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Abstract

Mounting evidence indicates that physical activity and alcohol consumption are positively
associated, but potential moderators of this relationship remain unclear. Both physical activity and
alcohol drinking are potentially reinforcing and may be more strongly associated among
individuals who tend to be higher in reward seeking and related processes governed by the
prefrontal cortex. Thus, behaviors linked to the prefrontal cortex, such as impulsivity, may
influence the association between physical activity and alcohol intake. The present study therefore
evaluated dimensions of impulsivity as moderators of the association between physical activity
and alcohol consumption. We surveyed 198 undergraduate students and obtained self-reports of
their drinking habits, physical activity, and dimensions of impulsivity. We found that moderate but
not vigorous physical activity was positively associated with drinking. Linear regression analyses
were used to evaluate dimensions of impulsivity as moderators of the association between physical
activity (vigorous or moderate) and drinks per week. Results revealed a consistent pattern of
interactions between the positive urgency and sensation seeking dimensions of impulsivity and
moderate physical activity on number of drinks per week. For both interactions, there was a
significant positive association between moderate physical activity and drinking at higher but not
lower levels of impulsivity. We conclude that impulsivity moderates the positive association
between physical activity and alcohol consumption. These results have significant implications for
the develop ment of prevention and treatment programs for alcohol use disorders.
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Introduction

Like all rewarding behaviors, exercise and alcohol consumption share common underlying
brain circuitry (Nestler, 2005; Olsen, 2011; Perrotti et al., 2008; Volkow & Wise, 2005;
Werme et al., 2002). This suggests that exercise experience may influence the effects of
alcohol. In support of this idea, it has been shown that voluntary exercise reduces behavioral
intoxication in a rodent model (Leasure & Nixon, 2010). Overlapping neural circuitry also
suggests that exercise experience may influence alcohol intake behaviors. In support of this
idea, several large studies of non-institutionalized adults in the United States indicate a
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significant positive association between physical activity and alcohol consumption (French,
Popovici, & Maclean, 2009; Lisha, Martens, & Leventhal, 2011).

In humans, the relationship between physical activity and drinking has been studied in
adolescent and undergraduate athletes. Many of these studies indicate heavier drinking in
athletes compared to non-athlete peers (Dunn & Wang, 2003; Kokotailo, Henry, Koscik,
Fleming, & Landry,1996; Leichliter, Meilman, Presley, & Cashin,1998; Nattiv & Puffer,
1991; Wechsler, Dowdall, Davenport, & Rimm,1995), although some do not (Elder, Leaver-
Dunn, Wang, Nagy, & Green, 2000; Overman & Terry, 1991). Mixed findings suggest that
the relationship betweenphysical activity and alcohol consumption may differ as a function
of physiological, neural, cultural, and/or personality factors. However, other than gender and
age, factors that moderate the relationship between physical activity and alcohol intake have
been understudied (Lisha et al., 2011).

To pinpoint factors that may influence this relationship, it is helpful to consider
neurocircuitry. With any rewarding and potentially addictive behavior (including alcohol
consumption), the transition from experimentation to increased use appears to be governed
by the prefrontal cortex (Bechara, 2005; Koob & Le Moal, 2005). Moreover, the processes
which govern reward seeking and impulsivity are likely to affect behaviors which are
potentially reinforcing. Sensation seeking, which is one component of impulsivity, has been
suggested as a potential factor in the association between physical activity and alcohol
consumption, in that a “sensation-seeking lifestyle” may be consistent with engaging in both
behaviors (French et al., 2009). More generally, impulsivity is a set of behavioral tendencies
(Cyders & Smith, 2007) that confer vulnerability to the development of drug addiction (de
Wit, 2009), and rely heavily on prefrontal cortical function (Fineberg et al., 2010; Perry et
al., 2011). The present study evaluated dimensions of impulsivity as moderators of the
association between physical activity and alcohol consumption in a sample of college
students.

Research on impulsivity has long been hindered by a lack of uniformity in the definition of
the construct. Cyders and Smith (2007) have developed a new measure of impulsivity, the
UPPS-P, based on compelling evidence that impulsivity, or “rash action” has three distinct
components. The first is mood-based and is composed of positive urgency (action driven by
positive emotion) and negative urgency (action driven by negative emotion). The second
component involves lack of conscientiousness, and includes lack of planning and lack of
perseverance. The last component is sensation seeking. In the present study, we have utilized
this conceptualization of the construct of impulsivity.

