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Abstract
Rationale—Alcohol is usually consumed in social contexts. However, the drug has been studied
mainly under socially isolated conditions, and our understanding of how social setting affects
response to alcohol is limited.

Objectives—The current study compared the subjective, physiological and behavioral effects of
a moderate dose of alcohol in moderate social drikers who were tested in either a social or an
isolated context, and in the presence of others who had or had not consumed alcohol. Methods:
Healthy men and women were randomly assigned to either a social group tested in pairs (SOC;
N=24), or an isolated group tested individually (ISO; N=20). They participated in four sessions, in
which they received oral alcohol (0.8 g/kg) or placebo on two sessions each, in quasi randomized
order under double blind conditions. In the SOC condition, the drug conditions of the co-
participants were varied systematically: On two sessions both participants received the same
substance (placebo or alcohol) and on the other two sessions one received alcohol while the other
received placebo. Cardiovascular measures, breath alcohol levels and mood were assessed at
regular intervals, and measures of social interaction were obtained in the SOC group.

Results—Alcohol produced greater effects on certain subjective measures in the SOC condition
compared to the ISO condition, including feelings of intoxication and stimulation, but not on other
measures such as feeling sedated or high, or on cardiovascular measures. Within the SOC
condition, participants rated themselves as more intoxicated when their partner received alcohol,
and paired subjects interacted more when at least one participant received alcohol.

Conclusions—The presence of others enhances some of the subjective and behavioral effects of
alcohol, especially the presence of another intoxicated individual. This enhancement of alcohol
effects may explain, in part, why it is used in a social context.
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INTRODUCTION
Anecdotal and epidemiological evidence indicate that drugs – including alcohol, nicotine,
and amphetamines – are commonly used in social contexts (Acosta et al. 2008; Halkitis et al.
2005; Rodgers et al. 2006; Single et al. 1993). At least one systematic large-scale survey of
consumption in Canada and the United States provides supporting evidence that alcohol is
most often consumed in social settings, such as restaurants, bars, and in-home social
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gatherings (Kairouz and Greenfield 2007). In a systematic study using event-contingent
recordings in the natural setting, Aan het Rot et al (2008) also reported that use of alcohol in
social settings is usually associated with enhanced mood states and increased perception of
agreeableness in others. Whether, and how, social contexts influence the use and abuse of
drugs is not fully understood. The presence of others may facilitate drug use, and,
conversely, drugs themselves may also alter social function. Our knowledge of these bi-
directional relationships is limited in part because most laboratory drug challenge studies are
conducted under socially isolated conditions. We have initiated a series of studies
investigating the effects of drugs, in this case alcohol, in a social compared to an isolated
setting.

There is evidence from both nonhuman and human studies that the mere presence of other
individuals affects responses to drugs. In several studies, laboratory animals self-administer
drugs of abuse at a higher rate when conspecifics are present (Burkett and Young 2012;
Hostetler and Ryabinin 2012; Neisewander et al. 2012; Smith 2012). Further, in both rats
and prairie voles the drug state of another animal can increase consumption; these animals
consume more alcohol in the presence of a conspecific that also received alcohol (Anaker
and Ryabinin 2010; Hostetler et al. 2012). It has also been reported that rats show a greater
preference for both cocaine and nicotine when they are tested in an environment that has
been previously associated with social interaction (Thiel et al. 2008, 2009). In humans,
alcohol produces more positive mood effects when consumed in the presence of others
(Doty and de Wit 1995; Sher 1985). For example, Doty and de Wit (1995) found that
alcohol (0.5 and 0.8 g/kg) produced more “positive” subjective effects (e.g., “high” and
“drug liking”) in participants who were tested in social groups, compared to those who were
tested alone, and participants in the social condition also consumed more alcohol when
given the chance. However, the processes by which social variables influence drug
responses are not fully understood.

Drugs can also, in turn, influence social behavior. Recently, Sayette and colleagues (2012a)
examined the effects of alcohol on small group behavior, and their participants (N=720)
reported that alcohol increased social bonding within the groups. Additionally, several drugs
of abuse increase verbal behavior (Wardle et al. 2012; Marrone et al. 2010; Higgins and
Stitzer 1988, 1989), and Higgins and Stitzer (1988) showed that amphetamine increased
participants’ preference for social interaction over a monetary reward. These findings
suggest that drugs can enhance the value of social interaction. These pro-social
psychological effects of alcohol and other psychoactive drugs may, in turn, make the drug
experience more pleasurable and more reinforcing when there are others present. Therefore,
as a secondary measure in the present study we also investigated the effects of alcohol on
social interactions.

