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INTRODUCTION

Alcohol misuse is common among people living with HIV (PLWH) with estimates among 

PLWH in care ranging from 8% to 27% (1,2) compared with 7% estimated in the US general 

population (3). Across the HIV care continuum, alcohol misuse is associated with increased 

HIV incidence (4,5), HIV prevalence (2), worse antiretroviral adherence (6,7) worse 

retention in care (8), adverse clinical outcomes, including lack of viral suppression (8), and 

increased mortality (9,10). It is also associated with sexual behaviors that can increase risk 

of HIV transmission including vaginal and anal sex; multiple sex partners; condomless sex; 

and sex under the influence of alcohol or drugs (11–13). Alcohol appears to influence sexual 

behaviors through a variety of mechanisms by increasing sexual arousal, sexual 

disinhibition, myopia for appreciation of consequences, and expectancies about the effect of 

alcohol on sexual interest and behaviors (14–16). Despite current availability of pre-

exposure prophylaxis, behavioral interventions are still a mainstay of HIV prevention and 

intervention to reduce HIV transmission behaviors and to reduce the effects of contributing 

factors such as alcohol misuse.

Systematic reviews have established the association between alcohol use, particularly binge 

drinking (≥4/≥5 drinks/occasion for women/men), and sexual behaviors among PLWH (17–

19). Most of the studies combined outcomes for women and men, report on men, or report 

on men who have sex with men (MSM). Across these studies, the specific influence of 

alcohol on sexual behaviors varied depending on how alcohol consumption was measured, 

the sexual behaviors examined, and the gender and sex of PLWH and their partners (19). 

HIV studies separately examining women, MSM, and men who have sex with women 

(MSW) provide relevant information about the associations between alcohol use and sexual 

behaviors. Where gender or sex differences are of interest, studies that include multiple 

groups provide the opportunity to compare differences that may be a function of gender or 

sex rather than a function of the particular sample or setting characteristics.

For example, in the few HIV studies that have jointly examined women, MSM, and MSW, 

women had a lower prevalence of alcohol use, but a higher prevalence of both alcohol use 

before sex and condomless intercourse (13,19,20). Women who reported binge drinking (vs 

no binge drinking or no drinking) were more likely to be sexually active, have had multiple 

sexual partners, and have engaged in anal or condomless sex; MSM and MSW did not as 

consistently show such associations between binge drinking and sexual behaviors 

(11,20,21). However, not all studies have observed a higher prevalence of sexual behaviors 

under the influence of alcohol among women compared with men (22). In comparisons of 

MSM and MSW, MSM have had a higher prevalence of alcohol use, particularly binge use, 

and increased likelihood of sexual activity, multiple sex partners, and condomless 

intercourse (22,23). Information about how specific patterns of alcohol use affect particular 

sexual behaviors among women, MSM and MSW can guide more tailored secondary 

prevention efforts.
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Additionally, most studies examining alcohol and sex behaviors among PLWH that have 

stratified by sex or gender and partner’s sex have been cross-sectional and thus inferences 

about temporal primacy and causality are limited (24). Event level and longitudinal studies 

that could more effectively examine potential causality have tended to focus on MSM (25–

29) and to a lesser extent on combined samples of PLWH (30,31); relatively less is known 

about women. To effectively prevent and reduce HIV sexual transmission behaviors, the 

evidence base should include longitudinal studies that can refine and adapt theoretical 

frameworks and behavioral interventions (24).

Finally, drug use is associated with sexual behaviors and the type of behavior can vary 

according to the substance used (32,33). Given the substantial overlap between alcohol and 

recreational drug use among PLWH (20), understanding their interaction and effect on 

subsequent behaviors is important for designing alcohol and drug use interventions.

In this study, we examined the association between quantity and frequency of alcohol use 

and subsequent sexual behaviors across a large, geographically diverse United States (US) 

cohort of PLWH enrolled in continuity HIV care and participating in the Centers for AIDS 

Research Network of Integrated Systems (CNICS). Because of the cohort’s size, we had the 

opportunity to examine women, MSM, and MSW separately. We also investigated 

interactions between alcohol and specific recreational drug use (cocaine/crack, 

methamphetamine and marijuana) on risk of subsequent sex behaviors. Based on our own 

work and that of others (11,13,21,23,), we hypothesized that binge drinking would be 

strongly associated with sexual transmission behaviors in women and MSM but weakly 

associated with sexual transmission behaviors in MSW.

METHODS

Study Sample

CNICS is a cohort of PLWH receiving continuity HIV care at one of eight HIV clinics 

around the United States. Comprehensive clinical data from PLWH in CNICS gathered from 

electronic medical records and other data sources provide research infrastructure to support 

HIV clinical outcomes and comparative effectiveness research. Participating clinics are 

located at University of Alabama Birmingham, University of California San Francisco, 

University of Washington, University of California San Diego, Fenway Health/Harvard 

University, University of North Carolina Chapel Hill, and Johns Hopkins University. Briefly, 

CNICS participants self-report age, gender, race, ethnicity, and probable route of HIV 

acquisition upon enrollment into the clinic. HIV viral load and CD4 cell count are measured 

as part of routine clinical care, and results are extracted from laboratory databases. 

Participants consent to participate in and share their data with CNICS. Institutional review 

boards at each CNICS site approved the collection and analysis of routinely collected 

clinical data. Full details of the CNICS cohort are available elsewhere (34).

In addition to clinical data, patients at seven of the eight CNICS sites participate in patient 

reported outcome (PRO) assessments. (The 8th clinic, Case Western Reserve University, is a 

CNICS site but only recently initiated collecting PRO so data are not included.) PRO are 

collected approximately every 4–6 months in conjunction with a clinical visit (34,35). 
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Patients who are medically unstable, cognitively impaired, or intoxicated at the time of a 

clinical encounter, or who do not speak English, Spanish, or Amharic are not solicited to 

participate in PRO assessments. Tablet computers are used to complete the assessments that 

require approximately 10–12 minutes. PRO includes patients’ self-reported recent depressive 

symptoms, alcohol use, recreational drug use, and sexual transmission behaviors. We 

included all CNICS participants in the current study who completed at least two PRO 

assessments between January 2011 and June 2014. We classified PLWH based on their 

reported sex and HIV acquisition risk factors at first CNICS visit into women, men who 

have sex with women exclusively (MSW) or men who have sex with men (MSM). The very 

low frequency of MSM having sex with women (< 6.0%) precluded separate categorization 

and thus further analysis. To ensure that self-reported alcohol and substance use (exposure) 

occurred before the self-reported sexual behaviors that we examined as our outcome, we 

analyzed person-periods defined by paired, proximate PRO assessments such that alcohol 

use was drawn from one assessment (the index assessment at time 1, prior 12 months) and 

sex behaviors drawn from the earliest subsequent assessment (time 2, prior 6 months). We 

required that the subsequent assessment had to be at least 3.5 months (≥135 days) after the 

index assessment. We used this time frame because it corresponded to the approximate 

period in which PLWH were returning to the clinic for their 4–6 month medical visit and 

next PRO.

Individual study participants could contribute multiple person-periods. For example, if a 

patient had three PRO assessments each separated by ≥135 days, they contributed two 

person-periods, where the first person-period considered alcohol use at time 1 and sex 

behavior at time 2, and the second person-period considered alcohol use at time 2 and sex 

behavior at time 3.

Exposure

Alcohol use over the prior year was measured with the 3-item Alcohol Use Disorder 

Identification Test (AUDIT-C) (36). The AUDIT-C questions ask about use in the prior 12 

months including: 1) ‘‘How often do you have a drink (wine, beer or liquor) containing 

alcohol?’’ (Never; Monthly or less; 2 to 4 times a month; 2 to 3 times a week; 4 or 5 times a 

week or 6 or 7 times a week); 2) ‘‘How many drinks containing alcohol do you have on a 

typical day when you are drinking?” (0 to 10 or more); and 3) “How often do you have 4 or 

more (women)/5 or more (men) drinks on one occasion?” (Never; less than monthly; 

monthly; weekly; daily or almost daily). At the start of the AUDIT-C, “alcoholic drink” was 

defined using pictures to exhibit types and amounts of alcohol contained in a “standard 

drink,” e.g. a 8–9 ounces can of malt liquor or a glass containing 1.5 ounces of 80 proof 

distilled liquor. Hazardous drinking was defined as >7 drinks per week for women and >14 

drinks per week for men, in accordance with NIAAA definitions. “Binge drinking” was 

defined as ≥4 drinks on one occasion for women and ≥5 drinks on one occasion for men also 

in accordance with NIAAA definitions. Based on respondents’ answers at the beginning of a 

person-period, we classified person-periods into non-drinking; Moderate/non-binge; 

Moderate/binge; Hazardous/non-binge; or Hazardous/binge. Using the Alcohol, Smoking 

and Substance Involvement Screening Test (ASSIST) (37,38), patients answered separate 

questions about cocaine/crack, methamphetamine, illicit opioids or marijuana: “In the past 3 
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months, how often have you used [drug]?” (Never; once or twice, monthly, weekly, daily or 

almost daily).

Covariates

Patients reported their date of birth, race and ethnicity upon enrollment into medical care. 

