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ABSTRACT 

Background 

The effect of alcohol consumption on cardiovascular health, including atrial fibrillation risk, 

remains controversial. Evaluating the association of alcohol consumption with circulating atrial 

fibrillation-related biomarkers may help better understand the relevant mechanistic 

underpinnings. 

Methods 

We studied 523 participants from 3 sites for the PREDIMED-Plus study, a weight-loss 

randomized intervention trial in metabolically unhealthy adults. N-terminal pro-B-type 

natriuretic protein (NTproBNP), high sensitivity troponin-T (hsTnT), high-sensitivity C-reactive 

protein (hsCRP), 3-nitrotyrosine (3-NT), and procollagen type 1 carboxy-terminal propeptide 

(PICP) were measured in fasting serum samples at baseline and years 3 and 5 of follow-up. We 

calculated alcohol consumption in drinks/day (1 drink = 14 grams alcohol) with validated food 

frequency questionnaires at each visit. Using multiple linear regression and mixed models we 

estimated the association of alcohol consumption with log-transformed biomarkers at baseline 

and longitudinally adjusting for potential confounders. 

Results 

Among 523 participants (mean age: 65 years, 40% female), mean alcohol consumption was 1 

drink/day. Cross-sectionally, alcohol consumption was not associated with cardiac biomarker 

concentrations. Longitudinally, compared to non-consumers, heavy drinkers (≥4 drinks/day) had 

smaller increases in hsTnT (β: -0.11, 95%CI: -0.20, -0.01)and PICP (β: -0.15, 95%CI: -0.30, 

0.01) over the 5-year follow-up. In contrast, those who increased alcohol consumption over the 

5-year period experienced greater increases in hsCRP (β: 0.42, 95%CI: 0.11, 0.73) compared to 

those whose drinking behavior stayed the same. 

Conclusion 

Alcohol consumption was associated with complex changes in circulating biomarkers, including 

comparatively lower fibrotic and myocardial damage, but higher levels of overall inflammation 

over time. These results underscore the need for further research to better understand the effects 

of alcohol on cardiovascular health.   

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted December 5, 2023. ; https://doi.org/10.1101/2023.12.05.23299449doi: medRxiv preprint 

https://doi.org/10.1101/2023.12.05.23299449
http://creativecommons.org/licenses/by-nc-nd/4.0/


INTRODUCTION 

Drinking culture is a staple in modern society. Over 90% of people in the US have consumed 

alcohol at some point in their life, and international estimates put it at 80% across multiple 

countries.1 Alcohol dependence and abuse are of particular concern, especially when considering 

cardiovascular health. The literature on alcohol consumption and cardiovascular health are 

extensive, yet mixed, with some studies showing a beneficial effect,2 while others suggest a 

causal role in heart disease.3 The link between alcohol and atrial fibrillation (AF) has been less 

explored. 

Nearly 35% of AF patients report alcohol preceding AF events, making it the most common 

trigger of AF.4 Reducing alcohol intake has been associated with reductions in the number of AF 

episodes as well as time spent in AF.5 Inflammation of the myocardium,6 atrial remodeling,7 and 

impaired strain function8 have all been associated with drinking. These changes in cardiac 

structure and function contrast with other observations suggesting a beneficial effect of low-to-

moderate alcohol consumption on coronary heart disease and other cardiovascular diseases.3,9,10 

Thus, evaluating the association of alcohol consumption with selected biomarkers of AF-related 

pathways can help characterize the complex association of alcohol with cardiovascular disease in 

general, and AF in particular. 

METHODS 

Study population 

The PREDIMED-Plus is an ongoing, multicenter, randomized control trial with the primary 

objective of assessing the effect of an intensive weight-loss intervention alongside an energy-

reduced Mediterranean diet (erMedDiet) and behavioral intervention on the primary prevention 

of cardiovascular disease in 6,874 persons with metabolic syndrome.11 Those assigned to the 

control group were guided to follow the MedDiet without mention of energy reduction or 

physical activity. All Institutional Review Boards at participating institutions reviewed and 

approved this study’s protocol, and all participants have provided written informed consent to be 

part of the study. 