Responses to drugs may be affected simply by the presence of others, but also by the
behaviors of the others who are present. In particular, usually drugs are consumed in the
presence of others who are using drugs, raising the possibility that an individual drug user
may be influenced by the behavior of other drug-affected individuals. In laboratory animals,
the drug consumption of a companion animal can influence drug self-administration. For
example, Smith (2012) recently reported that rats consumed more cocaine in the presence of
another animal that was also self-administering cocaine, but not in the presence of a non-
self-administering conspecific. In humans, several older studies found that social drinkers
consumed more alcohol in the presence of heavier drinkers (Caudill and Marlatt 1975;
Cooper et al. 1979; Watson and Sobell 1982), an effect often attributed to “modeling”, or
mimicing the pattern of consumption. However, to our knowledge there is little information
about whether the drug state of another individual alters the acute responses to alcohol.
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The present study had three goals. First we aimed to compare the subjective and behavioral
effects of alcohol (0.8 g/kg) in social drinkers tested alone or in the presence of another
person. Second, we aimed to investigate whether the drug state (alcohol vs placebo) of the
co-participant influenced responses to alcohol (or placebo). Third, as a secondary goal we
monitored the effects of alcohol on social interaction, using videotaped and self-report
measures of social interaction in participants tested in the social condition. We hypothesized
that participants would report greater subjective effects of alcohol in the social compared to
the isolated condition, and that, in the social condition, they would report greater effects
when the co-participant had received alcohol. We also expected that alcohol would increase
social interaction.

METHODS
Participants

Healthy men and women (N=44) aged 21–35 and nonproblem social drinkers, were
recruited via newspaper, community bulletin board, and online advertisements. They were
eligible if they consumed an average of 10–30 standard drinks per week, with at least one
binge-drinking episode (i.e., 4 or 5 drinks/occasion for women and men respectively) in the
past month. After initial telephone screening participants underwent an in-person psychiatric
evaluation and medical examination including an electrocardiogram and physical
examination. Exclusion criteria were less than high school education, lack of fluency in
English, BMI outside 18–30 (to limit the volume of alcohol administered), and
cardiovascular or neurological disorders or current Axis I psychiatric disorder (DSM-IV;
APA 1994). Participants were also excluded if they smoked more than 10 cigarettes per day.

Participants provided written informed consent prior to participation. They were told that the
purpose of the study was to evaluate the factors that influence the effects of drugs. In order
to minimize the influence of expectanicies, participants were told they could receive a
stimulant, a sedative, an opioid, alcohol, or placebo. The study was approved by the
Institutional Review Board at the University of Chicago in accordance with the Code of
Federal Regulations (Title 45, Part 46) adopted by the National Institutes of Health and the
Office for Protection from Research Risks of the US Federal Government. The study was
conducted in accordance with the Helsinski Declaration of 1964 (revised 1989) and the
National Advisory Council on Drug Abuse Recommended Guidelines for the
Administration of Drugs to Human Subjects.

Design
After an initial orientation session, participants completed four outpatient sessions on
separate days, during which they received placebo and 0.8 g/kg alcohol, either alone or with
a partner who also received either placebo or alcohol. Participants were randomly assigned
to either: 1) a social condition (SOC; N=24), in which two same-sex individuals participated
together in the same room; or 2) an isolated condition (ISO; N=20), in which participants
were tested alone. In the SOC condition subjects participated with a new partner who they
had not met before on each session. The paired subjects participated in the following four
conditions, in randomized order: i) both members received alcohol, ii) both received
placebo, iii) and iv) one received alcohol, the other placebo (See Table 1). In the ISO
condition, participants received alcohol on two sessions and placebo on two sessions in a
randomized order. Participants completed questionnaires and physiological measures were
monitored at regular intervals during the 4-hour sessions. After completing all sessions
participants were informed about experimental and drug conditions.
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Procedure
Sessions were conducted between 3:00 pm and 8:00 pm, at least 48 hrs apart. Participants
fasted from noon to standardize alcohol absorption. Upon reporting to the laboratory, they
provided urine and breath samples to confirm abstinence from alcohol (as measured by an
Alco-Sensor III Breathalyzer, Intoximeters Inc., St Louis, MO), amphetamine, cocaine and
opiates (as measured by urine toxicology: Ontrak TesTstik, Roche Diagnostic Systems Inc.,
Somerville, NJ), and marijuana (as measured by a saliva test: Oratect, Branan Medical
Corp., Irvine, CA), and women were tested for pregnancy (none tested positive). Sessions
were rescheduled if the participant tested positive for drugs. At 3:20 pm, baseline (pre-drink)
measures of heart rate, blood pressure, and breath alcohol levels (BAL) were obtained, and
participants completed self-report mood and drug effects questionnaires (see below). From
3:30–3:45 pm, participants consumed beverages containing either alcohol or placebo
(described below), and post-beverage physiological (i.e., heart rate, blood pressure, BAL)
and subjective measures were obtained at 4:00, 4:15, 4:45, 5:15, 5:45, 6:45, and 7:45 pm. At
4:45 pm all participants completed a 5-min conversational talking task (described below). At
4:50 pm, participants in the SOC condition completed a brief questionnaire rating the
perceived emotional responsiveness and attractiveness of their co-participants. All
questionnaires were completed confidentially and participants were asked not to discuss
their drug effects with their partners. Participants in the SOC condition were video taped to
record their interactions. During times when no measures were scheduled the participants
were allowed to relax and watch movies, read, or play board games. At 8:00 pm, they
completed the End of Session Questionnaire (ESQ: see below), and were discharged if they
passed a field sobriety test and their BALs were below 0.04mg% (as per National Institute
of Alcoholism and Alcohol Abuse Guidelines).

