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Abstract

Theoretical models of alcoholism emphasize the acute reinforcing properties of alcohol as chief

determinants of drinking, and animal research suggests adolescents are uniquely sensitive to these

effects. Human studies of these phenomena, however, are virtually nonexistent. We used

ecological momentary assessment methods to capture adolescents' subjective responses to alcohol

in real time in their natural environments. Adolescent participants were 22 problem drinkers, ages

15 to 19 years (M = 18.3, SD = 0.09; 55% female; 55% alcohol dependent). Participants consumed

alcohol on 38% of days during a one-week monitoring period, with an average of 5 drinks per

occasion. Momentary data revealed that adolescents experience decreased stimulation and

increased sedation and ‘high’ across the ascending limb of the blood alcohol curve. Notably,

greater craving predicted higher volumes of subsequent alcohol consumption during the episode,

whereas greater ‘high’ attenuated use. To test for developmental differences in these effects, we

pooled these data with data from a similarly ascertained sample of 36 adult heavy drinkers, ages

24 to 64 years (M = 38.1, SD = 11.8; 50% female; 61% alcohol dependent). Adolescents were

more sensitive to the stimulant effects of alcohol than adults. This study provides novel data on

how adolescent problem drinkers experience alcohol in their natural contexts and illustrates how

these effects, which appear to differ from adult problem drinkers, confer liability for future

drinking.
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Drinking alcohol produces a host of pharmacological effects that cause acute changes in

affect and cognition. These experiences predict future drinking and are important targets for

clinical interventions (Heilig et al., 2010). On the whole, alcohol produces stimulant effects

early in the course of intoxication, when blood alcohol concentration (BAC) levels first rise,

and causes pronounced sedative effects when BAC levels decline (Ray, MacKillop, &

Monti, 2010). There is considerable heterogeneity, however, in alcohol response patterns
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across individuals (Morean & Corbin, 2010; Quinn & Fromme, 2011). Heavy drinkers

typically show more pronounced stimulation and less sedation than light drinkers, and this

unique pattern of sensitivity prospectively predicts hazardous drinking (King, de Wit,

McNamara, & Cao, 2011). Distinct response patterns are also observed in adults with a

family history of alcoholism (Schuckit, Smith, Kalmijn, & Danko, 2005) as well as carriers

of certain genotypes (Ray, Miranda, et al., 2010). Taken together, research demonstrates that

subjective responses to alcohol are clinically meaningful endophenotypes that mark acquired

or heritable pharmacological vulnerability to alcohol's effects.

Despite progress characterizing alcohol response patterns in adults, our understanding of

how alcohol affects adolescents is based almost entirely on animal models due to restrictions

on administering alcohol to underage drinkers. This gap in knowledge is critical because

adolescence is a key period in the development of alcohol use disorders. Teenagers use

alcohol more than any other psychoactive substance, with 15% of youth meeting criteria for

an alcohol use disorder (AUD) by 18 years of age (Eaton et al., 2012; Swendsen et al.,

2012). By comparison with adults, adolescents are disproportionately affected by

pathological drinking, with past-year AUD prevalence rates highest during adolescence

(Grant et al., 2004). Furthermore, beyond the acute health risks linked to underage drinking

(Hingson & Kenkel, 2004), alcohol misuse during adolescence predicts future alcohol

dependence in adulthood (Buu et al., 2012). Advancing our understanding of the

mechanisms that underlie pathological drinking during adolescence would inform theoretical

models of alcohol dependence and elucidate important targets for clinical intervention.

Animal research suggests that adolescents respond differently to alcohol than adults in ways

that may explain why youth are especially susceptible to hazardous drinking. Compared to

adult animals, adolescent animals are hypersensitive to alcohol's stimulant effects and less

sensitive to its sedative effects (Spear, 2011). These findings are not due to differences in

BAC levels or rates of alcohol metabolism, and may be more pronounced following chronic

alcohol exposure (Spear & Varlinskaya, 2010). Human data evaluating these effects are

scant, however, leaving unanswered questions about how these findings apply to humans.

One study (N = 22) examined alcohol's effects on boys, ages 8 to 15 years (Behar et al.,

1983). This was participants' first intoxicating experience, with a mean peak BAC of 0.04

mg/ml. Participants showed no behavioral signs of intoxication. Yet alcohol increased

participants' self-reported sedation and decreased stimulation while BAC levels ascended.

