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ABSTRACT

Face perception is a complex perceptual skill that is important for social interactions.
A distributed neural system of multiple brain regions mediates facial perception. The
purpose of this thesis is to examine if the acute administration of alcohol affects the
explicit recognition of emotions from facial expressions. While the neurochemical and
physiological effects of alcohol have been studied in detail, there is no comprehensive
explanation for alcohol’s effect on social behavior. With this study, we aim to increase
our understanding of how the brain recognizes social signals, how the effect of alcohol
might contribute to problems with facial emotion recognition in substance abuse
disorders and other mental disorders, and the implications of these potentially unwanted

effects of alcohol on psychosocial functioning.

Previous studies have shown that pharmacological agents with partially selective
effects on the GABAergic system impair anger recognition; alcohol is predicted to have
similar effects based on its pharmacological profile. In our study, alcohol was capable of
impairing anger recognition; however, this effect was not particularly selective, nor was it
independent of the type of anger expression stimuli across experimental paradigms. Fear
was the only emotion for which alcohol impaired recognition in full (100%) intensity
images. In general, alcohol appeared to affect the recognition of negative facial
expressions (fear, sad, disgust, anger) more robustly than positive emotion (happy) or
ambiguous emotion (surprise). We conclude that alcohol consistently reduces the

sensitivity of detection of facial emotions and may also increase misidentification rates.
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CHAPTER 1 INTRODUCTION

1.1. PSYCHOACTIVE EFFECTS OF ALCOHOL

1.1.1. Definition of psychoactive drugs

A drug is defined as a natural or synthetic substance that has a psychoactive, chemical
or medicinal effect when ingested; it is not a normal body constituent nor a requirement
for normal body function (Ray & Ksir, 1996a). A drug of abuse is defined as any
substance that alters mood, perception, behavior or brain functioning that is used in
frequent amounts and interferes with an individual’s physical, psychological, social or
occupational functioning (Ray & Ksir, 1996a). Psychoactive or mood-altering substances
are common drugs of abuse and include prescription medications, alcohol, illicit drugs

and solvents.

1.1.2. Prevalence of alcohol use

Beverage alcohol (ethanol) is the product of fermented fruits and/or grains and its use
dates back to 8000 BC (Dudley, 2002). Countless generations later, alcohol has become
the most widely used recreational drug in most western countries for its psychoactive
properties. It is estimated that 90% of adults (= 18 years of age) consume alcoholic

beverages at some point during their lives (Devenyi & Saunders, 1986).
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1.1.3. Problems associated with alcohol use

While alcohol consumption may have a role in facilitating social interactions,
irresponsible and excessive alcohol consumption negatively impacts the individual and
society. It is estimated that 6% of individuals encounter an alcohol-related problem (i.e.
medical complication, alcohol abuse or addiction) at some point in their lives (Devenyi &
Saunders, 1986; Ray & Ksir, 1996b; Ray & Ksir, 1996¢). Approximately 20 — 30% of
presentations at hospitals and family practice offices coincide with alcohol consumption,
over 50% of traffic fatalities involve alcohol and in total, hazardous alcohol consumption
is responsible for approximately 10% of premature deaths in Canada (Devenyi &
Saunders, 1986; Ray & Ksir, 1996¢; Single et al., 2000).

One problem that has been specifically associated with alcohol use is aggression
including domestic violence, social aggression and self-aggression. Although the
relationship between alcohol use and aggression is complex, there is substantial
epidemiological and experimental evidence that acute alcohol intoxication itself increases

aggression (Hoaken et al., 2003).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.2. PHARMACOKINETICS OF ALCOHOL

The pharmacokinetics of alcohol are important for study design.

1.2.1. Absorption

Alcohol is absorbed through the stomach and intestine. Its absorption rate is
proportional to the concentration of the alcohol (i.e. high concentrations are absorbed
faster) and the type of food in the stomach (i.e. proteins and fats tend to slow down
absorption). A standard drink equals 13.6 grams of absolute alcohol (Table 1.1.).
Carbonation of the beverage tends to increase absorption (Ray & Ksir, 1996b). The
effects of alcohol are noticed in approximately 10 min and peak between 45 to 60 min
post-consumption; alcohol circulates in the blood unchanged, until it is metabolized (Ray

& Ksir, 1996b; Storti, 1997b).

Table 1.1. Standard Drink Conversion Chart

Drink % alcohol  Volume (ounces, 0z.)
Beer 5% 12 oz.
Wine 12% 5 oz.
Fortified wine 18% 3 oz.
Hard liquor 40% 1.5 oz.

Note: one standard drink represents 13.6 grams of absolute alcohol.
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1.2.2. Metabolism

Liver and stomach enzymes are responsible for over 90% of alcohol metabolism, via a
three-step process (Quertemont, 2004): alcohol is converted to acetylaldehyde (a toxic
intermediate) by the enzyme alcohol dehydrogenase, acetylaldehyde is converted to
acetic acid by the enzyme aldehyde dehydrogenase, and finally, acetic acid spontaneously
dissociates into the final end products of carbon dioxide and water, which are eliminated
by the lungs and kidneys. Genetic polymorphism is partially accountable for the variance

in alcohol metabolism across different ethnicities (Quertemont, 2004).

1.2.3. Elimination

Alcohol is eliminated from the body at approximately 10 ml per hour; however, this is
dependent on the weight, age and gender of the individual (Storti, 1997b). In general,
males tend to tolerate alcohol better than women due to their larger body size, body water
and fat distribution (Ray & Ksir, 1996b). Tolerange from chronic alcohol use, genetics

and ethnicity also play a role (Quertemont, 2004).

1.2.4. Measurement of alcohol concentration in the body

Breath alcohol concentration (BAC), a measurement of the concentration of alcohol in
the breath, is proportional to amount of alcohol in the blood (Ray & Ksir, 1996b). The
concentration of alcohol in the body can be quantified by either a sample of blood or
deeply exhaled air using a BAC meter (CMI, 1998). Results from both methods correlate

well and are considered equally accurate.
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To obtain a breath sample, individuals orally exhale into a machine that automatically
measures the alcohol content in the exhaled air. This method has advantages for clinical
studies because it is non-invasive, produces results within seconds, and does not require a
laboratory. BAC is expressed in milligrams of alcohol per deciliter of blood (mg/dL) or
divided by 1000 for a decimal form without metric units (e.g. 85 mg/dL or 0.085). The

latter represents the unit-less BAC meter readouts.

1.3. THE EFFECTS OF ALCOHOL ON BEHAVIOR AND COGNITION

1.3.1. Psychoactive and neurochemical properties of alcohol

Alcohol has effects on perception, cognition and mood, which are influenced by the
blood alcohol concentration. These psychoactive properties correspond to the direction of
change, referred to as the ascending or descending limbs of the blood alcohol curve, and
the rate of change. It is thought that the effects of alcohol are mediated via a number of

neurotransmitter systems (see Chapter 2).

1.3.2. Acute effects of alcohol consumption

Most acute effects of alcohol consumption correlate with the BAC (Table 1.2.). At
low (BAC <0.050) and moderate (BAC 0.050 to 0.090) doses, alcohol induces cognitive
and behavioral changes by compromising the regulatory and inhibitory behavioral control
mechanisms in the brain. These may manifest as an impairment of attention, judgment,
planning and short-term memory (Eckardt et al., 1998; Mulvihill et al., 1997; Ray & Ksir,

1996b).
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Table 1.2. Breath Alcohol Concentration and its associated behavioral effects

% BAC Behavioral effects

0.05 Lowered alertness, relaxation, release of social inhibitions, impaired judgment
0.10 Slower reaction times, impaired motor function, double vision, slurred speech
0.15 Large, consistent increases in reaction time

0.20 Marked depression in sensory and motor capability, intoxicated

0.25 Severe motor disturbance, staggering, sensory perceptions greatly impaired
0.30 Stuporous but conscious — no comprehension of surroundings

0.35 Surgical anesthesia; about LD1

0.40 About LDsg

Source: Adapted from Table 10-2 Blood Concentration and Behavioral Effects (p.221).
Ray O & Ksir C (1996b). Drugs, society and human behavior (7" ed.). St. Louis, MO:
Mosby-Year Book.

Abbreviations: LD, lethal dose; LD1, minimal level causing death; LDs, lethal dose for

half the animals tested.
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One of the most notable effects of alcohol is its ability to cause loss of regulatory
behavioral control, attributed to a disinhibition of behavior (Eckardt et al., 1998;
Mulvihill et al., 1997; Pihl & Peterson, 1995; Ray & Ksir, 1996b). This phenomenon
cannot be adequately explained by theories of tension reduction, motivational, reward
and punishment (Mulvihill et al., 1997). Moderate doses of alcohol can lead to positive
(i.e. pleasurable) or negative (i.e. anxiolytic) reinforcement mechanisms (Eckardt et al.,
1998). The anxiolytic properties of alcohol often result in disruption of normal critical
thinking, concern and judgment (Sayette et al., 1992; Storti, 1997b). The result of these
changes includes impaired risk assessment and inhibition of behavioral and physiological
expressions of fear. Aggression may occur as a manifestation of the latter.

Alcohol has been shown to exert different effects on cognition, physiology and
behavior according to whether these are studied on the ascending or descending limb of
the blood alcohol curve (Pihl et al., 2003). Psychostimulant properties (i.e. dopamine
release, heightened autonomic response, and aggression) are associated with the
ascending limb (Hoaken et al., 2003), whereas sedation, y-aminobutyric acid-like
(GABA-like) and N-methyl-D-aspartate (NMDA) antagonist-like effects are associated
with the descending limb (Krystal et al., 1998). Also the cognitive effects of low-
moderate alcohol doses may be greater on more controlled effortful processing, including
executive functions and responses to complex social stimuli, than on more automatic
responses to simple stimuli (Herzog, 1999; Kirchner & Sayette, 2003; Steele & Josephs,
1990). This may lead to responding to prepotent stimuli, e.g. short term rewards,

irrespective of longer term consequences, so-called “alcohol myopia” (Herzog, 1999).
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Moderate to high doses (BAC above 0.050) of alcohol may also induce deficits in
performance (response accuracy), reaction time and motor coordination (Ross & Pihl,
1988). Alcohol consumption leads to decreased accuracy and significant increases in
reaction time (Ray & Ksir, 1996b; Rohrbaugh et al., 1987; Storti, 1997a). It is thought
that performance deficits are caused by nonspecific sedative properties of alcohol and
reaction time deficits are caused by a specific loss in cognitive processing (Rohrbaugh et
al., 1987). Alcohol interferes with motor control mechanisms in the brain (Storti, 1997a).
Simple observation suggests that alcohol causes performance and motor deficits,
particularly dangerous when combined with activities requiring high levels of
concentration and motor coordination (i.e. driving, operating heavy machinery).

Alcohol is primarily a central nervous system depressant (Ray & Ksir, 1996b). It
makes neurons less excitable, slows repolarization after excitation and decreases
spontaneous electrical activity, thereby impairing synaptic transmission (Storti, 1997a).
High levels of alcohol consumption can cause respiratory depression, which may result in

stupor, coma and death (Ray & Ksir, 1996b).