Physiological measures
Heart rate, blood pressure and BAL were measured at regular intervals throughout the
sessions. Heart rate and blood pressure were measured using portable monitors (Life Source,
A&D, Tokyo, Japan). BAL was measured using a Breathalyser (Alco-sensor III;
Intoximeters, St. Louis, MO).

Subjective Effects and ESQ
Participants completed subjective effect questionnaires before and at regular intervals after
beverage administration. The questionnaires were selected to provide a complete profile of
the mood and somatic effects of alcohol, and are sensitive to the effects of alcohol
(Holdstock and de Wit 2001). The drug-effect questionnaire (DEQ), a visual analogue
questionnaire (0 to 100 mm; not at all to extremely) to assess the extent to which they
experienced the effects of the drug: ‘Feel Drug’, ‘Feel High’, ‘Like Drug’, ‘Dislike Drug’,
and ‘Want More’ (Fischman and Foltin 1991; Justice and de Wit 2000; Morean et al. 2013).
The visual analog scale questionnaire (VAS) consisted of adjectives describing effects of
alcohol (i.e., ‘I feel…’ ‘Drunk,’ ‘Dizzy,’ ‘Stimulated,’ ‘Sedated’) and mood states (i.e., ‘I
feel…’ ‘Sociable,’ ‘Lonely,’ ‘Playful,’ ‘Friendly’). Each adjective was presented with a 100-
mm line labeled ‘not at all’ at one end and ‘extremely’ at the other end. The 52-item version
of the Addiction Research Center Inventory (Martin et al. 1971) included 5 scales reflecting
typical drug responses including stimulant-like (Amphetamine: A; Benzedrine Group: BG),
euphorigenic (Morphine-Benzedrine Group: MBG), sedative (Pentobarbital-
Chlorpromazine-Alcohol Group: PCAG) and dysphoric (LSD). The ESQ queries
participants about the identity of the drug that they received (stimulant, sedative, opioid,
alcohol, or placebo), about the strength of the drug experience (Likert scale: 1–5), and how
much they would like to take the drug again (visual analog scale: 1–100).
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Social Interaction Measures
Video recordings of social interaction—SOC condition sessions were digitally
recorded and coded by research assistants who were blind to the drug condition. Research
assistants recorded whether participants were interacting or not: Reading, silently watching a
movie, and sleeping were labeled noninteractive, whereas playing games and conversing
were labeled interactive. Interactive behavior was further categorized as either verbal or
non-verbal (Haney et al. 2001; Kirkpatrick et al. 2012). Behavior was coded every 2.5 min
throughout the 4-hour session, except at times were participants were completing
questionnaires or the Talking Task (see below). The dependent variables were the proportion
of 2.5-min intervals during which participants were interacting and the proportion during
which they were verbalizing. The video recordings were coded by two separate raters and
the inter-rater reliability was over 90%.

Talking task—Participants in both the SOC and ISO conditions participated in a 5-min
conversational talking task, 60 min after consuming the beverage. In this task, adapted from
Janowsky et al (1984; Janowsky 2003), participants talked for 5 min about a significant
person in their lives, whose names were obtained during the orientation session. Participants
in the SOC condition talked to their co-participant, and participants in the ISO condition
talked to the research assistant. Results from this task will be reported separately.

Evaluations of the co-participant and self (SOC condition only)—In the SOC
condition, participants completed the Interpersonal Attraction Questionnaire (AQ;
McCroskey and McCain 1974) and two versions of the Perceived Responsiveness
Questionnaire (PRQ Other and PRQ Self; Reis 2003) following the talking task. The AQ is a
self-report questionnaire that assesses the perceived social attractiveness and physical
attractiveness of another person, in this case the co-participant, on a Likert scale (1–5). The
PRQ Other is a self-report questionnaire assessing the level of attention, interest,
understanding, and empathy of another person (the co-participant) on a Likert scale (1–7).
The PRQ Self asked the same questions about the participant’s own level of responsiveness
toward the co-participant. At the end of each session, participants also completed the Social
Interaction Questionnaire (SIQ: aan het Rot et al. 2006), on which they rated their
perception of their own levels of social affiliation, defined by agreeable and quarrelsome
behaviors, and social power or status, defined by dominant and submissive behaviors.

