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Abstract

Background—Although high rates of alcohol consumption and related problems have been 

observed among HIV-infected men who have sex with men (MSM), little is known about the 

long-term patterns of and factors associated with hazardous alcohol use in this population. We 

sought to identify alcohol use trajectories and correlates of hazardous alcohol use among HIV-

infected MSM.

Methods—Sexually active, HIV-infected MSM participating in the Veterans Aging Cohort 

Study were eligible for inclusion. Participants were recruited from VA infectious disease clinics in 

Atlanta, Baltimore, New York, Houston, Los Angeles, Pittsburgh, and Washington, DC. Data 

from annual self-reported assessments and group-based trajectory models were used to identify 

distinct alcohol use trajectories over an eight-year study period (2002–2010). We then used 

generalized estimate equations (GEE) to examine longitudinal correlates of hazardous alcohol use 

(defined as an AUDIT-C score ≥4).

Results—Among 1,065 participants, the mean age was 45.5 (SD=9.2) and 606 (58.2%) were 

African American. Baseline hazardous alcohol use was reported by 309 (29.3%). Group-based 

trajectory modeling revealed a distinct group (12.5% of the sample) with consistently hazardous 

alcohol use, characterized by a mean AUDIT-C score of >5 at every time point. In a GEE-based 

multivariable model, hazardous alcohol use was associated with earning <$6,000 annually, having 

an alcohol-related diagnosis, using cannabis, and using cocaine.

Conclusions—More than 1 in 10 HIV-infected MSM US veterans reported consistent, long-

term hazardous alcohol use. Financial insecurity and concurrent substance use were predictors of 

consistently hazardous alcohol use, and may be modifiable targets for intervention.
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1. INTRODUCTION

Frequent alcohol use and heavy episodic drinking are common among gay, bisexual, and 

other men who have sex with men (MSM; Stall et al., 2001; Thiede et al., 2003). Findings 

from some nationally representative surveys suggest that MSM use alcohol more frequently 

than heterosexual men (Cochran et al., 2000; Dermody et al., 2014). Hazardous alcohol 

consumption (drinking that is associated with risk for alcohol problems) is a particular 

concern among MSM living with HIV, and is associated with poorer HIV treatment 

outcomes (Woolf-King et al., 2014). A recently published study of HIV-infected MSM in 

primary care found that hazardous alcohol use was associated with having a detectable viral 

load (Skeer et al., 2012a). Moreover, hazardous alcohol use is an established predictor of 

sexual risk behavior with HIV-negative or unknown status partners among HIV-positive 

MSM (Bruce et al., 2013; Parsons et al., 2005; Purcell et al., 2001). Among HIV positive 

persons generally, the sequelae of long-term hazardous alcohol use includes a range of 

adverse health outcomes, including medical and psychiatric comorbidities (Freiberg and 

Kraemer, 2010; Lim et al., 2014; Sullivan et al., 2011), liver disease (Salmon-Ceron et al., 

2005), and poorer immune status (Skeer et al., 2012b).

Despite the individual and public health consequences related to alcohol use among HIV-

infected MSM, few longitudinal studies have examined how patterns of drinking may 

change over time. The identification of distinct alcohol use “trajectories” (i.e., well-defined 

sub-groups of people who follow similar patterns of alcohol consumption over time) has a 

number of important public health implications. Such methods could improve the predictive 

capacity of screening tools to identify individuals at high risk of continued hazardous 

alcohol use, and may also result in better understanding of the adverse health outcomes 

associated with long-term, consistent hazardous alcohol use (compared to episodic 

hazardous drinking). The determination of hazardous drinking trajectories may also be 

useful for developing and focusing more intensive pharmacological and non-

pharmacological treatment for subgroups of HIV-infected MSM at greatest risk of alcohol 

problems. Research to date has primarily focused on drinking trajectories during critical 

developmental periods of adolescence to emerging adulthood (Chassin et al., 2002; 

Hatzenbuehler et al., 2008; Marshal et al., 2009). Much less is known about alcohol use 

trajectories among adult MSM, particularly those living with HIV.

Not only are the longitudinal patterns of alcohol use in HIV-infected MSM poorly 

understood, the predictors of distinct alcohol use trajectories have not been well examined. 

However, in military populations, depression and posttraumatic stress disorder (PTSD) have 

been identified as key risk factors for the development and acceleration of alcohol-related 

problems (Jacobson et al., 2008; Marshall et al., 2012; Seal et al., 2011). A recent study 

observed significantly higher rates of hazardous alcohol use among gay and bisexual 

veterans compared to heterosexual males, as well as an increased prevalence of concurrent 

PTSD symptomatology and depression (Cochran et al., 2013). Further research is required to 

inform alcohol-focused prevention and risk reductions interventions for the over one million 

sexual minority veterans in the United States (Gates, 2004), including those who are HIV-

infected.
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The primary objective of this study was to identify long-term alcohol drinking trajectories 

among HIV-infected, sexually active MSM in a prospective cohort of veterans engaged in 

care in the United States. Additionally, we sought to examine the sociodemographic, 

behavioral, and clinical correlates of hazardous alcohol use in order to identify modifiable 

factors that may improve alcohol treatment interventions for this population.

2. MATERIAL AND METHODS

2.1. Study Design and Data Sources

The primary objectives, design, and methods of the Veterans Aging Cohort Study (VACS) 

have been described elsewhere (Conigliaro et al., 2004; Justice et al., 2006, 2001). This 

study utilizes data from the eight-site VACS, which enrolled HIV-infected participants 

receiving medical care at Veterans Health Administration (VHA) facilities in: Atlanta, 

Georgia; Baltimore, Maryland; Bronx, New York; Houston, Texas; Los Angeles, California; 

Manhattan, New York; Pittsburgh, Pennsylvania; and Washington, D.C. from 2002 to 2010 

(Justice et al., 2006). At each assessment scheduled approximately annually (six waves of 

data collection in total), participants completed a comprehensive questionnaire, which 

solicits information regarding sociodemographic characteristics, general health status, health 

conditions, alcohol and substance use, sexual activity, and other behaviors. In addition to 

self-reported survey data, VACS extracted and linked information from electronic medical 

records, including diagnoses recorded using the International Classification of Diseases, 

Ninth Revision (ICD-9) codes (Centers for Disease Control and Prevention, 2013). The 

VACS was approved by the institutional review boards at each participating VHA Medical 

Center and affiliated academic institutions.