1.3.3. Chronic effects of alcohol consumption

Adverse physiological, neurological and psychosocial consequences are associated
with chronic alcohol abuse (>80 g alcohol per day) (Storti, 1997b). Physiological
complications include cardiovascular disease (i.e. hypertension and ischemic heart
disease), gastrointestinal problems (i.e. liver disease, gastritis and pancreatitis),
hematologic abnormalities (i.e. anemia, thrombocytopenia and leukocytosis), metabolic

complications (i.e. diabetes, obesity, malnutrition and sexual dysfunction) among many
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others (Devenyi & Saunders, 1986; Ray & Ksir, 1996b; Storti, 1997b). Neurological
complications include Wernicke-Korsakoff syndrome, cerebral atrophy, cerebellar
degeneration and peripheral neuropathy. Alcohol consumption during pregnancy is
responsible for fetal alcohol effects or fetal alcohol syndrome. Overall, the psychosocial
complications of chronic alcohol abuse (i.e. intellectual impairment, comorbid mood
disorders such as depression and anxiety), attributed to either the cause or consequence of

alcohol abuse, tend to be the most difficult to treat (Helzer & Pryzbeck, 1988).
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CHAPTER 2 NEUROPHARMACOLOGY OF ALCOHOL

2.1. EFFECTS OF ALCOHOL IN THE BRAIN

2.1.1. Neural membrane hypothesis in the 1980s

Until the mid-1980s, the neural membrane hypothesis suggested that alcohol was
responsible for changing movement fluidity and altering the electrical excitability of
neural cell membranes (Alling, 1983). Later studies disproved this theory and revealed
that moderate and high doses of alcohol cause direct conformational changes in

neurochemical receptors, which alter protein-protein interactions within the cell

membrane (Tabakoff & Hoffman, 1999).

2.1.2. Neural substrates and neurotransmitters for alcohol

Alcohol is a psychoactive substance with widespread effects on brain structures,
responsible for cognition, perception, memory, emotion and movement (Storti, 1997a)
including the thalamus, hypothalamus, cingulate gyrus, amygdala, and hippocampus.
Alcohol also acts upon dopamine reward pathways, one of them being the medial
forebrain bundle, a collection of nerve fibers with cell bodies in the limbic system
terminating in a non-anatomical reward center of the brain, an area thought to be
responsible for the pleasure response and biological reinforcement of psychoactive drug
use (Storti, 1997a). Additionally, alcohol acts directly on the brainstem, cerebellum and
other brain regions that are responsible for cognition and the control of behavior and
movement (Storti, 1997a). Psychoactive substances influence behavior by directly

modulating limbic and brainstem structures while decreasing executive function (Eckardt

10
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et al., 1998) via a number of neurotransmitters including GABA, glutamate, dopamine,

acetylcholine, noradrenaline and serotonin (Eckardt et al., 1998; Storti, 1997a).

2.2. MAJORNEUROTRANSMITTER SYSTEMS AFFECTED BY ALCOHOL

2.2.1. GABA and the GABA, receptor

GABA is the major inhibitory neurotransmitter in the brain and spinal cord (Cooper et
al., 1996) . The GABA4 receptor subtype is the best characterized of all GABA receptors.
GABA 4 receptors belong to a superfamily of ligand-gated ion channels receptors with a
chloride ion (CI') channel protein (Figures 2.1. & 2.2.). These receptors are composed of
approximately 20 heteropentameric isoforms that differ in various biologic and
pharmacologic properties and are expressed at different times in development (Olsen &

Homanics, 2000).

11
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Figure 2. Schematic diagram of the GABA 4 receptor structure
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At least 18 related subunits for the GABA receptor in mammals exist: o(1-6), B(1-4),
v (1-3), 8, €, m and p (1-3) (Barnard, 1996; Olsen & Homanics, 2000). GABA binds all
subunits of the GABA receptor with the greatest affinity for the a-subunit (Balczon et al.,
1998). Like all ligand-gated ion channels, common structural arrangements contribute
equally to the formation of the heteropentameric channel. There is a general consensus
that the GABA4 receptor subtypes consist of five subunits: two a, two 3 and one y, d or €
(Barnard, 1996; Whiting et al., 2000) surrounding the CI" channel (Balczon et al., 1998;
Nakabhiro et al., 1996). When GABA binds to the a-subunit of the receptor, a
conformational change opens a Cl” ion selective channel in the center of the receptor
(Balczon et al., 1998; Nakahiro et al., 1996). Alcohols are positive allosteric modul‘ators
with a specific binding site on the GABA receptor (Olsen & Homanics, 2000).

GABA is the primary inhibitory neurotransmitter responsible for many of the
cognitive and behavioral changes observed with alcohol consumption (Eckardt et al.,
1998). A review of the effects of alcohol intoxication on the disruption of memory
acquisition in humans and experimental animals suggests that lower doses of alcohol (0.5
g/kg or less in animals) selectively mediate its effects by activating the GABAergic
system while higher doses (0.75-2.0 g/kg) are less selective across several
neurotransmitter systems (Ryabinin, 1998). The GABAergic system is not organized into
discrete pathways and bundles like other neurotransmitter systems (Cooper et al., 1996)

thereby making it difficult to study in isolation.
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2.2.2. Glutamate and N-methyl-D-aspartate (NMDA) receptors

Glutamate, the primary excitatory neurotransmitter in the central nervous system, is an
important amino acid that activates and postsynaptic NMDA receptors (Pin & Duvoisin,
1995). NMDA receptors are well known for their role in learning and memory formation.
Additionally, Krystal et al (1998) found that ketamine, an NMDA receptor antagonist,
produced effects similar to those of the descending limb (i.e. sedative effects) of acute
alcohol ingestion, thereby suggesting alcohol may have inhibitory effects on glutamate

release and/or the NMDA receptor (Krystal et al., 1998).

2.2.3. Dopamine

Dopaminergic cell bodies originate in the midbrain and project to either the basal
ganglia (forming the nigrostriatal pathway), frontal cortex (forming the mesocortical
dopamine pathway) or the limbic structures (forming the mesolimbic dopamine pathway)
(Storti, 1997a). Although these pathways have diverse behavioral correlates, the
mesocortical and mesolimbic dopamine pathways are important for reward and incentive
motivation (Eckardt et al., 1998). In humans, positron emission tomography (PET)
studies have reported the mesolimbic dopamine pathway to be activated by the intake of
alcohol and major drugs of abuse (Boileau et al., 2003; Ray & Ksir, 1996a).
Dopaminergic effects, such as arousal and heart rate acceleration, appear to be

particularly associated with the ascending limb of the blood alcohol curve.
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2.2.4. Acetylcholine, noradrenaline and serotonin

Cholinergic cell bodies originate in the basal ganglia and extend to the hippocampus
and cerebral cortex. Acetylcholine is involved in learning, memory, attention,
defense/aggression, mood and rapid eye movement (REM) during sleep (Pelham et al.,
1980; Storti, 1997a). Alcohol appears to directly disrupt the aforementioned functions of
this neurotransmitter; however, the findings are variable and difficult to summarize
(Pelham et al., 1980).

Noradrenergic cell bodies arise in the locus ceruleus and other brainstem nuclei and
project to diffuse areas of the brain. Noradrenaline and adrenaline are involved in
attention, cognition, defensive, autonomic and hormonal responses (Storti, 1997a). This
neurotransmitter is likely involved in the dampening of higher-level cognitive function
following the acute phases of alcohol consumption.

Serotonergic cell bodies originate from the raphé nuclei and project to diffuse areas of
the brain (Storti, 1997a) and are involved in mood, sleep cycles, sensation of pain and
development of tolerance to alcohol and other drugs (Eckardt et al., 1998). Chronic
alcohol intake has been reported to disrupt normal circadian rhythms (Devenyi &
Saunders, 1986).

Of note, while it may seem simple to assign certain cognitive functions to an
individual neurotransmitter system, in reality, all these systems have complex
interconnections. Moreover, these monoamine effects may also be secondary
consequences of GABA receptor activation as the GABAergic system is so widely

distributed in the nervous system.

15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



23 PHARMACOLOGICAL SUBSTRATES THAT INTERACT WITH THE

GABA RECEPTOR

Pharmacological substrates that target the GABA 4 receptor include alcohol,
benzodiazepines, barbiturates, general anesthetics, neurosteroids, and anticonvulsants
(Mascia et al., 2000; Nakahiro et al., 1996; Olsen & Homanics, 2000). The binding of
these molecules make the GABA 4 receptor more sensitive to GABA via modifications of
receptor properties (Balczon et al., 1998; Nakahiro et al., 1996; Storti, 1997a). An in

depth discussion of this topic is beyond the scope of this paper.

2.3.1. General anesthetics

General anesthetics were introduced approximately 150 years ago and have become
one of the most widely used therapeutic agents (Harrison et al., 2000). After more than
100 years of research, the mechanisms of action for general anesthetics continue to be
elusive. Over the last several decades, ligand-gated ion channels have been studied as
molecular targets that mediate the central nervous system effects for both general

anesthetics and alcohol (Harrison et al., 2000).

2.3.2. Alcohol

Alcohol have an effect similar to general anesthetics at high doses (100 — 200 mmol/L
ethanol); however, the effects are difficult to control and therefore are not commonly
used in this manner (Harrison et al., 2000). Instead, there is an interest in the

subanesthetic doses (5 — 20 mmol/L ethanol) and chronic effects of alcohol consumption.
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Laboratory preparations using recombinant chimeric and mutated receptors have
indicated that pure alcohol concentration of 100 mmol/L or less can acutely potentiate
GABA 4 receptor function (Harrison et al., 2000; Nakahiro et al., 1996). Alcohol may

have different effects on neurons depending on the biochemical conditions and cell type.

2.3.3. Neurosteroids, benzodiazepines and barbiturates

Neurosteroids, benzodiazepines and barbiturates are another group of allosteric
modulators that exert its effects at the GABA 4 receptor (Nakahiro et al., 1996; Olsen &
Homanics, 2000). Neurosteroids include metabolites of progesterone and other naturally
occurring steroid hormones that enhance GABA action in vifro and in vivo (Paul &
Purdy, 1992). Furthermore, neurosteroids are physiological mediators for bodily
functions such as sleep, arousal, attention and stress (Paul & Purdy, 1992).

There is also specific binding sites for benzodiazepines and barbiturates on the
GABA, receptor (Balczon et al., 1998). Both these compounds potentiate the GABA,
receptor function and elicit anxiolytic and hypnotic effects (Cooper et al., 1996). It has
been demonstrated that alcohol has a similar mechanism of action to benzodiazepines and
barbiturates (Nakahiro et al., 1996). Alcohol may also have indirect effects on GABA

function secondary to neurosteroid release (Belelli & Lambert, 2005).
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CHAPTER 3 FACIAL EMOTION RECOGNITION

3.1. THE IMPORTANCE OF STUDYING FACIAL EXPRESSIONS

Everyday human interaction involves the interpretation of human emotion, whether it
may be from tone of voice, facial expression or body language. The ability to perceive,
interpret and respond appropriately to facial expressions is required for the nonverbal
exchange of thoughts and emotions in interpersonal interactions and for social
information processing (Singh & Ellis, 1998). Interpretation of facial expressions begins
in the newborn and the development of this skill is important for guiding our behaviors.
People are not explicitly taught how to read faces, but it is thought that there may be

innate components to this ability that develop further with experience.

