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Abstract

Background—Level of alcohol consumption is associated with differential risk of 

atherosclerosis, but little research has investigated this association among HIV+ persons. We 

evaluated the association between long-term alcohol use and incident atherosclerosis among HIV+ 

persons.
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Methods—We utilized data from HIV+ participants of the Women’s Interagency HIV Study (n = 

483) and the Multicenter AIDS Cohort Study (n = 305) without history of cardiovascular disease. 

Atherosclerosis was assessed two times by B-mode carotid artery ultrasound imaging from 2004 

to 2013. Presence of plaque was defined as focal carotid intima-media thickness over 1.5 mm. 

Those with no plaque at baseline and plaque at follow-up were considered incident cases of 

atherosclerosis. Group-based trajectory models were used to categorize participants into 10-year 

drinking patterns representing heavy, moderate, or abstinent-low. Multivariable logistic regressions 

were conducted to assess the association of long-term moderate and heavy use on atherosclerosis, 

compared to abstinent-low.

Results—Heavy alcohol consumption was not statistically significantly associated with risk for 

incident atherosclerosis in women (AOR 1.10, CI 0.40–3.02) or men (AOR 1.31, CI 0.43–4.00), 

compared to abstinence-low. Moderate consumption was associated with 54% lower odds for 

incident disease in men (AOR 0.46, CI 0.21–1.00), but not in women (AOR 1.08, CI 0.58–2.00). 

In cohort-combined analyses, alcohol consumption was not statistically significantly association 

with incident atherosclerosis (moderate AOR 0.78, CI 0.48–1.27; heavy AOR 1.33, CI 0.66–2.69).

Conclusion—Moderate alcohol consumption was associated with a significant protective effect 

on incident atherosclerosis in men only. No other levels of alcohol consumption significantly 

predicted atherosclerosis in men and women compared to abstinent-low.
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1. Introduction

There is little research investigating the association between alcohol consumption and 

subclinical cardiovascular disease (CVD), also known as atherosclerosis, among persons 

living with HIV (PLWH). Atherosclerosis is characterized by arterial plaques that may 

narrow the lumen, decrease blood flow and consequently predispose individuals to acute 

thrombotic events (National Institute of Health, 2011). In the general population, light and 

moderate alcohol use have been cross-sectionally associated with lower risk for carotid 

artery plaque (Kohsaka et al., 2011) and stiffness (Hougaku et al., 2005), compared to 

abstinence. Heavy alcohol use, however, has been shown to significantly increase carotid 

intima medial thickness (cIMT; Zyriax et al., 2010) and stiffness (Hougaku et al., 2005), 

consistent with a J-curved association found in the literature (Xie et al., 2012; Mukamal et 

al., 2003a). Similarly, a longitudinal study of 20-year drinking patterns found that consistent 

heavy use was associated with a significant increase in cIMT, compared to consistent 

moderate use (Britton et al., 2016). Other studies have found no significant association 

between alcohol consumption and cIMT or presence of carotid plaques (Zureik et al., 2004; 

Bauer et al., 2013). Further, some studies have found significant associations between 

alcohol consumption and subclinical disease in men, but not in women (Schminke et al., 

2005; Zyriax et al., 2010; Lee et al., 2009).

The mechanism by which alcohol consumption is thought to effect cardiovascular health is 

not well understood, and is of great practical importance given the widespread and global 
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consumption of alcohol (Freiberg and So-Armah, 2016). Biological and behavioral 

mechanisms have been proposed to account for the higher burden of CVD among PLWH. 

First, heavy alcohol consumption and CVD are affected by demographic and psychosocial 

factors, including age, race/ethnicity, and socioeconomic status (Galvan et al., 2002; Conen 

et al., 2009). Second, alcohol use is significantly associated with traditional CVD risk 

factors, including insulin resistance (type II diabetes; Míguez-Burbano et al., 2009), tobacco 

use (Cook et al., 2013), and illicit drug use (Conen et al., 2009; Cook et al., 2013; Chitsaz et 

al., 2013). Third, HIV-infection alone increases systemic inflammation (Shrestha et al., 

2014; Bahrami et al., 2016) and immune activation (Maniar et al., 2013; Strategies for 

Management of Antiretroviral Therapy (SMART) Study Group et al., 2006; Hsue et al., 

2009; Neuhaus et al., 2010), which are pathophysiologic responses that contribute to the risk 

for CVD (Bahrami et al., 2016; Hsu et al., 2016; Hansson, 2005). Chronic inflammation and 

immune activation can lead to the breakdown of the endothelial walls of the gastrointestinal 

tract, a process that leads to microbial translocation, which triggers further immune and pro-

inflammatory responses (Maniar et al., 2013; D’Abramo et al., 2014; Klatt et al., 2013). 

While low level consumption of alcohol may have favorable lipid or antithrombotic effects, 

low levels of alcohol use have been shown to increase systemic inflammation, as well as risk 

for microbial translocation (Brenchley and Douek, 2012).

A recent systematic review found the current state of the literature to be limited to mostly 

cross-sectional studies and/or investigation of imprecise measures of alcohol use (e.g., any 

alcohol use, alcohol abuse/dependence history) to characterize risk among majority male 

HIV infected persons (Kelso et al., 2015). While these studies help us begin to understand 

the importance of alcohol consumption on cardiovascular health, study participants were 

majority male (78–100%) and most studies utilize only medical records to classify diagnosis 

of clinical CVD, and do not assess early stages of disease development, such as 

atherosclerosis.

The objective of the current analysis was to assess the association between 10-year patterns 

of alcohol use and the incidence of subclinical atherosclerosis, measured by B-mode carotid 

artery ultrasound imaging. Specifically, we aimed to 1) test the association between long-

term moderate and heavy alcohol use and subclinical atherosclerosis among PLWH, and 2) 

to explore whether the relationships appeared to differ by gender. We hypothesized that 

long-term moderate and heavy alcohol use would be significantly associated with increased 

risk for incident subclinical atherosclerosis.

2. Material and methods

2.1. Study setting, selection, and inclusion criteria

The Multicenter AIDS Cohort Study (MACS; Kaslow et al., 1987; Detels et al., 1992; 

Dudley et al., 1995) and Women’s Interagency HIV Study (WIHS; Barkan et al., 1998; 

Bacon et al., 2005) are well-established, national multicenter cohorts of men who have sex 

with men (MSM) and of women, respectively, living with or at risk for HIV-infection. 