Although this study provides initial data on how alcohol affects alcohol-naïve youth, the

clinical significance of these findings is unclear inasmuch as adolescents' alcohol response

profile may differ in the natural environment or vary depending on their drinking histories.

Furthermore, it remains unknown whether adolescents' responses to alcohol influence future

drinking levels or whether their drinking is driven chiefly by other factors, and human

studies have not compared adolescents and adults on their subjective responses to alcohol.

In this study, our primary objective was to capture the real-time occurrence of adolescents'

subjective responses to alcohol in their natural environments using ecological momentary

assessment (EMA) methods. Our group and others have successfully used this approach to

study affective and cognitive correlates of alcohol use in adults (Piasecki, Wood, Shiffman,

Sher, & Heath, 2012; Ray, Miranda, et al., 2010; Shiffman, 2009; Tidey et al., 2008). The
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current study is the first to extend this line of investigation to adolescents. Based on findings

from Behar et al. (1983), we hypothesized that self-reported stimulation, as assessed

immediately following each of the first three drinks of the day would show a negative

relationship with estimated BAC (eBAC) levels, whereas sedation and eBAC would be

positively related. In addition, we examined whether adolescents' subjective responses to

alcohol predict an outcome with direct clinical significance, namely subsequent alcohol

consumption. For exploratory purposes, we examined the association between eBAC levels

and alcohol craving (i.e., urge to drink) and subjective ‘high,’ as well as the effects of

craving and ‘high’ on subsequent drinking. Alcohol potentiates craving and ‘high’ in adults

(Ray, MacKillop, et al., 2010) and craving is associated with loss of control over drinking

(Bohn, Krahn, & Staehler, 1995).

As a secondary aim, we examined whether findings from animal research generalize to

humans by comparing data gathered from adolescents with data from a similarly ascertained

adult sample. We hypothesized that the magnitudes of adolescent's subjective stimulation

would be greater than those reported by adults across eBAC levels. We also explored

whether adolescents and adults are affected differently by alcohol in terms of craving.

Method

Participants

We enrolled 29 adolescents who consumed alcohol at least twice weekly in the past 30 days.

Adolescents were recruited from the community for a study of how a medication affects

teenagers' reactions to alcohol. This study focused on data from the 1-week premedication

monitoring period. Additional inclusion criteria were: 15-19 years old, able to read simple

English, and postpubescent. Exclusion criteria were history of alcohol treatment or treatment

seeking; past-month opiate use; current or lifetime opiate use disorder (DSM-IV-TR;

American Psychiatric Association, 2000); positive urine toxicology screen for narcotics,

amphetamines, sedative hypnotics, or opiates; alcohol withdrawal; suicidal or psychotic; and

medical conditions or medications that contraindicated taking the study medication. Females

were ineligible if they were pregnant, nursing, or unwilling to use contraception.

The comparison adult sample (n = 36) was comprised of non-treatment-seeking heavy

drinkers recruited from the community for a similar medication study. Eligibility criteria for

adolescents and adults were essentially identical, except for age and drinking history. Adults

were ≥ 21 years of age and reported heavy drinking ≥ 2 days per week in the past 30 days.

Based on evidence that adolescence extends to the early twenties (Giedd, 2004), we selected

the subset of adults who were ≥ 24 years of age. Detailed methods for the adult sample are

reported elsewhere (Tidey et al., 2008).

Materials and Procedure

Adolescent volunteers completed a brief telephone interview to determine provisional

eligibility and a comprehensive in-person screening that included a detailed medical and

psychiatric history, urine and blood tests, and a physical exam. Written informed consent

Miranda et al. Page 3

J Abnorm Psychol. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



was obtained from 18- and 19-year-old youth and from the parents of minors; assent was

obtained from minors.

In an initial training session, participants were taught to discern standard alcoholic drink

volumes using a graphic manual that depicted standard drinks by beverage type. Training

sessions were personalized to each participant's typical drinking habits, and all received

wallet cards with conversion information. Standard drinks were defined by established

parameters (National Institute on Alcohol Abuse and Alcoholism, 2005). Participants then

completed a premedication EMA period of approximately one week (M = 6.3 days; SD =

1.5). No instructions were given to reduce or otherwise alter drinking habits. The Brown

University institutional review board approved this study.

EMA—Our EMA protocol was implemented with adolescents on handheld wireless devices

(Omnia; Samsung Electronics, Ridgefield Park, NJ) running software designed for this

study. Instructions were in simple English and participants recorded data by tapping directly

on the screen. Response options included visual analog bars (converted to discrete point

scales), multiple checkboxes (choose all that apply), and forced choices (choose only one).

