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Stimulant and Sedative Effects of Alcohol

Reuben A. Hendler, Vijay A. Ramchandani, Jodi Gilman
and Daniel W. Hommer

Abstract Alcohol produces both stimulant and sedating effects in humans. These
two seemingly opposite effects are central to the understanding of much of the
literature on alcohol use and misuse. In this chapter we review studies that describe
and attempt to measure various aspects of alcohol’s subjective, autonomic, motor,
cognitive and behavioral effects from the perspective of stimulation and sedation.
Although subjective sedative and stimulatory effects can be measured, it is not
entirely clear if all motor, cognitive and behavioral effects can be unambiguously
assigned to either one or the other category. Increased heart rate and aggression
seem strongly associated with stimulation, but motor slowing and cognitive
impairment can also show a similar time course to stimulation, making their
relation to sedation problematic. There is good agreement that alcohol’s ability to
induce striatal dopamine release is the mechanism underlying alcohol’s stimula-
tory effects; however, the change in brain function underlying sedation is less well
understood. In general, stimulatory effects are thought to be more rewarding than
sedative effects, but this may not be true for anxiolytic effects which seem more
closely related to sedation than stimulation. The two major theories of how
response to alcohol predicts risk for alcoholism both postulate that individuals at
high risk for alcohol use disorders have a reduced sedative response to alcohol
compared to individuals not at high risk. In addition one theory proposes that
alcoholism risk is also associated with a larger stimulatory response to alcohol.
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Everyone knows that if you drink enough alcohol you get high and you get sleepy.
The behavior resulting from the combination of these two states can be quite
amusing; people have been laughing about alcohol’s effects at least since
Shakespeare’s time. In Macbeth (Act 2, Scene 3), Shakespeare has a drunken
porter tell an elaborate (and somewhat annoying) drunk joke at a dramatic high
point in the plot. Scholars argue about why Shakespeare inserted the joke where he
did, but there is no arguing with the porter’s description of the effects of alcohol.
The porter first mentions two of alcohol’s effects not mediated by the central
nervous system, increased urine production and flushing, but he’s really interested
in alcohol’s ability to provoke sleep and lechery (not necessarily in that order). The
joke is that alcohol provokes sexual desire but then takes away the ability to
perform and puts you and your lechery to sleep. How does this happen? What are
the brain mechanisms that allow alcohol to act as both a stimulant and a sedative?

In this chapter we will review some of the literature on the dualistic effects of
alcohol. We will begin by discussing exactly what alcohol’s effects are, focusing
particularly on how alcohol induces stimulation and sedation. Scientists have
assessed alcohol’s effects on subjective experience, autonomic motor activity,
motor and cognitive performance, and behavior. We will discuss the methods
scientists have employed and the conclusions they have reached in studying each
type of effect.

1 The Nature of Stimulant and Sedative Effects

1.1 Effects on Subjective Experience

Though subjective experiences are difficult to assess and quantify, alcohol
researchers do their best using self-report measures. Research on alcohol-induced
subjective effects generally involves having subjects consume alcohol and then
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rate how they feel using a paper-and-pencil questionnaire. Several such ques-
tionnaires exist, each with its own strengths and weaknesses. The following are
most commonly used.

The Biphasic Alcohol Effects Scales (BAES) was specifically designed to
measure the stimulant and sedative effects of alcohol (Martin et al. 1993). The
BAES assesses subjects’ experience of seven subjective states associated with
stimulation (elated, energized, excited, stimulated, talkative, up, and vigorous) and
seven states associated with sedation (difficulty concentrating, down, heavy head,
inactive, sedated, slow thoughts, and sluggish). Subjects rate their experience of
each state from ‘‘not at all’’ to ‘‘extremely’’ on a scale from 0 to 10. Their ratings
of stimulation and sedation are each summed into numerical scores which can be
compared with a baseline score and analyzed mathematically. Studies have con-
firmed the reliability and validity of the BAES as a measure of alcohol-induced
stimulation and sedation (Martin et al. 1993; Earleywine and Erblich 1996; Rueger
et al. 2009).