We classified patients based on race and ethnicity as Hispanic, non-Hispanic white, non-

Hispanic black, or non-Hispanic other race. We used year of birth and date of the index PRO 

to determine patients’ age at the start of each person-period. PRO measured depressive 

symptoms in the prior 2 weeks using the Patient Health Questionnaire (PHQ)-2 (39). We 

classified person-periods as “depressed” if the PHQ-2 on the index PRO was ≥3. Laboratory 

values were assigned to a given person-period if they were collected up to 180 days in 

advance of, or 10 days after, the index PRO. We classified HIV viral load ≤100 copies/mL as 

undetectable to account for variability in laboratory threshold classifications. Some 

laboratory tests were conducted with a threshold for HIV RNA detection >50 copies/mL, 

thus using <50 copies/mL as the threshold for “undetectable” would have incorrectly 

classified some persons as “detectable.” Also, as the threshold for sexual transmission is 

around 1500 copies/mL (40), and risk of sexual transmission was our interest, the use of a 

higher threshold to classify sex as ‘unsafe’ should not affect our inference.

Outcomes

Sexual behavior outcomes were based on responses to the PRO assessment closing a person-

period. The questions included on the PRO asked about sex behaviors in the 6 months prior 

to the PRO assessment date. We included seven outcomes: 1) vaginal sex (yes/no); 2) 

number of vaginal sex partners (0–1 vs 2 or more); 3) “unsafe” vaginal sex (yes/no), defined 

as sex with a person of negative or unknown HIV serostatus, while viral load was not 

suppressed, without consistent condom use; 4) anal sex (yes/no); 5) number of anal sex 

partners (0–1 vs 2 or more); 6) “unsafe” anal (yes/no), defined as sex with a person of 

negative or unknown HIV serostatus, while viral load was not suppressed, without consistent 

condom use; and 7) sex under the influence of alcohol or drugs (yes/no).

Statistical Analysis

We analyzed person-periods for women, MSM, and MSW separately using non-drinking 

person-periods as the referent category. Risk ratios were estimated using log-linear models. 

We standardized person-periods within each alcohol use group to have the same distribution 

of potential confounders as the whole (stratum-specific) sample, so that differences in the 

relative risk (RR) of subsequent sexual behaviors were not due to confounding by measured 

covariates. We standardized using stabilized inverse probability of exposure weights (41,42). 

Inverse probability of exposure weights creates a pseudo-population in which the covariates 

used in the creation of the weights are not associated with exposure, and therefore cannot act 

as confounders. It does this by “upweighting” some persons with a pattern of covariates that 

is rare for his or her exposure group, and “downweighting” others with a pattern of 

covariates that are common for his or her exposure group.

Potential confounders included in the estimation of the weights were: age (and age squared); 

race/ethnicity; marijuana use; cocaine/crack use; illicit opioid use; methamphetamine use; 
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depressive symptoms; detectable viral load; and CNICS site. For some person-periods, not 

all risk behavior questions were answered and thus some outcomes were missing. We 

controlled for possibly differential probability of missing outcome data using stabilized 

inverse probability of censoring weights (43). Censoring weights were estimated conditional 

on reported alcohol use and the same set of covariates used in estimating inverse probability 

of exposure weights. Final weights were the product of inverse probability of exposure and 

inverse probability of censoring weights. Because some individuals contributed more than 

one person-period and their outcomes may be correlated, we fit models with generalized 

estimating equations (31) and an exchangeable covariance matrix.

To examine whether alcohol use interacted with cocaine/methamphetamine use or marijuana 

use to increase the probability of subsequent sexual behaviors, we estimated relative excess 

risk due to interaction (RERI) for each sexual behavior outcome (44,45). The prevalence of 

recent illicit opioid use was too low to estimate interactions between alcohol and opioid use. 

For these analyses, we collapsed person-periods into three categories of alcohol use at the 

start of the period: no use; moderate alcohol use (regardless of binge drinking); and 

hazardous alcohol use (regardless of binge drinking).

The RERI is a measure of departure from perfect additive interaction, expressed as a 

proportion of the risk in the doubly unexposed. For example, if we estimated that the RERI 

was 0 for anal sex comparing moderate drinking to non-drinking and cocaine use to non-use, 

then the risk of anal sex among women who drank moderately and used cocaine was equal 

to the risk incurred due to moderate drinking plus the risk incurred due to cocaine use. That 

is, at a population level, the risk associated with having more than one exposure was not 

more than the sum of the parts. A negative RERI indicates sub-additivity of risks while a 

positive RERI indicates super-additivity of risks (commonly referred to as synergism) (46). 

The doubly unexposed risk was defined as the risk of the outcome in person-periods with no 

baseline alcohol use and no baseline drug use. To avoid overinflating the relative excess risk 

of sex under the influence of drugs or alcohol due to interaction, the doubly “unexposed” 

risk was defined as the risk of the outcome in person-periods with moderate baseline alcohol 

use and no drug use. To control for confounding of the association between recreational drug 

use and subsequent sexual behaviors, we used a second set of inverse probability of exposure 

weights for the exposure of drug use. Weights were calculated similarly to the inverse 

probability of alcohol use exposure weights, but predictors excluded recreational drug use 

(since that was the dependent variable in the models). The final weights for the interaction 

models was the product of the two inverse probability of exposure weights and the inverse 

probability of censoring weights.

All statistical analyses were performed using STATA 14.1 (STATA Corp, College Station, 

TX, 2016). Statistical significance was set at α=0.05.

RESULTS

Participant Characteristics

The final study population included 1857 women, 6752 MSM and 2685 MSW (total=11,294 

CNICS participants) who completed at least two PRO surveys between January 2011 and 
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June 2014. Table I shows baseline characteristics at first PRO, stratified by alcohol use 

pattern and sex/HIV acquisition risk factor for women, MSM, and MSW. The majority of 

women were black with median age in the early 40’s. Median CD4 cells/µL ranged from 

473 to 566 across categories of initial alcohol use, and slightly over a quarter of women 

(28.5%) had a detectable viral load at the time of the first person-period. The majority of 

MSM were white, median age in the early 40’s, and median CD4 cells/µL ranging from 461 

to 509 across categories of initial alcohol use at their first person-period. A quarter (25.2%) 

had a detectable viral load proximate to their initial PRO. The majority of MSW were black, 

with median age in the mid- to late 40’s and median CD4 cells/µL ranging from 406 to 448 

at their first PRO across categories of initial alcohol use. Slightly over a quarter (26.9%) had 

a detectable viral load proximate to their initial PRO.

The 12-month prevalence of alcohol use at first PRO for all study participants was: 36.2% 

no use; 30.0% moderate use without binge; 7.9% moderate use with binge; 5.6% hazardous 

use without binge; and 20.3% hazardous use with binge. Hazardous alcohol use (exceeding 

weekly limits) at the initial PRO was 18.6% among women, 29.4% among MSM and 22.0% 

among MSW. The prevalence of binge drinking (exceeding daily limits) was 14.11% among 

women, 33.3% among MSM and 25.2% among MSW.

At the first PRO, 3-month prevalence of cocaine/crack use was 7.5%, 6.0% and 10.5% 

among women, MSM and MSW, respectively. The 3-month prevalence of methamphetamine 

use was 2.7%, 11.2% and 10.5%, respectively. The 3-month prevalence of marijuana use 

was 14.4%, 33.2% and 26.0%, respectively. The 3-month prevalence of illicit opioid use was 

too low to estimate interactions between alcohol and opioid use, so it was not included in 

further analyses.

Table II shows the 6-month sexual behaviors at first PRO (outcomes) stratified by alcohol 

use pattern and sex/HIV acquisition risk factor for the 11,294 participants. Overall, the 

prevalence of any vaginal sex was 57.0% and 43.7% among women and MSW, respectively. 

The prevalence of vaginal sex with ≥2 partners was 6.3% and 7.6%, respectively. The 

prevalence of any anal sex was 7.7%, 54.8% and 20.7% among women, MSM and MSW, 

respectively. The prevalence of anal sex with ≥2 partners was 0.8%, 26.9% and 9.5%, 

respectively. The prevalence of unsafe vaginal sex was 2.6% among women and 1.4% 

among MSW, while the prevalence of unsafe anal sex was 0.3% among women, 3.3% 

among MSM and 1.0% among MSW. Finally, the prevalence of sex under the influence of 

drugs or alcohol among persons reporting any alcohol use at the index PRO was 29.2%, 

42.1% and 40.5% among women, MSM and MSW, respectively.

Alcohol and recreational drug use across person-periods

We observed a total of 30,904 person-periods for the 11,294 participants (Table III). Median 

and interquartile range (interquartile range [IQR]) of number of person-periods per person 

was generally around 2 (1, 4) within each strata of women/MSM/MSW and alcohol use at 

the first PRO. The prevalence of hazardous alcohol use across all person-periods was 16.3% 

among women, 25.9% among MSM and 20.8% among MSW. The prevalence of binge 

drinking was 12.7% among women, 28.5% among MSM and 23.3% among MSW. These 
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proportions were similar to, but slightly below, the prevalence of hazardous and binge 

drinking at the first PRO for all groups.

Overall, prevalence of cocaine/crack use was 7.8%, 12.2% and 14.4% across person-periods 

contributed by women, MSM and MSW, respectively; among person-periods where 

hazardous drinking was reported at the index visit, prevalence of cocaine/crack use was 

21.0%, 18.2% and 24.1% for women, MSM and MSW, respectively. Prevalence of recent 

marijuana use was 14.1%, 31.7% and 25.9% among women, MSM and MSW, respectively. 

