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Abstract
Objective—We examined the independent effect of alcohol and combined effects of drug and
alcohol use on antiretroviral (ART) utilization, adherence, and viral suppression in an urban cohort
of HIV-infected individuals.

Methods—In an observational clinical cohort, alcohol use, active drug use, and adherence were
prospectively assessed at 6-month intervals. We classified hazardous alcohol use as >7 drinks/week
or >3 drinks/occasion in women, and >14 drinks/week or >4 drinks/occasion in men and active drug
use as any use in the previous 6 months. Our outcomes included ART utilization, 2-week adherence,
and viral suppression. We used generalized estimating equations to analyze the association between
independent variables and outcomes. Analyses were adjusted for age, sex, race, years on ART, and
clinic enrollment time.

Results—Between 1998 and 2003, 1711 individuals participated in 5028 interviews. 1433 of these
individuals received ART accounting for 3761 interviews. The prevalence of any alcohol use at the
first interview was 45%, with 10% classified as hazardous drinkers. One-third of the sample used
illicit drugs. In multivariate analyses adjusting for age, sex, race, active drug use, years on ART, and
clinic enrollment time, hazardous alcohol use was independently associated with decreased ART
utilization (AOR, 0.65; 95% CI: 0.51 to 0.82), 2-week adherence (AOR, 0.46; 95% CI: 0.34 to 0.63),
and viral suppression (AOR, 0.76; 95% CI: 0.57 to 0.99) compared to no alcohol use. Concurrent
injection drug use (IDU) exacerbated this negative effect on ART use, adherence, and suppression.

Conclusions—Hazardous alcohol use alone and combined with IDU was associated with
decreased ART uptake, adherence, and viral suppression. Interventions targeting alcohol use may
improve HIV outcomes in individuals with hazardous alcohol use.
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Alcohol use is common among HIV-infected individuals and is associated with decreased
adherence to antiretroviral medication.1–8 In the United States, a nationally representative
sample reported a 1-month prevalence of current alcohol use among HIV-infected individuals
of 53%, with 8% classified as heavy drinkers.9 In the same sample, moderate, heavy, and
frequent heavy drinkers were significantly more likely to be nonadherent compared to
nondrinkers.10

Despite its prevalence and known association with decreased medication adherence, alcohol
use and its effect on HIV disease outcomes have been overshadowed by illicit drug use. Indeed,
few studies have examined the relationship between alcohol use and viral suppression, and
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those studies that have evaluated this association have included small samples, or have
combined drugs and alcohol into a single variable, rather than evaluating them independently.
5,11,12 Importantly, studies examining the role of alcohol on HIV disease progression, either
alone or in combination with active drug use, have used varying definitions of alcohol use. The
National Institute on Alcohol Abuse and Alcoholism defines hazardous alcohol use as >7 drinks
per week or >3 drinks per occasion for women and >14 drinks per week or >4 drinks per
occasion in men.13 Yet, few studies have used a consistent measure of alcohol use. Finally,
alcohol and drug use do frequently co-occur, but studies have not explicitly examined their
independent and joint effects on HIV disease outcomes.

Illicit drugs and alcohol are used alone and concurrently by HIV-infected individuals and may
have different independent and joint effects on HIV outcomes. Importantly, these different
effects on HIV treatment outcomes could have implications for HIV treatment and
interventions. Thus, we sought to determine the independent effect of alcohol use and combined
effects of active drug and alcohol use on antiretroviral utilization, adherence, and viral
suppression in an urban cohort of HIV-infected individuals.