The Profile of Mood States (POMS) measures natural mood states (e.g.
‘‘cheerful’’ and ‘‘grouchy’’), on a five point scale from ‘‘not at all’’ to ‘‘extremely’’
(Speilber 1972). Several studies have shown that the POMS is sensitive to drug or
alcohol-induced changes in mood (Johanson and Uhlenhuth 1980; Johanson and de
Wit 1989; Nagoshi et al. 1991). Though the POMS measures some mood states
probably irrelevant to stimulation and sedation (e.g. ‘‘lonely’’ and ‘‘sympathetic’’),
self-report of ‘‘elation’’ and ‘‘vigor’’ intuitively reflects stimulation and is asso-
ciated with physiological stimulation (Conrod et al. 2001), preference for alcohol
over placebo in a laboratory setting, and increased drinking behavior outside the
lab (de Wit et al. 1987).

The Addiction Research Center Inventory (ARCI) measures the effects of
specific classes of drugs (Martin et al. 1971), and has been shown to do so sen-
sitively and reliably (Fischman and Foltin 1991). The ARCI consists of several
dozen true/false statements, categorized by class of drugs. Subjects’ answers in
each category are summed to a scale score. The stimulant effects of alcohol can be
measured using the Amphetamine scale, alcohol-induced euphoria can be mea-
sured using the Morphine-Benzedrine Group scale, and sedative effects can be
measured using the Pentobarbital-Chlorpromazine-Alcohol Group scale (King
et al. 2002).

The Drug Effects Questionnaire (DEQ) measures general drug effects and drug
liking, though it does not measure stimulation and sedation directly. Subjects
answer questions like ‘‘Do you feel any drug effects?’’ and ‘‘Would you want more
of what you consumed, right now?’’ Rather than using a numerical scale, subjects
indicate their response by drawing a mark on a 100 mm line, each end of which
represents an extreme answer. The position of the mark is converted to a scaled
score (King et al. 2002).

The Subjective High Assessment Scale (SHAS) was designed to measure
subjective experience of drug or alcohol-induced intoxication (Judd et al. 1977a, b).
The original version required subjects to answer 38 questions about their sub-
jective state on a six point scale. Schuckit et al. have used a revised 13-item
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version in studies to demonstrate differences in subjective effects of alcohol
between individuals with family history of alcoholism and controls (Schuckit et al.
1996; Eng et al. 2005) as well as genetic influences on subjective responses to
alcohol (Schuckit et al. 2005; Ray and Hutchison 2004). The SHAS measures
subjective intoxication but does not differentiate between stimulation and sedation;
some researchers believe that intoxication measured by the SHAS reflects sedation
more than stimulation (Conrod et al. 2001).

Researchers compare subjects’ experience of alcohol-induced stimulation and
sedation by administering questionnaires at different points along the BAC curve.
Using these self-report measures, researchers have found that people experience
alcohol-induced subjective stimulation and sedation in a reliable pattern, although
with substantial inter-individual variability in the magnitude and duration of the
experience. In general, subjects experience greater stimulation than sedation
during the ascending limb of the BAC curve (when BAC is rising), but when BAC
peaks and begins to decline, sedative effects tend to overwhelm their initial
stimulation (Pohorecky 1977; Babor et al. 1983; Martin et al. 1993; Earleywine
and Erblich 1996).

Though stimulation and sedation seem like opposite states, they may actually
occur simultaneously after alcohol consumption. Self-report measures like the
BAES allow researchers to analyze the time-course of stimulation and sedation
separately. Most subjects predominantly experience stimulant effects at low blood
alcohol concentrations (BACs) soon after consuming alcohol. Subjects rapidly
become increasingly stimulated until their BAC reaches its peak. As BACs
decline, stimulation quickly wanes. In contrast, sedation takes effect slowly and
gradually and predominates at high BACs. Sedation peaks and plateaus after peak
BAC and declines gradually. The time course of stimulation and sedation are
illustrated in Fig. 1.

Individuals differ, however, in when, how much, and under what conditions
they feel stimulant and sedative effects after consuming alcohol (Holdstock and de
Wit 1998). Individual response to alcohol can also change over time; studies have
shown that humans and experimental animals can become more or less sensitive to
stimulant drugs like cocaine and amphetamine over multiple periods of con-
sumption (Robinson and Berridge 2000; Strakowski et al. 1996; Lett 1989; Nestler
and Malenka 2004), and the same may occur with alcohol (Newlin and Thomson
1991, 1999).

Stimulant effects are generally experienced as positive and are believed to
motivate drinking behavior (Corbin et al. 2008). Some sedative effects, like
reduced anxiety, are also pleasant, but others, like motor impairment, are widely
considered unpleasant (Morean and Corbin 2010). In general, stimulant effects are
considered more positive than sedative effects. Individuals who experience mostly
stimulant effects tend to experience more alcohol-induced euphoria, like alcohol
more, and prefer alcohol to placebo more than individuals who experience mostly
sedative effects (de Wit et al. 1987).