The objective of the present study was to determine whether impulsivity influences the
relationship between physical activity and alcohol intake. Stated another way, we were
interested in determining the extent to which impulsivity is characteristic of individuals who
both drink and exercise. Accordingly, participants completed self-report measures of alcohol
consumption, physical activity, and impulsivity. We hypothesized that the relationship
between physical activity and alcohol intake would be strongest in individuals that score
highly on the subscales of the UPPS-P, including sensation-seeking, negative and positive
urgency, lack of premeditation, and lack of perseverance.
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Materials and methods

Participants

Participants included 198 (173 women and 25 men) undergraduate psychology students at a
large Southwestern university. The average age of participants was 24.11 years (SD = 6.92).
The race distribution was 39.27% Caucasian, 19.37% Asian/Asian American, 16.23%
Black/African American, 1.57% Native Alaskan/Pacific Islander, 6.81% multi-racial, and
16.75% other. The ethnicity distribution was 30.61% Hispanic and 69.39% non-Hispanic.
With the exception of gender, this sample was demographically similar to the university's
undergraduate population. Written informed consent was obtained from all subjects, and all
experimental procedures followed were in accordance with the ethical standards of the
University of Houston's Committee for the Protection of Human Subjects and with the
Helsinki Declaration of 1975, as revised in 1983.

Procedure

After providing informed consent, participants completed a web-based survey which
included measures of impulsivity, physical activity, and drinking. Participants received extra
course credit in exchange for participation.

Measures

Impulsivity—Impulsivity was assessed by the UPPS-P (Cyders & Smith, 2007). The
UPPS-P is a revised version of the UPPS Impulsive Behavior scale (Whiteside & Lynam,
2001). The original UPPS assessed urgency (negative), lack of premeditation, lack of
perseverance, and sensation seeking. The UPPS-P adds the dimension of positive urgency.
The scale consists of 59 items. Negative urgency refers to a tendency to engage in impulsive
behaviors in response to negative effect and is assessed by 12 items, e.g., “When | am upset |
often act without thinking.” Lack of premeditation refers to the absence of consideration of
consequences prior to engaging in an act and is assessed by 11 items, e.g., “Before making
up my mind, | consider all the advantages and disadvantages”; Reversed. Lack of
perseverance assesses an inability to remain focused on boring or difficult tasks and is
measured by 10 items, e.g., “I tend to give up easily.” Sensation seeking refers to a tendency
to pursue exciting activities and an openness to trying new experiences that are potentially
dangerous and is assessed by 12 items, e.g., “l welcome new and exciting experiences and
sensations, even if they are a little frightening and unconventional.” Finally, positive urgency
refers to a tendency to engage in impulsive behaviors in response to positive effect and is
measured by 14 items, e.g., “When | am in a great mood, | tend to get into situations that
could cause me problems.” Cronbach's alphas in the present data were 0.89, 0.86, 0.85, 0.87,
and 0.94, for negative urgency, lack of premeditation, lack of perseverance, sensation
seeking, and positive urgency, respectively.

Physical activity—Physical activity was assessed using items from the CDC
Behavioral Risk Factor Surveillance System (BRFSS) (Fisher, Spicer, Race, & Melnik,
2003). Participants were asked to report 1) the number of minutes per day they engaged in
moderate activities on days when they engaged in moderate activities and 2) the number of
minutes per day they engaged in vigorous activities on days when they engaged in vigorous
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Results

activities. Responses ranged from 0 to 180 min for each item. The BRFSS also includes
items regarding how many days per week participants exercise; however, preliminary
analyses revealed that frequency was not related to drinking. Moreover, analyses examining
exercise frequency for both moderate and vigorous exercise indicated that neither was
related to drinking nor did either interact with any dimension of impulsivity in predicting
drinking. Thus, the present results focus specifically on amount of exercise per occasion.

Drinking—The Daily Drinking Questionnaire (Collins, Parks, & Marlatt, 1985) was used
to assess average number of drinks consumed per week over the previous 3 months.
Participants were asked, “Consider a typical week during the last 3 months. How much
alcohol, on average (measured in number of drinks), do you drink on each day of a typical
week?” Participants responded by noting the average number of drinks consumed on each
day of the week. Drinks per week was calculated as the sum of responses for each day of the
week. This measure has demonstrated good reliability and validity in comparison to other
measures of drinking (Borsari & Carey, 2000; Neighbors, Oster-Aaland, Bergstrom, &
Lewis, 2006).

