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Abstract

Sensation seeking has been identified as a significant risk factor for adolescent alcohol use.
Little is known, however, about the process by which sensation seeking impacts heavy alcohol
use. The current study used structural equation modeling (SEM) to examine the relationships
among sensation seeking, age of drinking initiation, and heavy alcohol use in a sample of high
school seniors (N = 221). Results supporting age of drinking initiation as a mediator of the
relationship between sensation seeking and heavy alcohol use. Implications include providing
personality-targeted prevention to adolescents who display sensation seeking traits to delay
drinking initiation among these students.

Keywords: adolescent drinking; sensation seeking; age of drinking initiation

Underage drinking is a significant problem in the United States, with 61% of adolescents reporting alcohol use by
their senior year (Johnston, O'Malley, Miech, Bachman, & Schulenberg, 2017). Among high school students, seniors
have the highest rates of alcohol use, with 33% of seniors reporting alcohol use in the past 30 days, 16% reporting
binge drinking in the past two weeks, and 46% reporting being drunk at least once in their lifetime (Johnston et al.,
2017). Additionally, adolescent alcohol use is associated with significant negative consequences including academic
problems, interpersonal problems, being a victim of dating violence, the use of other substances, and suicide attempts
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(Arata, Stafford & Tims, 2003; Miller, Naimi, Brewer, & Jones, 2007). Adolescent alcohol use is also associated with
impaired neuropsychological functioning including deficits in verbal memory, visuospatial ability, and psychomotor
speed (Hanson, Medina, Padula, Tapert, & Brown, 2011; Nguyen-Louie et al., 2015). Further, heavy alcohol use in
high school is associated with multiple, reoccurring alcohol-related problems during college (Scaglione et al., 2015)
and with alcohol problems later in life, including alcohol dependence, work impairment, and premature death
(Marshall, 2014).

Researchers have suggested that risky-decision making may be a primary contributor to high rates of alcohol use
among adolescents (Albert & Steinberg, 2011; D’ Amico, Elickson, Collins, Martino, & Klein, 2005). Research in the
area of developmental neuroscience suggests that both structural and functional changes that occur in the brain during
adolescence contribute to risk-taking behavior (Steinberg, 2008). Regions of the brain that are dominant in decision-
making and impulse inhibition (e.g., ventral prefrontal cortex) mature at a slower rate than regions of the brain that
are dominant in pleasure and reward seeking (e.g., nucleus accumbens) (Bava & Tapert, 2010; Casey, Getz, & Galvan,
2008). Additionally, patterns of dopamine activity seen in the adolescent brain may lead to heightened activation and
reduced inhibition associated with adolescent risk-taking behavior (Matthews, Bondi, Torres, & Moghaddam, 2013;
Siegel, 2013; Wahlstrom, Collins, White, & Luciana, 2010).

Risky-decision making and risk-taking behavior may be most pronounced in adolescents with a genetic predisposition
for increased sensation seeking behavior (Casey et al., 2008). Sensation seeking is a biologically-based personality
trait that is manifested in a tendency toward novelty-seeking, including risk-taking behavior (Zuckerman 1979; 1994).
Researchers have identified sensation seeking as one of the most significant risk factors for adolescent alcohol use
among disinhibitory traits (Strautz & Cooper, 2013). Several studies indicate that among adolescents, sensation
seeking is associated with higher levels of alcohol use (MacPherson, Magidson, Reynolds, Kahler, & Lejuez, 2010;
Sznitman & Engel-Yeger, 2017; Urban, Kokonyei, & Demetrovics, 2008), binge drinking and alcohol-related
consequences (Doumas, Miller, & Esp, 2017), as well as other drug use (Martins, Storr, Alexandre, & Chilcoat, 2008).
Sensation seeking has also been identified as a promising marker for the identification of adolescents who are at risk
for initiating binge drinking (Sargent, Tanski, Stoolmiller, & Hanewinkel, 2010).