This analysis was restricted to 538 participants from three study sites with available biomarker 

data. Figure 1 provides a flowchart of selection into the current analysis. After excluding those 

who had AF at baseline (N = 12) and were missing other important demographic information (N 

= 3), 523 participants were included. Of these, 495 (95%) and 478 (91%) had biomarker data 

available at the year 3 and year 5 visits, respectively. 

Cardiovascular Biomarkers 

Biomarkers of interest for this analysis are purported to be involved in AF and AF-related 

pathways. These biomarkers include N-terminal pro-B-type natriuretic protein (NTproBNP) and 

high-sensitivity troponin-T (hsTnT), markers of myocardial stress and damage; high-sensitivity 

C-reactive protein (hsCRP), an indicator of inflammation; 3-nitrotyrosine (3-NT), a byproduct of 

nitrative stress and biomarker of oxidative stress; and procollagen type 1 carboxy-terminal 

propeptide (PICP), a marker of cardiac fibrosis. Biomarkers were measured in blood samples 
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from fasting participants at baseline, year 3, and year 5. NTproBNP and hsTnT were measured 

by way of electrochemiluminescence immunoassay, while hsCRP was measured through 

immunoturbidimetry and were run on a Cobas 8000 autoanalyzer (Roche Diagnostics). Enzyme-

linked immunosorbent assay technique (ELISA) was utilized to measure 3-NT (Human 

Nitrotyrosin ELISA kit; Abcam, Cambridge, UK) and PICP (MicroVue PICP EIA; Quidel, San 

Diego, CA, USA). The intra- and inter-assay variability for biomarkers are as follows: 3.8% and 

6.9% for NTproBNP; 2.0% and 3.7% for hsTnT; 3.2% and 3.9% for hsCRP; 5.5% and 7.2% for 

PICP; and 10% and 15% for 3-NT. 

Alcohol Consumption 

A validated 143-item food frequency questionnaire (FFQ) administered at every visit during the 

course of the trial was used to calculate usual alcohol consumption.12 One standard drink was 

defined as 14 grams of pure alcohol. As pure alcohol content is dependent on the type of alcohol, 

standard sizes for each type of beverage was defined as the following: 1 glass of wine (100 cc), 

save for muscatel (50 cc); 1 bottle of beer (330 cc); 1 shot of liquor or whiskey (50 cc). The 

intra-class correlation between FFQs and four 3-day dietary data was 0.82 for alcohol intake.12 

Covariates 

All covariates are from baseline data collection. Education, marital status, and smoking status 

were self-reported. Metabolic equivalents of task (METs) in minutes per day served as 

measurement of physical activity.13 Body-mass index (BMI) was calculated from height and 

weight measured at baseline. Systolic and diastolic blood pressure were measured 3 times at each 

visit and then averaged. Diabetes status was determined through self-report, the use of 

antidiabetic medication, and measurements of fasting blood glucose and glycated hemoglobin. 

The 21-question Beck Depression Inventory detected the presence of depressive symptoms. 

Finally, adherence to the MedDiet was assessed through a 16-item questionnaire; the original 17-

item version of the questionnaire was edited to remove alcohol intake in order to avoid 

redundancy.14 

Statistical Analysis 

We used multivariable linear regression models to estimate cross-sectional associations between  

alcohol consumption and cardiac biomarkers at baseline. We used mixed models to estimate 

longitudinal associations of baseline alcohol consumption with change in cardiac biomarkers 

from baseline to year 3 to year 5. All biomarkers were log-transformed and time was modeled in 

5-year increments in longitudinal analyses. Alcohol consumption was categorized as no drinking 

(0 drinks/day, reference group), 1, 2-3, or ≥4 drinks/ day. Additional analyses were conducted 

with alcohol modeled as a continuous variable and with visit considered as a categorical variable 

(baseline, year 3, year 5). To assess the impact of change in drinking behavior over time, we 

used the difference in alcohol consumption from baseline to year 5 as the predictor of change in 

biomarkers over the course of the study. The difference in alcohol consumption was categorized 

into decreased consumption (≥ 1 drinks/day), no change (<1  drinks/day), and increased 

consumption (≥ 1 drinks/day). 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted December 5, 2023. ; https://doi.org/10.1101/2023.12.05.23299449doi: medRxiv preprint 

https://doi.org/10.1101/2023.12.05.23299449
http://creativecommons.org/licenses/by-nc-nd/4.0/


Models were first adjusted for age, sex, education, and assignment to the intervention group. 