Relationships between physical activity, drinking, and impulsivity

Means, standard deviations, and correlations for all variables are presented in Table 1. All
impulsivity subscales were significantly and positively associated with each other with the
exception that sensation seeking was not correlated with lack of premeditation and was
negatively correlated with lack of perseverance. Sensation seeking was positively associated
with moderate and vigorous physical activity but none of the other impulsivity scales was
associated with physical activity. With the exception of lack of perseveration, all of the other
impulsivity subscales were positively associated with drinking, at least marginally. In
addition, moderate but not vigorous exercise was positively associated with drinking.

Impulsivity moderates the association between moderate physical activity and drinking

Linear regression analyses were used to evaluate impulsivity as a moderator of the
association between physical activity and drinking. Analyses were conducted separately for
impulsivity subscales and for moderate and vigorous activity. In each model, the number of
drinks per week was regressed on the relevant impulsivity subscale and physical activity
variable as well as the product of impulsivity and physical activity. All variables were mean-
centered (Cohen, Cohen, West, & Aiken, 2003). Significant interactions were graphed and
interpreted using procedures described by Aiken and West (Aiken & West, 1991). In order to
control for alpha inflation due to multiple testing, p values less than 0.01 are considered
statistically significant. Regression results are presented in Table 2.

Results for analyses examining impulsivity as a moderator of the association between
moderate physical activity and drinking are presented on the left of Table 2. The main effects
of impulsivity largely duplicate the zero-order correlations between subscales and drinking.
Similarly, moderate physical activity was significantly associated with drinking in all models
except for the model examining sensation seeking as a moderator of physical activity and
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drinking. This was likely due to a larger amount of shared variance between sensation
seeking and moderate physical activity relative to the other impulsivity subscales in
combination with the relatively strong association between sensation seeking and drinking.

More importantly, results revealed a consistent pattern of interactions between subscales of
impulsivity and moderate physical activity in their association with drinking. After
controlling for alpha inflation, these interactions were only significant for positive urgency
and sensation seeking. Graphs of each interaction are presented in Fig. 1 with simple slopes,
derived from the regression equations, where high and low values of each predictor were
specified as one standard deviation above and below the mean, respectively. Results
indicated that for both interactions, there was a significant positive association between
moderate physical activity and drinking at higher but not lower levels of impulsivity. At
lower levels of impulsivity, there was no significant association between moderate physical
activity and drinking. Interactions with negative urgency and lack of premeditation with
moderate physical activity approached significance and had identical patterns as those
presented in Fig. 1.

Vigorous physical activity, sensation seeking, and drinking

Results for analyses examining impulsivity as a moderator of the association between
vigorous physical activity and drinking are presented on the right portion of Table 2. The
main effects of impulsivity were again consistent with the zero-order correlations between
subscales and drinking. Vigorous activity was not significantly associated with drinking in
any of the models. Moreover, the interaction between impulsivity and vigorous physical
activity in association with drinking only approached significance for 2 of the 5 subscales,
i.e., sensation seeking and lack of premeditation. For both of these the pattern of findings
was similar to those shown in Fig. 1.

Discussion

This research was designed to examine the association of physical activity and drinking
among young adults and to evaluate whether this association might vary as a function of
impulsivity. Despite a small sample size, our results are consistent with prior findings
showing a positive association between physical activity and drinking (French et al., 2009;
Lisha et al., 2011) and between impulsivity and drinking (Bickel & Marsch, 2001; Lyvers,
Duff, Basch, & Edwards, 2012; Martens, Pedersen, Smith, Stewart, & O'Brien, 2011,
Redish, Jensen, & Johnson, 2008). Moreover, results provided some support for impulsivity
as a moderator of the association between physical activity and drinking. This was primarily
true for moderate physical activity and less so for vigorous activity.

