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Background: Although it has been purported that HIV-positive individuals may experience a greater
degree of intoxication than HIV-negative individuals following acute alcohol consumption, no research
to date has empirically tested this supposition. The present investigation entailed a randomized con-
trolled experiment to identify whether the administration of a weight-specified dose of alcohol would
lead to differential blood alcohol concentrations (BACs) among HIV-positive versus HIV-negative men.

Methods: In a specialized barroom laboratory, 143 men (n = 76 HIV-positive and n = 67 HIV-
negative; mean age = 42.9) consumed beverages based on a formulation of 0.7 g alcohol/kg body
weight over a 15-minute time frame. BAC was assessed via breathalyzer at 2 set time points (10 and
13 minutes postconsumption) and then periodically until detoxification (BAC < 0.040%). Primary out-
comes included (i) area under the curve (AUC), calculated based on all of one’s BAC readings, (ii)
“BAC-EXP,” defined as one’s BAC reading 13 minutes postconsumption, and (iii) BAC-PEAK,
defined as one’s highest recorded BAC reading.

Results: Contrary to predictions, AUC (t(141) = 2.23, p = 0.027), BAC-EXP (t(141) = 2.68,
p = 0.008), and BAC-PEAK (t(141) = 2.29, p = 0.023) were significantly lower among HIV-positive
versus HIV-negative participants. These effects were sustained in multivariable models controlling for
age, race, and AUDIT-based hazardous drinking classification. Among the HIV-positive sample, out-
comes did not significantly differ based on HIV viral load detectability, antiretroviral therapy (ART)
status, or ART adherence.

Conclusions: The administration of a controlled, weight-specified dose of alcohol led to lower BACs
among HIV-positive versus HIV-negative participants. These differences might derive from decreased
body fat percentage and delayed gastric emptying associated with HIV seropositivity; however, addi-
tional research is necessary to verify these mechanisms. Unique alcohol dosing formulas based on HIV
serostatus may be required in future alcohol administration experiments involving HIV-positive samples.
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ALCOHOL USE AND hazardous drinking are com-
mon among people living with HIV (PLWH; Cook

et al., 2001; Galvan et al., 2002; National Institute on

Alcohol Abuse and Alcoholism 2010; Samet et al., 2004) and
have been linked to a number of detriments in HIV treat-
ment- and prevention-related outcomes. PLWH who con-
sume alcohol are at an elevated risk of nonadherence to
antiretroviral therapy (ART; Hendershot et al., 2009; Rehm
et al., 2017), attrition from HIV-related care (Monroe et al.,
2016; Vagenas et al., 2015), treatment-related complications
and treatment failure (Braithwaite et al., 2007; Miguez et al.,
2003; Williams et al., 2016), and increased mortality (Braith-
waite et al., 2007; Gmel et al., 2011; Justice et al., 2016;
Neblett et al., 2011). Alcohol use has also been identified as
a driver of PLWH engagement in condomless sexual activity
and subsequent HIV transmission (Scott-Sheldon et al.,
2013; Shuper et al., 2009).

Potentially compounding these adverse effects is that the
intoxicating impact of alcohol may be more pronounced
among PLWH versus those who are not infected with the
virus. For instance, in a study of over 2,600 HIV-positive
and HIV-negative men, McGinnis and colleagues (2015)
found that men who were HIV-positive reported that they
required significantly fewer alcoholic drinks to “feel a buzz”
compared to their uninfected counterparts. This difference
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was exacerbated when taking into account HIV-positive par-
ticipants’ HIV viral load, whereby those whose HIV was not
suppressed (i.e., those with detectable viral loads) reported
significantly fewer alcoholic drinks to “feel a buzz” than both
uninfected participants and HIV-positive participants who
had achieved viral suppression. This latter finding accords
with previous experimental work conducted by McCance-
Katz and colleagues (2012, 2013), whose research entailed
first administering a controlled dose of alcohol to a small
sample of untreated PLWH, and then repeating alcohol
administration procedures with the same set of participants
following ART initiation. Results demonstrated that while
subjective intoxication did not differ based on one’s ART
status, blood alcohol concentration (BAC) was shown to be
reduced by 10 to 15% following ART initiation. McCance-
Katz and colleagues (2012, 2013), speculated that having
unsuppressed HIV may result in immune activation and
inflammation as well as intestinal damage, which in turn
could lead to a decrease in alcohol metabolism and an
increase in alcohol absorption.
Despite these findings, however, there has been no