METHODS
Clinical Setting and Survey

The Johns Hopkins AIDS Service provides care for a large proportion of the HIV-1–infected
individuals in the Baltimore area. This is a dynamic, clinical cohort that captures information
on those HIV-infected individuals in care. An ongoing series of patient surveys was initiated
in the clinic in November 1998. Surveys were conducted daily, and all patients attending the
clinic were eligible to participate. Surveys were offered longitudinally to participants at
approximately 6-month intervals. The methods of this longitudinal assessment are described
in earlier studies.14

The survey took approximately 15 minutes to complete and addressed 3 areas: antiretroviral
therapy (ART) use, adherence to therapy, and use of alcohol and illicit drugs. Participants were
asked to estimate, for each antiretroviral medication they reported taking, the number of doses
missed in the preceding 2 weeks. In survey participants, information from clinical records was
reviewed and abstracted by trained technicians onto structured data collection forms and then
entered into an automated database. The clinic medical records, the main hospital medical
record, and various institutional automated databases (eg, laboratory, radiology, pathology,
discharge summaries) were abstracted. Comprehensive demographic, clinical, laboratory,
pharmaceutical, and psychosocial data were collected at times corresponding to enrollment in
the clinic and updated at 6-month intervals thereafter.15 This study was approved by the Johns
Hopkins Hospital Institutional Review Board.

Study Inclusion
For analyses examining ART use, we included all HIV-infected individuals participating in
the survey between January 1998 and November 2003, who were either on therapy or were
considered eligible for ART (because they had a CD4 cell count ≤350 cells/μL, as suggested
by the therapeutic guidelines set forth by the Department of Health and Human Services).16
We then examined ART utilization using more stringent criteria, including those either on ART
or with a CD4 cell count ≤200 cells/μL. To assess medication adherence and viral suppression,
we limited analyses to only those persons on antiretroviral therapy.

Outcome Variables
Our outcome variables of interest included antiretroviral use, adherence, and viral suppression.
We categorized antiretroviral use if participants reported use of any available antiretroviral
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preparation at the time of survey. We defined ART non-adherence as ≥2 missed doses of an
antiretroviral regimen in the 2 weeks preceding survey, as this has correlated with viral
suppression in previous analyses.17 Viral suppression was defined as an HIV-1 RNA count at
≤400 copies/mL. The HIV-1 RNA level closest in time to each survey was used for analysis
of this parameter. All outcomes were dichotomous.

Primary Independent Variables
Our primary independent variables included level of alcohol use (hazardous, moderate, or
none) and active drug use. We assessed the level of alcohol consumption through quantity and
frequency questions. Per NIAAA guidelines, we defined hazardous alcohol use as >7 drinks
per week or >3 drinks per occasion for women and as >14 drinks per week or >4 drinks per
occasion for men.13 Moderate alcohol use was defined as any alcohol use at less than hazardous
levels. We defined active drug use as illicit drug use in the 6 months before the interview. This
included heroin, cocaine, marijuana, and other illicit drugs. Marijuana use only, without other
concurrent drugs, was examined separately, and did not differ from nondrug use with respect
to our outcomes. Thus, those with marijuana use alone were categorized with nondrug users.
Both active drug use and level of alcohol use varied over time. After examining alcohol and
drug use independently, these variables were combined into 6 categories: (1) neither alcohol
nor drug use; (2) moderate alcohol use without drug use; (3) hazardous alcohol use without
drug use; (4) drug use, without alcohol use; (5) drug use with moderate alcohol use; and (6)
drug use and hazardous alcohol use.

Covariates
Other covariates included sex, age, race, CD4 nadir, clinic enrollment time, and years on ART.
These variables were chosen a priori and either were demonstrated to be associated with ART
use, adherence, or viral suppression in previous literature or were thought to be clinically
important.

Analysis
To account for multiple measurements on participants, generalized estimating equation (GEE)
methods were utilized. The multiple measurements on individuals create a correlation structure
within the data that must be accounted for in analyses. The GEE methods account for this
correlation within participants, giving proper estimation of regression coefficients and standard
errors.18 These methods were applied to each of the dichotomous outcomes (ART utilization,
adherence, and viral suppression) in separate models utilizing the logit-link and an
exchangeable correlation matrix. To adjust for age, race, sex, enrollment time, and years on
ART, these variables were included in the models. Because enrollment time and years on
ARTwere found to be correlated (correlation coefficient, 0.73), we used enrollment time for
analyses of ART utilization and years on ART for analyses of adherence and viral suppression,
because time on ART was more clinically relevant to the latter 2 outcomes than enrollment
time. An interaction term was created for drug and alcohol use and was assessed for each
outcome. In addition, interaction was assessed between our independent variables and age,
race, sex, years on ART, and enrollment time. The data were analyzed using STATA, version
8.0 (StataCorp, College Station, TX).