Our protocol for capturing alcohol effects is shown in Figure 1. At the first begin-drink

report of an episode, participants rated their subjective states and recorded contextual

information. Participants were asked whether they started drinking, and if so, how many

minutes had elapsed since they began. Drinking episodes where the first begin-drink report

was initiated >5 min after drinking onset were excluded from analyses in both the adolescent

and adult samples. During end-drink reports, participants recorded how many minutes

elapsed since they finished their drink, selected the beverage type (beer, liquor, etc.),

recorded the ounces consumed, and rated their subjective states. Time stamps indicated

latency between onset of the drinking episode and each assessment. Participants also

reported whether they used nicotine or cannabis while drinking.

To simplify the instructional set, participants were taught to initiate begin- and end-drink

reports immediately prior to and directly after each standard drink, respectively.

Assessments were delivered only for the first three drinks of an episode, however, to reduce

response burden and facilitate compliance. Intermediate begin-drink reports (i.e., second and

third drinks) were not included in analyses (see Figure 1). Although our EMA protocols

were essentially identical across the adolescent and adult samples, adults recorded drinking

data before and after the first two drinks of a drinking episode. As such, the adolescent

sample was restricted to these reports in adolescent-adult comparisons.

Measures

Participants—Demographics and AUD diagnoses for adolescents were derived using the

Kiddie Schedule for Affective Disorders for School-Age Children (Kaufman et al., 1997).

Interviewers received training in diagnostic assessment and achieved high inter-rater

reliability (kappa > 0.90). Diagnoses were determined by case consensus. For descriptive

purposes, participants also completed the Rutgers Alcohol Problem Index (RAPI; White &

Labouvie, 1989), a continuous measure of alcohol-related problems (Cronbach's α = 0.84).
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For the adult sample, alcohol diagnoses were derived from the Structured Clinical Interview

for DSM-IV Axis I Disorders – Patient Version (First, Spitzer, & Gibbon, 1995).

Alcohol use—Drinking prior to participation was assessed using the 90-day timeline

follow-back interview (TLFB; Sobell & Sobell, 1992). Alcohol use during the 1-week trial

was assessed using TLFB and EMA.

Momentary subjective states—Two items from the stimulation (energized, excited) and

sedation (sedated, sluggish) subscales of the Biphasic Alcohol Effects Scale (BAES; Martin

et al., 1993) were administered to adolescents. Youths rated items on visual analog scales

from 0 (not at all) to 10 (extremely) and items were combined into a mean score for each

dimension (Cronbach's α for begin- and end-drink reports, respectively: Stimulation = 0.71,

0.83; Sedation = 0.68, 0.73). Craving and ‘high’ were measured using single items rated

from 0 (no urge and not at all, respectively) to 10 (strongest ever and extremely,

respectively). The measure of ‘high’ originated from the Subjective High Assessment Scale

(SHAS; Schuckit, 1984) and strongly correlates with total SHAS scores across BAC levels

(Ray, MacKillop, Leventhal, & Hutchison, 2009). The term ‘high’ was anchored to alcohol

effects to preserve common adolescent vernacular. All other items measured affect

independent from alcohol-specific effects to avoid psychometric issues involved with asking

adolescents to deconstruct the degree to which changes in affect are attributable to alcohol

(Rueger, McNamara, & King, 2009). For all items, participants made ratings based on their

feelings ‘right now.’

EMA measures common to both the adolescent and adult samples included one item from

the BAES (energized), which assessed stimulation, and the single-item measure of craving.

Both items were rated on visual analog scales ranging from 0 to 10 and were the focus of

adolescent-adult comparisons.

eBAC—Information from end-drink reports was used to calculate eBAC at each end-drink

report using a standard formula (Matthews & Miller, 1979) shown to produce high intraclass

correlations with actual BACs (Hustad & Carey, 2005; Matthews & Miller, 1979). This

formula was used in prior EMA research (Piasecki et al., 2012; Ray, Miranda, et al., 2010).