Impulsivity provides a useful framework in which to consider the link between physical
activity and alcohol intake, as it is associated with dysfunction in and/or immaturity of the
prefrontal cortex (Crews & Boettiger, 2009; Fineberg et al., 2010), which in turn has been
implicated in risky behaviors such as heavy drinking (Bechara, 2005; Lyvers, 2000; Lyvers
etal., 2012). In the present study, we found that the interactions between positive urgency
and sensation seeking with moderate physical activity are positively associated with drinking
only when self-reported levels of impulsivity were high (see Fig. 1). Of these facets of
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impulsivity, sensation seeking may be particularly informative. We found that the sensation-
seeking subscale correlated with both moderate and vigorous physical activity. It has been
suggested that the positive association between physical activity and alcohol consumption is
due in part to sensation-seeking, in that heavy drinking may be a component of a “sensation-
seeking lifestyle” (French et al., 2009). In humans, novelty seeking is a behavioral trait that
is a component of “reward deficiency syndrome,” which is also characterized by impulsive
and compulsive behaviors (Blum et al., 1996) as well as alcoholism (Bowirrat & Oscar-
Berman, 2005). This constellation of behaviors has been linked with the neural phenotype of
decreased density and/or dysfunction of the D2 subtype of dopamine receptor (DRD2). In
human subjects, there is an inverse relationship between DRD2 density and pleasurable
response to stimulant drugs (Molkow et al., 2002). In rats, DRD2 density can be manipulated
using viral vectors. If DRD2 density is decreased, alcohol consumption rises, then dwindles
as DRD2 density rises (Thanos et al., 2001). Thus, while speculative, it is possible that
impulsivity is a characteristic of people who engage in both physical activity and alcohol
drinking because all three behaviors stem from the low DRD2 phenotype.

While neurological correlates provide useful insights into the relationship between physical
activity, impulsivity, and drinking, there are also psychological explanations. For instance,
the work hard, play hard mentality (Martens, Watson, Royland, & Beck, 2005) is unique to
humans. Thus, it may be that impulsivity is a characteristic of young adults who are both
energetic and physically active and also more likely to drink relatively heavily. It is also
possible that heavy drinkers who also engage in healthy behaviors might do so as a means of
justification. Thus, heavy partying might seem less problematic among those who are also
physically active or also engaging in healthy behaviors.

From a clinical standpoint, given that exercise has been touted as a potentially useful
component of prevention and/or treatment programs for alcohol use disorders (Brown et al.,
2009; Palmer, Vacc, & Epstein, 1988; Ussher, Sampuran, Doshi, West, & Drummond, 2004;
Weinstock, 2010; Werch et al., 2003), it is important to pinpoint moderators of the
association between physical activity and drinking. One implication of this is that physical
activity may be unsuitable as a prevention component, at least for some individuals. This
may be especially true if the target population is relatively high in impulsivity, as is the case
with adolescents, who are higher in impulsivity due to immaturity of the frontal cortex
(Giedd, 2008; Spear, 2002). Results also suggest that prevention programs for young adults
who are engaged in regular physical activity (e.g., athletes) may require special attention to
the links between physical activity and alcohol consumption. Treatment programs, however,
may be another matter. Problem drinking has profound effects on the brain (Koob, 2003),
which could in turn alter the neural effects of exercise. There is some evidence that increased
physical activity attenuates drinking in heavy consumers (Brown et al., 2009; Murphy,
Pagano, & Marlatt, 1986). It is important that future studies further examine the complex
interactive effects of exercise and alcohol on the brain. It would also be worth examining
other potential moderators of associations between exercise and consumption. For example,
alcohol expectancies, which have been found to correlate with gray matter volume in social
drinkers (Ide et al., 2014), might be good candidates for potential moderators of the
association between moderate exercise and drinking.
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The present research should be viewed in light of several limitations. The data come from a
relatively small sample, primarily women. In and of itself, the relatively small sample is not
a serious limitation and underscores the significance of the association between physical
activity and drinking, given that many of the other studies which have documented this
association have been extremely large. However, in combination with the gender disparity,
the small sample precluded our ability to effectively examine gender differences. Thus,
future research is needed to evaluate whether findings are similar across men and women.
Note, however, that impulsivity and sensation seeking tend to be stronger among male,
compared to female young adults (Nolen-Hoeksema & Hilt, 2006). Thus, in a future, more
representative sample we are likely to observe even stronger associations between
impulsivity, exercise, and alcohol intake.