Sensation seeking is also associated the early onset of alcohol use (Jensen et al., 2017; Malmberg et al., 2012). This
is particularly important as early initiation of alcohol use is associated with neurodevelopmental changes in cognition,
brain structure, and function (Lisdahl et at. 2013). Further, early initiation of alcohol use is associated with higher
rates of alcohol use and alcohol dependence in adulthood (Dawson, Goldstein, Chou, Juan, & Grant, 2008; Hingson,
Heeren, & Winter, 2006; Moss, Chen, & Yi, 2014). Research has also reported that the initiation of alcohol use in
late childhood (prior to age 11) is related to an increase in chronicity of adult alcohol dependence relative to initiation
during early adolescence (ages 11-14) (Guttmannova et al., 2011). More recent research adds to these findings,
indicating that early initiation of alcohol use is associated with alcohol-related health and social consequences
(Donoghue et al., 2017), an increased risk of alcohol use and binge drinking later in adolescence (Aiken et al., 2017)
and being classified in a high risk group of college students who report multiple and repeated alcohol-related
consequences (Scaglione et al., 2015). Thus, delaying alcohol initiation is important to reduce the risk of heavy
drinking and alcohol-related consequences both in adolescence and into adulthood.

Although the associations among sensation seeking, age of drinking initiation, and alcohol use among adolescents is
well documented, how these constructs are related is unclear. The present study seeks to further examine these
associations by examining age of drinking initiation as a mediator of the relationship between sensation seeking and
alcohol use. Further, we chose to examine these relationship among high school seniors as the highest rates of drinking
among high school students occurs during the senior year (Johnston et al., 2017). To achieve our aims, we used
structural equation modeling (SEM) to test both direct and indirect effects within a mediational model. We
hypothesized that there would be a direct relationship between sensation seeking and heavy alcohol use and that this
relationship would be mediated by age of drinking initiation.

Method

Participants

The sample consisted of 221 high school seniors who were recruited from one high school in the Northwest as part of
a larger study (Doumas, Esp, Flay, & Bond, 2017). Because the School District Research Board required parental
consent for all students regardless of age, consent forms were sent to parents of all students (N = 488), including those
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who were 18 years old. A total of 248 (51%) parents provided consent. Among students with parental consent, those
who were in attendance at school (n = 226) were given an opportunity to participate. Among these students, 221
(45.2% male, 54.8% female) provided assent. Participant ages ranged from 16 to 18 (M = 17.16, SD = 0.45).
Participants were primarily Caucasian (81.2%), with 6.4% Hispanic, 4.6% Asian, 1.8% African-American, 1.4 %
American Indian/Alaskan Native, and 4.6% other.

Procedure

All seniors registered at the high school were eligible to participate. Active consent was required by the students’
parents in order to participate in the study. The active parental consent procedures are described in more detail in
Doumas, Esp, et al. (2017). Participants who received parental consent were recruited during a common core class
period and were asked to assent prior to participating in the research. Students with parental consent were taken to
the school’s computer lab to participate in the study. A member of the research team and a school counselor described
the research study and invited the students to participate. Students who agreed to participate were given a URL to
access the survey which took about 15 minutes to complete. All study procedures were approved by the University
Institutional Review Board and the School District Research Board.

