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ABSTRACT

Karyadi, Kenny A. Ph.D., Purdue University, August 2016. The Effects of Alcohol Odor
Cues on Food and Alcohol Attentional Bias, Cravings, and Consumption. Major
Professor: Melissa A. Cyders.

In order to elucidate the role of classical conditioning in food and alcohol co-
consumption, the present study examined: (1) the effects of alcohol odor cues on alcohol
and food cravings and attentional bias (bias in selective attention toward either food or
alcohol pictures relative to neutral pictures); and (2) the role of alcohol odor cue elicited
cravings and attentional biases on subsequent consumption. Participants (n = 77; mean
age = 30.84, SD = 9.46; 51.9% female, 83.1% Caucasian) first completed the lab portion
of the study. In this portion, they were exposed to alcohol and neutral odorants, after
which their food and alcohol cravings and attentional bias were assessed. Participants
then received an online survey the next day, on which they reported their level of food
and alcohol consumption following the lab portion of the study. Using repeated measures
analysis of covariance, alcohol odor cues were differentially effective in increasing food
and alcohol attentional bias and cravings (Fs= 0.06 to 2.72, ps= 0.03 to 0.81). Using
logistic and multiple regressions, alcohol odor cue elicited alcohol attentional bias, food
attentional bias, and food cravings were associated with later alcohol consumption, but

not with later food consumption or concurrent consumption (fs = -0.28 to 0.48, ps = 0.02
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to 0.99; Exp(B)s = 0.95 to 1.83, ps = 0.33 to 0.91). Overall, alcohol odor cues can
become conditioned stimuli that elicit conditioned food-related and alcohol-related
responses, both of which persist long enough to motivate later alcohol consumption;
however, these conditioned responses might not persist long enough to motivate later
food or concurrent consumption. These findings serve as a first step in clarifying the role
of classical conditioning in concurrent consumption. In particular, they suggest that
additional empirical investigations are needed to: (1) clarify the classical conditioning
mechanisms underlying concurrent consumption; and (2) examine whether interventions

targeting classical conditioning mechanisms are effective for reducing alcohol use.



INTRODUCTION

Food and alcohol consumption frequently co-occur at both non-clinical and
clinical levels (Heatherton, Polivy, Herman, & Baumeister, 1991; Polivy & Herman,
1976; Ward & Mann, 2000). For instance, food consumption is greater when
simultaneously paired with or preceded by alcohol consumption among male subjects
(Caton, Ball, Ahern, & Hetherington, 2004; Hetherington, Cameron, Wallis, & Pirie,
2001) and among overweight female college students (Hoffman & Friese, 2008).
Additionally, problematic alcohol users engage in more problematic eating behaviors
compared to non-problematic alcohol users (Stewart, Brown, Devoulyte, Theakston, &
Larsen, 2006; Taylor, Peveler, Hibbert, & Fairburn, 1993) and problematic eaters engage
in more problematic alcohol use behaviors compared to non-problematic eaters (Braun,
Sunday & Halmi, 1994; Dunn, Larimer, & Neighbors, 2002; Grilo, White, & Masheb,
2009; Lundholm, 1989). Considering that concurrent consumption at higher levels can
potentially result in harmful consequences—including physical health problems and
higher mortality risk (Hingson, Heeren, Winter, & Wechsler, 2005; Hudson, Hiripi, Pope,
& Kessler, 2007), there is a need to better understand the mechanisms underlying food
and alcohol co-consumption, and to better identify effective treatment and prevention

targets (Sinha & O’Malley, 2000).



Possible Mechanisms

Multiple possible mechanisms could account for co-occurring food and alcohol
consumption. Food and alcohol consumption might co-occur due to: (1) third factor
predictors; (2) the disinhibiting effects of alcohol on food consumption; and (3) classical
conditioning processes. These mechanisms have received differing levels of empirical
support, with the first two mechanisms having received wider empirical support than
classical conditioning processes. However, it should be noted that this discrepancy in
empirical support apply primarily to studies utilizing human participants rather than non-
human animal subjects (Cooper & Turkish, 1989; Mineka, 1975), which will not be the
focus of the present study. Furthermore, because these mechanisms might not be
mutually exclusive in their influence on concurrent food and alcohol consumption,
determining the independent role of each mechanism in concurrent consumption can be
challenging (Karyadi, Coskunpinar, Entezari, Long, & Cyders, 2014). In particular,
although third factor predictors have been examined independent of the pharmacological
effects of alcohol on food intake and independent of classical conditioning processes
(Sinha & O’Malley, 2000), studies demonstrating the disinhibiting pharmacological
effects of alcohol on food consumption have not taken into consideration the influence of
conditioned stimuli on food and alcohol consumption (Caton et al., 2004; Hetherington et
al., 2001).

In particular, there is a paucity of studies that have elucidated how classical
conditioning processes might influence co-occurring food and alcohol consumption.
Indeed, only one pilot study to date has provided preliminary findings regarding the

effects of conditioned food-related and alcohol-related stimuli on conditioned food-



related and alcohol-related responses, and on subsequent food and alcohol consumption
(Karyadi & Cyders, 2014). This lack of research is unfortunate, especially considering
that a better understanding of classical conditioning processes can potentially guide
research that aims to develop more effective treatment and prevention approaches (e.g.
interventions focused on attentional training and cue exposure) for comorbid problematic
eating and alcohol use behaviors (Castellanos et al., 2009; Drummond, Cooper, &
Glautier, 1990; Jansen, 1998; Schoenmakers et al., 2010). Building upon the results of the
aforementioned pilot study, the present study examined: (1) whether alcohol-related
stimuli can serve as conditioned stimuli that elicit conditioned food-related and alcohol-
related responses, including food and alcohol attentional bias and cravings; and (2)
whether those cued conditioned responses would influence food and alcohol

consumption.

Disinhibiting Effects of Alcohol on Food Consumption.

Alcohol consumption has been thought to increase food consumption through its
disinhibiting pharmacological effects (Yeomans, Caton, & Hetherington, 2003). Multiple
prior studies have provided support for this. For instance, among college students, higher
doses of alcohol increase food intake (Caton et al., 2004; Caton, Marks, & Hetherington,
2005; Caton, Bate, & Hetherington, 2007; Polivy & Herman, 1976). Additionally,
consumption of alcoholic beverages increases food consumption to a greater degree
compared to consumption of non-alcoholic beverages (Hetherington et al., 2001; Poppitt

& Prentice, 1996; Yeomans, 2010; Yeomans, Hails, & Nesic, 1999).



There are multiple pathways through which the disinhibiting pharmacological
effects of alcohol might facilitate increased food consumption. First, consumption of
alcohol increases impulsiveness and reduces behavioral control (Reed, Levin, & Evans,
2012; Quay, 1997), both of which might cause individuals to be less likely to consider
negative experiences that arise from overeating and more likely to engage in increased
food consumption (Guerrieri, Nederkoorn, & Jansen, 2007; Jasinska et al., 2012; Svaldi,
Brand, & Tuschen-Caffier, 2010). Second, intoxicated individuals might have a more
difficult time retrieving and maintaining standards that regulate eating behaviors from
memory (Baumeister, Heatherton, & Tice, 1994) and might become more likely to
engage in increased food consumption due to a lack of regulating standards. Third,
alcohol consumption might reduce self-awareness of the amount of food that one
consumes (Hull & Bond, 1986; Wolfe & Maisto, 2000), which lead to increased food
consumption (Heatherton et al., 1991; Ward & Mann, 2000). Fourth, alcohol
consumption stimulates appetite, which facilitates increased likelihood of and need for
food consumption (Caton et al., 2007; Yeomans, Hails, & Nesic, 1999).

Taken together, previous empirical findings and theoretical pathways have
provided support for a mechanism, wherein the disinhibiting pharmacological effects of
alcohol facilitate increased food consumption (Hetherington et al., 2001; Sinha &
O’Malley, 2000; Stewart et al., 2006; Yeomans et al., 1999). At the same time, the
disinhibiting pharmacological effects of alcohol on food consumption might also be
influenced and partially explained by classical conditioning processes. In particular,
participants in these prior studies orally consumed alcohol, and were exposed to the sight

and smell of alcohol (e.g. visual, odor, and taste stimuli). Because food and alcohol



consumption are frequently paired (Caton et al., 2004), these alcohol-related stimuli
might become both conditioned food-related stimuli and conditioned alcohol-related
stimuli. In turn, conditioned food-related stimuli might elicit conditioned food-related
responses, while conditioned alcohol-related stimuli might elicit conditioned alcohol-
related responses. Finally, these conditioned food-related and alcohol-related responses
might influence food and alcohol consumption, respectively.

In this way, exposure to alcohol-related stimuli has the potential to influence both
food and alcohol consumption through classical conditioning mechanisms and
independent of the disinhibiting pharmacological effects of alcohol on food consumption
(Hetherington et al., 2004; Sinha & O’Malley, 2000). If this is truly the case, intervening
based on only the disinhibiting pharmacological effects of alcohol (e.g. limiting amount
of alcohol consumed during eating or abstaining from alcohol consumption completely)
might be effective for reducing alcohol intake, but might not necessarily be effective for
reducing food intake. Due to classical conditioning processes, even if alcohol is not
consumed and does not exert a disinhibiting effect on food consumption, individuals
would still be at risk for overeating if they are around alcohol-related stimuli (e.g. sight
and smell of alcohol). Relatedly, through the same classical conditioning processes, these
individuals would also be at risk for drinking excessively if they are around alcohol-
related stimuli. As such, in addressing alcohol and food co-consumption, interventions
should focus not only on (1) the disinhibiting pharmacological effects of alcohol

consumption on food intake but also on (2) classical conditioning processes.



Classical Conditioning as a Mechanism

Classical conditioning is a form of associative learning, wherein a meaningful
stimulus (unconditioned stimulus) that elicits a natural response (unconditioned response)
becomes associated with a neutral stimulus. After repeated pairings between neutral and
unconditioned stimuli, the neutral stimulus becomes powerful enough (conditioned
stimulus) to elicit the same response by itself (conditioned response). This process of
association was most famously demonstrated in Ivan Pavlov’s classic experiments
(Pavlov, 1927). Pavlov noticed that dogs naturally produced the salivation reflex
(unconditioned response) when presented with food (unconditioned stimulus), but not
when presented with the noise of a buzzer (neutral stimulus). However, after the buzzer
was repeatedly paired with the food, the buzzer became powerful enough (conditioned
stimulus) to elicit the salivation reflex by itself (conditioned response). In this way, the
buzzer (conditioned stimulus) elicited a consumptive response (conditioned response)
that prepares the dog for eventual food presentation and consumption.

Following Pavlov’s experiment, numerous studies have demonstrated that
classical conditioning processes apply to a wide variety of consumptive behaviors—
including food and alcohol consumption (Childress, Ehrman, Rohsenow, Robbins, &
O’Brien, 1992; Kennedy, Katz, Neitzert, Ralevsky, & Mendlowitz, 1995). However,
relative to the simple example outlined above, classical conditioning processes apply
differently to food and alcohol consumption (see Appendix B, Figure B1). For instance,
neutral environmental stimuli present during consumption (e.g. sight and smell of food or
alcohol) become associated with both consumption (unconditioned stimuli) and the

effects of consumption (unconditioned responses) (Jansen, 1998; O’Brien, Childress,



McLellan, & Ehrman, 1992). After repeated pairings, those neutral stimuli become
conditioned food-related or conditioned alcohol-related stimuli that elicit multiple
different conditioned responses, all of which can potentially prepare individuals for and
motivate alcohol or food consumption (Jansen, 1998; O’Brien et al., 1992).

In particular, alcohol consumption produces numerous physiological (e.g.
cardiovascular and digestive changes) and psychological effects (e.g. euphoria and
excitement) (O’Brien et al., 1992). Both alcohol consumption and its effects tend to occur
repeatedly within the context of multiple neutral environmental stimuli (O’Brien et al.,
1992). These environmental stimuli (e.g. environment of use, sight and smell of alcohol)
become repeatedly paired with: (1) pleasant and euphoric effects of alcohol consumption
(Townshend & Duka, 2001); (2) physiological changes following alcohol consumption
(e.g. decreased heart rate and body temperature) (Siegel, 1983); and (3) withdrawal
effects produced by declining alcohol plasma level (Wikler, 1973). Through repeated
associations with these differing effects, formerly neutral environmental stimuli become
conditioned alcohol-related stimuli that produce conditioned responses (Drummond et al.,
1990; O’Brien et al., 1992). There are multiple forms of these conditioned responses (e.g.
conditioned drug-like responses, conditioned attentional bias, conditioned compensatory
responses, and conditioned tolerance), all of which prepare individuals for the effects of
alcohol consumption and all of which motivate alcohol consumption (Drummond et al.,
1990).

Similar to alcohol consumption, food consumption also produces numerous
psychological (e.g. satiety and euphoria) and physiological effects (e.g. increased gut

motility and salivation). These psychological and physiological effects tend to occur



within the context of multiple neutral environmental stimuli (Jansen, 1998; Wardle,
1990). The environmental stimuli present during food consumption (e.g. environment of
food intake, smell and sight of food) become paired with (1) physiological changes
associated with food consumption (Wardle, 1990) and (2) pleasant and euphoric effects
associated with food consumption (Castellanos et al., 2009), but not necessarily with (3)
withdrawal effects or hunger following food deprivation (Cravens & Renner, 1969;
Mineka, 1975; Jansen, 1998; Wardle, 1990). Through repeated pairings, these
environmental stimuli become conditioned food-related stimuli that elicit multiple
different forms of conditioned responses (e.g. conditioned compensatory responses and
conditioned attentional bias), all of which prepare eaters for the effects of food
consumption and all of which motivate food consumption (Wardle, 1990).

In general, the role of classical conditioning in food consumption (Jansen, 1998;
Wardle, 1990) and alcohol consumption (O’Brien, Childress, McLellan, & Ehrman,
1990) is well documented. However, it is unclear whether classically conditioned stimuli
(e.g. the smell of alcohol or food) might contribute to co-occurring food and alcohol
consumption independent of the disinhibiting pharmacological effects of alcohol on food
consumption (Caton et al., 2007; Hetherington et al., 2001; Yeomans et al., 1999).
Because food and alcohol consumption are often paired (Caton et al., 2004; Hetherington
et al., 2001), food-related stimuli and alcohol-related stimuli might become associated
with both food-related and alcohol-related effects. Food-related stimuli and alcohol-
related stimuli then both become conditioned alcohol-related and conditioned food-
related stimuli. These conditioned stimuli might in turn elicit both conditioned alcohol-

related responses and conditioned food-related responses—both of which motivate



alcohol use and eating behaviors, respectively. In this way, alcohol-related and food-
related stimuli can lead to concurrent food and alcohol consumption through classical
conditioning mechanisms and independent of the pharmacological effects of alcohol on
food consumption.

There is some support for the role of classical conditioned processes in concurrent
food and alcohol consumption. For instance, alcohol-related stimuli can serve as
conditioned stimuli capable of eliciting conditioned smoking related responses, which in
turn influence smoking behaviors (Burton & Tiffany, 1997; Drobes, 2002; Glautier,
Clements, White, Taylor, & Stolerman, 1996; Sayette, Martin, Wertz, Perrott, & Peters,
2005). Furthermore, food-related and alcohol-related stimuli are similar because they are
associated with consumptive behaviors and because of their characteristics (e.g. sight,
smell, and taste). Due to their similarities, the conditioned responses and consumptive
behaviors elicited by alcohol-related stimuli should also be elicited by food-related
stimuli and vice versa (Pearce, 1987; Till & Priluck, 2000). Collectively, food-related and
alcohol-related stimuli should have comparable effects on both conditioned food-related
and alcohol-related responses, and on subsequent food and alcohol consumption.
However, preliminary findings from a recent pilot study suggested that food-related
stimuli and alcohol-related stimuli might have differential effects on both conditioned
food-related and alcohol-related responses, and on subsequent food and alcohol
consumption (Karyadi & Cyders, 2014).

Using a sample of college students who regularly co-consume alcohol and food,
this pilot study examined: (1) whether food-related stimuli and alcohol-related stimuli

(e.g. alcohol and food odor cues) serve as conditioned stimuli that would elicit
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conditioned food-related and alcohol-related responses; and (2) whether those cued
conditioned responses would influence both food and alcohol consumption. Although
results were generally non-significant (see Appendix E), examination of the pattern of
results indicated meaningful trends and associations that should be more fully examined
in a larger sample that is more properly powered to find effects. In particular, alcohol-
related stimuli were more consistent than food-related stimuli in eliciting conditioned
food-related responses and conditioned alcohol-related responses. In turn, cued
conditioned food-related and alcohol-related responses might be more consistent in
increasing alcohol consumption compared to food consumption. Overall, these findings
suggest that alcohol-related stimuli might be more effective than food-related stimuli in
eliciting conditioned food-related and alcohol-related responses, both of which might be
inconsistent in influencing food and alcohol consumption. However, there are factors that
might have influenced the results of the pilot study—including (1) the small sample size
(n=20) and (2) the use of only two questions to measure consumption.

The present study addressed these limitations by recruiting a larger sample of
participants and by including a more comprehensive set of consumption measurements.
However, the present study only examined the effects of alcohol-related stimuli rather
than both alcohol-related stimuli and food-related stimuli. There are three main reasons
for this change: (1) previous studies have established that alcohol consumption can
disinhibit food consumption (Hetherington et al., 2001; Sinha & O’Malley, 2000; Stewart
et al., 2006; Yeomans et al., 1999), but no studies have examined whether food
consumption can increase alcohol consumption; (2) alcohol-related stimuli have been

shown to influence other consumptive responses and behaviors, including conditioned
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smoking responses and subsequent smoking behaviors (Burton & Tiffany, 1997; Drobes,
2002); and (3) pilot study results indicated that alcohol-related stimuli might more
consistently influence conditioned food-related and alcohol-related responses compared
to food-related stimuli. Collectively, these findings suggest that alcohol-related stimuli
might more effectively serve as conditioned stimuli that can elicit conditioned food-
related and alcohol-related responses, both of which might influence food and alcohol
consumption, respectively. As such, the present study examined whether: (1) alcohol-
related stimuli are capable of eliciting both conditioned alcohol-related and food-related
responses, including food and alcohol attentional bias and cravings; and (2) whether

those cued conditioned responses can influence both alcohol and food consumption.

Third Factor Predictors

Independent of classical conditioning mechanisms and the disinhibiting
pharmacological effects of alcohol on food intake, third factor predictors also influence
concurrent food and alcohol consumption (Sinha & O’Malley, 2000). For instance,
distress coping (tendency to cope with distressing emotions through risky behaviors) is a
common third factor predictor that drives concurrent food and alcohol consumption
through multiple pathways (Fischer, Settles, Collins, Gunn, & Smith, 2012; Fischer,
Smith, Annus, & Hendricks, 2007; Rush, Becker, & Curry, 2009; Stewart et al., 2006).
First, alcohol and food are effective in providing emotional relief. Reliance on both food
and alcohol for providing emotional relief from distress might over time facilitate the
development of concurrent food and alcohol consumption (Agras & Telch, 1998; Grant,

Stewart, O’Connor, Blackwell, & Conrod, 2007; Hohlstein, Smith, & Atlas, 1998).
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Second, both food and alcohol are perceived and expected to be effective for reducing
distress (Cooper, Frone, Russell, & Mudar, 1995; Hohlstein et al., 1998). Expectations
about the effectiveness of food and alcohol for reducing distress might over time
facilitate engagement in concurrent food and alcohol consumption, especially in times of
distress. Third, some individuals experience impairments in impulse control when faced
with distressing emotional states, which might in turn drive them to engage in food and
alcohol consumption either concurrently or sequentially at excessive levels and without
forethought in order to immediately alleviate those distressing emotional states (Fischer
et al., 2007; Fischer et al., 2012; Rush et al., 2009).

