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Abstract
Background—Considerable evidence suggests that sensitivity to the stimulant effects of alcohol
and other drugs is a risk marker for heavy or problematic use of those substances. A separate body
of research implicates negative emotionality. The goal of the present study was to evaluate the
independent and interactive effects of the stimulant response, assessed with an amphetamine
challenge, and negative emotionality on alcohol and drug use.

Methods—Healthy young women and men completed the Multidimensional Personality
Questionnaire (MPQ) and an inventory assessing alcohol and other drug use. Subsequently, the
effects of 10 mg d-amphetamine were determined in the laboratory using the Stimulant scale of
the Biphasic Alcohol Effects Scale. Hierarchical regression analyses evaluated the effects of
amphetamine response and the MPQ factor Negative Emotionality on measures of substance use.

Results—The amphetamine response moderated relationships between negative emotionality
and alcohol use: In combination with a robust amphetamine response (i.e., enhanced stimulant
effects as compared to baseline), negative emotionality predicted greater alcohol consumption,
more episodes of binge drinking, and more frequent intoxication in regression models. A strong
stimulant response independently predicted having used an illicit drug, and there was a trend for it
to predict having used alcohol. Negative emotionality alone was not associated with any measure
of alcohol or drug use.

Conclusions—Consistent with the idea that emotion-based behavioral dysregulation promotes
reward-seeking, a high level of negative emotionality was associated with maladaptive alcohol use
when it co-occurred with sensitivity to drug-based reward. The findings contribute to our
understanding of how differences in personality may interact with those in drug response to affect
alcohol use.
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INTRODUCTION
Sensitivity to the stimulant effects of alcohol is a candidate marker of vulnerability for
alcohol use disorders (for reviews, see Morean and Corbin, 2010; Newlin and Renton, 2010;
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Newlin and Thomson, 1990; Quinn and Fromme, 2011; Ray et al., 2010). The subjective
response to amphetamine, a prototypic stimulant drug, has also been associated with risk for
alcoholism, measured in relation to family history (Gabbay, 2005), genetic polymorphisms
(Dlugos et al., 2011), personality (Hutchison et al., 1999; Kelly et al., 2006; 2009; Stoops et
al., 2007; White et al., 2006), and consumption (Stanley et al., 2011; Stoops et al., 2003).
The association between an enhanced stimulant response and risk is often interpreted in
terms of reinforcement: Individuals who experience positive, mood-enhancing effects of a
drug are more likely to use that drug—and potentially others with similar effects—than
those who do not experience such effects (de Wit, 1998; Haertzen et al., 1983).

There is also substantial evidence that a high level of negative emotionality is associated
with risk for alcohol and drug use disorders (Chassin et al., 2004; Elkins et al., 2006; Hicks
et al., 2012; Krueger, 1999; Loukas et al., 2000; Sher et al., 2005). For individuals who
experience frequent and intense negative emotions, substance use may be an attempt to
regulate, escape, or avoid these undesirable affective states (Carmody, 1992; Gonzalez et al.,
2011; Greeley and Oei, 1999; Sher et al., 2005; Zvolensky et al., 2007). Whereas this
negative reinforcement path to substance use has been well studied, a smaller body of work
addresses a positive reinforcement path through which negative emotionality may impact
substance use. This work suggests that negative emotions promote impulsive action,
disrupting control and biasing behavioral decisions in favor of those that lead to immediate
reward (Baumeister and Scher, 1988; Cyders and Smith, 2008; Gipson et al., 2012;
Gonzalez et al., 2011). In individuals vulnerable to the stimulant effects of alcohol or drugs,
this dysregulation by negative affect may lead to reward-seeking through substance use.

The Stimulant Response
Evidence suggests an association between the stimulant response to alcohol (measured in the
rising blood alcohol curve) and risk for heavy or problematic alcohol use. Individuals who
prefer alcohol over placebo in the laboratory report a marked stimulant response to that drug
(Chutuape and de Wit, 1994), and an enhanced subjective stimulant response to alcohol has
also been associated with greater consumption after a priming dose in an anticipatory stress
paradigm (Corbin et al., 2008). Heavy drinkers report greater stimulant effects to a single
dose of alcohol as compared with light drinkers (Holdstock et al., 2000; King et al., 2002;
2011), and an enhanced stimulant response predicts future binge drinking in this group
(King et al., 2011). It has also been reported that individuals with a family history of
alcoholism, a well-established risk factor (Bierut et al., 1998; Merikangas et al., 1998),
exhibit a more pronounced physiological (Conrod et al., 1997; Peterson et al., 1996) and
subjective (Erblich et al., 2003; Morzorati et al., 2002) response to the stimulant effects of
alcohol as compared to individuals without such a family history. Animal models are
consistent with these findings: Selectively bred alcohol-preferring rats are more sensitive to
alcohol-induced locomotor activation than non-preferring rats (Agabio et al., 2001; Murphy
et al., 2002).

Although fewer studies have evaluated the stimulant response to amphetamine in relation to
measures of risk, the findings are similar to those that have been reported for alcohol.
Individuals who prefer amphetamine over placebo in a behavioral drug preference
procedure, considered a measure of risk for abuse, exhibit an enhanced stimulant response to
amphetamine (de Wit et al., 1986; Gabbay, 2003). Similarly, in mice, there is a relationship
between sensitivity to the stimulant effects of amphetamine and susceptibility to
amphetamine-induced conditioned place preference, a common metric of drug
reinforcement in animal models (Orsini et al., 2004).