Data Analytic Strategy

Generalized estimating equation (GEE) models tested study hypotheses (Zegar, Liang, &

Albert, 1988). This approach accommodates varying numbers of observations across

individuals while controlling for autocorrelation and without biasing results. An independent

structure provided the best fit for continuous (subjective responses) and count data (number

of standard drinks); models assumed a normal link function unless otherwise noted. Given

our primary interest in person-level effects (i.e., change in an individual's subjective

responses in accordance with his/her eBAC level), we extricated within-person drink-to-

drink variation in eBAC and subjective intoxication from the effects of between-person

variability in typical eBAC and subjective intoxication (Palta, 2003). Specifically, we

entered both momentary eBAC at each end-drink report and each participant's average

eBAC level across the monitoring period in all models predicting subjective responses. The
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momentary variable reflects the within-person effect while the average variable reflects the

between-person effect of typical intoxication. Begin-drink reports were entered as baseline

covariates in all models to better isolate alcohol's effects. Models also included person-level

covariates (i.e., sex, alcohol dependence, and baseline drinking levels). Analyses were

performed using SPSS, version 19.0 (IBM, Armonk, NY).

To examine dose-related changes in adolescents' subjective responses, we estimated separate

models to predict each subjective rating from eBAC. This approach is more sensitive than

modeling numbers of standard drinks and coincides with laboratory and EMA research

(Piasecki et al., 2012; Ray, Miranda, et al., 2010). Analyses were restricted to the first

drinking episode of the day to eliminate potential carryover effects; drinking episodes were

defined as the period from the start of the first drink to the point where eBAC returned to

0.00g/dl. Days were sorted according to each participant's social schedule (e.g., 8am to 3am)

rather than calendar day. We detected outlier values for eBAC (n = 6) from 4 participants.

Participant reports indicated these values were artifacts of noncompliance with the EMA

protocol and thus were excluded from analyses. Continuous variables were centered then

standardized (M = 0, SD = 1); model coefficients represent differences in standard deviation

units associated with the predictors.

Our second set of analyses tested whether momentary end-drink ratings influence

subsequent drinking levels. For each subjective response, we entered both momentary

responses at each end-drink report and each participant's average rating across the

monitoring period. The daily total number of standard drinks consumed subsequent to each

momentary report served as the dependent variable. Continuous variables were centered and

drinking outcomes were analyzed using a Poisson log-linear function. In a set of initial

models, subjective ratings were entered separately as predictors of subsequent drinks.

Significant effects were then entered simultaneously in a single model to identify the

strongest determinant(s) of drinking.

Final analyses compared adolescents' and adults' subjective responses to alcohol.

Independent sample t tests and chi-squared analyses compared the samples on demographic

and drinking variables. Separate models tested the main and interactive effects of age group

and eBAC on each dependent variable. Age group was coded with an orthogonal contrast (−

0.5 for adults versus 0.5 for adolescents) and continuous variables were centered and

standardized.

Results

Descriptive Data

Adolescents consumed alcohol on an average of 38% of study days, with average of 4.95

(SD = 4.64) standard drinks per drinking day; 49% were heavy drinking days. EMA and

TLFB drinking data were highly correlated (ps < .001) in terms of the total number of drinks

consumed during the period (r = 0.89), the number of drinking days (r = 0.71), and the

number of heavy drinking days (r = 0.80). For all variables, EMA indicated higher drinking

levels than TLFB.
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Twenty-six participants had at least one drinking episode (M = 2.1, SD = 1.0) during the

assessment period, with a total of 69 drinking episodes recorded. Restricting analyses to the

first drinking episode of the day excluded six episodes across six participants. Eliminating

episodes that included concurrent cannabis use excluded six episodes across five

participants. Finally, restricting begin-drink reports to those initiated ≤ 5 min of drinking

onset excluded 17 episodes, leaving a final total of 40 episodes from 22 participants. Of

these episodes, the vast majority (85%) had begin-drink reports completed before (40%) or

within 2 min (45%) of drinking onset, making it unlikely that the begin-drink reports

captured the pharmacological effects of alcohol. During the first begin-drink reports of

drinking episodes, adolescents were highly stimulated (M = 7.3, SD = 1.8), had strong urges

to drink (M = 6.8, SD = 2.9), and reported low levels of sedation (M = 1.7, SD = 1.6) and

‘high’ (M = 1.2, SD = 2.2), with no significant association between the timing of begin-drink

reports (i.e., prior to versus 1 to 5 min post drinking onset) and the intensity of begin-drink

responses (ps > .10).

Table 1 presents characteristics of the final adolescent sample (n = 22). Participants were 15

to 19 years old and the majority (73%) met criteria for an AUD; all participants met criteria

for one or more symptoms of an AUD in the past 12 months. Table 2 shows intercorrelations

among study variables. Alcohol dependence was positively associated with drinking levels,

average eBAC, female sex, and end-drink craving and sedation. Conversely, dependence

was negatively associated with age and end-drink stimulation. Severity of alcohol-related

problems was positively associated with dependence as well as measures of eBAC, end-

drink craving, and female sex. End-drink stimulation was positively correlated with drinking

levels while end-drink sedation and high were negatively associated with drinking levels.