To complicate matters, however, sedative effects like reduced anxiety can also
motivate drinking behavior. Many people initially drink primarily to experience
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stimulation and accompanying positive affect but become dependent on alcohol
when they switch to drinking primarily to experience reduced anxiety associated
with sedation (Cooper et al. 1995; Schroder and Perrine 2007).

1.2 Effects on Autonomic Motor Activity

Alcohol-induced increases in heart rate (HR) often accompany subjective stimu-
lation after alcohol consumption, and researchers consider alcohol’s effects on HR
a measure of alcohol-induced stimulation. By measuring heart rate at baseline and
then after alcohol consumption, researchers have found that, like subjective
effects, effects on HR differ in magnitude at different points along the BAC curve
(Conrod et al. 2001, 1997a, b). Rapid consumption of alcohol tends to increase
heart rate more during the ascending limb of the BAC curve than during the
descending limb. After more gradual consumption of alcohol, however, HR can
remain elevated during the descending limb (Conrod et al. 1997a, b).

Researchers have found that alcohol-induced increases in HR correlate with
other measures of stimulation. For example, increases in HR correlate with sub-
jective experience of energy and confidence near peak BACs (Conrod et al. 2001)
and, to a lesser extent, with subjective stimulation on the rest of the BAC curve
(Brunelle et al. 2007). Conversely, alcohol-induced increases in HR seem to

Fig. 1 Time course of Stimulation and Sedation Scores, as measured by the Biphasic Alcohol
Effects Scale, following oral administration of a dose of 1 g/l total body water to 44 healthy social
drinkers. Mean change from baseline scores are plotted on the primary y-axis. Mean breath
alcohol concentration (BrAC, thin solid line) is plotted on secondary y-axis. Stimulation scale
scores (dashed line) peak early (around 45 min) and decline to and slightly below baseline values
by 90 min following the oral alcohol dose. Sedation scale scores (dotted line) show a slower
change to a later peak (around 90 min) with a return to baseline by 180 min. The Difference
(thick solid line) is the difference between stimulation and sedation scores and characterizes the
biphasic effects of alcohol. (Ramchandani unpublished)
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correlate negatively with experience of alcohol-induced sedation (King et al. 2002;
Ray et al. 2006). Not surprisingly, then, individuals particularly sensitive to effects
on HR tend to drink more than others (Conrod et al. 1997a, b).

Not all studies replicate these results, however. Ray et al. (2006) found no
correlation between alcohol-induced increases in HR and stimulation on the
BAES, though they did find increases in HR positively correlated with self-
reported ‘‘vigor’’ on the POMS (Ray et al. 2006). Brunelle et al. found no cor-
relation between alcohol-induced increases in heart rate and sedation at any point
along the BAC curve (Brunelle et al. 2007). Some studies have raised concerns
about the test-retest reliability of alcohol-induced increases in heart rate (Nagoshi
and Wilson 1989; Wilson and Nagoshi 1987), although Conrod et al. have
attempted to answer these concerns (Conrod et al. 2001). These discordant results
may reflect differences in samples (e.g. different gender compositions, different
numbers of heavy drinkers) and in methodology (e.g. subjective measures used,
alcohol dose, method of administration, and measurement time points), so more
controlled studies should be conducted to clarify alcohol’s affect on autonomic
motor stimulation (Brunelle et al. 2007).

1.3 Effects on Motor and Cognitive Performance

Alcohol impairs motor and cognitive performance. Performance impairment
occurs differently on the ascending and descending limbs of the BAC curve, but
it’s unclear whether this impairment reflects stimulation or sedation. One might
expect reduced motor control and slowed reaction time to reflect sedation; how-
ever, motor impairment peaks while stimulant effects are greatest, during rising
BACs, and motor performance actually recovers as sedative effects dominate,
during declining BACs (LeBlanc et al. 1975; Vogel-Sprott and Fillmore 1993).

Alcohol also impairs a host of cognitive functions, including attention, impulse-
control, memory, and information processing (Jones and Vega 1972; Peterson
et al. 1990; Hiltunen 1997a, b; Pihl et al. 2003; Soderlund et al. 2005; Schweizer
et al. 2006; Schweizer and Vogel-Sprott 2008). Alcohol particularly impairs
executive cognitive functioning, a collection of higher order cognitive abilities like
planning, organization, abstract reasoning, cognitive flexibility, and self and social
monitoring (Foster et al. 1994; Stuss and Benson 1984; Giancola and Zeichner
1997). Researchers assess these effects by measuring subjects’ errors and response
time on cognitive tasks.