Converging evidence suggests further that an enhanced stimulant response to one of these
drugs—alcohol or amphetamine—is associated with vulnerability to abuse the other
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substance. Men with a family history of alcoholism exhibit a heightened sensitivity to the
subjective stimulant effects of amphetamine (Gabbay, 2005). Stimulant users manifest an
exaggerated physiological response to alcohol (Brunelle et al., 2006), as compared to
individuals who have never used psychostimulant drugs. Conversely, moderate alcohol
drinkers report greater stimulation to amphetamine than light drinkers (Stanley et al., 2011;
Stoops et al., 2003). This association is also evident in rodent models: Selectively bred rats
that self-administer alcohol display a heightened responsiveness to the stimulant effects of
amphetamine (D’Aquila et al., 2002; Fahlke et al., 1995; McKinzie et al., 2002), as
compared to non-preferring rats. The relationship between the stimulant response and
vulnerability may be even broader: Individuals who consistently choose alcohol over
placebo in the laboratory report greater stimulant effects of alcohol as well as heavier
marijuana use (de Wit et al., 1987). Whereas these findings suggest that the stimulant
response is related to risk more generally, the evidence bearing on this question is limited. In
particular, no study has assessed the relationship between amphetamine-induced stimulation
and multiple continuous measures of alcohol and drug use.

Negative Emotionality
A second factor implicated in relation to alcohol and drug use is negative emotionality
(Chassin et al., 2004; Elkins et al., 2006; Hicks et al., 2012; Krueger, 1999; Loukas et al.,
2000; Sher et al., 2005). Negative emotionality refers to the tendency to experience
heightened negative affect and to perceive the world as threatening, stressful, and
problematic (Watson and Clark, 1984). Individuals who score high on measures of negative
emotionality are susceptible to relatively frequent and intense aversive emotions (e.g.,
anxiety, anger) and report elevated baseline distreses even in the absence of external
stressors (Tellegen and Waller, 2008; Watson and Clark, 1984).

Negative emotionality and related constructs (e.g., neuroticism) are associated with
substance use in a range of clinical and community samples. Diverse assessment methods
yield higher scores on measures of these traits among individuals who meet diagnostic
criteria for alcohol use disorders (Jackson and Sher, 2003; Martin et al., 2000; McCormick
et al., 1998; McGue et al., 1997, 1999; Sher et al., 2005; Swendsen et al., 2002) as well as
polysubstance abusers (McCormick et al., 1998). Beyond its effect on consumption,
negative emotionality is related to an increased incidence of alcohol-related harmful
behavior (Isaak et al., 2011) and substance use problems (James and Taylor, 2007; Ruiz et
al., 2003). Evidence from some longitudinal studies suggests further that negative
emotionality is predictive of later substance abuse and dependence (Caspi et al., 1997;
Chassin at al., 2004; Elkins et al., 2006; Galéra et al., 2010; Hicks et al., 2012; Measelle et
al., 2006; Welch and Poulton, 2009).

The relationship between negative affect and substance use is most often interpreted in terms
of negative reinforcement. That is, persistent negative emotions may promote substance use
as a means to dampen or, more broadly, to escape or avoid these undesirable states
(Carmody, 1992; Gonzalez et al., 2011; Greeley and Oei, 1999; Sher et al., 2005; Zvolensky
et al., 2007). However, there is also evidence to support a distinct pathway that can be
characterized in terms of positive reinforcement: Emotion-based dysregulation may promote
behavior that leads to immediate reward, including risky alcohol and drug use, without
regard for potential longer-term negative outcomes (Baumeister and Scher, 1988; Jackson,
1984; Wallace et al., 1991; cf. Urgency, Cyders and Smith, 2008; Tiffany, 1990; Whiteside
and Lynam, 2001). That is, negative affect may disrupt efforts to override impulsive
behavior (Cheetham et al., 2010). This positive reinforcement pathway has received
considerably less empirical attention than that involving negative reinforcement. In
particular, no study has addressed the potential moderating effect of sensitivity to the
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rewarding effects of drugs on the relationship between negative emotionality and
problematic substance use.

Current Study
The purpose of the present analysis was threefold: We sought to extend current research by
evaluating the relationship between the response to amphetamine and multiple continuous
measures of alcohol and drug use and by assessing the relationship between negative
emotionality and substance use in a large, healthy sample. Finally and importantly, we
sought to determine if the response to amphetamine and negative emotionality interactively
predict measures of substance use, including quantity and frequency measures of alcohol use
and a categorical measure of illicit drug use. To the extent that negative emotion drives
dysregulation, thereby promoting reward-seeking, its effect on substance use may be
moderated by sensitivity to drug reward.

MATERIALS AND METHODS
Participants

Volunteers aged 18 to 25 years old were recruited for an event-related potential (ERP) study
in the Washington, DC metropolitan area. Data analyzed for the present report were
collected in a separate session, conducted at least two days prior to those in which ERPs
were recorded. Healthy young women (n = 99) and men (n = 93) completed this session, in
which the subjective effects of 10 mg d-amphetamine were evaluated. Written informed
consent was obtained from participants, and compensation was provided for all phases of
participation. The research protocol was approved by the Uniformed Services University
Institutional Review Board.

Screening
A two-stage screening process was used to determine eligibility for the study. First,
interested individuals completed an online survey developed in our laboratory and hosted on
a secure web site (Datstat, Inc., Seattle, WA). The survey comprised questions on
demographics, medical conditions, medication use, lifestyle, and general health, the purpose
of which was to identify individuals meeting preliminary exclusion criteria. As a safety
precaution, those weighing 20% above or 10% below the average for their height and sex, as
well as those weighing more than 220 pounds (99.8 kg), were excluded. Individuals
smoking more than 10 cigarettes per day and those likely to experience nicotine withdrawal
symptoms (Fagerstrom, 1978) during the 4.5-h experimental sessions were also excluded.
Individuals taking prescription medications that could interact with amphetamine were
excluded at this point (unless the prescription use was to be short-term), as were those who
reported having taken psychotropic medication for any psychiatric disorder. The survey also
excluded women who were pregnant, nursing, or planning to become pregnant.