RESULTS
Between November 4, 1998, and December 3, 2003, 1957 HIV-infected individuals completed
6045 surveys. Of those interviewed, 1711 were either on antiretroviral therapy (ART), or ART
eligible, accounting for 5028 interviews. 1433 individuals received ART, accounting for 3761
interviews. Table 1 describes the characteristics of the entire study cohort at their first interview.
The population was primarily African American (80.9%), with the largest proportion acquiring
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HIV through injection drug use (47.9%). The mean age was 38. The overall prevalence of
alcohol use at the time of the first survey was 45.8%, with 10.7% classified as hazardous
drinkers. Approximately one-third of the sample had used illicit drugs in the 6 months
preceding their baseline interview. Of those who used illicit drugs, 75% used heroin or cocaine,
22% used marijuana alone, and 3% used other drugs. Forty percent of individuals used neither
drugs nor alcohol. Individuals ART eligible or on ART were similar to the entire cohort with
respect to age, sex, race, HIV risk factor, enrollment time, and number of visits. However,
those on ART had a lower CD4 nadir (106 cells/mm3 (IQR: 26 to 256) vs. 153 cells/mm3 (IQR:
38 to 313)) were less likely to drink at hazardous levels (7.4% vs. 10.7%) or use illicit drugs
(27.6% vs. 32.6) compared to the overall cohort. Of those on ART or ART eligible, 10% to
12% used marijuana alone compared to 22% of the entire cohort. The median duration of
antiretroviral therapy for individuals on ART was 3 years (IQR: 1.3 to 5.4).

Bivariate and Multivariate Analysis
Bivariate and multivariate analyses of the effects of drug and alcohol use on antiretroviral
therapy use, adherence, and viral suppression are presented in Table 2.

Antiretroviral Therapy
In bivariate and multivariate analyses, hazardous drinking and active drug use were both
associated with decreased antiretroviral therapy use compared to nonuse of these substances,
while moderate alcohol use was not. In adjusted analyses, active drug users had a 42% decrease
in their odds of receiving therapy compared to nondrug users (AOR, 0.58; 95% CI: 0.49 to
0.70). Hazardous drinkers had a 35% decrease in their odds of receiving therapy compared to
nondrinkers (AOR, 0.65; 95% CI: 0.51 to 0.82). Factors associated with increased antiretroviral
therapy included older age, male sex, white race, and moderate alcohol use. There was no
evidence of interaction between level of drinking and drug use, nor was there interaction
between either alcohol or drug use and other variables in the model.

When multivariate analysis was limited to individuals on ART or with a CD4 count <200 cells/
mm3, both hazardous alcohol use (AOR, 0.58; 95% CI: 0.44 to 0.77), and active drug use
(AOR, 0.55; 95% CI: 0.45 to 0.68) continued to be associated with a decreased odds of
antiretroviral utilization.

Adherence
On both bivariate and multivariate analysis, both moderate and hazardous levels of alcohol use
were associated with decreased antiretroviral adherence compared to no alcohol use (Table 2).
Hazardous drinkers had a lower odds of adherence (AOR, 0.46; 95% CI: 0.34 to 0.63) than
moderate drinkers (AOR, 0.78; 95% CI: 0.64 to 0.95). Active drug users were 45% less
adherent than nonusers (AOR, 0.55; 95% CI: 0.44 to 0.68). There was no evidence of
interaction between level of drinking and drug use, nor was there interaction between either
alcohol or drug use and the other variables in the model.