They were later also adjusted for marital status, smoking, physical activity, height, BMI, systolic 

and diastolic blood pressure, diabetes, depression, and adherence to the erMedDiet. Longitudinal 

analyses further accounted for interaction of all covariates with time. We performed additional 

analyses stratified by sex and tested for interaction including alcohol*sex terms in the models. 

All analyses were performed using SAS 9.4 (Cary, NC; SAS Institute Inc.), while splines were 

generated using STATA, version 17 (StataCorp LP, College Station, Texas). 

RESULTS 

Of the 523 participants included in this study, 40% were female and the mean age (SD) was 65 

(5) years. Heavy drinkers were more likely to be male, more educated, and also more likely to 

have previously smoked or be currently smoking (Table 1). Red wine was the preferred drink of 

choice. 

Examination of cross-sectional associations of alcohol consumption with log-transformed 

biomarkers showed higher, but non-significant concentrations of PICP in those with higher 

alcohol consumption (β: 0.12, 95%CI: -0.02, 0.27) (Table 2). Overall, there were no associations 

present between baseline alcohol consumption and other baseline biomarkers. 

Longitudinally, higher baseline alcohol consumption was associated with smaller increases in 

hsTnT concentration (β for 5-year change: -0.11, 95%CI: -0.20, -0.01 comparing ≥4 drinks/day 

to non-drinkers) (Table 3 and Supplemental figure 1). There was also evidence of (non-

significant) smaller increases in PICP (β for 5-year change: -0.15, 95%CI: -0.30, 0.01) when 

comparing heavy-drinkers to non-consumers over the 5-year period. Associations showed similar 

patterns when visit was modeled as a categorical variable in the mixed models (Supplemental 

Table 1). 

In an analysis comparing those who increased their drinking amount to those who stayed the 

same over time, increasing alcohol consumption was associated with increases in hsCRP (β: 

0.42, 95%CI: 0.11, 0.73), but not with other biomarkers (Figure 2 and Table 4). 

There was no evidence of differences between men and women in the baseline associations of 

alcohol consumption and cardiac biomarkers (Supplemental table 2). When looking at change 

in biomarkers over time, heavy drinking was associated with decreased hsTnT (β: -0.15, 95%CI: 

-0.28, -0.02) and increased (though not significantly) 3-NT (β: 0.33, 95%CI: 0.00, 0.67) in men, 

but not in women (Supplemental table 3). Once again, there was no evidence of statistically 

significant sex interactions. 

DISCUSSION 

In this population at high-risk of cardiovascular disease, baseline alcohol consumption was not 

associated with cardiac biomarkers cross-sectionally. Heavy drinking at baseline, however, was 

associated with smaller increases in hsTnT and PICP by year 5. When accounting for changes in 

drinking behavior over 5 years, those who increased their alcohol consumption showed signs of 

increased inflammation, as evidenced by increased hsCRP levels.  
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PICP is an indicator of collagen production.15 The overproduction of collagen may induce 

cardiac fibrosis – the accumulation of proteins in the myocardial tissue.16 Severe fibrosis may 

leave the heart particularly vulnerable to cardiac remodeling. The balance between collagen 

synthesis and degradation may be impaired in AF and contribute to fibrogenesis in these 

patients.17 Furthermore, fibrotic damage to the heart – as indicated by elevated PICP – may 

precede left ventricular hypertrophy.18 Drinking more at baseline in this study showed signs of 

more fibrosis compared to low and moderate drinkers at baseline and over time, though not at 

statistically significant levels. Though we did not assess associations according to the type of 

drinks consumed in this analysis, wine – red, in particular – was the preferred drink in this 

Spanish cohort and promoted as part of the Mediterranean diet intervention. Resveratrol, (3,5,4′-

trihydroxy-trans-stilbene), the most important type of stilbene, is a polyphenol highly present in 

red wine, and may play a role in mitigating myocardial fibrosis,19-21 potentially explaining the 

declining PICP levels in heavy drinkers over time. The needed amount of resveratrol to produce 

biologically relevant effects is probably very high and it cannot be obtained from the usual 

amounts contained in red wine, however. The amount from drinking wine is probably too low as 

to exert substantial cardioprotective effects and resveratrol effects are further hampered by its 

low bioavailability.22 However, resveratrol does not act in isolation. Other phenolic compounds, 

including other varieties of stilbenes, are also present in red wine may act synergistically, 

because they also exert similar bioactive beneficial effects. Among others, phenolic acids 

originated in the grapes pulp, anthocyanins and stilbenoids from the skin, and other phenols 

(catechins, proanthocyanidins and flavonols) usually present the skin and the seeds of grapes 

may contribute to these effects. 