Marijuana use was highest in person-periods where hazardous drinking was reported at the 

index visit: 32.7%, 44.6% and 41.8% for women, MSM and MSW, respectively.

Relationship between alcohol use and sexual behaviors across person-periods

Table IV summarizes multivariable models among women, MSM, and MSW. From 

multivariable models among women, any alcohol use was associated with an increased risk 

of subsequent vaginal sex, and there was some evidence to suggest that there was a 

relationship between a quantity/frequency increase of alcohol and subsequent vaginal sex: 

moderate drinking with and without binge drinking compared with no alcohol was 

associated with an RR = 1.17 (95% CI: 0.97, 1.42) and 1.13 (95% CI: 1.03, 1.24), 

respectively, while hazardous drinking with or without binge drinking was associated with 

an RR of 1.37 (95% CI: 1.21, 1.56) and 1.28 (95% CI: 1.12, 1.46), respectively. Any alcohol 

use (moderate drinking without binge: RR=1.46, 95% CI: 0.86, 2.45; moderate drinking 

with binge: RR= 1.18, 95% CI: 0.35, 3.94) and in particular hazardous alcohol use (without 

binge: RR= 2.41, 95% CI: 1.08, 5.38; with binge: RR = 2.16, 95% CI: 1.08, 4.35) was 

associated with greater risk of engaging in unsafe vaginal sex. Binge drinking did not appear 

to modify this excess risk of unsafe vaginal sex. There was strong evidence of an increase in 

quantity and frequency in alcohol use and its relationship risk of sex under the influence of 

drugs or alcohol. Specifically, risk was elevated for person-periods of moderate drinking 

relative to no drinking [with binge: RR =2.23, 95% CI: 1.08, 4.59; without binge RR=1.94, 

95% CI: 1.32, 2.84], and the strongest association was with hazardous drinking (with binge: 

RR=5.47, 95% CI: 3.75, 7.99; without binge RR=5.18, 95% CI: 3.51, 7.63). For anal sex, 

anal sex with ≥ 2 partners, and particularly for unsafe anal sex, there were too few 

observations to determine whether there was an association between alcohol use and anal 

sex behaviors.

From multivariable models among MSM, there was evidence that alcohol use at the index 

visit was associated with an increased risk of subsequent anal sex and increased risk of anal 

sex with ≥2 partners relative to person-periods with no alcohol use. Moderate drinking 

(versus no drinking) was associated with having ≥2 anal sex partners (RR=1.33, 95% CI: 

1.16, 1.52 and RR=1.18, 95% CI: 1.06, 1.31 with and without binge, respectively), and there 

was little evidence that hazardous drinking meaningfully increased the risk of ≥2 anal sex 

partners beyond moderate drinking with binge (RR=1.39, 95% CI: 1.34, 1.57 and RR=1.40, 

95% CI: 1.21, 1.62, with and without binge, respectively). Moderate alcohol use was not 

statistically significantly associated with subsequent unsafe anal sex. Similar to women, 

there appeared to be a relationship between an increase in quantity/frequency of alcohol use 

and the subsequent risk of sex under the influence of drugs or alcohol. Any drinking versus 
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no drinking was associated with increased risk and the association seemed driven by number 

of drinks per week (i.e., greatest change in risk associated with moderate or hazardous 

drinking) rather than the presence or absence of binge drinking.

From multivariable models among MSW, alcohol use was associated with increased risk of 

subsequent anal sex and with increased risk of ≥2 anal sex partners; associations appeared to 

be driven primarily by binge drinking rather than number of drinks per week. MSW who 

reported any alcohol use had increased risk of subsequent vaginal sex. Reporting ≥2 vaginal 

sex partners was associated with hazardous drinking but not moderate drinking. Associations 

between alcohol use and engaging in unsafe anal sex were not significant. Risk of engaging 

in unsafe vaginal sex appeared to be most strongly driven by binge drinking (RR=3.12, 95% 

CI: 1.41, 6.94, for moderate drinking with binge, and RR=3.08, 95% CI: 1.57, 6.03 for 

hazardous drinking with binge) rather than by weekly quantity of drinks (RR=1.86, 95% CI: 

0.98, 3.51 for moderate drinking without binge and RR=1.22, 95% CI: 0.29, 5.04 for 

hazardous drinking without binge. Finally, as seen in the other two subgroups, MSW who 

reported any alcohol use were more likely to report subsequent sex under the influence of 

drugs/alcohol, with higher risks associated with hazardous drinking.

Interaction between alcohol and drug use on sexual behaviors

We estimated additive interaction between alcohol use and cocaine/crack or 

methamphetamine use on risk of subsequent sexual behaviors. With the exception of risk of 

sex under the influence of drugs/alcohol among MSM, we observed no other significant 

departures from perfect additivity (Supplementary Table AI), indicating that alcohol and 

cocaine or methamphetamines act independently to increase risky sex. When we estimated 

additive interaction between alcohol use and marijuana use on risk of subsequent sexual 

behaviors, we estimated that the risk of subsequent vaginal sex among women was less than 

would be expected if hazardous drinking and marijuana use interacted additively. We saw no 

other statistically significant evidence of departure from perfect additivity for interactions 

between alcohol use and marijuana use (Supplementary Table AII).

DISCUSSION

In this cohort of 11,294 women, MSM and MSW who engaged in continuity HIV care 

across seven US clinical sites, we found that certain patterns of alcohol use were associated 

with an increased risk of subsequent sexual behaviors. Among women living with HIV, any 

alcohol use increased the likelihood of vaginal and unsafe vaginal sex. Hazardous alcohol 

use (for women >7 drinks/week) in particular increased the risk of vaginal sex, unsafe 

vaginal sex and when combined with binge drinking (for women: ≥4 drinks/occasion) 

increased the likelihood of having ≥2 vaginal sex partners. Among MSM, any alcohol use 

increased likelihood of having anal sex and ≥ 2 anal sex partners but was not associated with 

unsafe anal sex. Finally, among MSW, any alcohol use was associated with an increased risk 

of anal sex. However, binge drinking in particular (for men: ≥5 drinks/occasion) increased 

the risk of having ≥2 anal sex partners, ≥2 vaginal sex partners, vaginal sex, and unsafe 

vaginal sex. Across all PLWH groups, especially women, as the quantity and frequency of 

alcohol consumption increased, subsequent sex under the influence of alcohol or drugs 
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increased. Finally, we found that although alcohol and drug use were both prevalent and 

commonly co-occurring, there was little evidence that they interacted synergistically to 

increase sexual behaviors among PLWH. These findings have implications for counseling in 

HIV clinical care.

While our findings cannot isolate alcohol as a “cause” of sexual behaviors, our findings 

suggest that lifestyle patterns of drinking, previously shown to be quite stable in this cohort 

(47), increase the risk of certain sexual behaviors. Because these patterns differ between 

women, MSM and MSW, the groups may benefit from tailored counseling messages about 

alcohol use as part of sexual risk reduction. For women observing safer weekly limits of 

alcohol consumption and for MSW observing safer daily consumption limits seem 

warranted. For MSM, the counseling message would focus on increased risk of engaging in 

a variety of sexual behaviors from any alcohol use. Notably, however, alcohol use among 

MSM was not associated with an increased risk of unsafe anal sex. This suggests that 

compared with women and MSW, MSM may be more effectively reducing sexual 

transmission factors by reducing sex with partners of unknown or negative HIV serostatus, 

with a detectable viral load and/or inconsistent condom use.

For all PLWH groups, but especially for women, we found that the risk of having sex under 

the influence of drugs/alcohol markedly increases with increases in quantity and frequency 

of alcohol consumption. Laboratory and field studies have extensively documented alcohol 

and drug cognitive impairments on sexual expectations, decision-making, and consideration 

of consequences (12,14–16). Therefore, a “safe” level of alcohol use for some PLWH, 

perhaps especially for women, may be to abstain from alcohol especially in sexual contexts. 

For PLWH who are not ready or willing to abstain, drinking within safer limits of 

consumption may still reduce risk of harmful outcomes. Again, this may be particularly 

important for women who are more susceptible to the physiological effects of alcohol than 

men (48). Alcohol reduction to reduce sexual risk is important for women living with HIV 

because condom use is generally a more complex behavior for women and consequently 

behavioral interventions to promote their use have been less effective among women living 

with HIV than among men living with HIV (49). Finally, alcohol reduction is important for 

all PLWH who are taking multiple medications and have multiple comorbidities and who 

therefore may experience an exacerbation of alcohol’s effects through drug interactions 

and/or impaired hepatic metabolism (50–51). As behavioral interventions are still the 

mainstay of effective prevention, the challenge ahead will be to integrate the effective 

evidence-based interventions into routine clinical care.