2.2. Study Sample

All HIV-infected male participants enrolled between June 1st, 2002 and September 30th, 

2010 were eligible for inclusion. Of the 3,537 potentially eligible participants, we excluded 

1,390 (39.3%) who reported sex with females only at baseline, 943 (26.7%) who reported no 

recent sexual activity in the past year, and 99 (2.8%) who refused to answer the sexual 

activity questions. We also excluded 40 (1.1%) who reported never consuming an alcoholic 

drink in their lifetime. The final analytic baseline sample was 1,065 sexually active, HIV-

infected MSM. In all analyses (see below), we defined lost to follow-up as never returning 

to complete a follow-up assessment during the study period (i.e., date of recruitment until 

November 1st, 2011).

2.3. Measures

The primary outcomes for these analyses were scores on the AUDIT-C questionnaire (Bush 

et al., 1998). This screening test evaluates three measures of alcohol consumption, including 

frequency of alcohol use, quantity of alcohol consumed, and heavy episodic drinking 

(consumption of ≥6 drinks on ≥1 occasion) during the past year. The AUDIT-C has been 

found to be a reliable and valid screening instrument to assess risk of hazardous or harmful 

alcohol use among veterans (Bradley et al., 2003; Bush et al., 1998), including those 

enrolled in the VACS (McGinnis et al., 2013). The AUDIT-C was administered at baseline 

and at follow-up: in this longitudinal study, scores from all available assessments were 
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examined. To be consistent with previous studies (Bradley et al., 2007; Saitz, 2005), we 

defined hazardous alcohol use dichotomously as a score of ≥4 on the AUDIT-C.

We examined sociodemographic, behavioral, and clinical variables as correlates of 

hazardous alcohol use. These independent variables were chosen based on a priori 

hypotheses that were informed by previous studies examining factors associated with 

unhealthy alcohol use in male veterans and MSM (Cochran et al., 2013; Jakupcak et al., 

2010; Kraemer et al., 2006; Stall et al., 2001; Sullivan et al., 2011; Wong et al., 2008). 

Sociodemographic self-reported variables included: age (in years); education (some college 

or greater, high school or less); race (African American, white, other); ethnicity (Hispanic/

Latino, not Hispanic/Latino); marital status (married or living with partner, divorced/

separated/widowed, never married); employment status (employed for wages or self-

employed, unemployed/student/retired/unable to work/other); annual household income (<

$6,000, $6,000 – $11,999, $12,000 – $24,999, $25,000 – $49,999, ≥$50,000); and ever 

homeless (yes, no). Behavioral self-reported variables referred to activities in the past year, 

and included: type of sex partner(s) (males only, males and females); cannabis use (yes, no); 

cocaine use (yes, no); and other stimulant use (yes, no), including amphetamines, speed, and 

crystal methamphetamine. Clinical variables assessed included: depressive symptomatology, 

measured using the Patient Health Questionnaire (PHQ-9) (Kroenke et al., 2001); baseline 

hepatitis C virus (HCV) status (positive, negative), defined as a positive HCV antibody test 

or an ICD-9 code for this diagnosis; and past year receipt of VHA outpatient services for 

substance abuse treatment (yes, no), defined using substance use disorder-specific outpatient 

clinic “stop codes” (i.e., unique identifiers for all inpatient and outpatient care services 

received in the VHA; Harris et al., 2010). Finally, we used ICD-9 codes to define diagnoses 

for the following conditions, recorded between 12 months prior to VACS enrollment and the 

end of each participant’s follow-up: alcohol-related diagnosis (yes, no), defined by ICD-9 

codes 291.x, 303.x, and 305.0x; drug-related diagnosis (yes, no), defined by ICD-9 codes 

292.x and 305.2–305.9; major depressive disorder diagnosis (yes, no), defined by ICD-9 

codes 296.2x; and posttraumatic stress disorder (PTSD) (yes, no), defined by ICD-9 code 

309.81.

2.4. Statistical Analyses

As a first step, we assessed differences in sociodemographic, behavioral, and clinical 

characteristics by baseline hazardous alcohol use. We used the Pearson χ2 test for 

categorical data and the Wilcoxon rank-sum test for continuous data. We then plotted the 

proportion reporting hazardous alcohol use at each assessment, and used the Cochran-

Armitage trend to evaluate the presence of linear trends (Fleiss et al., 2003).

Next, we used a semi-parametric, group-based method (Jones et al., 2001) to fit AUDIT-C 

score trajectories. This approach has been used successfully in previous studies examining 

alcohol use trajectories among adolescents (Chassin et al., 2002) and HIV-infected women 

(Cook et al., 2013), as well as stimulant use trajectories among MSM (Lim et al., 2012). The 

procedure sorts each individual’s set of AUDIT-C scores from all surveys into “clusters”, 

and estimates a single model (consisting of distinct trajectories) from the data. The trajectory 

with the highest probability of membership is then assigned to each individual. Average 

Marshall et al. Page 5

Drug Alcohol Depend. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



posterior membership probabilities greater than 0.7 indicate adequate internal reliability 

(Andruff et al., 2009). Unlike latent class growth models, group-based trajectory modeling 

permits estimation of mean growth curves for each cluster, and captures the extent of 

individual variation around these group trajectories (Muthén and Muthén, 2000). Individuals 

with missing observations are included, since the procedure (PROC TRACJ) uses all values 

from each individual to estimate participants’ trajectories (Jones et al., 2001). We selected a 

zero-inflated Poisson outcome distribution for all trajectory-based models, based on 

visualization of the data (see Supplemental Material1).