Eligible individuals completed the Multidimensional Personality Questionnaire (MPQ;
Tellegen, 1982) and were invited to the laboratory for further screening. At that
appointment, a computerized version of the Diagnostic Interview Schedule (C-DIS; Robins
et al., 1995) was administered to all candidates; those with current or past DSM-IV Axis I
disorders, including alcohol or other substance abuse or dependence disorders, were
excluded. Exceptions were made for tobacco use disorder (as described above, exclusions
were based instead on Fagerstrom score) and for attention-deficit/hyperactivity disorder and
disruptive behavior disorders.1 An exception was also made for depressive disorder with an
exogenous precipitant (e.g., death of a loved one, job loss), when the depressive episode had
occurred more than six months prior.
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A resting electrocardiogram was performed, and a blood sample was collected for health
screening. A nurse practitioner conducted physical examinations of qualified individuals to
confirm the absence of medical conditions that would contraindicate amphetamine. During
this visit, participants also completed a shortened version of the Department of Defense
(DOD) Survey of Health Related Behaviors Among Military Personnel (Bray et al., 2003).

Multidimensional Personality Questionnaire
The MPQ, a 276-item self-report inventory, was used to assess negative emotionality. The
factor-analytically derived MPQ scales represent 11 primary personality dimensions; ten of
these scales load on three orthogonal higher-order traits. The higher-order factor Negative
Emotionality (NEM), used in the present study, reflects variation in the primary scales of
Aggression (vindictive, victimizes others to own advantage), Stress Reaction (nervous,
emotionally labile, irritable), and Alienation (feels mistreated, maligned). The internal
consistencies of the MPQ range from .76 to .89, and one-month retest reliabilities range
from .82 to .92 (Tellegen, 1982).

Survey of Health-Related Behaviors
A subset of questions drawn from the DOD Survey of Health Related Behaviors (Bray et al.,
2003) assessed alcohol, tobacco, and illicit drug use. Three measures of alcohol use were
calculated: (a) average daily alcohol consumption, which reflects typical drinking as well as
atypical heavy drinking (i.e., a day when eight or more standard drinks were consumed) and
which is weighted to account for the ethanol content of beer, wine, and liquor; (b) number of
days out of the past 30 on which the participant drank five or more bottles, cans, glasses, or
drinks of either beer, wine, or liquor (i.e., binge-drank); and (c) number of days in the past
year on which they drank a sufficient amount to “feel drunk” (i.e., were intoxicated) (see
Bray et al., 2003 for more details).

If applicable, participants also reported the age at first regular use of alcohol (i.e., at least
once a month), as well as the onset age of regular cigarette use (i.e., one a day for a week or
longer), the average number of cigarettes smoked per day in the past 30 days, and their most
recent smoking occasion. Additionally, participants reported the number of times they used
any illicit drug (marijuana, PCP, LSD, cocaine, amphetamines, tranquilizers, barbiturates,
heroin, analgesics, inhalants, “designer” drugs, anabolic steroids, GHB) in the past 30 days
and in the past year, as well as the most recent occasion of use.

Participants who reported consuming 0.0 oz of ethanol on average per day were considered
abstainers; those who reported never having used tobacco or any illicit drug were considered
non-users, separately for each of these two categories.

Biphasic Alcohol Effects Scale
Stimulant and sedative effects of d-amphetamine were recorded using the Biphasic Alcohol
Effects Scale (BAES), a 14-item self-report instrument designed to assess subjective effects
of alcohol (Earleywine, 1994; Martin et al., 1993). The BAES provides scores on two
internally consistent subscales (Cronbach’s alpha = 0.85 – 0.94): a seven-item stimulant
scale (elated, energized, euphoric, excited, rapid thoughts, stimulated, vigorous) and a
seven-item sedative scale (difficulty concentrating, down, heavy head, inactive, sedated,

1These exceptions reflected the rationale for the study. In previous research, a strong stimulant response has been associated with an
enhanced response to reward more generally and with novelty-seeking and impulsivity. In turn, these traits have been found to co-
occur with externalizing disorders such as attention-deficit/hyperactivity disorder. Thus, to minimize the exclusion of individuals with
the trait of interest (i.e., an enhanced stimulant response), individuals meeting diagnostic criteria for these disorders were considered
eligible for the study. However, only one participant out of 192 met the criteria for attention-deficit/hyperactivity disorder.
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slow thoughts, sluggish) (Martin et al., 1993). Participants describe how they are feeling,
using a scale from 0 (not at all) to 10 (extremely) for each of the items.

Previous research has used the BAES Stimulant scale to assess the subjective effects of d-
amphetamine (e.g., Hutchison and Swift, 1999; Hutchison et al., 1999). This scale has
differentiated individuals with and without a family history of alcoholism based on their
response to alcohol (Erblich et al., 2003) and amphetamine (Gabbay, 2005) and has revealed
a modest correlation between the effects of 20-mg d-amphetamine and those of alcohol
(Holdstock and de Wit, 2001). The rationale of the present study derives in part from an
empirical association between response to the stimulant effects of alcohol and other drugs
and use of those substances. Moreover, as sedation is not a typical effect of amphetamine, it
is likely of limited relevance to understanding relations between the amphetamine response
and substance use. Accordingly, this report focuses on the Stimulant scale of the BAES.

Experimental Session
Overview—After screening was complete, eligible individuals were invited to participate
in a 4.5-h laboratory session to evaluate the subjective effects of 10-mg d-amphetamine.