Participants from MACS were recruited from the following metropolitan areas: Baltimore, 

MD, Washington, DC, Chicago, IL, Pittsburgh, PA, Los Angeles, CA. Participants from 

WIHS were recruited from the following metropolitan areas: Brooklyn and Bronx, NY, 
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Washington, DC, Chicago, IL, Los Angeles and San Francisco, CA. The MACS recruited 

MSM across three waves, in 1984–1985 (n = 4954), 1987–1991 (n = 668), and 2001–2003 

(n = 1350). Women were recruited in WIHS across two waves, in 1994–1995 (n = 2625) and 

2001–2002 (n = 1141). Data were collected through structured interviews, and standardized 

physical, psychological, and laboratory assessments. HIV status was assessed by enzyme-

linked immunosorbent assay (ELISA) with Western blot for confirmation at study 

enrollment for HIV+ participants, and semi-annually for HIV- participants. Written informed 

consent was obtained prior to each semi-annual assessment for both cohorts. The 

questionnaires are available online for MACS at http://aidscohortstudy.org and for WIHS at 

https://statepi.jhsph.edu/wihs/wordpress/.

The WIHS cardiovascular sub-study recruited women aged 25–60 years, with no history of 

CVD (n = 1321); The MACS cardiovascular sub-study recruited men over 40 years of age, 

under 300lbs, and with no history of CVD (n = 828). The current study focused on those 

with sero-prevalent HIV at baseline and excluded those with less than four alcohol use 

assessments prior to the first atherosclerosis assessment (WIHS: n = 118; MACS: n = 216). 

We chose four alcohol consumption measurements as an exclusion criteria because we 

wanted to be able to detect different types of change. Less than four measurements would 

not allow accurate modeling of quadratic or cubic change, if present. Further, those in the 

10-year abstinent-low and moderate consumption patterns, who reported past heavy drinking 

at enrollment were excluded from the analysis (MACS: n = 4 from the abstinent-low, n = 15 

from moderate; WIHS n = 10 from the abstinent-low, n = 19 from the moderate). Those who 

screened positive for atherosclerotic lesions at baseline or those who did not have two 

carotid ultrasound assessments were not included in the assessment of incident 

atherosclerosis. The final sample sizes were n = 483 in WIHS and n = 305 in MACS. The 

median person-years of follow-up from 1994 to 2014 was 16.7 years (interquartile range 

[IQR]: 16.0-18.5 years) for WIHS participants and 12.4 years (IQR: 10.0-16.5 years) for 

MACS participants. This analysis was approved by the Institutional Review Board at the 

University of Florida.

2.2. Data collection

In addition to the standard data collection for the MACS and WIHS, participants in the 

cardiovascular sub-studies underwent high-resolution B-mode carotid artery ultrasounds of 

six locations in the right carotid artery (the near and far walls of the common carotid artery 

[CCA], carotid bifurcation, and internal carotid artery [ICA]; Hodis et al., 2001), using a 

standardized protocol across study sites (Kaplan et al., 2008). Quality control and reliability 

of the carotid artery ultrasound measurement was performed among a subset of WIHS and 

MACS participants and was found to have high intraclass correlations (ICC) in both WIHS 

(variation coefficient = 1.8%; ICC = 0.98) and MACS (variation coefficient = 1.0%; ICC = 

0.99; Kaplan et al., 2008).

2.2.1. Main outcome measure—Subclinical atherosclerosis was defined as the presence 

of an arterial lesion or plaque, which was a focal cIMT greater than 1.5 mm (Stein et al., 

2008) and was measured up to two times from 2004 to 2013. The first measurement 

occurred between 2004 and 2006 and the second between 2011 and 2013 for both MACS 
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and WIHS. Participants who screened negative for lesions or plaques at the baseline 

assessment, but positive at follow-up were considered incident cases. Therefore, those who 

were positive for lesions at baseline or those who did not have two carotid ultrasound 

assessments were not included in the assessment of incident atherosclerosis.

2.2.2. Independent variable—Participants self-reported the average frequency (number 

of days per week) and quantity (number of drinks per drinking day) of alcohol use. The 

average number of drinks per week was calculated by multiplying the frequency by the 

quantity. For optimal model convergence, the number of drinks per week were capped at 14 

for women and 21 for men in accordance with the definition of hazardous alcohol use (Reid 

et al., 1999).

2.2.3. Covariates—All covariates were chosen based on previous literature and were 

measured at the time of incident atherosclerosis assessment. Age was assessed in years, 

using participants’ self-reported date of birth. Self-reported race was categorized as white, 

black, and Asian/Pacific Islander or Native American/Alaskan. Self-reported smoking was 

assessed in number of packs smoked using standardized categories: less than half a pack per 

day; at least half a pack but less than one pack per day; at least one but less than two packs 

per day; two or more packs per day. Cumulative pack-years were calculated to determine the 

average pack, multiplied by 0.5 to reflect the semi-annual visits, and summed across the 

years just prior to the carotid artery ultrasound assessments. Self-reported illicit drug use 

included any of the following: cocaine; amphetamine-type stimulants; heroin or other 

opiates and was dichotomized. Plasma HIV RNA viral load was measured using standard 

laboratory techniques and was categorized as < 200 copies/mL or ≥200 copies/mL. Hepatitis 

C Co-infection (HCV) was measured via HCV viral RNA and antibody and was 

dichotomized as having ever had HCV RNA positively or not. CD4+ T-cell count was 

assessed for collinearity with HIV RNA viral load; because of collinearity and poorer fitting 

models with both HIV viral load and CD4+ T-cell count in the model, as well as with CD4+ 

T-cell count only in the model, CD4+ T-cell count was not included as a covariate. 

Cardiovascular-related factors that mediate the relationship between alcohol consumption 

and atherosclerosis were not included as confounding factors (i.e., cholesterol, blood 

pressure, and triglyceride, body mass index, diabetes) (Vu et al., 2016; Brinton, 2012).