research to date that has empirically evaluated alcohol’s
impact among HIV-positive versus HIV-negative individu-
als, and it remains unknown whether being infected with
HIV can, in and of itself, affect one’s level of intoxication.
Given the harmful role that alcohol plays in HIV treatment
and prevention efforts among PLWH, it remains crucial to
identify the extent to which intoxication may be influenced
by HIV seropositivity. The present investigation therefore
sought to address this gap by directly assessing potential dif-
ferences between HIV-positive and HIV-negative individuals
with respect to BACs attained following controlled alcohol
administration. It was hypothesized that after receiving a
body weight-specified dose of alcohol, HIV-positive individ-
uals would demonstrate significantly higher BACs than their
uninfected counterparts. Additionally, recognizing the
marked reductions in BACs that have been shown among
HIV-positive individuals who have been initiated on ART
(McCance-Katz et al., 2012), the present investigation also
entailed an exploration of differences in BACs attained
among ART-treated versus ART-untreated PLWH. As an
extension of this, BAC differences were also explored
between HIV-positive participants who had a detectable
HIV viral load versus those who had achieved viral suppres-
sion, and between those who were optimally versus subopti-
mally adherent to ART.

MATERIALS ANDMETHODS

Overview

Data were collected through an HIV prevention-focused ran-
domized controlled alcohol administration experiment involving a
sample of HIV-positive and HIV-negative men. In a barroom labo-
ratory, participants were randomly assigned to receive a weight-spe-
cified dose of alcohol (target BAC = 0.080%), placebo alcohol
(target BAC = 0.000%), or water (control). Participants then pro-
ceeded through a computer-based sexual risk paradigm, and those

who had received alcohol remained onsite and completed a series of
breathalyzer tests until detoxification was achieved. Complete
details regarding the protocol have been published (Shuper et al.,
2016). Procedures were approved by the Research Ethics Board at
the Centre for Addiction andMental Health (Protocol# 034/2010).

Participants

Men were recruited from an outpatient clinic that specializes in
care for HIV-positive individuals and men who have sex with men
in Toronto, Canada. Eligibility criteria included the following: (i)
≥19 years of age (i.e., legal drinking age in the jurisdiction); (ii) anal
sex with a man in the past 6 months; (iii) classification as a social
drinker (i.e., consumed ≥5 drinks/wk on average and ≥5 drinks in 1
episode during the past 6 months; Davis et al., 2007); (iv) no recent
history of problematic alcohol or substance use; and (v) no con-
traindications for consuming alcohol to a BAC of approximately
0.10% as deemed by one’s physician (e.g., no hepatitis C or other
liver-related concerns).

Procedure

Experimental sessions were run separately for each participant,
and all sessions took place in specialized laboratory facilities at the
Centre for Addiction and Mental Health Hospital in Toronto,
Canada. Prior to showing up for their session, participants were
asked to fast for a minimum of 3 hours and to abstain from con-
suming alcohol and other drugs for a minimum of 24 hours. These
requirements were verified upon participants’ arrival at their ses-
sion, and this process included the administration of a breathalyzer
test to ensure that BAC was 0.000%. Eligible individuals were asked
to provide informed written consent. Participants were weighed,
asked to indicate their height, and completed a computer-based self-
administered questionnaire that queried sociodemographic factors,
alcohol and substance use, sexual behavior, and personality traits.

Following the questionnaire, participants were brought into a
barroom laboratory and randomly assigned to beverage consump-
tion condition. Those assigned to the alcohol condition received
0.7 g alcohol/kg body weight through beverages comprised of
vodka and tonic water based on a 1:3 ratio. The total beverage vol-
ume was divided equally among 3 cups, and 5 ml of lemon-lime juice
was added to each one. Participants were asked to drink each cup
over a 5-minute period, resulting in a 15-minute beverage consump-
tion time frame (for details regarding procedures for placebo and
control condition participants, see Shuper et al., 2016). Eight min-
utes after the consumption period, participants were asked to rinse
their mouths with water to eliminate any residual mouth alcohol,
and 2 minutes later (i.e., 10 minutes postconsumption), a breatha-
lyzer test was administered. Another breathalyzer test was per-
formed 3 minutes later (i.e., 13 minutes postconsumption), and
participants were asked to complete a single-item subjective intoxi-
cation measure. These assessments occurred immediately prior to
the commencement of the computer-based sexual risk paradigm
(for details, see Shuper et al., 2016).