These findings indicate that distress coping is a third factor predictor for
concurrent food and alcohol consumption; at the same time, it should be noted that other
findings also suggest multiple other possible third factor predictors—such as learned
expectancies, other dispositional traits, family history, dieting severity and food
deprivation, responsiveness to endogenous opioid peptide, and dysfunctions in
neurotransmitter systems (Sinha & O’Malley, 2000). Overall, prior findings provide
support for a mechanism, wherein third factor predictors might influence concurrent food
and alcohol consumption. More importantly, these prior studies have also examined the
role of third factor predictors on concurrent food and alcohol consumption independent of
the pharmacological effects of alcohol on food consumption and independent of classical
conditioning processes (Agras & Telch, 1998; Cooper et al., 1995; Fischer et al., 2012;
Rush et al., 2009). Because the independent role of third factor predictors in concurrent
consumption is well understood, the present study will not focus on third factor

predictors.
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Cravings as a Conditioned Response

Alcohol-related stimuli can serve as conditioned stimuli that elicit conditioned
alcohol and food cravings and consumption through at least two pathways. First,
declining alcohol level following alcohol consumption (unconditioned stimulus) elicits
withdrawal like responses (unconditioned responses) that can be subjectively perceived
as alcohol cravings (Cooney, Litt, Morse, Bauer, & Gaupp, 1997; Drummond et al.,
1990; Siegel, 1983; McCusker & Brown, 1990). According to the withdrawal model,
formerly neutral alcohol-related stimuli (e.g. sight and smell of alcohol) become
associated with declining alcohol level and with subsequent withdrawal-like responses,
and consequently become conditioned alcohol-related stimuli capable of eliciting
conditioned pharmacological withdrawal (Ludwig & Wikler, 1974; Wikler, 1973). The
need to relieve or avoid aversive conditioned withdrawal responses, which are
subjectively perceived alcohol cravings, might then motivate alcohol consumption
(Drummond et al., 1990; O’Brien et al., 1990). Indeed, prior studies have provided
support for this (Cooney et al., 1997; Edwards, 1990; Siegel, 1983; McCusker & Brown,
1990; Tiffany, 1990). Similarly, food deprivation might elicit withdrawal like responses,
which can be perceived as hunger and food cravings (Wardle, 1990). Because alcohol
and food consumption are frequently paired (Caton et al., 2004), formerly neutral
alcohol-related stimuli (e.g. sight and taste of alcohol) might become paired with these
withdrawal like responses. These formerly neutral alcohol-related stimuli then become
conditioned food-related stimuli capable of eliciting conditioned food withdrawal like
responses. These conditioned withdrawal like responses, which are subjectively

perceived as food cravings, then motivate food consumption (Wardle, 1990). However, it
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should be noted that findings in support of this pathway have been mixed (Cravens &
Renner, 1969; Mineka, 1975; Sahakian, Lean, Robbins, & James, 1981; Wooley &
Wooley, 1981).

Second, food and alcohol consumption (unconditioned stimulus) produce a
variety of physiological effects (unconditioned responses)—such as increased salivation,
heart rate, and pulse rate (Cox & Klinger, 1988; Wardle, 1990). According to
compensatory response models (Powley, 1977; Siegel, 1983), formerly neutral alcohol-
related stimuli (e.g. sight and smell of alcohol) become repeatedly associated with these
physiological effects. These formerly neutral alcohol-related stimuli then become both
(1) conditioned alcohol-related stimuli and (2) conditioned food-related stimuli, both of
which are capable of eliciting conditioned physiological responses opposite to the
physiological effects produced by consumption (Jansen, 1998; O’Brien et al, 1992;
Siegel, 1983; Wardle, 1990). For instance, exposure to these conditioned stimuli produce
changes in heart rate, salivation, blood pressure, skin conductance, and gastric activity
that are opposite in direction to the physiological effects of food consumption
(Nederkoorn, Smulders, & Jansen, 2000; Powley, 1977; Wardle, 1990) and alcohol
consumption (Newlin, 1985; Newlin, 1986; Staiger & White, 1988). In turn, these
physiologically compensatory conditioned responses prepare individuals for the
physiological effects of food or alcohol consumption (Laibson, 2001). However, when
alcohol or food is not consumed following the induction of these conditioned
compensatory responses, these conditioned responses are subjectively perceived as

cravings (Jansen, 1998; Powley, 1977; Siegel, 1983). In turn, food and alcohol cravings
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might motivate individuals to consume food and alcohol, respectively, for the purpose of
reducing cravings (Cox & Klinger, 1988; Jansen, 1998; Laibson, 2001).

In sum, because food and alcohol consumption are often paired (Caton et al.,
2004; Hetherington et al., 2001), formerly neutral alcohol-related stimuli can become
conditioned stimuli that are capable of eliciting food and alcohol cravings and
consumption through the aforementioned pathways (Cox & Klinger, 1988; Jansen, 1998;
Wardle, 1990). In this way, alcohol cue elicited conditioned food and alcohol cravings
increase the likelihood of food and alcohol co-consumption independent of the
pharmacological effects of alcohol consumption on food consumption (Caton et al., 2007;
Hetherington et al., 2001; Yeomans et al., 1999). Previous studies have provided partial
support of this by demonstrating the effectiveness of alcohol-related stimuli in
influencing cigarette cravings and consumption (Burton & Tiffany,1997; Drobes, 2002;
Glautier et al., 1996; Sayette et al., 2005), and in influencing both food and alcohol
cravings (Karyadi & Cyders, 2014). A better understanding of whether alcohol-related
stimuli serve as conditioned stimuli that elicit conditioned alcohol and food cravings, as
well as subsequent food and alcohol consumption, can elucidate more effective
approaches for intervening on concurrent problematic alcohol and food consumption
(Conklin & Tiffany, 2002). For instance, cue exposure treatments can be effective for
reducing problematic food and alcohol consumption (Drummond & Glautier, 1994; Toro
et al., 2003). Elucidating the role of alcohol-related stimuli in concurrent food and
alcohol consumption can guide the development of effective cue exposure treatments that
operate by targeting conditioned food and alcohol cravings elicited by alcohol-related

stimuli (Drummond et al., 1990; Jansen, 1998).
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Attentional Bias as a Conditioned Response

Alcohol-related stimuli can also serve as conditioned stimuli that elicit alcohol
and food attentional bias and consumption. Alcohol and food consumption
(unconditioned stimulus) produce pleasant effects (unconditioned responses)—such as
relaxation, euphoria, and satiety. Formerly neutral alcohol-related stimuli (e.g. sight and
smell of alcohol) that are present during alcohol or food consumption become paired with
these pleasant effects. Through repeated pairings with the pleasant effects of
consumption, these formerly neutral alcohol-related stimuli become both (1) conditioned
food-related stimuli and (2) conditioned alcohol-related stimuli, both of which are
imbued with enhanced reinforcing properties (Dobson & Dozois, 2004; Field et al.,
2007). According to the incentive sensitization model (Castellanos et al., 2009; Dobson
& Dozoiz, 2004; Townshend & Duka, 2001; Yokum, Ng, & Stice, 2011), these imbued
conditioned stimuli elicit both conditioned food and alcohol attentional bias—defined as
the tendency to more selectively attend to cues predictive of consumption and the
pleasant effects of consumption (e.g. food and alcohol pictorial cues) over non-predictive
cues (e.g. non-food and non-alcohol pictorial cues). In turn, conditioned food attentional
bias and alcohol attentional bias incentivize and facilitate food seeking and alcohol
seeking behaviors, respectively (Field et al., 2007; Schoenmakers et al., 2010; Shafran,
Lee, Cooper, Palmer, & Fairburn, 2007; Smeets, Roefs, van Furth, & Jansen, 2008).

In sum, exposure to alcohol-related stimuli can potentially increase food and
alcohol consumption through conditioned food and alcohol attentional bias. Previous
findings have provided some support for this. Exposure to alcohol-related stimuli

increase alcohol attentional bias among college students (Coskunpinar, Dir, Karyadi,
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Koo, & Cyders, 2013; Cox, Brown, & Rowlands, 2003; Duka & Townshend, 2004),
problematic drinkers (Stormark, Laberg, Hordby, &Hugdahl, 2000), and heavy drinkers
(Kareken et al., 2012). In addition, preliminary findings suggest that exposure to alcohol-
related stimuli also increase food and alcohol attentional bias among college students
who regularly co-consume alcohol and food (Karyadi & Cyders, 2014). Finally, food
attentional bias and alcohol attentional bias influence food consumption and alcohol
consumption, respectively (Calitri, Pothos, Tapper, Brunstrom, & Rogers, 2010; Cox et
al., 2002; Field & Eastwood, 2005; Hepworth, Mogg, Brignell, & Bradley, 2010;
Nederkoorn et al., 2000). Collectively, these findings suggest that alcohol-related stimuli
can serve as conditioned stimuli that elicit conditioned alcohol and food attentional
biases, which then increase alcohol consumption and food consumption, respectively
(Calitri et al., 2010; Cox, Hogan, Kristian, & Race, 2002; Nederkoorn et al., 2000).
Attentional bias is most commonly measured through the assessments of eye
movements (Castellanos et al., 2009; Field, Mogg, Zetteler, & Bradley, 2004; Mogg,
Bradley, Field, & De Houwer, 2003; Schoenmakers et al., 2010) and through reaction
time tasks (Castellanos et al., 2009; Field & Eastwood, 2005). Using reaction time tasks
(e.g. visual probe tasks), cognitive attentional bias is inferred through participants’ timed
performance on a primary task, during which food or alcohol pictorial cues and matched
control pictorial cues are presented. Faster reaction times toward food or alcohol pictorial
cues relative to neutral pictorial cues are thought to reflect greater food or alcohol
cognitive attentional bias. Assessments of eye movements measure visuospatial selective
attention toward food or alcohol pictorial cues relative to neutral pictorial cues, with

greater attention toward food and alcohol pictorial cues compared to neutral pictorial cues
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being indicative of food and alcohol attentional bias. Two forms of attentional bias are
assessed using measurements of eye movements: (1) duration attentional bias reflects a
bias in maintained attention and (2) direction attentional bias reflects a bias in initial
orienting of attention (Catellanos et al., 2009; Field et al., 2004; Field, Munafo, &
Braken, 2009). In sum, different measurements reflect different aspects of attentional
bias, which are likely differentially associated with food and alcohol consumption
(Castellanos et al., 2009; Field et al., 2004; Field et al., 2009). As such, the present study
utilized multiple measurements to tap into different aspects of attentional bias (cognitive,
duration, and direction attentional bias).

Overall, independent of the pharmacological effects of alcohol (Caton et al., 2007;
Hetherington et al., 2001; Yeomans et al., 1999), alcohol-related stimuli might become
conditioned stimuli that elicit both conditioned food and alcohol attentional bias, as well
as subsequent food and alcohol consumption (Calitri et al., 2010; Cox et al., 2002;
Karyadi & Cyders, 2014; Papsies et al., 2008). Previous studies have provided support of
this (Calitri et al., 2010; Cox et al., 2002; Karyadi & Cyders, 2014). A better
understanding of such classical conditioning process can elucidate effective intervention
and treatment targets (Chambers, Lo, & Allen, 2008). For instance, attentional training
interventions are effective for reducing attentional bias and consumption (Hardman,
Rogers, Etchells, Houstoun, &Munaro, 2013; Schoenmakers et al., 2010; Werthmann,
Field, Roefs, Nederkoorn, & Jansen, 2014). Elucidating the role of alcohol-related stimuli
in food and alcohol attentional bias and consumption will guide the development of more
effective attentional training interventions that operate by re-training alcohol cue elicited

attentional bias (Castellanos et al., 2009; Schoenmakers et al., 2010).
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Study Aims

Alcohol odor cues were used as the stimuli for eliciting food and alcohol
cravings; however, participants were also exposed to food or alcohol pictorial cues and
matched control pictorial cues to assess their attentional bias. Exposure to odor and
pictorial cues has been shown to increase food cravings (Fedoroff, Polivy, & Herman,
2003; Hawk, Baschnagel, Ashare, & Epstein, 2004) and alcohol cravings (Laberg, 1990;
Litt & Cooney, 1999; Litt, Cooney, Kadden, & Gaupp, 1990); however, odor cue
exposure might be more powerful in eliciting alcohol cravings (Litt & Cooney, 1999)
and food cravings (Drobes et al., 2001; Hawk et al., 2004) compared to pictorial cue
exposure. Similarly, alcohol odor cues were used as the stimuli for eliciting food and
alcohol attentional bias and sympathetic arousal. Alcohol odor cues are effective in
increasing alcohol attentional bias (Coskunpinar et al., 2013; Cox et al., 2003; Duka &
Townshend, 2004; Field & Eastwood, 2005) and food attentional bias (Castellanos et al.,
2009; Eiler, Dzemidzic, Case, Considine, & Kareken, 2012). The present study assessed
three forms of attentional bias: cognitive, duration, and direction attentional bias.

The first aim of the present study was to examine the effects of odor cues (alcohol
vs. water) on food and alcohol cravings and attentional bias. The second aim of the study
was to examine the effects of alcohol odor cue elicited food and alcohol cravings and
attentional bias on post-lab food and alcohol consumption—defined as consumption
immediately following dismissal from the lab and on the day of participation. In
exploratory analyses, the present study also examined the effects of odor cues on food
and alcohol sympathetic arousal (as measured by pupillary response), and the effects of

cued sympathetic arousal on post-lab alcohol and food consumption. I hypothesized that:
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(1) alcohol odor cues would elicit increased alcohol and food cravings (hypotheses 1 and
2); (2) alcohol and food cravings elicited by alcohol odor cues would predict greater post-
lab alcohol and food consumption, respectively (hypotheses 3 and 4); (3) alcohol odor
cues would elicit increased alcohol and food attentional bias—including cognitive,
direction, and duration attentional bias (hypotheses 5 and 6); and (4) alcohol and food
attentional bias elicited by alcohol odor cues would predict greater post-lab alcohol and

food consumption, respectively (hypotheses7 and 8).
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METHOD

General Design

In the lab portion of the study, all participants engaged in four randomized
experimental trials: (1) trial 1 assessed the effects of alcohol odor cues on alcohol
attentional bias; (2) trial 2 assessed the effects of alcohol odor cues on food attentional
bias; (3) trial 3 assessed the effects of neutral odor cues on alcohol attentional bias; and
(4) trial 4 assessed the effects of neutral odor cues on food attentional bias. Alcohol and
food cravings were assessed before these four trials and after each of the four trials.
During each of the four trials, alcohol and food attentional bias were assessed using the
visual probe tasks and using eye-tracking measurements, and alcohol and food
sympathetic arousal were assessed using eye-tracking measurements. The day after the
lab portion of the study, all participants received an online survey, on which they reported
their level of alcohol and food consumption after their dismissal from the lab and on the

day of their participation (post-lab alcohol and food consumption).

Participants

Participants were recruited from advertisements posted on a college classifieds
section, online classifieds section (e.g. Craigslist), and on public advertisement spaces.
On the advertisement, all potential participants were informed that they might be eligible

for a study that examines eating and alcohol use behaviors. They were also informed that
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participation in the study involved exposure to alcohol odors, as well as exposure to food
and alcohol pictures. The advertisement also noted that they must provide their phone
number for a phone interview to assess eligibility and would receive $20 for participating
in the study. During the phone interview, participants who indicated that they (1)
consume beer at least once a week, (2) enjoy co-consuming beer and pizza, (3) are fluent
in English, and (4) are at least 18 years old were considered eligible and were recruited
for participation in the study. These eligibility criteria ensured that participants have a
history of concurrent alcohol and food consumption.

Analyses with G*Power 3.1.7 (Buchner, Erdfelder, Faul, & Lang, 2009) indicated
that approximately 80 eligible participants were needed to have adequate power (95%) to
detect medium effect sizes; therefore, the present study recruited 80 participants (50%
men and 50% women). In recruiting these participants, 199 participants were contacted
for a phone interview, with 129 participants being considered eligible for the study.
However, 49 participants scheduled for participation did not show up for their scheduled
study session. Out of the 80 participants who completed the study, 3 were excluded due
to random responding (e.g. quick and mindless clicking to survey questions) and/or
inattention during experimental trials (e.g. inconsistent clicking on visual probe tasks,
closing eyes, moving odor tube). The final sample consisted of 77 participants (see
Appendix A, Table Al for participant characteristics; final n = 77). Comparison of
excluded (n = 3) and included (n = 77) participants revealed a number of differences
across key study variables (see the Results section); therefore, analyses were run both
with and without these participants. Because the pattern of results did not differ

significantly, these participants were excluded from study analyses.
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Measurements and Materials

Table A1 (Appendix A) presents descriptive information for post-lab food and
alcohol consumption variables, as well as descriptive information on covariates and past
consumption. Table A2 (Appendix A) presents descriptive information for food and
alcohol cravings, attentional bias, sympathetic arousal, and odor ratings across the four

experimental trials.

Alcohol and Food Cravings

Alcohol cravings were measured using the Alcohol Urge Questionnaire (AUQ;
Bohn, Krahn, & Staehler, 1995). The AUQ consists of 8 items, which assess a
participant’s urge for an alcoholic drink at the time the questionnaire is completed
(sample item: I crave a drink right now). All items of the AUQ were scored along a 7-
point Likert scale, with response options ranging from (1) “Strongly disagree” to (7)
“Strongly agree.” The AUQ was calculated as a summed value, with higher values
indicating greater levels of alcohol cravings. In the present study, alcohol cravings were
measured prior to odor exposure (baseline alcohol cravings) and after each of the four
experimental trials. Internal consistency coefficients were comparable across baseline and
the four experimental trials: (1) 0.86 at baseline; (2) 0.91 following exposure to neutral
odors and alcohol pictures; (3) 0.90 following exposure to neutral odors and food
pictures; (4) 0.93 following exposure to alcohol odors and alcohol pictures; and (5) 0.93
following exposure to alcohol odors and food pictures. Drummond and Phillips (2002)

provided validity evidence for the AUQ.
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Food cravings were measured using the Food Cravings Questionnaire-State
(FCQ-S; Cepeda-Benito, Gleaves, Williams, & Erath, 2001). The FCQ-S consists of 15
items assessing participant’s cravings for food at the time the questionnaire is completed
(sample item: I’m craving one or more specific foods). Response options ranged from (1)
“Strongly disagree” to (4) “Strongly agree”. The FCQ-S was calculated as a mean value,
with higher mean values indicative of greater levels of food cravings. Food cravings were
also measured prior to odor exposure (baseline food cravings) and after each of the four
experimental trials. Internal consistency coefficients were comparable across baseline and
the four experimental trials: (1) 0.92 at baseline; (2) 0.94 following exposure to neutral
odors and alcohol pictures; (3) 0.94 following exposure to neutral odors and food
pictures; (4) 0.95 following exposure to alcohol odors and alcohol pictures; and (5) 0.94
following exposure to alcohol odors and food pictures. Cepeda-Benito et al. (2001)

provided validity evidence for the FCQ-S.

Cognitive Attentional Bias

The visual probe task (see Appendix B, Figure B2) was used to measure cognitive
attentional bias (Castellanos et al., 2009; Field & Eastwood, 2005). The visual probe task
was presented on a computer screen using the Eprime software (Psychology Software
Tools, Inc.). More specifically, participants faced a computer screen, on which a pair of
alcohol or food pictures and matched control pictures was presented side-by-side for
1000 milliseconds (see Appendices F and G). All pictures have been used in previous
studies of attentional bias (Castellanos et al., 2009; Field et al., 2004). After picture

offset, a visual probe (e.g. either a right or a left arrow) appeared where one of the
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pictures had previously been presented. Participants were instructed to identify the visual
probe as quickly as possible by pressing either the left mouse button when they see a left
arrow or the right mouse button when they see a right arrow. Faster reaction times to
visual probes replacing alcohol-related or food-related pictures versus matched control
pictures are indicative of greater alcohol or food cognitive attentional bias, respectively
(Castellanos et al., 2009; Field et al., 2004). In particular, cognitive attentional bias was
calculated by subtracting the average time (in milliseconds) to respond to control pictures
from the average time (in milliseconds) to respond to either alcohol or food pictures, with
greater positive values being indicative of greater cognitive attentional bias toward food
or alcohol pictures. Because pictorial cues were presented for 1000 milliseconds during
visual probe tasks, cognitive attentional bias reflects a bias in maintained attention (Field
& Cox, 2008). Across the four experimental trials, four cognitive attentional bias
variables were calculated: (1) alcohol cognitive attentional bias following neutral odors;
(2) alcohol cognitive attentional bias following alcohol odors; (3) food cognitive
attentional bias following neutral odors; and (4) food cognitive attentional bias following

alcohol odors.