Drug
The 0.8 g/kg alcohol dose was prepared in a 16% solution by volume with 95% alcohol and
cranberry juice. The placebo beverage consisted of cranberry juice plus 1% alcohol added to
mask the taste. For men, both beverages were prepared in a volume of 450 ml/70 kg and
were divided into equal thirds (i.e., 150 ml/70 kg for each third), administered at 5-min
intervals over 15 min (King et al. 2011). Doses for women were 15% less to adjust for sex
differences in total body water (Frezza et al. 1990; King et al. 2011; Sutker et al. 1983).
Chilled beverages were served in opaque, lidded cups and consumed through a drinking
straw. Beverages were administered double-blind. This alcohol dose was chosen because it
reliably produces subjective effects in moderate alcohol users (Doty and de Wit 1995).

Data Analysis
Overall data analysis strategy—First, we investigated the effects of the presence of
another individual on responses to alcohol by comparing the effects of alcohol and placebo
under the SOC and ISO conditions. Second, for the SOC condition we examined the
influence of the co-participant’s drug state on acute response to alcohol and placebo. To
distinguish the data obtained from the two participants in each SOC dyad, we will refer to
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the participant whose responses we are examining as the Actor and the co-participant as the
Partner. All participants in the SOC condition contributed data as the Actor. Physiological
and subjective measures are presented as change from baseline (i.e., pre-beverage). All
analyses were conducted using IBM SPSS Statistics for Windows, Version 19.0 (Armonk,
NY: IBM Corp., Released 2010).

Influence of social context on alcohol-related effects—In the comparison of the
SOC versus ISO conditions, physiological and subjective-effects data from both placebo and
alcohol sessions (four sessions total) were analyzed using multilevel linear models (MLMs).
Independent (fixed) effects were dose (Placebo, Alcohol), group (ISO versus SOC), Sex,
Time, and Session Order.

Influence of the Partners’ drug state on the Actors’ drug responses—To
evaluate whether the responses to alcohol or placebo were affected by the drug state of the
Partner, physiological measures, subjective effects, and behavioral data were analyzed using
MLMs. Independent (fixed) effects were Actor dose (Placebo, Alcohol), Partner dose
(Placebo, Alcohol), Sex, Time, and Session Order. For all statistical models within the SOC
group, Sex did not alter any results and thus is not discussed. To account for possible
interdependence between the co-participants’ data, Dyad (i.e., the unique Actor/Partner
pairing) and Participant were used as random effects. In addition to calculating the main and
interactive effects of Actor dose and Partner dose, MLMs provided the error terms needed to
calculate planned comparisons designed to answer the following questions: 1) Does alcohol
administered to the Partner alter the response to alcohol in the Actor (planned comparison =
AlcoholActor/PlaceboPartner versus AlcoholActor/AlcoholPartner)?; and 2) Does alcohol
administered to the Partner affect responses to placebo in the Actor (planned comparison =
PlaceboActor/PlaceboPartner versus PlaceboActor/AlcoholPartner)?

For all analyses, p values were considered statistically significant at less than 0.05 with
Bonferroni adjustments for multiple comparisons.

RESULTS
Sample Characteristics

In total, 44 research volunteers (45% Female; 1 Asian, 2 Black, 1 Hispanic, 4 Mixed, 36
White) completed the study. They were 23.6 ± 2.6 (mean ± SD) years old and had
completed 15.1 ± 1.1 years of formal education. The mean weight was 71.6 kg (range 54.4–
100.2 kg), mean height was 173 cm (range 157–191 cm) and mean BMI was 24.0 (range
18.7–30.0). All participants reported moderate alcohol use (mean 16.1 drinks/week; range
10–30). Fifteen currently smoked cigarettes (mean 3.2 cigarettes/week; range 1–10), 40
currently drank caffeine-containing beverages (mean 2.8 cups/day; range 1–8), and 30
currently smoked marijuana (mean 8.8 days/month; range 1–30). Table 2 provides
demographic information by Group (i.e., SOC versus ISO). The ISO group had more years
of education (p<0.05), but the groups did not differ on age, BMI, or drug use history.
Several volunteers (8 in the ISO group; 5 in the SOC group) withdrew before completing the
study; their data are not included.

Effects of Alcohol
Alcohol produced its typical subjective and physiological effects, including increases in
heart rate, decreases in blood pressure and increases on almost all of the subjective rating
scales, including both positive (e.g., liking) and negative (e.g., disliking scales)
(Supplementary Table 1). Most of these effects peaked at 15 or 30 minutes after beverage
ingestion, and dissipated over the 4-hour session. The time course of sedated followed a
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different time course (Fig 2), peaking later and lasting longer into the session. By the end of
the sessions, participants correctly identified placebo beverages on 65% of session, and
alcohol on about 80% of sessions.