2.3. Data analyses

2.3.1. Group-Based trajectory models—To describe patterns of alcohol consumption 

over time, we conducted group-based trajectory models (GBTM). Group-based trajectory 

models were used to categorize participants into 10-year drinking patterns representing 

heavy, moderate, or abstinent/low. In the first modeling step, we assessed linear patterns of 

3–5 groups, as suggested by previous research (Cook et al., 2013; Marshall et al., 2015a; 

Marshall et al., 2015b). Goodness-of-fit was assessed at each step using the Akaike 

information criteria and Bayesian information criteria (smaller the values, better the model), 

group posterior probabilities (PP ≥ 0.7 is indicative of sufficient internal reliability), and 

mean model entropy (≥ 0.7 is optimal; summed PP/number of groups). The PP estimate is 

the probability that any one group-based trajectory adequately captures the individual 

patterns. Therefore, an individual pattern was assigned into the group pattern with the 
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highest probability of group membership. Models with PP and/or model entropy values < 

0.7 were rejected (Andruff et al., 2009). The 95% confidence intervals (CI) of the resulting 

patterns were used to qualitatively assess the stability of the trajectories. Models with small 

CIs of trajectories were favored over wide CIs. Separately, for each cohort, group-based 

trajectory modeling was conducted to describe 10-year drinking patterns prior to the 

incidence of atherosclerosis. Trajectories that described weekly drinking of 1–7 drinks for 

women and 1–14 drinks for men were labeled as “Moderate”, and those that described 

consistent weekly drinking of > 7 drinks for women and > 14 drinks for men were labeled as 

“Heavy”.

2.3.2. Multivariable logistic regression models—Crude and adjusted associations 

between alcohol consumption patterns and the incidence of subclinical atherosclerosis were 

conducted using separate logistic regression models, first stratified by gender and then with 

cohorts combined. Multivariable adjustment of the aforementioned covariates was conducted 

in all logistic regression models in a stepwise fashion, with demographic factors (i.e., age, 

race/ethnicity, gender when applicable) being added first, followed by substance use (i.e., 

pack years, illicit drug use), and HIV-related factors (i.e., RNA viral load, HCV). Compared 

to the lowest alcohol consumption pattern, other alcohol consumption patterns were 

considered statistically significantly associated with incident subclinical atherosclerosis at 

the p-value < 0.05 level. All statistical analyses were conducted using SAS 9.4 (SAS 

Institute, Inc., Cary, NC).

3. Results

Sample characteristics by cohort at the time of incident atherosclerosis measurement are 

presented in Table 1. There were 483 HIV+ women and 305 HIV+ men who met study 

criteria at follow-up. Mean age (years) was about 51 in women and 65 in men. Women were 

more likely to be of black race than men (63% vs. 44%, p < 0.001). Men were more likely to 

report illicit drugs use (16% vs. 7%, p < 0.001) and women had higher mean smoking pack-

years (women 2.6 [IQR 0.0–3.8]; men 1.7 [0.0–2.1]). Hepatitis C co-infection (women 14%; 

men 16%, p=0.37) was similar by gender. Men were more likely to have suppressed viral 

load (90% vs. 72%, p < 0.001) compared to women.

3.1. 10-year alcohol consumption trajectories

A three-group trajectory model emerged as the best fitting model for women (Fig. 1, Panel 

A; model entropy 0.98) and men (Fig. 1, Panel B; model entropy 0.98). Alcohol 

consumption patterns included “Abstinent/low” (WIHS 47%; MACS 19%, very little to no 

consumption throughout 10-years), “Moderate” (WIHS 43%; MACS 72%, moderate 

consumption throughout 10-years) and “Heavy” (WIHS 10%; MACS 9%, heavy 

consumption throughout 10-years).

3.2. Incident subclinical atherosclerosis

Incident subclinical atherosclerosis was detected in 12% of women (n = 57) and 17% of men 

(n = 52). Crude and adjusted odds ratios of alcohol consumption patterns on incident 

subclinical atherosclerosis are presented in Table 2. Long-term heavy alcohol use was not 
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statistically significantly associated with increased risk for incident sub-clinical 

atherosclerosis in women (AOR 1.10, CI 0.40-3.02, p=0.85) and men (AOR 1.31, CI 

0.43-4.00, p=0.63). While moderate alcohol use was significantly associated with a 

protective effect on incident subclinical atherosclerosis in men (AOR 0.46, CI 0.21-1.00, 

p=0.05), a similar trend was not found in women (AOR 1.08, CI 0.58-2.00, p=0.81), after 

controlling for race, age, pack-years, illicit drug use, hepatitis c co-infection, and suppressed 

viral load. In the analysis that combined both cohorts, heavy (AOR 1.33, CI 0.66-2.69, 

p=0.42) and moderate (AOR 0.78, CI 0.48-1.27, p=0.32) alcohol consumption were not 

statistically significantly associated with incident subclinical atherosclerosis, compared to 

abstinent-low use. Full model estimates are available in Supplemental Table 1 (by cohort) 

and Supplemental Table 2 (cohort-combined). In exploratory analyses (data not shown), 

moderate consumption, compared to heavy consumption was associated with significantly 

lower odds for incident atherosclerosis in men (AOR 0.35, 95% CI 0.13-0.92, p=0.03), but 

not in women (AOR 0.98, 95% CI 0.35-2.70, p=0.96).

4. Discussion

The aim of this analysis was to assess the association between 10-year patterns of alcohol 

use and the incidence of atherosclerosis, measured by B-mode carotid artery ultrasound. 

Specifically, we tested the general assumption that moderate alcohol consumption is 

protective for cardiovascular health among PLWH. Contrary to our hypothesis, long-term 

heavy alcohol use was not statistically significantly associated with incident atherosclerosis. 

These results are contrary to previous studies that have demonstrated an association between 

heavy alcohol use and subclinical atherosclerosis in the general population (Zyriax et al., 

2010; Hougaku et al., 2005; Xie et al., 2012; Mukamal et al., 2003a,b) and related literature 

finding positive associations between heavy alcohol use and clinical cardiovascular disease 

among PLWH (Justice et al., 2008; Corral et al., 2009; Freiberg et al., 2010). However, this 

finding is consistent with recent studies showing no association between heavy drinking and 

cardiovascular disease among PLWH (Wandeler et al., 2016; Kelly et al., 2016; Womack et 

al., 2014) and subclinical atherosclerosis in the general population (Zureik et al., 2004; 

Bauer et al., 2013; Kim et al., 2014). It is possible that heavy alcohol use is a contributor to 

risk for clinical cardiovascular disease, but less predictive at the developmental stages of 

atherosclerosis. An additional explanation could be that abstinent-low drinkers had a history 

of heavy drinking that is not captured in either drinking at enrollment or the 10-year 

patterns. If past heavy drinking prior to enrollment conferred increased risk, then the effect 

of current 10-year patterns of heavy drinking could be attenuated when compared to the 

current abstinent-low drinkers.