Cross-cultural studies have identified six basic facial expressions of emotions — anger,
disgust, fear, happiness, sadness and surprise (Eckman et al., 1987; Matsumoto, 1992).
Many studies on facial emotion recognition use standardized pictures of facial affect,
such as the Pictures of Facial Affect series, prepared by Eckman and Friesen (1976), who
were pioneers of facial emotion recognition research. Each picture in the series depicts
one of the six basic emotions, or a neutral face, which are produced by actors either
posing the intended expression, or following instructions to move their facial muscles
into the appropriate position, as guided by the Facial Action Coding System, a system for

recording muscle positions associated with facial expressions (Eckman & Friesen, 1976).
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The principle behind such studies on facial emotion recognition is that facial

expressions represent a display that can be “read out.” Research has shown that most

people tend to interpret facial emotions from photographs quite accurately and are correct

more than 80% of the time (Gerhards, 1998; Singh & Ellis, 1998). Nevertheless, how
well an individual interprets facial emotion expression may be dependent on the
individual, the specific face (i.e. some faces are more difficult to interpret than others),
the context of the interaction and the type of task. That is, responses tend to be more
consistent when the subjects have to make a forced choice from a limited list of labels
than when they are given freedom to assign any adjective that they choose (Eckman &
Friesen, 1976). This consistent observation with forced choice method makes it suitable

for drug studies and repeated measures designs.
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3.2. NEURAL SUBSTRATES FOR FACIAL EMOTION RECOGNITION

Face perception is a complex perceptual skill that is important for social interactions.
A distributed neural system of multiple brain regions mediates facial perception. One of
the most widely accepted models of organization for this system involves a distinction
between the invariant aspects of the face required for recognition and the changeable

aspects of the face (gaze, expression, movement) responsible for social communication.

3.2.1. Neural substrates

Converging evidence indicates that facial emotion recognition is predominantly
dependent on the right hemisphere and involves the amygdala, prefrontal cortex and the
superior temporal sulcus (STS) (Adolphs, 2002; Haxby et al., 2000). Basic requirements
of this process are the ability to perceive geometric components of facial features (visual
object and motion pathways and their association areas) and to understand the emotional
meaning of these configurations (limbic and association areas) (Adolphs, 2002).

The neural substrates for facial emotion recognition are currently being investigated
using a variety of techniques such as single unit recording and neuroanatomical lesion
(e.g. amygdala, cortical, hemispheric, etc.) studies in animals (e.g. chimpanzees), and
electrophysiological, imaging and pharmacological studies in humans. A series of
research studies have also reported alterations in facial emotion processing associated
with brain injury, substance dependence/abuse, psychiatric disorders and mental

retardation.
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3.2.2. Neuropsychology and neuroimaging

The valence hypothesis suggests that the left and right hemispheres selectively
interpret positive and negative emotions respectively (Leventhal & Tomarken, 1986);
however, the data have been inconsistent across different studies and other theories have
begun to emerge. Asthana & Mandal (1998) used hemifacial composite photographs, left-
left and right-right and asked subjects to rate the intensity of the happy and sad
expressions. It was observed that left-left composites were judged to have a more intense
expression than the right-right composites, thereby implicating a more dominant role of
the right hemisphere in the recognition of happy and sad facial emotions (Asthana &
Mandal, 1998). It is unknown whether the findings can be generalized to other emotions.

Neuroimaging techniques such as functional magnetic resonance imaging (fMRI),
positron emission tomography (PET) and regional cerebral blood flow (RBF) have been
used by many research groups to identify specific areas of the brain involved in facial
emotion recognition and the literature in this area is rapidly proliferating. Converging
evidence from fMRI and RBF studies has implicated the amygdala (Gur et al., 2002;
Hariri et al., 2002; Streit et al., 2003), as well as the anterior cingulate gyrus (George et
al., 1993, Kringelbach & Rolls, 2003), right superior temporal sulcus (Winston et al.,
2003), prefrontal and temporal cortex (Ilidaka et al., 2001), orbitofrontal and insular
cortex (Phillips et al., 1997) as being involved in the recognition of facial expressions.

Neuroimaging studies are powerful in their ability to map various functions to specific
brain regions and to provide neural correlates of real-life behavioral deficits.
Nevertheless, several caveats should be also noted with such studies. First, it has been

easier to demonstrate whether specific regions may be involved in processing facial
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emotion than to distinguish whether there are specific regions that respond selectively to
specific emotions. Furthermore, activations may differ whether the task involves passive
viewing (no response required), implicit judgment (differences in response to emotional
expressions, when the experimental task is to respond explicitly to another characteristic
e.g. gender, spatial orientation), explicit verbal judgment (to match an emotion label or
explicit non-verbal judgment (to match an expression on another face). Technical
limitations include limited spatial-temporal resolution and the use of subtraction designs
that compare extremes of posed expression. The experimental paradigm of morphing (as
described in Chapter 3.3. & 5.5.) may be useful to measure neuronal changes that
correlate to an intensity of an emotion, rather than simple subtraction of images (Blair et
al., 1999). However, caution is necessary in extrapolating findings to real-world social
functions, in which facial expressions are dynamic, interactive, often associated with
other cues, such as gesture and vocalization, and occurs within various behavioral

contexts.
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3.2.3. Brain injury

Brain trauma can induce deficits in facial emotion recognition, particularly when
lesions involve the right hemisphere and amygdala (Adolphs, 2002; Adolphs & Tranel,
2003; Adolphs et al., 1994; Ahern et al., 1991; Mandal et al., 1998).

Compared with nonpatient controls and patients with left hemisphere damage (LHD),
patients with right hemisphere damage (RHD) performed significantly more poorly on
unusual (i.e. emphasis on specific facial features, schematic face or strange face of
different anthropological origin than observer) and usual (normal) representations of
facial emotion expressions (Mandal et al., 1998). Additionally, Kucharska-Pietura et al.
(2003) found marked impairment of facial processing in RHD, but not LHD patients
(Kucharska-Pietura et al., 2003). Using intracarotid injections of sodium amytal, Ahern et
al. (1991) were able to discriminately anesthetize each brain hemisphere and reported an
advantage of the right hemisphere in the recognition of facial expressions (Ahern et al.,
1991). It appears that the right hemisphere is dominantly involved in facial emotion
recognition, irrespective of a general deficit in visuo-spatial abilities after right

hemisphere damage (Mandal et al., 1998).

23

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.2.4. Pharmacological studies

Lesion and imaging studies can show structures or systems that are involved in face
processing, but do not show how these are regulated at the neurotransmitter level. Recent
studies have attempted to use pharmacological methods to identify and modulate
neurochemical pathways involved in facial emotion processing. These studies have
modified neurotransmission by monoamines and by amino acid neurotransmitters. Given
that alcohol affects both monoamine release and amino acid receptor function, the main
findings of these studies will be outlined below.

Serotonergic manipulations have been reported particularly to modify recognition of
fearful and happy expressions. The acute administration of citalopram, a serotonin
reuptake inhibitor antidepressant, increased sensitivity to detect happy and fear
expressions in healthy volunteers (Harmer et al., 2003a). The oral administration of the
serotonin precursor, L-tryptophan, was not reported to increase accuracy per se, but did
improve a measure of cognitive efficiency for happy and fear expressions that included a
speed-accuracy trade-off (Attenburrow et al., 2003). Finally, acute tryptophan depletion
reduced the accuracy of fear recognition, although this effect was shown only in females
(Harmer et al., 2003b). Although the results above were not fully consistent, some
specificity for serotonin effects on fear recognition is suggested by the bi-directional
nature of serotonin manipulations.

Manipulation of noradrenergic function has also shown some effects. Propranolol, a
beta-adrenergic blocker, slowed responses to sad facial expressions, without reducing
recognition accuracy (Harmer et al., 2001). This finding could not be replicated in two

other studies, using propranolol 80mg (Sustrik 2003, unpublished data), or metoprolol
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50mg (Zangara et al., 2002). However, there was a bi-directional effect of alpha2-
adrenergic drugs on recognition accuracy for facial sadness (Sustrik 2003, unpublished
data). Clonidine, an alpha2-adrenergic agonist, impaired the recognition of sadness,
whereas sadness recognition was increased following the antagonist yohimbine. These
findings suggest that the recognition of sad expressions may be secondary to either
alterations in central noradrenaline release, or post-synaptic alpha-adrenoceptor function.
However, acute administration of reboxetine, a selective noradrenaline reuptake inhibitor,
increased the recognition of happy expressions, rather than altering perception of sadness.
Further investigation of these changes is therefore required. Dopamine function has also
been investigated in one study that showed that the selective D2-antagonist sulpiride
impaired recognition of facial anger (Lawrence et al., 2002).

With regard to amino acid neurotransmitters, diazepam, a benzodiazepine agonist that
increases GABA-A receptor function, has been found to impair the processing of angry
expressions (Blair & Curran, 1999; Zangara et al., 2002), although it also affected fear
recognition, and emotion recognition more generally when using a more sensitive test
(Coupland et al., 2003). Our recent study on the effects of diazepam on facial emotion
recognition with the multimorph and hexagon experimental paradigms (as described in
Chapter 5), only replicated the findings of Blair & Curran (1999) for a selective effect of
diazepam on impairing the recognition of angry faces. A recent neuroimaging study of
the effects of the NMDA receptor antagonist, ketamine, in healthy men, showed a failure
to activate limbic structures following administration of the drug and a blunted fMRI
signal to fearful faces (Abel et al., 2003). Studies involving alcohol will be discussed in

more detail below (see Chapter 3.4.).
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3.3. FACIAL STIMULI USED IN THE STUDY OF FACIAL EMOTION

RECOGNITION

A wide variety of stimuli have been utilized in facial emotion studies, including live
actors, drawings, still photographs, chimeric faces, morphed faces, videos and
animations. Neurobiological studies have generally focused on still photographs, in order

to study the processing of simple stimuli before moving on to more complex ones.

3.3.1. Chimeric face task and inverted faces

Several methods are used to study different aspects of facial emotion recognition. The
chimeric face tasks consist of a set of faces with two halves that differ in various
parameters (i.e. identity, gender, emotion, etc.). This method has been used for many
years to assess hemispheric preferences involved in facial recognition. Consistent with
neuropsychological and neuroimaging studies, chimeric faces indicate that faces are
predominantly processed in the right hemisphere (Burton & Levy, 1991). Chimeric face
tasks may also allow us to learn about the lateralization of specific aspects of facial
emotion processing (Indersmitten & Gur, 2003). Inverted faces are sometimes used to
contrast the ability to recognize upright faces and identities compared to inverted ones;
this method has shown that upright faces tend to be processed as a whole (Farah et al.,

1998).
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3.3.2. Computer morphing — new experimental paradigms

Computer morphing is a technique described in detail by Calder et al. (2000). It is
used to study facial emotion recognition by synthesizing continuous tone caricatures
where two expressions have been morphed from one to the next over a series of stages
(Benson & Perrett, 1991). To produce these continuous-tone caricatures, the prototype of
each emotion image is assigned appropriate feature points based on a Cartesian
coordinate (determined from an average of many faces) and via a cut and paste method,
these points are stretched in specific increments across aligned images (Benson & Perrett,
1991; Calder et al., 2000). This is a useful tool to study facial emotion recognition
because it creates photorealisitic images, examines intensity and categorical judgments
and relates judgment accuracy and reaction time to a percentage of the full emotion.