Contrary to our earlier findings (11), anal sex among women living with HIV in this sample 

was reported infrequently and therefore there were too few outcomes to examine reliably. In 

our prior sample, 18% of Baltimore and New York women living with HIV reported anal 

sex, which was significantly associated with binge drinking. Although CNICS does include 

a Baltimore sample, 6 other US sites are also part of this cohort. We also predicted that 

binge drinking would be associated with elevated risk of sexual behaviors among women 

and MSM as has been reported in other studies (20,21). However, since we incorporated 

graphics to define types and amounts of alcohol contained in a “standard drink” into the 

PRO assessment, it is possible that we increased the precision of consumption estimates. 
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That is, an estimate of having “two drinks” on one occasion may be re-estimated as “four 

standard drinks” when the participant’s self-report is improved by the use of graphics. This 

may have lowered the threshold for detection of certain alcohol-associated sex behaviors.

Finally, although we found a high co-occurrence of alcohol and drug use among PLWH, we 

did not find that alcohol and drug use synergistically increased the probability of subsequent 

sexual transmission behaviors. This is particularly significant because it indicates that if the 

observed associations are causal then interventions to reduce alcohol use and drug use will 

both be necessary to reduce transmission sex in this population. The recommendation to 

address alcohol use separately from drug use to reduce sexual transmission behaviors is in 

line with recommendations to intervene separately on specific types of drug use to most 

effectively reduce drug-specific sexual transmission behaviors (32,52). For example, anal 

sex behaviors are associated with polydrug, marijuana, methamphetamine, illicit opioid and 

injection drug use whereas vaginal sex behaviors are associated with polydrug and crack 

cocaine use (20). Whether alcohol and drug use are optimally addressed simultaneously or 

sequentially will be determined in additional comparative efficacy research (19).

Limitations

We were unable to determine if the link between alcohol and sex is causal or mediated by a 

third factor, a confounder such as depression or sex-related alcohol expectancies. However, 

we were able to examine the link prospectively and found that alcohol use is a key temporal 

contributor to sexual behaviors. Second, our ability to directly estimate the effects of alcohol 

and drug use on HIV transmission was limited as we did not follow HIV uninfected partners 

of PLWH in our study. While we identified “unsafe sex” as inconsistent condom use with a 

partner of negative or unknown HIV serostatus while HIV viral load was not undetectable, it 

is possible that this unsafe sex may bave been misclassified as such if some of the HIV-

uninfected partners were using pre-exposure prophylaxis. Pre-exposure prophylaxis would 

lower the likelihood of HIV acquisition, independent of the index HIV-infected partners’ 

plasma HIV RNA and sexual practices. Third, some of our subgroup analyses were limited 

in size and some of the sexual behaviors were infrequently reported, thus power to detect 

these associations was necessarily limited despite the large sample size. All classifications of 

person-periods with respect to alcohol consumption and drug use were based on self-report, 

and alcohol and drug use may have been underreported; however, we attempted to improve 

the accuracy of participants’ self-reported quantity of alcohol consumption by employing a 

graphic display of standard drinks prior to AUDIT-C completion. In past studies, where self-

report queried only how many drinks were consumed, drinking amounts may have been 

underestimated (53). Fourth, an advantage of the PRO in CNICS is the geographic diversity 

of clinical sites, which can increase the generalizability of results. As we have previously 

shown, our findings about patients in CNICS generalize to other PLWH who are in care and 

not in CNICS (54). While we cannot generalize to PLWH not in care, a detectable viral load 

would be more likely and therefore alcohol misuse would potentially increase risk of HIV 

transmission. Finally, the PRO does not query detailed information about all sexual 

behaviors, the sex or gender of participants’ partners or consistently query across sites 

whether a participant is transgender female or male, although these as well as pre-exposure 

prophylaxis use by partners, and several other behaviors have been added more recently.
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CONCLUSION

Among PLWH, identifiable patterns of alcohol use are associated with an increased risk of 

certain subsequent sex behaviors. These drinking patterns and sex behaviors differ however 

between women, MSM and MSW indicating the importance of tailored counseling messages 

about ‘safer’ alcohol use. For some PLWH, ‘safer’ alcohol consumption would include 

reductions in frequency and quantity of use and, for others, an alcohol-free lifestyle. Women 

living with HIV may benefit from tailored interventions that address their greater 

susceptibility to alcohol’s effects, their risk of sex under the influence of drugs/alcohol with 

increased quantity and frequency of alcohol use, and the mixed results of prior interventions 

to promote condom use. For women, MSM, and MSW, alcohol and drug use did not 

synergistically increase the likelihood of subsequent sexual transmission behaviors; it also 

appears that separate interventions may be necessary to reduce sexual transmission 

behaviors. Optimizing the implementation of evidence-based interventions in HIV clinical 

settings is a critical next step in reducing alcohol use and sexual transmission behaviors 

among PLWH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This study was funded by:

NIAID CNICS R 24 AI067039 MICHAEL SAAG

NIAID: JHU CFAR P30 AI094189 BRYAN LAU

NIAAA U24 AA020801 MARY MCCAUL

NIAID UW CFAR P30 AI027757 HEIDI M. CRANE

NIAAA U01 AA020802 KAREN L. CROPSEY

REFERENCES

(1). Crane HM, McCaul ME, Chander G et al. Prevalence and factors associated with hazardous 
alcohol use among persons living with HIV across the US in the current era of antiretroviral 
treatment. AIDS Behav 2017; 21(7):1914–1925. [PubMed: 28285434] 

(2). Galvan FH, Bing EG, Fleishman JA et al. 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 Stud Alcohol 2002; 63(2):179–186. [PubMed: 12033694] 

(3). Substance Abuse and Mental Health Services Administration, Center for Behavioral Health 
Statistics and Quality. Results from the 2015 National Survey on Drug Use and Health: detailed 
tables Available at: https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/
NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm#tab2-20b. Accessed 08/23, 2018.

(4). Shuper PA, Neuman M, Kanteres F, Baliunas D, Joharchi N, Rehm J. Causal considerations on 
alcohol and HIV/AIDS—a systematic review. Alcohol & Alcoholism 2010; 45(2):159–166. 
[PubMed: 20061510] 

(5). Baliunas D, Rehm J, Irving H, Shuper P. Alcohol consumption and risk of incident human 
immunodeficiency virus infection: a meta-analysis. Int J Public Health 2010; 55(3):159–166. 
[PubMed: 19949966] 

Hutton et al. Page 12

AIDS Behav. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm#tab2-20b
https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm#tab2-20b


(6). Chander G, Lau B, Moore RD. Hazardous alcohol use: a risk factor for non-adherence and lack of 
suppression in HIV infection. J Acquir Immune Defic Syndr 2006 12 1;43(4):411–7. [PubMed: 
17099312] 

(7). Cook RL, Sereika SM, Hunt SC, Woodward WC, Erlen JA, Conigliaro J. Problem drinking and 
medication adherence among persons with HIV infection. J Gen Int Med 2001; 16(2):83–88.

(8). Monroe AK, Lau B, Mugavero MJ et al. Heavy alcohol use is associated with worse retention in 
HIV care. JAIDS 2016; 73(4):419–425. [PubMed: 27243904] 

(9). Canan CE, Lau B, McCaul ME, Keruly J, Moore RD, Chander G. Effect of alcohol consumption 
on all-cause and liver-related mortality among HIV-infected individuals. HIV Med 2017;18(5):
332–341. [PubMed: 27679418] 

(10). Justice AC, McGinnis KA, Tate JP, Braithwaite RS, Bryant KJ, Cook RL, Edelman EJ, Fiellin 
LE, Freiberg MS, Gordon AJ, Kraemer KL, Marshall BD, Williams EC, Fiellin DA. Risk of 
mortality and physiologic injury evident with lower alcohol exposure among HIV infected 
compared with uninfected men. Drug Alcohol Depend 2016; 161: 95–104 [PubMed: 26861883] 

(11). Hutton HE, McCaul ME, Chander G et al. Alcohol use, anal sex, and other risky sexual behaviors 
among HIV-infected women and men. AIDS Behav 2013; 17(5):1694–1704. [PubMed: 
22566077] 

(12). Shuper PA, Joharchi N, Irving H, Rehm J. Alcohol as a correlate of unprotected sexual behavior 
among people living with HIV/AIDS: review and meta-analysis. AIDS Behav 2009; 13(6):1021–
1036. [PubMed: 19618261] 

(13). Scott-Sheldon LA, Walstrom P, Carey KB, Johnson BT, Carey MP, MASH Research Team. 
Alcohol use and sexual risk behaviors among individuals infected with HIV: a systematic review 
and meta-analysis 2012 to early 2013. Current HIV/AIDS Reports 2013; 10(4):314–323. 
[PubMed: 24078370] 

(14). George WH, Stoner SA, Norris J, Lopez PA, Lehman GL. Alcohol expectancies and sexuality: a 
self-fulfilling prophecy analysis of dyadic perceptions and behavior. J Stud Alcohol 2000; 61(1):
168–176. [PubMed: 10627112] 

(15). Scott-Sheldon LA, Carey KB, Cunningham K, Johnson BT, Carey MP, MASH Research Team. 
Alcohol use predicts sexual decision-making: a systematic review and meta-analysis of the 
experimental literature. AIDS and Behavior 2016; 20(1):19–39.

(16). Berry MS, Johnson MW. Does being drunk or high cause HIV sexual risk behavior? a systematic 
review of drug administration studies. Pharmacology Biochemistry and Behavior 2017.