We found that long-term moderate alcohol use was statistically significantly associated with 

a reduction in odds for incident atherosclerosis in men. This finding is consistent with other 

research indicating a protective effect between moderate alcohol consumption and 

subclinical atherosclerosis in the general population (Kohsaka et al., 2011; Hougaku et al., 

2005), as well as in extent research on clinical disease in the general population (McElduff 

and Dobson, 1997; Sacco et al., 1999; Corrao et al., 2000; Mukamal et al., 2003b; Reynolds 

et al., 2003) and among PLWH (Wandeler et al., 2016; Carrieri et al., 2012; Schminke et al., 

2005). Other studies have found inconsistent alcohol effects on subclinical atherosclerosis 
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between women and men (Schminke et al., 2005; Zyriax et al., 2010; Lee et al., 2009). 

Gender differences may be a result of the differences in risk factors and the clinical 

presentation of CVD. For example, subclinical disease in women is more likely to present as 

microvascular coronary disease, rather than plaque development and narrowing of the large 

coronary arteries (Vaccarino and Bremner, 2016). Therefore, it is possible that moderate and 

heavy drinking are associated with early progression of CVD, but in the small arteries and 

vessels of the coronary arteries. Finally, it is important to note that, given the p-value and the 

secondary nature of the current analyses, there may be no real association between moderate 

drinking and atherosclerosis in men living with HIV. More research that is powered to 

investigate the specific effects of different long-term and short-term drinking patterns is 

needed to further understand the possible J-curved relationship between alcohol 

consumption and atherosclerosis among PLWH.

4.1. Limitations

The readers should consider some limitations of the current study. First, frequency and 

quantity of alcohol consumption were assessed via self-report and are subject to recall and 

social desirability biases, resulting in potentially inaccurate reports of alcohol consumption. 

However, this method has been established as a reliable and valid approach to alcohol use 

assessment (Del Boca and Darkes, 2003). Second, while we did exclude those in the 10-year 

abstinent-low and moderate consumption patterns who reported heavy drinking at 

enrollment, we could not account for drinking prior to cohort enrollment. Therefore, it is 

impossible to know if participants were ever heavy drinkers or ever had an alcohol use 

disorder. Third, because we used carotid artery ultrasound, these results can only be 

generalized to disease within the carotid artery and may not extend to plaque or lesions 

outside of this area. Carotid artery ultrasound also does not capture all mechanisms that are 

involved in atherothrombotic events, being most strongly associated with blood pressure 

levels (Sander et al., 2000) and bearing little relationship with coagulation (Sosef et al., 

1994) or platelet activity (De Luca et al., 2010), for example. However, research has found 

presence of plaque or lesions within the carotid artery to be highly correlated to subclinical 

disease in other vascular territories when compared to other methods that detect low to no 

disease (Lester et al., 2009; Davis et al., 1999). While we did not aim to investigate clinical 

CVD, subclinical atherosclerosis is a proximal indicator of later clinical manifestations of 

CVD, such as myocardial infarction and stroke. Fourth, there are significant demographic 

differences between the WIHS and MACS cohorts, making direct comparisons of stratified 

analyses difficult. Because of these differences, we carefully controlled for variables related 

to demographics and behavioral risk. Fifth, GBTM is a semi-parametric and probabilistic 

model that estimates grouped trajectories of the most similar individual patterns. Therefore, 

each trajectory group does not fully describe the individual-level patterns contained within 

them and should not be considered absolute. Further, we restricted our analyses to 

participants with at least four alcohol consumption assessments in order to estimate 

trajectory models. Therefore, it is possible that different trajectories could have emerged had 

we not excluded these participants.
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5. Conclusions

In summary, the current study adds to the literature on the effect of longitudinal alcohol 

consumption on CVD among PLWH, by focusing on early subclinical manifestations of 

CVD. This study provides important new information regarding the specific effect of 

moderate alcohol use, and thus helps fill the gap in this area of alcohol research. Future 

research should continue to investigate the effect of alcohol use on atherosclerosis and 

interactions with other significant factors, such as mental health issues, social support, and 

antiretroviral treatments. It is possible, that through this continued research, we may be able 

to identify subgroups of drinkers that are at greater risk for CVD, by which tailored 

interventions can target. Further, validation of the J-curve association could focus on the 

proposed risk mechanisms between alcohol consumption and cardiovascular health. For 

example, if moderate consumption is protective, we would expect a decrease in 

proinflammatory (i.e., C-reactive protein, interleukin-6, tumor necrosis factor) and cardiac 

biomarkers (i.e., creatine kinase, myoglobin, cardiac troponins).
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Acknowledgments

Role of funding source

This work was supported by the National Institute of Alcoholism and Alcohol Abuse (predoctoral support for 
Kelso-Chichetto, F31 AA024064), the National Center for Advancing Translational Sciences (postdoctoral support 
for Kelso-Chichetto, CTSA award No. TL1TR002244), the National Institute of Mental Health (Shoptaw, P30-
MH-058107), and Miami WIHS (support for Cook, U01-AI103397).

The funding source had no involvement in study design, analysis, or interpretation of the data; in the writing of the 
report or the decision to submit for publication.