Model selection requires determination of both the number of groups and the trajectory 

shapes which best describe the data (Jones and Nagin, 2007). To be consistent with 

published recommendations and previous studies employing PROC TRAJ (Nagin and 

Odgers, 2010; Østbye et al., 2011; Schmitz et al., 2013), we considered several factors to 

determine the number of groups and trajectory shapes. Specifically, we examined model fit 

statistics (i.e., the Bayesian information criterion [BIC], with BIC values closer to zero 

indicating a better fit), significance of polynomial terms, and the values of average posterior 

group membership probability, leaning towards parsimony in the number of trajectory 

groups. We aimed for models in which each group membership probability was greater than 

5% (Jones and Nagin, 2007). We started with quadratic specifications for each trajectory 

shape, as models with cubic polynomial specifications failed to converge. We first compared 

whether an additional group was a better fit, based on the criteria described above. If so, we 

then dropped non-significant polynomial terms from each trajectory shape, until a final BIC 

for that number of groups was obtained. This procedure was conducted iteratively until a 

final “best fit” model was determined. Estimated trajectories and observed mean AUDIT-C 

scores at each visit for each trajectory group were then computed and plotted using 

TRAJPLOT(Jones, 2012). Finally, we examined baseline factors associated with 

membership in each trajectory.

In a second set of longitudinal analyses, we examined factors associated with hazardous 

alcohol use over the study period using generalized estimating equations (GEE; Liang and 

Zeger, 1986). The following independent variables were considered as time-varying 

measures in GEE analyses: type of sex partner(s), depressive symptomatology, receipt of 

outpatient VHA substance abuse treatment, and substance use (i.e., cannabis, cocaine, 

stimulants). Third, to determine factors independently associated with hazardous alcohol use 

over follow-up, we fit a multivariable logistic GEE model, including all variables found to 

be significantly associated with hazardous alcohol use in bivariable analyses (p < 0.05). To 

account for population-averaged changes in the prevalence of hazardous alcohol use over 

the study period, linear and higher-order time variables (years since baseline) were included 

in the final model.

In a series of sensitivity analyses and to account for possible differential loss to follow-up, 

we re-ran the GEE regression models with stabilized inverse probability of censoring 

weights (IPCW) (Robins and Finkelstein, 2000). In IPCW analyses, the sample is 

reweighted such that the contribution of participants who remain in the study, but who share 

1Supplemental Material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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characteristics of persons who drop out, is effectively inflated. We constructed IPCW using 

pooled logistic regression, conditional on baseline covariates, as described elsewhere (Cain 

and Cole, 2009). All statistical analyses were conducted in SAS version 9.3 (SAS Institute 

Inc., Cary, NC), and all p-values are two-sided.

3. RESULTS

3.1. Sample Characteristics

The 1,065 eligible study subjects contributed a total of 5,103 person-years of follow-up. The 

median number of completed assessments was 3 (interquartile range [IQR]: 1–4). The 

characteristics of the study sample are shown in Table 1. Among 1,065 eligible participants, 

the median age at baseline was 45 (interquartile range [IQR]: 39 – 52) and the majority 

(58.0%) were African American. At baseline, 309 (29.0%) were classified as hazardous 

drinkers. As shown in Table 1, those with hazardous alcohol use at baseline were more 

likely to have low annual income, report a history of homelessness, report both male and 

female sex partners in the past year, use cannabis, use cocaine, and be HCV positive (all p < 

0.005). Hazardous drinkers were also more likely to: have an alcohol-related or drug-related 

diagnosis (both p < 0.001); have higher scores on the PHQ-9, indicating greater depressive 

symptomology (p = 0.002); and receive outpatient treatment for substance abuse in the past 

year (p = 0.031).

3.2. Hazardous Alcohol Use Over Time

Over the study period, 126 (11.8%) eligible participants were lost to follow-up. Persons lost 

to follow-up did not differ from those who remained in the study with respect to age, race, 

marital status, income, or baseline AUDIT-C score. Participants lost to follow-up were: 

more likely to have a high school or less education (33.3% vs. 23.6%); less likely to be 

employed (31.0% vs. 41.2%); and more likely to report ever experiencing homelessness 

(45.2% vs. 35.5%). We examined the extent to which these differences may have influenced 

our results in IPCW analyses (see below).

As shown in Figure 1, the proportion of participants classified with hazardous drinkers 

declined over subsequent years of follow-up (trend test p = 0.002). Between baseline 

enrollment and the final year of follow-up, the proportion scoring ≥4 on the AUDIT-C 

decreased from 29.0% to 24.2%. Results did not differ substantially in a weighted IPCW 

analysis to account for possible differential loss to follow-up (trend test p = 0.001).

3.3. Group-Based Drinking Trajectory Models

The estimated and observed mean AUDIT-C scores at each time point for the final group-

based trajectory model are shown in Figure 2. The final four-group solution (which had the 

lowest BIC, see Supplemental Material2) produced AUDIT-C score trajectories that were 

either stable or gradually decreasing over time. We classified the four trajectories as: 

infrequent drinkers (15.9% of the sample); low-risk drinkers (36.5%); potentially hazardous 

drinkers (37.6%); and consistently hazardous drinkers (12.0%). Infrequent, potentially 

2Supplemental Material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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hazardous, and consistently hazardous drinkers were best characterized by intercept and 

linear terms, while the low-risk drinking trajectory was best characterized by intercept, 

linear, and quadratic terms. The mean probability of membership in each group was 0.91, 

0.86, 0.82, and 0.89, respectively, indicating acceptable internal reliability. The proportion 

of participants missing more than three waves of data (the median number of completed 

assessments) did not vary significantly by group (p = 0.157).