Virological Suppression
On bivariate analysis, both hazardous drinking and active drug use were associated with
decreased viral suppression (Table 2). After multivariate analysis was adjusted for age, race,
sex, nadir CD4, and years on ART, we found that hazardous drinkers were 25% less likely to
suppress their viral load compared to nondrinkers (AOR, 0.75; 95% CI: 0.57 to 0.99), and
active drug users were 38% less likely to suppress their viral load compared to nondrug users
(AOR, 0.62; 95% CI: 0.52 to 0.76). Moderate alcohol use was not associated with decreased
viral suppression. There were no interactions among the variables in the model.
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After the factors associated with viral suppression were examined, adherence was added to the
model to assess if this accounted for the decreased odds of suppression among active drug users
and hazardous drinkers (Table 3). Self-reported adherence attenuated the effect of active drug
use (AOR, 0.65; 95% CI: 0.54 to 0.78) and hazardous drinking (AOR, 0.83; 95% CI: 0.63 to
1.08) on viral suppression.

Independent and Joint Effects of Drugs and Alcohol on HIV Outcomes
Drug and alcohol use were then combined into categories to evaluate the effects of both drug
and alcohol use, of alcohol use alone, and of drug use alone on HIV outcomes. Compared to
those who used neither drugs nor alcohol, both hazardous drinking and active drug use alone
were negatively associated with antiretroviral therapy use, adherence, and viral suppression
(Table 4). Concurrent hazardous alcohol and drug use was associated with the lowest odds of
ART use (AOR, 0.40; 95% CI: 0.29 to 0.57), adherence (AOR, 0.32; 95% CI: 0.21 to 0.51),
and viral suppression (AOR, 0.50; 95% CI: 0.32 to 0.77). Moderate alcohol use plus drug use
was also associated with decreased antiretroviral therapy, adherence, and viral suppression.

DISCUSSION
Among this urban HIV-infected cohort, hazardous alcohol use and active drug use were each
independently associated with decreased antiretroviral therapy uptake, adherence, and viral
suppression. Concurrent drug and alcohol use exacerbated this negative association; their
combined effect on HIV outcomes was greater than their independent effects. However, these
variables did not interact to provide an association different from what one would expect from
the independent effects. Self-reported antiretroviral adherence attenuated the effects of
hazardous alcohol on HIV RNA suppression. Although the association between active drug
use remained significantly associated with viral suppression, this is likely due to residual
confounding.

This study differs from previous literature on substance abuse and HIV in that it (1) focuses
specifically on the association between alcohol use and HIV outcomes, (2) examines alcohol
and active drug use independently and jointly, thus acknowledging that these behaviors occur
both independently and concurrently, and (3) assesses the outcome of viral suppression among
HIV-infected individuals who consume alcohol.

Several cohort and cross-sectional studies have evaluated the association between drug use and
HIV medication uptake, adherence, and virologic and immunologic outcomes.2,8,14,17,19–
23 One study, examining data from 10 HIV primary care sites in the United States, found that
individuals with injection drug use (IDU) as their risk factor had decreased odds of receiving
HAART (AOR, 0.86; 95% CI: 0.76 to 0.99) compared to patients who did not have IDU as a
risk factor.24 Lucas and colleagues, using earlier data from the Johns Hopkins AIDS service,
found that active drug users were more likely to report HAART nonadherence than either
former drug users or those who had never injected drugs.17 In addition, they later reported that
changing from nonuse to active substance abuse was associated with decreased adherence and
poorer virological outcomes.14 Other studies have examined specific drugs of abuse, including
cocaine and marijuana. Studies by Arnsten and Tucker reported an association between active
cocaine use and antiretroviral nonadherence.25,26 The literature on marijuana, however, is
mixed with studies demonstrating an association between marijuana use and poorer
adherence26 and others demonstrating improved adherence among HIV-infected individuals
using marijuana for nausea.27 Although our analysis did not examine individual illicit
substances of abuse, our findings are consistent with the current literature on drug use and HIV
outcomes.
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Alcohol consumption among HIV-infected individuals has previously been shown to be
associated with decreased antiretroviral adherence. Studies report a range of adherence (≥95%
adherence) between 25% and 57% among those with varying levels of alcohol use (current,
moderate, at-risk, heavy), compared to 56% and 76% in nondrinkers.1–8 Our study, similar to
a recently published study of adherence among an HIV-infected sample with a history of
alcohol dependence, found that both hazardous and moderate levels of alcohol use were
associated with decreased adherence.4 We also found that hazardous alcohol use (compared
to abstinence) was associated with lower odds of adherence than moderate alcohol use
(compared to abstinence). This lends support to recent findings among a Veterans
Administration cohort of a dose-response relationship between alcohol use and medication
adherence.3