Computer morphing was used to create the faces for the facial recognition tasks used
in this study including the 10% increments, modified emotional hexagon and multimorph
paradigms (see Chapter 5). In the 10% increments task, neutral faces were morphed into
the full emotional expression over a series of 10 stages, which created 10 different
emotion increments for each particular emotion. In the modified hexagon task, neutral
faces were morphed between the full expressions of different emotions over a series of
five stages. This was achieved by taking two prototypes of each emotion and
superimposing them so that all the same feature points were aligned across images to
create 10/90%, 30/70%, 50/50%, 70/30% and 90/10% blends between six pairs of
emotions (angry-happy, angry-disgust, disgust-sad, fear-sad, fear-surprise and happy-
surprise). In the multimorph task, neutral faces were continuously morphed into the full

expression over a series of 40 stages with 2.5% increments for each emotion.
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3.4. EFFECTS OF ALCOHOL ON FACIAL EMOTION RECOGNITION

Although the neurochemical and physiological effects of alcohol have been studied in
detail, there is no comprehensive explanation for alcohol’s effect on social behavior.
Studies have investigated acute effects of alcohol, alcoholic-dependent subjects and
alcoholic-dependent subjects after long-term abstinence, using a variety of experimental

paradigms.

3.4.1. Electrophysiology measures

Electrophysiological measurements of alcohol-dependent subjects and healthy
subjects following alcohol have been used to investigate the neural basis for the
recognition of facial emotions (Glautier et al., 2001; Orozco et al., 1999). Orozco et al.
(1999) conducted a within subjects study of 15 Asian American males following oral
administration of 0.56 g/kg alcohol and placebo in a randomized order, using facial
stimuli of male and female faces with neutral, happy and sad facial expressions. They
measured event-related potentials (ERPs) following the stimuli presentation. They
reported that subjects given alcohol had decreased P450 amplitudes to male happy faces
compared to female happy faces and therefore concluded that the ERP paradigm may be
sensitive to gender-related affective stimuli (Orozco et al., 1999). Previous studies have
reported that positive component brain waves occur 300 and 600 ms after the
presentation of affective stimuli and they are respectively labeled P300 or P450 late
components (Lang et al., 1990). The results from such electrophysiological studies may

be difficult to generalize due to the small population size, exclusion of female subjects
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and previous reports that have found female faces to be more expressive than male faces

(Asthana & Mandal, 1998).

3.4.2. Neuropsychological measures

3.4.2.1. Non-alcohol-dependent subjects

Research into the influence of alcohol on facial emotion recognition began a few
decades ago (reviewed in Borrill et al., 1987). Unpublished data comparing the ability of
normal subjects to recognize facial expressions of emotion after receiving alcohol,
marijuana or placebo reported that subjects receiving pretreatment with alcohol made
more errors at judging negative emotions, especially those of anger and sadness (Borrill
et al., 1987).

Subsequent research into the effects of alcohol on facial emotion recognition has
introduced more controls and more complex measures into the studies. Tucker &
Vichinich (1983) studied the influence of alcohol on facial emotion recognition in a
sample of healthy subjects consisting of 24 males and 24 females. Each subject was given
either alcohol (0.50 g/kg body weight) or non-alcohol placebo. Subjects were then asked
to rate modified photographs from Ekman and Friesen (1976) Pictures of Facial Affect,
which were unmixed (same emotion for the entire face) or mixed (different emotions for
the upper and lower half of the face). It was reported that alcohol somewhat impaired
affect recognition, but this effect was more pronounced in subjects that “believed” they

had consumed alcohol (Tucker & Vuchinich, 1983).
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Borrill et al. (1987) studied the influence of alcohol on facial emotion recognition
using normal social drinkers randomly allocated into three conditions: high alcohol
(1.975 g/kg body weight), low alcohol (0.79 g/kg) and placebo. Subjects rated faces from
Ekman & Friesen (1976) for the six basié emotions and neutral. Borrill and colleagues
(1987) reported that subjects in the high alcohol condition made more errors than the low
alcohol condition and subjects in the low alcohol condition made fewer errors than with
placebo. Subjects in the high alcohol condition made more errors on negative emotions
such as anger and fear. An incidental finding revealed that females decoded facial
expressions better than males; this gender difference was not evident with the higher dose
of alcohol (Borrill et al., 1987). Limitations of this study were the use of full intensity
expressions, which are easier to decode and therefore perhaps less sensitive to drug
effects, and the lack of adjustment of alcohol dose by gender. Interestingly, Baribeau et al
(1986) studied non-alcohol dependent subjects who were at high or low risk for
alcoholism based on family history. Acute alcohol administration led to increased
recognition of facial anger in the high-risk subjects on the ascending limb of the blood
alcohol curve (Baribeau et al., 1986). Overall, there has been little study of the acute

effects of alcohol on this aspect of social cognition.

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.4.2.2. Alcohol-dependent subjects

A subsequent study by Philippot et al. (1999) using standardized Ekman and Friesen
(1976) and Matsumoto (1992) faces compared the ability of alcohol-dependent subjects
and healthy volunteers to recognize facial expressions (happy, anger, sad, disgust and
fear) with different emotional intensities: neutral (0%), mild (30%), moderate (70%) and
strong (100%). These researchers reported that alcohol-dependent subjects made more
errors in decoding the negative emotion of anger (but not fear) and were more likely to
interpret a negative facial expression as a happy face. In addition, alcohol-dependent
subjects tended to overestimate the intensity of emotional expressions compared to
healthy controls, without insight into their deficit in facial emotion recognition (Philippot
et al., 1999). Even after a period of abstinence, alcohol-dependent subjects may continue
to display deficits in the recognition of facial emotion expression (Kornreich et al., 2001;
Kornreich et al., 2003). Kornreich and colleagues (2001) compared non-medicated
alcohol-dependent subjects abstinent for 2 to 3 weeks, 2 to 6 months, between 1 and 9
years and a healthy volunteer control group. These researchers reported that mid- to long-
term abstinent alcohol-dependent subjects continued to have deficits in decoding anger
and disgust, similar to findings in a previous study (Philippot et al., 1999). The mid-term
abstinent group tended to overestimate the intensity of angry, disgust and sad emotional
expressions (Kornreich et al., 2001; Philippot et al., 1999). Together, these studies
suggest lasting alterations in social judgment that could contribute to some of the
psychosocial and social adjustment difficulties encountered by alcohol-dependent

subjects, even after years of abstinence. Kornreich et al. (2001) proposed that right
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frontotemporal regions and cingulate cortex are involved in the deficits in facial emotion

recognition from alcohol abuse.

3.4.3. Summary

Overall, it appears that alcohol may have acute effects on how healthy individuals
selectively perceive negative emotions, in particular, anger, disgust and/or fear (Borrill et
al., 1987; Philippot et al., 1999; Tucker & Vuchinich, 1983). Persistent changes in facial
emotion recognition are seen in chronically alcohol-dependent subjects (Kornreich et al.,

2001; Kornreich et al., 2003).
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CHAPTER 4 THESIS OBJECTIVE & RATIONALE

The purpose of the study is to examine if the acute administration of alcohol affects
the explicit recognition of emotions from facial expressions using a within-subjects study
design and measures of reaction time, accuracy, and detection thresholds across three
experimental paradigms (10% increments, modified emotional hexagon, multimorph)
with a range of facial expression intensities (0 —100%). If alcohol does affect facial
emotion recognition, it could be important for several reasons. First, it may increase our
understanding of how the brain recognizes specific social signals. Second, it would
demonstrate how alcohol might contribute to difficulties with facial emotion recognition
in substance abuse disorders and other mental disorders. Third, it may implicate some

potentially unwanted effects of alcohol on psychosocial functioning.

The hypotheses were that alcohol would impair emotion recognition and that this
impairment would be at least partly selective for impairment of anger recognition. The
predicted specificity for anger was based on the GABAergic effects of alcohol on the
descending limb of the blood alcohol curve (see Chapter 2.3.), which impaired anger
recognition following alcohol in the study of Borrill et al (1987) and the GABAergic
effects of benzodiazepines on anger recognition (Blair & Curran, 1999; Zangara et al.,

2002), which appeared to be relatively selective.
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CHAPTER 5 METHODS & MATERIALS

5.1 SUBJECTS

The study was approved by the University of Alberta Research Ethics Committee.
Written informed consent was obtained from all subjects before participation in the study.
Healthy volunteers between the ages of 18-45 years of age were recruited via notice

boards. The inclusion and exclusion criteria were as follows.

Inclusion criteria:
(1) Males with a usual alcohol intake of less than 14 standard drinks per week.
(2) Females with a usual alcohol intake of less than 7 standard drinks per week.

(3) Subjects were raised in North America.

Exclusion criteria:

(1) Previous or current history of Diagnostic and Statistical Manual for Mental Disorders
(DSM)-1V axis I psychiatric disorders, including mood disorders, schizophrenia,
anxiety or substance dependence/abuse disorders.

(2) Family history of depression, bipolar illness or schizophrenia in first-degree relatives.

(3) Allergy to alcohol.

(4) Pregnant or lactating women.
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In total, 32 individuals participated in the study, 12 males and 20 females. The average
age of males and females was 24.0 years and 25.8 years respectively. The combined
average age of all research participants was 25.1 years. 29/32 subjects were Caucasian
and 3/32 were Asian. All members of the latter group were raised in Canada and had
frequent and long-term experience of Caucasian facial expressions.

Significant medical and DSM-IV axis I psychiatric disorders, including substance
dependence and abuse, were excluded by a structured medical history and structured
psychiatric interview, the Mini International Neuropsychiatric Interview (M.I.N.1.)

(Sheehan et al., 1998).

A negative urine pregnancy test prior to each session excluded the possibility that

female subjects were pregnant.

For confidentiality purposes, each subject was assigned a code number (for instance

CO01, C02, CO3, etc.) and records were kept in a locked office.
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5.2. DRUGS

The study used a randomized, placebo-controlled, single-blind, within-subjects design.
Subjects performed the tests in a specified order (1* control, 10% increments task, 2"
control, modified emotional hexagon task, multimorph task) on two separate occasions,
once after alcohol and once after placebo. The order of alcohol and placebo
administration was randomized. The test order was fixed so that each test would be
performed at relatively consistent breath alcohol concentrations (BACs) across subjects.
The sessions were scheduled at least 48 hours apart and subjects were asked to undertake
a two-hour fast prior to each test session in order to prevent effects of food on alcohol

absorption (see Chapter 1). Each session lasted approximately three hours.

The investigator measuring the BAC was non-blind, but did not perform any other
observer ratings. The only communication between the investigator and subjects was to
provide instructions before each test commenced. While subjects were not told the order
of their beverages, it is unlikely that they remained blinded, as the effects of alcohol are

recognizable at the target BAC used for our study.

The two beverages used were the following:
(1) Alcohol: 40% ethanol (vodka) — males: 0.8 g/kg body weight vs. females: 0.7 g/kg
body weight. The alcohol was mixed with tonic and limejuice.

(2) Placebo: tonic/limejuice, which was masked by an alcohol spray on the surface.
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The doses differed between males and females to control for sex differences in alcohol
absorption and distribution and to achieve a target peak BAC of 85 mg/dL at 45 minutes

after ingestion.