 HsCRP is an indicator of overall inflammation in the body and is often a reliable gauge of 

cardiovascular health.23,24 General consensus on the link between alcohol consumption and 

inflammation, however, remains inconsistent, with some studies finding light-to-moderate 

drinkers having lower levels of inflammation compared to nondrinkers25 to U-shaped trends 

driven by former drinkers having higher levels of inflammation than their drinking 

counterparts.26 This inconsistency extends to its predictive value for AF.27  

Oxidative and nitrosative stress are of particular concern in those that abuse alcohol.28 Protein 

nitration is the first step in a cellular cascade that can ultimately lead to cell death.29 The nitration 

of tyrosine (3-NT) is one way to induce damage in a cell and effectively stops the formation of 

critical enzymes and proteins.16 Atrial contractile dysfunction often seen in AF may in part be 

due to nitrative stress.30 Elevated levels of 3-NT were present in mice with alcohol-induced 

cardiomyopathy;31 many of these studies were done in vitro or in animals, less so in humans. In 

contrast, heavy drinking in this study was not associated with 3-NT at baseline nor with changes 

in 3-NT over time in this cohort of high-risk participants. 

Moderate-to-heavy drinkers experienced smaller increases in hsTnT compared to abstainers over 

the 5-year follow-up period. Changes in drinking behavior did not appear to impact these 

findings. Our results seem to line up with findings from other cohorts, including ARIC, where 

moderate drinkers were less likely to experience incident increases in hsTnT compared to never 

drinkers;32 researchers found a similar effect in former drinkers compared to never drinkers. 
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PREDIMED-Plus did not collect data on drinking behavior before the start of the trial and heavy 

drinkers (>6 drinks/day) were excluded from the study, thus we cannot readily replicate findings 

in former drinkers. 

Though no such associations were observed in the present study, NT-proBNP is an important 

indicator of cardiovascular health in the context of alcohol consumption.33 Moderate drinking 

was associated with elevated N-terminal pro-B-type natriuretic protein (NT-proBNP) in ARIC, 

cross-sectionally and prospectively over 6 years.32 Increased NT-proBNP is also associated with 

left ventricular hypertrophy (LVH) and ischemic events, though only in heavy drinkers.34 

Chronically elevated NT-proBNP may increase systolic blood pressure and is a powerful 

biomarker of stroke risk.35 NT-proBNP is usually elevated in AF and is often a predictor of 

future AF.36 In a previous analysis of the PREDIMED-Plus trial, we found higher alcohol intake 

to be associated with larger left atrial volume and worsening atrial function, which may likely 

affect NT-proBNP concentrations.37 The apparent inconsistency between analyses evaluating 

circulating and imaging biomarkers of left atrial function supports the value of exploring 

pathophysiological pathways using multiple modalities. 

Strengths of this study include having a well-characterized cohort nested in a large trial with 

excellent retention and alcohol and biomarker data available from multiple visits over the course 

of 5 years, and the availability of information on multiple potential confounders. We must also, 

however, address some of the limitations of this study. First, PREDIMED-Plus did not collect 

information on past drinking behavior, which may be biasing our current estimates. Second, 

though the FFQs have been previously validated, they are still dependent on participant recall, 

which may introduce some degree of misclassification in our study. Finally, generalizability of 

these findings to other populations, for example those at lower cardiovascular risk, is uncertain. 