Duration and Direction Attentional Bias
Attentional bias was also measured using an eye-tracking device (Applied Science
Laboratories, Bedford, MA). Using this device, the eye movements of each participant
were assessed while participants completed the visual probe task. The eye-tracker device
contains the eye camera and the eye illuminator, as well as an automatic tracking mirror

that moves the camera and the illuminator to follow the motion of a subject’s eye.
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Measurement of eye movements was recorded digitally on the Eye-Tracker Interface PC.
Using the eye-tracking device, two forms of attentional bias were calculated: duration
attentional bias and direction attentional bias. Across the four experimental trials, four
duration attentional bias and four direction attentional bias variables were calculated: (1)
alcohol duration and direction attentional bias following neutral odors; (2) alcohol
duration and direction attentional bias following alcohol odors; (3) food duration and
direction attentional bias following neutral odors; and (4) food duration and direction
attentional bias following alcohol odors.

Across each of the four experimental trials, average gaze duration (in
milliseconds) on food-related or alcohol-related pictures and control pictures was
measured via the eye-tracking device. Average gaze duration data were then used to
calculate food and alcohol duration attentional bias. Specifically, using the ASL Results
software (Applied Science Laboratories, Bedford, MA), average gaze duration was
computed by averaging the total amount of time that eye fixations were directed at the
regions of the screen occupied by alcohol or food pictures and control pictures. Overall
average gaze duration was calculated by subtracting average gaze duration on control
pictures (in milliseconds) from average gaze duration on food or alcohol pictures (in
milliseconds), with greater positive values being indicative of greater average gaze
duration on alcohol or food pictures relative to neutral pictures. Because average gaze
duration has been thought to assess a bias in maintained attention (Catellanos et al., 2009;
Field et al., 2004; Field & Cox, 2008), greater positive average gaze duration is indicative

of greater food or alcohol duration attentional bias.
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Across each of the four experimental trials, number of fixations on food or
alcohol pictures and control pictures was also assessed using the eye-tracking device.
Data on fixations were then used to calculate food and alcohol direction attentional bias.
Using the ASL Results software (Applied Science Laboratories, Bedford, MA),
percentage of fixations for alcohol and food pictures was calculated by: (1) dividing the
total number of fixations on alcohol or food pictures by the total number of fixations on
both alcohol or food pictures and control pictures; and (2) subsequently multiplying the
result of this division by 100 (Field & Cox, 2008; Field et al., 2004; Schoenmakers et al.,
2010). Greater percentage values are indicative of a greater number of fixations toward
alcohol or food pictures relative to matched control pictures. Because fixation count
percentage has been thought to reflect a bias in initial orientation of attention toward food
or alcohol pictures relative to neutral pictures (Castellanos et al., 2009; Field & Cox,
2008; Field et al., 2004), greater percentage values are indicative of greater food or

alcohol direction attentional bias.

Post-Lab Alcohol and Food Consumption
Participants’ level of post-lab food and alcohol consumption was assessed through
a number of questions. Participants were asked whether they consumed (1) alcohol, (2)
food, and (3) both alcohol and food concurrently (e.g. whether participants ate anything
when they consumed alcohol) following their participation in the lab portion of the study
(post-lab concurrent consumption). Response options for these items were dichotomous
(e.g. yes or no). Participants were also asked to indicate: (1) how full they felt after eating

(post-lab food satiety), with response options ranging from (0) “Extremely hungry” to
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(100) “Extremely full” (Holt et al., 1995; Miller, Petocz, & Farnakalidis, 1995); (2)
whether the amount of food they ate is typical (post-lab food typicality), with response
options ranging from (0) “Less than usual” to (100) “More than usual”’; (3) the number of
alcoholic drinks they consumed after participating in the study (post-lab alcohol use),
with response options ranging from (1) “No drinks” to (7) “Nine or more drinks” (Daily
Drinking Questionnaire; Collins, Parks, & Marlatt, 1985); and (4) whether the amount of
alcohol they consumed after participating in the study is typical (post-lab food typicality),
with response options ranging from (0) “Less than usual” to (100) “More than usual.”
With the exception of post-lab food satiety and post-lab alcohol use, which were adapted
from State Hunger Index and Daily Drinking Questionnaire (Collins et al., 1985; Holt et

al., 1995), post-lab consumption questions were developed by the lab.

Covariates

The present study also assessed a number of variables that could influence food
and alcohol attentional bias, cravings, and consumption. These variables include time of
day, day of the week, state hunger, and demographic characteristics (e.g. age, gender, and
race). Time of day in military time and day of the week (1 = Monday and 7 = Sunday)
were recorded when participants arrived at the lab. Furthermore, participants also
reported on their current level of hunger (Holt et al., 1995), with response options ranging
from (1) “Extremely full” to (7) “Extremely hungry,” and on their demographic

characteristics on an online survey.
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Past Alcohol and Food Consumption

Participants were interviewed using the Daily Drinking and Eating Questionnaire,
which is a modified version of the Daily Drinking Questionnaire (DDQ; Collins et al.,
1985). The Daily Drinking and Eating Questionnaire assesses both eating and alcohol use
behaviors in the past two weeks. During the interview, participants were asked about: (1)
the number of alcohol drinks consumed each day of the past two weeks; (2) the number
of hours of alcohol use each day of the past two weeks; (3) the type of alcoholic beverage
consumed each day of the past two weeks; and (4) the type of food consumed while
drinking alcohol each day of the past two weeks. Using this interview information, four
consumption frequency variables were calculated: (1) number of days of general alcohol
consumption; (2) number of days of beer consumption; (3) number of days of concurrent
food and alcohol consumption; and (4) number of days of concurrent beer and food
consumption. Kivlahan, Marlatt, Fromme, Coppel, and Williams (1990) provided validity
evidence for the Daily Drinking Questionnaire.

Problematic alcohol use was assessed using the Alcohol Use Disorder
Identification Test (AUDIT; Babor, de la Fuente, Saunders, & Grant, 1992). The AUDIT
consists of 10 items (o = 0.83 from the current sample), which assess problematic
patterns of alcohol use. The first eight items were rated on a 5-point Likert scale (e.g. 0 =
Never to 4 = Daily). Items 9 and 10 were rated on a 3-point Likert scale, which was then
converted into a 5-point Likert scale (e.g. 0 = No; 2 = Yes, but not during the last year;
and 4 = Yes, during the last year). The AUDIT assesses multiple aspects of problematic
alcohol use behaviors: (1) items 1-3 assess level of alcohol consumption; (2) items 4-6

assess alcohol dependence symptoms; and (3) items 7-10 assess negative alcohol
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consequences. In the present study, the AUDIT was calculated as a summed value,
ranging from 0 to 40, with higher summed values indicating greater levels of problematic
alcohol use. Reinert and Allen (2002) discussed validity evidence of the AUDIT.

Problematic eating was assessed using the Three Factor Eating Questionnaire-R18
(TFEQ-R18; Karlsson, Persson, Sjostrom, & Sullivan, 2000). The first seventeen items
were rated on a 4-point Likert scale. The last item was rated on an 8-point Likert scale,
which was then converted to a 4-point Likert scale. The TFEQ-R18 (o = 0.84 from the
current sample) measures three different aspects of eating behaviors: (1) restrained
eating, which refers to conscious restriction of food intake in order to control body
weight or to promote weight loss; (2) uncontrolled eating, which refers to the tendency to
eat more than usual due to a loss of control over food intake; and (3) emotional eating,
which refers to the inability to resist emotional cues that lead to excessive eating. In order
to get an overall index of problematic eating patterns, the TFEQ-R18 was calculated as a
mean value in the present study, with mean values ranging from 1 to 4. Higher mean
values indicate greater levels of problematic eating patterns. Karlsson et al. (2000)

provided validity evidence for the TFEQ-R18.

Sympathetic Arousal
The eye-tracking device also allowed for the measurement of pupil diameter (in
millimeters) in response to alcohol or food pictures relative to matched control pictures.
Pupil diameter data can consequently be used to calculate food and alcohol sympathetic
arousal. For each of the four trials, averaged pupil diameter for neutral pictures (in

millimeters) was subtracted from averaged pupil diameter for food or alcohol pictures (in
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millimeters), with greater positive values indicating greater pupil diameter in response to
alcohol or food pictures relative to neutral pictures. Because pupil diameter size has been
thought to reflect degree of interest and sympathetic arousal (Blaha, 1977; Monti,
Rohsenow, Abrams, & Binkoff, 1988), greater positive pupil diameter values indicate
greater levels of interest or sympathetic arousal in response to food pictures (food
sympathetic arousal) or alcohol pictures (alcohol sympathetic arousal) compared to
matched control pictures. Across the four experimental trials, four sympathetic arousal
variables were calculated: (1) alcohol sympathetic arousal following neutral odors; (2)
alcohol sympathetic arousal following alcohol odors; (3) food sympathetic arousal

following neutral odors; and (4) food sympathetic arousal following alcohol odors.

Odor Cues

Two pilot surveys were conducted to determine the type of alcohol odor cue to
utilize in the present study. In the first pilot survey, college students who were enrolled in
introductory level psychology courses were asked to complete a screening survey.
Participants were asked about the type of alcoholic beverages they most frequently
consume. Out of the 1050 students who completed the survey, 33.9% declined to answer,
18.9% reported consuming mixed drinks most frequently, 18.7% reported consuming
other types of drinks most frequently, 15% reported consuming beer most frequently,
7.1% reported consuming liquor shots most frequently, and 5.9% reported consuming
wine most frequently. However, participants were not able to specify more specific types
of alcoholic beverages on the screening survey. As such, there was no general consensus

on which one specific type of alcoholic beverage is most frequently consumed.
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A second pilot survey was conducted on a sample of college students (n = 305).
On this survey, participants were able to list the types of alcoholic beverages they
consume most frequently. Across participants, types of alcoholic beverages were
separated and then summed to get counts of different types of alcoholic beverages that
participants endorsed. In terms of most frequently consumed alcoholic beverage, 26.2%
reported consuming mixed drinks most frequently, 24.3% reported consuming shots most
frequently, 20% reported consuming beer most frequently, 12.1% reported consuming
wine most frequently, 11.1% did not provide a response, and 6.2% reported consuming a
variety of other drinks. Again, there was no general consensus on which one specific type
of alcoholic beverage is most frequently consumed. However, because several
participants indicated that they consumed beer (~15-20%) most often across both
surveys, the present study utilized beer as the alcohol odorant.

Bud Light served as the beer odorant (4.20% alcohol by volume) because it is
considered to be the most frequently consumed light beer in the United States (Barrow,
2014). Water served as the control odorant because it is considered to be a non-appetitive
neutral odorant. Unlike appetitive odorants (e.g. light beer and grape juice), water can be
considered a non-appetitive stimulus that is not linked with caloric-related consumption
of food and/or alcohol (Kareken et al., 2010). In this way, exposure to water odorant is
less likely to elicit food and alcohol responses (e.g. cravings and attentional bias) and
consumption compared to exposure to appetitive odorants. Because of this, the effects of
alcohol odor cues in the present study can be more easily differentiated from the effects

of neutral odor cues.
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Odor Ratings

Across the four experimental trials, participants rated both beer and water
odorants on three characteristics (see Appendix A, Table A2): (1) intensity (1 = weak, 2 =
moderate, 3 = strong, 4 = very strong); (2) pleasantness (1 = very unpleasant, 2 =
unpleasant, 3 = pleasant, 4 = very pleasant); and (3) representativeness (1 = not at all
representative, 2 = not representative, 3 = representative, 4 = very representative). Across
the two trials involving alcohol pictures during the visual probe task, participants
indicated that beer odorant was more intense (Alcohol: M = 2.87, SD = 0.80; Water: M =
1.35, 8D = 0.66; p <0.001), pleasant (Alcohol: M = 2.94, SD = 0.63; Water: M =2.71,
SD = 0.68; p = 0.03), and representative (Alcohol: M = 3.16, SD = 0.77; Water: M =
1.55, 8D = 0.70; p < 0.001) than water odorant. Across the two trials involving food
pictures during the visual probe task, participants indicated that the beer odorant was
more intense (Alcohol: M =2.90, SD = 0.83; Water: M = 1.38, SD =0.72; p <0.001) and
representative (Alcohol: M = 3.20, SD = 0.65; Water: M = 1.85, SD = 1.56; p <0.001)
than the water odorant; however, the difference in pleasantness rating fell short of
significance (Alcohol: M =2.93 SD = 0.60; Water: M =2.77, SD = 0.54; p = 0.07). For
the two trials involving beer odor cue exposure, participants rated the beer odorant as
being moderate to strong in intensity, pleasant, and representative. Alcohol odor ratings
did not significantly differ (ps= 0.26 to 0.84) between these two trials. For the two trials
involving water odor cue exposure, participants rated the water odorant as being weak in
intensity, pleasant, and not representative. Water odor ratings did not significantly differ

(ps=0.13 to 0.65) between these two trials.
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Odor Cue Administration

Beer and water odorants were delivered via an 8-channel air dilution olfactometer
(Bragulat et al., 2008; Kareken et al., 2004). Using the olfactometer, odors can be
detected within 2 seconds of delivery (Bragulat et al., 2008; Kareken et al., 2004). The
olfactometer generated airflow through the use of an oil-less pump, with the air being
humidified and filtered with a charcoal filter. Odor delivery was controlled using the
Dasylab software and a Personal Daq/56 module (IO-Tech, Inc., Cleveland, OH). Small
polytetrafluoroethylene tubes were used to deliver air to the participants’ nose at 2.0 liters
per minute (Ipm). Throughout the procedure, the airstream consisted of a constant 1.0
Ipm stream and a second 1.0 Ipm stream of one of the two odorants through one of the

glass vials containing the odorant.

Computers and Programs

Three computers were used during the study session (see Appendix B, Figure
B3): (1) the participants’ computer; (2) the Eye-Tracker Interface computer; and (3) the
olfactometer laptop. Participants completed the study procedures (e.g. online survey and
the four experimental trials) while sitting at the participants’ computer. The eye-tracking
apparatus was positioned immediately beneath the participants’ computer monitor. The
participants’ seating was placed 24 inches away from this apparatus, which is considered
the optimal distance for pupil detection (EyeTracker Systems Manual, 2009). This
computer also held the Eprime programs, which served multiple functions during the
study session: (1) work in conjunction with the olfactometer laptop to control odor

delivery; (2) administer the visual probe tasks; (3) contain target points for eye
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calibration; and (4) collect odor ratings from participants. Because there were four
experimental trials, four different Eprime programs were created for use in the study: (1)
beer odor administration and (2) water odor administration with food and matched
control pictures during the visual probe task; and (3) beer odor administration and (4)
water odor administration with alcohol and matched control pictures during the visual
probe task (see Appendix B, Figure B4). The Eye-Tracker Interface computer was the
computer researchers used to set up the eye-tracker and collect eye movement data during
the visual probe task. In particular, this computer contained the eye-tracker software,
which was used to control the eye-tracking device and to collect eye movement data. The
eye-tracker monitoring system, placed next to this computer, was used for monitoring and
calibrating participants’ eye movements. The olfactometer laptop contained the Dasylab
software, which provided direct control over the olfactometer. In particular, the
aforementioned Eprime programs were programmed to send commands to the Dasylab

software, which in turn dictated when odors are delivered to participants.

Procedure

Preparation
First, prior to participants arriving in the lab, the order of the four experimental
trials was randomized. Second, the two odorants used in the study were prepared in two
separate test tubes. Third, the eye-tracker software was uploaded on the Eye-Tracker
Interface computer, and the eye-tracking device and the eye-tracker monitoring system

were turned on. Fourth, the Dasylab program on the olfactometer laptop was connected to
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the participants’ computer, which ensured that the Eprime programs on the participants’
computer can control the olfactometer throughout the procedure. Fifth, an online survey
and the Eprime programs were prepared on the participants’ computer. The online survey
contained measures of food and alcohol cravings (e.g. five measurements across baseline
and the four trials), past food and alcohol consumption, state hunger, and demographic
characteristics. Sixth, the pre-assigned participation number was inputted for the online
survey and the E-prime programs for the four experimental trials. Finally, two informed
consent forms were prepared for each participant, one for them to sign if they agree to

participate in the study and one for them to keep for their records.

Lab and Post-Lab Sessions

When participants arrived at the lab, time of day in military time and day of the
week were recorded. Participants were then seated in front of the participants’ computer.
On this computer, participants completed the online survey questionnaires and the visual
probe task. In order to control for the effects of food and alcohol consumption on study
results, participants were then asked about the last time they consumed food or alcohol;
fortunately, none of the participants reported eating less than 2 hours prior to the study
and/or consuming alcohol less than 8 hours prior to the study. Participants were then
given a brief explanation of the study, and were instructed to review and sign the consent
forms. Afterward, participants completed baseline measures of food and alcohol cravings,
as well as a measure of their current level of hunger. Using the calibration targets in each
Eprime program, participants then had their eyes calibrated on target points. Following

successful calibration, participants then engaged in one of the four experimental trials.
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During each experimental trial, participants were first exposed to an odor, after
which they rated the intensity, pleasantness, and representativeness of this odor. After
providing these odor ratings, they then completed the rest of the trial. Participants heard
the “ready” “sniff” command, during which a 2-second odorant was delivered via an 8-
channel air dilution olfactometer, followed by a tone indicating that they could exhale
(Bragulat et al., 2008; Kareken et al., 2004). Following this, participants completed the
visual probe task, which was repeated a total five times. Following the five visual probe

99 ¢¢

tasks, the “ready” “sniff”” tone was presented again with the odorant and was followed by
another set of visual probe tasks. In total, this sequence was repeated a total of six times
during each experimental trial, with participants being exposed to 30 visual probe tasks
and 6 odorants. After completing one trial, participants re-assessed their alcohol or food
cravings. Following this re-assessment, participants engaged the next experimental trial
until all four trials were completed. The same instructions and sequence, including eye
calibration, applied to all experimental trials (see Appendix B, Figure B4).

After completion of all four experimental trials, participants were interviewed
about their eating and drinking habits in the past two weeks and completed the online
survey. They were then informed that they would be emailed a short online survey the
next day, which will ask them about health behaviors they have recently engaged in. On
this survey, participants were asked their level of food and alcohol consumption after
their dismissal from the lab and on the day of their participation. Participants had the day
after they received the online survey to complete the online survey and were debriefed

with more information following survey completion. The entire study procedure was

approximately 70-80 minutes in length: (1) study explanation and consenting process
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took approximately 5 minutes to complete; (2) each experimental trial lasted
approximately 4 minutes and had a setup time of approximately 5 minutes, resulting in
approximately 35-40 minutes for completing all four experimental trials; (3) the lab
online survey and the interview took approximately 30 minutes to complete; and (4) the

post-lab online survey took approximately 5 minutes to complete.

Data Preparation

Three types of data files were cleaned prior to analyses. First, all self-report data
were compiled through: (1) a lab online survey, which contains questionnaires for
cravings, covariates, and past consumption; (2) a post-lab online survey, which contains
post-lab consumption questions; (3) an interview using Daily Drinking and Eating
Questionnaire (Collins et al., 1985); and (4) a listing of time of day in military time and
day of the week of participation for all participants. All data from were exported into a
single Excel file. Because the four experimental trials were randomized, data cleaning
included re-organizing alcohol and food cravings data. Data were then imported into
SPSS 18. All data discussed below were also uploaded into the same SPSS file after
cleaning was completed and after the appropriate variables were created to run the
necessary statistical analyses to test study hypotheses.

Second, the Eprime programs generated individual Excel files for each of the four
experimental trials. In this way, each participant had four Excel files—with each file
containing information on (1) the type of odors presented (e.g. water or beer), (2) the
visual probe picture pairs presented (e.g. food vs. alcohol pictures with matched control

pictures), (3) the order of the visual probe picture pairs, (4) the side the visual probe
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presented during each visual probe session, and (5) the participant’s reaction time (in
milliseconds) each time the visual probe was presented. Using information from these
Excel files, cognitive attentional bias was calculated from visual probe reaction time data
for the four experimental trials.