(17). Crepaz N, Tungol-Ashmon MV, Higa DH et al. A systematic review of interventions for reducing 
HIV risk behaviors among people living with HIV in the United States, 1988–2012. AIDS 2014; 
28(5):633–656. [PubMed: 24983541] 

(18). Vosburgh HW, Mansergh G, Sullivan PS, Purcell DW. A review of the literature on event-level 
substance use and sexual risk behavior among men who have sex with men. AIDS and Behavior 
2012; 16(6):1394–1410. [PubMed: 22323004] 

(19). Scott-Sheldon LAJ, Carey KB, Johnson BT, Carey MP. Behavioral interventions targeting alcohol 
use among people living with HIV/AIDS: a systematic review and meta-analysis. AIDS and 
Behavior 2017:1–18.

(20). Beckett M, Burnam A, Collins RL, Kanouse DE, Beckman R. Substance use and high-risk sex 
among people with HIV: a comparison across exposure groups. AIDS Behav 2003; 7(2):209–
219. [PubMed: 14586205] 

(21). Morin SF, Myers JJ, Shade SB, Koester K, Maiorana A, Rose CD. Predicting HIV transmission 
risk among HIV-infected patients seen in clinical settings. AIDS Behav 2007; 11(1):6–16.

(22). Golin C, Marks G, Wright J et al. Psychosocial characteristics and sexual behaviors of people in 
care for HIV infection: an examination of men who have sex with men, heterosexual men and 
women. AIDS Behav 2009; 13(6):1129–1142. [PubMed: 19763810] 

(23). Fisher JD, Smith L. Secondary prevention of HIV infection: the current state of prevention for 
positives. Curr Opin HIV AIDS 2009; 4(4):279–287. [PubMed: 19532065] 

(24). Huebner DM, Perry NS. Do behavioral scientists really understand HIV-related sexual risk 
behavior? a systematic review of longitudinal and experimental studies predicting sexual 
behavior. Arch Sex Behav 2015; 44(7):1915–1936. [PubMed: 26123067] 

Hutton et al. Page 13

AIDS Behav. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(25). Marshall BD, Operario D, Bryant KJ et al. Drinking trajectories among HIV-infected men who 
have sex with men: a cohort study of United States veterans. Drug Alcohol Depend 2015; 
148:69–76. [PubMed: 25596785] 

(26). Marshall BD, Shoveller JA, Kahler CW et al. Heavy drinking trajectories among men who have 
sex with men: a longitudinal, group-based analysis. Alcohol Clin Exp Res 2015; 39(2):380–389. 
[PubMed: 25684055] 

(27). Sander PM, Cole SR, Stall RD et al. Joint effects of alcohol consumption and high-risk sexual 
behavior on HIV seroconversion among men who have sex with men. AIDS 2013; 27(5):815–
823. [PubMed: 23719351] 

(28). Pantalone DW, Huh D, Nelson KM, Pearson CR, Simoni JM. Prospective predictors of 
unprotected anal intercourse among HIV-seropositive men who have sex with men initiating 
antiretroviral therapy. AIDS Behav 2014; 18(1):78–87. [PubMed: 23640652] 

(29). Pantalone DW, Rood BA, Morris BW, Simoni JM. A systematic review of the frequency and 
correlates of partner abuse in HIV-infected women and men who partner with men. Journal of the 
Association of Nurses in AIDS Care 2014; 25(1):S15–S35. [PubMed: 24070646] 

(30). Mustanski B Moderating effects of age on the alcohol and sexual risk taking association: an 
online daily diary study of men who have sex with men. AIDS and Behavior 2008; 12(1):118–
126. [PubMed: 18034298] 

(31). Kiene SM, Simbayi LC, Abrams A, Cloete A, Tennen H, Fisher JD. High rates of unprotected 
sex occurring among HIV-positive individuals in a daily diary study in South Africa: the role of 
alcohol use. J Acquir Immune Defic Syndr 2008; 49(2):219–226. [PubMed: 18769345] 

(32). Mimiaga MJ, Reisner SL, Grasso C et al. Substance use among HIV-infected patients engaged in 
primary care in the United States: findings from the Centers for AIDS Research Network of 
Integrated Clinical Systems cohort. Am J Public Health 2013; 103(8):1457–1467. [PubMed: 
23763417] 

(33). Yu G, Wall MM, Chiasson MA, Hirshfield S. Complex drug use patterns and associated HIV 
transmission risk behaviors in an Internet sample of US men who have sex with men. Arch Sex 
Behav 2015; 44(2):421–428. [PubMed: 25104104] 

(34). Kitahata MM, Rodriguez B, Haubrich R et al. Cohort profile: the Centers for AIDS Research 
Network of Integrated Clinical Systems. Int J Epidemiol 2008; 37(5):948–955. [PubMed: 
18263650] 

(35). Crane HM, Lober W, Webster E et al. Routine collection of patient-reported outcomes in an HIV 
clinic setting: the first 100 patients. Curr HIV Res 2007; 5(1):109–118. [PubMed: 17266562] 

(36). Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol consumption 
questions (AUDIT-C): an effective brief screening test for problem drinking. Ambulatory Care 
Quality Improvement Project (ACQUIP). Alcohol Use Disorders Identification Test. Arch Intern 
Med 1998; 158(16):1789–1795. [PubMed: 9738608] 

(37). Newcombe DA, Humeniuk RE, Ali R. Validation of the world health organization alcohol, 
smoking and substance involvement screening test (ASSIST): report of results from the 
Australian site. Drug Alcohol Rev 2005; 24(3):217–226. [PubMed: 16096125] 

(38). WHO ASSIST Working Group. The alcohol, smoking and substance involvement screening test 
(ASSIST): development, reliability and feasibility. Addiction 2002; 97(9):1183–1194. [PubMed: 
12199834] 

(39). Kroenke K, Spitzer RL, Williams JB. The Patient Health Questionnaire-2: validity of a two-item 
depression screener. Med Care 2003; 41(11):1284–1292. [PubMed: 14583691] 

(40). Attia S, Egger M, Müller M, Zwahlen M, Low N. Sexual transmission of HIV according to viral 
load and antiretroviral therapy: systematic review and meta-analysis. AIDS 2009; 23(11):1397–
1404. [PubMed: 19381076] 

(41). Hernan MA, Robins JM. Causal inference Boca Raton, Louisiana: Chapman & Hall/CRC; 2016.

(42). Robins JM, Hernan MA, Brumback B. Marginal structural models and causal inference in 
epidemiology. Epidemiology 2000; 11(5):550–560. [PubMed: 10955408] 

(43). Robins JM, Finkelstein DM. Correcting for noncompliance and dependent censoring in an AIDS 
clinical trial with inverse probability of censoring weighted (IPCW) log-rank tests. Biometrics 
2000; 56(3):779–788. [PubMed: 10985216] 

Hutton et al. Page 14

AIDS Behav. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(44). Hanley JA, Negassa A, Edwardes MD, Forrester JE. Statistical analysis of correlated data using 
generalized estimating equations: an orientation. Am J Epidemiol 2003; 157(4):364–375. 
[PubMed: 12578807] 

(45). Hosmer DW, Lemeshow S. Confidence interval estimation of interaction. Epidemiology 1992; 
3(5):452–456. [PubMed: 1391139] 

(46). Greenland S, Poole C. Invariants and noninvariants in the concept of interdependent effects. 
Scand J Work Environ Health 1988; 14(2):125–129. [PubMed: 3387960] 

(47). Bilal U, McCaul ME, Crane HM, Mathews WC, Mayer KH, Geng E, Napravnik S, Cropsey KL, 
Mugavero MJ, Saag MS, Hutton H, Lau B, Chander G. Predictors of Longitudinal Trajectories of 
Alcohol Consumption in People with HIV. Alcohol Clin Exp Res 2018 3;42(3):561–570. 
[PubMed: 29265385] 

(48). Erol A, Karpyak VM. Sex and gender-related differences in alcohol use and its consequences: 
Contemporary knowledge and future research considerations. Drug and alcohol dependence 
2015;1;156:1–3.

(49). Carvalho FT, Gonçalves TR, Faria ER, Shoveller JA, Piccinini CA, Ramos MC, Medeiros LRF. 
Behavioral interventions to promote condom use among women living with HIV. Cochrane 
Database of Systematic Reviews 2011, Issue 9. Art. No.: CD007844.

(50). Braithwaite RS, Conigliaro J, McGinnis KA, Maisto SA, Bryant K, Justice AC. Adjusting 
alcohol quantity for mean consumption and intoxication threshold improves prediction of 
nonadherence in HIV patients and HIV-negative controls. Alcohol Clin Exp Res 2008; 32(9):
1645–1651. [PubMed: 18616666] 

(51). Justice AC, McGinnis KA, Tate JP et al. Risk of mortality and physiologic injury evident with 
lower alcohol exposure among HIV infected compared with uninfected men. Drug Alcohol 
Depend 2016; 161:95–103. [PubMed: 26861883] 

(52). Skeer MR, Mimiaga MJ, Mayer KH, O’Cleirigh C, Covahey C, Safren SA. Patterns of substance 
use among a large urban cohort of HIV-infected men who have sex with men in primary care. 
AIDS Behav 2012;16(3):676–689. [PubMed: 21234666] 

(53). Livingston M, Callinan S. Underreporting in alcohol surveys: Whose drinking is underestimated? 
J Stud Alcohol Drugs 2015; 76(1):158–164. [PubMed: 25486405] 

(54). Lesko CR, Cole SR, Hall HI et al. The effect of antiretroviral therapy on all-cause mortality, 
generalized to persons diagnosed with HIV in the USA, 2009–11. Int J Epidemiol 2016; 45(1):
140–150. [PubMed: 26772869] 

Hutton et al. Page 15

AIDS Behav. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hutton et al. Page 16

Ta
b

le
 I.