CONCLUSION 

In this population of participants at high risk of cardiovascular disease, alcohol consumption was 

associated with alterations in circulating biomarkers related to cardiovascular health. These 

findings contribute to a better understanding of the complex relationship between alcohol 

consumption and cardiovascular risk. However, further research is warranted to elucidate the 

precise molecular mechanisms, to determine the clinical implications of these observed changes 

in biomarker concentrations and to potentially inform public health guidelines on alcohol 

consumption, emphasizing the need for continued research in this area. 
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Figure 1. Flow chart of selection into the study.
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Figure 2. Associations of change in alcohol over 5 years modeled as restricted cubic splines with change in biomarkers, using the median change 

in alcohol consumption as the reference point. Top left to right: NT-proBNP, Hs-TnT, CRP. Bottom left to right: PICP, 3-NT. Multiple linear 

regression models adjusted for age, sex, education, and intervention group. 
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Table 1. Baseline characteristics of study participants by baseline daily alcohol consumption (1 drink = 14 

grams of pure alcohol), PREDIMED-Plus study. 

Characteristic 0 drinks 

(N = 100) 

1 drink/day 

(N = 242) 

2-3 drinks/day 

(N = 112) 

≥ 4 drinks/day 

(N = 69) 

In the intervention group, % 52 51 46 54 

Age (years) 67 (63-69) 66 (62-69) 65 (62-69) 64 (61-68) 

Female, % 69 51 14 4 

Education, %      

     College or university 12 13 15 20 

     Technical school 4 5 8 6 

     High school 26 29 31 51 

     Primary school 58 53 46 23 

Marital status, %     

     Single 6 5 4 7 

     Married 73 76 84 86 

     Widower 15 12 7 3 

     Divorced 6 7 5 4 

Weight (kg) 83 (75-92) 84 (77-94) 89 (81-98) 92 (86-99) 

Height (cm) 159 (153-167) 162 (155-170) 168 (162-172) 170 (165-174) 

Body mass index (kg/m2) 31.8 (29.8-34.4) 31.6 (29.7-34.3) 31.5 (29.6-33.4) 32.3 (30.0-33.8) 

Systolic blood pressure 

(mmHg) 

140 (130-153) 138 (128-150) 140 (129-150) 140 (134-152) 

Diastolic blood pressure 

(mmHg) 

77 (71-83) 78 (71-85) 80 (75-88) 82 (77-91) 

Smoking, %     

     Currently smoking 5 11 10 13 

     Former smoker (0-5 years 

ago) 

4 5 7 9 

     Former smoker (>5 years 

ago) 

33 41 55 59 

     Never smoker 58 43 28 19 

Physical activity (METs-

minutes/week) 

1692 (839-3224) 1888 (839-3217) 2238 (1259-3580) 2098 (783-3238) 

Diabetes, % 43 28 19 20 

BECK depression inventory 7 (4-13) 7 (3-11) 5 (3-12) 5 (2-10) 

Mediterranean diet adherence* 8 (7-10) 8 (6-10) 6 (5-9) 6 (4-7) 

Daily wine consumption 

(drink/day) 

0 1 (1-1) 2 (1-2) 3 (2-3) 

Daily beer consumption 

(drink/day) 

0 1 (0-1) 1 (1-1) 1 (0-1) 

Daily spirits consumption 

(drink-day) 

0 0 (0-1) 1 (0-1) 1 (0-1) 

Biomarkers at baseline 

NT-proBNP 57 (29-99) 51 (26-92) 47 (26-86) 41 (25-78) 

hsTnT 7.6 (6.1-10.9) 7.5 (6.0-10.7) 9.2 (7.2-11-1) 9.5 (7.6-11.9) 

hsCRP 0.3 (0.1-0.5) 0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.2 (0.1-0.4) 

PICP 614 (360-990) 645 (362-1016) 544 (332-978) 496 (265-838) 

3-NT 88 (68-110) 87 (72-110) 90 (78-113) 89 (68-113) 
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Presented as either median (25th percentile – 75th percentile) for continuous measures or as frequencies for 

categorical variables. 

MET, metabolic equivalents of task. NT-proBNP, N-terminal pro-B-type natriuretic protein. hsTnT, high sensitivity 

troponin-T. hsCRP, high-sensitivity C-reactive protein. 3-NT, 3-nitrotyrosine. PICP, procollagen type 1 carboxy-

terminal propeptide. 

*Sum of 16 questions concerning adherence to the energy-reduced Mediterranean diet. Does not include alcohol 

intake. 

1 drink: 1-14 grams 

2-3 drinks: 15-42 grams 

4 or more drinks: 43 grams and more 
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Table 2. Association of baseline alcohol consumption with concentrations of log-transformed biomarkers at baseline, PREDIMED-Plus study. 

