positive log-linear association between alcohol consumption and NT-proBNP, 

and in the prospective analyses we found an inverse association between alcohol 

consumption and CVD deaths, largely consistent with epidemiological studies. These 

contradictory findings highlight the possibility of confounding and the need for large, long-

term, randomized controlled trials of alcohol consumption to more conclusively characterize 

the effects of alcohol on CVD.

To our knowledge only three studies have examined the association between alcohol 

consumption and natriuretic peptides. One was a cross-over clinical trial of 6 normotensive 

individuals who received placebo or 2 different doses of ethanol (equivalent to one or 2 

drinks, respectively) and evaluated atrial natriuretic peptide (ANP) measured at multiple 

times post drink. The investigators found that shortly after consumption of alcohol (any 

dose) there was a significant increase in ANP which peaked at 15 minutes but the levels 

returned to baseline concentrations 2 hours afterwards (22). A second, cross-sectional 

epidemiological study of 1,345 individuals found that higher levels of alcohol consumption 

were associated with higher geometric ANP (23). A third cross-sectional study of 519 

women without cardiovascular disease showed that those who consumed ≥1 drink per day, 

were less likely to have increased BNP compared to those who rarely or never drank 
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(OR=0.85, 95% CI 0.74-0.96). The authors validated these findings using a large subsample 

of the JUPITER trial (n=11,052) with measurements of BNP and hs-cardiac troponin I (hs-

cTnI) (14). The reasons for the differences between our findings and the JUPITER study in 

particular are unclear but there were a number of differences between the studies including 

the type of BNP assay, the categorization of increased BNP, and the characteristics of the 

study population that limit the comparability.

Our study has some limitations: there were few heavy drinkers (n=560), and thus we had 

limited ability to examine the associations for this group. We relied on self-reported alcohol 

consumption which may have resulted in misclassification (especially underreporting); 

however, we found the expected dose-response relationship of alcohol with HDL-cholesterol 

and GGT among drinkers. In addition, although the observed associations may be the result 

of direct effects of the alcohol itself on the myocardium, the possibility of residual 

confounding remains. Strengths of our study include the large sample size, the inclusion of 

two contemporary cardiac biomarkers, both of which have previously been shown to be very 

powerful predictors of long-term outcomes. Our analyses included both cross-sectional and 

prospective components that allowed for a more comprehensive examination of the research 

question. The study was nested in one of the most well characterized community-based 

studies of cardiovascular disease in the U.S and all data were collected using rigorous and 

standardized procedures.

In conclusion, in a large sample of individuals without clinically evident cardiovascular 

disease, we found a positive association between moderate and increased alcohol 

consumption and NT-proBNP, and a moderate protective (inverse) association of current 

alcohol consumption with hs-cTnT. Together, these results highlight the complexity of the 

relationship of alcohol consumption with cardiovascular disease that hinders universal 

recommendations regarding alcohol consumption in the general population. Our results 

highlight the need for comprehensive investigation to determine the relative risks and 

benefits of alcohol use on the cardiovascular system.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cross-sectional and prospective* association of baseline alcoholic drinks per week and 

baseline log-transformed hs-cTnT (Panel A), log transformed NT-proBNP (Panel B), 

incident increase of hs-cTnT (≥14 ng/L) (Panel C), and incident increase of NT-proBNP 

(≥300 ng/L) (Panel D) among current drinkers. ARIC 1990-1992

*Only among current drinkers. Adjusted for age, race-center, education (less than high 

school or not), and smoking (current; former; never). Black lines are restricted cubic splines 

with knots at 1, 7, 14 and 21 drinks per week. Shaded gray areas are 95% CIs. Open bars are 

a histogram of the distribution of drinks per week (% in the group)
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Table 2

Cross-sectional associations* of baseline alcohol consumption groups and increased 
baseline hs-cTnT or NT-proBNP. N=11,579. ARIC 1990-1992

Alcohol consumption category Increased hs-cTnT OR (95% 
CI)

Increased NT-proBNP (≥100 
ng/L) OR (95% CI)

Increased NT-proBNP (≥300 
ng/L) OR (95% CI)

Former drinker 1.37 (1.03-1.83) 1.17 (1.00-1.36) 1.12 (0.78-1.60)

Never drinker 1 (Reference) 1 (Reference) 1 (Reference)

Current, ≤1 drink/week 0.78 (0.57-1.08) 0.99 (0.86-1.14) 0.94 (0.65-1.35)

Current, 2-7 drinks/week 0.67 (0.46-0.96) 1.17 (1.00-1.38) 1.23 (0.83-1.83)

Current, 8-14 drinks/week 0.78 (0.49-1.24) 1.33 (1.07-1.65) 0.99 (0.56-1.75)

Current, ≥15 drinks/week 0.64 (0.38-1.07) 1.49 (1.16-1.93) 1.47 (0.83-2.59)

*
Adjusted for age, sex, race-center, education (less than high school or not), and smoking (current; former; never).
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Table 3

Adjusted* risk ratios (95% confidence intervals) for the association of alcohol 
consumption categories with incident increased hs-cTnT (≥14 ng/L), incident increased 
NT-proBNP (≥100 ng/L), and incident increased NT-proBNP (≥300 ng/L). ARIC 
1990-1992

Alcohol consumption category Incident increase in hs-cTnT 
N=9476

Incident increase in NT-proBNP 
≥100 ng/L N=7785

Incident increase in NT-proBNP 
≥300 ng/L N=9587

Former drinker 0.98 (0.71-1.36) 0.97 (0.80-1.18) 1.37 (0.96-1.97)

Never drinker 1 (Reference) 1 (Reference) 1 (Reference)

Current, ≤1 drink/week 0.91 (0.66-1.24) 0.99 (0.83-1.18) 1.22 (0.87-1.70)

Current, 2-7 drinks/week 0.70 (0.49-1.00) 0.84 (0.68-1.03) 1.07 (0.72-1.58)

Current, 8-14 drinks/week 0.73 (0.46-1.14) 0.92 (0.69-1.21) 2.01 (1.28-3.16)

Current, ≥15 drinks/week 0.83 (0.52-1.32) 1.10 (0.80-1.50) 2.38 (1.43-3.96)

*
Adjusted for age, race-center, education (less than high school or not), and smoking (current; former; never). The analysis of incident increase in 

hs-cTnT was limited to 9,476 individuals with hs-cTnT <14 ng/L at baseline. The analysis of incident increase in NT-proBNP (≥100 ng/L) was 
limited to 7,785 individuals with NT-proBNP <100 ng/L at baseline; and the analysis of incident increase in NT-proBNP defined as ≥300 ng/L was 
limited to 9,587 individuals with NT-proBNP <300 ng/L at baseline
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