Once participants had finished going through the program (ap-
proximately 20 minutes), a breathalyzer test was performed, and
participants were taken into a separate laboratory room where they
were provided with a meal. Alcohol condition participants were
administered intermittent breathalyzer tests until detoxification was
achieved (i.e., BAC < 0.040%). Participants were not informed of
any of their BACs during the study.

Measures

Sociodemographic and Participant Characteristics. A self-admi-
nistered touchscreen-based survey included questions about age,
race, employment, education, and sexual orientation. The survey
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also included the Alcohol Use Disorders Identification Test
(AUDIT; Babor et al., 2001) to assess alcohol consumption pat-
terns as well as hazardous drinking, defined as an AUDIT score ≥8;
as well as the National Institute on Drug Abuse DrugUse Screening
Tool (ASSIST; National Institute on Drug Abuse 2012) to classify
the consumption of a variety of recreational substances over the
past 3 months. Measures specific to sexual risk taking were also
included (see Shuper et al., 2016).

HIV-Related Factors. During the detoxification period, HIV-
positive participants completed 2 validated measures that assessed
adherence to ART over the past 4 days (Chesney et al., 2000; Walsh
et al., 2002). For each measure, consistent with previous research,
optimal adherence was defined as taking ≥95% of one’s ART doses
during the respective time frame (Bock et al., 2016). Chart data
were also extracted to identify HIV- and treatment-relevant factors,
including HIV viral load, CD4 cell count, and one’s prescribed
ARTmedications.

Primary Outcome Measures. BAC was measured using the
Alco-Sensor IV breathalyzer from Intoximeters Inc. (St. Louis,
MO). All participants completed breathalyzer tests at 2 defined time
points, which occurred 10 and 13 minutes after completing one’s
last beverage. The latter was defined as “BAC-EXP,” as it occurred
in conjunction with the commencement of the computer-based sex-
ual risk paradigm experiment. Additional BAC readings were
obtained following the completion of the paradigm and continued
intermittently until detoxification.

BAC readings formed the basis of the 3 primary outcome mea-
sures of this study. First, reflective of a participant’s overall BAC
trajectory, area under the curve (AUC) was calculated using the lin-
ear trapezoidal rule (Fairclough (2010) for each participant based
on all of his BAC readings. Second, BAC-EXP was examined as it
was obtained at a defined time point consistent across participants.
Third, BAC-PEAK (proportional to plasma Cmax) was examined,
defined as the highest recorded BAC reading for each participant.

Secondary Outcome Measures. Three secondary outcomes were
examined. First, time to BAC-PEAK was based on the time elapsed
between the commencement of beverage consumption and achieve-
ment of BAC-PEAK (Tmax). Second, time to detoxification was
defined as the elapsed time between the commencement of beverage
consumption and the time at which a BAC reading <0.040% was
recorded. Third, subjective intoxication was based on a self-report
single item that asked how intoxicated the participant felt at that
moment in accordance with a 10-point Likert scale ranging from
1 = “no effect” to 10 = “extremely intoxicated” (Davis et al., 2009).

Statistical Analysis

Analyses and results that are presented focus only on those indi-
viduals who were randomly assigned to the alcohol condition.

Sample Characteristics. Sociodemographic differences between
HIV-positive and HIV-negative participants were evaluated
through independent samples t-tests and chi-square tests for contin-
uous and dichotomous measures, respectively. Fisher’s exact tests
were employed for dichotomous measures when an expected cell
size within a specific comparison was <5.

Primary Outcome Analyses. AUC, BAC-EXP, and BAC-PEAK
were compared between HIV-positive and HIV-negative samples
using independent samples t-tests. Three separate corresponding
multivariable linear regression models were then tested to assess
whether any associations between these outcomes and participant
HIV serostatus remained significant when accounting for potential
confounding factors that included age, race, and hazardous

drinking (i.e., AUDIT ≥8).1 Participant weight and body mass index
(BMI) were not included in multivariable models, because these fac-
tors had already been controlled for through the weight-specified
alcohol dosing formula employed in the experiment.

Secondary Outcome Analyses. A series of independent samples
t-tests were conducted to assess whether HIV-positive and HIV-
negative participants differed with respect to (i) Tmax, (ii) time to
detoxification, and (iii) subjective intoxication.