Measures

Sensation Seeking. The Zuckerman—Kuhlman Personality Questionnaire (ZKPQ; Zuckerman, Kuhlman, Joireman,
Teta, & Kraft, 1993) was used to assess sensation seeking. The ZKPQ is a 40-item forced choice questionnaire
designed to measure five personality traits. For the purposes of this study, only the 19-item Impulsive Sensation
Seeking (ImpSS) scale was used. The ImpSS items reflect a lack of planning (e.g. “I usually think about what I am
going to do before doing it” reverse scored), a tendency to act impulsively (e.g., “I often do things on impulse”), a
need for excitement and thrills (e.g. “I like to have new and exciting experiences and sensations even if they are a little
frightening), a preference for unpredictability (e.g. “I enjoy getting into new situations where you can't predict how
things will turn out”), and a need for novelty and change (e.g. “I tend to change interests frequently”). The ImpSS
scale has been psychometrically validated with college students, with Cronbach’s alpha ranging from .77 - .82
(Zuckerman et al., 1993). The ImpSS has also been used to validate shorter measures of sensation seeking for
adolescents (Stephenson, Hoyle, Palmgreen, & Slater, 2003). The ImpSS scale Cronbach’s alpha for this sample was
o=.77.

Age of Drinking Initiation. Age of drinking initiation was assessed by asking participants the following question
“How old were you the first time you drank alcohol (that is, more than a few sips)?”” Response options included | have
never drank alcohol, age 10 or younger, 11, 12, 13, 14, 15, or 16 or older.”

Heavy Alcohol Use. Peak drinking and frequency of drinking to intoxication were assessed using the Quantity
/Frequency /Peak Questionnaire (QFP; Dimeff, Baer, Kivlahan, & Marlatt, 1999; Marlatt et al., 1998). Peak drinking
guantity was assessed by the question “What is the most number of drinks that you have consumed on any given night
in the past month?” Frequency of drinking to intoxication was assessed by the question “During the past 30 days
(about 1 month), how many times have you gotten drunk, or very high from alcohol?” This item was rated on a 6-
point scale with the anchors 0, 1 to 2, 3to 4, 5to 6, 7 to 8, or 9 or more times. Frequency of binge drinking was
defined as consuming 5 or more drinks in a row for males (3 or more for females) in a 2 hour period during the last 2
weeks. The 5/3 quantity has been identified as appropriate for adolescents aged 16-17 based on BAC levels for this
age group (Donovan, 2009).

Statistical Analysis

Prior to analysis, variables were examined for normality. All variables were within the normal range for skew and
kurtosis. Bivariate correlations between the variables in the model were also calculated prior to conducting the main
analyses to test for multicollinearity (see Table 1). Although several of the correlations were significant at p < .01,
the variance inflation factor (VIF) ranged from 1.2 — 3.5 with corresponding tolerance levels ranging from .35 - .85.
These VIF levels are below the rule of thumb of VIF < 10 (Norman & Streiner, 2008; Tabachnick & Fidell, 2007),
suggesting acceptable levels of multicollinearity among the predictor variables. We also examined the data for missing
values and imputed missing data using maximum likelihood (ML) estimation (Byrne, 2001). Missing data for each
variable was minimal, with < 1% of items missing for sensation seeking, < 1% of items missing for age of drinking
initiation, and < 2% of items missing for heavy drinking. We then evaluated model fit and examined direct and indirect
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relationships between sensation seeking and heavy alcohol use through SEM using AMOS 25.0 with the maximum
likelihood estimation method. We selected SEM as this method of analysis allows for the examination of direct and
indirect paths between observed variables (Karadag, 2012). The model included three latent variables, sensation
seeking, age of drinking initiation, and heavy alcohol use. Sensation seeking was indicated with one measure, age of
drinking initiation was indicated with an individual item, and heavy drinking was indicated by three individual items
(i.e., peak drinking, drinking to intoxication, and binge drinking). We used three goodness of fit indices to assess
model fit: chi-square, the comparative fit index (CFI), and the root mean square error of approximation (RMSEA).
Good model fit is demonstrated when the model chi-square is not significant, the CFI value is .95 or greater, and the
RMSEA value is .06 or less (Hu & Bentler, 1999). We used an alpha level of p < .05 to determine statistical
significance for the paths in the model.