Comparison of alcohol-related effects in ISO and SOC
Physiological Effects—In the ISO group, men had higher BALs than women during the
descending limb in men compared to women (Figure 1; significant Dose x Group x Sex x
Time interaction; F[1, 1364.0] = 2.2, p < 0.05), probably due to random variation in body
weight. Although BAL levels did not differ in ISO and SOC groups when data were
collapsed across Sex (non-significant Dose x Social group x Time; F[1, 1364.0] = 1.1, p =
0.36), we included BAL as a covariate in all subsequent statistical models. Alcohol affected
heart rate and blood pressure to a similar extent in both the ISO and SOC conditions.

Subjective Effects—The ISO and SOC groups differed in their subjective responses to
alcohol on certain subjective measures (Figure 2). SOC participants reported higher ratings
of ‘Drunk’, ‘Stimulated’, and ‘Social’ after alcohol compared to the ISO group (Figure 2 top
left and middle panels; some data not shown; F[1, 89.1–120.6] = 7.7–20.6, p < 0.01 for all
comparisons between groups). SOC participants also reported lower scores on the ARCI
LSD scale (a measure of dysphoria) after alcohol and significantly higher LSD scores
following placebo (Figure 2 bottom left panel; F[1, 951.3] = 3.3, p < 0.01). SOC participants
also reported significantly greater ratings of ‘High’ after placebo (Figure 2 bottom middle
panel; F[1, 52.2] = 4.2, p < 0.05) and greater ratings of ‘Friendly’ following both placebo
and alcohol (data not shown; F[1, 979.6] = 2.7, p < 0.01). These group differences occurred
at the time of peak alcohol effects but most group effects declined during the descending
limb (except Drunk which remained high throughout the session). Notably, however, the
effects of alcohol on most other measures, including ratings of feeling sedated, overall
ratings of feeling a drug effect and liking the drug effect, did not differ under the SOC and
ISO conditions (Supplementary Table 1; Fig 2 right panels).

On certain measures, alcohol effects differed in the SOC and ISO conditions only in women.
In women but not in men, alcohol produced greater increases on ratings of ‘Friendly’ in the
SOC condition compared to the ISO condition (significant Dose x Social group x Sex
interaction; F[1, 79.5] = 7.4, p < 0.01). In addition, women in the SOC condition reported
greater ARCI LSD scores and greater ratings of ‘High’ after placebo (significant Dose ×
Social group × Sex × Time interaction; F[1, 951.3–1038.9] = 2.2–2.3, p < 0.05 for both
analyses).

End of Session Questionnaire—At the end of the sessions, the SOC and ISO groups
did not differ on ratings of the strength of the effect, or whether they would take it again
(Supplementary Table 1). The SOC and ISO groups were equally accurate in identifying the
placebo (65% correct identifications), but the SOC group was slightly more accurate in
identifying alcohol than the ISO group (92% vs 73%).

Influence of the co-participant’s drug state (SOC only)
Subjective and Physiological Effects—The drug condition of the Partner influenced
subjective responses to alcohol on several measures (Figure 3). Alcohol produced a greater
increase on the ARCI A scale when the Partner also received alcohol, compared to when the
Partner received placebo (Figure 3 top left panel; F[1, 41.2] = 9.3, p < 0.01). Ratings of
‘Drunk’, ‘High’, and ‘Social’ were higher when the Partner received alcohol, regardless of
whether or not the Actor received alcohol or placebo (Figure 3 top middle and right panels;
some data not shown; Main effect of Partner Dose: F[1, 46.3–56.0] = 4.2–6.3, p < 0.05 for
all analyses). Ratings of ‘Feel Drug’, ‘Like Drug’, ‘Stimulated’, and ‘Want More’ after
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placebo were higher when the Partner received alcohol, compared to placebo (Figure 3
bottom panels; some data not shown; F[1, 36.2–37.7] = 4.3–10.0, p < 0.05 for all
comparisons). All of these observations are consistent with the idea that the presence of an
intoxicated individual can produce, or increase, alcohol-related effects. The drug state of the
Partner did not influence other subjective effects or physiological measures.