Preliminary procedures—Participants were instructed to abstain from alcohol and to
consume their usual amount of caffeine and tobacco in the 24 hours prior to the session and
to eat a light breakfast before arriving at the laboratory. To avoid possible hormonal effects
on amphetamine response (Justice and de Wit, 1999; White et al., 2002), all sessions were
held in the late menstrual-early follicular phase of each woman’s cycle (i.e., within an eight-
day window beginning two days after the onset of menses). At the beginning of each
session, a breath sample confirmed that breath alcohol concentration was 0.00% (Dräger
Alcotest 6510 Breathmeter; Dräger Safety Diagnostics, Inc., Irving, TX) and a urine
specimen was tested for the presence of marijuana, cocaine, amphetamines, PCP, and
opiates (Varian OnTraK TesTcup; Varian, Inc., Santa Clara, CA). Out of 206 participants,
14 were excluded as a result of a positive drug test; there were no positive breath alcohol
tests. Women also provided a urine sample for pregnancy testing; no positive results were
obtained. Participants answered a brief set of questions about recent drug use, food
consumption, exercise, sleep, and exposure to stress, to ensure that there were no
circumstances that could affect amphetamine response. No sessions were rescheduled and
no one was excluded on the basis of these questions.

Amphetamine challenge—Immediately after these procedures, participants completed
the baseline BAES. A capsule containing 10-mg d-amphetamine was then administered
orally with 8 oz of water. In healthy individuals, 10-mg d-amphetamine results in an average
blood level of 29.2 ng/ml (Drug Information Portal, 2011). The drug undergoes rapid
absorption, producing this peak level within two to four hours after ingestion (de la Torre et
al., 2004).

The decision not to include a placebo session arose from exploratory analyses of data
collected in a previous study, in which 10-mg d-amphetamine and a placebo were
administered in separate sessions. These analyses suggested that responder groups based on
drug – baseline change scores (as in the present study) differed on several measures of
alcohol use; and further, that responder groups based on drug – placebo comparisons
differed similarly on the same measures (FHG, unpublished data). Thus, in the current study,
we elected to define groups in a single session (i.e., using drug – baseline change scores). To
minimize the effects of expectancies on the subjective response, participants were told that
the capsule contained one of the following substances: (a) cold medication, (b) an anti-
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anxiety agent, (c) a drug used in sleep disorders, (d) a mood stabilizer, (e) caffeine, or (f) a
placebo.

Participants were then instructed to relax or engage in quiet activity (e.g., reading, watching
videos) while seated in a comfortably furnished room. They completed the BAES four more
times: .5 h, 1.5 h, 2.5 h, and 3.5 h after capsule administration. The timing of assessments
considered the time course of mean scores on the BAES Stimulant scale obtained in our
laboratory in past studies using 10 mg d-amphetamine, as well as the need to repeat other
tests at regular intervals in the same session (results not reported in this paper). The
subjective stimulant response (Stim) was calculated by subtracting baseline Stimulant scores
from those obtained 1.5 h after amphetamine (i.e., time of the mean peak effect) (see Figure
1). Vital signs were assessed before and at regular intervals after capsule ingestion. A light
lunch was provided 40 m after the capsule, and a granola bar was consumed 2 h later. At the
end of the session, participants were picked up by a friend or family member or provided a
taxi.

Data Analysis
Hierarchical regression analyses were used to determine the effects of each predictor
variable (i.e., gender, Stim, NEM, and Stim × NEM) on the quantitative measures of alcohol
use: (a) average daily alcohol consumption; (b) frequency of binge drinking in the past
month; (c) frequency of alcohol intoxication in the past year; and (d) age of onset of regular
alcohol use. Due to the strong positive skew of our dependent variables, square root
transformations (anchored at the constant value 1) were applied to the dependent variables
prior to estimating the regression models in order to improve the linearity of their
relationship with the predictors (Miranda, 2000). To correct for non-normality in the
regression residuals, nonparametric percentile bootstrapping (2,000 iterations) was
performed to evaluate the significance values associated with each predictor.

For the first three alcohol variables (average daily consumption, binge drinking frequency,
and intoxication frequency), the model was evaluated in current drinkers only (i.e.,
individuals who indicated using alcohol at least once in the past month; N = 160). For age of
onset of regular drinking, the model was evaluated in individuals who reported regular
alcohol use (i.e., at least once a month; N = 144). There were too few reports of illicit drug
use to analyze quantitative measures of that variable.

Hierarchical binary logistic regressions were used to evaluate the relationship between the
same set of predictor variables and user status (user vs. non-user) for alcohol and, separately,
any illicit drug (including marijuana). The sample comprised too few regular smokers (i.e.,
once a day for a week or longer; n = 20) to analyze tobacco use variables.

First, bivariate correlations among the independent and dependent variables were computed.
Next, the same four-step model was tested for each substance use variable. As order of entry
of predictors can affect the outcome of hierarchical regression, we determined order on the
basis of theoretical and statistical considerations. It is essential to enter main effects before
entering an interaction, to allow evaluation of the extent to which the interaction accounts
for variance in the dependent measures after taking into account the main effects of each
predictor (Tabachnick and Fidell, 1989). Gender was entered into the model first due to its
well-established association with drinking and drug use (Brady and Randall, 1999); Stim
was entered next, as it was the primary focus of this study; NEM was entered next, in order
to evaluate its effects controlling for Stim; and the Stim × NEM interaction term was then
entered in the final step. To determine the unique contribution of each predictor variable to
the predictive value of the models, the increment in R2 following the introduction of that
variable into the model was tested for significance. The beta weight of each predictor was
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evaluated using the p value associated with the confidence interval obtained by
bootstrapping. For logistic models, the χ2 at each step of entry was interpreted. The
predictive value of the final model for each variable is also reported.