We assessed compliance with our standard-drink protocol by converting grams of alcohol

consumed at each end-drink report into standard drinks. Nearly all drink reports (94%) were

recorded after participants consumed between 0.67 to 1.33 standard drinks (see Figure 2).

We accounted for variability in the amount of alcohol consumed, along with variability in

person-level factors that influence intoxication (e.g., sex, weight, etc.), by relying on eBAC

levels as our primary independent measure. Across the study, the average eBAC was

0.025g/dl (SD = 0.011) at the end of Drink 1, 0.041g/dl (SD = 0.017) at the end of Drink 2,

and 0.055g/dl (SD = 0.016) at the end of Drink 3. We evaluated whether reports were

recorded during the ascending or descending limb of the blood alcohol curve by computing

successive differences in eBAC across end-drink reports within each drinking episode

(Piasecki et al., 2012); all end-drink reports were recorded during the ascending limb.

Associations between Alcohol Consumption and Momentary Subjective Responses

As shown in Table 3 and Figure 3, we found a significant positive association between

momentary eBAC and subjective reports of sedation and ‘high’ and a significant negative

association between momentary eBAC and stimulation. We also found a significant

between-person association, such that individuals with higher average eBAC experienced

less end-drink ‘high.’ There was no effect of eBAC on craving. To account for the

possibility that begin-drink stimulation, which was notably high in this sample, might

influence the association between eBAC and end-drink stimulation when included as a
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covariate in the model, we ran two additional models. First, we excluded this variable from

the model and found the negative association between momentary eBAC and end-drink

stimulation was essentially unaffected by the exclusion of this covariate (β = − 0.16, SE =

0.07, p = .02). Next, we tested whether findings for stimulation were upheld when analyses

were restricted to episodes where begin-drink reports were recorded prior to drinking onset

and found the same negative association between eBAC and end-drink stimulation (β = −

0.28, SE = 0.08, p = .001).

Effects of Momentary Subjective Responses on Subsequent Alcohol Consumption

As shown in Table 4, greater momentary end-drink craving predicted higher levels of

subsequent alcohol consumption that day while greater momentary end-drink ‘high’

predicted lower quantities of subsequent drinking. Neither momentary end-drink stimulation

nor momentary end-drink sedation was associated with subsequent drinking levels, and

between-person associations were also not significant. When craving and ‘high’ were

included in a single model both remained significant predictors of drinking.

Adolescent-Adult Comparisons

Table 5 compares adolescents and adults on demographic and clinical characteristics. The

groups were similar, except adults were older (by design) and had higher baseline drinking

levels while adolescents had a greater proportion of Hispanic participants. Adults had

comparable average eBAC levels to adolescents (Drink 1: M = 0.022g/dl, SD = 0.013; Drink

2: M = 0.031g/dl, SD = 0.018). Table 6 presents intercorrelations among subjective

responses and other study variables separately for adolescents and adults. In both samples,

baseline heavy drinking was positively associated with average eBAC levels during the trial

and dependence was associated with less end-drink stimulation and greater volumes of

alcohol consumption per drinking day during the monitoring period. Also consistent across

samples was a significant positive association between sex (female) and end-drink craving.

The samples differed, however, in the association between end-drink stimulation (energized)

and craving; end-drink stimulation and craving were positively associated among

adolescents (p = .001) but not adults (p = .23).

As shown in Table 7 and Figure 4, the Age Group × Momentary eBAC was significant, such

that the effect of age group on end-drink stimulation was greater at lower eBAC levels than

at higher eBAC levels, even while controlling for begin-drink stimulation and person-level

covariates. In terms of end-drink craving, we found no significant main effect of age group

or Age Group × Momentary eBAC. Separate follow-up analyses by age group indicated a

positive association between momentary eBAC and end-drink stimulation among adults,

while an inverse association of similar magnitude was observed in our adolescent sample

(see Table 8).