Concurrent drug and alcohol use has been associated with decreased viral suppression.11,12
One study examined the effect of alcohol use on viral suppression among 220 drug users and
found that heavy alcohol users were less likely to achieve viral suppression compared to light
or nondrinkers.12 Another study found that changing from nonuse to active drug and alcohol
use was associated with decreased adherence and poorer virological outcomes.14 In contrast,
Fabris and colleagues examined 94 HIV-positive individuals on HAART found no difference
in viral suppression among nondrinkers, moderate drinkers, and heavy drinkers.11 We found
that hazardous levels of alcohol use were associated with decreased viral suppression
independent of active drug use. Our results differ from those of Fabris and others and may be
explained by the significantly larger sample size.

The effect of hazardous alcohol use on viral suppression was attenuated after adjusting for
adherence on multivariate analysis, suggesting that adherence may be a mediator between
alcohol use and lack of suppression among HIV-infected individuals with a history of
hazardous alcohol use. The persistent association between hazardous alcohol use and viral
suppression after adjustment for adherence may be due to residual confounding; however,
animal models have suggested an association between chronic alcohol consumption and simian
immunodeficiency virus (SIV) viral replication in Macaques, suggesting a possible direct effect
of alcohol on viral replication.28–30

Our study has potential limitations. First, we used self-reported 2-week adherence. Although,
in this cohort, this measure has correlated with viral suppression in previous analyses, self-
report over a 2-week period may be subject to recall inaccuracies, resulting in residual
confounding. In addition, in our study, we were unable to adjust for depressive symptoms.
Depression and depressive symptoms are prevalent among HIV-infected individuals and
frequently co-occur with alcohol and drug use. They are also associated with decreased
medication adherence,31 ART discontinuation,32 and virologic failure33 among HIV-infected
persons. The absence of this variable does not permit us to examine either its interactive effects
with drug and alcohol use or potential confounding. Furthermore, our definition of active drug
use included multiple illicit substances, including heroin, cocaine, and marijuana. The current
literature on marijuana and HIV outcomes is mixed, and there is evidence to suggest that
marijuana use is not always associated with poor HIV outcomes. The inclusion of these
individuals in our definition of active drug use may have biased our outcomes toward the null;
however, we specifically did not categorize marijuana use alone as active drug use, which may
have decreased this potential source of bias. Finally, in this study, we did not distinguish
between different patterns of alcohol consumption, such as binge drinking or chronic daily
drinking. We chose to use the standard NIAAA definition for hazardous alcohol use, which
can encompasses a range of alcohol consumption patterns based on weekly quantity and
frequency. Thus, we were unable to determine the differential effects of binge drinking only
versus daily consumption on HIV treatment outcomes.
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Our study has several implications. First, it demonstrates that hazardous alcohol use alone
affects ART utilization, adherence, and viral suppression. The effect of hazardous drinking on
these outcomes is similar to illicit drugs. This underscores the importance of screening not only
for illicit drugs among HIV-infected individuals but also alcohol use. Furthermore, the
independent effect of alcohol on HIV outcomes may have practical implications for HIV-
infected individuals with a history of hazardous drinking only. Brief alcohol interventions have
been successful in primary care settings in decreasing alcohol consumption among individuals
with hazardous alcohol use.34 This intervention strategy may be effective in decreasing alcohol
use and improving outcomes among HIV-infected persons who have a history of hazardous
alcohol use. However, in those individuals who use both illicit drugs and alcohol, interventions
targeting only one substance of abuse may prove to be inadequate as both independently affect
HIV treatment outcomes.