Exploratory Analyses. An additional set of exploratory analyses
focused solely on the subsample of HIV-positive participants.
Among this group, independent samples t-tests were conducted to
assess differences between (i) those with detectable HIV viral loads
versus undetectable HIV viral loads, (ii) those on ART versus those
not on ART, and (iii) those reporting optimal versus suboptimal
ART adherence, for all primary (i.e., AUC, BAC-EXP, and BAC-
PEAK) and secondary (i.e., Tmax, time to detoxification, and subjec-
tive intoxication) outcomes.

RESULTS

Sample Characteristics

A total of 143 participants were randomly assigned to
the alcohol condition, among whom 76 were HIV-positive
and 67 were HIV-negative. Sociodemographic and other
characteristics are presented in Table 1. As shown in the
table, mean age was 42.9 (SD = 10.3; range = 21 to 69),
and approximately three-quarters of participants (76.2%)
identified their race/ethnicity as “white.” Compared to
HIV-negative participants, those who were HIV-positive
were significantly less likely to have a college/university
education or to be employed. The difference in body weight
between the 2 participant groups approached statistical sig-
nificance, demonstrating a trend whereby HIV-positive par-
ticipants weighed less than HIV-negative participants.
Significant differences in BMI were demonstrated among
the sample of participants for whom BMI could be calcu-
lated (N = 127, n = 75 HIV-positive and n = 52 HIV-nega-
tive2), such that BMI was significantly lower among HIV-
positive versus HIV-negative participants.

Alcohol and Substance Use

As shown in Table 1, mean AUDIT score was 7.8
(SD = 3.5), and just under half of the sample (46.9%) met
hazardous drinking criteria. Neither the AUDIT scores nor

1Additional multivariable models were conducted in which metham-

phetamine use and cocaine use during the past 3 months were included as

factors. Neither of these 2 factors was significantly associated with any of the

3 primary BAC outcomes (i.e., AUC, BAC-EXP, or BAC-PEAK). Further-

more, these additional models produced the same significant findings as those

yielded through the multivariable models presented in this article, whereby

participant HIV serostatus remained significantly associated with all 3 pri-

mary BAC outcomes.
2Although all participants were weighed, height was not assessed for the first

16 study participants.
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the proportion of hazardous drinkers differed significantly
between HIV-positive and HIV-negative participants. The
use of substances in the past 3 months was also similar
among HIV-positive and HIV-negative participants, with
the exception of methamphetamine use, which was more
common among those who were HIV-positive.

Primary Outcome Analyses: Tests of BAC Differences
Between HIV-Positive and HIV-Negative Participants

All BAC readings for each participant are plotted in
Fig. 1A (HIV-negative sample) and Fig. 1B (HIV-positive
sample). Tests of differences between HIV-positive and HIV-
negative participants for primary outcomes are presented in
Table 2. As shown in the table, contrary to predictions,
AUCs were significantly smaller among the sample of HIV-
positive participants than the sample of HIV-negative partic-
ipants (t(141) = 2.23, p = 0.027, d = 0.38), indicating signifi-
cantly lower BACs overall among the former group. Sim-
ilarly, both BAC-EXP (t(141) = 2.68, p = 0.008, d = 0.43)
and BAC-PEAK (t(141) = 2.29, p = 0.023, d = 0.40) were

significantly lower among HIV-positive than HIV-negative
participants.
Results from multivariable linear regression models that

controlled for age, race, and AUDIT-based hazardous
drinking classification are presented in Tables S1–S3 of the
Online Supplement for AUC, BAC-EXP, and BAC-PEAK,
respectively. As shown in Table S1, the association between
HIV serostatus and AUC remained significant when control-
ling for the above-mentioned factors, whereby AUC was sig-
nificantly smaller among HIV-positive versus HIV-negative
participants. Similarly, the association between HIV serosta-
tus and BAC-EXP (Table S2), as well as the association
between HIV serostatus and BAC-PEAK (Table S3), also
remained significant in these multivariable models.

Secondary Outcome Analyses: Tests of Differences in Other
Alcohol-Related Indicators Between HIV-Positive and
HIV-Negative Participants

Tests of differences between HIV-positive and HIV-nega-
tive participants for Tmax, time to detoxification, and