Social Interaction Measures—Alcohol increased participants’ level of social interaction
during the ascending limb of the blood alcohol curve (Figure 4). Participants interacted more
in the 60 minutes following the beverage if at least one of the pair received alcohol (F[1,
114.7– 116.8] = 10.5–11.8, p < 0.01 for all comparisons between 15 and 60 min after
beverage). These effects were not apparent later in the session. Social interaction was highly
correlated with verbal interaction, and the increased social interaction early in the session
was primarily accounted for by an increase in talking (data not shown; F[1, 122.5–126.1] =
5.3–16.7, p < 0.05 for all comparisons). Participants rated their partners as being more
emotionally responsive (PRQ Other) when the Partner received alcohol (Table 3; Main
effect of Partner Dose: F[1, 51.30] = 4.5, p < 0.05) and they rated themselves as being more
emotionally responsive (PRQ Self) when at least one of the pair received alcohol (Table 3;
Main effects of Actor Dose and Partner Dose: F[1, 53.88–53.89] = 6.1–7.4, p < 0.05 for both
tests). Finally, participants reported engaging in more agreeable behaviors (as measured by
the SIQ) when they received alcohol, regardless of what the Partner received (Table 3; Main
effect of Actor Dose: F[1, 69.53] = 4.5, p < 0.05). Neither alcohol nor the drug state of the
partner altered ratings of attractiveness of the partner.

End of Session Questionnaire—The drug state of the partner did not affect most of
participants’ responses on the ESQ. However, participants reported a greater overall strength
of drug effects after placebo when their partner received alcohol (AlcoholActor/PlaceboPartner
= 1.9 ± 0.12 versus PlaceboActor/PlaceboPartner = 1.3 ± 0.13: F[1, 82.40] = 12.5, p < 0.001).
The placebo beverage was identified correctly on 75% of occasions when Partner also
received placebo, but only 50% of occasions when the Partner received alcohol.
Identification of the alcohol beverage was relatively high on both sessions in the SOC
condition (Supplementary Table 2).

Validity checks
Order effects—There were no significant effects of Session Order for any outcome
measure.

Effectiveness of placebo manipulation—Most participants correctly identified
placebo and alcohol at the end of the sessions (Supplementary Table 2). The two groups
identified placebo correctly on 65% of sessions. The ISO participants correctly identified
alcohol on 73% of sessions whereas SOC participants correctly identified alcohol on 92% of
occasions. Despite these identifications at the end of the sessions, when the drugs’ full
pharmacological effects had come and gone, there was some evidence that the blinding was
partially effective during the sessions: After placebo, participants (both groups) reported
significantly increased ratings of “Feel Drug” 30, 60, 90 and 120 min after consuming the
beverage (change from pre-beverage; p < 0.01).

DISCUSSION
In this study, the presence of another individual influenced the acute subjective and
behavioral effects of alcohol in several ways. First, participants reported greater feelings of
intoxication and stimulation on single-item measures after alcohol when they were tested in
the presence of another person, compared to when they were alone. However, most other
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measures, including cardiovascular effects of alcohol, other measures of stimulation, and
negative subjective effects such as sedation and dizziness, ratings were unaffected by the
presence of another individual. Second, in the social condition, participants were modestly
influenced by the drug state of the partner. When the co-participant also received alcohol,
participants experienced greater subjective stimulation as measured by the composite ARCI
A scale. Participants also reported feeling more intoxicated on both placebo and alcohol
sessions when the partner received alcohol, and they interacted more when at least one
participant had received alcohol. This effect on social interaction extends earlier reports that
social factors influence subjective response to alcohol (Doty and de Wit 1995; Pliner and
Cappell 1974; Sher 1985) and that alcohol facilitates social interaction (e.g., Sayette et al.
2012a, b). Thus, the acute subjective effects of alcohol can be influenced by both the
presence of another individual and the drug state of others who are present.

The presence of another individual altered some, but not all, of the effects of alcohol.
Participants in the social condition reported greater positive subjective effects on single-item
ratings of intoxication and stimulation and fewer negative effects as measured by the ARCI
LSD, compared to participants receiving alcohol alone. However, the social condition did
not affect responses to alcohol on cardiovascular measures or on most other subjective
measures, including standardized composite measures of stimulant drug effects (ARCI A
and BG). The lack of effect of social condition on heart rate responses to alcohol is relevant
to recent theories that greater heart rate increases after alcohol are related to greater
sensitivity to alcohol reward (Conrod et al, 2001). Although it is not clear why participants
reported more stimulation on the single-item scale than on the ARCI A or BG scales, it may
be that the single-item scale was a more sensitive measure of alcohol-related stimulation in
the between-groups comparisons. Thus, alcohol was perceived to be slightly more
subjectively stimulating in the social condition, but social condition did not affect the
cardiovascular response, indicating a dissociation between these measures.

The present findings are generally consistent with previous studies. In our previous study
(Doty and de Wit 1995) alcohol produced stronger and more positive subjective effects
when participants were tested under social conditions, compared to when they were tested
individually. In that study, participants were tested in groups of 3 or 4 who received alcohol
or placebo in mixed order. Therefore, there were usually 1 or 2 other alcohol-treated
individuals in a single testing session, making it difficult to assess the influence of the drug
state of the other individuals present. In the present study we controlled the drug state of the
paired participants, and found that both the presence of another person and the drug state of
the other person influenced the results. The latter finding is consistent with older studies
indicating that the presence of an intoxicated individual can affect behavior even of sober
individuals (Sher et al, 1985). Interestingly this finding is also consistent with self-
administration data with rats (Smith 2012), indicating that the drug state of another animal
substantially alters acute drug response. We had some evidence (Doty and de Wit, 1995)
that the presence of other intoxicated individuals also increased alcohol consumption, but
the effect of social setting on alcohol choice and consumption is complex, and remains to be
examined more carefully in future studies.