The Johnson-Neyman procedure (Aiken and West, 1991; Preacher et al., 2006) was
employed to probe significant interactions (MODPROBE macro; Hayes and Matthes, 2009).
This technique, in combination with bootstrapping, was used to derive the value of Stim at
which the effect of NEM was significant at the p = .05 level, separately for each quantitative
measure of alcohol use. Consistent with our regression analyses, gender was included as a
covariate in each model.

All analyses were conducted using SPSS/PASW 18.0 (SPSS, Chicago, IL). There was one
participant with incomplete drug use data.

RESULTS
Participant Characteristics

The mean (± SD) age of the participants included in these analyses was 20.5 years (1.9); the
mean body mass index was 23.3 (2.8); and the mean years of education was 14.5 (1.5). Of
the 192 participants, 187 (97.4%) were never married, one (.5%) was married, two (1.0%)
were divorced, and two (1.0%) were currently living with a partner. In the online survey,
104 participants (54.2%) identified as non-Hispanic White, 36 (18.8%) as Black, 20 (10.4%)
as Asian, 11 (5.7%) as Hispanic, 11 (5.7%) as multiracial, one (.5%) as Native Hawaiian/
Pacific Islander, and nine (4.7%) chose not to identify.

Table 1 presents descriptive statistics for the four continuous and two binary measures of
substance use.

Biphasic Alcohol Effects Scale
As noted above, we calculated a change score (Stim) for each participant on the Stimulant
scale of the BAES (1.5 h – baseline), and Stim was treated as a continuous predictor variable
in the statistical analyses. However, for the purposes of illustrating the magnitude and
variability of the response, Figure 1 depicts mean scores on that scale, before and four times
after 10-mg d-amphetamine, for three responder groups. The groups represent the three
tertiles of the distribution of change scores.

Over all of the participants, the mean (± SD) change in ratings on the Stimulant scale (e.g.,
energetic and elated) from baseline to peak (1.5 h) was 2.1 (14.0), and change scores ranged
from −47 (i.e., a paradoxical decrease in ratings of stimulation after amphetamine) to 58.

Bivariate Correlations
Zero-order Pearson’s correlations among the predictor and criterion variables are reported
for the full sample in Table 2. These analyses reveal the strength of the individual linear
relationships between gender, Stim, NEM and substance use. The interaction term Stim ×
NEM is not included because its correlation with the dependent variables is greatly
influenced by scaling of the main effects.

Hierarchical Binary Logistic Regression Analyses of Alcohol and Illicit Drug Use
The results of the logistic regression analyses are presented in Tables 3a and 3b. These
analyses evaluated the contributions of the same four predictors—gender, Stim, NEM, and
the Stim × NEM interaction—to the prediction of categorical measures of substance use
(i.e., whether individuals had ever used alcohol or, separately, illicit drugs). Statistics of
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interest in these analyses include the significance associated with the chi-square value
(indicating model fit) and the significance of the beta value of each predictor at its step of
entry (indicating its relative contribution).

Alcohol Use (N = 192)—Controlling for gender, Stim reached trend-level significance as
a predictor of ever having drunk alcohol (χ2 = 3.82, p = .051), although the final model was
non-significant.

Illicit Drug Use (N = 191)—The entry of Stim at the second step improved the prediction
of ever having used an illicit drug (χ2 = 5.38, p = .020) to the extent that the two-step model
(gender, Stim) significantly predicted substance use (χ2 = 7.72, p = .028). None of the
remaining predictor variables improved the model, but the model remained significant at the
third step (i.e., after entry of NEM; χ2 = 7.80, p = .050).

Hierarchical Multiple Linear Regression Analyses of Alcohol Use
Linear regression analysis provides a means of evaluating the contribution of a set of
predictor variables to variance in the dependent, or criterion, variable. These analyses derive
a significance level (p value) associated with the following statistics: (a) the F value at the
step of entry of each predictor, which indicates whether the model explains some portion of
outcome variance; (b) the increments in R2 following the introduction of each predictor
variable, which addresses the question of whether that variable adds to the predictive utility
of the model, beyond the contribution of the predictors entered before it; and (c) the beta of
each predictor at its step of entry, which represents whether the predictor contributes
significantly to the regression model.

In the present study, the linear regression analyses evaluated the contributions of gender,
Stim, NEM, and the interaction between the latter two predictors (a total of four steps) to
variability in quantitative measures. The results of these analyses are presented in Tables 4a
– 4d. To clarify significant Stim × NEM interactions, Figures 2a – 2c depict the hyperplane
derived from regressing Stim and NEM on each measure of alcohol use (while controlling
for gender).

Average Daily Alcohol Consumption (N = 160)—The final four-step model explained
10.1% of the variance in average daily alcohol consumption (adjusted R2 = .078, F(4, 155) =
4.368, p = .005). Male gender accounted for a significant portion of the variance (ΔR2 = .
045, bootstrapped p = .020). The addition of Stim at Step 2 and NEM at Step 3 did not
significantly increase the proportion of variance explained in daily alcohol consumption.
However, the introduction of the interaction term (Stim × NEM) significantly improved the
model (ΔR2 = .034, bootstrapped p = .020). Figure 2a depicts the effects of this interaction
on daily consumption.

Johnson-Neyman post hoc analysis determined that the positive relationship between NEM
and daily alcohol use reaches statistical significance when Stim ≥ 2.5 (.41 points below the
mean or .028 SD). That is, an increase in self-reported stimulation of at least 2.5 points from
baseline was requisite for the relationship between NEM and average daily alcohol use to
manifest.