To test for mediation, we used the joint significance test of indirect paths from the predictor to the mediator (i.e., age
of initiation), and from the mediator to the outcome (i.e., heavy alcohol use). MacKinnon and colleagues’ (2002)
examination of multiple mediation techniques revealed that compared with other methods, the joint significance test
was the most powerful and had the most conservative Type | error rates. We used AMOS 25 to test the direct and
indirect paths. We used bias-corrected bootstrapping in which indirect effects are estimated from multiple resampling
from the data set. During the bootstrapping process, each sample is adjusted to correct for potential bias in the
estimates (MacKinnon, 2008). When there is evidence for mediation, confidence intervals can be calculated to provide
a range of estimates for the mediated effect (Shrout & Bolger, 2002). Confidence intervals that do not include zero
indicate significance of the indirect effect (Preacher & Hayes, 2008). We derived confidence intervals using
bootstrapping procedures, an approach that provides confidence interval estimates that do not depend upon
assumptions of normality. In this study, we tested the indirect effect with 2,000 bootstrap samples and a 95%
confidence interval (CI).

Results

Figure 1 presents the results of the mediational model tested. Evaluation of the global fit statistics indicated that the

tested model was a good fit for the data. The overall chi-square test of the model was statistically nonsignificant, X2(4)
=5.21, p = .27, the CFI was .99, and the RMSEA was 0.04. Examination of the direct path coefficients revealed that
the sensation seeking was significantly related to heavy alcohol use, B = .18, p = .01. Sensation seeking was also
related to an earlier age of drinking initiation, = -.21, p =.01, and earlier age of drinking initiation was significantly
related to higher levels of heavy alcohol use, p =-.36, p = .001. Further, sensation seeking increased heavy alcohol
use through the mediated effect of earlier age of drinking initiation, f =.08, p = .01, 95% CI [.03, .15]. These results
offer evidence that age of drinking initiation partially mediated the relationship between sensation seeking and heavy
alcohol use.

Discussion

Alcohol use among high school seniors is concerning due to the high rates of heavy drinking and the negative
associated consequences among this group of adolescents. Further, patterns of risky drinking established in high
school are associated with alcohol-related problems in college (Scaglione et al., 2015) and later in life (Marshall,
2014). Sensation seeking has been identified as a significant risk factor for heavy alcohol use in adolescents, yet little
is known about the process by which sensation seeking impacts drinking among high school seniors. The aim of the
current study was to examine the relationship between sensation seeking and heavy alcohol use among high school
seniors and to test a mediational model in which we hypothesized that age of drinking initiation would mediate the
relationship between sensation seeking and heavy alcohol use.

The first aim of this study was to examine the direct effect of sensation seeking on heavy alcohol use among high
school seniors. Results indicated sensation seeking was directly related to higher levels of heavy alcohol use, as well
as indirectly related to heavy alcohol use through age of drinking initiation. These findings are consistent with research
indicating high sensation seeking is associated with high rates of alcohol use (MacPherson et al., 2010; Sznitman &
Engel-Yeger, 2017; Urban et al., 2008) and binge drinking (Doumas, Miller, et al., 2017; Sargent et al., 2010) among
adolescents. Results suggest that among high school seniors, students who score higher on the personality trait
sensation seeking are at risk for heavy alcohol use, including binge drinking.



This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Journal
of Child & Adolescent Substance Abuse, published by Taylor & Francis Online. Copyright restrictions may apply. doi:
10.1080/1067828X.2018.1561579

Our second aim was to examine the mechanism by which sensation seeking is related to heavy alcohol use among
high school seniors. Specifically, because sensation seeking is related to age of drinking initiation (Jensen et al., 2017;
Malmberg et al., 2012) and age of drinking initiation is related to alcohol use and binge drinking among adolescents
(Aiken et al., 2017), we hypothesized that early age of drinking initiation would provide a potential explanation for
how sensation seeking is related heavy alcohol use among high school seniors. We found support for this hypothesis,
as the mediational model indicated high sensation seeking was significantly associated with earlier age of initiation of
drinking, which in turn, was related to higher levels of heavy alcohol use. These findings extend the current literature
by demonstrating the process by which high sensation seeking is associated with heavy drinking among high school
seniors and highlight the importance of delaying the onset of alcohol use among adolescents who are high sensation
seekers.