Another limitation was the measure of physical activity, which was limited to single items.
Though the measure employed has been widely used, it would seem prudent to examine
associations using more multidimensional measures of physical activity in subsequent
research. Furthermore, the assessment of exercise reflected the amount of time during a
typical occasion rather than a measure of frequency of exercise or composite of frequency
and quantity. As noted in the measures section, preliminary analyses seemed to rule out
associations between frequency of exercise and drinking. In addition, the present study was
cross-sectional, precluding our ability to make causal inferences. Future research examining
physical drinking and drinking longitudinally would not allow causal inferences but would
allow for examination of temporal precedence. Thus, longitudinal research would allow us to
examine whether changes in exercise are associated with changes in drinking but would not
directly inform whether deliberate changes in exercise would cause more drinking.
Longitudinal data would also allow for evaluation of possible mediators of the association,
which might differ depending on temporal precedence. In athletes, both coping and
celebration models have been suggested to account for excessive drinking (Martens et al.,
2005; Martens et al., 2011). In the general population, we might examine whether
compensatory exercise follows drinking relative to the possibility that drinking serves as a
reward for physical activity. Finally, the age restriction of the sample precluded our ability to
examine whether findings vary by development. The vast majority of our participants was
under age 25 and were still developing with respect to pre-frontal cortical function. The
effect of impulsivity on the association between physical activity and drinking may be
developmentally specific but further research is needed to evaluate this possibility.

Despite a small sample size, our results are consistent with larger studies showing a positive
association between physical activity and drinking, as well as between impulsivity and
drinking. Our study extends prior findings by providing a unique preliminary contribution in
identifying impulsivity as a moderator of the association between physical activity and
drinking among young adults.
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Fig. 1.
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Impulsivity subscales moderate the association between moderate physical activity and
drinks per week. *p < 0.05; ***p < 0.001.
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Table 1

Means, standard deviations, and correlations among variables.

1. 2. 3. 4. 5.
1. Negative urgency -
2. Positive urgency 074 falaiad -
3. Lack of premeditation 0.43 AAAE 041 AAE -
4. Lack of perseverance 0.46 falaiad 047 falaied 0.62 FAA
5. Sensation seeking 017" o028 005 g™
6. Moderate physical activity ~ —0.09 —-0.00 -0.02 -0.06 015
7. Vigorous physical activity -0.06 0.05 -0.08 -0.07 016
8. Drinks per week 0.16 * 019 i 0 137‘ 0.08 032 el
Mean 2.09 171 1.85 1.84 2.54
Standard deviation 0.62 0.61 0.51 0.54 0.66

Ns ranged from 188 to 195 depending on missing responses.

Aok

< 0.001
Ak
p<0.01
*
p<0.05

7L,u< 0.10.
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Table 2
Regression analysis examining impulsivity as a moderator of the association between physical activity and
drinking.
Predictor M oder ate activity Vigorous activity
B (SEB) B B (SEB) B

Negative urgency 2.611 (0.969) 0.195 e 1.924 (1.000) 0.1437
Activity 0.073(0.021) jea™™* 0017 (0.016)  0.077
Negative urgency x activity 0.083 (0.039) 0.16 4* -0.006 (0.026) —0.017
Positive urgency 4.063 (0.973) 0.292 4% 2.899 (1.040) 0.208 **
Activity 0.053(0.018) g™ 0.012(0.016)  0.054
Positive urgency x activity 0.200 (0.040) 0.354 4% 0.049 (0.031) 0.120
Lack of premeditation 2.223 (1.146) 0.138 t 2.166 (1.183) 0134 s
Activity 0.065 (0.020) 0.240 ** 0.022 (0.017)  0.100
Lack of premeditation x activity ~ 0.085 (0.039) 0.161 * 0.064 (0.034) 0138 s
Lack of perseverance 1.329 (1.094) 0.087 1.311 (1.126) 0.086
Activity 0.058 (0.020) 0212 iid 0.019 (0.017)  0.085
Lack of perseverance x activity ~ 0.050 (0.039)  0.094 0.035 (0.035) 0.073
Sensation seeking 3.389 (0.843) 09271 **% 3,992 (0.881) 0317 iid
Activity 0.029 (0.018) 0.105 0.002 (0.016) 0.010
Sensation seeking x activity 0.092 (0.023) 0.270 *#*% 0.053 (0.026) 0.141 *

Degrees of freedom ranged from 183 to 184 depending on missing responses.

Aok

< 0.001
Ak
p<0.01
*
p<0.05

7‘p< 0.10.
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