C
ha

ra
ct

er
is

tic
s 

of
 p

er
so

ns
 in

 c
on

tin
ui

ty
 H

IV
 c

ar
e 

at
 a

 C
N

IC
S 

si
te

, w
ho

 c
om

pl
et

ed
 a

t l
ea

st
 tw

o 
Pa

tie
nt

 R
ep

or
te

d 
O

ut
co

m
es

 (
PR

O
) 

su
rv

ey
 b

et
w

ee
n 

Ja
nu

ar
y 

20
11

 a
nd

 J
un

e 
20

14
, a

t f
ir

st
 P

R
O

, s
tr

at
if

ie
d 

by
 r

ep
or

te
d 

al
co

ho
l u

se
 a

nd
 s

ex
/H

IV
 a

cq
ui

si
tio

n 
ri

sk
 f

ac
to

r

N
o 

al
co

ho
l u

se
a,

b
M

od
er

at
e 

al
co

ho
l u

se
/ n

o 
bi

ng
ei

ng
M

od
er

at
e 

al
co

ho
l u

se
/ 

bi
ng

ei
ng

H
az

ar
do

us
 a

lc
oh

ol
 u

se
/ n

o 
bi

ng
ei

ng
H

az
ar

do
us

 a
lc

oh
ol

 u
se

/
bi

ng
ei

ng

W
O

M
E

N
 (

N
=

18
57

)
10

10
44

9
52

13
6

21
0

A
ge

, M
ed

ia
n 

(I
Q

R
)a

43
 (

39
, 5

3.
5)

44
 (

35
, 5

2)
39

 (
35

, 4
9.

5)
46

 (
38

, 5
3)

44
 (

32
, 5

1)

R
ac

e/
et

hn
ic

ity

 B
la

ck
65

8 
(6

5.
2)

28
0 

(6
2.

4)
32

 (
61

.5
)

89
 (

65
.4

)
10

8 
(5

1.
4)

 W
hi

te
23

6 
(2

3.
4)

12
5 

(2
7.

8)
14

 (
26

.9
)

18
 (

27
.9

)
60

 (
28

.6
)

 H
is

pa
ni

c
88

 (
8.

7)
31

 (
6.

9)
4 

(1
1.

5)
5 

(3
.7

)
27

 (
12

.9
)

 O
th

er
28

 (
2.

8)
13

 (
2.

9)
0 

(0
.0

)
4 

(2
.9

)
15

 (
7.

1)

D
ep

re
ss

io
n 

(P
H

Q
-2

≥3
)

17
0 

(1
7.

5)
91

 (
21

.0
)

18
 (

36
.0

)
36

 (
27

.9
)

67
 (

34
.0

)

D
ru

g 
us

e 
in

 th
e 

la
st

 3
 m

on
th

s

 C
oc

ai
ne

/c
ra

ck
39

 (
3.

9)
31

 (
7.

0)
5 

(9
.8

)
20

 (
15

.3
)

45
 (

21
.7

)

 M
et

ha
m

ph
et

am
in

es
18

 (
1.

8)
14

 (
3.

2)
4 

(7
.8

)
3 

(2
.3

)
11

 (
5.

4)

 O
pi

oi
ds

21
 (

2.
1)

12
 (

2.
8)

2 
(3

.8
)

5 
(4

.0
)

8 
(3

.9
)

 M
ar

iju
an

a
63

 (
6.

4)
92

 (
21

.3
)

10
 (

19
.6

)
31

 (
23

.8
)

72
 (

35
.8

)

 I
nj

ec
tio

n 
dr

ug
s

8 
(1

.2
)

4 
(1

.1
)

0 
(0

.0
)

2 
(1

.8
)

4 
(2

.7
)

C
D

4 
ce

lls
/µ

L
, M

ed
ia

n 
(I

Q
R

)a
51

0.
5 

(3
01

, 7
32

)
53

5 
(3

25
.5

, 7
08

)
55

8 
(3

15
, 8

34
)

56
6 

(3
47

, 7
89

)
47

3 
(2

68
, 6

76
)

V
ir

al
 lo

ad
 >

10
0 

co
pi

es
/m

L
 (

de
te

ct
ab

le
)

26
3 

(2
6.

1)
13

1 
(2

9.
2)

12
 (

23
.1

)
38

 (
28

.2
)

86
 (

41
.0

)

M
SM

 (
N

=
67

52
)

18
71

22
46

64
8

38
4

16
03

A
ge

, M
ed

ia
n 

(I
Q

R
)a

45
 (

38
, 5

1)
44

 (
34

, 5
1)

39
 (

32
, 4

6)
44

 (
32

, 5
0)

41
 (

31
, 4

7)

R
ac

e/
et

hn
ic

ity

 B
la

ck
47

0 
(2

5.
1)

52
3 

(2
3.

3)
11

9 
(1

8.
4)

85
 (

22
.1

)
27

2 
(1

7.
0)

 W
hi

te
97

4 
(5

2.
1)

12
99

 (
57

.8
)

37
5 

(5
7.

9)
22

8 
(5

9.
4)

95
3 

(5
9.

5)

 H
is

pa
ni

c
32

2 
(1

7.
2)

31
3 

(1
3.

9)
10

4 
(1

6.
1)

48
 (

12
.5

)
30

2 
(1

8.
8)

 O
th

er
10

5 
(5

.6
)

11
1 

(4
.9

)
50

 (
7.

7)
23

 (
6.

0)
76

 (
4.

7)

D
ep

re
ss

io
n 

(P
H

Q
-2

≥3
)

43
7 

(2
3.

7)
46

2 
(2

0.
9)

12
8 

(2
0.

1)
78

 (
20

.6
)

36
4 

(2
3.

1)

D
ru

g 
us

e 
in

 th
e 

la
st

 3
 m

on
th

s

AIDS Behav. Author manuscript; available in PMC 2020 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hutton et al. Page 17

N
o 

al
co

ho
l u

se
a,

b
M

od
er

at
e 

al
co

ho
l u

se
/ n

o 
bi

ng
ei

ng
M

od
er

at
e 

al
co

ho
l u

se
/ 

bi
ng

ei
ng

H
az

ar
do

us
 a

lc
oh

ol
 u

se
/ n

o 
bi

ng
ei

ng
H

az
ar

do
us

 a
lc

oh
ol

 u
se

/
bi

ng
ei

ng

 C
oc

ai
ne

/c
ra

ck
50

 (
2.

7)
95

 (
4.

3)
33

 (
5.

1)
34

 (
9.

5)
19

5 
(1

2.
3)

 M
et

ha
m

ph
et

am
in

es
19

0 
(1

0.
3)

23
4 

(1
0.

6)
98

 (
15

.5
)

34
 (

9.
5)

19
8 

(1
2.

4)

 O
pi

oi
ds

22
 (

1.
2)

24
 (

1.
1)

13
 (

2.
0)

4 
(1

.1
)

35
 (

2.
2)

 M
ar

iju
an

a
35

4 
(1

9.
2)

74
4 

(3
4.

0)
26

6 
(4

1.
8)

14
2 

(3
9.

7)
73

5 
(4

6.
9)

 I
nj

ec
tio

n 
dr

ug
s

6.
0 

(3
.5

)
57

 (
2.

7)
18

 (
2.

9)
8 

(2
.3

)
43

 (
2.

8)

C
D

4 
ce

lls
/µ

L
, M

ed
ia

n 
(I

Q
R

)a
46

1.
5 

(2
86

, 6
51

)
49

2 
(3

18
, 6

76
)

50
9 

(3
47

, 6
88

)
49

9 
(3

27
, 6

92
)

48
4 

(3
23

, 6
66

)

V
ir

al
 lo

ad
 >

10
0 

co
pi

es
/m

L
 (

de
te

ct
ab

le
)

44
7 

(2
3.

9)
54

7 
(2

4.
4)

17
0 

(2
6.

3)
83

 (
21

.7
)

45
3 

(2
8.

3)

M
SW

 (
N

=
26

85
)

12
09

69
0

19
4

11
0

48
2

A
ge

, M
ed

ia
n 

(I
Q

R
)a

49
 (

41
, 5

6)
47

 (
39

, 5
2.

5)
41

 (
34

, 5
0)

44
 (

36
, 5

0)
44

 (
35

, 5
0)

R
ac

e/
et

hn
ic

ity

 B
la

ck
63

8 
(5

2.
8)

32
3 

(4
6.

8)
64

 (
33

.0
)

56
 (

50
.9

)
18

9 
(3

9.
2)

 W
hi

te
39

1 
(3

2.
3)

27
1 

(3
9.

3)
92

 (
47

.4
)

44
 (

40
.0

)
20

8 
(4

3.
2)

 H
is

pa
ni

c
14

5 
(1

2.
0)

70
 (

10
.1

)
32

 (
16

.5
)

8 
(7

.3
)

58
 (

12
.0

)

 O
th

er
35

 (
2.