5.3.  BREATH ALCOHOL CONCENTRATION (BAC)

The tasks commenced 60 min after alcohol/placebo administration (i.e. after the peak
BAC was predicted) (Pihl et al., 2003). A breath sample from the subject was obtained
and tested using a BAC meter (Intoxilyzer®, CMI Inc., Owensboro, KY) prior to testing
in order to determine the peak BACs. The doses of alcohol were selected to produce a
predicted average BAC of ~85 mg/dL (0.085 BAC meter readout) in both males and
females. This target BAC was chosen as being likely to produce behavioral and affective

changes, without marked decrements in motor function or reaction times (see Chapter 1

& Table 1.2).

Sixteen subjects received alcohol in the first session and placebo in the second
session. The other 16 subjects received the reverse order of alcohol and placebo. Mean
BAC for the alcohol session was 81.7 mg/dL (0.082+0.090 standard deviations). Mean
BAC for the placebo session was 1.3 mg/dL (0.001+0.001). This nonzero figure reflects
traces of alcohol that may be found in some foods, non-alcoholic drinks, and in the
alcohol masking spray. BAC values below 0.002 are considered normal for individuals

that have not consumed alcohol (Intoxilyzer®, CMI Inc., Owensboro, KY). Those

subjects achieving a mean BAC meter read out + 2 standard deviations from the mean
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were to be excluded from the data analysis. However, none of the 32 subjects had a BAC

out of the accepted range.

S.4. MOOD AND ANXIETY RATINGS

5.4.1. Profile of Mood State (POMS)

Before and 45 min after alcohol/placebo administration, each subject was required to
complete the Profile of Mood States (POMS) (Lorr et al., 1982). The POMS is a self-
rating scale that consists of 72 mood adjectives scored on a four-point scale (0 = unlike
mood adjective to 3 = very much like mood adjective). Scores on five bipolar mood states
(composed versus anxious, agreeable versus hostile, energetic versus fatigued, elated
versus depressed and clearheaded versus confused) are calculated from the adjective
scores. Half of the mood items make a positive contribution and the other half make a
negative contribution to the scale.

The purpose of the POMS was to measure the current mood of the subject before and
after alcohol/placebo administration, as a control for possible mood effects on the facial
emotion recognition tasks. Studies have demonstrated that the POMS is a reliable and
internally consistency measure (Salinsky et al., 2001; Terry et al., 1999). In addition, the
POMS has shown construct validity against other psychological measures, including the
Beck Depression Inventory, Visual Analogue Scale for Fatigue and Stanford Sleepiness
Scale (Fillion & Gagnon, 1999; Jacobs & Boze, 1993; Lee et al., 1991). Furthermore, the
POMS has been shown to be sensitive to the acute effects of alcohol on mood (Conrod et

al., 2001).
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5.4.2. Spielberger State Anxiety Inventory (SSAI)

Immediately following the POMS, each subject was required to complete the
Spielberger State Anxiety Inventory (SSAI) (Spielberger et al., 1970). The SSAI is a 20-
item self-rating questionnaire in which the items are scored on a five-point scale (0 = not
at all to 4 = very much so). Half of the anxiety items make a positive contribution and the
other half makes a negative contribution to the scale.

The purpose of the SSAI is to measure the current state anxiety of the subject before
and after alcohol/placebo administration. These measurements are used to control for
possible effects of anxiety on the facial emotion recognition tasks. Previous studies have
demonstrated that the SSAI is a reliable measure for test-retest reliability and internal
consistency (Spielberger, 1983; van Widenfelt et al., 2002). Moreover, the SSAI has
shown construct validity against the Diagnostic and Statistical Manual for Mental
Disorders IV (DSM-1V) diagnosis of generalized anxiety disorder (Okun et al., 1996) and
against other psychological measures of anxiety, including Childhood Anxiety Sensitivity
Index, Fear Survey Schedule for Children-Revised and the Visual Analogue Scale for

Affective State (Maruff et al., 1994; Okun et al., 1996; van Widenfelt et al., 2002).
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5.5. EXPERIMENTAL PARADIGMS

Three facial emotion recognition tasks were used in a specified order (1* control, 10%
increment task, nd control, modified emotional hexagon task, multimorph task). The
10% increment and modified emotional hexagon tasks involved a reaction-time
component while the multimorph task did not. Prior to each of the two tasks that involved
a reaction-time component, a control task required subjects to match emotion labels to the
emotion words that were presented. This task was used to test for non-specific effects of
alcohol on reaction time. The facial emotion recognition tasks used face stimuli that
featured six basic emotions — anger, disgust, fear, happy, sad and surprise. Face stimuli
were produced by a computer morphing technique (see Chapter 3.3.). All testing was
done with custom software programmed for Windows 98 on a Pentium PC. Face stimuli

were viewed on a 19” color monitor with a screen resolution of 600x800 pixels.

5.5.1. Control Reaction Time Task

The instructions on the computer screen were as follows:

(1) You will be shown a series of emotion words on the screen.

(2) Immediately after each word, a list of emotion words will appear.

(3) Please click as quickly and accurately as you can on the word in the list that matches

the word that was shown.

The control was a simple word-matching task. After a 300 msec fixation cross, one of

six basic emotion words was presented on a screen. At the offset of the emotion word, a
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list of six emotion words was presented and subjects were asked to click as quickly as
possible with the left mouse button on the corresponding emotion word from the list. Due
toa programrhing error, all stimulus emotion words except disgust were presented; this
factor did not interfere with assessments of reaction time. Reaction times were assessed
in each test session prior to the 10% increment and modified emotional hexagon tasks.
Reaction time data were logarithmically transformed to reduce positive skew. The
stimulus duration and interstimulus interval for the control task were set to the same
duration as for the succeeding facial emotion recognition tasks (i.e. 10% increment task,
modified hexagon task). The purpose of the control task was to account for the general

effect of alcohol on reaction time.

5.5.2. 10% Increment Task

The instructions on the computer screen were as follows:

(1) You will be shown a series of faces on the screen. Each face will show an emotional
or neutral expression.

(2) Immediately after each face, you will be shown a list of emotion words or neutral.

(3) Please click as quickly and accurately as you can on the correct word for the

expression on each face.
The 10% increment task adapted a test design reported by Harmer et al. (2001)

involving 366 facial stimuli derived from six face identities for each of the six basic

emotions (Harmer et al., 2001). The stimuli were 640x480 pixel gray scale JPEG images
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from the Ekman and Friesen (1976) Pictures of Facial Affect series (Eckman & Friesen,
1976). For each identity and emotion, an image series was produced in which the face
morphed from a neutral (0%) expression to the full (100%) expression in 10% stages. For
each identity, the neutral (0%) face was presented only once. The images were masked to

exclude hair, neck and shoulders.

All the facial stimuli were randomized. After a 300 msec fixation cross, each face was
presented for 750 msec. At the offset of the image, subjects were asked to identify the
facial emotion as quickly as possible by clicking on the correct label from a list of seven
emotion words (six basic emotions and neutral). The interstimulus interval was 1500
msec. Three rest periods of a few minutes were incorporated into the test at regular
intervals to minimize fatigue. For each test session, the subject’s choice and response
time for each stimulus was recorded. Prior to this task, a practice run of 24 similar

examples was completed.

Several task variables were subsequently analyzed.

(D Reaction times: these were analyzed for all emotions combined and for individual
emotions. Reaction time data were logarithmically transformed to reduce positive
skew.

2) Accuracy (the frequency of correct answers was analyzed):

(a) For the expressions shown at 100% intensities, which most resembles prior
studies in which full intensity expressions only were used.

(b) Across emotions, with all intensities combined.
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(c) Where (b) showed significant drug x emotion effects, for each emotion across
intensity levels.
3) Error types were analyzed, where there were significant changes in accuracy:
(a) “Non-detection”: where the subject did not detect the depicted emotion and
thereby labelled it as neutral.
(b) “Misidentification”: where the subject detected an emotion that was not
depicted.
4) Detection threshold: which was defined as the intensity level at above which

subjects consistently recognized >4/6 expressions correctly for that emotion.
The purpose of this task was to determine if alcohol has effects on accuracy, detection

thresholds and speed of facial emotion judgments, using a range of expression intensities,

rather than simply full expressions, as in most previous studies.
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5.5.3. Modified Emotional Hexagon Task

The instructions on the computer screen were as follows:

(1) You will be shown a series of faces on the screen. Each face will show an emotional
or neutral expression.

(2) Immediately after each face, you will be shown a list of emotion words or neutral.

(3) Please click as quickly and accurately as you can on the correct word for each face.

The modified emotional hexagon task is a variation of a test design previously
reported by Blair & Curran (1999). The stimuli were 640x480 pixel grayscale JPEG
images (Figure 5.1.) comprised of 150 facial stimuli derived from five identities from the
Ekman & Friesen (1976) Pictures of Facial Affect series. The images were morphed to
10/90%, 30/70%, 50/50%, 70/30% and 90/10% blends between six pairs of emotions
(angry-happy, angry-disgust, disgust-sad, fear-sad, fear-surprise and happy-surprise)

(Calder et al., 1996; Coupland et al., 2003). Neutral faces were not used in this task.
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Figure 5.1.  Examples of facial emotion blends used in the hexagon paradigm

90% Sad & 30% Sad & 50% Sad & 70% Sad & 10% Sad &
10% Disgust 70% Disgust 50% Disgust 30% Disgust 90% Disgust

90% Angry & 30% Angry & 50% Angry & 70% Angry & 10% Angry &
10% Happy 70% Happy 50% Happy 30% Happy 90% Happy

90% Fear & 30% Fear & 50% Fear & 70% Fear & 10% Fear &
10% Sad 70% Sad 50% Sad 30% Sad 90% Sad
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After a 300 msec fixation cross, each face was presented for 500 msec. The stimulus
presentation time was shorter than compared to the 10% increment task to increase task
difficulty, because ceiling effects (subjects scored correctly on nearly all facial stimuli)
occurred with long stimulus presentations in pilot studies and previously published
papers. At the offset of the image, subjects were asked to identify the facial emotion as
quickly as possible by clicking on the correct label from a list of seven emotion words
(six basic emotions and neutral). The interstimulus interval was 1500 msec. Since this
task was shorter than the 10% increment task, one rest period of a few minutes was
incorporated into the test to minimize fatigue. For each test session, the subject’s choice
and response time for each stimulus was recorded. None of the stimuli were repeated. All

facial stimuli were randomized.