Frequency of Binge Drinking in the Past Month (N = 160)—The same four
predictors explained 10.6% of the variance in binge-drinking frequency (adjusted R2 = .083,
F(4, 155 = 4.577, p = .002). As for daily consumption, male gender accounted for a
significant portion of the variance in binge drinking (ΔR2 = .066, bootstrapped p = .009).
Also consistent with the results for daily consumption, Stim × NEM improved the ability of
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the model to predict the frequency of binge drinking (ΔR2 = .034, bootstrapped p = .014),
whereas Stim and NEM alone did not. The interaction is plotted in Figure 2b.

Post-hoc analysis indicated that NEM was positively related to binge drinking when Stim ≥
10.6 (7.69 points above the mean or .729 SD)

Frequency of Intoxication in the Past Year (N = 160)—The model also explained
5.9% of the variance in intoxication frequency (adjusted R2 = .035, F(4, 155 = 2.451, p = .
048). In contrast with the results for the other quantitative measures of alcohol use, male
gender only reached trend-level significance as a predictor after bootstrapping (ΔR2 = .026,
bootstrapped p = .085), whereas the Stim × NEM interaction was a significant predictor
(ΔR2 = .024, bootstrapped p =.017). Figure 2c depicts the Stim × NEM interaction for
intoxication frequency.

Post hoc analysis indicated that NEM was associated with more frequent intoxication when
Stim ≥ 12.8 (9.89 points above the mean or .88 SD).

Onset Age of Regular Alcohol Use (≥ one occasion per month; N = 144)—The
same four predictors were regressed on age of onset of monthly alcohol use for the subset of
participants who reported regular alcohol use. This model approached significance at the
second step, with the entry of Stim (F(2, 141) = 2.860, p = .062): Higher Stim scores were
related to initiation of regular use at a younger age (ΔR2 = .049, p = .020). However, the p
value associated with the bootstrapped beta of Stim did not reach significance in this two-
factor model (bootstrapped p = .158).

DISCUSSION
Response to the stimulant effects of alcohol is associated with risk for alcoholism. A smaller
body of research suggests the subjective response to amphetamine is similarly related to
risk. Additionally, substantial evidence implicates negative emotionality in the etiology of
alcohol use disorders. To the extent that this personality trait affects risk through a positive
reinforcement pathway, promoting reward-seeking behavior, these factors may interact to
affect individual differences in alcohol use.

Consistent with this idea, the present study demonstrated associations between negative
emotionality and alcohol use only among individuals who reported an increase in
stimulation after this low dose of amphetamine. In particular, in regression models, negative
emotionality in combination with a robust amphetamine response predicted greater average
daily alcohol intake, more episodes of binge drinking, and more frequent intoxication. In
contrast, among individuals with a blunted increase or a paradoxical decrease in stimulation
after amphetamine, negative emotionality was not associated with alcohol use.

The study also produced some evidence of an independent effect of the amphetamine
response: In logistic regression models, the amphetamine response predicted illicit drug use,
and a statistical trend suggested that it also predicted alcohol use. Bivariate correlations
revealed an association between a strong amphetamine response and initiation of regular
drinking at a younger age, although this relationship did not reach statistical significance
when controlling for other factors in our regression model. Finally, consistent with some
previous work, negative emotionality did not independently predict any measure of
substance use.
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Amphetamine Challenge as a Measure of the Stimulant Response
In the present study, in combination with a tendency to experience negative emotions, the
response to amphetamine was associated with risky alcohol use. This finding is consistent
with the argument that there are commonalities in response to the stimulant effects of
various drugs (Wise and Bozarth, 1987). Indeed, substantial evidence implicates the
mesocorticolimbic dopamine pathway as a mediator of the reinforcing effects of various
drugs of abuse (Kalivas and Volkow, 2005; Volkow et al., 2002; 2007; 2009; Wise and
Bozarth, 1987). Thus, associations between the amphetamine response and alcohol use may
reflect a common element, shared between the response to amphetamine and that to the
stimulant effects of alcohol and mediated in part by mesocorticolimbic dopamine function.

In this view, individuals who have an enhanced amphetamine response are also likely to
exhibit a robust response to the stimulant effects of alcohol. Only two studies have examined
the response to amphetamine and that to alcohol in the same subjects. In one of these, self-
reports of the stimulant effects of 20-mg d-amphetamine (but not those of a 10-mg dose)
correlated with those of alcohol (Holdstock and de Wit, 2001). In a second study (Stoops et
al., 2003), the response to 5-mg/kg ethanol predicted response to 15-mg d-amphetamine.
Animal studies also provide some support for interpreting the observed associations in terms
of commonalities in the stimulant response: Mice sensitive to methamphetamine-induced
locomotor stimulation also exhibit an enhanced response to alcohol (Kamens et al., 2006).

An alternative or additional explanation of the relationship between the amphetamine
response and alcohol use is also plausible: The association may reflect the effects of other
traits that co-occur with a stimulant response, such as reward sensitivity (Brunelle et al.,
2004; Flagel et al., 2010; White et al., 2006), novelty- or sensation-seeking (Bevins and
Peterson, 2004; de Wit et al., 1987; Gingras and Cools, 1996; Hutchison et al., 1999; Kelly
et al., 2006, 2009; Piazza et al., 1989; Orsini et al., 2004; Ray et al., 2006; Stoops et al.,
2007), and impulsivity (Buckholtz et al., 2010; Kelly et al., 2006; Ray et al., 2006; Stanis et
al., 2008).

As these traits are themselves considered risk factors for substance use and misuse (Iacono
et al., 2008; Màsse and Tremblay, 1997; Wong et al., 2006), the subjective response to
amphetamine may be a marker of vulnerability due in part to its covariance with them. That
is, individuals with a strong amphetamine response may be at elevated risk for substance use
in part by virtue of personality traits that have been empirically associated with the stimulant
response. As the present analyses did not evaluate these traits, their relative predictive
utility, as compared to the amphetamine response, remains to be determined.