9)
26

 (
3.

8)
6 

(3
.1

)
2 

(1
.8

)
27

 (
5.

6)

D
ep

re
ss

io
n 

(P
H

Q
-2

≥3
)

22
3 

(1
9.

0)
14

5 
(2

1.
8)

43
 (

23
.6

)
18

 (
17

.0
)

12
0 

(2
6.

4)

D
ru

g 
us

e 
in

 th
e 

la
st

 3
 m

on
th

s

 C
oc

ai
ne

/c
ra

ck
66

 (
5.

5)
63

 (
9.

4)
27

 (
14

.1
)

13
 (

13
.1

)
11

2 
(2

3.
6)

 M
et

ha
m

ph
et

am
in

es
80

 (
6.

8)
89

 (
13

.2
)

36
 (

18
.8

)
7 

(7
.1

)
70

 (
14

.9
)

 O
pi

oi
ds

39
 (

3.
3)

46
 (

6.
9)

17
 (

9.
0)

4 
(4

.2
)

48
 (

10
.2

)

 M
ar

iju
an

a
17

4 
(1

4.
9)

20
9 

(3
1.

6)
73

 (
39

.2
)

40
 (

40
.8

)
20

1 
(4

9.
1)

 I
nj

ec
tio

n 
dr

ug
s

48
 (

5.
8)

48
 (

8.
6)

21
 (

12
.9

)
5 

(5
.6

)
31

 (
7.

8)

C
D

4 
ce

lls
/µ

L
, M

ed
ia

n 
(I

Q
R

)a
41

5 
(2

45
, 6

26
)

42
5 

(2
50

, 6
55

)
40

6 
(2

44
, 6

20
)

44
8.

5 
(2

38
, 6

57
)

42
1 

(2
47

, 5
88

)

V
ir

al
 lo

ad
 >

10
0 

co
pi

es
/m

L
 (

de
te

ct
ab

le
)

28
4 

(2
3.

6)
17

5 
(2

5.
4)

70
 (

36
.1

)
33

 (
30

.0
)

16
1 

(3
3.

5)

A
bb

re
vi

at
io

ns
: I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 M
SM

, m
en

 w
ho

 h
av

e 
se

x 
w

ith
 m

en
; M

SW
, m

en
 w

ho
 h

av
e 

se
x 

w
ith

 w
om

en

a N
(%

) 
un

le
ss

 o
th

er
w

is
e 

in
di

ca
te

d

b M
od

er
at

e 
al

co
ho

l u
se

 d
ef

in
ed

 a
s 

m
or

e 
th

an
 0

 b
ut

 <
7/

<
14

 d
ri

nk
s 

pe
r 

w
ee

k 
fo

r 
m

en
/w

om
en

, o
n 

av
er

ag
e;

 H
az

ar
do

us
 a

lc
oh

ol
 u

se
 d

ef
in

ed
 a

s 
>

7/
>

14
 d

ri
nk

s 
pe

r 
w

ee
k 

fo
r 

w
om

en
/m

en
, o

n 
av

er
ag

e;
 B

in
ge

 
dr

in
ki

ng
 d

ef
in

ed
 a

s 
dr

in
ki

ng
 ≥

 4
/≥

5 
dr

in
ks

 o
n 

on
e 

oc
ca

si
on

 f
or

 w
om

en
/m

en
.

AIDS Behav. Author manuscript; available in PMC 2020 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hutton et al. Page 18

Ta
b

le
 II

.

Se
xu

al
 b

eh
av

io
rs

 o
f 

pe
rs

on
s 

in
 c

on
tin

ui
ty

 H
IV

 c
ar

e 
at

 a
 C

N
IC

S 
si

te
 a

t f
ir

st
 P

R
O

 s
tr

at
if

ie
d 

by
 a

lc
oh

ol
 u

se
 p

at
te

rn
 a

nd
 r

ep
or

te
d 

se
x/

H
IV

 a
cq

ui
si

tio
n 

ri
sk

 

fa
ct

or

N
o 

al
co

ho
l u

se
a,

b
M

od
er

at
e 

al
co

ho
l u

se
/ n

o 
bi

ng
ei

ng
M

od
er

at
e 

al
co

ho
l u

se
/ 

bi
ng

ei
ng

H
az

ar
do

us
 a

lc
oh

ol
 u

se
/ n

o 
bi

ng
ei

ng
H

az
ar

do
us

 a
lc

oh
ol

 u
se

/ 
bi

ng
ei

ng

W
O

M
E

N
 (

N
=

18
57

)
10

10
44

9
52

13
6

21
0

V
ag

in
al

 s
ex

47
2 

(5
6.

4)
28

4 
(6

7.
3)

30
 (

66
.7

)
80

 (
63

.0
)

13
8 

(7
4.

6)

≥2
 v

ag
in

al
 s

ex
 p

ar
tn

er
s

41
 (

4.
9)

43
 (

10
.2

)
2 

(4
.4

)
9 

(7
.1

)
23

 (
12

.4
)

U
ns

af
e 

va
gi

na
l s

ex
24

 (
2.

7)
17

 (
4.

3)
0 

(0
.0

)
7 

(6
.0

)
9 

(5
.3

)

A
na

l s
ex

56
 (

6.
9)

35
 (

8.
6)

4 
(9

.1
)

16
 (

13
.0

)
30

 (
16

.9
)

≥2
 a

na
l s

ex
 p

ar
tn

er
s

9 
(1

.1
)

4 
(1

.0
)

1 
(2

.3
)

2 
(1

.6
)

5 
(2

.8
)

U
ns

af
e 

an
al

 s
ex

2 
(0

.2
)

0 
(0

.0
)

0 
(0

.0
)

2 
(1

.5
)

6 
(3

.0
)

Se
x 

un
de

r 
in

fl
ue

nc
e 

of
 a

lc
oh

ol
/d

ru
gs

33
 (

6.
0)

64
 (

19
.9

)
5 

(1
5.

2)
42

 (
45

.2
)

69
 (

48
.6

)

M
SM

 (
N

=
67

52
)

18
71

22
46

64
8

38
4

16
03

A
na

l s
ex

78
3 

(4
5.

3)
12

78
 (

60
.3

)
44

1 
(7

1.
6)

22
3 

(6
0.

9)
10

44
 (

69
.1

)

≥2
 a

na
l s

ex
 p

ar
tn

er
s

42
7 

(2
4.

7)
62

8 
(2

9.
7)

23
6 

(3
8.

3)
13

3 
(3

6.
3)

62
2 

(4
1.

2)

U
ns

af
e 

an
al

 s
ex

73
 (

4.
2)

11
0 

(5
.4

)
31

 (
5.

3)
29

 (
8.

1)
11

0 
(7

.8
)

Se
x 

un
de

r 
in

fl
ue

nc
e 

of
 a

lc
oh

ol
/d

ru
gs

21
7 

(1
4.

4)
58

4 
(3

0.
3)

27
1 

(4
6.

9)
16

4 
(5

3.
4)

87
7 

(6
2.

3)

M
SW

 (
N

=
26

85
)

12
09

69
0

19
4

11
0

48
2

V
ag

in
al

 s
ex

46
2 

(4
5.

5)
27

2 
(4

3.
2)

68
 (

38
.0

)
48

 (
47

.1
)

20
6 

(4
6.

1)

≥2
 v

ag
in

al
 s

ex
 p

ar
tn

er
s

73
 (

7.
2)

46
 (

7.
8)

14
 (

7.
8)

10
 (

9.
8)

59
 (

13
.2

)

U
ns

af
e 

va
gi

na
l s

ex
13

 (
1.

2)
11

 (
1.

8)
5 

(2
.8

)
4 

(4
.1

)
12

 (
2.

8)

A
na

l s
ex

14
8 

(1
4.

8)
15

7 
(2

5.
2)

66
 (

37
.5

)
24

 (
23

.5
)

13
4 

(3
0.

2)

≥2
 a

na
l s

ex
 p

ar
tn

er
s

76
 (

7.
6)

70
 (

11
.2

)
42

 (
23

.9
)

12
 (

11
.8

)
67

 (
15

.1
)

U
ns

af
e 

an
al

 s
ex

12
 (

1.
1)

8 
(1

.2
)

6 
(3

.5
)

3 
(2

.9
)

12
 (

2.
8)

Se
x 

un
de

r 
in

fl
ue

nc
e 

of
 a

lc
oh

ol
/d

ru
gs

95
 (

13
.6

)
14

7 
(3

0.
2)

66
 (

44
.6

)
50

 (
60

.2
)

20
2 

(5
7.

2)

A
bb

re
vi

at
io

ns
: M

SM
, m

en
 w

ho
 h

av
e 

se
x 

w
ith

 m
en

; M
SW

, m
en

 w
ho

 h
av

e 
se

x 
w

ith
 w

om
en

a N
 (

%
) 

un
le

ss
 o

th
er

w
is

e 
in

di
ca

te
d

b M
od

er
at

e 
al

co
ho

l u
se

 d
ef

in
ed

 a
s 

m
or

e 
th

an
 0

 b
ut

 ≤
7/

≤1
4 

dr
in

ks
 p

er
 w

ee
k 

fo
r 

m
en

/w
om

en
, o

n 
av

er
ag

e;
 H

az
ar

do
us

 a
lc

oh
ol

 u
se

 d
ef

in
ed

 a
s 

>
7/

>
14

 d
ri

nk
s 

pe
r 

w
ee

k 
fo

r 
w

om
en

/m
en

, o
n 

av
er

ag
e;

 B
in

ge
 

dr
in

ki
ng

 d
ef

in
ed

 a
s 

dr
in

ki
ng

 ≥
 4

/≥
5 

dr
in

ks
 o

n 
on

e 
oc

ca
si

on
 f

or
 w

om
en

/m
en

.