The two major modifications from previous studies were the use of five different
facial identities, since prior studies used five repetitions of a single face for each
emotional blend, and the use of short stimulus presentations. In addition, a “neutral”
response was allowed by mistake, although no neutral expressions were shown. A further
limitation was that detailed validation of these modifications was not carried out before
the study, although pilot studies indicated that accuracy for the 70% and 90% expressions

decreased to approximately 60%, meeting the goal of avoiding ceiling effects.
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Several task variables were subsequently analyzed:
(1) Reaction times: these were analyzed for the 70% and 90% intensities.
2) Accuracy was analyzed:

(a) For the combined 70% and 90% intensity expressions

(b) For the ambiguous 50% intensity expressions

The purpose of this task was to determine whether alcohol has effects on the accuracy
and speed of facial emotion judgments that are dependent on the intensity of the
expression, but this time using blends with other emotions rather than a neutral
expression to vary the intensity of emotion. A second aim was to determine whether
alcohol affects facial emotion judgment when the expressions are ambiguous, i.e.
involving 50%/50% blends. Prior studies have shown that subjects tend to identify blends
containing 70% or 90% of an emotion categorically, based on the predominant emotion
and that the 50%/50% blends are ambiguous, being identified as either emotion (Blair &
Curran, 1999; Calder et al., 1996; Coupland et al., 2003). Furthermore, diazepam, which
shares the property with alcohol of being a positive allosteric modulator of GABA-A
receptors, produced relatively selective effects on the recognition of anger expressions in

the original version of this task (Blair & Curran, 1999; Zangara et al., 2002).
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5.5.4. Multimorph Task

This task has been published in a recent study (Coupland et al., 2003). No instruction
screen was used for the Multimorph Task, which comprised of 54 (9x6) facial stimuli
derived from nine identities and the six basic emotions (Figure 5.2.). The images were
640x480 pixel grayscale JPEG images from the Ekman & Friesen’s Pictures of Facial
Affect (1976) series (Eckman & Friesen, 1976). Each stimulus is presented as a
continuous series of “morphed” images, where the intensity of emotion gradually
increases in 40 stages from neutral (0%) to full expression (100%) in 2.5% increments.
Each stage is presented for 500msec with the total duration of the stimulus lasting 20 sec.

All faces were randomized.

A list of six emotion labels was presented alongside the face stimulus. Prior to starting
the task, subjects were given the instructions to make a left mouse-click on the
appropriate emotion label as soon as they thought they recognized the emotion. They
were allowed to change their choice during the 40 stages by clicking on a different word.
They were then required to confirm their final choice at stage 40 with another left mouse-

click. Prior to this task, a practice run of 12 similar examples was completed.

For each test session, the subject’s final choice was recorded. If the final choice was

correct, the stage at which they made the correct choice was recorded. Correct choices

were given the score of the intensity of the corresponding stage (e.g. 77.5%) and

incorrect choices were scored 102.5%. Scores for both correct and incorrect choices were
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combined to determine a score for the average stage of emotion recognition. In pilot
studies, this scoring mainly reflected the intensity of expression for correct choices, but
allowed the scores to include a negative weighting for incorrect choices. Scoring only
correct responses could give low scores for fast, but inaccurate guessing. The purpose of
this task was to determine whether alcohol has effects on the accuracy of judgments and

on the threshold intensity at which subjects can first accurately judge each facial emotion.

The task variables subsequently analyzed were:

€)) Accuracy for the final response.

2) Threshold intensity of recognition.
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Figure 5.2. Example of faces used in the 10% increment and multimorph paradigm.

Neutral

10% Anger 20% Anger 30% Anger 40% Anger 50% Anger

60% Anger 70% Anger 80% Anger 90% Anger 100% Anger
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5.6. STATISTICAL ANALYSES

Within the test data, the following test factors were present: Drug (alcohol vs.
placebo), Emotion (anger vs. disgust vs. fear vs. happy vs. sad vs. surprise vs. neutral),
Intensity and Order (alcohol first vs. placebo first). Drug, Emotion and Intensity were

within-subjects factors, and Order was a between-subjects factor.

Data analyses mainly used repeated measures analysis of variance (RMANOVA) with
the within-subject factors of emotion, intensity and drug. In order to simplify analyses of
the 10% increment tasks, which used a large number of intensities of expression, we
made three sets of comparisons for accuracy. In one set, only the full intensity (100%)
expressions were used. In the second set, accuracies for each emotion at all intensity
levels were combined. If these analyses were significant, then the third set of
comparisons examined at which intensities the changes in accuracy occurred. For
repeated measures analyses, Mauchley’s test for sphericity was used and, where
indicated, Greenshouse-Geisser adjustments were made to the degrees of freedom (df)
and significance (p) values. However, in order to simplify the data presentation, the

unadjusted degrees of freedom are reported with the adjusted significance values.

For significant findings, the types of error were examined. Furthermore, the effect of
BAC and mood were tested as possible covariates for alcohol-placebo differences in
emotion recognition. In all analyses, reaction times were logarithmically transformed to

correct for positive skew.
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Given the specific hypothesis that alcohol would impair anger recognition, planned
comparisons were made with placebo using paired ¢ tests at 1-tailed p<0.05. For other
comparisons Bonferroni-adjusted two-tailed p values for specific emotions (p<0.008 or
0.05/6) or morphed expression intensities (p<0.005 or 0.05/10) were used. A possible
problem with this approach is that alcohol might appear to have more selective effects on
anger recognition than is the case, simply because a less stringent statistical threshold is
being applied to anger than to other emotional expressions. Therefore, in addition to

Bonferroni-corrected significance, the uncorrected significance is also reported.
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CHAPTER 6 RESULTS

6.1. REACTION TIMES

Alcohol caused a general increase in reaction times in the 10% increment and
modified emotional hexagon tasks. This was indicated by drug effects, but no drug x
emotion interactions for the 10% increment task: drug F(1,31) = 6.0, p = 0.02; drug x
emotion F(5,155) = 0.9, p = 0.5; and the emotional hexagon task: drug F(1,29) = 13.6, p

= (.001; drug x emotion F(5,145) = 0.9, p = 0.5.

Since the reaction time increases following alcohol were not specific to particular
emotions in the emotion recognition tasks, we averaged the reaction times from these
tasks and from the 10% and emotional hexagon tasks across all emotions. The alcohol
and placebo sessions were compared using repeated measures ANOVA for drug (alcohol
and placebo) and for task (1% control, 10% increment task, 2" control, emotional
hexagon). The results indicated a significant drug effect from alcohol: drug F(1,29) =
18.1, p <0.0001 and a task effect : F(3,87) = 6.4, p = 0.002; but no drug x task interaction
F(3,87) = 0.3, p = 0.8. The reaction times gradually decreased over the tasks (Figure
6.1.), but alcohol affected reaction times for all the tasks to a similar degree (ts < 1.0; ps
>0.3). The decreases in reaction times across tasks might be due to practice effects, or to
a more speeded response for the emotional hexagon task and control task, because these

used shorter stimulus presentations (500 msec) than the 10% increments task (750 msec).
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Figure 6.1.  Reaction times (logarithmic mean + standard deviation SD) across tasks.
Key: Alcohol (closed circles); placebo (open circles); *significant at uncorrected p<0.05;

**significant at Bonferroni corrected p<0.008; ***significant at Bonferroni corrected

p<0.005.
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6.2. 10% INCREMENT TASK

6.2.1. Accuracy

Full intensity expressions: alcohol had a selective effect on the accuracy of emotion

recognition for full intensity expressions (100%): drug F(1,31) = 7.0, p = 0.013 and drug

x emotion F(5,155)=17.4, p < 0.0001 (Figure 6.2.1.1.). Post hoc tests showed a
significant decrease in fear recognition, t(1,31) = 3.5; p = 0.001. The planned analysis

showed a trend only to decreased anger recognition t(1,31) =1.5; p=10.08.

Figure 6.2.1.1. Recognition accuracy (mean & SD) for the 100% intensity
expressions in the 10% increment task.
Key: Alcohol (black bars), placebo (grey bars); *significant at Bonferroni corrected

p<0.008; HAP = happy, SURP = surprise, DISG = disgust, ANG = anger.
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Combined morphed intensities: alcohol also decreased recognition accuracy when all
morphed intensities were combined, compared with placebo: drug F(1,31) =32.8,p <
0.0001; drug x emotion F(5,155)=2.9, p = 0.017 (Figure 6.2.1.2.). The effects were
significant for fearful, sad and angry expressions following Bonferroni correction. Effects

were also significant for happy and disgust expressions at an uncorrected p < 0.05.

Figure 6.2.1.2. Recognition accuracy (mean = SD) for all morphed intensities of
expression in the 10% increment task.

Key: Alcohol (black bars), placebo (grey bars); *significant at uncorrected p<0.05;

**significant at Bonferroni corrected p<0.008; HAP = happy, SURP = surprise, DISG =

disgust, ANG = anger.
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The alcohol minus placebo difference in recognition accuracy was signiﬁéantly larger
for anger recognition than for happy t(1,31) = 1.9, p = 0.037; surprise t(1,31)=2.9,p=
0.004; or disgust t(1,31) = 1.9, p = 0.03 expressions. Alcohol also had greater effects on
fear expressions than surprise t(1,31) = 2.8, p = 0.008; or disgust t(1,31) = 2.4, p = 0.025

expressions.
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Effects of expression intensity: there was a significant drug x intensity interaction for

recognition of fear expressions F(1,9) = 3.3; p=0.004 (Figure 6.2.1.3.).

Figure 6.2.1.3. Recognition accuracy for fear expressions across different morphed
intensities in the 10% increment task.

Key: Alcohol (black squares), placebo (open squares); *significant at Bonferroni

corrected p<0.005.
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Similar drug x intensity interactions were not present for other emotions (Fs < 1.0; ps
> 0.4). As predicted and consistent with our analysis of all morphed intensities, alcohol

significantly reduced anger recognition at several intensities (Figure 6.2.1.4.).

Figure 6.2.1.4. Recognition accuracy for anger expressions across different morphed
intensities in the 10% increment task.
Key: Alcohol (black squares), placebo (open squares); *significant at Bonferroni

corrected p<0.005.
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For other emotions, there were no significant effects of alcohol at specific intensities

of expression (Figure 6.2.1.5-8.).

Figure 6.2.1.5-8. Recognition accuracy for happy, surprise, sad and disgust

expressions across different morphed intensities in the 10% increment task.

Key: Alcohol (black squares), placebo (open squares).
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Frequency vs. Intensity for Surprise Faces
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Frequency vs. Intensity for Disgusted Faces
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6.2.2. Errors

Errors in emotion recognition can be attributed to non-detection (i.e. did not perceive
an emotion and thereby labelling it as neutral) or misidentification (i.e. detected the

wrong emotion). An analysis was also performed of these two types of error.
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For non-detection, alcohol affected all facial expressions: drug F(1,31) =22.5,p <
0.0001, drug x intensity F(9,279) =5.2, p <0.0001. However, there was no drug x
emotion interaction F(5,155) = 0.6, p = 0.7. In general, alcohol decreased the detection of

all emotions, particularly at lower morphed intensities (Figures 6.2.2.1. and 6.2.2.2.).

Figure 6.2.2.1. Frequency of non-detection (mean + SD) of emotional expressions in
the 10% increment task.

Key: Alcohol (black bars), placebo (grey bars). *significant at uncorrected p <0.05;

**significant at Bonferroni-corrected p<0.005; HAP = happy, SURP = surprise, DISG =

disgust, ANG = anger.
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Figure 6.2.2.2. Frequency of non-detection (mean + SD) of emotional expressions in
the 10% increment task.
Key: Alcohol (black circles), placebo (open circles). *significant at uncorrected p <0.05;

**significant at Bonferroni-corrected p<0.005.
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For misidentification, there was no main effect of alcohol: drug F(1,31) =0.2, p = 0.6;
although a drug x emotion interaction was present: F(5,155) = 4.1, p = 0.002. Alcohol
increased misidentifications of fear t(1,31) = 2.2, p = 0.04. For comparison, alcohol did
not significantly increase misidentifications of anger or other emotions (ts < 1.2; ps >

0.22) and there was a decrease in misidentifications of surprise t(1,31) = 3.1, p = 0.004.
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6.2.3. Detection Threshold

This was defined as the intensity level at above which subjects consistently recognized
>4/6 expressions correctly for that emotion (Figure 6.2.3.). There was a significant
emotion effect: F=20.3s 155); p<0.0001, indicating that the threshold differed across
emotions, and a significant drug effect: F=13.3(; 31); p<0.0001, indicating an effect of
alcohol. There was no significant emotion x drug interaction: F=O.63(5,31); p=0.64,

indicating that alcohol effects were not specific for a particular emotion.