Notably, in the present study, the amphetamine response independently predicted (in
regression models) ever having used an illicit drug. However, more than 80% of the
participants who indicated that they had used an illicit drug reported using only marijuana.
As the effects of marijuana are not primarily stimulant, this finding is less readily explained
in terms of commonalities in the stimulant response to various drugs and may be more
effectively interpreted in terms of correlated personality traits.

Combined Effects of the Stimulant Response and Negative Emotionality
Regardless of the mechanism underlying the relationship between the amphetamine
response and alcohol use, the association was evident only in combination with negative
emotionality. It has been proposed that individuals who are prone to experience negative
affect drink alcohol for its negative affect-dampening properties (Greeley and Oei, 1999;
Sher et al., 2005). However, the anxiolytic effects of alcohol and other drugs are distinct
from their stimulant effects. Thus, the finding of an interaction between responsivity to the
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stimulant effects of amphetamine and negative emotionality is not readily explained in terms
of simple self-medication hypotheses.

A growing body of research considers the effect of negative emotion on substance use more
broadly. Individuals who experience frequent and intense negative emotions may attempt to
regulate, escape, or avoid these undesirable affective states (Gonzalez et al., 2011). Some
work suggests that negative emotions promote impulsive action, disrupting control and
biasing behavioral decisions in favor of those that lead to immediate reward (Baumeister and
Scher, 1988; Cyders and Smith, 2008; Gonzalez et al., 2011). Insofar as negative affect
encourages the pursuit of reward, individuals who experience frequent negative emotions
and who are also susceptible to drug reinforcement may be more inclined than others to seek
that reward in the form of drugs and alcohol.

Moreover, as proposed above, individuals with an enhanced amphetamine response may
also tend to be impulsive or to seek novel experiences. As such, these individuals may be
more vulnerable to the disruptions in control triggered by negative affect. In this context it is
notable that, in a longitudinal study, individuals with high levels of negative emotionality
and behavioral disinhibition, a trait that shares elements in common with those that have
been associated with the stimulant response, were at particularly high risk for alcoholism
(McGue et al., 1997).

The results suggested further that negative emotionality is not associated with excessive
alcohol use in the absence of sensitivity to drug-based reward. When negative affect leads to
dysregulation, individuals insensitive to the stimulant effects of drugs may seek rewards
other than those associated with alcohol and drugs. Thus, when behavior is dysregulated by
negative affect, relative resilience to drug reward may be a protective factor.

Finally and surprisingly, a robust amphetamine response that occurred together with low
negative emotionality appeared to be associated with limited alcohol use (see Figures 2a –
2c). Individuals who exhibit an enhanced stimulant response but who are not prone to
negative affect may share some common protective factor, a possibility that warrants further
study.

The Stimulant Response as an Independent Predictor
In this study, maladaptive patterns of alcohol use, including heavy intake, binge-drinking,
and drinking to intoxication, reflected the effects of a strong amphetamine response
combined with negative emotionality. In contrast, the amphetamine response independently
predicted the bivariate measure of illicit drug use in logistic regression models, and there
was a trend for it to predict alcohol use. The different patterns of results for these two sets of
variables suggest that the phenotypes have distinct etiologies. Risky alcohol use may be
associated with sensitivity to the stimulant effects of drugs only in the presence of frequent
and intense negative emotions that motivate reward seeking. By comparison, negative
emotionality does not appear to be a precondition for having used alcohol or an illicit drug,
which are comparatively innocuous behaviors. Rather, these phenotypes may reflect
susceptibility to the reinforcing effects of alcohol and drugs and/or the effects of personality
traits that co-occur with a stimulant response. Having used an illicit drug, for example, may
reflect a tendency to seek novel experiences.

Negative Emotionality as an Independent Predictor
Negative emotionality alone did not predict any measure of substance use in this healthy
sample. Thus, the results are somewhat consistent with prior research linking negative
emotionality to problematic alcohol use (Isaak et al., 2011; James and Taylor, 2007; Ruiz et
al., 2003), but extend that work by suggesting that individual differences in this dimension
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of personality interact with variability in the stimulant response to affect the development of
problematic drinking.

Further, our findings may address conflicting findings in the prior literature, as they suggest
that negative emotionality works in concert with other, unmeasured factors to affect risk. To
the extent that this is the case, concurrent evaluation of other risk factors, including drug
response, may help to resolve inconsistencies regarding the relationship between negative
emotionality and maladaptive alcohol use.

Limitations
The present study was limited in several ways. First, individuals meeting diagnostic criteria
for alcohol or other substance use disorders were excluded. Other exclusion criteria,
necessary to control for potential confounding variables in the ERP study, further increased
the homogeneity of the study sample. Accordingly, the findings address variation in alcohol
and drug use in a healthy sample. Future work must evaluate the effects of these variables in
samples that include individuals meeting diagnostic criteria for substance use disorders and,
more generally, in studies with less stringent exclusion criteria.

This study revealed an association between the amphetamine response and a categorical
measure of ever having used an illicit drug. However, the sample provided inadequate power
to evaluate separate predictive models for individual drugs other than alcohol. Similarly, it
was not possible to evaluate the model for quantitative measures of substance use other than
alcohol. Thus, further studies are needed to assess the association between the stimulant
response and tobacco and illicit drug use.

Further limiting interpretation, the cross-sectional study design prohibits conclusions about
the direction of causation. Alcohol and other substance use may sensitize individuals to the
stimulant effects of amphetamine (Stoops et al., 2003) and/or increase negative emotionality
(Schuckit, 1983, 1986; Sher et al., 2005; Sher and Trull, 1994). With one notable exception
in which an enhanced stimulant response to alcohol predicted heavier alcohol use two years
later (King et al., 2011), previous studies have also employed a cross-sectional design.
Longitudinal studies are needed to determine if the amphetamine response, negative
emotionality, or their interaction predict the development of substance use.