Data in this manuscript were collected by WIHS and MACS. The contents of this publication are solely the 
responsibility of the authors and do not represent the official views of the National Institutes of Health (NIH). 
WIHS (Principal Investigators): Bronx WIHS (Kathryn Anastos), U01-AI-035004; Brooklyn WIHS (Howard 
Minkoff and Deborah Gustafson), U01-AI-031834; Chicago WIHS (Mardge Cohen and Audrey French), U01-
AI-034993; Metropolitan Washington WIHS (Seble Kassaye), U01-AI034994; Connie Wofsy Women’s HIV Study, 
Northern California (Ruth Greenblatt, Bradley Aouizerat, and Phyllis Tien), U01-AI-034989; WIHS Data 
Management and Analysis Center (Stephen Gange and Elizabeth Golub), U01-AI-042590; Southern California 
WIHS (Joel Milam), U01-HD-032632 (WIHS I – WIHS IV). The WIHS is funded primarily by the National 
Institute of Allergy and Infectious Diseases (NIAID), with additional co-funding from the Eunice Kennedy Shriver 
National Institute of Child Health and Human Development (NICHD), the National Cancer Institute (NCI), the 
National Institute on Drug Abuse (NIDA), and the National Institute on Mental Health (NIMH). Targeted 
supplemental funding for specific projects is also provided by the National Institute of Dental and Craniofacial 
Research (NIDCR), the National Institute on Alcohol Abuse and Alcoholism (NIAAA), the National Institute on 
Deafness and other Communication Disorders (NIDCD), and the NIH Office of Research on Women’s Health. 
WIHS data collection is also supported by UL1-TR000004 (UCSF CTSA) and UL1-TR000454 (Atlanta CTSA). 
MACS (Principal Investigators): Johns Hopkins University Bloomberg School of Public Health (Joseph Margolick), 
U01-AI35042; Northwestern University (Steven Wolinsky), U01-AI35039; University of California, Los Angeles 
(Roger Detels), U01-AI35040; University of Pittsburgh (Charles Rinaldo), U01-AI35041; the Center for Analysis 
and Management of MACS, Johns Hopkins University Bloomberg School of Public Health (Lisa Jacobson), UM1-
AI35043. The MACS is funded primarily by the National Institute of Allergy and Infectious Diseases (NIAID), 
with additional co-funding from the National Cancer Institute (NCI), the National Institute on Drug Abuse (NIDA), 
and the National Institute of Mental Health (NIMH). Targeted supplemental funding for specific projects was also 
provided by the National Heart, Lung, and Blood Institute (NHLBI), and the National Institute on Deafness and 
Communication Disorders (NIDCD). MACS data collection is also supported by UL1-TR001079 (JHU ICTR) from 
the National Center for Advancing Translational Sciences (NCATS) a component of the National Institutes of 

Kelso-Chichetto et al. Page 9

Drug Alcohol Depend. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Health (NIH), and NIH Roadmap for Medical Research. The contents of this publication are solely the 
responsibility of the authors and do not represent the official views of the National Institutes of Health (NIH), Johns 
Hopkins ICTR, or NCATS. The MACS website is located at http://aidscohortstudy.org/

Other funding sources for this study include 1R01HL126543, R01-HL-083760, R01-HL-095140, and R21-
HL-120394 to R. C. K., R01-HL-095129 to W. S. P., and P30-AI-051519 to the Einstein Montefiore Center for 
AIDS Research.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the online version, at http://

dx.doi.org/10.1016/j.drugalcdep.2017.09.034.

References

Andruff H, Carraro N, Thompson A, Gaudreau P, Louvet B. Latent class growth modeling: a tutorial. 
Tutor Quant Methods Psychol. 2009; 5:11–24.

Bacon MC, von Wyl V, Alden C, Sharp G, Robison E, Hessol N, Gange S, Barranday Y, Holman S, 
Weber K, Young MA. The women’s interagency HIV study: an observational cohort brings clinical 
sciences to the bench. Clin Diagn Lab Immunol. 2005; 1:1013–1019.

Bahrami H, Budoff M, Haberlen SA, Rezaeian P, Ketlogetswe K, Tracy R, Palella F, Witt MD, 
McConnell MV, Kingsley L, Post WS. Inflammatory markers associated with subclinical coronary 
artery disease: the Multicenter AIDS Cohort Study. J Am Heart Assoc. 2016; 5 http://dx.doi.org/
10.1161/JAHA.116.003371. 

Barkan SE, Melnick SL, Preston-Martin S, Weber K, Kalish LA, Miotti P, Young M, Greenblatt R, 
Sacks H, Feldman J. The women’s interagency HIV study. WIHS collaborative study group. 
Epidemiol Camb Mass. 1998; 9:117–125.

Bauer M, Delaney JAC, Mohlenkamp S, Jockel KH, Kronmal RA, Lehmann N, Mukamal KJ, Moebus 
S, Polak JF, Dragano N, Budoff MJ, Erbel R, McClelland RL, Multi-ethnic study of atherosclerosis 
the investigator group of the Heinz Nixdorf Recall Study. Comparison of factors associated with 
carotid intima-media thickness in the multi-ethnic study of atherosclerosis (MESA) and the Heinz 
Nixdork Recall Study (HNR). J Am Soc Echocardiogr. 2013; 26:667–673. [PubMed: 23611058] 

Brenchley JM, Douek DC. Microbial translocation across the GI tract. Annu Rev Immonol. 2012; 
30:149173.

Brinton EA. Effects of ethanol intake on lipoproteins. Curr Atheroscler Rep. 2012; 14:108–114. 
[PubMed: 22350634] 

Britton A, Hardy R, Kuh D, Deanfield J, Charakida M, Bell S. Twenty-year trajectories of alcohol 
consumption during midlife and atherosclerotic thickening in early old age: findings from two 
British population cohort studies. BMC Med. 2016; 14:111. [PubMed: 27473049] 

Carrieri MP, Protopopescu C, Le Moing V, Reboud P, Raffi F, Mahy S, Roux P, Cuzin L, Spire B, 
Leport C, S CO8 APROCO-COPILOTE Study Group. Impact of immunodepression and moderate 
alcohol consumption on coronary and other arterial disease events in an 11-year cohort of HIV 
infected patients on antiretroviral therapy. BMJ Open. 2012; 2:e001155.