Baseline factors that were associated with trajectory group membership are shown in Table 

2. As expected, the baseline AUDIT-C scores varied significantly across the groups: the 

mean score was 0.0 (standard deviation [SD] = 0.1), 1.5 (SD = 1.2), 3.4 (SD = 2.0), and 6.3 

(2.6) for infrequent drinkers, low-risk drinkers, potentially hazardous drinkers, and 

consistently hazardous drinkers, respectively. Other baseline factors significantly associated 

with group membership included age, education, race, employment status, annual income, 

history of homelessness, having diagnoses of an alcohol use disorder or drug use disorder, 

cannabis use, and cocaine use.

3.4. Factors Associated with Hazardous Alcohol Use Over Time

Factors associated with hazardous alcohol use in longitudinal analyses are shown in Table 3. 

In the final multivariable model, hazardous alcohol use was positively and independently 

associated with: <$6,000 in annual income, having an alcohol-related diagnosis, past year 

cannabis use, and past year cocaine use. Linear and quadratic time terms were significant in 

the final model, indicating a decreasing prevalence of unhealthy drinking earlier in the study 

period that stabilized over time. Results were not meaningfully different in a weighted GEE 

model using IPCW (data not shown).

4. DISCUSSION

This study demonstrated that the majority of HIV-infected male US military veterans in the 

VACS who have sex with men exhibited drinking trajectories congruous with stable alcohol 

consumption patterns. The proportion reporting hazardous alcohol use decreased over time, 

consistent with other studies (Dearing et al., 2013; Delucchi et al., 2004), and likely 

reflecting the tendency for total alcohol intake to decrease in older age (Ferreira and Weems, 

2008). Approximately one-third reported hazardous drinking at a given time point, and in 

longitudinal trajectory-based analyses, more than one in ten participants were classified as 

consistently hazardous drinkers. Compared to other groups, participants in this trajectory 

were most likely to report a history of homelessness and low annual income, have a prior 

drug-related diagnosis, and report concurrent use of cannabis and cocaine. Similarly, in a 

separate population-based model, hazardous alcohol use was independently associated with 

low annual income, having an alcohol-related diagnosis, concurrent cannabis use, and 

concurrent cocaine use.

The results of this study have a number of clinical and research implications. First, these 

analyses support the value of the AUDIT-C as a screening instrument for hazardous alcohol 

use among male veterans with HIV (Bradley et al., 2004; Bush et al., 1998; Crawford et al. 

2013). The group-based trajectory modeling identified a distinct group of individuals who 

reported consistently high AUDIT-C scores (i.e., ≥6). Importantly, over 90% of these 
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participants had a baseline AUDIT-C score ≥4. These results suggest that scores from the 

AUDIT-C may predict not only current hazardous drinking, but also continued, ongoing 

unhealthy alcohol use in the future. Finally, our finding that the consistently hazardous 

drinkers were most likely to use cannabis and cocaine, as well as have a drug-related 

diagnosis, suggests that integrated treatments, which simultaneously address alcohol and 

other drug use, may be beneficial.

The two longitudinal methods employed in this study (trajectory-based and marginal 

models) provide complementary yet distinct insights into the phenomenon of hazardous 

alcohol use among HIV-infected MSM. Specifically, the GEE model “pools” data from both 

consistent and episodic hazardous drinkers (i.e., those with continued AUDIT-C scores ≥4 

and those with scores above and below this cut-off) to identify population-based correlates 

of hazardous alcohol use. These findings provide clinicians and policymakers with insights 

into the characteristics of individuals who are likely to be hazardous drinkers at any given 

time point. In contrast, the trajectory-based models demonstrated that participants tended not 

to deviate substantially from their hazardous drinking patterns recorded at baseline (e.g., 

those who had AUDIT-C score ≥4 at baseline very likely to remain above this threshold). 

These results suggest that HIV-infected MSM reporting hazardous alcohol use may require 

comprehensive programs (rather than brief interventions) to mitigate the adverse health 

consequences of continued unhealthy alcohol consumption over many years.

In both GEE-based and trajectory modeling analyses, persons classified as consistently 

hazardous drinkers were more likely than other participants to report low annual income. 

These findings are consistent with an earlier analysis from our group demonstrating that 

heavy multiple substance users have lower incomes (Green et al., 2010). Collectively, these 

results suggest that financial stability may be a modifiable factor that, if intervened upon, 

may help to reduce unhealthy drinking behavior. A recently published randomized 

controlled trial demonstrated that individual placement and support (IPS) programs (i.e., 

individualized rapid job searches, community-based job placement) were effective at 

increasing competitive employment among veterans with PTSD (Davis et al., 2012). 

Another study demonstrated that the IPS model improves work outcomes of dually 

diagnosed veterans (Mueser et al., 2011). More research is needed to determine whether 

employment-based programs can have positive effects on other health outcomes among 

veterans, including reductions in alcohol use. In particular, given that employment status 

was not found to be a correlate of hazardous alcohol use in this study, IPS programs that 

primarily provide access to low-paying jobs may not be sufficient to reduce unhealthy 

alcohol and substance use in this population.

Although depressive symptomatology was positively associated with hazardous drinking in 

bivariable analyses, this variable lost significance in the final adjusted model. It is possible 

that sociodemographic factors such as age or history of homelessness may have confounded 

this association. Alternatively, the relationship between hazardous alcohol use and 

depression among HIV-infected MSM may be nonlinear and/or vary by social and 

environmental context. One recently published study of over 500 gay-identified men in 

Australia found that men with major depression were more likely than non-depressed men to 

abstain from alcohol use, but among users, major depression was associated with heavier 
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alcohol consumption patterns (Holt et al., 2012). Given ongoing concerns regarding 

depression and high rates of suicidality among sexual minority veterans (Blosnich et al., 

2012), further work is required to elucidate these relationships among HIV-infected male US 

veterans who have sex with men.

Our study has several important limitations. First, the study population was restricted to 

veterans receiving VHA medical care, and therefore the results may not necessarily be 

generalizable to all HIV-infected, MSM veterans or HIV-infected MSM in general. Second, 

most data were collected via self-report, which could be subject to under-reporting or recall 

bias. However, the instrument used to assess alcohol consumption is well validated (Bush et 

al., 1998; Frank et al., 2008), and the primary outcomes were highly correlated with 

measures of alcohol-related problems based on administrative data (i.e., ICD-9 diagnoses). 