Discussion

This investigation is the first to characterize adolescents' subjective responses to alcohol in

their natural environments. Alcohol produced measurable changes in affect among

adolescent problem drinkers that were distinct from those observed in adults, and these
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changes predicted subsequent drinking levels. Specifically, adolescents experienced

decreased stimulation and increased sedation and ‘high’ during the ascending limb of the

blood alcohol curve. In turn, greater craving predicted increased drinking during the episode

while greater ‘high’ attenuated use. Neither stimulation nor sedation predicted drinking

levels. Comparison with an adult sample provided a developmental context for these

findings. Despite declining stimulation across eBAC levels, adolescents experienced greater

stimulation while drinking than adults, especially when eBAC levels were low. These

findings are consistent with the extant animal literature, highlight the distinct architecture of

alcohol effects during adolescence, and help move the field toward greater consilience

between human and animal phenotypes of alcohol intoxication across development (Leeman

et al., 2010).

Our finding that alcohol dose-dependently increased sedation and ‘high’ among adolescents

is consistent with most adult studies (Ray, MacKillop et al., 2010). Moreover, research with

adult samples shows subjective ‘high’ positively correlates with sedation (Ray et al., 2009)

and we found this association among adolescents. Our finding that adolescents experience

decreased stimulation as eBAC levels rise is consistent with results of the only alcohol

administration laboratory study with adolescents (Behar et al., 1983). This negative

association is contrary, however, to the pattern observed in many but not all laboratory- and

field-based studies with adults. Early studies found greater stimulation in the ascending limb

compared to the descending limb (Earleywine, 1995). Others examined alcohol-induced

stimulation by comparing post-consumption reports to baseline scores. Using this approach,

studies often found an initial transitory spike in stimulation at low BAC levels followed by

rapid decline across the ascending limb (King et al., 2011). By contrast, others show steady

increases in stimulation across the ascending limb, but this effect is often only seen among

certain individuals, such as carriers of certain genotypes and heavy drinkers (Ray &

Hutchison, 2004; Rueger et al., 2009).

Our finding that alcohol had negative effects on stimulation among adolescents is

inconsistent with the pattern observed in our adult sample as well as with the only two

published adult studies that used EMA to characterize acute alcohol effects. Piasecki et al

(2012) had cigarette smokers, ages 18 and older, who consumed alcohol at least four times

in the past month rate how buzzed, excited, dizzy, and sluggish they felt after the first drink

of a drinking episode and again at time-based follow-up assessments. Results showed a

positive association between eBAC and all four responses during the ascending limb. In a

previous study, we examined the effects of eBAC on subjective vigor (mean score of items:

aroused, energetic), negative mood (mean score of items: miserable, sad, discontented), and

craving recorded after the second drink of an episode while controlling for begin-drink

correlates of each variable (Ray, Miranda et al., 2010). The sample included non-treatment-

seeking adult heavy drinkers and provided the data pool from which adults were drawn for

our adolescent-adult comparisons. Findings showed a trend-level main effect of eBAC on

stimulation among carriers of a certain genotype (p = .06) as well as a significant interaction

between eBAC and genotype.

A possible explanation for the differences found between adolescents and adults may be that

alcohol exerts distinct effects on stimulation during adolescence. It is noteworthy that while
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we found a negative association between eBAC and stimulation among adolescents,

adolescents had overall higher levels of stimulation than adults across all levels of eBAC

and this effect was most pronounced when eBAC levels were relatively low. Animal models

offer compelling evidence that maturational brain changes may alter adolescents' sensitivity

to alcohol's effects and heighten their vulnerability to alcohol self-administration. In

particular, adolescent animals are more sensitive than adults to the stimulatory effects of

alcohol but less sensitive alcohol's unpleasant effects (Spear, 2011). Researchers have

postulated that this confluence of insensitivity to alcohol's unpleasant effects and heightened

sensitivity to its reinforcing effects enhances adolescents' susceptibility for developing

alcohol-related problems (Nixon & McClain, 2010; Spear & Varlinskaya, 2005).

Methodological differences across studies may also account for the unique response pattern

observed in adolescents. We assessed begin-drink ratings in our study and included these

measures as covariates in analyses to help isolate the pharmacological effects of alcohol. By

contrast, Piasecki et al. (2012) did not capture begin-drink ratings and thus examined

associations between post-drink eBAC levels and subjective responses. Youths in our study

reported high levels of stimulation at drinking onset, however, which may have obscured our

ability to detect initial alcohol-induced increases in stimulation early in the drinking episode.