Chitsaz E, Meyer JP, Krishnan A, Springer SA, Marcus R, Zaller N, Jordan AO, Lincoln T, Flanigan 
TP, Porterfield J, Altice FL. Contribution of substance use disorders on HIV treatment outcomes 
and antiretroviral medication adherence among HIV-infected persons entering jail. AIDS Behav. 
2013; 17:S118–S127. [PubMed: 23673792] 

Conen A, Fehr J, Glass TR, Furrer H, Weber R, Vernazza P, Hirschel B, Cavassini M, Bernasconi E, 
Bucher HC, Battegay M, Swiss HIV Cohort study. Self-reported alcohol consumption and its 
association with adherence and outcome of antiretroviral therapy in the Swiss HIV Cohort Study. 
Antivir Ther. 2009; 14:349–357. [PubMed: 19474469] 

Cook RL, Zhu F, Belnap BH, Weber KM, Cole SR, Vlahov D, Cook JA, Hessol NA, Wilson TE, 
Plankey M, Howard AA, Sharp GB, Richardson JL, Cohen MH. Alcohol consumption trajectory 
patterns in adult women with HIV infection. AIDS Behav. 2013; 17:1705–1712. [PubMed: 
22836592] 

Kelso-Chichetto et al. Page 10

Drug Alcohol Depend. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://aidscohortstudy.org/
http://dx.doi.org/10.1016/j.drugalcdep.2017.09.034
http://dx.doi.org/10.1016/j.drugalcdep.2017.09.034
http://dx.doi.org/10.1161/JAHA.116.003371
http://dx.doi.org/10.1161/JAHA.116.003371


Corral I, Quereda C, Moreno A, Pérez-Elías MJ, Dronda F, Casado JL, Muriel A, Masjuán J, Alonso-
deLeciñana M, Moreno S. Cerebrovascular ischemic events in HIV-1-infected patients receiving 
highly active antiretroviral therapy: incidence and risk factors. Cerebrovasc Dis. 2009; 27:559–
563. [PubMed: 19390181] 

Corrao G, Rubbiati L, Bagnardi V, Zambon A, Poikolainen K. Alcohol and coronary heart disease: a 
meta-analysis. Addiction. 2000; 95:1505–1523. [PubMed: 11070527] 

D’Abramo A, Zingaropoli MA, Oliva A, D’Agostino C, Al Moghazi S, De Luca G, Iannetta M, 
Mastroianni CM, Vullo V. Immune activation, immunosenescence, and osteoprotegerin as markers 
of endothelial dysfunction in sub-clinical HIV-associated atherosclerosis. Mediators Inflamm. 
2014; 2014:192594. [PubMed: 25374442] 

Davis PH, Dawson JD, Mahoney LT, Lauer RM. Increased carotid intimalmedial thickness and 
coronary calcification are related in young and middle-aged adults. The Muscatine Study 
Circulation. 1999; 100:838–842. [PubMed: 10458720] 

De Luca G, Venegoni L, Iorio S, Secco GG, Cassetti E, Verdoia M, Schaffer A, Coppo L, Bellomo G, 
Marino P, Novara Atherosclerosis Study Group. Platelet distribution width and the extent of 
coronary artery disease: results from a large prospective study. Platelets. 2010; 21:508–514. 
[PubMed: 20874431] 

Del Boca FK, Darkes J. The validity of self-reports of alcohol consumption: state of the science and 
challenges for research. Addiction. 2003; 98:1–12.

Detels R, Phair JP, Saah AJ, Rinaldo CR, Murioz A, Kaslow RA. Recent scientific contributions to 
understanding HIV/AIDS from the multicenter AIDS cohort study. J Epidemiol. 1992; 2:11–19.

Dudley J, Jin S, Hoover D, Metz S, Thackeray R, Chmiel J. The multicenter AIDS cohort study: 
retention after 9 1/2 years. Am J Epidemiol. 1995; 142:323–330. [PubMed: 7631636] 

Freiberg MS, So-Armah K. HIV and cardiovascular disease: we need a mechanism, and we need a 
plan. J Am Heart Assoc. 2016; 5:e003411.

Freiberg MS, McGinnis KA, Kraemer K, Samet JH, Conigliaro J, Curtis Ellison R, Bryant K, Kuller 
LH, Justice AC, Project Team, V.A.C.S. The association between alcohol consumption and 
prevalent cardiovascular diseases among HIV infected and HIV-uninfected men. J Acquire 
Immune Defic Syndr. 2010; 53:247–253.

Galvan FH, Bing EG, Fleishman JA, London AS, Caetano R, Burnam MA, Longshore D, Morton SC, 
Orlando M, Shapiro M. The prevalence of alcohol consumption and heavy drinking among people 
with HIV in the United States: results from the HIV Cost and Services Utilization Study. J Study 
Alcohol. 2002; 63:179–186.

Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med. 2005; 
352:1685–1695. [PubMed: 15843671] 

Hodis HN, Mack WJ, Lobo RA, Shoupe D, Sevanian A, Mahrer PR, Selzer RH, Liu Cr CR, Liu Ch 
CH, Azen SP, Estrogen in the Prevention of Atherosclerosis Trial Research Group. Estrogen in the 
prevention of atherosclerosis. A randomized, double-blind, placebo-controlled trial. Ann Intern 
Med. 2001; 135:939–953. [PubMed: 11730394] 

Hougaku H, Fleg JL, Lakatta EG, Scuteri A, Earley CJ, Najjar S, Deb S, Metter EJ. Effect of light-to-
moderate alcohol consumption on age-associated arterial stiffening. Am J Cardiol. 2005; 95

Hsu DC, Ma YF, Hur S, Li D, Rupert A, Scherzer R, Kalapus SC, Deeks S, Sereti I, Hsue PY. Plasma 
IL-6 levels are independently associated with atherosclerosis and mortality in HIV-infected 
individuals on suppressive antiretroviral therapy. AIDS. 2016; 30:2065–2074. [PubMed: 
27177313] 

Hsue PY, Hunt PW, Schnell A, Kalapus SC, Hoh R, Ganz P, Martin JN, Deeks SG. Role of viral 
replication, antiretroviral therapy, and immunodeficiency in HIV-associated atherosclerosis. AIDS. 
2009; 23:1059–1067. [PubMed: 19390417] 

Justice AC, Zingmond DS, Gordon KS, Fultz SL, Goulet JL, King JT Jr, Bravata DM, Valdez H, Kraft 
M, Mattocks KM, Veterans Aging Cohort Study Project Team. Drug toxicity, HIV progression, or 
comorbidity of aging: does tipranavir use increase the risk of intracranial hemorrhage? Clin Infect 
Dis. 2008; 47:1226–1230. [PubMed: 18831696] 