Therefore, we do not expect these biases, if present, to influence our results. Third, although 

ICD-9 diagnostic codes have been shown to be a reasonable proxy for estimating the burden 

of some diseases (Borzecki et al., 2004; Tu et al., 2007), some misclassification with respect 

to these variables is likely. For example, veterans with less severe disease may not seek care, 

and hence would not have corresponding ICD codes recorded. Additionally, we were unable 

to analyze precise dates of clinical diagnosis, and thus relied on time-invariant indicator 

variables representing the presence or absence of an alcohol-related diagnosis, drug-related 

diagnosis, major depression, or PTSD spanning the period 12 months prior to the date of the 

baseline interview and the end of each participant’s follow-up. Finally, the selection and 

post hoc classification of the final set of drinking trajectories were ultimately subjective 

processes. However, we relied on established recommendations for group-based trajectory 

modeling (Jones and Nagin, 2007), and our classifications were informed by previously 

identified trajectories of alcohol consumption over the lifecourse (Chassin et al., 2002; Cook 

et al., 2013; Jacob et al., 2013, 2009).

In summary, we have demonstrated that group-based trajectory analysis is a promising 

method to identify patterns and correlates of long-term drinking trajectories among HIV-

infected MSM. Further work is needed to identify whether participants classified as 

consistently hazardous drinkers are at greater risk of adverse HIV-related and other health 

outcomes than individuals who screen positive for hazardous drinking at one time point. In 

particular, future research should investigate the association of membership in long-term 

hazardous drinking trajectories with the development of chronic multi-morbidities, 

hospitalization, and mortality. These findings support the need for the continued expansion 

of screening and treatment of alcohol use disorders in the VHA (The Management of 

Substance Use Disorders Working Group, 2009), specifically to increase the engagement 

and treatment of HIV-infected MSM who are consistently hazardous alcohol users.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• In this eight-year prospective cohort study, approximately 1 in 10 HIV-infected 

male veterans who have sex with men reported consistently hazardous alcohol 

use

• Hazardous alcohol consumption was associated with low annual income, 

cannabis use, cocaine use, and having an alcohol-related diagnosis

• Addressing concurrent substance use and improving financial security may be 

modifiable targets for intervention to reduce hazardous drinking in this 

population
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Figure 1. Declining prevalence of hazardous alcohol use among HIV-infected men who have sex 
with men
Hazardous alcohol use defined as a score of ≥4 on the AUDIT-C (Saitz, 2005). Note: data 

points represent average time (in years) since baseline enrollment for completion of follow-

up assessments 1 through 5. Abbreviations: VACS = Veterans Aging Cohort Study.
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Figure 2. Group-based AUDIT-C score trajectories among HIV-infected men who have sex with 
men (2002–2011)
Note: dashed lines (---) represent estimated trajectories; solid lines (−) represent observed 

mean AUDIT-C score values for each trajectory group. Note: x-axis values represent 

average time (in years) since baseline enrollment for completion of waves 2 through 6, Note: 

model selected based on BIC values shown in Figure S2 (see Supplemental Material3). The 

final model includes intercept and linear terms for infrequent, potentially hazardous, and 

unhealthy drinkers, and an intercept, linear, and quadratic term for low risk drinkers. 

Abbreviations: AUDIT-C = Alcohol Use Disorders Identification Test-Consumption 

questionnaire; VACS = Veterans Aging Cohort Study.
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Table 1

Sociodemographic, behavioral, substance use, and clinical characteristics associated with hazardous alcohol 

use at baseline† among HIV-infected male VACS participants who have sex with men (n= 1065)

Characteristic All
participants

Hazardous Alcohol Use†

p-valueYes
(n = 309)*

No
(n = 745)*

Age at baseline, median (IQR) 45 (39 – 52) 44 (39 – 50) 45 (39 – 52) 0.063

Race, n (%)

    African American 598 (58.0) 175 (58.6) 423 (59.2) 0.745

    White 374 (36.3) 109 (35.9) 265 (36.5)

    Other 59 (5.7) 20 (6.5) 39 (5.3)

Hispanic/Latino ethnicity, n (%) 91 (9.7) 31 (34.4) 59 (65.6) 0.245

Education, n (%)

    High school or less 258 (24.5) 84 (27.2) 174 (23.4) 0.188

    Some college or greater 796 (75.5) 225 (72.8) 571 (76.6)

Marital status at baseline, n (%)

    Married or living with partner 218 (20.9) 63 (20.7) 155 (21.0) 0.980

    Divorced/separated/widowed 308 (29.6) 89 (29.3) 219 (29.7)

    Never married 516 (49.5) 152 (50.0) 364 (49.3)

Employment status at baseline, n (%)

    Employed or self-employed 459 (43.5) 128 (41.4) 331 (44.4) 0.370

    Unemployed/retired/other 595 (56.5) 181 (58.6) 414 (55.6)

Annual income at baseline, n (%)

    < $6,000 149 (14.4) 68 (22.4) 81 (11.1) <0.001

    $6,000 – $11,999 237 (22.9) 67 (22.1) 170 (23.2)

    $12,000 – $24,999 269 (26.0) 73 (24.1) 196 (26.8)

    $25,000 – $49,999 256 (24.7) 72 (23.8) 184 (25.1)

    ≥$50,000 124 (12.0) 23 (7.6) 101 (13.8)

Ever homeless, n (%) 382 (36.3) 133 (43.0) 249 (33.5) 0.003

Sex partner(s)¶n (%)

    Males only 923 (87.6) 250 (80.9) 673 (90.3) <0.001

    Both males and females 131 (12.4) 59 (19.1) 72 (9.7)