AIDS Behav. Author manuscript; available in PMC 2020 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hutton et al. Page 19

Ta
b

le
 II

I.

C
ha

ra
ct

er
is

tic
s 

of
 p

er
so

n-
pe

ri
od

s 
th

at
 o

cc
ur

 o
ve

r 
w

ith
in

 P
at

ie
nt

 R
ep

or
te

d 
O

ut
co

m
es

 (
PR

O
) 

su
rv

ey
 b

et
w

ee
n 

Ja
nu

ar
y 

20
11

 a
nd

 J
un

e 
20

14
, a

t f
ir

st
 P

R
O

, 

st
ra

tif
ie

d 
by

 r
ep

or
te

d 
al

co
ho

l u
se

 a
nd

 s
ex

/H
IV

 a
cq

ui
si

tio
n 

ri
sk

 f
ac

to
r

N
o 

al
co

ho
l u

se
a ,

b
M

od
er

at
e 

al
co

ho
l u

se
/ n

o 
bi

ng
ei

ng
M

od
er

at
e 

al
co

ho
l u

se
/ 

bi
ng

ei
ng

H
az

ar
do

us
 a

lc
oh

ol
 u

se
/ n

o 
bi

ng
ei

ng
H

az
ar

do
us

 a
lc

oh
ol

 u
se

/ 
bi

ng
ei

ng

W
O

M
E

N

N
um

be
r 

of
 p

er
so

n-
pe

ri
od

s 
(N

=
52

81
)

29
31

13
42

14
7

33
6

52
5

Pe
rs

on
-p

er
io

ds
/p

er
so

n,
 M

ed
ia

n 
(I

Q
R

)a
2 

(1
, 4

)
2 

(1
, 4

)
2 

(1
, 5

)
1 

(1
, 3

)
2 

(1
, 4

)

M
SM

N
um

be
r 

of
 p

er
so

n-
pe

ri
od

s 
(N

=
18

53
3)

55
07

65
68

16
57

11
85

36
16

O
bs

er
va

tio
ns

/p
er

so
n,

 M
ed

ia
n 

(I
Q

R
)a

2 
(1

, 4
)

2 
(1

, 4
)

2 
(1

, 4
)

2 
(1

, 2
)

2 
(1

, 4
)

M
SW

N
um

be
r 

of
 p

er
so

n-
pe

ri
od

s 
(N

=
70

90
)

32
55

18
74

48
6

31
1

11
64

O
bs

er
va

tio
ns

/p
er

so
n,

 M
ed

ia
n 

(I
Q

R
)a

2 
(1

, 4
)

2 
(1

, 4
)

2 
(1

, 4
)

1 
(1

, 2
)

2 
(1

, 4
)

A
bb

re
vi

at
io

ns
: I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 M
SM

, m
en

 w
ho

 h
av

e 
se

x 
w

ith
 m

en
; M

SW
, m

en
 w

ho
 h

av
e 

se
x 

w
ith

 w
om

en

a M
od

er
at

e 
al

co
ho

l u
se

 d
ef

in
ed

 a
s 

m
or

e 
th

an
 0

 b
ut

 ≤
7/

≤1
4 

dr
in

ks
 p

er
 w

ee
k 

fo
r 

m
en

/w
om

en
, o

n 
av

er
ag

e;
 H

az
ar

do
us

 a
lc

oh
ol

 u
se

 d
ef

in
ed

 a
s 

>
7/

>
14

 d
ri

nk
s 

pe
r 

w
ee

k 
fo

r 
w

om
en

/m
en

, o
n 

av
er

ag
e;

 B
in

ge
 

dr
in

ki
ng

 d
ef

in
ed

 a
s 

dr
in

ki
ng

 ≥
 4

/≥
5 

dr
in

ks
 o

n 
on

e 
oc

ca
si

on
 f

or
 w

om
en

/m
en

.

AIDS Behav. Author manuscript; available in PMC 2020 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hutton et al. Page 20

Table IV.

Risk ratios and 95% confidence limits for seven subsequent sexual behaviors associated with different levels 

of self-reported alcohol use
a
 among 11,294 women, men who have sex with men (MSM) and men who have 

sex with women (MSW) in CNICS observed for 30,904 person-periods

Women MSM MSW

Anal sex

No alcohol use 1. 1. 1.

Moderate drinking without binge 0.99 (0.69 , 1.41) 1.26 (1.19 , 1.34) 1.30 (1.09 , 1.55)

Moderate drinking with binge 0.88 (0.45 , 1.73) 1.33 (1.24 , 1.44) 1.62 (1.28 , 2.06)

Hazardous drinking without binge 0.99 (0.57 , 1.70) 1.28 (1.18 , 1.39) 1.23 (0.84 , 1.79)

Hazardous drinking with binge 2.22 (0.92 , 5.36) 1.32 (1.23 , 1.42) 1.42 (1.15 , 1.77)

≥2 anal sex partners

No alcohol use 1. 1. 1.

Moderate drinking without binge 0.62 (0.16 , 2.39) 1.18 (1.06 , 1.31) 1.18 (0.91 , 1.52)

Moderate drinking with binge 0.36 (0.04 , 3.03) 1.33 (1.16 , 1.52) 1.82 (1.29 , 2.58)

Hazardous drinking without binge 1.28 (0.34 , 4.79) 1.40 (1.21 , 1.62) 1.15 (0.56 , 2.34)

Hazardous drinking with binge 1.50 (0.50 , 4.56) 1.39 (1.24 , 1.57) 1.52 (1.11 , 2.07)

Vaginal sex

No alcohol use 1. 1.

Moderate drinking without binge 1.13 (1.03 , 1.24) 1.10 (0.99 , 1.22)

Moderate drinking with binge 1.17 (0.97 , 1.42) 1.14 (0.98 , 1.33)

Hazardous drinking without binge 1.28 (1.12 , 1.46) 1.01 (0.80 , 1.27)

Hazardous drinking with binge 1.37 (1.21 , 1.56) 1.19 (1.05 , 1.35)

≥2 vaginal sex partners

No alcohol use 1. 1.

Moderate drinking without binge 1.53 (1.08 , 2.18) 0.98 (0.74 , 1.31)

Moderate drinking with binge 0.90 (0.37 , 2.20) 1.07 (0.67 , 1.73)

Hazardous drinking without binge 0.99 (0.50 , 1.97) 0.88 (0.50 , 1.54)

Hazardous drinking with binge 2.06 (1.21 , 3.50) 1.69 (1.25 , 2.29)

Sex under influence of drugs/alcohol

No alcohol use 1. 1. 1.

Moderate drinking without binge 1.94 (1.32 , 2.84) 1.76 (1.53 , 2.02) 1.78 (1.47 , 2.16)

Moderate drinking with binge 2.23 (1.08 , 4.59) 2.36 (2.03 , 2.74) 2.26 (1.78 , 2.87)

Hazardous drinking without binge 5.18 (3.51 , 7.63) 3.01 (2.58 , 3.51) 2.67 (1.99 , 3.58)

Hazardous drinking with binge 5.47 (3.75 , 7.99) 3.22 (2.81 , 3.70) 3.15 (2.59 , 3.83)

Unsafe
b
 anal sex

No alcohol use 1. 1. 1.

Moderate drinking without binge 0.26 (0.02 , 3.74) 1.07 (0.72 , 1.60) 1.02 (0.45 , 2.29)

Moderate drinking with binge 0.88 (0.06 , 12.86) 1.05 (0.62 , 1.78) 1.56 (0.59 , 4.16)

Hazardous drinking without binge 0.95 (0.09 , 10.24) 1.24 (0.73 , 2.09) 1.60 (0.50 , 5.13)

Hazardous drinking with binge 2.63 (0.34 , 20.43) 1.30 (0.86 , 1.98) 1.46 (0.61 , 3.47)
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Women MSM MSW

Unsafe
b
 vaginal sex

No alcohol use 1. 1.

Moderate drinking without binge 1.46 (0.86 , 2.45) 1.86 (0.98 , 3.51)

Moderate drinking with binge 1.18 (0.35 , 3.94) 3.12 (1.41 , 6.94)

Hazardous drinking without binge 2.41 (1.08 , 5.38) 1.22 (0.29 , 5.04)

Hazardous drinking with binge 2.16 (1.08 , 4.35) 3.08 (1.57 , 6.03)

a
Moderate alcohol use defined as more than 0 but ≤7/≤14 drinks per week for men/women, on average; Hazardous alcohol use defined as >7/>14 

drinks per week for women/men, on average; Binge drinking defined as drinking ≥ 4/≥5 drinks on one occasion for women/men.

b
“Unsafe” sex was defined as sex with a person of unknown or negative HIV serostatus, with a recent detectable viral load, and with inconsistent 

condom use

Bolded findings are significant at α=0.05.
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