Another important limitation of the present study is that it did not include a placebo
condition. As described in Materials and Methods, data collected in an earlier study suggest
this did not affect the results and, further, instructions to participants were designed to
mitigate the effects of expectations. Nonetheless, future studies should include a placebo
condition, in order to confirm that the findings were not influenced by expectancies.

The study is further limited by the use of only one dose of amphetamine. It is possible that
independent effects of the amphetamine response on quantitative measures of alcohol use
might have been revealed if a higher dose of amphetamine had been used. In order to fully
characterize the relationship between the amphetamine response and alcohol use, it will be
important to evaluate multiple doses.

Finally, as with all studies that use retroactive self-report, the findings of the current study
are subject to biases inherent in this methodology, such as intentional distortion,
inaccuracies associated with recall, and misunderstanding of instructions (Del Boca and
Darkes, 2003). The relationships observed here should be further evaluated using alcohol
and drug use diaries, in laboratory-based self-administration studies, and, importantly, using
a longitudinal design.
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Summary and Significance
Sensitivity to the stimulant effects of alcohol is a candidate endophenotype for alcohol use
disorders (Quinn and Fromme, 2011; Ray et al., 2010). The response to amphetamine has
also been associated with various risk factors for alcoholism (Dlugos et al., 2011; Gabbay,
2005; Hutchison et al., 1999; Kelly et al., 2006; 2009; Stanley et al., 2011; Stoops et al.,
2003; 2007; White et al., 2006). The present study extends this work by demonstrating that,
in combination with a strong amphetamine response, negative emotionality was associated
with more alcohol use. In contrast, among individuals resilient to the stimulant effects of
amphetamine, negative emotionality was unrelated to alcohol use. These findings are
consistent with the idea that emotion-based dysregulation promotes behavior that leads to
immediate reward and that, among individuals who are sensitive to the rewarding effects of
drugs, dysregulation may promote risky alcohol use. Finally, the study also provided
evidence of an effect of the amphetamine response on illicit drug use, which was
independent of negative emotionality.

These findings encourage research to assess similarities in the responses to amphetamine
and alcohol, as well as further exploration of neural mechanisms that mediate these
commonalities. They also encourage additional study of co-variation between the
amphetamine response and personality dimensions such as control, novelty-seeking, and
impulsivity, and longitudinal studies to evaluate the interplay between drug response and
these personality dimensions in the development of substance use. In particular, our results
recommend studies that evaluate the effects of drug response and these personality traits on
substance use when they occur in a context of negative affect.

Finally, the modulating effect of the stimulant response on the relationship between negative
emotionality and risky alcohol use suggests that, for some individuals, pharmacotherapies
designed to attenuate the reinforcing effects of drugs may be more effective when paired
with interventions targeting deficits in emotion regulation.
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Fig. 1.
Mean ratings on the BAES Stimulant scale assessed before and four times after 10-mg d-
amphetamine, for three responder groups, defined using tertiles of the distribution of change
scores on this scale (Stim = 1.5 h – baseline): Responders, change score ≥ 7, n = 63;
Average Responders, change score > −4 and < 7, n = 64; Nonresponders, change score ≤ −4,
n = 65. By definition, the groups exhibited distinct stimulant responses to amphetamine, and
the differences were most evident at 1.5 h post-drug. Note that this figure is presented for
illustrative purposes, to convey the magnitude of and variation in the stimulant response. In
the statistical analyses, Stim was treated as a continuous predictor variable. BAES =
Biphasic Alcohol Effects Scale.
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Fig. 2.
Three-dimensional plots of the relationship between three measures of alcohol use and the
combination of stimulant response and negative emotionality, as derived from multiple
linear regression. In each figure the criterion variable is plotted on the Y-axis: (a) average
daily alcohol intake, (b) frequency of binge drinking, and (c) frequency of intoxication.
Values on the X-axes represent the percentile ranking of the change in BAES Stimulant
scale score (90 m postdrug – baseline) and values on the Z-axes represent the percentile
ranking of NEM score. Thus, the effect of NEM on each measure of alcohol use is depicted
at different levels of the amphetamine response along the Z-axis. The figures suggest that
the amphetamine response has a moderating effect on the relationship between negative
emotionality and these measures. Alcohol use is little affected by negative emotionality for
subjects with a blunted response to amphetamine (left side of the hyperplane). In contrast,
among subjects with a stimulant response to this low dose of amphetamine, alcohol use
increases as negative emotionality increases (right side of the hyperplane). Threshold change
scores, above which this relationship reaches statistical significance, were provided by
Johnson-Neyman post hoc analyses: (a) daily intake: 2.5 [52%]; (b) binge drinking: 10.6
[77%]; and (c) intoxication: 12.8 [82%]. BAES = Biphasic Alcohol Effects Scale; MPQ
NEM = Negative Emotionality, higher-order factor scale on the Multidimensional
Personality Questionnaire.
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Table 1

Alcohol and Drug Use Descriptive Statistics

Criterion variable Full sample (N = 192)

Average daily alcohol consumption (ounces ethanol; M, SD) 0.5 (0.7)

Episodes of binge drinking in past month (M, SD) 1.5 (2.6)

Episodes of intoxication in past year (M, SD) 18.4 (32.2)

Age of onset of regular alcohol usea (M, SD) 18.2 (2.0)

Ever consumed alcohol (%) 83.3

Ever consumed an illicit substanceb (%) 46.1

a
At least once a month

b
Includes marijuana, PCP, LSD, cocaine, amphetamines, tranquilizers, barbiturates, heroin, analgesics, inhalants, designer drugs, steroids, and

GHB.
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