Third, the eye-trac software collected eye-movement data from each participant
for each of the four experimental trials. Each participant had four eye-trac files containing
information on (1) average gaze duration (in milliseconds), (2) number of fixations, and
(3) pupil diameter size. Each file was opened with ASL Results. Each file was organized
based on XDAT values, which marked the data set to determine when the participants
were seeing the visual probe pictures as opposed to anything else in the program.
Because each Eprime program utilized 30 visual probe tasks, there were 30 events for
each experimental trial, each of which presented participants with two pictures side-by-
side (e.g. alcohol or food pictures versus matched control pictures). These 30 events were
analyzed for average gaze duration, number of fixations, and pupil diameter size toward
these pictures—all of which were consequently used to calculate direction and duration
attentional bias, as well as sympathetic arousal.

In organizing the eye-trac files, I configured two backgrounds, both of which
were used in defining the areas of interest (AOIls). One of the backgrounds had an alcohol
or food picture on the left side with a neutral picture on the right side and the other had an
alcohol or food picture on the right side with a neutral picture on the left side. The
appropriate background was configured to the corresponding visual probe session for
each participant. After each event was configured with a background, I then created AOIs

that defined the parameters of the alcohol or food and neutral pictures that the
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participants saw during the visual probe tasks (see Appendix B, Figure B5 for an
example). Following configuration, data on average gaze duration, number of fixations,
and pupil diameter size toward visual probe pictures were then used to calculate

attentional bias and sympathetic arousal.

Data Cleaning

For the visual probe reaction time data, reaction times less than 200ms or greater
than 2000ms, and reaction times more than 2 standard deviations above each participant’s
mean were excluded to reduce the influence of outliers (Bradley, Mogg, Wright, & Field,
2003; Glinder, Beckjord, Kaise, & Compas, 2007; Mogg, Holmes, Garner, & Bradley,
2008). For eye-tracking data, because the proposed study only examined eye-movements
in relation to food-related or alcohol-related pictures and control pictures (see Appendix
B, Figure BS), eye-movement data outside of the pre-defined AOIs were not used in the

analyses (Castellanos et al., 2009).

Data Analyses
I hypothesized that: (1) alcohol odor cues would elicit increased alcohol cravings
and food cravings relative to neutral odor cues and baseline (hypotheses 1 and 2); and (2)
alcohol odor cues would elicit alcohol and food cognitive, direction, and duration
attentional bias relative to neutral odor cues (hypotheses 5 and 6). For these hypotheses, |
utilized repeated measures analysis of covariance (ANCOVA) and compared main effects
with a Sidak adjustment to examine whether alcohol and food cravings and attentional

bias would differ across the experimental trials (e.g. neutral vs. alcohol odorants) and
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baseline (e.g. for cravings). Compared to Bonferroni adjustments, Sidak adjustments are
more mathematically accurate and are not based on approximation (Cardinal & Aitken,
2006). State hunger, time of day, day of the week, and demographic characteristics (e.g.
age, gender, and race) were included as covariates in these analyses. Relatedly, I also
conducted these analyses without covariates using analysis of variance (ANOVA) and
main effects comparison with a Sidak adjustment. The pattern of results did not change;
therefore, only covariate-corrected analyses were reported in the text (see Appendix H,
Table H1, for a summary of the non-covariate corrected results).

I also hypothesized that: (1) alcohol and food cravings elicited by alcohol odor
cues would predict increased alcohol and food consumption, respectively (hypotheses 3
and 4); and (2) alcohol and food attentional bias elicited by alcohol odor cues would
predict increased alcohol and food consumption, respectively (hypotheses 7 and 8). |
utilized hierarchical multiple regression analyses and logistic multiple regression
analyses to test these hypotheses. In these analyses, covariates were entered in the first
step and predictors (e.g. alcohol or food cravings and attentional bias) were entered in the
second step. Cravings and attentional bias were entered in separate regression analyses.
Because there are two cravings measurements following alcohol odorants, these two
cravings variables were entered in the same step. State hunger, time of day, day of the
week, and demographic characteristics (e.g. age, gender, and race) were included as
covariates in these analyses. To examine these aforementioned associations without
covariates correction, correlational analyses were also conducted. Because the pattern of
results did not change, only covariate-corrected analyses were reported in the text (see

Appendix H, Table H2, for a summary of the non-covariate corrected results).
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I ran exploratory analyses to examine (1) whether exposure to alcohol odor cues
relative to neutral odor cues would elicit increased food and alcohol sympathetic arousal,
and (2) whether alcohol and food sympathetic arousal elicited by alcohol odor cues
would influence post-lab food and alcohol consumption. I utilized the same analyses
mentioned above (e.g. repeated measures ANCOVA with main effects comparison using
Sidak adjustment, multiple regression analyses, and logistic regression analyses) to
examine the effect of odor cues on food and alcohol sympathetic arousal, and to examine
the effect of food and alcohol sympathetic arousal following alcohol odor cues on post-
lab food and alcohol consumption. State hunger, time of day, day of the week, and
demographic characteristics (e.g. age, gender, and race) were included as covariates in
these analyses. These exploratory analyses were also conducted without covariates using
ANOVA and main effects comparison with a Sidak adjustment, as well as correlational
analyses. Because the pattern of results did not change, only covariate-corrected analyses
were reported in the text (see Appendix H for summaries of non-covariate corrected
results).

In total, multiple analyses were conducted: 10 repeated measures ANCOVAs, 40
multiple regressions, and 10 logistic regressions. Despite the multitude of analyses,
corrections were not applied. In particular, I did not apply Bonferonni corrections,
wherein alpha level (0.05) is divided by the number of analyses prior to data
interpretations. Practically and empirically, although applying Bonferroni corrections
would reduce the likelihood of a Type I error (incorrect rejections of true null
hypotheses), such corrections would inevitably lead to: (1) a higher likelihood of a Type

IT error (failure to reject false null hypotheses) and (2) analyses that were not sufficiently
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powered to find effects. Theoretically, there are no justifications for accepting a
“universal null hypothesis,” wherein all effects in a study can be considered
manifestations of chance and should not be fully interpreted (Rothman, 1990). In
particular, corrections based on such a hypothesis would lead investigators to: (1)
conclude that potentially significant findings are unimportant and only due to chance; and
(2) not critically evaluate and interpret potentially important findings (Rothman, 1990).
Relatedly, the present study can be considered a pilot study, whose results can potentially
guide future studies. Application of Bonferonni corrections might mask potentially

important results that could guide future studies.
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RESULTS

Excluded and Included Participants

As mentioned above, 3 participants were excluded from the final sample.
Excluded participants (M = 26.00, SD = 3.00) were younger than included participants
(M =30.84, SD = 9.46), and were less diverse in terms of gender (100% male vs. 48.1%
male) and race (33% African American and 67% other races for excluded participants).
Excluded participants appeared to have lower alcohol odor ratings (Ms=2.00 to 2.67, SDs
=0.00 to 1.53) compared to included participants (Ms = 2.87 to 3.21, SDs = 0.61 to 0.82),
but similar neutral odor ratings (Ms = 1.33 to 2.67, SDs = 0.58 to 1.16) compared to
included participants (Ms = 1.33 to 2.78, SDs = 0.53 to 1.54). Post-lab food and alcohol
consumption levels were generally comparable between excluded (Ms = 1.00 to 73.33,
SDs = 0.00 to 26.46) and included participants (Ms = 1.33 to 66.01, SDs = 0.50 to 23.97).
Excluded participants appeared to have higher cravings (Ms = 21.96 to 59.33, SDs = 1.15
—13.00) compared to included participants (Ms = 18.64 — 36.01, SDs = 8.09 to 12.46),
but appeared to generally have lower attentional bias (Ms = -31.72 to 54.00, SDs = 0.07
to 71.11) compared to included participants (Ms = -3.61 to 56.20, SDs = 0.18 to 58.69).
Therefore, I conducted study analyses with and without these excluded participants to
examine whether excluding these participants would bias study results. Because results
did not differ with and without these participants, these participants were excluded from

the data set and from analyses of study data presented below.
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Missing Data

All participants included in the final sample completed measures of food and
alcohol cravings, attentional bias, sympathetic arousal, and post-lab consumption. For
each participant, there should have been a total of 31 separate variables: (1) 10 cravings
variables (food and alcohol cravings at baseline and across four trials); (2) 12 attentional
bias variables (food and alcohol cognitive, duration, and direction attentional bias across
four trials); (3) 4 sympathetic arousal variables (food and alcohol sympathetic arousal
across four trials); and (4) 5 post-lab consumption variables (food and alcohol
consumption and co-consumption). Using an absolute value of less than 3.0 for skewness
and less than 10.0 for kurtosis (Kline, 1998), none of these key variables met the criteria
for non-normal distribution. Across these variables, 59.7% of participants (46 out of 77)
had missing data in at least one variable (see Appendix A, Table A3). On average,
participants were missing less than 8% of these variables. As a result, participants with
missing data were still included in the analyses. Because only cravings variables were
computed using multiple items, it was not possible to (1) conduct Little’s missing
completely at random (MCAR) analyses on most variables and (2) impute data using
expected maximization method. Consequently, missing data were imputed using linear
regression imputations.

Using linear regression imputations, multiple imputations (5 total imputations)
were calculated for each variable. Across these five imputations, mean values across the
thirty one variables remained relatively unchanged (see Appendices F and G for
examples). Using repeated measures analysis of covariance (ANCOVA), there were

variations in F-statistic and p-values with regard to the effects of odor cues on food and
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alcohol attentional bias, cravings, and sympathetic arousal; however, despite these
variations, the pattern of mean differences across experimental trials did not appear to
differ between imputed and non-imputed data sets (see Appendix I, Tables I1 and 12, for
an example). Similarly, there were also variations in coefficients and p-values with regard
to the effects of alcohol odor cue elicited food and alcohol attention bias, cravings, and
sympathetic arousal on post-lab food and alcohol consumption (see Appendix G for an
example); at the same time, pattern of associations remained relatively similar between
imputed and non-imputed data sets. Because the imputations appeared to bias the data,

the results presented below are from analyses of non-imputed data.

Participant Characteristics and Preliminary Analyses

Participants (n = 77; 51.9% female, 83.1% Caucasian, 2.6% Hispanic, 1.3%
Asian, 10.4% African American, and 2.6% comprising other races) had a mean age of
30.84 (SD =9.46, Range: 18-54). The average participants typically participated in the
study in the afternoon (M = 1393.49, SD = 289.11), and at the beginning and end of the
week (27.3% Monday, 23.4% Tuesday, 7.8% Wednesday, 11.7% Thursday, and 29.9%
Friday). Participants reported being semi-hungry to hungry at the beginning of the lab
portion of the study (M =4.64, SD =2.66). Most participants were non-college students
(60 out of 77; 77.9%), with a minority being college students (17 out of 77; 22.1%). A
majority of participants reported consuming alcohol in general (76 out of 77) and beer
specifically (74 out of 77) in the past two weeks. Similarly, most participants reported co-
consuming food with alcohol (73 out of 77) and with beer (70 out of 77) in the past two

weeks. The average participant reported: (1) general alcohol consumption in 5-6 days of
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the past two weeks (M = 5.63, SD = 2.66); (2) beer consumption in 3-4 days of the past
two weeks (M =3.93, SD = 2.71); (3) co-consuming food with alcohol in 3-4 days of the
past two weeks (M =3.67, SD = 2.19); and (4) co-consuming food with beer in 2-3 days
of the past two weeks (M =2.71, SD = 1.99). Participants had a mean of 8.56 (SD = 5.11)
for problematic alcohol use, which represents a low level of problematic drinking and
which suggests a need for simple advice focused on reducing problematic drinking
(Babor et al., 1992). Participants had a mean of 2.27 (SD = 0.45) for problematic eating,
which indicates a low level of disordered eating patterns (de Lauzon et al., 2004) (see
Appendix A, Table Al).

Most participants indicated consuming food following the lab portion of the study
(93.59%); however, less than half of participants indicated consuming alcohol (46.15%)
or co-consuming both food and alcohol (42.37%) after the lab portion of the study.
Furthermore, when asked about how full they felt after eating, the average participant
indicated being slightly more full than usual (M = 66.01, SD = 21.44). Relatedly, the
average participant indicated consuming the typical amount of food following the lab
portion of the study (M = 54.86, SD = 19.55). Additionally, the average participant
indicated consuming between one to two drinks following the lab portion of the study (M
=2.49, SD =2.03). Finally, the average participant indicated consuming less alcohol than
usual following the lab portion of the study (M = 39.65, SD = 23.97) (see Appendix A,

Table Al).
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Demographic Differences

One-way analysis of variance (ANOVA), independent samples t-tests, and
correlational analyses were used to examine whether key study variables differed by
gender, race, and age (see Appendix A, Table A4). First, age was associated with lower
levels of: (1) alcohol cravings following alcohol odors paired with alcohol pictures and
food pictures; (2) food cravings following alcohol odors paired with alcohol pictures; (3)
food direction attentional bias following alcohol odors; and (4) food duration attentional
bias following alcohol and neutral odors (s = -0.24 to -0.34, ps= 0.004 to 0.04). In
addition to these negative associations, age was also associated with greater alcohol
cognitive attentional bias following neutral odors (= 0.35, p = 0.003). Second, men had
higher alcohol sympathetic arousal following neutral odors (M = 2.62, SD = 6.68)
compared to women (M = -0.31, SD = 5.38); t(69) = 2.06, p = 0.04. Finally, a number of
variables differed across race: (1) food cognitive attentional bias following alcohol
odors; (2) baseline food and alcohol cravings; (3) alcohol cravings following alcohol
odors and alcohol pictures; (4) food cravings following neutral odors and alcohol
pictures; (5) food cravings following alcohol odors, with both alcohol and food pictures;
(6) alcohol duration attentional bias following alcohol odors; (7) food direction
attentional bias following alcohol odors; (8) food duration attentional bias following
alcohol odors; and (9) food sympathetic arousal following alcohol odors (Fs=2.49 to

4.34, ps=0.004 to 0.047).
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Cravings

Repeated measures analyses of covariance (ANCOV As) were conducted
controlling for the effects of age, gender, race, state hunger, time of day, and day of the
week. The effect of odor cues on alcohol cravings was significant, F(4, 240) =2.72, p =
0.03 (see Appendix C, Figure C1, left panel). Baseline alcohol cravings (M = 18.28, SD =
8.10) were lower compared to alcohol cravings following (1) alcohol odors and alcohol
pictures (M =24.18, SD = 12.12, p <0.001), (2) neutral odors and alcohol pictures (M =
21.93, SD =10.84, p = 0.001), (3) alcohol odors and food pictures (M = 23.88, SD =
12.16, p <0.001), and (4) neutral odors and food pictures (M = 21.40, SD = 10.10, p =
0.001). Moreover, alcohol cravings following alcohol odors and alcohol pictures were
higher compared to alcohol cravings following neutral odors and alcohol pictures (p =
0.01). Similarly, alcohol cravings following alcohol odors and food pictures were higher
compared to alcohol cravings following neutral odors and food pictures (p = 0.02).

After controlling for the effects of the covariates, the effect of odor cues on food
cravings was non-significant, F(4, 244) = 0.99, p = 0.42 (see Appendix C, Figure C1,
right panel). However, comparison of mean values across trials revealed two significant
differences. Baseline food cravings (M = 33.57, SD = 8.72) were lower compared to food
cravings following (1) alcohol odors and food pictures (M =36.94, SD =10.25, p =
0.002) and (2) neutral odors and food pictures (M =35.93, SD =9.74, p =0.01); however,
baseline food cravings did not significantly differ from alcohol cravings following (1)
alcohol odors and alcohol pictures (M = 34.82, SD = 10.86, p =0.78) and (2) neutral odors
and alcohol pictures (M = 35.29, SD = 10.08, p = 0.72). Interestingly, regardless of the

odorant presented, baseline food cravings were lower compared to food cravings
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following food pictures. Furthermore, food cravings following alcohol odors and alcohol
pictures did not significantly differ from food cravings following neutral odors and
alcohol pictures (p = 0.99). Finally, food cravings following alcohol odors and food
pictures also did not significantly differ from food cravings following neutral odors and

food pictures (p = 0.77).

Cognitive Attentional Bias

Cognitive attentional bias was calculated by subtracting average reaction time to
control pictures (in milliseconds) from average reaction time to alcohol or food pictures
(in milliseconds), with greater positive values representing greater food and alcohol
cognitive attentional bias. After controlling for the effects of the covariates, repeated
measures ANCOVA revealed that the effect of odor cues on alcohol cognitive attentional
bias was non-significant, F(1, 53) = 0.06, p = 0.81 (see Appendix C, Figure C2, left
panel). Alcohol cognitive attentional bias did not significantly differ between exposure to
alcohol odors (M =4.22, SD = 52.66) compared to exposure to neutral odors (M = 2.85,
SD =44.20, p = 0.87). Similarly, the effect of odor cues on food cognitive attentional bias
was non-significant, (1, 56) = 1.70, p = 0.20 (see Appendix C, Figure C2, right panel).
Food cognitive attentional bias did not significantly differ between exposure to alcohol
odors (M = -0.29, SD = 46.41) and exposure to neutral odors (M =-3.26, SD = 55.06, p =

0.71).
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Direction Attentional Bias

Direction attentional bias was calculated by dividing total number of fixations on
alcohol or food pictures by total number of fixations on all pictures and by multiplying
the product of this division by 100. Greater percentage values represented greater food
and alcohol duration attentional bias. After controlling for the effects of covariates,
repeated measures ANCOVA revealed that the effect of odor cues on alcohol direction
attentional bias was non-significant, F(1, 52) = 0.02, p = 0.89 (see Appendix C, Figure
C3, left panel). However, alcohol direction attentional bias following alcohol odors (M =
55.70, SD = 8.22) was significantly higher compared to alcohol direction attentional bias
following neutral odors (M = 52.37, SD = 8.26, p = 0.01). Similarly, the effect of odor
cues on food direction attentional bias was non-significant, (1, 51) = 0.09, p = 0.76 (see
Appendix C, Figure C3, right panel). Despite this non-significance, food direction
attentional bias following alcohol odors (M = 56.21, SD = 8.23) was significantly higher
compared to food direction attentional bias following neutral odors (M = 53.27, SD =

7.24, p=0.02).

Duration Attentional Bias

Duration attentional bias was calculated by subtracting average gaze duration on
control pictures (in milliseconds) from average gaze duration on alcohol or food pictures
(in milliseconds), with greater positive values representing greater food and alcohol
duration attentional bias. After controlling for the effects of covariates, repeated measures
ANCOVA revealed that the effect of odor cues on alcohol duration attentional bias was

non-significant, (1, 53) = 0.45, p = 0.51 (see Appendix C, Figure C4, left panel). At the
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same time, alcohol duration attentional bias following alcohol odors (M = 0.17, SD =
0.25) was significantly higher compared to alcohol duration attentional bias following
neutral odors (M = 0.10, SD = 0.21, p = 0.02). Similarly, the effect of odor cues on food
duration attentional bias was non-significant (1, 51) = 0.59, p = 0.45 (see Appendix C,
Figure C4, right panel). However, food duration attentional bias following alcohol odors
(M =0.20, SD = 0.24) was higher compared to food duration attentional bias following

neutral odors (M = 0.07, SD = 0.16, p <0.001).

Sympathetic Arousal

Sympathetic arousal was calculated by subtracting pupil diameter in response to
control pictures (in millimeters) from pupil diameter in response to food or alcohol
pictures (in millimeters), with greater positive values representing greater food and
alcohol sympathetic arousal. After controlling for covariates, repeated measures
ANCOVA revealed that the effect of odor cues on alcohol sympathetic arousal was non-
significant, (1, 51) = 0.003, p = 0.96 (see Appendix C, Figure C5, left panel). Alcohol
sympathetic arousal did not significantly differ between exposure to alcohol odors (M =
1.62, SD = 5.24) and exposure to neutral odors (M = 1.11, SD = 5.63, p = 0.56).
Similarly, the effect of odor cues on food sympathetic arousal was non-significant F(1,
53) =0.03, p = 0.85 (see Appendix C, Figure C5, right panel). However, food
sympathetic arousal was higher following exposure to alcohol odors (M = 1.31, SD =
4.98) compared to exposure to neutral odors (M = -0.30, SD = 3.97), with the difference

falling short of significance (p = 0.06).