Cognitive processes are impaired to different extents during rising and falling
BACs, but, like motor impairment, not always in the ways one might expect.
Reduced cognitive function might seem like sedation, but response time on cog-
nitive tasks can actually return to baseline even while BACs are still declining
(Nicholson et al. 1992; Schweizer and Vogel-Sprott 2008). Also, impairment with
respect to the BAC curve seems to differ between cognitive processes. These
differences may arise from differences in how alcohol affects the right and left
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brain hemispheres; Schweizer et al. tested subjects on an extensive battery of
cognitive tasks and found right brain processes like visual memory (Carlesimo
et al. 2001) impaired primarily during falling BACs and left brain processes like
verbal memory (Goldstein et al. 1988) primarily impaired during rising BACs
(Schweizer et al. 2006). Though alcohol-induced motor and cognitive impairment
differs between the ascending and descending limbs of the BAC curve like
stimulation and sedation, researchers do not fully understand how impairment
relates to stimulation and sedation.

1.4 Effects on Behavior

Researchers have also assessed alcohol-induced stimulation and sedation by
measuring alcohol’s effects on behavior. Research has particularly focused on
alcohol’s tendency to induce aggressive behavior, in part because alcohol con-
sumption has been linked to a host of violent activities (Babor et al. 1983; Jacob
and Leonard 1988; Leonard and Senchak 1993; Kaufman-Kantor 1990; Lindqvist
1986; Frances et al. 1986). Researchers often measure aggression in the laboratory
using the Taylor aggression paradigm, in which subjects administer electric shocks
to a fictitious opponent as part of a competitive task (Taylor 1967). Studies have
consistently found that individuals who consume alcohol administer shocks of
higher intensity and duration than those who consume a placebo or non-alcoholic
beverage (Bushman and Cooper 1990; Kelly and Cherek 1993; Taylor and
Chermack 1993). Comparing alcohol’s effects on the ascending and descending
limbs of the BAC curve, however, demonstrates that alcohol increases aggression
during the ascending limb but not during the descending limb (Giancola and
Zeichner 1997).

Aggression likely reflects stimulation rather than sedation, which may explain
why alcohol induces aggression primarily while stimulant effects dominate, during
the ascending limb of the BAC curve. Indeed, alcohol-induced aggression corre-
lates with subjective stimulation (Giancola et al. 1998) and increased physiological
arousal (Dengerin 1971; Donnerstein 1980; Edguer and Janisse 1994) while BACs
are rising. However, aggression may also reflect alcohol’s depressant effect on
cognitive abilities, since poor cognitive functioning correlates with aggressive
behavior independently of alcohol administration (Moffitt 1993; Seguin et al.
1995; Giancola and Zeichner 1994; Giancola et al. 1996).

Researchers have also assessed alcohol’s stimulant and sedative effects by
studying sexual and risk-taking behaviors following alcohol consumption. Alcohol
has been shown to increase sexual arousal on subjective and physiological mea-
sures (Hull and Bond 1986) and is associated with increased sexual behavior and
risky sexual behavior (Cooper 2002). Increased sexual arousal likely reflects
stimulation, since it instigates approach behavior; consistent with this, alcohol
increases sexual risk-taking intentions most during rising BACs (Davis et al.
2009). Consuming alcohol has also been shown to increase risky behavior in
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general (Lane et al. 2004; Burian et al. 2002), but this may reflect a reduction in
anxiety and related sedation rather than stimulation.

2 Specific Factors in Stimulant and Sedative Effects

We have so far mostly discussed research which focuses on how alcohol’s stim-
ulant and sedative effects differ between the ascending and descending limbs of a
typical BAC curve. The ascending and descending limbs, however, differ in a
variety of ways themselves, so a confluence of more specific factors may account
for differences in alcohol’s effects between them. For example, BACs change
rapidly during the ascending limb but change slowly during the descending limb,
and the ascending limb always precedes the descending limb in time. Researchers
hypothesize that time, BAC, and rate of change in BAC may together determine an
individual’s response to alcohol. Indeed, alcohol’s effects on heart rate and
impairment of cognitive and motor abilities vary in magnitude depending on the
rate of alcohol consumption (Friedman et al. 1980; Conrod et al. 2001). In addi-
tion, effects of alcohol have been shown to vary depending on the dose of alcohol
consumed; low doses tend to induce stimulation, whereas high doses tend to
induce sedation (Holdstock and de Wit 1998; Hiltunen 1997a, b; Pohorecky 1977).