Table 1. Characteristics of Study Participants

Characteristic Total (N = 143) HIV-negative (n = 67) HIV-positive (n = 76) p*

Age:M (SD) 42.9 (10.3) 44.4 (10.0) 41.6 (10.4) 0.115
Sexual orientation = gay: n (%) 141 (98.6) 67 (100) 74 (97.4) 0.281
Education = college diploma or higher: n (%) 99 (69.2) 57 (85.1) 42 (55.3) 0.000
Employed full/part time: n (%) 99 (69.2) 57 (85.1) 42 (55.3) 0.000
Weight, kg:M (SD) 82.3 (15.2) 84.9 (15.4) 80.1 (14.7) 0.061
BMIa:M (SD) 25.7 (4.5) 26.9 (4.2) 24.9 (4.4) 0.011
Race, n (%)
White 109 (76.2) 54 (80.6) 55 (72.4) 0.249
Latin American 9 (6.3) 3 (4.5) 6 (7.9) 0.314
Black 7 (4.9) 0 (0) 7 (9.2) 0.010
Chinese 1 (0.7) 1 (1.5) 0 (0) 0.469
South Asian 2 (1.4) 1 (1.5) 1 (1.3) 0.719
Aboriginal 0 (0) 0 (0) 0 (0) n/a
Filipino 2 (1.4) 0 (0) 2 (2.6) 0.281
Southeast Asian 0 (0) 0 (0) 0 (0) n/a
Arab 1 (0.7) 1 (1.5) 0 (0) 0.469
West Asian 0 (0) 0 (0) 0 (0) n/a
Korean or Japanese 0 (0) 0 (0) 0 (0) n/a
Multirace 12 (8.4) 7 (10.4) 5 (6.6) 0.405

Alcohol use
AUDIT total:M (SD) 7.8 (3.5) 7.6 (3.0) 7.9 (3.9) 0.580
AUDIT ≥ 8: n (%) 67 (46.9) 31 (46.3) 36 (47.4) 0.895

Substance use—past 3 months, n (%)
Cannabis 84 (58.7) 36 (53.7) 48 (63.2) 0.253
Cocaine 36 (25.4) 12 (18.2) 24 (31.6) 0.067
Prescription stimulants 6 (4.2) 1 (1.5) 5 (6.7) 0.133
Methamphetamine 18 (12.6) 3 (4.5) 15 (19.7) 0.006
Inhalants 21 (14.7) 8 (11.9) 13 (17.1) 0.384
Sedatives 31 (21.7) 15 (22.4) 16 (21.1) 0.847
Hallucinogens 17 (11.9) 5 (7.5) 12 (15.8) 0.125
Street opioids 1 (0.7) 0 (0) 1 (1.3) 0.531
Prescription opioids 9 (6.3) 5 (7.5) 4 (5.3) 0.421

HIV-related factors (HIV+ participants only)
CD4 count (cells/mm3):M (SD) 608.7 (200.3) n/a
HIV viral load = undetectable: n (%) 60 (80.0) n/a
Currently on ART: n (%) 62 (81.6) n/a
Optimal (≥95%) ART adherence: 4 days 54 (90.0) n/a
Optimal (≥95%) ART adherence: 1 month 47 (75.8) n/a

aBMI calculations were possible for 127 of 143 participants (88.8%; n = 52 HIV-negative and n = 75 HIV-positive).
*p-Values are based on t-tests, chi-square tests, or Fisher’s exact tests for differences between HIV-negative and HIV-positive participants.
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subjective intoxication are presented in Table 2. As shown in
the table, HIV-positive and HIV-negative participants did
not significantly differ on any of these secondary outcomes.

Exploratory Analyses: Differences in BACs and Other
Alcohol-Related Indicators Based on HIV Treatment Factors

As shown in Table 3, HIV-positive participants with
detectable HIV viral loads did not significantly differ from
those with undetectable HIV viral loads on any primary or
secondary outcome measure, and no significant differences
were found based on ART status. Similarly, as demonstrated
in Table 4, no significant differences were found based on
ART adherence.

DISCUSSION

The present investigation entailed the first controlled
experiment to empirically test BAC differences between
HIV-positive and HIV-negative samples. Contrary to predic-
tions, HIV-positive participants attained significantly lower
BACs compared to their HIV-uninfected counterparts fol-
lowing the receipt of a weight-specified dose of alcohol.

These differences remained significant in multivariable mod-
els that controlled for age, race/ethnicity, and alcohol con-
sumption patterns. In exploratory analyses involving the
HIV-positive sample, BACs were not shown to significantly
differ based on HIV viral load detectability, ART status, or
ART adherence. The effect sizes for the associations between
HIV serostatus and primary BAC outcomes were small to
medium in magnitude. While these effect sizes are less robust
than those typically shown for the association between bio-
logical sex and BAC (e.g., Dettling et al., 2009; Frezza et al.,
1990), the present findings nevertheless demonstrate a clear
and consistent link between HIV seropositivity and the
attainment of diminished BAC levels.