53

Post-Lab Food and Alcohol Consumption

Multiple regression and logistic regression analyses were conducted correcting for
the effects of age, gender, race, state hunger, time of day, and day of the week. I
examined whether alcohol and food cravings, attentional bias, and sympathetic arousal
elicited by alcohol odor cues were associated with five post-lab consumption variables:
(1) post-lab food satiety, (2) post-lab food typicality, (3) post-lab alcohol use, (4) post-lab
alcohol typicality, and (5) the likelihood of post-lab concurrent consumption. There were
four significant effects on post-lab alcohol use (see Appendix D, Tables D1 and D2): (1)
food cravings paired with alcohol pictures during the visual probe task were associated
with greater post-lab alcohol use (f = 0.48, p = 0.04); (2) alcohol cognitive attentional
bias was associated with greater post-lab alcohol use (5 = 0.30, p = 0.03); (3) food
direction attentional bias was associated with lower post-lab alcohol use (5 =-0.25, p =
0.04); and (4) food sympathetic arousal was associated with lower post-lab alcohol use (f
=-0.28, p = 0.02). In addition to these significant associations, the negative association of
food duration attentional bias with post-lab alcohol use fell short of significance (f = -
0.24, p = 0.06; see Figure 9). There were no other significant associations with post-lab
consumption variables (fs = -0.17 — 0.35, ps= 0.10 — 0.99), including the likelihood of
post-lab concurrent consumption (Exp(B)s = 0.49 — 1.83, ps= 0.33— 0.91; see Appendix

A, Table AS).
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DISCUSSION

General Discussion

The present study aimed to elucidate the role of classical conditioning processes
in co-occurring food and alcohol consumption. Using a sample of social drinkers who
occasionally co-consume food and alcohol, this study examined whether alcohol odor
cues can serve as conditioned stimuli that elicit conditioned food-related and alcohol-
related responses (e.g. attentional bias, cravings, and sympathetic arousal), and whether
those conditioned responses can influence subsequent food and alcohol consumption.
Controlling for covariates, repeated measures analysis of covariance tests revealed that
odor cues had: (1) non-significant effects on alcohol and food sympathetic arousal and
attentional bias; and (2) a significant effect on alcohol cravings, but a non-significant
effect on food cravings. However, when the effects of covariates are not controlled, main
effects comparisons indicated that alcohol odor cues elicit increased alcohol and food
direction and duration attentional bias, as well as increased alcohol cravings and food
sympathetic arousal. Moreover, after controlling for covariates, regression analyses
revealed that: (1) cued food cravings and alcohol attentional bias were associated with
increased alcohol consumption; (2) cued food attentional bias and sympathetic arousal
were associated with decreased alcohol consumption; and (3) cued alcohol and food
attentional bias, cravings, and sympathetic arousal were not associated with food

consumption or the likelihood of concurrent consumption.
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The significant findings of the present study suggest that alcohol odor cues can
serve as conditioned stimuli that elicit both conditioned food-related and alcohol-related
responses among food and alcohol co-consumers. In addition, these cued conditioned
responses might differentially motivate later alcohol consumption, but might not
necessarily motivate later food consumption or later concurrent consumption (Martinovic
et al., 2014). These findings have important implications, especially in context of
previous findings demonstrating that alcohol and food consumption often co-occur
(Caton et al., 2004; Caton et al., 2005; Caton et al., 2007). First, these findings suggest
that concurrent food and alcohol consumption can potentially lead to either increased or
decreased alcohol consumption through classical conditioning mechanisms. Second,
these findings suggest that interventions targeting classical conditioning mechanisms can
potentially mitigate alcohol consumption, especially among co-consumers. Naturally,
future clinical and experimental studies are needed to confirm the robustness of these
findings, and to better characterize the implications and clinical relevance of these
findings.

The null effects of cued conditioned responses on later food and concurrent
consumption, and multiple null effects on later alcohol consumption also raise multiple
possibilities that should be explored in future studies. First, conditioned responses elicited
by alcohol odor cues might only influence later alcohol consumption, suggesting that
alcohol and food odor cues might have differential effects on conditioned responses and
consequent consumption among food and alcohol co-consumers. Second, cued
conditioned responses might not persist long enough to consistently motivate later

consumption, suggesting that alcohol odor cue elicited conditioned responses have
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differential effects on immediate versus later consumption among food and alcohol co-
consumers. Finally, the role of classical conditioning in concurrent consumption might be
indirect: (1) concurrent consumption leads to alcohol odor cues becoming conditioned
stimuli that elicit conditioned responses, which might in turn either decrease or increase
alcohol consumption; (2) increased alcohol consumption disinhibits food consumption
through its pharmacological effects; and (3) decreased alcohol consumption reduces the
likelihood of increased food consumption. However, because these explanations are
outside the scope of the study, further clinical and experimental investigations are
warranted.

Overall, findings of the present study serve as a first step in clarifying the role of
classical conditioning mechanisms in concurrent consumption. In particular, study
findings suggest that alcohol odor cues can serve as conditioned stimuli that elicit
conditioned food-related and alcohol-related responses, both of which can differentially
motivate later alcohol consumption. However, in interpreting the aforementioned study
findings, there are factors that should be taken into consideration. First, omnibus
ANCOVA effects and regression effects were generally non-significant, possibly and
partially due to the inclusion of covariates in these analyses. In particular, inclusion of
covariates in these analyses (e.g. day of the week, time of day, state hunger, and
demographics) might confound the effects of alcohol odor cues on food and alcohol
responses and consumption. Moreover, both significant and non-significant effects found
in the present study could also be attributed to a number of other factors—including study
analyses being underpowered to accurately detect effects due to a small sample size, the

possibility of a Type I error due to multiple statistical analyses being performed, and



57

measurement and methodological limitations (e.g. using self-report questions rather than
ad lib measures to assess post-lab consumption). With these factors in mind, study
findings should be interpreted cautiously. Future studies are needed to address these
aforementioned factors in order to better characterize the implications and clinical

relevance of the present study’s findings.

Cued Attentional Bias and Consumption

Interpreting Alcohol Cue Elicited Attentional Bias

Findings of the present study serve as a first step in clarifying the role of classical
conditioning mechanisms in alcohol odor cue elicited food and alcohol attentional bias.
Inconsistent with my hypotheses, omnibus tests revealed that odor cues did not
significantly influence alcohol and food direction, duration, and cognitive attentional
bias. However, consistent with my hypotheses, unadjusted main effects comparisons
revealed that alcohol odor cues elicit increased alcohol and food duration and direction
attentional bias, but not cognitive attentional bias. These unadjusted findings suggest that
co-consumers who are exposed to alcohol odor cues might demonstrate longer gaze
duration and immediate fixation on predictive alcohol and food pictorial cues over non-
predictive pictorial cues (direction and duration attentional bias), but might not
necessarily demonstrate faster reaction time toward predictive over non-predictive
pictorial cues (cognitive attentional bias). In particular, these unadjusted findings raise
the possibility that: (1) alcohol odor cues can become imbued with enhanced reinforcing

properties after being repeatedly paired with the pleasant effects of alcohol consumption
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and food consumption (Dobson & Dozois, 2004); and (2) alcohol odor cues can
consequently become conditioned stimuli that elicit the conditioned tendency to more
selectively attend to cues (e.g. alcohol and food pictorial cues) that are predictive of
alcohol and food consumption and their pleasant effects (Castellanos et al., 2009; Dobson
& Dozois, 2004; Field et al., 2007; Yokum et al., 2011).

It should be noted that separate forms of attentional bias (e.g. direction, duration,
and cognitive attentional bias) have different characteristics. In particular, duration
attentional bias reflects a bias in maintained selective attention, while direction
attentional bias reflects a bias in automatic selective attention (Castellanos et al., 2009;
Ceballos, Komogotsev, & Turner, 2009; Field & Cox, 2008). Relatedly, cognitive
attentional bias reflects either: (1) a bias in maintained selective attention when pictorial
cues are presented for 1000ms or longer; or (2) a bias in automatic selective attention
when pictorial cues are presented for 200ms or less (Field & Cox, 2008; Schoenmakers,
Wiers, & Field, 2008). Because the current study presented pictorial cues for 1000ms,
reaction time to visual probes in the present study reflects a bias in maintained selective
attention. Collectively, in assessing cognitive and duration attentional bias, individuals
are able to shift attention freely between predictive food or alcohol pictorial cues and
non-predictive pictorial cues, with longer attention paid to and faster reaction times
toward predictive pictorial cues indicating a bias in maintained selective attention. In
contrast, direction attentional bias assesses immediate initial orientation toward either
predictive pictorial cues or non-predictive pictorial cues, with more frequent immediate
initial orientation toward predictive pictorial cues reflecting a bias in automatic selective

attention. With those aforementioned features in mind, study findings suggest that food
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and alcohol co-consumers might demonstrate alcohol odor cue elicited biases in
maintained selective attention (duration but not cognitive attentional bias) and automatic
selective attention (direction attentional bias) toward predictive food and alcohol pictorial
cues over non-predictive pictorial cues.

These characteristics extend on previous findings demonstrating that: (1) alcohol
cue exposure and food cue exposure can increase alcohol attentional bias and food
attentional bias, respectively (Cox et al., 2003; Duka & Townshend, 2004; Johansson,
Ghaderi, & Andersson, 2004; Papies, Stroebe, & Aarts, 2008; Roberts, Fillmore, &
Milich, 2012); and (2) problematic drinkers and eaters have stronger and more consistent
attentional bias compared to non-problematic consumers (Castellanos et al., 2009; Field
& Cox, 2008). Study results suggests that co-consumers have a distinct pattern of alcohol
odor cue elicited food and alcohol attentional bias that might differentiate them from food
and alcohol consumers who do not engage in co-consumption (Castellanos et al., 2009;
Field & Cox, 2008); however, because the present study did not recruit individuals who
did not co-consume food and alcohol, this should be confirmed by future studies.
Furthermore, considering that the present study utilized social drinkers who only
occasionally co-consume food with alcohol, study results suggest that these attentional
bias characteristics might be present among individuals who do not consume problematic
levels. However, interpretations of study findings are tentative at best, especially in
context of the non-significant omnibus effects of odor cues. Considering that covariates
were included in omnibus analyses, future studies should better characterize the role of
these covariates. Those future studies will permit firmer conclusions and inferences about

alcohol odor cue elicited food and alcohol attentional bias.
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Divergence in Attentional Bias Results

It should be noted that: (1) alcohol odor cue elicited bias in maintained attention
was only present with the eye-tracking measure (duration attentional bias) and not with
the reaction time measure (cognitive attentional bias); and (2) both alcohol and neutral
odor cues appear to elicit somewhat faster reaction times toward neutral pictures as
opposed to food pictures, with the difference between alcohol and neutral odor cue
elicited cognitive food attentional bias being non-significant. This pattern of findings can
be partially attributed to differences in measurements, particularly quality of
measurements, such that eye-tracking measures might be more sensitive for measuring a
bias in maintained selective attention compared to reaction time measures (Field & Cox,
2008). In this way, duration attentional bias might be a more accurate representation of a
cued bias in maintained selective attention compared to cognitive attentional bias.
Reaction time measures might only be providing a snapshot view of maintained selective
attention that is susceptible to multiple factors: (1) task-related strategic influences, such
as one’s tendency to shift attention from pictorial cues to the central position in
anticipation of the visual probe onset; (2) individual differences, including one’s ability
to cognitively process pictorial cues before responding to the visual probes; and (3)
averaging, which might average out actual differences in maintained selective attention
toward predictive over non-predictive pictorial cues (Field & Cox, 2008; Tiffany, 1990).
In contrast, eye movement measures sample attention continuously and are likely to be a
more sensitive index of maintained selective attention (Castellanos et al., 2009; Ceballos

et al., 2009; Field et al., 2004).
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The Quad model also suggests that there are four distinct processes that might
contribute to overt responses in the visual probe task (Conrey, Sherman, Gawronski, &
Hugenberg, 2005): (1) automatic activation of an association (association activation),
which might represent pure attentional bias toward alcohol or food pictorial cues over
matched control pictorial cues; (2) the likelihood of determining a correct response
(discriminability), which represents the likelihood of a correct response to visual probes;
(3) success at overcoming automatically activated associations (overcoming bias), which
represents the ability to inhibit pure attentional bias in producing a correct response to
visual probes that appear on the side of the matched control pictorial cues; and (4) the
influence of a general response bias on a correct response (guessing), which might
include the tendency to respond using the right hand during the visual probe task.
Collectively, this suggests that reaction time measures: (1) might represent factors
unrelated to attentional bias; and (2) provide a snapshot reflection of attentional bias that
is susceptible to strategic influences, individual differences, and averaging. These factors
might account for the null effects of alcohol odor cues on food and alcohol cognitive
attentional bias. This also suggests that eye-tracking measures might more accurately
represent alcohol odor cue elicited bias in maintained selective attention compared to

reaction time measures.

Research Directions
To summarize, alcohol odor cues can serve as conditioned stimuli that elicit
conditioned food and alcohol direction and duration attentional bias, but not conditioned

food and alcohol cognitive attentional bias; however, these significant findings were only
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present when covariates (e.g. demographics, time of day, day of the week, and state
hunger) were not included. These study findings have important implications for future
research. Specifically, future attentional bias studies should take into consideration: (1)
the type of measurement used to assess attentional bias; (2) the aspects of attentional bias
being measured; (3) sample size; (4) type of odorants used; and (5) the inclusion of
covariates. In particular, study results demonstrate that the eye-tracking measurements
rather than reaction time measurements can assess alcohol odor cue elicited food and
alcohol attentional bias in a small sample of food and alcohol co-consumers. These
findings suggest that researchers should utilize eye tracking measurements rather than
reaction time measurements for measuring alcohol odor cue elicited attentional bias,
especially if they are trying to measure a cued bias in maintained attention and if they
only have a small sample size to work with. Furthermore, although both eye-tracking and
reaction time measures can tap into multiple aspects of attentional bias (Field & Cox,
2008), the present study only assessed multiple aspects of attentional bias using the eye-
tracking measure. To better characterize alcohol odor cue elicited attentional bias,
including biases in both maintained and automatic selective attention, future studies need
to assess separate aspects of attentional bias using both eye-tracking and reaction time
measurements. Additionally, because the study sample consisted of social beer drinkers,
beer odor cues utilized in the study may have already been imbibed with reinforcing
properties that facilitate attentional bias. Future work should replicate this effect using
unconditioned alcohol-related stimuli, particularly novel and unfamiliar alcohol odor
cues, to better establish the role of classical conditioning in alcohol odor cue elicited

attentional bias (see Kareken et al. 2012 for an example). Finally, considering the null
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omnibus effects on attentional bias, there is the possibility that covariates might confound
the effects of alcohol odor cues on food and alcohol attentional bias. Future studies
should examine how these covariates might influence alcohol odor cue elicited food and

alcohol attentional bias.

Interpreting the Attentional Bias-Consumption Relationship

Findings of the present study serve as a first step in clarifying the role of classical
conditioning mechanisms in the attentional bias-consumption relationship. More
specifically, study results suggest that alcohol odor cue elicited alcohol attentional bias
and food attentional bias can serve as conditioned responses that motivate later alcohol
consumption (Castellanos et al., 2009; Dobson & Dozois, 2004; Field et al., 2007;
Yokum et al., 2011). However, the present study failed to find effects of cued alcohol and
food attentional bias on food consumption and concurrent consumption. In particular,
partially consistent with my hypotheses, only cued alcohol cognitive attentional bias
might lead food and alcohol co-consumers to consume a greater number of alcoholic
drinks. Inconsistent with my hypotheses, all forms of cued food attentional bias might not
lead to greater food consumption among these food and alcohol co-consumers. Finally,
although unhypothesized, cued food direction and duration attentional bias might lead
food and alcohol co-consumers to consume a lower number of alcoholic drinks.

There are some possible explanations for these findings. First, cued food direction
and duration attentional bias predicted lower alcohol consumption and was unrelated to
subsequent food consumption. This suggests that food and alcohol co-consumers: (1)

might not consume food to greater levels because they are able to resist the effects of
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attention grabbing food pictorial cues; and (2) might consume alcohol at lower levels
because attention grabbing food pictorial cues might not necessarily be predictive of
alcohol consumption. Second, cued alcohol cognitive attentional bias rather than
direction and duration attentional bias predicted higher alcohol consumption, but not food
consumption. This suggests that food and alcohol co-consumers: (1) might consume
alcohol at greater levels only when they maintain longer attention on and react faster in
response to predictive alcohol pictorial cues, both of which incentivize alcohol seeking
behaviors; and (2) might not consume alcohol at greater levels when their attention on
predictive alcohol cues is automatic, which might be easier to resist and might
consequently be less likely to incentivize alcohol use; and (3) might not consume food to
greater levels because attention grabbing alcohol pictorial cues are not predictive of food
consumption.

These study results extend on previous findings. First, previous studies
demonstrated that alcohol and food attentional bias influence alcohol consumption and
food consumption, respectively (Ceballos et al., 2009; Yokum et al., 2011). Study results
clarify that alcohol odor cue elicited conditioned food and alcohol attentional bias might
only influence later alcohol consumption—thus raising the possibility that conditioned
responses elicited by food and alcohol odor cues might have differential effects on food
and alcohol consumption. Alternately the aforementioned attentional bias-consumption
associations might only be present among individuals who engage in problematic eating
and alcohol use behaviors (Ceballos et al., 2009; Field, Mogg, Mann, Bennett, & Bradley,
2013; Newman, O’Connor, & Conner, 2008; Yokum et al., 2011). In the present study,

co-consumers do not engage in these problematic behaviors, which might explain the
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multitude of null effects of attentional bias on consumption. Second, previous studies
have demonstrated that food consumption and alcohol consumption often co-occur
(Caton et al., 2004; Caton et al., 2005; Caton et al., 2007). Study results clarify that such
co-occurrence can lead to alcohol odor cues becoming conditioned stimuli that elicit
conditioned food and alcohol attentional bias, which might in turn differentially influence
alcohol consumption. In this way, concurrent consumption can lead to either decreased or
increased alcohol consumption through cued food and alcohol attentional bias.

There are a number of issues that should be taken into consideration in
interpreting the aforementioned findings. In particular, there are many factors that could
contribute to these findings. First, the present study utilized indirect self-report questions
for measuring post-lab consumption and assessed post-lab consumption following the lab
portion of the study. This approach might not accurately tap into food and alcohol
consumption elicited by cued attentional bias for a number of reasons: (1) post-lab food
and alcohol consumption might be due to external factors unaccounted for by the study
(e.g. being invited out for drinks and foods on the day of participation); (2) indirect self-
report measurements do not tap into multiple aspects of consumption (e.g. amount
consumed in grams and approximate caloric intake) and can subsequently be considered
less comprehensive measurements of later consumption; and (3) alcohol odor cue elicited
food and alcohol attentional bias might actually more strongly and robustly influence
immediate consumption (e.g. ad lib consumption in the lab) as opposed to later
consumption (e.g. consumption a few hours after study session). These limitations
associated with indirect post-lab consumption measures might account for generally null

effects on most consumption outcomes. Second, both significant effects and null effects
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of the present study might be due to other factors—including reduced power to accurately
detect effects due of the small sample size and the increased likelihood of a Type I error
because multiple statistical analyses were performed. Due to these factors, inferences and
conclusions drawn from study findings are tentative at best and should be made with

caution. Naturally, future studies are needed to better characterize study results.