Figure 6.2.3. Mean intensity threshold for correct recognition of facial expressions
(>4/6 correct).

Key: Alcohol (black bars), placebo (open bars). *significant at uncorrected p<0.05.
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6.3. MODIFIED EMOTIONAL HEXAGON TASK
6.3.1. Accuracy

Alcohol reduced recognition accuracy for the combined 70-90% intensity
expressions, drug F(1,31) =41.3; p <0.0001, drug x emotion F(5,155)=0.7,p=0.5
(Figure 6.3.1.). Recognition of sad, t(1,31) = 2.2; p = 0.04, and angry expressions, t(1,31)
=2.2; p=0.02, showed significant decreases compared with placebo, at an uncorrected p
<0.05, and there was a trend effect for fear, t = 1.8; p = 0.08. However, the alcohol
minus placebo differencés for sad and angry expressions were not significantly greater

than for other emotions (ts <2.0; ps > 0.06).

Figure 6.3.1. Recognition accuracy (mean + SD) for the combined 70% & 90%
expressions in the modified emotional hexagon task.
Key: Alcohol (black bars), placebo (grey bars); *significant at uncorrected p<0.05. HAP

= happy, SURP = surprise, DISG = disgust, ANG = anger.
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Individual analysis of the 90% and 70% faces revealed differences in the frequency of
correct responses. Consistent with our expectations, there was an overall trend towards
more correct responses with the 90% faces versus the 70% faces: emotion x intensity
F(5,25)=4.3, p =0.006. Alcohol, however, did not appear to affect the frequency of
correct responses with respect to emotion intensity: drug x intensity F(1,29)=0.1,p=
0.3. Compared with placebo, alcohol had a significant effect on the frequency of correct
responses for the 90% faces across all emotions: drug F(1,29) = 8.4, p=0.007; drug x
emotion F(5,145) = 0.6, p = 0.6. The same effect on the frequency of correct responses
occurred with the 70% faces: drug F(1,29) = 7.1, p = 0.01; drug x emotion F(5,145) =

0.8,p=0.5.
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6.3.2. 50% intensity expressions

For the ambiguous 50%-50% blends, there was a significant drug effect, F(1,31) =
13.1; p=0.001, and a trend to a drug x emotion effect, F(5,155) = 2.0; p = 0.077.
Alcohol significantly reduced the detection of angry expressions, t(1,31)=2.8; p =

0.0045 (Figure 6.3.2.).

Figure 6.3.2.  Percent detection (mean + SD) of emotional expressions in the 50%
intensity blends in the modified emotional hexagon task.
Key: Alcohol (black bars), placebo (grey bars); *significant at Bonferroni corrected

p<0.008; HAP = happy, SURP = surprise, DISG = disgust, ANG = anger.
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6.4. MULTIMORPH TASK

6.4.1. Accuracy

Alcohol significantly affected recognition accuracy for emotional expressions: drug
F(1,31) = 9.6, p = 0.004; drug x emotion F(5,155) = 2.8, p = 0.037. The drug x emotion
effect was only significant for disgust compared with placebo t(1,31) = 3.3, p = 0.003
(Figure 6.4.1.). Disgust recognition was impaired more than recognition of happy
expressions t(1,31) =2.7, p = 0.01. Recognition of both fear t(1,31) = 2.5, p = 0.02 and
disgust t(1,31) = 3.3, p = 0.002 was impaired more than for surprise, although this may
have reflected a small improvement in surprise recognition. Alcohol did not significantly

affect accuracy for recognition of anger t(1,31)=1.3,p=0.11.

Figure 6.4.1. Percent accuracy (mean + SD) in the multimorph task.
Key: Alcohol (black bars), placebo (grey bars); *significant at Bonferroni corrected

p<0.008; HAP = happy, SURP = surprise, DISG = disgust, ANG = anger.
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6.4.2. Detection Threshold

We also examined the effect of alcohol on the threshold of recognition (i.e. the percent
intensity at which subjects correctly recognized the emotion). There was a general drug
effect across all emotions F(1,31) = 11.4, p = 0.002 (Figure 6.4.2.), but no drug x emotion
interaction F(5,155) = 0.4, p = 0.8. Alcohol increased the threshold for identification non-
selectively across all emotions, although this was only significant when uncorrected p
values were used, and not after Bonferroni correction. The effect was not significant for
anger, t(1,31) = 1.4, p=0.08. None of the alcohol-placebo differences in identification

threshold differed significantly between emotions ts < 1.6; ps > 0.12.

The lack of selectivity for alcohol on this measure was not simply due to impaired
accuracy (and the inclusion of incorrect responses that were scored at 102.5%), because
the effect was not selective even when thresholds were analyzed using only correct
responses: drug x emotion: F(5,155) = 0.8, p = 0.6. Furthermore, alcohol did not increase
errors as a result of impulsive responding. The intensity at which subjects made their first
response was compared and showed that after alcohol, subjects only made their first
responses at higher intensities, alcohol: 61.5+12.3%, placebo: 57.3+14.0%; t =2.7; df 31;

p=10.012.
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Figure 6.4.2. Threshold intensities (mean + SD) of recognition in the multimorph task.
Key: Alcohol (black bars), placebo (grey bars); *significant at uncorrected p<0.05.
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6.5. MOOD RATINGS

No baseline mood differences were detected between sessions (fs < 1.1; ps > 0.25).

Alcohol caused a decrease in clear-headedness, but did not significantly affect other

POMS measurements (Table 6.5. & Figure 6.5.). Changes in clear-headed ratings were

not correlated with alcohol minus placebo changes in emotion recognition accuracy for

any of the tasks.

Table 6.5S. Changes in Profile of Mood States (POMS) mood ratings (mean + SD)

according to session. Key: * statistically significant difference, paired t test.

alcohol placebo -F(1,31) p-value
clearheaded-
-3.616.1* 0.84£3.2 12.8 0.001
confused
agreeable-
-0.8+3.3 -0.2+3.2 0.7 0.40
hostile
composed-
) -1.244.5 0.414 3 2.0 0.16
anxious
confident-
-0.8+5.1 0.4£3.9 1.4 0.25
unsure
elated-
-0.3t5.5 -1.0£3.6 0.3 0.56
depressed
energetic-
. 0.849.1 1.016.1 0.01 0.92
tired
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Figure 6.5. Profile of Mood States (POMS) mood ratings and changes (mean + SD)

from pre- to post-drug administration.
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6.6. ANXIETY RATINGS
SSAI scores were equivocal in both alcohol and placebo sessions (Table 6.6. & Figure

6.6.). No baseline anxiety differences were detected between sessions (¢ = 1.0; p = 0.31).

Table 6.6. Changes in Spielberger State Anxiety Inventory (SSAI) anxiety ratings

(mean + SD) according to session.

alcohol placebo F(1,31) p-value

anxiety score 06153 -1.2+50 20 0.16

Figure 6.6. Spiclberger State Anxiety Inventory (SSAI) anxiety ratings and changes

(mean + SD) from pre- to post-drug administration.
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6.7. BREATH ALCOHOL CONCENTRATION (BAC) AND OTHER

FACTORS

BAC: BAC did not differ between the sexes: males: 0.082 + 0.014, females: 0.082 +
0.010; t=0.09; df 30; p = 0.92. Weak and statistically non-significant correlations
between increasing BAC and decreasing accuracy were observed in the hexagon task for
the combined 70% & 90% stimuli (r = -3.3, p = 0.073) and in the multimorph task (r = -

3.4, p=0.054).

Subject Sex: Twelve subjects were males and 20 were females. We therefore reanalyzed
the main variables for recognition accuracy with a mixed ANOVA, including sex as a
between-subjects factor. However, there were no significant effects of sex in these
analyses, suggesting that alcohol may produce similar impairments in emotion

recognition in both sexes.
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CHAPTER 7

DISCUSSION

7.1.  SPECIFICITY OF ALCOHOL EFFECTS ON FACIAL EMOTION

RECOGNITION

The main study finding was that alcohol produced impairments in the accuracy of

emotion recognition, but that the degree of impairment and its specificity were dependent

on the particular task that was used, as summarized in Table 7.1.

Table 7.1.

Summary of significant effects of alcohol on measures of emotion

recognition compared with placebo. Key: *effects significant at uncorrected p < 0.05;

**effects significant at Bonferroni corrected p < 0.008.

Happy

Surprise

Fear

Sad

Disgust

Anger

10% increment

100% intensity

* %k

All intensity

*%

% %k

* %

Threshold

Hexagon

70/90%

50%

Multimorph

Accuracy

Threshold
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From Table 7.1., it can be seen that alcohol appeared to affect the recognition of
negative facial expressions (fear, sad, disgust, anger) more robustly than positive emotion
(happy) or ambiguous emotion (surprise). In this context, surprise is suggested to be
ambiguous because recent research has shown clear individual differences in whether
healthy subjects rate surprised expressions as being pleasant or unpleasant (Kim et al.,
2003). In the current study, it is not known whether subjects would have interpreted
surprised faces as positive or negative. Impaired recognition of happy or surprised faces
was shown only when the task variable that was analyzed reflected a wide range of
expression intensities, i.e. the 10% increment task across all intensities and the

multimorph task threshold for recognition.

Even for the negatiye emotional expressions, the results did not fully support the
prediction that alcohol would produce particular impairment of recognition for angry
expressions. In the 10% task, alcohol had a broad effect on the recognition of negative
emotions. Although on the combined intensity measure, alcohol affected anger
recognition significantly more than several other expressions, fear recognition was also
strongly affected. Fear was the only emotion for which alcohol impaired recognition in
full (100%) intensity images. Anger recognition was affected in the emotional hexagon
task, in both the 70/90% images and in the 50% images. However, recognition of sad
expressions was also altered in the 70/90% images. Furthermore, it cannot be said that
alcohol produced a selective effect, because it did not produce significantly greater
impairments for anger than for other expressions. In the multimorph task, anger was the

only emotional expression for which there was rno significant impairment following
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alcohol. Thus although alcohol was capable of impairing anger recognition, this effect
was not particularly selective, nor was it independent of the type of anger expression

stimuli and their mode of presentation.

In the task measures that included a full range of intensities of expression, from
neutral to 100%, alcohol appeared to show its broadest effects on recognition accuracy.
The analysis of errors in the 10% increment task showed that an effect of alcohol, that
was not specific to any one emotion, was to increase the frequency of non-detections, i.e.
the rating of low intensity emotional expressions as being neutral (Figure 6.2.2.1.). This
was also consistent with the multimorph task, where the threshold intensities for
recognition were increased non-specifically (Figure 6.4.1.). This finding on the
multimorph task could not simply be explained by the threshold measures being inflated
by impulsive errors, since subjects took significantly longer to make their first response
after alcohol. Taken together, these findings suggest that alcohol consistently reduces the

sensitivity of detection of facial emotions.