It is possible that begin-drink stimulation reflected adolescents' anticipatory excitement

about imminent alcohol use or other aspects of the drinking environment, or that it was

confounded by the fact that some begin-drink reports were recorded shortly after drinking

onset. However, the negative association between eBAC and end-drink stimulation among

adolescents remained significant even when begin-drink stimulation was excluded from

analyses and when we restricted analyses to episodes where begin-drink reports were

recorded prior to drinking onset. Moreover, adolescents in the present study exhibited

similar alcohol dose-related increases in sedation to those observed in adults on sluggish by

Piasecki et al. (2012). Similarly, inasmuch as the assessment items buzzed and high measure

analogous constructs, alcohol produced similar effects on this measure in adults and

adolescents across these studies.

Our findings underscore the clinical relevance of alcohol sensitivities among adolescent

problem drinkers. Higher levels of craving prospectively predicted greater volumes of

alcohol consumption during the episode. This finding is consistent with adult studies that

show craving predicts higher volumes of ad-libitum alcohol consumption in the laboratory

(Leeman, Corbin, & Fromme, 2009; Rose et al., 2010). In addition, these findings

complement clinical data that shows a strong association between craving during alcohol

treatment and posttreatment drinking outcomes in adults (e.g., Higly et al., 2011; Sinha et

al., 2011). Craving is central to most contemporary theoretical models of pathological

drinking (Drummond, 2001). Consequently, reducing craving is often a focal point of

treatment and may advance clinical detection of pathological drinking along an alcohol use

disorder continuum (Keyes, Krueger, & Hasin, 2011). Our findings provide further support

for the clinical relevance of craving and extend previous work to adolescent problem

drinkers.

Finally, our finding that greater post-drink subjective ‘high’ was positively related to post-

drink sedation and predicted consumption of fewer subsequent drinks is consistent with
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research that shows greater sensitivity to these effects is associated with lower drinking

levels (Ray et al., 2009). These results build on previous work that demonstrates individuals

who are less responsive to the subjective intoxicating effects of alcohol (i.e., ‘high’) drink

more heavily and are more likely to develop alcohol-related problems (Schuckit, 1994;

Schuckit and Smith, 2001). Our finding that momentary reports of subjective ‘high’ predict

subsequent drinking levels, however, suggests that adolescents experience within-person

variability in subjective intoxication and that how ‘high’ they feel early in a drinking

episode influences how much alcohol they will consume that day. Notably, this within-

person effect of subjective ‘high’ remained significant even after controlling for potent

predictors of drinking, including sex, alcohol dependence, and recent drinking history. Thus,

on the whole these findings illustrate the importance of understanding adolescents'

subjective experience when they drink and highlight two specific subjective responses,

namely craving and subjective ‘high,’ that appear especially important targets for

intervention efforts.

These results must be interpreted in the context of the study limitations. The low range of

eBAC levels examined in this study tempers our findings. Most alcohol administration

studies evaluate subjective alcohol effects at peak BAC levels of approximately 0.08g/dl

(Quinn & Fromme, 2011), which is higher than the typical level reached in this study.

Furthermore, adolescent-adult comparisons were restricted to lower alcohol doses because

adults only recorded subjective responses after the first two drinks of each episode. Animal

research suggests that adolescents and adults exhibit similar patterns of alcohol reactivity at

higher doses of alcohol (Spear, 2011) and our observation that alcohol effects on stimulation

begin to converge in adolescents and adults at higher doses suggests this pattern may

generalize to humans. Therefore, the possibility that alcohol produces a different response

profile among adolescents at higher doses is an important question for future research.

Another inherent limitation of our EMA approach is our inability to capture the full

spectrum of biphasic alcohol effects. These findings do not characterize adolescents'

subjective responses during the descending limb. In addition, adolescent-adult comparisons

were limited to stimulation and craving. Whether adolescents differ from adults in other

responses to alcohol remains untested.

Other considerations include the lack of a placebo condition, modest sample size, and the

fact that participants were recruited for larger pharmacotherapy trials. This selection

criterion was designed to generate samples comprised of problem drinkers. Notably, the

majority of our adolescent sample met diagnostic criteria for an AUD and all adolescent

participants experienced clinically significant alcohol-related problems. We believe this

approach afforded the most clinically meaningful test of our hypotheses. The findings of this

study may not generalize to the broader population of adolescent drinkers, however, or to

social drinkers and alcohol naïve adolescents. It is noteworthy, however, that our findings

are consistent with the only alcohol administration study with underage alcohol naïve

youths. Additionally, although stimulation and sedation did not predict subsequent drinking

levels in our GEE models, drinking levels were positively associated with stimulation in

bivariate correlations and negatively associated with sedation (see Table 2).