Alcohol-related diagnosis§n (%) 240 (22.8) 123 (39.8) 117 (15.7) <0.001

Drug-related diagnosis§n (%) 282 (26.8) 120 (38.8) 162 (21.7) <0.001

Major depressive disorder diagnosis§n (%) 264 (24.8) 81 (26.2) 183 (24.6) 0.574

PTSD diagnosis§n (%) 88 (8.4) 33 (10.7) 55 (7.4) 0.078

PHQ-9 score‡ at baseline, median (IQR) 4 (1 – 9) 5 (1 – 9) 3 (1 – 8) 0.002

Cannabis use¶n (%) 427 (41.0) 152 (49.7) 275 (37.4) <0.001

Cocaine use¶n (%) 220 (21.2) 103 (33.6) 117 (16.0) <0.001

Stimulant use¶n (%) 90 (8.7) 30 (9.8) 60 (8.2) 0.414

Substance abuse treatment¶, n (%) 107 (10.2) 41 (13.3) 66 (8.9) 0.031
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Characteristic All
participants

Hazardous Alcohol Use†

p-valueYes
(n = 309)*

No
(n = 745)*

Positive HCV status at baseline, n (%) 342 (32.5) 124 (40.1) 218 (29.3) <0.001

†
Hazardous alcohol use de ined as a score of ≥ 4 on AUDIT-C (Saitz, 2005) at baseline;

¶
denotes use or experiences in the past-year, reported at baseline;

*
columns don’t add to 100% due to rounding and missing values;

‡
PHQ-9 score ≥10 indicates moderate depression severity (Kroenke et al., 2001).

§
recorded ICD-9 diagnosis between 12 months before VACS enrollment and end of study period. Abbreviations: HCV = hepatitis C virus; PHQ-9 

= Patient Health Questionnaire-9 (Kroenke et al., 2001); PTSD = posttraumatic stress disorder; VACS = Veterans Aging Cohort Study.

Drug Alcohol Depend. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Marshall et al. Page 20

T
ab

le
 2

So
ci

od
em

og
ra

ph
ic

, b
eh

av
io

ra
l, 

su
bs

ta
nc

e 
us

e,
 a

nd
 c

lin
ic

al
 f

ac
to

rs
 a

ss
oc

ia
te

d 
w

ith
 m

em
be

rs
hi

p 
in

 g
ro

up
-b

as
ed

 d
ri

nk
in

g 
tr

aj
ec

to
ri

es
 a

m
on

g 
H

IV
-i

nf
ec

te
d 

m
en

 w
ho

 h
av

e 
se

x 
w

ith
 m

en
(n

=
 1

06
5)

.

C
ha

ra
ct

er
is

ti
c

In
fr

eq
ue

nt
D

ri
nk

er
s

(n
= 

10
9)

L
ow

 R
is

k
(n

= 
36

4)

P
ot

en
ti

al
ly

H
az

ar
do

us
(n

= 
35

3)

C
on

si
st

en
tl

y
H

az
ar

do
us

(n
= 

11
3)

p-
va

lu
e*

m
ea

n,
 S

D

A
ge

 a
t b

as
el

in
e

47
.5

 (
9.

3)
45

.8
 (

8.
8)

44
.5

 (
9.

8)
45

.0
 (

7.
2)

0.
01

4

A
U

D
IT

-C
 s

co
re

 a
t b

as
el

in
e

0.
0 

(0
.1

)
1.

5 
(1

.2
)

3.
4 

(2
.0

)
6.

3 
(2

.6
)

<
0.

00
1

D
ep

re
ss

iv
e 

sy
m

pt
om

ol
og

y 
(P

H
Q

-9
 s

co
re

) 
at

 b
as

el
in

e
5.

7 
(6

.4
)

5.
7 

(6
.3

)
5.

1 
(5

.3
)

6.
8 

(6
.4

)
0.

06
6

n,
 %

U
nh

ea
lth

y 
dr

in
ki

ng
 (

A
U

D
IT

-C
 ≥

 4
) 

at
 b

as
el

in
e

0 
(0

.0
)

17
 (

4.
7)

15
1 

(4
2.

8)
10

2 
(9

1.
1)

<
0.

00
1

H
ig

h 
sc

ho
ol

 e
du

ca
tio

n 
or

 g
re

at
er

74
 (

67
.9

)
28

6 
(7

8.
6)

28
1 

(7
9.

6)
76

 (
67

.3
)

0.
00

6

A
fr

ic
an

 A
m

er
ic

an
 r

ac
e

58
 (

54
.2

)
22

8 
(6

4.
6)

18
9 

(5
4.

0)
54

 (
49

.5
)

0.
01

2

M
ar

ri
ed

 o
r 

co
m

m
on

 la
w

 a
t b

as
el

in
e

57
 (

52
.3

)
18

2 
(5

0.
4)

18
3 

(5
2.

1)
50

 (
45

.9
)

0.
78

5

E
m

pl
oy

ed
/s

el
f-

em
pl

oy
ed

 a
t b

as
el

in
e

38
 (

34
.9

)
16

8 
(4

6.
2)

17
2 

(4
8.

7)
46

 (
40

.7
)

0.
05

7

<
$6

,0
00

 a
nn

ua
l i

nc
om

e 
at

 b
as

el
in

e
15

 (
14

.2
)

36
 (

10
.0

)
50

 (
14

.4
)

27
 (

25
.0

)
0.

01
4

E
ve

r 
ho

m
el

es
s

40
 (

37
.0

)
94

 (
26

.0
)

93
 (

26
.4

)
44

 (
38

.9
)

0.
00

9

M
al

e 
an

d 
fe

m
al

e 
se

x 
pa

rt
ne

rs
¶

13
 (

11
.9

)
41

 (
11

.3
)

40
 (

11
.3

)
21

 (
18

.6
)

0.
18

4

A
lc

oh
ol

-r
el

at
ed

 d
ia

gn
os

is
§

14
 (

12
.8

)
60

 (
16

.5
)

74
 (

21
.0

)
59

 (
62

.2
)

<
0.

00
1

D
ru

g-
re

la
te

d 
di

ag
no

si
s§

25
 (

22
.9

)
94

 (
23

.1
)

93
 (

26
.4

)
49

 (
43

.4
)

<
0.