In summary, we found that hazardous levels of alcohol use were associated with decreased
antiretroviral utilization, adherence, and viral suppression independent of active drug use.
Combined alcohol and drug use was associated with lower odds of adherence and viral
suppression than either drugs or alcohol alone. Regular screening for alcohol use, brief alcohol
interventions, and treatment referral may improve antiretroviral uptake, adherence, and viral
suppression in this group. Future studies examining the relationship between different patterns
of alcohol use and HIV outcomes may further clarify the role of alcohol in HIV disease
progression.
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TABLE 1
Characteristics of All Interview Participants at the First Interview

Characteristic All Participants (N = 1957)

Age (y)

 ≤35 40.8%

 36–49 50.5%

 ≥50 8.7%

Sex (% male) 63.7%

Race

 Caucasian/other 19.1%

 African American 80.9%

HIV risk factor

 MSM 23.6%

 Illicit drug use 47.9%

 Heterosexual infection 28.5%

CD4 nadir (median + IQR)* 153 (38–313)

Duration in clinic (y) (median + IQR) 2 (1–4)

Surveys completed (median + IQR) 2 (1–4)

Active drug use 32.6%

Alcohol use

 None 54.2%

 Moderate 35.1%

 Hazardous 10.7%

Active drug use and alcohol combined

 Neither 40.3%

 Moderate alcohol only 22.2%

 Hazardous alcohol only 4.8%

 Active drug use only 13.9%

 Active drug use + moderate alcohol 12.8%

 Active drug use + hazardous alcohol 5.9%

*
Interquartile range.
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TABLE 3
Multivariate Analysis* of the Effects of Alcohol and Drug Use on Viral
Suppression Adjusting for Adherence (ORs and 95% CIs)

Characteristic Viral Suppression

Age (y)

 ≤35 1.0 (Reference)

 36–49 1.49 (1.21–1.82)

 ≥50 2.19 (1.53–3.11)

Sex

 Female 1.0 (Reference)

 Male 1.07 (0.87–1.31)

Race/ethnicity

 Caucasian/other 1.0 (Reference)

 African American 0.71 (0.55–0.92)

Active drug use

 No 1.0 (Reference)

 Yes 0.65 (0.54–0.78)

Alcohol use

 None 1.0 (Reference)

 Moderate 1.06 (0.90–1.23)

 Hazardous 0.83 (0.63–1.08)

Adherence

 No 1.0 (Reference)

 Yes 2.17 (1.82–2.58)

*
Analysis adjusted for age, sex, race, CD4 nadir, adherence, and years on ART.
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TABLE 4
Individual and Combined Effects of Active Drug and Alcohol Use on HIV Outcomes (Adjusted ORs and 95% CIs)*

Category ART† Adherence‡ Virological Suppression‡

− Drug use − Alcohol 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

− Drug use + Moderate alcohol 1.14 (0.95–1.37) 0.77 (0.62–0.98) 1.00 (0.84–1.20)

− Drug use + Hazardous alcohol 0.57 (0.42–0.77) 0.36 (0.25–0.53) 0.72 (0.52–0.99)

+ Drug use − Alcohol 0.54 (0.43–0.68) 0.50 (0.37–0.68) 0.60 (0.46–0.78)

+ Drug use + Moderate alcohol 0.68 (0.54–0.88) 0.40 (0.30–0.54) 0.64 (0.50–0.82)

+ Drug use + Hazardous alcohol 0.40 (0.29–0.57) 0.32 (0.20–0.51) 0.50 (0.32–0.76)

*
Adjusted for age, sex, race, CD4 nadir, and time enrolled (days).

†
Sample includes individuals either on antiretroviral therapy or with a CD4 cell count ≤350.

‡
Adjusted for age, sex, race, CD4 nadir, and years on ART (days).
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