Studies using oral administration of alcohol cannot easily isolate these factors,
since time and rate of change in BAC constantly fluctuate after drinking. Recently,
however, an intravenous infusion paradigm has been developed to overcome this
limitation. In this ‘‘alcohol clamp’’ paradigm, subjects receive intravenous alcohol
infusions at rates determined for each individual using computer models that
take into account subjects’ sex, weight, and other factors to bring subjects to a
target BAC quickly and maintain that BAC for a period of up to several hours
(Ramchandani et al. 1999, 2006). Holding BAC and rate of change in BAC
constant, researchers can administer tests of subjective experience, autonomic
motor activity, behavior, and cognitive ability repeatedly to evaluate the influence
of time on alcohol’s acute effects. The clamp paradigm provides exquisite control
over the time course of BAC exposure and minimizes the inter-individual vari-
ability in alcohol pharmacokinetics that can result in 3- to 4-fold variability in
BAC-time curves following oral administration of alcohol. The same oral
administration can affect a subject very differently during different drinking ses-
sions, but intravenous alcohol infusion can mimic a BAC curve which typically
follows oral administration with greater control and reliability (Ramchandani et al.
2009). The clamp paradigm can be administered reproducibly over multiple ses-
sions to further allow researchers to investigate the effects of repeated exposures
on alcohol effects and the development of tolerance.

Evaluation of changes in BAES stimulation and sedation scale scores during an
alcohol clamp study indicate that stimulation peaks before sedation even when
BAC is held constant (Morzorati et al. 2002), suggesting that time may be an
important factor in alcohol’s stimulant and sedative effects independently of BAC.
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The precise time course of stimulation and sedation, including the development of
acute tolerance to these effects during constant exposure to alcohol, remains to be
elucidated. Further studies should be also conducted to determine which factors
are responsible for differences between alcohol’s effects on the ascending and
descending limbs of the BAC curve.

3 Neurobiological Mediation of Alcohol’s Effects

3.1 Stimulation

The neurobiological mechanisms which mediate alcohol’s stimulant effects are
well understood. Researchers attribute these effects to activation of the brain’s
‘‘reward circuitry,’’ which motivates behavior, particularly approach behavior.
Rewarding behaviors of all sorts are mediated by the release of the neurotrans-
mitter dopamine in the ventral striatum and nucleus accumbens; this effect has
been demonstrated with primary rewards like water and fruit juice (Berns et al.
2001; O’Doherty et al. 2002; Pagnoni et al. 2002; McClure et al. 2003), secondary
rewards like money and praise (Knutson and Cooper 2005), and drugs of abuse
like cocaine (Breiter et al. 1997) and nicotine (Stein et al. 1998). The dopamine
reward circuit has been implicated in motivation (Di Chiara et al. 1992; Nader
et al. 1997), stimulation (Enggasser and de Wit 2001), euphoria (Drevets et al.
2001), and addiction (Wise 1996; Esch and Stefano 2004) (Koob and Volkow
2010), and drugs or brain lesions that block dopamine release in these areas
decrease many drugs’ rewarding effects (Di Chiara 2000; Enggasser and de Wit
2001).

Alcohol works by activating dopamine release in this reward circuit. Studies
using microdialysis in rats (Yim et al. 1998) and positron emission tomography
(PET) in humans (Wang et al. 2000; Boileau et al. 2003; Schreckenberger et al.
2004; Ramchandani et al. 2010), have shown that consuming alcohol increases
dopamine release and glucose metabolism in the ventral striatum/nucleus
accumbens. There have been a few functional MRI studies measuring alcohol-
induced changes in brain activity in this circuit as well. Using fMRI, Gilman et al.
(2008) recently demonstrated activation of the ventral striatum/nucleus accumbens
following acute IV infusion of alcohol as shown in Fig. 2.

Researchers believe that one of the ways alcohol promotes dopamine release is
by activating l-opioid receptors, which prevents GABAergic inhibition of dopa-
mine in the midbrain (Spanagel 2009). As a result, drugs like naltrexone that block
l-opioid receptors reduce dopamine release following alcohol consumption
(Gonzales and Weiss 1998; Heilig and Egli 2006).