Research Implications

In summary, alcohol odor cue elicited food and alcohol attentional bias can serve
as conditioned responses that differentially influence alcohol consumption. Although
these findings should be interpreted in context of methodological and measurement
limitations (e.g. limitations associated with post-lab consumption measurement), they can
serve as a stepping stone for future studies. First, the present study is the first to
demonstrate that alcohol odor cue elicited food and alcohol attentional bias can
differentially influence subsequent alcohol consumption. These findings can serve as a
stepping stone for future studies, which should focus on replicating and better
characterizing these aforementioned effects. Second, cued alcohol cognitive attentional
bias rather than cued alcohol duration attentional bias predicted increased alcohol
consumption, suggesting that a combination of maintained attention and action stemming
from maintained attention toward predictive alcohol pictorial cues are needed to motivate
alcohol consumption. Researchers should better characterize the mechanisms through
which different aspects of alcohol odor cue elicited bias in maintained attention influence
alcohol consumption. Third, cued alcohol and food attentional bias differentially

influenced post-lab alcohol consumption, suggesting that differences in aspects and
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measurements of attentional bias (e.g. food vs. alcohol, cognitive vs. duration and
direction) might contribute to differential effects on alcohol consumption. Researchers
should better characterize attentional bias measurements and aspects when examining the
cued attentional bias-alcohol consumption associations. Fourth, future studies should
consider the possibility that cued food attentional bias might facilitate decreased alcohol
consumption. In particular, these findings suggest that future studies should: (1)
characterize the mechanisms through which cued food attentional bias lead to decreased
alcohol use; (2) examine the effects of food consumption and attention paid to food cues
during food consumption on alcohol consumption; and (3) differentiate these
aforementioned effects from the disinhibiting effect of alcohol use on food intake (Caton
et al., 2005). Fifth, although the present study assessed multiple consumption outcomes,
cued attentional bias was associated only with the post-lab alcohol use variable. As
mentioned above, considering the limitations of indirect self-report assessment of post-
lab consumption, researchers should examine: (1) whether the cued attentional bias-
consumption associations would differ in context of immediate (e.g. ad lib consumption)
versus later consumption (e.g. consumption a few hours later); and (2) whether more
comprehensive assessment of later consumption (e.g. diary measures) would yield
different results. Finally, considering that the small sample size of the present study
might reduce power for detecting effects, future studies should replicate and confirm
study findings using a larger sample of participants. Collectively, these future studies can
elucidate the role of classical conditioning mechanisms in concurrent consumption and
can clarify the clinical utility of targeting cued conditioned attentional bias for concurrent

consumption.
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Cued Cravings and Consumption

Interpreting Alcohol Cue Elicited Cravings

Findings of the present study serve as a first step in clarifying the role of classical
conditioning mechanisms in food and alcohol cravings. Consistent with my hypotheses,
odor cues significantly influenced alcohol cravings, with alcohol odor cues significantly
increasing alcohol cravings relative to neutral odor cues and relative to baseline.
Inconsistent with my hypotheses, odor cues did not significantly influence food cravings,
with alcohol odor cues inconsistently increasing food cravings relative to baseline and not
increasing food cravings relative to neutral odor cue exposure. These findings
collectively suggest that alcohol odor cues are generally more effective in increasing
alcohol cravings, but not food cravings, among social drinkers who occasionally co-
consume food and alcohol. These cued cravings characteristics of food and alcohol co-
consumers build upon previous findings demonstrating that: (1) food cue exposure and
alcohol cue exposure elicit increased food cravings and alcohol cravings, respectively
(Fedoroff et al., 2003; Harvey, Kemps, & Tiggemann, 2005; Nederkoorn et al., 2000;
Ryan, Kreiner, Chapman, & Stark-Wroblewski, 2010; Smith-Hoerter, Stasiewicz, &
Bradizza, 2004); and (2) non-food cues have no effect or negative effects on food
cravings (Kemps &Tiggemann, 2007; Kemps &Tiggemann, 2013; Kemps, Tiggemann,
& Bettany, 2012). In particular, these findings clarify that alcohol odor cues only increase
alcohol cravings and can be considered non-food cues that do not consistently increase

food cravings among food and alcohol co-consumers.
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These characteristics clarify the role of classical conditioning in the experience of
cued food and alcohol cravings. Study results suggest that alcohol odor cues become
conditioned stimuli that elicit conditioned alcohol cravings, but not conditioned food
cravings, among food and alcohol co-consumers. For these co-consumers, alcohol odor
cues might become repeatedly paired with alcohol withdrawal responses (Ludwig &
Wikler, 1974; Wikler, 1973) and/or the physiological effects of alcohol (Cox & Klinger,
1988; Wardle, 1990). Consequently, these alcohol odor cues serve as conditioned
alcohol-related stimuli that elicit (1) conditioned alcohol withdrawal responses and/or (2)
conditioned compensatory responses, both of which can be subjectively perceived as
alcohol cravings (Drummond et al., 1990; Jansen, 1998; O’Brien et al., 1990; Powley,
1977; Siegel, 1983). However, for co-consumers, alcohol odor cues might not necessarily
become associated with food withdrawal or hunger (Wardle, 1990) and/or the
physiological effects of food consumption (Jansen, 1998). Consequently, these alcohol
odor cues might not become conditioned food-related stimuli that elicit conditioned food
withdrawal responses (Sahakian et al., 1981; Wooley & Wooley, 1981) and/or
conditioned food compensatory responses (Jansen, 1998; Wardle, 1990), both of which
can be subjectively identified as food cravings. Alternately, food and alcohol cues might
differentially influence both food and alcohol cravings, such that food cues might more
effectively influence food cravings and alcohol cues might more effectively influence
alcohol cravings. Indeed, study results suggest that baseline food cravings were lower
compared to food cravings following food pictorial cues during visual probe tasks and
regardless of the odorants presented during those tasks; however, it should be noted that

the omnibus effects of odor cues on food cravings were non-significant.
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Interpreting Associations of Cued Cravings with Consumption

Findings of the present study also serve as a first step in elucidating the role of
classical conditioning in the cravings-consumption relationships. Inconsistent with my
hypotheses, cued alcohol cravings and food cravings did not influence alcohol and food
consumption, respectively. However, although unhypothesized, food cravings following
alcohol odor cues and alcohol pictorial cues were associated with an increased number of
alcoholic drinks. There are multiple explanations for these findings. First, conditioned
alcohol and food cravings elicited by alcohol odor cues were not sufficient in increasing
alcohol and food consumption, respectively. Food and alcohol co-consumers of the
present study might be less likely to consume alcohol and food because they are better
able to resist these cued conditioned cravings (Caton et al., 2004; Hetherington et al.,
2001). Instead, study findings suggest that co-consumers might experience increased food
cravings and consequently consume more alcohol when they are exposed to alcohol cues
(e.g. conditioned stimuli) that engage multiple sensory modalities (e.g. alcohol odor and
pictorial cues). Among food and alcohol co-consumers, conditioned food cravings
elicited by multiple alcohol cues might increase alcohol use based on expectations and
previous learning experiences, wherein alcohol consumption provides caloric intake that
can sate food cravings (Gruchow, Sobocinski, Barboriak, & Scheller, 1985).

These results extend on previous findings in multiple ways. First, study findings
are inconsistent with previous findings demonstrating food cravings-food consumption
and alcohol cravings-alcohol consumption associations (Fedoroff et al., 2003; Gordon et
al., 2006; Sobik, Hutchison, & Craighead, 2005; Yoon, Kim, Thurasa, Grant, &

Westermeyer, 2006). Instead, study results suggest that such cravings-consumption
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associations might not be present among social drinkers who occasionally co-consume
alcohol with food, potentially because the aforementioned cravings-consumption
associations are present only at more problematic levels of consumption (see Field,
Mogg, & Bradley, 2005; Gordon et al., 2006; Litt, Cooney, & Morse, 2000; Polivy,
Coleman, & Herman, 2005; Rodin, Mancuso, Granger, & Nelbach, 1991; Meule,
Westenhofer, & Kubler, 2011). Second, extending on previous work demonstrating
concurrent food and alcohol consumption (Caton et al., 2004; Hetherington et al., 2001),
study results clarify that concurrent consumption can lead to alcohol cues (e.g. alcohol
odors and pictures) becoming conditioned stimuli that elicit conditioned food cravings
and subsequent alcohol consumption. In this way, concurrent consumption can
potentially lead to increased alcohol consumption through alcohol cue elicited
conditioned food cravings.

Findings of the present study should be interpreted with caution, especially in
context of the aforementioned methodological and measurement limitations. In particular,
indirect self-report post-lab consumption measures of the present study might not
accurately tap into consumption driven by cued cravings and might explain the findings
of the present study. Specifically, both null and significant effects of cued cravings on
post-lab consumption might be due to: (1) post-lab consumption being due to external
factors that cannot be controlled by the study (e.g. being invited out for drinks on the day
of participation); and (2) indirect self-report measures not tapping into aspects of
consumption influenced by cued cravings (e.g. amount consumed and approximate
caloric intake). Of note, there is a possibility that cued alcohol and food cravings serve as

conditioned responses that more robustly influenced immediate food and alcohol
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consumption (Field et al., 2005; Litt et al., 2000; Martin, O’Neil, Tollefson, Greenway, &
White, 2008) rather than later consumption (e.g. ad lib consumption in the lab vs.
consumption a few hours after the lab portion of the study). Finally, both null and
significant effects in the present study might be due to (1) reduced power to detect effects
because of the small sample size and (2) increased likelihood of a Type I error because

multiple statistical analyses were performed.

Research Implications

In summary, alcohol odor cues can serve as conditioned stimuli that elicit
conditioned alcohol cravings, but not conditioned food cravings; however, only food
cravings elicited by a combination of alcohol pictures and odors serve as a conditioned
response associated with increased alcohol consumption. As mentioned above, these
findings should be cautiously interpreted in context of a number of considerations—
including (1) limitations associated with post-lab consumption measures, (2) the non-
significant omnibus effects of odor cues on food cravings, (3) the small sample size of the
present study, and (4) the number of statistical analyses performed. Despite these
considerations, findings of the present study can provide multiple directions for future
research studies. First, future studies should work on elucidating whether concurrent
consumption can lead to increased alcohol consumption through conditioned food
cravings. Such studies can further clarify the clinical utility of targeting food cravings
elicited by multiple alcohol cues for reducing alcohol use, especially among food and
alcohol co-consumers. Second, considering the limitations of indirect self-report

assessment of post-lab consumption, researchers should consider other approaches for
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measuring food and alcohol consumption—including ad lib consumption measurements
and more comprehensive measurements of later consumption (e.g. diary measures).
Third, study findings suggest that: (1) alcohol odor cues more consistently increased
alcohol rather than food cravings; (2) food cravings appear to be more strongly
influenced by food pictorial cues rather than alcohol odor cues; and (3) only food
cravings elicited by alcohol odors and pictures were associated with increased post-lab
alcohol consumption. Based on these findings, future studies should examine whether
food and alcohol cues that engage multiple sensory modalities (e.g. sight, taste, and
smell) would differentially influence cued food and alcohol cravings and subsequent
consumption. Finally, considering that the small sample size of the present study might
reduce power for detecting effects, future studies should replicate and confirm study
findings using a larger sample of participants. Collectively, these studies can further
clarify (1) whether classical conditioning can contribute to concurrent food and alcohol
consumption through increased food and alcohol cravings, and (2) the clinical utility of

targeting cued cravings for reducing concurrent consumption.

Exploratory Analyses on Sympathetic Arousal and Consumption

In exploratory analyses, the present study examined the effects of alcohol odor
cues on food and alcohol sympathetic arousal and subsequent consumption. Although
omnibus effects of odor cues on food and alcohol sympathetic arousal were non-
significant, main effects comparisons suggest that alcohol odor cues increased pupil
diameter toward food pictures relative to non-food pictures (food sympathetic arousal),

but did not increase pupil diameter toward alcohol pictures relative to non-alcohol
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pictures (alcohol sympathetic arousal). Moreover, study findings also suggest that: (1)
cued alcohol and food sympathetic arousal did not predict alcohol and food consumption,
respectively; and (2) cued food sympathetic arousal was associated with decreased
number of alcoholic drinks. Increased pupil size, particularly pupil dilation, has been
considered an index of arousal and interest (Blaha, 1977; Metalis, Hess, & Beaver, 1982);
in this way, increased pupillary dilation in response to alcohol or food pictures would be
suggestive of increased interest and arousal in response to those pictures. With this in
mind, study findings suggest that social drinkers who occasionally co-consume food with
alcohol: (1) demonstrate increased arousal and interest in food pictures, but not alcohol
pictures, after being exposed to alcohol odorants; (2) do not consume alcohol and food to
greater levels regardless of their level of cued arousal and interest in alcohol and food
pictures, potentially because they are able to resist their arousal and interest in these
pictures; and (3) consume less alcohol when they have increased cued arousal and
interest in food pictures, potentially because food pictures are not necessarily predictive
of alcohol consumption.

These characteristics of food and alcohol co-consumers are difficult to reconcile
with previous findings, which have generally been mixed in nature. First, although
consistent with findings that demonstrate no effect of alcohol taste cues on pupillary
dilation (Adams, Brown, Haegerstrom-Portnoy, Flom, & Jones, 1978), study results are
not consistent with previous work demonstrating increased pupillary dilation following
alcohol odor cue exposure (Kennedy, 1971). Second, study results are consistent with
work demonstrating that pupil diameter toward alcohol cues do not predict alcohol

consumption (Ceballos et al., 2009), but inconsistent with findings demonstrating that
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increased alcohol cue elicited pupil dilation is associated with a higher likelihood of
alcohol relapse (Kennedy, 1971). Third, extending on findings demonstrating that food
odors elicit increased pupillary dilation (Metalis et al., 1982), study results clarify that
alcohol odors also increase pupillary size in response to food pictures. Finally, although
inconsistent with findings demonstrating a positive relationship between pupillary
dilation in response to food cues and food consumption (Graham, Hoover, Ceballos, &
Komogortsev, 2011; Metalis et al., 1982), study results clarify that alcohol odor cue
elicited pupil diameter changes in response to food pictures likely do not affect food
consumption and might have the potential to reduce alcohol consumption.

Again, all study findings should be interpreted in context of the issues mentioned
above—including (1) small sample size reducing power for detecting effects, (2) the
number of statistical analyses increasing Type I error, (3) issues with indirect self-report
post-lab consumption measures, and (4) the non-significant omnibus effects of odor cues
on food and alcohol sympathetic arousal. In addition to those issues, it should be noted
that inconsistencies with some previous findings can also be partially attributed to
differences pupil diameter measurements. In particular, previous studies did not examine:
(1) the effects of alcohol odor cues on pupillary responses to alcohol and food pictures
relative to matched control pictures (cued alcohol and food sympathetic arousal); and (2)
the effects of cued alcohol and food sympathetic arousal on alcohol and food
consumption, respectively. Those studies only examined the effects of alcohol and food
cue exposure on pupil diameter size and subsequent consumption, and did not present
participants with pictorial cues (e.g. side-by-side food or alcohol versus neutral pictures).

Separate measures of pupillary responses might be affected differently by alcohol odor
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cues and might differentially predict consumption (see Schmitz, Krummenauer, Henn, &
Dick, 2003; Yoon, Schmidt, Lietman, & McLeod, 2007). Finally, present study results
could also be attributed to limitations associated with pupil diameter measurements. In
particular, results of pupil diameter measurements can be affected by numerous factors:
(1) distance between eye tracking apparatus and participants, (2) time between exposure
to odor cues and assessments of pupil diameter, (3) emotional and cognitive processing of
pictorial cues, and (4) length of presentation of pictorial cues (Bradley et al., 2008; Field

& Eastwood, 2005; Field et al., 2007; Schmitz et al., 2003; Stormark et al., 2000).

Alternative Explanations

There are a number of alternative explanations for study findings. First, level of
alcohol and food consumption might have contributed to the inconsistent effects of
alcohol odor cues on food and alcohol attentional bias, cravings, sympathetic arousal, and
consumption. In particular, previous studies have suggested that the aforementioned
food-related and alcohol-related responses might be greater among problematic eaters
(Calitri et al., 2010; Castellanos et al., 2009; Graham et al., 2011; Metalis et al., 1982;
Meule et al., 2011; Polivy et al., 2005) and problematic drinkers (Field et al., 2007; Field
et al., 2005; Gordon et al., 2006; Kennedy, 1971; Rubin, Gottheil, Roberts, Alterman, &
Holstine, 1978; Townshend & Duka, 2011). Compared to social drinkers who
occasionally co-consume food with alcohol, problematic drinkers and eaters might
demonstrate more consistent increases in alcohol odor cue elicited conditioned food-
related and alcohol-related responses, both of which might in turn more consistently

increase food and alcohol consumption. Relatedly, considering that the level of food and
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alcohol co-consumption is low among study participants, higher levels of co-
consumption of food and alcohol (e.g. more regular pairing of alcohol odor cues with
food and alcohol consumption effects) might be needed before alcohol odor cues can
consistently elicit increased conditioned food-related and alcohol-related response, as
well as increased food and alcohol consumption.

Second, a related possibility is that food and alcohol consumption might predict
alcohol odor cue elicited conditioned food-related responses (Calitri et al., 2010;
Castellanos et al., 2009; Graham et al., 2011; Metalis et al., 1982; Meule et al., 2011;
Polivy et al., 2005) and conditioned alcohol-related responses (Field 2007; Field et al.,
2005; Gordon et al., 2006; Kennedy, 1971; Rubin et al., 1978; Townshend & Duka,
2011). In this way, cravings, attentional bias, and sympathetic arousal might serve as
correlates of level of consumption rather than predictors of consumption—such that more
problematic levels of consumption might lead to greater levels of the these conditioned
responses following alcohol odor cue exposure. Indeed, exploratory correlational
analyses of study data provided partial support for this: (1) problematic eating was
associated with greater alcohol odor cue elicited food cravings, food duration and
direction attentional bias, and food sympathetic arousal; and (2) problematic alcohol use
was associated with greater alcohol odor cue elicited alcohol cravings and food cravings,

but only when food cravings were elicited by both alcohol odor and pictorial cues'. These

! Problematic alcohol use (AUDIT) was associated with: (1) alcohol cravings following alcohol odor and
pictorial cues, (2) alcohol cravings following alcohol odor and food pictorial cues, and (3) food cravings
following alcohol odor and pictorial cues (rs= 0.25 to 0.30, ps = 0.01 to 0.04). Problematic eating (TFEQ-
18) was associated with: (1) food cravings following alcohol odor and pictorial cues, (2) food cravings
following alcohol odor and food pictorial cues, and (3) food duration and direction attentional bias
following alcohol odors (rs=0.24 to 0.32, ps = 0.004 to 0.04). The association of problematic eating with
food sympathetic arousal following alcohol odors fell short of significance (r = 0.22, p = 0.07).
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exploratory analyses suggest that alcohol and food consumption might serve as predictors
rather than outcomes of the aforementioned conditioned food-related and alcohol-related
responses.

Third, study findings clarify that: (1) odor cues have non-significant omnibus
effects on alcohol and food attentional bias and sympathetic arousal, as well as food
cravings, and significant effects on alcohol cravings; and (2) all alcohol odor cue elicited
conditioned food-related responses have no effect on food consumption. One possibility
is that food odor cues might be more effective in eliciting these aforementioned food-
related responses. Indeed, previous studies have provided support for this (Fedoroff et al.,
2003; Harvey et al., 2005; Johansson et al., 2004; Metalis et al., 1982; Papies et al.,
2008). In further support of this, study results also indicate that food cravings were
increased following exposure to food pictures during the visual probe task and regardless
of the type of odors presented (water vs. alcohol odors); however, it should be noted that
the omnibus effects of odor cues on food cravings were non-significant. Another
possibility is that food odor cue elicited food-related responses rather than alcohol odor
cue elicited food-related responses might more consistently predict increased food
consumption. Indeed, some findings have also provided some support for this (Fedoroff
et al., 2003; Graham et al., 2001; Papies et al., 2008; Sobik et al., 2005). Overall, these
findings emphasize the possible differential roles of alcohol odor cues and food odor cues
in eliciting conditioned food-related responses and consequent food consumption.

Fourth, the effects of alcohol odor cues on food and alcohol sympathetic arousal,
cravings, attentional bias, and consumption might be dependent on the type of foods and

alcoholic beverages presented. Beer odor cues, particularly Bud Light odor cues, might
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trigger conditioned cravings, attentional bias, and increased pupil diameter for specific
types of foods and alcoholic beverages—all of which might trigger increased
consumption of specific types of foods and alcoholic beverages. Indeed, previous studies
have suggested that conditioned responses and subsequent consumption might be food
and alcohol specific (Fedoroff et al., 2003; Field et al., 2005; Graham et al., 2011; Kemps
&Tiggemann, 2009; Martin et al., 2008; Weafer & Fillmore, 2012; Willner, Field, Pitts,
& Reeve, 1998). However, the present study utilized: (1) general rather than specific
measures of food and alcohol cravings and consumption; and (2) non-specific food and
alcohol pictorial cues during the visual probe task. The use of food and alcohol specific
cravings and consumption measures, as well as the use of more specific pictorial cues,
might result in beer odor cues being more consistent in eliciting increased conditioned
food-related and alcohol-related responses, as well as increased food and alcohol
consumption.