  0 drinks 1 drink/day 2-3 drinks/day ≥ 4 drinks/day Per 1-drink 

difference 

NT-proBNP Model 1 0 (ref) -0.01 (-0.20, 0.19) 0.06 (-0.18, 0.30) -0.02 (-0.30, 0.25) -0.02 (-0.07, 0.04) 

Model 2 0 (ref) 0.02 (-0.17, 0.22) 0.11 (-0.13, 0.35) 0.03 (-0.25, 0.31) -0.01 (-0.06, 0.05) 

       

hsTnT Model 1 0 (ref) -0.04 (-0.13, 0.06) 0.00 (-0.12, 0.11) 0.04 (-0.09, 0.17) 0.02 (-0.01, 0.04) 

Model 2 0 (ref) -0.02 (-0.11, 0.08) 0.04 (-0.08, 0.15) 0.07 (-0.07, 0.20) 0.02 (0.00, 0.05) 

       

hsCRP Model 1 0 (ref) -0.03 (-0.26, 0.19) -0.01 (-0.28, 0.27) -0.02 (-0.34, 0.30) 0.00 (-0.06, 0.06) 

Model 2 0 (ref) -0.07 (-0.29, 0.15) -0.03 (-0.31, 0.25) -0.07 (-0.39, 0.25) -0.01 (-0.07, 0.05) 

       

PICP Model 1 0 (ref) 0.06 (-0.05, 0.16) 0.13 (0.01, 0.26) 0.12 (-0.02, 0.27) 0.02 (-0.01, 0.05) 

Model 2 0 (ref) 0.05 (-0.05, 0.16) 0.13 (0.00, 0.26) 0.12 (-0.03, 0.26) 0.02 (-0.01, 0.05) 

       

3-NT Model 1 0 (ref) 0.02 (-0.19, 0.23) -0.02 (-0.28, 0.24) -0.11 (-0.41, 0.19) -0.03 (-0.09, 0.03) 

Model 2 0 (ref) 0.00 (-0.22, 0.21) -0.06 (-0.33, 0.21) -0.09 (-0.41, 0.21) -0.03 (-0.09, 0.03) 
NT-proBNP, N-terminal pro-B-type natriuretic protein. hsTnT, high sensitivity troponin-T. high-sensitivity CRP, C-reactive protein. PICP, procollagen type 1 

carboxy-terminal propeptide. 

Model 1: multiple linear regression adjusted for age, sex, education. 

Model 2: multiple linear regression adjusted for age, sex, education, marital status, smoking, physical activity, height, body mass index, systolic and diastolic 

blood pressure, diabetes, depressive symptoms, diet adherence. 
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Table 3. Association of baseline alcohol consumption with 5-year change in log-transformed biomarkers from baseline to year 5, PREDIMED-

Plus study. 

  0 drinks 1 drink/day 2-3 drinks/day ≥ 4 drinks/day Per 1-drink 

difference 

Change in total 

NT-proBNP 

Model 1 0 (ref.) 0.02 (-0.16, 0.21) 0.08 (-0.14, 0.31) 0.11 (-0.14, 0.37) 0.04 (-0.01, 0.09) 

Model 2 0 (ref.) 0.03 (-0.16, 0.22) 0.07 (-0.17, 0.30) 0.08 (-0.19, 0.35) 0.03 (-0.02, 0.08) 

       

Change in hsTnT Model 1 0 (ref.) -0.05 (-0.11, 0.02) -0.12 (-0.21, -0.04) -0.12 (-0.21, -0.03) -0.02 (-0.04, -0.01) 

Model 2 0 (ref.) -0.04 (-0.11, 0.03) -0.11 (-0.19, -0.02) -0.11 (-0.20, -0.01) -0.02 (-0.04, 0.00) 

       

Change in hsCRP Model 1 0 (ref.) 0.14 (-0.08, 0.35) 0.17 (-0.09, 0.43) 0.07 (-0.23, 0.37) -0.01 (-0.06, 0.05) 

Model 2 0 (ref.) 0.16 (-0.07, 0.38) 0.15 (-0.12, 0.43) 0.06 (-0.26, 0.37) -0.01 (-0.08, 0.05) 

       