The state of intoxication of the Partner affected certain subjective responses of the
participant, whether or not they received alcohol themselves. First, when participants
received alcohol, they reported greater feelings of stimulation (i.e., increased ARCI A
scores) when their Partner also received alcohol, compared to when their Partner received
placebo. Second, participants reported feeling more ‘Drunk’, ‘High’, and ‘Social’ –
regardless of whether they received alcohol or placebo – when their Partner had received
alcohol. These results are consistent with data from previous studies, which suggest that
social factors may alter the subjective, physiological and behavioral effects of a number of
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drugs including alcohol, amphetamine, and marijuana (Carlin et al. 1972; de Wit et al. 1997;
Doty and de Wit 1995; Pliner and Cappell 1974). For example, Carlin and colleagues (1972)
observed that participants self-reported greater marijuana-related intoxication and exhibited
more cognitive performance disruptions in the presence of confederates who were trained to
exhibit marijuana-like intoxication. Thus, the intensity of drug-related intoxication appears
to be influenced by the perceived drug state of others. How this occurs is not clear, but it
may involve modeling, social mimicry, expectancies, a desire to conform, or a disinhibition.
These questions may be resolved in future studies in which confederates model different
behaviors, or in which partners are treated with different classes of drugs.

Interestingly, the presence of an intoxicated partner also influenced the mood state of an
individual who had received placebo. For instance, participants reported greater ratings of
‘Feel Drug’ and ‘Like Drug’ after placebo, when their co-participants received active drug.
This is consistent with data from Sher (1985), who reported that sober participants tested in
the presence of intoxicated participants reported levels of intoxication comparable to those
reported by the alcohol-intoxicated participants. They also found that this effect was related
to participants’ expectancies of how they typically experience alcohol-related effects. We
did not assess participants’ expectancies of alcohol effects in our study. Participants were
told that they might receive a stimulant, sedative, opioid, alcohol or placebo, and the placebo
was made to resemble alcohol by adding a small amount of alcohol. Although, participants
reported a significant increase in ‘Feel Drug’ during the placebo sessions, most participants
correctly identified both alcohol and placebo at the end of the session after they had
experienced the drugs’ full effects. Thus, there was some uncertainty about the identify of
the drug during the sessions, but less uncertainty by the end of the sessions. The presence of
an alcohol-treated partner had a modest effect on alcohol identification: In the SOC
condition, 75% of participants labeled placebo correctly when they had a sober Partner,
whereas 50% labeled it as placebo when their Partner was intoxicated (although it was not
usually mis-identified as alcohol). It is possible that expectancies of any drug effect
combined with an intoxicated co-participant increase subjective ratings. Future studies
controlling participants’ expectancies more directly may differentiate the influence of
expectancies from the direct influence of an intoxicated partner.

Alcohol increased both objective and subjective measures of social behavior. Alcohol
increased the time the participants spent interacting and talking if at least one individual of
the dyad received active drug. Similarly, alcohol in at least one of the pair increased ratings
of emotional responsiveness by both individuals. We measured emotional responsiveness
with a standardized rating scale of how emotionally sensitive participants considered
themselves and their Partners to be (e.g. “…seems interested in what I am thinking and
feeling”). However, these ratings of emotional responsiveness were significantly correlated
with objective measures of how much participants interacted (r = 0.39), and so it is not clear
whether this was an indirect consequence of the increased social interaction. Regardless,
these findings are consistent with data showing that alcohol increases verbal behavior and
enhances social bonding (Babor et al. 1983; Sayette et al. 2012a, 2012b). Indeed, in a recent
study, Sayette and colleagues (2012a) reported that alcohol facilitated social bonding in
previously unacquainted individuals. They suggested that the increase in social bonding
might be related to the effect of increased positive affect, and reduced negative affect, on
social interactions. Together with the current results, this suggests that alcohol produces
prosocial effects that influence all those present, whether or not they are intoxicated.

Responses to alcohol, and most of the effects of social context on responses to alcohol, were
similar in men and women. However, only women reported higher ratings of ‘Friendly’
following alcohol in the social condition compared to the isolated condition, suggesting that
women may be more susceptible to the social enhancement effect than men. This sex
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difference was not observed on other measures in the comparisons between social and
isolated settings. Contrary to some previous studies, we did not observe sex differences in
responses to alcohol, overall. For example, Miller et al.(2009) reported that alcohol
produced greater performance impairment and greater subjective intoxication in women than
men, and Sayette et al (2012b) found that women exhibited more social behavior than men,
although their social responses to alcohol were similar. The modest effects of sex in the
current study may be related to the relatively small sample size of our study, or the testing
conditions. It is also possible that greater social enhancement would be observed if
participants were tested in opposite sex pairs.