Fifth, study results broadly indicate that alcohol odor cues can serve as
conditioned stimuli that elicit conditioned food-related and alcohol-related responses,
both of which persist long enough to influence only alcohol consumption. This suggests
that classical conditioning mechanisms might play a stronger role in later alcohol
consumption compared to later food consumption or later concurrent consumption. At the
same time, an alternative explanation is that the role of classical conditioning in
concurrent consumption might be indirect. For instance, through frequent food and
alcohol co-consumption (Caton et al., 2004; Caton et al., 2005; Caton t al., 2007), alcohol
odor cues become associated with alcohol and food consumption effects. Consequently,

these alcohol odor cues become conditioned stimuli that elicit conditioned food-related
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and alcohol-related responses, some of which might increase later alcohol consumption.
In turn, increased alcohol consumption disinhibits food consumption through its
pharmacological effects. Confirmation of this pathway would elucidate the role of
classical conditioning in concurrent food and alcohol consumption.

Sixth, the present study utilized five self-report questions to measure post-lab
food and alcohol consumption. These questions assessed later consumption rather than
immediate consumption (e.g. a few hours after the lab portion of the study) and provided
only a snapshot view of later consumption (e.g. only consumption after the lab portion of
the study). Alcohol odor cue elicited conditioned responses might more consistently and
robustly influence other aspects of food and alcohol consumption. One alternative
approach would be to assess ad libitum food and alcohol consumption during the lab
portion of the study. Using this approach, participants would be given food and alcohol to
consume, with food and alcohol consumption being measured as the weight difference in
food and alcohol before and after consumption (Marlatt, Demming, & Reid, 1973;
Weafer & Fillmore, 2008; Yip, Wiessing, Budgett, & Poppitt, 2013). Another alternative
approach would be to utilize daily diary measures to get more comprehensive
measurements of later consumption. With this approach, participants will be instructed to
report on multiple aspects of food and alcohol consumption (e.g. approximate amount
consumed and approximate amount of caloric intake) each day for a period of time
(Carney, Armeli, Tennen, Affleck, & O’Neil, 2000; Conner, 1999; Subar et al., 2012).

Seventh, Pavlovian-to-instrumental transfer (PIT) might explain the generally null
effects of cued food and alcohol attentional bias, cravings, and sympathetic arousal on

post-lab food and alcohol consumption. In particular, PIT refers to a behavioral
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phenomenon of increased instrumental responding for reinfocers (e.g. alcohol or food)
when in the presence of conditioned cues (e.g. alcohol odor cues) that have been paired
separately with those reinforcers (Cartoni, Puglisi-Allegra, & Baldassarre, 2013;
Garbussow et al., in press; Garbusow et al., 2014; Hogarth, Field, & Rose, 2013;
Martinovic et al., 2014). Through PIT, exposure to conditioned alcohol odor cues
associated with food and alcohol consumption might evoke expectations of consumption
effects (e.g. sated cravings and euphoria), which might in turn elicit food and alcohol
seeking behaviors (Martinovic et al., 2014). In this way, exposure to conditioned alcohol
odor cues might play a vital role in subsequent alcohol and food consumption. However,
conditioned alcohol odor cues were present only in the lab portion of the present study
and might not necessarily be present outside of the lab. The absence of those conditioned
cues might explain the multitude of null effects of cued food and alcohol responses on
consumption. Alcohol odor cue elicited food and alcohol responses might more robustly
influence immediate (ad 1ib) consumption in the lab due to there being less delay among
alcohol cue exposure, cued conditioned responses, and subsequent consumption.

Finally, there might be external factors that influence the effects of alcohol odor
cues on food and alcohol cravings, attentional bias, sympathetic arousal, and
consumption. The absence of these factors in the present study might have contributed to
the inconsistent effects of alcohol odor cues on food and alcohol responses and
consumption. In particular, the effects of alcohol odor cues on conditioned responses and
subsequent consumption might be influenced by a number of factors—including dieting
status and habits (Harvey et al., 2005; Papies et al., 2008), negative and positive emotions

(Cooney et al., 1997; Hepworth et al., 2010; Newman et al., 2008; Waters, Hill, &
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Waller, 2001; Willner et al., 1998), trait eating and drinking style (Fedoroff et al., 2003),
complexity of pictorial cues (Miller & Fillmore, 2010), trait reactivity to food and alcohol
cues (Field et al., 2005; Johansson et al., 2004), and exposure to familiar environmental
and social cues associated with drinking and eating (Litt et al., 2000; Ryan et al., 2010).
These factors might mediate or moderate the effects of alcohol odor cues on conditioned
food-related and alcohol-related responses, as well as the effects of those conditioned
responses on food and alcohol consumption.

Collectively, future research studies should examine whether the effects of
alcohol odor cues on food and alcohol responses and consumption: (1) differ between
problematic and non-problematic food and alcohol consumers; (2) are dependent on
participants’ level of concurrent food and alcohol consumption; (3) differ compared to
the effects of food odor cues; (4) are dependent on specific types of food and alcoholic
beverages; and (5) are moderated and/or mediated by multiple factors. Relatedly, future
studies should also elucidate whether alcohol odor cue elicited cravings, attentional bias,
and sympathetic arousal serve as predictors and/or outcomes of consumption.
Furthermore, future studies should also examine indirect pathways through which
classical conditioning mechanisms might influence concurrent consumption. Such studies
would further clarify (1) the importance of classical conditioning mechanisms in
concurrent food and alcohol consumption, and (2) the clinical utility of targeting

classically conditioned responses for reducing concurrent consumption.
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Limitations

There are limitations that might limit the generalization of study findings (Kazdin,
2002). First, the present study recruited participants who co-consumed food with alcohol
at non-problematic levels; in particular, most participants reported co-consuming alcohol
and food in only 3-4 days out of the past two weeks and most participants did not co-
consume food with alcohol following the lab portion of the study. Relationships among
food and alcohol attentional bias, cravings, sympathetic arousal, and consumption might
not necessarily apply to populations who (1) more regularly co-consume food with
alcohol and/or (2) have comorbid eating and alcohol use problems. Second, the present
study did not recruit food and alcohol consumers who do not co-consume food and
alcohol. As such, direct comparisons between individuals who co-consume and
individuals who do not co-consume food and alcohol were not possible in the present
study. Third, because the present study only recruited beer consumers, relationships of
the present study might not generalize to individuals who prefer to concurrently consume
food with other alcoholic beverages. Fourth, because the present study utilized Bud Light
as the beer odorant and water as the control odorant, the present study results might not
necessarily apply to the effects of other alcohol odor cues (e.g. unconditioned novel
alcohol odor cues and other light beer odor cues) and appetitive odor cues (e.g. hot
chocolate and grape juice) on food and alcohol cravings, attentional bias, sympathetic
arousal, and consumption. Relatedly, because non-appetitive water odorant was utilized
as the control odorant, it is unclear whether the effects of alcohol odor cues represent a
specific response to an alcohol odorant or a general response to an appetitive odorant.

Sixth, the present study had to exclude data from three participants; at the same time,
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such exclusion did not affect the pattern of study results. Seventh, although there were
many significant main effects comparisons, most omnibus effects of odor cues were non-
significant. This suggests that the inclusion of covariates might be confounding the
effects of odor cues. As such, study results might not generalize to non-adjusted effects of
odor cues on food-related and alcohol-related responses. Eighth, sample size of the
present study might reduce power for accurately detecting effects; consequently, study
results might not be comparable to results from studies with larger sample sizes. Finally,
although present study examined multiple effects (60 total effects), no corrections were
made (1) to reduce the likelihood of type II error, and (2) because such corrections might
render potentially important effects null and consequently not interpretable. However,
because no corrections were made, there is a possibility that some significant effects are
due to type I error. As such, replication is needed to increase confidence in study results.
Furthermore, eye-tracking measures of the present study might generate some
limitations. First, participants might not have eye movement data for the entire duration
of their participation. Because the eye-tracker is sensitive to participant movement, pupil
recognition can be lost during administration of the visual probe task. Loss of pupil
recognition might lead to missing eye movement data until the eye-tracker is able to
capture the participant’s corneal reflection again. Loss of pupil recognition might happen
when participants start to squint or move outside of the optimal recognition range (24
inches from the eye-tracker). At the same time, the present study minimized this
limitation by (1) utilizing a forehead rest and a chinrest to minimize participant
movement and facilitate eye calibration, (2) positioning the forehead rest and chinrest in

the same position (24 inches from the monitor) for all participants, and (3) requiring eye



85

recalibration prior to each of the four trials. Second, although the present study assessed a
bias in initial orientation of attention (direction attentional bias) by dividing fixations on
alcohol or food pictures by total fixations on all pictures, this particular form of
attentional bias can be assessed in other ways. For instance, a bias in initial orientation
can be assessed by (1) determining the number of initial fixations on alcohol or food
versus control pictures, and (2) subtracting the number of initial fixations on control
pictures by the number of first fixations on alcohol or food pictures. This approach to
calculating a bias in initial orientation of attention might yield different results. Finally,
measurements of direction attentional bias, duration attentional bias, and sympathetic
arousal might be affected by multiple factors—including (1) distance between eye
tracking apparatus and participants, (2) time between exposure to odor cues and
assessments of eye movement, (3) emotional and cognitive processing of pictorial cues,
and (4) length of presentation of pictorial cues (Bradley et al., 2008; Field & Eastwood,
2005; Field et al., 2007; Schmitz et al., 2003; Stormark et al., 2000).

Similarly, other measures used in the present study can generate some limitations.
For instance, cravings were measured using self-report questionnaires. Other
measurements of reactivity food or alcohol odor exposure might be more objective, and
might consequently yield different or more accurate results. To address this, the present
study examined whether alcohol odor cues would influence food and alcohol sympathetic
arousal, as well as subsequent food and alcohol consumption, in exploratory analyses.
Furthermore, alcohol and food consumption were measured using self-report
questionnaires, which provided only a snapshot view of later consumption. In particular,

food and alcohol consumption were measured in terms of (1) level of satiety following



86

later food consumption, (2) amount of food consumed relative to usual consumption, (3)
number of drinks consumed, (4) amount of alcohol consumed relative to usual
consumption, and (5) whether participants consumed alcohol with food. Study results
might differ with direct ad libitum measurements of consumption and with more
comprehensive measurements of later consumption.

Finally, study procedures might generate some limitations. For instance, food and
alcohol cravings were measured following exposure to different odorants and following
engagement in the visual probe tasks. Exposure to food or alcohol pictures during the
visual probe tasks might influence cravings and might consequently confound the effect
of odor exposure on cravings. However, there are some considerations that should be
noted: (1) prior studies have indicated that odor cue exposure might be more powerful in
eliciting alcohol cravings (Litt & Cooney, 1990) and food cravings (Drobes et al., 2001;
Hawk et al., 2004) compared to pictorial cue exposure; and (2) study results indicate that
the effect of odor cue exposure generally remain consistent, regardless of the type of
pictorial cues presented. Furthermore, participants were asked to report on their food and
alcohol consumption following the lab portion of the study. Their experiences following
the lab portion of the study cannot be controlled and might exert a confounding effect on
study results. In particular, post-lab food and alcohol consumption might be due to
external factors (i.e., being invited out for drinks, usual day for drinking, etc.)

unaccounted for by the study.
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Conclusions

The present study is the first to demonstrate that alcohol odor cues can serve as
conditioned stimuli that elicit conditioned food-related and alcohol-related responses,
both of which might contribute differentially to alcohol consumption. As mentioned
above, these findings should be interpreted in context of multiple study issues—including
(1) small sample size reducing power for detecting effects, (2) multiple statistical
analyses increasing Type I error, (3) measurement and methodological limitations (e.g.
indirect self-report assessment of post-lab consumption and reaction time measurements
limitations), and (4) multiple non-significant omnibus effects of odor cues. In lieu of
these issues, the present study can be more accurately described as a pilot study, whose
results can guide future studies. In particular, study findings suggest that the role of
classical conditioning mechanisms in food and alcohol responses and consumption
warrants further investigation. For instance, future experimental and longitudinal studies
should consider: (1) utilizing more diverse measurements of conditioned responses; (2)
utilizing more proximal measurements of consumption and/or more comprehensive
measurements of later consumption; (3) utilizing more specific food and alcohol pictorial
cues; (4) examining the effects of food odor cues and unconditioned alcohol odor cues;
and (5) recruiting a larger sample of participants with higher levels of food, alcohol, and
concurrent consumption. In addition, findings of the present study also suggest that
interventions targeting alcohol odor cue elicited conditioned food-related and alcohol-
related responses have the potential for reducing alcohol consumption. Naturally, clinical
studies are needed to examine whether these approaches are effective. Overall, the

present study serves as a first step in elucidating the role of classical conditioning



88

mechanisms in conditioned food-related and alcohol-related responses, and in subsequent
food and alcohol consumption. Building upon the findings of the present study, future
studies can further elucidate these classical conditioning mechanisms, as well as clarify
whether these classical conditioning mechanisms might have clinical relevance for

addressing concurrent food and alcohol consumption.
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Appendix A: Preliminary Analyses and Regression Effects

Table A1l

Covariates and Consumptive Behaviors

112

Continuous Variables M SD Range Categorical Variables Frequency Percentage
Age 30.84 9.46 18-54 Gender

Male 37 48.1
Time of Day 1393.49 289.11 900-1900 Female 40 51.9
State Hunger 4.64 1.3 2-7 Race

Caucasian 64 83.1
Alcohol Use Days 5.63 2.66 1-13 Aftican 8 10.4

Hispanic 2 2.6
Beer Use Days 3.93 2.71 1-13 Asian 1 1.3

Other 2 2.6
Alcohol and Food Days 3.67 2.19 1-11

Day of the Week
Beer and Food Days 2.71 1.99 1-11 Monday 21 27.3

Tuesday 18 23.4
Post-Lab Food Satiety 66.01  21.44 10-100 Wednesday 6 7.8

Thursday 9 11.7
Post-Lab Food Typicality 5486  19.55  0-100 Friday 23 29.9
Post-Lab Alcohol use 2.49 2.03 1-9 Post-Lab Food

Yes 69 93.2
Post-Lab Alcohol Typicality 39.65  23.97  0-100 No 5 6.8
Problematic Alcohol Use 8.56 5.11 2-27 Post-Lab Alcohol

Yes 35 47.3
Problematic Eating 2.27 0.45 1.30-3.60 No 39 52.7

Post-Lab Co-Consumption

Yes 24 42.1

No 33 57.9




Table A2

Key Study Variables across Trials

Baseline Trial 1 Trial 2 Trial 3 Trial 4
M SD M SD M SD M SD M SD

Alcohol Cravings (L) 18.64 8.09 2431 12.31 23.85 12.46 22.25 11.01 21.65 10.43
Food Cravings (L) 33.08 9.01 34.33 10.89 36.01 10.54 34.44 10.30 35.35 10.20
Alcohol Cognitive AB (ms) 1.64 54.34 3.39 43.84

Food Cognitive AB (ms) -0.32 46.53 -3.61 58.69
Alcohol Duration AB (ms) 0.16 0.24 0.09 0.23

Food Duration AB (ms) 0.20 0.27 0.09 0.18
Alcohol Direction AB (%0) 55.29 8.09 52.13 9.92

Food Direction AB (%) 56.20 9.95 54.04 7.75
Alcohol Arousal (mm) 1.69 5.09 1.05 6.14

Food Arousal (mm) 1.63 6.25 0.14 4.78
Odor Intensity (L) 2.87 0.80 2.90 0.83 1.35 0.66 1.38 0.72
Odor Pleasantness (L) 2.94 0.63 293 0.60 2.71 0.68 2.77 0.54
Odor Represantiveness (L) 3.16 0.77 3.20 0.65 1.55 0.70 1.85 1.56

Note. Parentheses: L-Likert; ms-millisecond; %-percent; mm-millimeter. Trials: Trial 1-alcohol odors and alcohol pictures; Trial 2-alcohol odors and food pictures; Trial

3-neutral odors and alcohol pictures; Trial 4-neutral odors and food pictures. AB-attentional bias. Arousal-sympathetic arousal.

el



Table A3

Percentage of Missing Data.

Missing Data Breakdown
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Alcohol Cravings

Baseline: 5.19% (4 out of 77)
Trial 1: 7.79% (6 out of 77)
Trial 2: 2.60% (2 out of 77)
Trial 3: 0.00% (0 out of 77)
Trial 4: 0.00% (0 out of 77)

Alcohol Cognitive AB
Trial 1: 16.88% (13 out of 77)
Trial 3:9.10% (7 out of 77)

Alcohol Duration AB
Trial 1: 15.58% (12 out of 77)
Trial 3: 7.79% (6 out of 77)

Alcohol Direction AB
Trial 1: 15.58% (12 out of 77)
Trial 3: 7.79% (6 out of 77)

Alcohol Sympathetic Arousal
Trial 1: 15.58% (12 out 0of 77)
Trial 3: 7.79% (6 out of 77)

Alcohol Consumption (Post-Lab)
Alcohol Use: 9.09% (7 out of 77)
Alcohol Typicality: 7.79% (6 out of 77)

Overall (total n = 77)
59.7% were missing at least one variable
(46 out of 77 participants)

Concurrent Consumption: 26% (20 out of 77)

Food Cravings

Baseline: 1.30% (1 out of 77)
Trial 1: 6.49% (5 out of 77)
Trial 2: 1.30% (1 out of 77)
Trial 3: 0.00% (0 out of 77)
Trial 4: 0.00% (0 out of 77)

Food Cognitive AB
Trial 2: 7.79% (6 out of 77)
Trial 4:10.39% (8 out of 77)

Food Duration AB
Trial 2: 10.39% (8 out of 77)
Trial 4: 10.39% (8 out of 77)

Food Direction AB
Trial 2: 10.39% (8 out of 77)
Trial 4: 10.39% (8 out of 77)

Food Sympathetic Arousal
Trial 2: 10.39% (8 out of 77)
Trial 4: 10.39% (8 out of 77)

Food Consumption (Post-Lab)
Food Satiety: 3.90% (3 out of 77)
Food Typicality: 3.89% (3 out of 77)

Note. AB-attentional bias.



115

Table A4

Demographic Differences across Key Study Variables

Age Gender Race

r p-value t-stat p-value F-stat p-value
Alcohol Cravings (L)
Baseline -.16 .19 1.41 .16 2.55 .046
Alcohol Odor, Alcohol Pictures -.24 .04 -.01 99 3.10 .02
Alcohol Odor, Food Pictures -.26 .02 -.16 .87 1.46 22
Neutral Odor, Alcohol Pictures -.18 12 .10 92 2.10 .09
Neutral Odor, Food pictures -.08 47 15 .88 2.49 .051
Food Cravings (L)
Baseline -.14 23 1.89 .06 3.13 .02
Alcohol Odor, Alcohol Pictures =27 .02 .68 .50 3.91 .01
Alcohol Odor, Food Pictures -22 .06 .55 .58 3.72 .01
Neutral Odor, Alcohol Pictures -.18 11 1.19 24 3.83 .01
Neutral Odor, Food pictures -.12 31 31 .76 2.00 .10
Cognitive Attentional Bias (ms)
Alcohol Attentional Bias (AOD) -.04 5 -1.30 .20 .62 .61
Alcohol Attentional Bias (NOD) .35 .00 -1.39 17 12 95
Food Attentional Bias (AOD) .04 72 .00 .99 3.07 .03
Food Attentional Bias (NOD) .09 .46 -.23 .82 .36 .78
Direction Attentional Bias (%)
Alcohol Attentional Bias (AOD) -.20 12 .68 .50 1.60 .20
Alcohol Attentional Bias (NOD) -.16 17 1.86 .07 1.87 13
Food Attentional Bias (AOD) -34 .00 -.53 .60 2.89 .03
Food Attentional Bias (NOD) -21 .08 .55 .59 1.17 33
Duration Attentional Bias (ms)
Alcohol Attentional Bias (AOD) -.20 11 1.14 .26 2.96 .03
Alcohol Attentional Bias (NOD) -.08 .53 1.51 13 1.79 .14
Food Attentional Bias (AOD) -.32 .01 -.01 .99 4.35 .00
Food Attentional Bias (NOD) -.32 .01 -1.07 29 52 72
Sympathetic Arousal (mm)
Alcohol Sympathetic Arousal (AOD) -.14 28 .87 .39 32 .87
Alcohol Sympathetic Arousal (NOD) .06 .62 2.05 .04 1.17 33
Food Sympathetic Arousal (AOD) =17 17 -.07 94 3.29 .02
Food Sympathetic Arousal (NOD) -.06 .64 -.46 .64 46 .76
Post-Lab Consumption (L)
Post-Lab Food Satiety -.13 28 =72 47 .90 47
Post-Lab Food Typicality -.17 15 -.12 91 .09 .98
Post-Lab Alcohol Use .16 .19 12 91 .53 72
Post-Lab Alcohol Typicality 19 11 -.02 98 1.14 34
Post-Lab Concurrent Consumption 12 37 .33 74 1.16 .33

Note. Bolded values are significant. AOD-alcohol odorants. NOD-neutral odorants. L-Likert. ms-millisecond. %-
percent. mm-millimeter.