00
1

M
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
 d

ia
gn

os
is

§
30

 (
27

.5
)

91
 (

25
.0

)
90

 (
25

.5
)

30
 (

26
.6

)
0.

95
4

PT
SD

 d
ia

gn
os

is
§

15
 (

13
.8

)
19

 (
5.

2)
32

 (
9.

1)
12

 (
10

.6
)

0.
02

0

C
an

na
bi

s 
us

e¶
17

 (
16

.5
)

14
7 

(4
1.

0)
16

2 
(4

6.
2)

58
 (

52
.3

)
<

0.
00

1

C
oc

ai
ne

 u
se

¶
10

 (
9.

8)
68

 (
19

.0
)

73
 (

21
.0

)
37

 (
33

.0
)

<
0.

00
1

St
im

ul
an

t u
se

¶
8 

(7
.8

)
30

 (
8.

4)
33

 (
9.

5)
11

 (
9.

7)
0.

92
1

Su
bs

ta
nc

e 
ab

us
e 

tr
ea

tm
en

t¶
9 

(8
.3

)
35

 (
9.

6)
32

 (
9.

1)
16

 (
14

.2
)

0.
39

9

Po
si

tiv
e 

H
C

V
 s

ta
tu

s 
at

 b
as

el
in

e
35

 (
32

.1
)

11
7 

(3
2.

1)
11

1 
(3

1.
4)

42
 (

37
.2

)
0.

72
2

* D
er

iv
ed

 f
ro

m
 F

 r
at

io
 (

co
nt

in
uo

us
 v

al
ue

s)
 o

r 
ch

i-
sq

ua
re

 s
ta

tis
tic

 (
ca

te
go

ri
ca

l v
ar

ia
bl

es
);

¶ D
en

ot
es

 u
se

 o
r 

ex
pe

ri
en

ce
s 

in
 th

e 
pa

st
-y

ea
r,

 r
ep

or
te

d 
at

 b
as

el
in

e;

Drug Alcohol Depend. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Marshall et al. Page 21
§ re

co
rd

ed
 I

C
D

-9
 d

ia
gn

os
is

 b
et

w
ee

n 
12

 m
on

th
s 

be
fo

re
 V

A
C

S 
en

ro
llm

en
t a

nd
 e

nd
 o

f 
st

ud
y 

pe
ri

od
. A

bb
re

vi
at

io
ns

: A
U

D
IT

-C
 =

 A
lc

oh
ol

 U
se

 D
is

or
de

rs
 I

de
nt

if
ic

at
io

n 
T

es
t-

C
on

su
m

pt
io

n 
qu

es
tio

nn
ai

re
 (

B
us

h 
et

 a
l.,

 1
99

8)
; H

C
V

 =
 h

ep
at

iti
s 

C
 v

ir
us

; P
H

Q
-9

 =
 P

at
ie

nt
 H

ea
lth

 Q
ue

st
io

nn
ai

re
-9

 (
K

ro
en

ke
 e

t a
l.,

 2
00

1)
; P

T
SD

 =
 p

os
ttr

au
m

at
ic

 s
tr

es
s 

di
so

rd
er

; V
A

C
S 

=
 V

et
er

an
s 

A
gi

ng
 C

oh
or

t S
tu

dy
.

Drug Alcohol Depend. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Marshall et al. Page 22

T
ab

le
 3

Fa
ct

or
s 

as
so

ci
at

ed
 w

ith
 h

az
ar

do
us

 a
lc

oh
ol

 u
se

†  
ov

er
 f

ol
lo

w
-u

p 
am

on
g 

H
IV

-i
nf

ec
te

d 
m

en
 w

ho
 h

av
e 

se
x 

w
ith

 m
en

, 2
00

2–
20

11
 (

n=
 1

,0
65

).

C
ha

ra
ct

er
is

ti
cs

O
R

95
%

 C
I

p-
va

lu
e

A
O

R
95

%
C

I
p-

va
lu

e

T
im

e 
(p

er
 y

ea
r)

0.
95

0.
93

 –
 0

.9
7

<
0.

00
1

0.
85

0.
76

 –
 0

.9
5

0.
00

6

T
im

e2  
(p

er
 y

ea
r2 )

-
-

-
1.

02
1.

00
 –

 1
.0

3
0.

02
4

So
ci

od
em

og
ra

ph
ic

 a
nd

 B
eh

av
io

ra
l C

ha
ra

ct
er

is
ti

cs

A
ge

 a
t b

as
el

in
e 

(p
er

 1
0 

ye
ar

s)
0.

81
0.

73
 –

 0
.9

0
<

0.
00

1
0.

92
0.

80
 –

 1
.0

5
0.

21
9

E
du

ca
tio

n 
(r

ef
: h

ig
h 

sc
ho

ol
 o

r 
le

ss
)

So
m

e 
co

lle
ge

 o
r 

gr
ea

te
r

1.
17

1.
02

 –
 1

.3
4

0.
02

6
0.

90
0.

73
 –

 1
.1

1
0.

33
4

R
ac

e 
(r

ef
: w

hi
te

)

A
fr

ic
an

 A
m

er
ic

an
0.

83
0.

66
 –

 1
.0

6
0.

13
3

O
th

er
1.

11
0.

67
 –

 1
.8

5
0.

68
3

H
is

pa
ni

c/
L

at
in

o 
E

th
ni

ci
ty

 (
re

f:
 n

ot
 H

/L
)

1.
31

0.
83

 –
 2

.0
8

0.
24

6

M
ar

ita
l S

ta
tu

s 
(r

ef
: m

ar
ri

ed
, l

iv
in

g 
w

ith
 p

ar
tn

er
)

D
iv

or
ce

d/
se

pa
ra

te
d/

w
id

ow
ed

0.
95

0.
69

 –
 1

.3
1

0.
75

6

N
ev

er
 m

ar
ri

ed
1.

12
0.

84
 –

 1
.5

1
0.