The current study had several important limitations. First, our study was small (N=44)
compared to other studies using as many as 720 participants (Sayette et al, 2012b). Second,
we had only moderate success with the blinding of the alcohol and placebo beverages, and
by the end of the session most participants correctly identified the placebo and alcohol
beverages. Thus, participants’ expectancies of alcohol effects may have contributed to the
observed social enhancement. In a future study, the inclusion of a control beverage (i.e., a
known non-alcohol condition) might help to detect expectancy effects. Another limitation is
the number and type of oucome measures that were obtained. We used a mix of single-item
questionnaires and standardized instruments that have been validated for use with alcohol. It
is possible that other scales, such as the more commonly used Biphasic Alcohol Effects
Scale (Martin et al 1993) would yield slightly different results. Importantly, our measures of
social interactions (i.e, ratings of videotapes) were less refined than measures used by other
investigators (e.g., Sayette et al, 2012b). More detailed assessments of participants’ social
interactions would shed light on the processes underlying the enhancement by alcohol.
There are also limitations relating to the social context we created, and the activities that
participants engaged in. For example, we allowed participants to watch television, which is
difficult to classify as either a social or nonsocial activity. The social context differed from
most naturalistic drinking conditions insofar as we tested pairs of strangers in an unfamiliar
environment, and the alcohol dose was fixed. Finally, the significance of the study would be
strengthened by the inclusion of a measure of alcohol consumption, to complement the
changes in alcohol-induced mood states. Although many of the methodological features
were necessary, and similar to other laboratory studies, the generalizability of the findings
remains to be determined.

In conclusion, we have extended our understanding of the interaction between alcohol and
social context in several ways. That is, we found that the presence of another individual
enhanced some subjective responses to alcohol but not other subjective or cardiovascular
effects. We also found that the presence of an intoxicated individual enhanced subjective
responses to alcohol, and the mood state of a non-intoxicated participant. Alcohol increased
verbal behavior when at least one of the pair received alcohol, and participants rated
themselves and others as more emotionally responsive when at least one had consumed
alcohol. Together, these findings further highlight the potential importance of social factors
in acute drug effects and may partially explain why alcohol is used in a social context.
Future studies may examine the extent to which these alterations in subjective states
influence consumption of the drug.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
BAL in participants who were under Isolated conditions (ISO: N=20) or under Social
conditions (i.e., dyads; SOC: N=24) as a function of Time and Sex. Error bars represent
SEM. An * indicates significant difference between females and males within the ISO group
(p<0.05).
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Figure 2.
Selected scores on subjective ratings for participants who were under Isolated conditions
(ISO) or Social conditions (SOC) as a function of Dose and Time. Error bars represent one
SEM. An * indicates significant difference in alcohol response between groups (p<0.05). A
+ indicates significant difference in placebo response between groups (p<0.05).
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Figure 3.
Selected scores on subjective ratings for the social group as function of Time, when
participants (i.e., Actors) received either alcohol or placebo in the presence of a co-
participant (i.e., Partners) who had received either alcohol or placebo. The four conditions
were: both Actor and Partner received placebo; Actor received alcohol while Partner
received placebo; Actor received placebo while Partner received alcohol; both participants
received alcohol. Error bars represent one SEM. A = 0.8 g/kg alcohol; P = placebo. An *
indicates A/A significantly different from A/P (p<0.05). A + indicates P/A significantly
different from P/P (p<0.05). ARCI A refers to a subscale the measures stimulant effects.
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Figure 4.
Mean proportion of time during the sessions when participants interacted as a function of
Time. Drug conditions are the same as described in Figure 3. Error bars represent one SEM.
A = 0.8 g/kg alcohol; P = placebo. An * indicates A/A significantly different from A/P
(p<0.05). A + indicates P/A significantly different from P/P (p<0.05).
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Table 2

Demographics by Setting Group

Setting Group

ISO
(N=10 F; 10 M)

SOC
(N=10 F; 14 M)

Mean (SD) Mean (SD)

Age (years) 24.2 (2.8) 23.1 (2.4)

Education (years) 15.5 (1.1) 14.8 (1.0)*

BMI 23.7 (2.5) 24.2 (2.9)

Current Drug Use

  Alcohol (drinks/week) 15.2 (4.9) 16.9 (6.0)

  Caffeine (cups/day) 3.2 (1.9) 2.4 (1.3)

  Marijuana (days/month) 7.7 (8.4) 10.0 (9.7)

*
significantly different from ISO p < 0.05
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