This finding raises further questions. The first is why, on simple accuracy measures,

alcohol appears to produce at least some partly selective impairments. The second is what

are the possible mechanisms for this general reduction in sensitivity.
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7.2. APPARENT SELECTIVITY OF ALCOHOL EFFECTS ON EMOTION

RECOGNITION ACCURACY

One reason for partial selectivity may be that in addition to decreased sensitivity to
emotional expressions, alcohol also increased misidentification rates for some emotions.
However, the patterns of misidentification did not transfer consistently across tasks. For
example, in the 10% task, alcohol increased the frequency with which fear was
misidentified as surprise, but in the multimorph task, alcohol increased the frequency
with which disgust was misidentified as anger. These two patterns of misidentification
are the most common in healthy subjects (Eckman & Friesen, 1976). Misidentification
did not appear to explain why anger recognition was particularly impaired in the 10%
increment task, however, because misidentifications of anger expressions were not
significantly increased. One possibility relates to the effect of alcohol on recognition of
low intensity angry faces (Figure 6.2.1.4.). This appeared to present a special case, since
following placebo, there was some tendency to rate the low intensity faces as being angry
and this was decreased by alcohol. For other emotions, there was a floor effect, since the
low intensity faces were identified as neutral following placebo. An explanation for the
anger ratings is that there is a normal bias to interpret a lack of positive facial expressions
as mildly hostile, since social interactions are customarily facilitated by positive

expressions (Phillips et al., 1997).

Another explanation for apparently selective effects on accuracy involves task

difficulty effects. It is known that emotion recognition can be impaired, even in healthy
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subjects, by factors such as the use of short stimulus durations, faces from a less familiar
racial background, and degraded stimuli, for stimuli with a low spatial frequency that
show only coarse features and no fine detail (Johnston et al., 2001; Rapcsak et al., 2000).
The use of such stimuli tends to impair the recognition of negative emotions (fear,
sadness, disgust, anger) to a greater extent than for happy or surprise expressions. This
has been interpreted as a task difficulty effect, because normally full negative expressions
are recognized less accurately than full positive expressions (Johnston et al., 2001). In the
present data, it can be seen following placebo that happy and surprised expressions are
recognized more readily than the other expressions. In this case, reducing the sensitivity
to detect all expressions with alcohol might cause apparently less effect on happy and
surprise expressions, since for these a higher proportion of the stimuli are in an “easy”

range of intensities for recognition.

Another possible factor in apparent selectivity, specifically for the emotional hexagon
task, is that the emotional “blends” that have been used in this task are not balanced
across all emotions, but contain only blends between specific pairs of emotions. The
original idea behind this is that there is greater similarity of features between some pairs
of emotions than others, e.g. widened eyes in fear and surprise (Calder et al., 1996). The
original stimuli were therefore produced going across such pairs from happy-surprise-
fear-sad-disgust-anger. However, in order to have a paired emotional blend for anger, the
pairing was then looped back to happy expressions, despite the lack of similarity for
angry and happy expressions. We have previously shown that this blended pair is

associated with the longest reaction times of any of the emotional hexagon stimuli
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(Coupland et al., 2003). In the present study, it can also be seen that recognition rates for
anger in the placebo condition tend to be low, particularly in the 50% blends (Figure
6.3.2.). In contrast, the happy expression component is recognized at high rates, probably
also because happy expressions are well recognized even at low intensity. This might
help to explain why anger faces are particularly affected by alcohol-induced decrements

in this task.

7.3. IMPLICATIONS FOR ALCOHOL EFFECTS ON VISUAL PROCESSING

OF AFFECTIVE EXPRESSIONS

Given research on impairments of emotion recognition using degraded visual stimuli
(Johnston et al., 2001; Rapcsak et al., 2000), it is possible that alcohol might impair
emotion recognition because it impairs lower level visual perception, or because it
impairs affective processing of those perceptions. Whilst this cannot be determined from
the present data, prior research has shown that the effects of alcohol on visual acuity are
relatively modest at BACs achieved in the present study (Pearson & Timney, 1998;
Watten & Lie, 1996). Furthermore, while measurements with evoked response potentials
of alcohol effects on facial emotion discrimination showed no effects on early, more
perceptual components of visual processing, alcohol did affect impaired late components,

which reflect cognitive and affective elaboration (Orozco et al., 1999).
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7.4. POSSIBLE THEORIES FOR THE GENERALIZED PATTERN OF

ALCOHOL-INDUCED COGNITIVE DEFICITS

Given that alcohol affects several neurotransmitter systems that might impact affective
and cognitive processing of visual stimuli, it cannot be determined from the present study
whether alcohol affects multiple systems for emotion recognition, each of which may be
relatively more influenced by particular neurotransmitters, or whether it affects a more
general system through a single mechanism. Certainly, several recent articles have argued
against the idea that the perception of different facial emotions can be fully dissociated at
the level of neural systems (Johnston et al., 2001; Rapcsak et al., 2000; Winston et al.,
2003; Yang et al., 2002). Most studies of drug effects on emotion recognition to date
have used a single task. It may therefore be that apparently specific effects occurred
because these were task specific. For example, although some studies have reported
relatively selective effects of benzbdiazepines on facial anger recognition, these studies
used the emotional hexagon task, which has limitations as described as above (Blair &
Curran, 1999; Zangara et al., 2002). When we re-examined the effects of diazepam using
the multimorph task in addition, the effects were not specific to anger (Coupland et al.,
2003). Apparently specific deficits in the recognition of a negative emotional expression

in a single task may not be strong evidence of selectivity.
In contrast to these arguments, however, some recent studies of the serotonergic and

noradrenergic systems have suggested that neurotransmitter modulation can have

bidirectional effects on emotion recognition. For example, whereas acute depletion of
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serotonin in healthy subjects, using tryptophan depletion, decreased fear recognition,
augmentation of serotonin by the acute administration of tryptophan or citalopram
actually enhanced recognition (Attenburrow et al., 2003; Harmer et al., 2003a; Harmer et
al., 2003b). Furthermore, whereas the beta-adrenergic antagonist propranolol increases
reaction times to recognize sad faces (Harmer et al., 2001) and decreasing noradrenaline
release using clonidine decreases accuracy of sad face recognition, increasing
noradrenaline release using yohimbine increases recognition of sad expressions (Sustrik
et al., 2003). These studies provide better evidence that specific neurotransmitters may
have dissociable effects on specific emotions, since they do not depend solely on

impairments.

Alcohol may therefore produce a general impairment because it affects multiple
systems simultaneously, particularly in the descending limb of the blood alcohol curve,
when dopaminergic activation has worn off. Given that in this phase of the curve, alcohol
enhances GABA function and impairs glutamatergic neurotransmission (see Chapter 2),
it is interesting that a recent fMRI study showed that the NMDA antagonist, ketamine,
blocked the normal activation of limbic structures to emotional expressions in healthy

males (Abel et al., 2003).

Additionally, since alcohol has generalized effects on the sensitivity for emotion

recognition on two measures and, an overall, minimal effect on mood ratings, it appears

likely that any effects of alcohol on emotion recognition are direct and not a consequence

of alterations in the subjects’ mood.
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7.5. LIMITATIONS AND STRENGTHS OF THE STUDY

There were both limitations and strengths of the present study. Only the descending
limb of the alcohol blood concentration curve was tested, because the predominant
sedative effects of alcohol on this limb fitted predictions based theoretically on GABA
effects, and dopamine release on the ascending limb might possibly offset impairment of
anger recognition, because dopamine receptor blockade has been suggested to impair
anger recognition (Boileau et al., 2003; Lawrence et al., 2002). Selection of the
descending limb was based purely on timing and we did not obtain multiple BAC and
POMS measures to confirm that all subjects were in this phase. Furthermore, since the
different tasks were performed in a fixed order, they would have been performed at
different BACs. However, even at the end of testing significant BACs would be predicted
(~0.06) and subjects showed similar slowing of reaction times across all tests, suggesting
continued effects of alcohol. More BAC measures and detailed mood ratings over time
might theoretically have revealed some relationships that were not present with single
measures. However, this seems unlikely for mood, given the small peak effects of alcohol

on the POMS ratings.

It is possible that more specific effects might have occurred on the ascending limb of
the blood alcohol curve, since this is when arousal and dopamine release occur (Boileau
et al., 2003), and when social provocation paradigms have typically shown release of
aggression (Hoaken et al., 2003). Effects of alcohol in this period need to be tested

separately.
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The present study did not investigate whether the non-specific emotion recognition
deficit following alcohol was primarily visual or affective in nature, in part because the
target BACs were not expected to produce marked effects on visual perception (Orozco
et al., 1999). This might be strengthened in future studies by including complex non-
emotional visual perception control tasks. However, even this approach can present

problems in equating task difficulty across tests (Johnston et al., 2001).

A final limitation is that at present, it is uncertain to what degree any changes in
emotion recognition in these simplified tasks, using static photographs devoid of
contextual information, transfers to real life situations, in which emotional displays are
dynamic, multichannel (speech, vocal tone, expression, gesture, etc.) and presented

within behavioural contexts.

The present design had several strengths relative to other recent investigations of the
pharmacological manipulation of emotion recognition. The larger sample and within-
subjects design gave substantially increased power. For example, typically emotion
recognition studies have used between-subjects designs, with samples on the order of
n=12 per group. However, given differences of the magnitude that we found in the 10%
increment task in the present study, this would have given only 40% power to show
differences in anger recognition and 17% power for disgust recognition. False
conclusions about specificity can result from differential power to detect changes in the
recognition of target and non-target emotions. The present study included a further

protection against this that has not generally been employed, which is to show not only
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that the target emotions are significantly affected (at a specific level of p values), but also
that the drug effects on the target emotion are significantly greater than the effects on
non-target emotions. For example, recognition accuracy for anger was significantly
decreased in the hexagon task, but this was not good evidence for specificity, because the

decrease was not significantly greater than that for any other emotion.

A further strength was that in the present study, every actor or model showed every
type of emotional expression or blend that was used. In some studies, some faces have
been shown only by specific actors, chosen to be good examples of specific emotional
expressions (Harmer et al., 2001). A problem with this is that subjects might learn
associations between identity of the actor and the emotional expression shown, at least

implicitly.

An improvement in the analysis of the 10% increment task over previous studies was
that we dissociated error types into non-detection and misidentification, rather than
simply describing overall accuracy. This allowed us to show that alcohol non-selectively

reduced detection, but more selectively increased misidentification.

Finally, a main strength of the study was the use of multiple tasks, since for any drug

that produces a major selective effect for a specific emotion, this should be expected to

transfer with a reasonable degree of robustness across different task parameters.
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CHAPTER 8 CONCLUSION

Alcohol produced a general deficit in facial emotion recognition specifically on the

descending limb of the blood alcohol curve.

The specific nature of this deficit needs further clarification and it remains to be

determined whether such a deficit is predictive of social behaviour.

The use of multiple emotion recognition tasks can substantially clarify the interpretation

of drug effects in comparison with data from a single test.

Larger sample sizes and future studies involving functional neuroimaging techniques may

be useful in more detailed mapping of the effects of alcohol-induced deficits in cognitive

function and facial emotion processing.
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