Activation of the dopamine ‘‘reward circuit’’ has been shown to correlate with
subjective and autonomic effects of alcohol. Subjective ratings of intoxication on
the DEQ and stimulation on the BAES, for example, correlate with striatal
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activation (Gilman et al. 2008; Yoder et al. 2005), and this circuitry seems to
mediate alcohol-induced positive affect (Wise and Bozarth 1987; Di Chiara et al.
1992). PET studies have shown that this activation also correlates with alcohol-
induced increases in HR (Boileau et al. 2003), which in turn reflect stimulation
(Brunelle et al. 2007) and correlate with aggression (Assaad et al. 2006), desire for

Fig. 2 Main effects of alcohol (a), fearful facial emotion (b), and the interaction between them
(c) on regional brain activation. Anatomical maps of t statistics were spatially normalized by
warping to Talairach space and combined into a group map. Radiological convention is used to
display left and right. A statistical map of the main effects of alcohol and facial emotion was
computed by performing a voxelwise ANOVA of the event-related b coefficients calculated from
the general linear model. In this three-factor mixed-model ANOVA, alcohol (alcohol or placebo)
and emotion (fearful or neutral) were fixed factors, and subject was a random factor. Alcohol
effects were seen primarily in striatal areas, whereas emotion effects were seen in limbic and
visual processing areas. The color map represents the t score: in orange regions, p \ 0.01, and in
yellow regions, p \ 0.001. Reproduced from Gilman et al. (2008)
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alcohol in a laboratory setting, and heavy drinking behavior (Conrod et al. 1997a, b).
In sum, alcohol-activated dopamine release in the ventral striatum seems to
mediate alcohol-induced subjective experience of reward, behavioral stimulation,
and increased heart rate. Termed ‘‘psychomotor stimulation,’’ these effects are
thought to motivate drinking behavior, implying that dopamine release in the
ventral striatum/nucleus accumbens may underlie the desire to drink (Wise and
Bozarth 1987; Conrod et al. 2001).

3.2 Sedation

Researchers know less about which brain mechanisms mediate alcohol’s sedative
effects. Sedation does not seem to arise simply from the dopamine reward circuit
‘‘turning off,’’ since stimulation and sedation increase simultaneously after alcohol
consumption (Conrod et al. 2001; King et al. 2002; Erblich et al. 2003; Holdstock
and de Wit 1998). The pons, thalamus, and putamen are thought to play a role in
anesthetic-induced sedation, which shares many similarities with sleep-induced
sedation. However, it is unclear whether these same mechanisms mediate alcohol-
induced sedation, and researchers in fact know relatively little even about the
mechanisms that mediate sedation and anesthesia (Campagna et al. 2003;
Mhuircheartaigh et al. 2010).

Some researchers hypothesize that alcohol-induced sedative effects reflect a
general decrease in activity throughout the cerebral cortex. PET studies, for
example, have shown that consuming moderate (Wang et al. 2000) or high (de Wit
et al. 1990) doses of alcohol reduces cerebral glucose metabolism throughout the
entire brain. Gradual, decentralized depression of brain activity could co-occur
with more dramatic but short-term stimulant effects in the ventral striatum,
resulting in the pattern of effects researchers observe.

Scientists have begun to localize brain inactivity related to salient sedative-like
effects such as anxiolysis. Gilman et al. (2008), for example, used fMRI to show a
blunting of the amygdala’s ability to distinguish threatening stimuli from neutral
stimuli, which may underlie the reduction in anxiety seen following alcohol use
(see Fig. 2). Researchers hypothesize that alcohol may also reduce functioning in
brain regions like the cerebellum, associated with motor coordination (Hanchar
et al. 2005; Volkow et al. 1988; Boecker et al. 1996), and the frontal lobe, asso-
ciated with higher order cognitive abilities (Peterson et al. 1990; Zorko et al.
2004).