One possible explanation behind the demonstrated lower
BACs among HIV-positive participants relates to changes in
body fat distribution. Because the proportion of body fat is
inversely associated with total body water (Kalant and Ros-
chlau, 1998; Marshall et al., 1983), and because BAC is a
function of total body water (Kalant, 1996; Kalant and Ros-
chlau, 1998; Marshall et al., 1983; Norberg et al., 2003),
changes in fat distribution should result in changes in BAC
levels. A leaner individual should attain a lower BAC com-
pared to an individual with a higher fat content, despite hav-
ing the same overall body weight. Corroborating this
supposition, Mills and Bisgrove (1983) demonstrated that by
adjusting alcohol doses to percent body fat, individual differ-
ences in BACs disappeared, and female participants who
would normally achieve higher BACs had values comparable
to their male counterparts.

Lipodystrophy, entailing changes in the distribution of
fat, has been shown to occur among HIV-positive individu-
als, regardless of ART treatment (Guaraldi et al., 2014;
Souza et al., 2013; Willig and Overton, 2016). Grunfeld and
colleagues (2010), for example, compared regional (i.e., leg,
upper and lower truck, and arm) subcutaneous adipose tis-
sue volumes between HIV-positive and HIV-negative partic-
ipants upon initial assessment and over the course of a 5-
year follow-up using magnetic resonance imaging. Com-
pared to HIV-negative participants, those who were HIV-
positive had significantly lower adipose tissue volumes, indi-
cating lipoatrophy, at baseline and after 5 years regardless
of changes in HIV treatment. This difference remained sig-
nificant even after controlling for covariates such as age,
race, and weight. Furthermore, although both HIV-positive
and HIV-negative participants gained fat over time, HIV-
positive participants gained fat at a significantly lower rate
compared to HIV-negative participants. Therefore, because
alcohol is more soluble in water than in fat, it is likely that
the redistribution of fat, and specifically fat loss, can change
the absorption and distribution of alcohol in general, and as
a result, the same amount of alcohol per body weight may
yield lower BACs in HIV-positive individuals who likely
have less body fat compared to HIV-negative individuals of
similar body weight.

A second possible explanation underlying the significantly
lower BACs among HIV-positive versus HIV-negative

A

B

Fig. 1. (A) Blood alcohol concentration (BAC) readings among HIV-
negative participants (n = 67); (B) BAC readings among HIV-positive
participants (n = 76).
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participants stems from potential differences in gastric emp-
tying between the 2 groups. Gastric emptying determines the
rate of absorption of orally administered ethanol into the
bloodstream (Jones, 2011; Kalant, 1996; Kalant and Ros-
chlau, 1998), such that faster gastric emptying results in more
rapid absorption of alcohol, and vice versa. Thus, when gas-
tric emptying slows down, alcohol absorption is reduced and

lower BACs are achieved (Finch et al., 1974; Holt, 1981;
Holt et al., 1980). Of particular relevance is that gastric emp-
tying has been shown to be significantly delayed among
HIV-positive individuals compared to those not infected
with HIV (Neild et al., 2000). Therefore, possible delayed
gastric emptying among the present HIV-positive sample
could have reduced alcohol absorption as well as increased

Table 3. Tests of Differences Among the HIV-Positive Sample Based on HIV Viral Load Detectability and Antiretroviral Therapy (ART) Status with
Respect to Primary and Secondary Alcohol-Related Outcomes

Outcome

HIV viral load

t p

Taking ART

t pDetectable (n = 15) Undetectable (n = 60) No ART (n = 14) On ART (n = 62)

Primary outcomes
AUC:M (SD) 11.02 (3.18) 11.43 (3.25) 0.436 0.664 10.78 (3.29) 11.43 (3.22) 0.685 0.496
BAC-EXP:M (SD) 0.068 (0.014) 0.074 (0.016) 1.203 0.233 0.068 (0.014) 0.074 (0.015) 1.219 0.227
BAC-PEAK:M (SD) 0.080 (0.010) 0.085 (0.012) 1.317 0.192 0.080 (0.010) 0.085 (0.012) 1.373 0.174

Secondary outcomes
Time to BAC-PEAK
(Tmax) (minutes):M (SD)

60.9 (17.4) 53.1 (17.0) �1.579 0.119 62.2 (17.2) 52.8 (16.8) �1.881 0.064

Time to detoxification
(minutes):M (SD)

189.8 (50.0) 190.7 (44.1) 0.066 0.947 186.6 (51.2) 190.7 (43.8) 0.307 0.760

Subjective intoxicationa:
M (SD)

6.1 (1.5) 6.6 (1.3) 1.370 0.175 6.2 (1.6) 6.6 (1.3) 0.876 0.384

aAssessed at the time of “BAC-EXP.” Scale ranges from 1 = “no Effect” to 10 = “extremely Intoxicated.”