Table A5

Effects of Key Study Variables on Post-Lab Consumption

Food Satiety Food Typicality Alcohol Use Alcohol Typicality Co-consumption

s p-value s p-value 1) p-value s p-value Exp(b) p-value
Alcohol Cravings (Alcohol) .001 .99 .02 .95 35 .29 .14 .67 1.01 .85
Alcohol Cravings (Food) .07 .84 .10 78 -.08 .81 -.09 79 95 49
Food Cravings (Alcohol) -.002 .99 -.01 .98 48 .04 15 .53 .95 33
Food Cravings (Food) .20 45 .004 .99 -.15 .50 -.14 .56 1.02 .80
Alcohol Cognitive AB (ms) .06 .67 .02 .88 .30 .03 -.06 .70 1.00 .84
Food Cognitive AB (ms) -.09 .50 -.15 .26 -.07 .57 -.15 23 1.01 49
Alcohol Direction AB (%) .26 46 .25 44 .03 37 -.01 .97 .98 .59
Food Direction AB (%) 22 A1 .08 57 -25 .04 -.12 .36 1.00 91
Alcohol Duration AB (ms) .01 .96 11 44 .14 31 .05 .70 1.18 .90
Food Duration AB (ms) .02 .88 .14 32 -.24 .06 -.16 22 1.83 .62
Alcohol Sympathetic Arousal (mm) .02 .86 23 .10 .06 .64 -.07 .59 95 .49
Food Sympathetic Arousal (mm) -.01 92 -.04 .78 -.28 .02 -.17 .19 1.04 43

Note. Bolded coefficients are significant. Parentheses: Alcohol-alcohol pictures; Food-food pictures; ms-millisecond; %-percent; mm-millimeter. AB-attentional bias.
Likert scale used for cravings.
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Appendix B: Methodology Figures
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Appendix C: Alcohol Cue Elicited Responses
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Appendix D: Effects on Post-Lab Consumption
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Appendix E: Pilot Study Summary

METHOD

Design

The pilot study examined the effects of: (1) odor cues (beer, pizza, and water
odorants) on food and alcohol cravings and attentional bias (cognitive, direction, and
duration); and (2) food and alcohol cravings and attentional bias elicited by food and
alcohol odor cues on post-lab food and alcohol consumption. Participants were assigned
to one of two conditions: (1) food condition, wherein participants saw food pictures
matched with control pictures, and had their food cravings and attentional bias assessed;
and (2) alcohol condition, wherein participants saw alcohol pictures matched with control
pictures, and had their alcohol cravings and attentional bias assessed. On the day after the
lab portion of the study, all participants completed a short online survey, which contained

two questions on post-lab food and alcohol consumption.

Participants

Participant in the pilot study consisted solely of college students enrolled in
introductory psychology courses. In order to eligible for the study, students must indicate
that they are (1) at least 18 years of age, (2) speak English fluently, (3) consume alcohol
at least once a week, (4) consume at least one drink every drinking session, and (5)
occasionally consume food and alcohol concurrently. Data were collected from 20

participants. Data from one participant were excluded from the analyses due to an
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olfactometer malfunction (e.g. olfactometer was not administering odorants during the
trials). Of the remaining 19 participants, 10 had been assigned to the alcohol condition
and 9 had been assigned to the food condition. These participants had a mean age of
29.21 (SD = 12.35); 57.9% were female and 42.1% were male; and 78.9% of the
participants were Caucasian, with 10.5% reporting being Hispanic American and 10.5%
reporting being African American. Most participants (17 out of 19) reported consuming
beer in the past two weeks, and less than half of the participants (8 out of 19) reported
consuming pizza with beer in the past two weeks. Participants reported beer consumption
in 3-4 days out of the past two weeks (M = 3.53, SD = 2.55), and those who concurrently
consumed beer and pizza reported doing so at least once every two weeks (M = 1.38, SD

=0.52).

PILOT RESULTS

Missing Data

All participants (19 participants) completed measures of post-lab food and alcohol
consumption. Participants in the food condition (9 participants) completed measurements
of food cravings and attentional bias, while participants in the alcohol condition (10
participants) completed measurements of alcohol cravings and attentional bias. For each
participant, there should be a total of 15 separate variables of interest: 4 cravings
variables (baseline, neutral odors, alcohol odors, and food odors), 9 attentional bias
variables (neutral odors, alcohol odors, and food odors for duration, direction, and

cognitive attentional bias), and 2 post-lab consumption variables (food and alcohol
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consumption). In the alcohol condition, 70% of participants (7 out of 10 participants) had
missing data in at least one of these fifteen variables. In the food condition, 56% of
participants (5 out of 9 participants) had missing data in at least one of these fifteen
variables. On average, participants do not appear to be missing more than 14.5% of these
variables. As a result, participants with missing data were still included in the analyses.
Aforementioned variables with missing data were imputed using linear regression
imputations. Using this approach, multiple imputations (5 total imputations) were
calculated for each variable. Although F-statistics and p-values vary greatly across
separate imputations, pooled mean values for attentional bias, cravings, and post-lab
consumption across separate imputations did not substantially differ from the original
mean values. Relatedly, the pattern of mean differences across odorant trials does not
seem to differ between analyses of imputed and non-imputed data sets. Due to the
similarities in mean values and differences across trials, and because F-statistics and p-
values cannot be pooled across separate imputations in SPSS, the results presented below

are from analyses of non-imputed data.

Cravings

A repeated measures analysis of variance (ANOVA) indicated that the main effect
of odor trials (baseline, neutral odors, beer odors, pizza odors exposure) on alcohol
cravings was not significant, F' (3, 24) = 1.08, p = 0.38. Despite this non-significant
effect, which would be expected given the small sample size, examination of mean
alcohol cravings across the four trials indicates a pattern of meaningful trends. In

particular, mean alcohol cravings was higher following alcohol odorant trials (M = 24.00,
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SD = 15.69) and food odorant trials (M = 22.22, SD = 12.30) relative to neutral odorant
trials (M = 20.67, SD = 11.74) and baseline (M = 20.44, SD = 12.24). In general, the
pattern of results indicates that exposure to food and alcohol odorants might be producing
higher alcohol cravings compared to exposure to neutral odorants and compared to
baseline alcohol cravings.

The main effect of trials on food cravings was not significant, F (3, 21) = 0.45, p
= 0.45. Again, despite the non-significant effect, food cravings across the four trials
appear to be meaningfully different. More specifically, mean food cravings were higher
following alcohol odorant trials (M = 42.75, SD = 10.14) relative to neutral odorant trials
(M =39.50, SD =9.61) and baseline (M = 37.25, SD = 5.70). However, mean food
cravings following food odorant trials (M = 37.75, SD = 10.32) and baseline food
cravings (M = 37.25, SD = 5.70) might not be meaningfully different. Moreover, mean
food cravings were lower following food odorant trials (M = 37.75, SD = 10.32) relative
to neutral odorant trials (M = 39.50, SD = 9.61). In general, the pattern of results indicate
that exposure to alcohol odorants, but not food odorants, might be producing higher food

cravings compared to neutral odorants and compared to baseline.

Attentional Bias

A repeated measures ANOVA indicated that the main effect of trials (neutral
odors, beer odors, pizza odors exposure) on cognitive alcohol attentional bias was not
significant, ' (2, 12) = 0.08, p = 0.71. Examination of cognitive alcohol attentional bias
across the three trials indicates that there might be meaningful differences in a larger

sample. In particular, alcohol attentional bias was higher following alcohol odorant trials
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(M =10.72, SD = 35.53) and food odorant trials (M = 10.43, SD = 32.05) relative to
neutral odorant trials (M = 4.47, SD = 29.73). In general, pattern of results indicate that
exposure to both food odorants and alcohol odorants might be producing higher cognitive
alcohol attentional bias compared to exposure to neutral odorants.

The main effect of trials on cognitive food attentional bias was not significant,
(2,12) =0.35, p = 0.72. Similarly, examination of cognitive food attentional bias
suggests that there might be meaningful differences across the three trials. Food
attentional bias was higher following alcohol odorant trials (M = 7.53, SD = 37.35) and
food odorant trials (M = 13.69, SD = 27.71) relative to neutral odorant trials (M = -2.10,
SD = 27.49). Pattern of results indicate that exposure to food odorants and alcohol
odorants might be producing higher cognitive food attentional bias compared to exposure
to neutral odorants.

Using a repeated measures ANOVA indicated, the main effect of trials (neutral,
beer, pizza odors exposure) on duration alcohol attentional bias was significant, F' (2, 12)
=6.99, p =0.01. Using post-hoc LSD (least significant difference) test, duration alcohol
attentional bias was higher following alcohol odorant trials (M = 0.15, SD = 0.24) relative
to neutral odorant trials (M = 0.05, SD = 0.29), with the difference falling short of
significance (p = 0.06). In contrast, duration alcohol attentional bias appeared to be lower
following food odorant trials (M = 0.00, SD = 0.29) relative to neutral odorant trials (M =
0.05, SD = 0.29), with the difference also falling short of significance (p = 0.07). These
findings suggest that alcohol odorants might be increasing duration alcohol attentional
bias relative to neutral odorants, and that food odorants might be decreasing duration

alcohol attentional bias relative to neutral odorants.
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The main effect of trials on duration food attentional bias was not significant, '
(2, 8)=0.92, p = 0.44. However, examination of duration food attentional bias indicates
possible meaningful differences across the three trials. In particular, duration food
attentional bias was higher following alcohol odorant trials (M = 0.23, SD = 0.31) relative
to neutral odorant trials (M = 0.11, SD = 0.30). In contrast, duration food attentional bias
was lower following food odorant trials (M = 0.06, SD = 0.10) relative to neutral odorant
trials (M = 0.11, SD = 0.30). This pattern of results suggest that exposure to alcohol
odorants might be increasing duration food attentional bias relative to exposure to neutral
odorants, and that exposure to food odorants might be decreasing duration food
attentional bias relative to exposure to neutral odorants.

A repeated measures ANOVA indicated that the main effect of trials (neutral
odors, beer odors, pizza odors) on direction alcohol attentional bias was not significant, '
(2,12)=2.72, p=0.11. Examination of direction alcohol attentional bias across the three
trials indicates non-meaningful differences. More specifically, direction alcohol
attentional bias did not seem meaningfully different following alcohol odorant trials (M =
56.04%, SD = 12.13%, Range = 40% - 78%) and food odorant trials (M = 52.60%, SD =
10.01%, Range = 35% - 70%) relative to neutral odorant trials (M = 50.47%, SD =
13.41%, Range = 27% - 69%). The main effect of odor exposure on direction food
attentional bias was also not significant, (2, 8) = 3.18, p = 0.10. Similarly, direction
food attentional bias across the three trials indicates non-meaningful differences. In
particular, direction food attentional bias following alcohol odorant trials (M = 60.13%,
SD =11.21%, Range = 47% - 75%) and food odorant trials (M = 49.74%, SD = 3.56%,

Range = 44% - 55%) did not seem meaningfully different compared to direction food
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attentional bias following neutral odorant trials (M = 57.18%, SD = 12.22%, Range =
45% - 78%, p = 0.19). In summary, exposure to food and alcohol odorants does not seem
to be increasing direction food and alcohol attentional bias relative to exposure to neutral

odorants.

Post-Lab Consumption

All participants completed the post-lab survey (19 out of 19). For post-lab alcohol
consumption, participants had a mean of 2.26 (SD = 2.64). This indicates that, on
average, participants consumed two to three drinks following their participation in the lab
portion of the study. For post-lab food consumption, participants had a mean of 2.00 (SD
= 0.45). This suggests that the average participants ate an average amount of food
following their participation in the lab portion of the study, such that they are neither full
nor hungry following their food consumption. Correlational analyses were conducted to
examine the relationships of cravings and attentional bias with post-lab food and alcohol
consumption.

Alcohol cravings and attentional bias (cognitive, duration, and direction)
following food and alcohol odorant trials were not significantly associated with post-lab
alcohol consumption (p > 0.05). However, findings suggest that there might still be
meaningful associations. For instance, cognitive alcohol attentional bias following
alcohol odorant trials might be associated with higher levels of post-lab alcohol
consumption (» = 0.40); however, cognitive alcohol attentional bias following food
odorant trials might not be meaningfully associated with post-lab alcohol consumption (»

= -0.02). Furthermore, alcohol cravings following food odorant trials might be associated
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with somewhat higher levels of post-lab alcohol consumption (» = 0.25); in contrast,
alcohol cravings following alcohol odorant trials might be associated with somewhat
lower levels of post-lab alcohol consumption (» = -0.16). In addition, duration alcohol
attentional bias following food odorant trials (» = 0.07) and alcohol odorant trials (» =
0.01) might not be meaningfully associated with post-lab alcohol consumption. Finally,
direction alcohol attentional bias following food odorant trials might be associated with
somewhat higher levels of post-lab alcohol consumption (» = 0.15), while direction
alcohol attentional bias following alcohol odorant trials might not be meaningfully
associated with post-lab alcohol consumption (» = 0.04). In summary, increased cognitive
attentional bias following alcohol odorant trials might be associated with higher post-lab
alcohol consumption; however, other types of alcohol attentional bias (duration and
direction) and alcohol cravings following alcohol odorant trials might not be associated
with increased post-lab alcohol consumption. In contrast, alcohol cravings and direction
alcohol attentional bias following food odorant trials might be associated with increased
post-lab alcohol consumption; however, cognitive and duration alcohol attentional bias
elicited by food odorant trials might not be associated with increased post-lab alcohol
consumption.

For post-lab food consumption, duration food attentional bias following alcohol
odorant trials (p = 0.001) and food odorant trials (p = 0.046) were significantly associated
with post-lab food consumption. In particular, duration food attentional bias following
alcohol odorant trials (» = -0.99) and food odorant trials (» =- 0.82) were associated with
lower levels of post-lab food consumption. Although food cravings, cognitive food

attentional bias, and direction food attentional bias were not significantly associated with
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post-lab food consumption (p > 0.05), findings suggest there might be meaningful
associations. For instance, food cravings following alcohol odorant trials (» = -0.38) and
food odorant trials (» = -0.41) might be associated with lower levels of post-lab food
consumption. Similarly, cognitive food attentional bias following alcohol odorant trials (»
= -0.40) and food odorant trials ( = -0.62) might also be associated with lower levels of
post-lab food consumption. Finally, direction food attentional bias following alcohol
odorant trials (» = 0.03) and food odorant trials (» = 0.08) might not be meaningfully
associated with post-lab food consumption. In general, food cravings, duration food
attentional bias, and cognitive food attentional bias, but not direction food attentional

bias, might be decreasing post-lab food consumption.
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Appendix F: Food and Matched Control Pictures
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Appendix G: Alcohol and Matched Control Pictures
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Appendix H: Results without Covariates

Table H1

Effects of Odor Cues on Key Study Variables (Repeated Measures ANOVA)

Baseline Trial 1 Trial 2 Trial 3 Trial 4 ANOVA
M SD M SD M SD M SD M SD F-Stat p-value
Alcohol Cravings (L) 18.21 8.06 24.01 12.11 23.68 12.19 21.79 10.81 21.28 10.08 17.06 .00
Food Cravings (L) 33.55 8.72 34.44 10.93 36.65 10.37 34.92 10.17 35.75 9.97 6.36 .00
Alcohol Cognitive AB (ms) 1.84 54.75 2.27 43.62 .00 .96
Food Cognitive AB (ms) -.18 45.93 -3.32 59.08 15 .70
Alcohol Duration AB (ms) .16 24 .09 21 6.20 .02
Food Duration AB (ms) 19 24 .08 .16 17.40 .00
Alcohol Direction AB (%) 55.42 8.16 51.87 9.29 1.55 .20
Food Direction AB (%) 55.50 8.62 53.62 7.35 2.39 13
Alcohol Arousal (mm) 1.76 5.15 .90 5.66 91 34
Food Arousal (mm) 98 4.96 -.14 4.19 1.94 17

Note. AB-attentional bias. Arousal-sympathetic arousal. Parentheses: L-Likert scale; ms-millisecond; %-percent; mm-millimeter.
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Table H2

Correlations of Key Study Variables with Post-Lab Consumption

Alcohol  Alcohol Food Food Alcohol Food Alcohol Food Alcohol Food Alcohol Food
Cravings Cravings Cravings Cravings Cognitive Cognitive Direction Direction Duration Duration Arousal Arousal
(Alcohol)  (Food) (Alcohol)  Food) AB(ms) AB(ms) AB (%) AB (%) AB(ms) AB(ms) (mm) (mm) M(SD)

Post-Lab Food Satiety .07 .09 .19 23 .06 -.04 13 26" .02 .08 .00 .01 66.01 (21.44)
Post-Lab Food Typicality .16 .20 .06 11 .04 -17 17 17 15 .20 21 .03 54.86 (19.55)
Post-Lab Alcohol Use 21 19 18 02 29 -.09 10 26" 12 -.19 05 -27° 249 (2.03)
Post-Lab Alcohol Typicality .01 .01 -.12 -.13 .04 -.16 -.01 -.13 .04 -.16 -.06 -.17 39.65 (23.97)
Post-Lab Concurrent Consumption -.18 -.16 -.18 -.14 -.09 .07 -.10 -.05 -.05 -.06 -.11 .10 1.58 (0.50)

Note. * indicates p < 0.05. Cravings: Alcohol-alcohol pictures; Food-food pictures. AB-attentional bias. Parentheses: L-Likert scale; ms-millisecond; %-
percent; mm-millimeter. Likert scale used for cravings and post-lab consumption questions.
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Table I1

Effects of Cues on Alcohol Cravings across Imputations

Appendix I: Imputations

Baseline Trial 1 Trial 2 Trial 3 Trial 4 ANOVA
M SD M SD M SD M SD M SD F-Stat p-value
Alcohol Cravings (Original)  18.28 8.10 24.18 12.12  23.88 12.16  21.93 10.84 2140  10.10 2.72 0.03
Alcohol Cravings (1) 20.81 1996 2722 2057 2532 1430 2250 11.29  21.75 10.65 1.38 0.24
Alcohol Cravings (2) 17.70  11.52  24.81 13.73 2370  13.69 2250 11.29 21.75 10.65 0.41 0.80
Alcohol Cravings (3) 17.19 1488 2046  40.57 20.89 2996 2250 1129 21.75 10.65 1.11 0.35
Alcohol Cravings (4) 18.89 8.33 25.86  15.15 2531 14.15 2250 1129  21.75 10.65 1.50 0.20
Alcohol Cravings (5) 2248 3337 2598 1474 2442 1254 2250 1129 2175 10.65 1.45 0.22

Note. Likert scale used for cravings questions.
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Table 12

Effects of Food Cravings on Post-Lab Consumption across Imputations

Food Satiety Food Typicality Alcohol Use  Alcohol Typicality Co-consumption

p p-value p p-value p p-value p p-value Exp(b) p-value Mean SD
Food Cravings (Original) .00 99 -.01 .98 48 .04 15 53 95 33 3433 10.89
Food Cravings (1) -.02 .89 =22 .20 20 23 -.01 .95 95 22 36.03 29.81
Food Cravings (2) .08 .61 .16 33 -22 .16 -.01 .96 .99 72 31.90 15.62
Food Cravings (3) -.14 .58 .04 .88 14 54 .19 .39 1.00 .93 36.14  34.86
Food Cravings (4) -.09 .63 -.30 A1 17 34 .03 .87 97 43 34.31 12.17
Food Cravings (5) .06 72 -.14 .39 -.10 53 .03 .84 .96 24 33.82 17.39

Note. Likert scale used for cravings and post-lab consumption questions.
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