Kelso-Chichetto et al. Page 11

Drug Alcohol Depend. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Kaplan RC, Kingsley LA, Gange SJ, Benning L, Jacobson LP, Lazar J, Anastos K, Tien PC, Sharrett 
AR, Hodis HN. Low CD4+ T-cell count as a major atherosclerosis risk factor in HIV-infected 
women and men. AIDS. 2008; 22:1615–1624. [PubMed: 18670221] 

Kaslow RA, Ostrow DG, Detels R, Phair JP, Polk BF, Rinaldo CR. The Multicenter AIDS Cohort 
Study: rationale, organization, and selected characteristics of the participants. Am J Epidemiol. 
1987; 126:310–318. [PubMed: 3300281] 

Kelly SG, Plankey M, Post WS, Li X, Stall R, Jacobson LP, Witt MD, Kingsley L, Cox C, Budoff M, 
Palella FJ Jr. Associations between tobacco, alcohol, and drug use with coronary artery plaque 
among HIV-Infected and uninfected men in the Multicenter AIDS Cohort Study. PLoS One. 2016; 
11:e0147822. [PubMed: 26811937] 

Kelso NE, Sheps DS, Cook RL. The association between alcohol use and cardiovascular disease 
among people living with HIV: A systematic review. Am J Drug Alcohol Abuse. 2015; 41:479–
488. [PubMed: 26286352] 

Kim MK, Shin J, Kweon SS, Shin DH, Lee YH, Chun BY, Choi BY. Harmful and beneficial 
relationships between alcohol consumption and subclinical atherosclerosis. Nutr Metab Cardiovasc 
Dis. 2014; 24:767–776. [PubMed: 24694837] 

Klatt NR, Funderburg NT, Brenchley JM. Microbial translocation, immune activation, and HIV 
disease. Trends Microbiol. 2013; 21:6–13. [PubMed: 23062765] 

Kohsaka S, Jin Z, Rundek T, Homma S, Sacco RL, Di Tullio MR. Alcohol consumption and 
atherosclerotic burden in the proximal thoracic aorta. Atherosclerosis. 2011; 219:794–798. 
[PubMed: 21885050] 

Lee YH, Shin MH, Kweon SS, Choi SW, Kim HY, Ryu SY, Kim BH, Rhee JA, Choi JS. Alcohol 
consumption and carotid artery structure in Korean adults aged 50 years and older. BMC Public 
Health. 2009; 9:358. [PubMed: 19775442] 

Lester SJ, Eleid MF, Khandheria BK, Hurst RT. Carotid intima-media thickness and coronary artery 
calcium score as indications of subclinical atherosclerosis. Mayo Clin Proc. 2009; 84:229–233. 
[PubMed: 19252109] 

Míguez-Burbano MJ, Lewis JE, Malow R. Alcohol and race/ethnicity elicit different changes in lipid 
profiles in HIV-infected individuals receiving highly active antiretroviral therapy. J Assoc Nurses 
AIDS Care. 2009; 20:176–183. [PubMed: 19427595] 

Maniar A, Ellis C, Asmuth D, Pollard R, Rutledge J. HIV infection and atherosclerosis: evaluating the 
drivers of inflammation. Eur J Prev Cardiol. 2013; 10:720–728.

Marshall BDL, Operario D, Bryant KJ, Cook RL, Edelman EJ, Gaither JR, Gordon AJ, Kahler CW, 
Maisto SA, McGinnis KA, van den Berg JJ, Zaller ND, Justice AC, Fiellin DA. Drinking 
trajectories among HIV-infected men who have sex with men: a cohort study of United States 
veterans. Drug Alcohol Depend. 2015a; 148:69–76. [PubMed: 25596785] 

Marshall BDL, Shoveller JA, Kahler CW, Koblin BA, Mayer KH, Mimiaga MJ, van den Berg JJ, 
Zaller ND, Operario D. Heavy drinking trajectories among men who have sex with men: a 
longitudinal, group-based analysis. Alcohol Clin Exp Res. 2015b; 39:380–389. [PubMed: 
25684055] 

McElduff P, Dobson AJ. How much alcohol and how often? Population based case-control study of 
alcohol consumption and risk of major coronary event. BMJ. 1997; 314:1159–1164. [PubMed: 
9146388] 

Mukamal KJ, Conigrave KM, Mittleman MA, Camargo CA Jr, Stampfer MJ, Willett WC, Rimm EB. 
Role of drinking pattern and type of alcohol consumed in coronary heart disease in men. N Engl J 
Med. 2003a; 348:109–118. [PubMed: 12519921] 

Mukamal KJ, Kronmal RA, Mittleman MA, O’Leary DH, Polak JF, Cushman M, Siscovick DS. 
Alcohol consumption and carotid atherosclerosis in older adults: the Cardiovascular Health Study. 
Arteroscler Thromb Vasc Biol. 2003b; 23:2252–2259.

National Institute of Health. National Heart, Lung, and Blood Institute: What Is Atherosclerosis?. 
2011. Accessed at http://www.nhlbi.nih.gov/health/health-topics/topics/atherosclerosis/ Retrieved 
on June 2, 2016

Neuhaus J, Jacobs DR Jr, Baker JV, Calmy A, Duprez D, La Rosa A, Kuller LH, Pett SL, Ristola M, 
Ross MJ, Shlipak MG, Tracy R, Neaton JD. Markers of inflammation, coagulation, and renal 

Kelso-Chichetto et al. Page 12

Drug Alcohol Depend. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.nhlbi.nih.gov/health/health-topics/topics/atherosclerosis/


function are elevated in adults with HIV infection. J Infect Dis. 2010; 201:1788–1795. [PubMed: 
20446848] 

Reid MC, Fiellin DA, O’Connor PG. Hazardous and harmful alcohol consumption in primary care. 
Arch Intern Med. 1999; 159:1681–1689. [PubMed: 10448769] 

Reynolds K, Lewis B, Nolen JD, Kinney GL, Sathya B, He J. Alcohol consumption and risk of stroke: 
a meta-analysis. JAMA. 2003; 289:579–588. [PubMed: 12578491] 

Sacco RL, Elkind M, Boden-Albala B, Lin IF, Kargman DE, Hauser WA, Shea S, Paik MC. The 
protective effect of moderate alcohol consumption on ischemic stroke. JAMA. 1999; 281:53–60. 
[PubMed: 9892451] 