Table 4. Tests of Differences Among the HIV-Positive Sample Based on Antiretroviral Therapy (ART) Adherence Over Past 4 Days and Past Month
with Respect to Primary and Secondary Alcohol-Related Outcomes

Outcome

4-day ART adherence

t p

1-month ART adherence

t p

Suboptimal
(i.e., <95%)

adherence (n = 6)

Optimal
(i.e., ≥95%)

adherence (n = 54)

Suboptimal
(i.e., <95%)

adherence (n = 15)

Optimal
(i.e., ≥95%)

adherence (n = 47)

Primary outcomes
AUC:M (SD) 10.43 (2.54) 11.57 (3.33) �0.806 0.424 12.20 (3.11) 11.19 (3.24) 1.060 0.293
BAC-EXP:M (SD) 0.077 (0.025) 0.073 (0.015) 0.552 0.583 0.075 (0.019) 0.073 (0.014) 0.426 0.672
BAC-PEAK:M (SD) 0.089 (0.014) 0.084 (0.012) 0.897 0.373 0.088 (0.010) 0.084 (0.013) 1.192 0.238

Secondary outcomes
Time to BAC-PEAK
(Tmax) (minutes):M (SD)

43.5 (16.9) 54.2 (16.8) �1.481 0.144 51.6 (17.0) 53.2 (16.9) �0.317 0.753

Time to detoxification
(minutes):M (SD)

168.3 (27.9) 193.2 (45.4) �1.310 0.195 201.0 (53.3) 187.5 (40.3) 1.044 0.301

Subjective intoxicationa:
M (SD)

6.0 (1.8) 6.6 (1.3) �1.108 0.272 6.4 (1.5) 6.6 (1.3) �0.445 0.658

aAssessed at the time of “BAC-EXP.” Scale ranges from 1 = “no effect” to 10 = “extremely intoxicated.”

Table 2. Tests of Differences Between HIV-Positive and HIV-Negative Participants with Respect to Primary and Secondary Alcohol-Related Outcomes

Outcome Total (N = 143) HIV-negative (n = 67) HIV-positive (n = 76) t p

Primary outcomes
AUC:M (SD) 11.822 (2.943) 12.399 (2.495) 11.313 (3.218) 2.233 0.027
BAC-EXP:M (SD) 0.076 (0.015) 0.079 (0.013) 0.073 (0.015) 2.680 0.008
BAC-PEAK:M (SD) 0.086 (0.012) 0.089 (0.013) 0.084 (0.012) 2.294 0.023

Secondary outcomes
Time to BAC-PEAK (Tmax) (minutes):M (SD) 53.4 (17.9) 52.1 (18.7) 54.5 (17.2) �0.810 0.419
Time to detoxification (minutes):M (SD) 195.1 (39.0) 200.9 (30.3) 190.0 (44.9) 1.712 0.089
Subjective intoxicationa:M (SD) 6.6 (1.4) 6.7 (1.5) 6.5 (1.3) 0.790 0.431

aAssessed at the time of “BAC-EXP.” Scale ranges from 1 = “no effect” to 10 = “extremely intoxicated.”
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exposure of alcohol to gastric alcohol dehydrogenase
enzymes responsible for the breakdown of alcohol, thereby
resulting in lower BAC levels.

Interestingly, while the present findings consistently
showed lower BACs among HIV-positive versus HIV-
negative participants, the self-report subjective intoxication
data accord with results from McGinnis and colleagues
(2015), in which their HIV-positive participants reported
needing fewer drinks to feel a buzz than their HIV-nega-
tive participants. Specifically, our findings showed that per-
ceived level of intoxication was the same for both HIV-
positive and HIV-negative men, even though the former
were significantly lower in their objective level of intoxica-
tion. It therefore appears that HIV-positive individuals
may indeed experience subjective alcohol impairment at a
lower level of actual alcohol intoxication compared to
those who are not infected with the virus. Given this dis-
connect between subjective and objective intoxication, a
more thorough examination of this occurrence, particularly
one involving comprehensive measures to assess the sub-
components that underlie subjective intoxication (e.g.,
Courtney et al., 2013; Miranda et al., 2014; Morean et al.,
2013), would be required to gain a better understanding of
these serostatus-derived differences.