4 Systems-Level Theories of Alcohol’s Biphasic Effects

Researchers have also sought to explain the pattern of alcohol-induced effects from
psychological and systems-level perspectives, with the following theories.
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According to the theory of acute tolerance, people become less sensitive to the
stimulant effects of alcohol over the course of a drinking session. In other words,
the body compensates for alcohol-induced stimulation by increasing sedation to
maintain a comfortable level of arousal. Acute tolerance can occur to behavior, as
when subjects adapt to their intoxication during a drinking session and improve
motor (LeBlanc et al. 1975; Vogel-Sprott and Fillmore 1993) and cognitive
(Nicholson et al. 1992; Schweizer et al. 2006; Schweizer and Vogel-Sprott 2008)
performance from the ascending limb of the BAC curve to the descending limb.
Acute tolerance can also occur physiologically, as when subjects’ HR increases
during the ascending limb but returns to baseline during the descending limb
(Conrod et al. 1997a, b). Researchers have some understanding of how heavy
drinkers develop chronic tolerance to alcohol over time and repeated drinking
sessions, but researchers are still investigating how one’s physiology and behavior
might similarly develop acute tolerance during a single drinking session. Recent
work in mice has begun to identify mechanisms that underlie differences in acute
functional tolerance (Hu et al. 2008).

According to the theory of disinhibition, alcohol directly depresses brain
activity, but stimulation results when the brain reduces processing that inhibits
behavior. Alcohol has been shown to interfere with inhibitory processes mediated
by the amygdala, for example, which regulates fear and anxiety (Gilman et al.
2008; Moberg and Curtin 2009). The theory of disinhibition attributes increased
social behavior, risk-taking, aggression, and positive affect after alcohol con-
sumption to reduced anxiety. Alcohol’s biphasic pattern of stimulation and seda-
tion might reflect fast-acting sedation of inhibitory systems, followed by slower
general sedation of the entire brain (Graham 1980; Giancola and Zeichner 1997).

According to the theory of alcohol myopia, alcohol-induced reduction in
attentional resources explains many of alcohol’s effects. This theory attributes
alcohol-induced reduction in anxiety and the accompanying increase in social
behavior, risk-taking, aggression, and euphoria to reduced self-consciousness
(Hull 1981). In alcohol myopia, people only have sufficient attentional resources to
focus on the most salient stimuli while ignoring subtle or peripheral information.
Alcohol might decrease inhibition if the most salient cues instigate action and
inhibitory clues tend to be more subtle (Steele and Josephs 1990; Taylor and
Leonard 1983; Giancola and Zeichner 1997).

According to alcohol expectancy theory, alcohol induces drunken behavior
mainly because drinkers believe that it will. Anyone who has observed someone
stumbling around after only one drink might be initially persuaded. The theory
suggests that drinkers might experience stimulation initially because they believe
alcohol makes them high and experience sedation later when alcohol’s physio-
logical, sedative effects set in. Many studies indicate that expectancy influences
alcohol’s effects (MacAndrew 1969; Lang et al. 1975; Pihl et al. 1981; Pihl 1983;
Hull and Bond 1986; Fillmore and Vogel-Sprott 1998), but meta-analyses show
that some types of alcohol effects are likely unaffected by expectancy, including
increased heart rate, psychomotor slowing and aggression (Bushman 1993;
Bushman and Cooper 1990; Hull and Bond 1986; Steele and Southwick 1985).
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5 Clinical Implications: Risk Factors for Alcoholism
and Alcohol Use Disorders

Why does any of this matter? Behind only tobacco use and obesity, alcohol use
and abuse is the third most common lifestyle-related cause of death in the United
States (Mokdad et al. 2004). Researchers suspect that individual differences in
susceptibility to alcohol’s effects may partially explain why some people drink
excessively and others don’t. Understanding what about certain people makes
them drink excessively could help clinicians identify individuals at risk for alcohol
use disorders and create treatments for these disorders that reduce alcohol’s
reinforcing effects (de Wit et al. 1987). Towards this end, researchers have
attempted to identify how individuals at elevated risk for alcoholism experience
alcohol differently than others.

Research has focused on two populations at high statistical risk for alcoholism:
children of alcoholics and heavy drinkers. Though most children of alcoholics do
not become alcoholics themselves, they are significantly more likely than children
of non-alcoholics to develop alcoholism (Cotton 1979). Though socio-cultural
factors may contribute to this trend, researchers suspect that genetics also plays a
role, and the same genes that predict increased risk for alcoholism may also
mediate a distinctive response to alcohol (Newlin and Thomson 1990). Heavy
drinking is a risk factor for the development of alcohol dependence and is
inherently hazardous (Holdstock et al. 2000; King et al. 2002).