44
4

E
m

pl
oy

m
en

t s
ta

tu
s 

at
 b

as
el

in
e 

(r
ef

: e
m

pl
oy

ed
)

U
ne

m
pl

oy
ed

/r
et

ir
ed

/o
th

er
1.

01
0.

81
 –

 1
.2

6
0.

93
5

A
nn

ua
l i

nc
om

e 
at

 b
as

el
in

e 
(r

ef
: ≥

$5
0,

00
0)

<
 $

6,
00

0
2.

43
1.

57
 –

 3
.7

6
<

0.
00

1
1.

74
1.

08
 –

 2
.7

9
0.

02
2

$6
,0

00
 –

 $
11

,9
99

1.
47

0.
96

 –
 2

.2
5

0.
07

4
1.

28
0.

81
 –

 2
.0

1
0.

29
2

$1
2,

00
0 

– 
$2

4,
99

9
1.

26
0.

83
 –

 1
.9

1
0.

28
3

1.
13

0.
73

 –
 1

.7
4

0.
58

6

$2
5,

00
0 

– 
$4

9,
99

9
1.

34
0.

88
 –

 2
.0

4
0.

17
0

1.
27

0.
83

 –
 1

.9
6

0.
27

2

E
ve

r 
ho

m
el

es
s 

(r
ef

: n
o)

1.
38

1.
10

 –
 1

.7
3

0.
00

5
0.

77
0.

58
 –

 1
.0

2
0.

07
1

Se
x 

pa
rt

ne
r(

s)
¶*

 (
re

f:
 m

al
es

 o
nl

y)

B
ot

h 
m

al
es

 a
nd

 f
em

al
es

1.
17

0.
90

 –
 1

.5
2

0.
23

1

C
li

ni
ca

l a
nd

 S
ub

st
an

ce
 U

se
 F

ac
to

rs

A
lc

oh
ol

-r
el

at
ed

 d
ia

gn
os

is
§  

(r
ef

: n
o)

2.
93

2.
30

 –
 3

.7
3

<
0.

00
1

2.
71

2.
00

 –
 3

.6
6

<
0.

00
1

D
ru

g-
re

la
te

d 
di

ag
no

si
s§

 (
re

f:
 n

o)
1.

41
1.

16
 –

 1
.7

0
<

0.
00

1
0.

86
0.

68
 –

 1
.0

9
0.

21
6

Drug Alcohol Depend. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Marshall et al. Page 23

C
ha

ra
ct

er
is

ti
cs

O
R

95
%

 C
I

p-
va

lu
e

A
O

R
95

%
C

I
p-

va
lu

e

M
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
 d

ia
gn

os
is

 §
 (

re
f:

 n
o)

1.
13

0.
93

 –
 1

.3
8

0.
21

6

PT
SD

 d
ia

gn
os

is
§  

(r
ef

: n
o)

1.
41

1.
01

 –
 1

.9
8

0.
04

5
1.

03
0.

71
 –

 1
.5

0
0.

86
5

PH
Q

-9
 s

co
re

*  
(p

er
 u

ni
t i

nc
re

as
e)

1.
02

1.
00

 –
 1

.0
3

0.
02

6
1.

01
0.

99
 –

 1
.0

2
0.

39
1

C
an

na
bi

s 
us

e¶
*  

(r
ef

: n
o 

us
e)

1.
68

1.
43

 –
 1

.9
8

<
0.

00
1

1.
47

1.
22

 –
 1

.7
6

<
0.

00
1

C
oc

ai
ne

 u
se

¶*
 (

re
f:

 n
o 

us
e)

2.
01

1.
63

 –
 2

.4
7

<
0.

00
1

1.
55

1.
24

 –
 1

.9
5

<
0.

00
1

St
im

ul
an

t u
se

¶*
 (

re
f:

 n
o 

us
e)

1.
61

1.
20

 −
2.

17
0.

00
2

1.
17

0.
85

 –
 1

.6
1

0.
33

4

Su
bs

ta
nc

e 
ab

us
e 

tr
ea

tm
en

t¶
*  

(r
ef

: n
o)

1.
24

1.
00

 –
 1

.5
5

0.
05

4

Po
si

tiv
e 

H
C

V
 s

ta
tu

s 
at

 b
as

el
in

e 
(r

ef
: n

eg
at

iv
e)

1.
22

0.
97

 –
 1

.5
4

0.
08

7

† H
az

ar
do

us
 a

lc
oh

ol
 u

se
 d

e 
in

ed
 a

s 
≥ 

4 
on

 A
U

D
IT

-C
 (

Sa
itz

, 2
00

5)
;

¶ D
en

ot
es

 u
se

 o
r 

ex
pe

ri
en

ce
s 

in
 th

e 
pa

st
 y

ea
r;

* tim
e-

up
da

te
d 

va
ri

ab
le

;

§ re
co

rd
ed

 I
C

D
-9

 d
ia

gn
os

is
 b

et
w

ee
n 

12
 m

on
th

s 
be

fo
re

 V
A

C
S 

en
ro

llm
en

t a
nd

 e
nd

 o
f 

st
ud

y 
pe

ri
od

.

A
bb

re
vi

at
io

ns
: A

O
R

 =
 a

dj
us

te
d 

od
ds

 r
at

io
; A

U
D

 =
 a

lc
oh

ol
 u

se
 d

is
or

de
r;

 D
U

D
 =

 d
ru

g 
us

e 
di

so
rd

er
; H

C
V

 =
 h

ep
at

iti
s 

C
 v

ir
us

; P
H

Q
-9

 =
 P

at
ie

nt
 H

ea
lth

 Q
ue

st
io

nn
ia

re
-9

 (
K

ro
en

ke
 e

t a
l.,

 2
00

1)
; P

T
SD

 =
 

po
st

tr
au

m
at

ic
 s

tr
es

s 
di

so
rd

er
; O

R
 =

 o
dd

s 
ra

tio
.

Drug Alcohol Depend. Author manuscript; available in PMC 2016 March 01.