Sander D, Kukla C, Klingelhofer J, Winbeck K, Conrad B. Relationship between circadian blood 
pressure patterns and progression of early carotid atherosclerosis: a 3-year follow-up study. 
Circulation. 2000; 102:1536–1541. [PubMed: 11004145] 

Schminke U, Luedemann J, Berger K, Alte D, Mitusch R, Wood WG, Jaschinski A, Barnow S, John U, 
Kessler C. Association between alcohol consumption and subclinical carotid atherosclerosis: the 
study of health in Pomerania. Stroke. 2005; 36:1746–1752. [PubMed: 16002763] 

Shrestha S, Irvin MR, Grunfeld C, Arnett DK. HIV, inflammation, and calcium in atherosclerosis. 
Arterioscler Thromb Vasc Biol. 2014; 34:244–250. [PubMed: 24265418] 

Sosef MN, Bosch JG, van Oostayen J, Visser T, Reiber JH, Rosendall FR. Relation of plasma 
coagulation factor VII and fibrinogen to carotid artery intimamedia thickness. Thromb Haemost. 
1994; 72:250–254. [PubMed: 7831661] 

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, Najjar SS, Rembold CM, Post WS, 
American Society of Echocardiography Carotid Intima-Media Thickness Task Force. Use of 
carotid ultrasound to identify subclinical vascular disease and evaluate cardiovascular disease risk: 
a consensus statement from the American Society of Echocardiography Carotid Intima-Media 
Thickness Task Force. Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiogr. 
2008; 21:93–111. [PubMed: 18261694] 

Strategies for Management of Antiretroviral Therapy (SMART) Study Group. El-Sadr WM, Lundgren 
J, Neaton JD, Gordin F, Abrams D, Arduino RC, Babiker A, Burman W, Clumeck N, Cohen CJ, 
Cohn D, Cooper D, Darbyshire J, Emery S, Fätkenheuer G, Gazzard B, Grund B, Hoy J, Klingman 
K, Losso M, Markowitz N, Neuhaus J, Phillips A, Rappoport C. CD4+ count-guided interruption 
of antiretroviral treatment. N Engl J Med. 2006; 355:2283–2296. [PubMed: 17135583] 

Vaccarino V, Bremner JD. Behavioral, emotional and neurobiological determinants of coronary heart 
disease risk in women. Neurosci Biobehav Rev. 2016; 74:297–309. [PubMed: 27496672] 

Vu KN, Ballantyne CM, Hoogeveen RC, Nambi V, Volcik KA, Boerwinkle E, Morrison AC. Causal 
role of alcohol consumption in an improved lipid profile: the Atherosclerosis Risk in Communities 
(ARIC) Study. PLoS One. 2016; 11:e0148765. [PubMed: 26849558] 

Wandeler G, Kraus D, Fehr J, Conen A, Calmy A, Orasch C, Battegay M, Schmid P, Bernasconi E, 
Furrer H, Swiss Cohort Study, H.I.V. The j-curve in HIV: Low and moderate alcohol intake 
predicts mortality but not the occurrence of major cardiovascular events. J Acquir Immune Defic 
Syndr. 2016; 71:302–309. [PubMed: 26444500] 

Womack JA, Chang CH, So-Armah KA, Alcorn C, Baker JV, Brown ST, Budoff M, Butt AA, Gibert 
C, Goetz MB, Gottdiener J, Gottlieb S, Justice AC, Leaf D, McGinnis K, Rimland D, Rodriguez 
Barradas MC, Sico J, Skanderson M, Tindle H, Tracy RP, Warner A, Freiberg MS. HIV infection 
and cardiovascular disease in women. J Am Heart Assoc. 2014; 3:e001035. [PubMed: 25324353] 

Xie X, Ma YT, Yang YN, Fu ZY, Ma X, Huang D, Li XM, Chen BD, Liu F, Huang Y, Liu C, Zhang 
XL, Zheng YY, Baituola G, Wang BZ, Du L, Gao X. Alcohol consumption and carotid 
atherosclerosis in China: the cardiovascular risk survey. Eur J Prev Cardiol. 2012; 19:314–321. 
[PubMed: 21450566] 

Zureik M, Gariépy J, Courbon D, Dartigues JF, Ritchie K, Tzourio C, Alpérovitch A, Simon A, 
Ducimetiére P. Alcohol consumption and carotid artery structure in older French adults: the Three-
City Study. Stroke. 2004; 35:2770–2775. [PubMed: 15514169] 

Zyriax BC, Lau K, Klähn T, Boeing H, Völzke H, Windler E. Association between alcohol 
consumption and carotid intima-media thickness in a healthy population: data of the STRATEGY 

Kelso-Chichetto et al. Page 13

Drug Alcohol Depend. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Study (Stree, Atherosclerosis and ECG Study). Eur J Clin Nutr. 2010; 64:1199–1206. [PubMed: 
20664623] 

Kelso-Chichetto et al. Page 14

Drug Alcohol Depend. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
10-year alcohol consumption trajectories by cohort.

Panel A: Alcohol consumption patterns in women prior to incident atherosclerosis 

assessment; Panel B: Alcohol consumption patterns in men prior to incident atherosclerosis 

assessment
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Table 1

Sample characteristics of women and men living with HIV by cohort.

Characteristics Women
(N = 483)

Men
(N = 305)

P

Race < 0.001

White 96 (20) 127 (42)

Black 307 (63) 133 (44)

Other (Asian, Native American, etc.) 80 (17) 45 (15)

Age, mean (IQR) 50.6 (45.5–54.8) 65.3 (60.7–70.5) < 0.001

Smoking pack-years, mean (IQR) 2.6 (0.0–3.8) 1.7 (0.0–2.1) < 0.01

Illicit drug use < 0.001

No 451 (93) 257 (84)

Yes 32 (7) 48 (16)

Hepatitis C status 0.37

Negative 415 (86) 255 (84)

Positive 68 (14) 50 (16)

HIV RNA Viral Load < 0.001

 < 200 copies/mL 346 (72) 273 (90)

≥ 200 copies/mL 137 (28) 32 (10)

10-year alcohol consumption pattern < 0.001

Abstinent-Low 226 (47) 59 (19)

Moderate 210 (43) 218 (72)

Heavy 47 (10) 28 (9)

Incident lesions 0.04

No 426 (88) 253 (83)

Yes 57 (12) 52 (17)

Abbreviations: IQR, interquartile range
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