Researchers have proposed two main hypotheses about how alcohol affects
individuals at risk for alcoholism differently than others. According to the low
level of response hypothesis (LLR), advanced by Schuckit and colleagues, indi-
viduals at risk for alcoholism tend to be less sensitive to alcohol’s effects than
others (Schuckit and Smith 2000; Schuckit 1980, 1994). Schuckit found that
children of alcoholics exhibit greater motor control after drinking and report less
intoxication on the SHAS than controls. He also found that individuals who report
less intoxication on the SHAS than controls after consuming a particular dose of
alcohol are more likely than controls to become alcoholics (Schuckit 1994)
(Schuckit and Smith 2000; Schuckit et al. 2004). The LLR hypothesis suggests that
individuals with low sensitivity to alcohol may drink more than their peers to
experience the same psychomotor effects. Drinking excessively, these individuals
may develop chronic tolerance, and, needing to consume ever more alcohol to feel
the same effects, they may ultimately develop alcohol use disorders.

Critics of the LLR hypothesis, however, point out two potential limitations in
Schuckit’s findings (Crabbe et al. 2010). First, the studies typically assess alco-
hol’s effects using the SHAS, which allegedly measures sedation accurately but
not alcohol-induced stimulation (Conrod et al. 2001). Second, the studies primarily
measure subjects during the descending limb of the BAC curve, while sedative
effects dominate (Schuckit 1984, 2009). Thus, the findings of Schuckit’s studies
appear to show primarily that individuals at risk for alcoholism are less sensitive to
its sedative effects (Newlin and Renton 2010).
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Many researchers favor a different theory. First proposed by Newlin and
Thomson (1990), the differentiator model (DM) states that individuals at risk for
alcoholism are less sensitive to alcohol-induced sedation than others but more
sensitive to alcohol-induced stimulation. The DM suggests that, since people
usually like stimulant effects and dislike sedative effects, individuals who expe-
rience much stimulation after alcohol consumption but little sedation will usually
like alcohol and drink more than most people.

A variety of studies support the DM in whole or in part (Erblich et al. 2003;
Holdstock et al. 2000; DeWit et al. 1989; Conrod et al. 1998; Morzorati et al.
2002). Stimulant effects correlate with activation of the dopamine reward circuit
and psychomotor stimulation (Wise and Bozarth 1987; Di Chiara et al. 1992), as
well as euphoria (Drevets et al. 2001), drug liking, ‘‘wanting more’’ of a drug
(King et al. 2002), and behavioral preference for ethanol (de Wit et al. 1987;
Enggasser and de Wit 2001). Studies also show that alcoholics and children of
alcoholics are particularly sensitive to alcohol-induced increase in heart rate, a
measure of psychomotor stimulation (Finn et al. 1990; Conrod et al. 1995, 2001;
Peterson et al. 1996; Newlin and Thomson 1999). It should be noted, however, that
people who drink primarily to reduce anxiety develop alcohol use disorders more
frequently than those who drink to enhance positive mood, despite both theories’
suggestion that at-risk drinkers are less sensitive than others to alcohol’s sedative
effects (Cooper et al. 1995; Schroder and Perrine 2007). More longitudinal studies
should be conducted to clarify which responses to alcohol constitute risk factors
for the development of alcohol use disorders. In addition, careful exploration of the
similarities and differences between animal models of alcohol sensitivity and the
human phenomena would be of considerable value (Crabbe et al. 2010).

6 Directions for Future Research

Researchers have measured stimulant and sedative effects on subjective experi-
ence, behavior, autonomic motor activity, motor and cognitive performance, and
the brain. Time, dose, BAC, rate of change in BAC, and limb of the BAC curve
have all been found to influence the magnitude and time-course of alcohol effects.
Researchers have identified the neurobiological mechanisms that mediate alco-
hol’s stimulant effects and explained them with several systems-level theories. To
explore clinical solutions to alcohol use disorders, researchers have identified
responses to alcohol correlated with elevated risk. Where do we go from here?

Relatively few studies have made use of the newest and most sophisticated
tools available for studying alcohol: imaging (fMRI and PET) and intravenous
infusion paradigms. fMRI may prove invaluable in localizing alcohol’s sedative
effects and learning more about the mechanisms by which alcohol activates
dopamine release to induce stimulant effects. PET studies would help improve our
understanding of the neurochemistry (neutrotransmitters and receptor systems)
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underlying the effects of alcohol. Intravenous infusion methods provide experi-
mental control over the alcohol exposure and exploiting this control with novel
exposure paradigms may isolate the factors that influence alcohol-induced stim-
ulation and sedation and help determine individual responses that increase risk for
alcohol use disorders. By studying why people drink, researchers hope to learn
how to control the effects of alcohol and reduce the prevalence of alcohol use
disorders.
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