Change in PICP Model 1 0 (ref.) 0.08 (-0.03, 0.18) 0.00 (-0.14, 0.13) -0.12 (-0.27, 0.04) -0.03 (-0.06, 0.00) 

Model 2 0 (ref.) 0.07 (-0.04, 0.18) -0.03 (-0.17, 0.11) -0.15 (-0.30, 0.01) -0.04 (-0.07, -0.01) 

       

Change in 3-NT Model 1 0 (ref.) 0.07 (-0.10, 0.23) -0.08 (-0.28, 0.12) 0.14 (-0.09, 0.37) 0.01 (-0.03, 0.06) 

Model 2 0 (ref.) 0.07 (-0.10, 0.24) -0.09 (-0.30, 0.12) 0.14 (-0.10, 0.38) 0.01 (-0.04, 0.06) 
NT-proBNP, N-terminal pro-B-type natriuretic protein. hsTnT, high sensitivity troponin-T. hsCRP, high-sensitivity C-reactive protein. 3-NT, 3-nitrotyrosine. 

PICP, procollagen type 1 carboxy-terminal propeptide. 

Model 1: mixed linear model adjusted for age, sex, education, intervention group, and interaction of all covariates with time. Time is modeled in 5-year 

increments. 

Model 2: mixed linear model adjusted for age, sex, education, intervention group, marital status, smoking, physical activity, height, body mass index, systolic and 

diastolic blood pressure, diabetes, depression, diet adherence, and interaction of all covariates with time. Time is modeled in 5-year increments. 
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Table 4. Association of changes in alcohol consumption with change in circulating log-transformed biomarkers from baseline to year 5, 

PREDIMED-Plus study. 

  Decreased consumption  

(≥ 1 drinks/day) 

(N = 126) 

No change 

(-1 > drinks/day > 1) 

(N = 359) 

Increased consumption  

(≥ 1 drinks/day) 

(N = 38) 

Per 1-drink* increase 

Change in total 

NT-proBNP 

Model 1 -0.01 (-0.23, 0.20) 0 (ref.) -0.15 (-0.42, 0.11) 0.04 (-0.01, 0.09) 

Model 2 0.00 (-0.22, 0.21) 0 (ref.) -0.14 (-0.41, 0.13) 0.03 (-0.02, 0.08) 

      

Change in 

hsTnT 

Model 1 -0.06 (-0.14, 0.01) 0 (ref.) -0.06 (-0.16, 0.03) -0.02 (-0.04, 0.00) 

Model 2 -0.06 (-0.14, 0.01) 0 (ref.) -0.05 (-0.14, 0.05) -0.02 (-0.04, 0.00) 

      

Change in 

hsCRP 

Model 1 0.09 (-0.15, 0.34) 0 (ref.) 0.41 (0.10, 0.71) -0.01 (-0.06, 0.05) 

Model 2 0.09 (-0.16, 0.34) 0 (ref.) 0.42 (0.11, 0.73) -0.01 (-0.08, 0.05) 

      

Change in PICP  Model 1 0.03 (-0.09, 0.16) 0 (ref.) -0.09 (-0.25, 0.06) -0.03 (-0.06, 0.00) 

Model 2 0.04 (-0.09, 0.16) 0 (ref.) -0.10 (-0.26, 0.05) -0.04 (-0.07, -0.01) 

      

Change in 3-NT Model 1 0.04 (-0.16, 0.23) 0 (ref.) 0.03 (-0.20, 0.27) 0.01 (-0.03, 0.06) 

Model 2 0.03 (-0.16, 0.23) 0 (ref.) 0.02 (-0.22, 0.26) 0.01 (-0.04, 0.06) 
*1 drink  = 14 grams of alcohol 

NT-proBNP, N-terminal pro-B-type natriuretic protein. TnT, troponin-T. hsCRP, high-sensitivity C-reactive protein. 3-NT, 3-nitrotyrosine. PICP, procollagen 

type 1 carboxy-terminal propeptide. 

Model 1: mixed linear model adjusted for age, sex, education, intervention group, and interaction of all covariates with time. Time is modeled in 5-year 

increments. 

Model 2: mixed linear model adjusted for age, sex, education, intervention group, marital status, smoking, physical activity, height, body mass index, systolic and 

diastolic blood pressure, diabetes, depression, diet adherence, and interaction of all covariates with time. Time is modeled in 5-year increments. 
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