Limitations

Findings should be viewed in terms of study limitations.
First, the sample was comprised solely of men, most of
whom were white. Furthermore, those who were deemed as
alcohol abusers were excluded from participation. It would
therefore be important to replicate the findings among a
more diverse spectrum of individuals with respect to these
characteristics. Second, for ethical reasons, individuals expe-
riencing liver-related concerns did not receive medical clear-
ance to take part in this study. Because PLWH experience
such issues at a disproportionate level, exclusion based on
this criterion may have resulted in a sample of PLWH who
potentially had better liver functioning compared to the
overall PLWH population, and this may have made the
HIV-positive and HIV-negative samples artificially more
similar within this regard. Although not ethically feasible
within an experimental setting, employing a sample with
greater variability in liver functioning could potentially result
in greater variability in BACs attained. Third, the samples of
HIV-positive participants who were not receiving ART, who
were suboptimally adherent to ART, and who had detectable
HIV viral loads were relatively small. Given the statistical
power limitations inherent in the exploratory analyses
involving these small samples, the ability to detect statisti-
cally significant differences in BACs based on ART- and
viral load-related categorizations may have been hindered.
Fourth, although disparities between HIV-positive and HIV-
negative individuals with respect to body fat distribution and
gastric emptying are suggested as possible mechanisms that
explain the study findings, these aspects were not evaluated

in the present experiment and therefore cannot unequivo-
cally be deemed as drivers of HIV serostatus-based BAC dif-
ferences. Finally, breathalyzer tests were not administered
during the approximate 20-minute time frame in which par-
ticipants completed the computer-based sexual risk para-
digm. An actual peak in BAC that may have occurred
specifically during this period would therefore not have been
identified, thus resulting in a small degree of variability in the
designation of one’s BAC-PEAK and time to BAC-PEAK
for such individuals. Future investigations in this domain
would benefit from the inclusion of frequent breathalyzer
tests during both ascending and descending BAC limbs that
occur in close temporal proximity to one’s anticipated BAC-
PEAK.

IMPLICATIONS AND CONCLUSIONS

Given that the present experiment was the first of its kind,
and recognizing the uniqueness of the findings, it would be
imperative to replicate the study to ensure that the same pat-
terns emerge prior to making recommendations pertaining
to PLWH-specific, alcohol-focused clinical treatment guideli-
nes as well as public health messaging. Furthermore, subse-
quent research is necessary to objectively evaluate the extent
to which any BAC differences based on HIV serostatus are
attributable to the purported differences in body composi-
tion and gastric emptying.

Nevertheless, the current findings suggest that PLWH,
regardless of ART status or HIV viral load suppression,
attain significantly lower BACs following the consumption
of a controlled, weight-specified dose of alcohol. While biolo-
gical sequelae of HIV seropositivity may diminish PLWH’s
objective level of intoxication, their perceived feeling of
intoxication tends to match that of their more objectively
intoxicated HIV-negative counterparts. Taken together,
these findings have implications for research investigating
the impact of alcohol consumption among PLWH. For
example, it may be necessary to devise and employ unique
alcohol dosing formulas specific to PLWH when including
such individuals in future alcohol administration experi-
ments, whereby the dose administered to attain a targeted
BAC level would not only need to be based on one’s weight,
but also need to be based on one’s HIV serostatus. Relatedly,
experiments focused on eliciting a targeted level of subjective
intoxication may require different alcohol dosing formula-
tions for HIV-positive and HIV-negative individuals to
achieve the same degree of perceived alcohol-induced impair-
ment among the 2 groups. Identifying what may be driving
the disparity between HIV-positive and HIV-negative indi-
viduals with respect to their objective- versus subjective-level
intoxication would also be of key importance, as both con-
structs can independently impact HIV prevention-related
behaviors (Davis et al., 2009; Rehm et al., 2017; Shuper
et al., 2017). Overall, such initiatives, in conjunction with the
present findings, could ultimately influence alcohol con-
sumption guidelines for PLWH.
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SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

Table S1.Multivariable linear regression analysis assessing
factors associated with AUC.
Table S2.Multivariable linear regression analysis assessing

factors associated with BAC-EXP.-EXP
Table S3.Multivariable linear regression analysis assessing

factors associated with BAC-PEAK.
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