Multicollinearity between begin- and end-drink ratings may have contributed to the lack of

significance in GEE models. Finally, there is considerable heterogeneity across individuals
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in terms of subjective responses to alcohol (Morean & Corbin, 2010; Quinn & Fromme,

2011). In this initial study, our goal was to provide previously unavailable data on subjective

responses to alcohol among adolescent problem drinkers in their natural environment. Our

sample size, however, was too small and homogeneous to examine individual differences

that may moderate alcohol's effects. Further research is needed to identify the characteristics

that influence how different subgroups of youths respond to alcohol.

On balance, these findings provide not only novel real-time information on how alcohol

affects adolescent problem drinkers but also evidence supporting the feasibility of using this

methodology with youth. Notable strengths include participants' high EMA compliance and

the strong correlations observed between EMA-based drinking data and data collected using

the TLFB interview, the gold standard for measuring alcohol consumption. These findings

strengthen the inferences derived from the study. Other strengths include the well-

characterized sample, the comparison of alcohol responses across adolescents and adults,

and the external validity of the findings. This work demonstrates that EMA methods allow

for a rich characterization of adolescents' alcohol use, subjective responses to alcohol, and

their reciprocal effects on each other.
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Figure 1.
Schematic of the ecological momentary assessment battery for capturing estimated blood

alcohol concentrations and subjective responses to alcohol among adolescent participants; n

= number of drink reports. Intermediate Begin Drink reports were not included in analyses.
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Figure 2.
Boxplot illustrating adolescent participants' compliance with our EMA protocol regarding

standard drinks across the first three drinks of a drinking episode.
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Figure 3.
Raw score values and best-fitting trend lines for subjective alcohol responses from estimated

blood alcohol concentrations (eBAC) among adolescent participants. Begin-drink baseline

values for subjective responses are illustrated at the eBAC level of 0.00.
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Figure 4.
Raw score values and best-fitting trend lines for subjective alcohol responses from estimated

blood alcohol concentrations (eBAC) as a function of age group.
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Table 1
Baseline Adolescent Participant Characteristics by Sex: Percentage or Mean (With
Standard Deviation in Parentheses)

Variable Males (n = 10) Females (n = 12) Overall (N = 22)

Age 17.9 (1.2) 18.7 (0.5) 18.3 (0.9)

Caucasian 70.0 75.0 72.7

African-American 0.0 8.3 4.5

American Indian 10.0 0.0 4.5

Asian/Pacific Islander 10.0 16.7 13.6

Hispanic 30.0 8.3 18.2

Alcohol abuse 20.0 16.7 18.2

Alcohol dependence 50.0 58.3 54.5

AUD symptom count 3.8 (2.6) 4.3 (2.3) 4.1 (2.4)

RAPI 5.9 (5.6) 11.0 (8.7) 8.7 (7.7)

Cigarette Smoker 50.0 18.2 33.3

Baseline drinking days (%) 26.3 (11.1) 28.3 (8.7) 27.4 (9.7)

Baseline drinks per drinking day 5.1 (1.9) 3.6 (1.4) 4.3 (1.8)

Baseline heavy drinking days (%) 12.9 (9.1) 14.6 (9.6) 13.8 (9.2)

Note. AUD = Alcohol Use Disorder; RAPI = Rutgers Alcohol Problem Index
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Table 5
Comparisons of Participant Characteristics by Age Group: Percentage or Mean (With
Standard Deviation in Parentheses)

Sample

Variable Adolescent (n = 22) Adult (n = 36) t (57) or χ2 p

Age 18.3 (0.9) 38.1 (11.8) 7.79 < .001

Sex (female) 54.5 50.0 0.11 .737

Race 5.68 .128

 Caucasian 72.7 91.7

 African-American 4.5 5.6

 American Indian 4.5 2.8

 Asian/Pacific Islander 13.6 0.0

 Other 4.5 0.0

Hispanica 18.2 0.0 7.03 .008

Alcohol abuse 18.2 13.9 0.19 .661

Alcohol dependence 54.5 61.1 0.24 .622

Current smoker 31.8 22.2 0.84 .358

Drinking days (%)b 27.4 (9.7) 72.0 (18.9) 10.25 <.001

Drinks per drinking day 4.3 (1.8) 6.0 (2.3) 2.89 .005

Heavy drinking days (%)b 13.5 (9.1) 44.4 (22.6) 6.11 <.001

Note.

a
Ethnicity and race were not mutually exclusive;

b
derived from the 90-day Timeline Follow-Back interview conducted at baseline.
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