Limitations and Directions for Future Research

Although this study extends the literature on the relationship of sensation seeking and age of drinking initiation on
heavy alcohol use among high school seniors, there are limitations. First, the sample was primarily Caucasian and
recruited from one high school in the Northwest region, limiting generalizability. Generalizability is also limited by
a relatively low response rate of approximately 50%. Although the response rate in this study is similar to other
school-based research using active parental consent (30% - 60%) (Smith, Boel-Studt, & Cleeland, 2009), the issue of
nonresponse bias should be considered in the interpretation of the results. School samples recruited with active
parental consent procedures are generally less diverse, have fewer high-risk participants (Shaw, Cross, Thomas, &
Zubrick, 2015; Smith et al., 2009), and have participants with lower rates of alcohol use (Doumas, Esp, & Hausheer,
2015) than those recruited with passive consent. Therefore, future research with more diverse samples and using
additional recruitment methods to increase the response rate is recommended. A final limitation is adolescent self-
reported alcohol use. The reliability and validity of self-reported use for this age group, however, have been
demonstrated, and self-report is common practice used in studies examining adolescent alcohol use (Flisher, Evans,
Muller, & Lombard, 2004; Lintonen, Ahlstrom, & Metso, 2004). We also took specific steps to minimize social
desirability and response bias, including providing assurances regarding confidentiality during the student assent
process.

Implications

The findings of this study have important implications for prevention efforts targeting sensation seeking adolescents.

Because high sensation seeking is associated with early age of drinking initiation (Jensen et al., 2017; Malmberg et
al., 2012), it is important for school personnel to be able to identify students who have high sensation seeking traits.
High sensation seeking students often engage in high-risk activities (e.g., use of alcohol and drugs, high-risk sexual
activities, gambling, fighting, and high-risk and extreme sports), are impulsive behaviorally, and are prone to high
rates of boredom (Roberti, 2004). School personnel, including counselors, psychologists, and teachers, who become
aware of these types of behaviors can identify these students who could then be referred for further assessment using
tools such as the ZKPQ (Zuckerman et al., 1993).

Prevention strategies designed specifically for high sensation seeking students are also needed. Researchers have
developed brief, personality-targeted interventions that focus on changing how adolescents manage their personality
risk, including enhancing motivation and exploring new ways of coping (Conrod, Stewart, Comeau, & Maclean,
2006). These interventions, based on motivational interviewing and cognitive-behavioral therapy, effectively reduce
alcohol use (Conrod, Castellanos-Ryan, & Mackie, 2011; Conrod, Castellanos-Ryan, & Strang, 2010; Conrod et al.,
2013; Conrod et al., 2006), particularly among high sensation seeking adolescents (Conrod, Castellanos, & Mackie,
2008). Findings from recent research also indicate protective behavioral strategies (PBS) that change the manner of
drinking (i.e, avoiding drinking games, shots, and gulping, avoiding mixing different types of alcohol, and not trying
to out-drink others) buffered the impact of sensation seeking on heavy alcohol use, whereas strategies associated with
planning (e.g. planning ahead of time not to exceed a certain amount of drinks, stopping drinking at a certain time, or
leaving a party at a predetermined time) did not (Doumas, Miller, & Esp, 2017). Thus, training adolescents to use
specific PBS that change how one drinks, together with personality-targeted interventions, may be helpful. To date,
however, these types of interventions have not been tested as a prevention strategy to delay onset of alcohol use. A
personality-specific approach to prevention, however, may be promising for sensation seeking adolescents.
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Conclusion

Risky drinking patterns established in high school are associated with significant negative consequences that extend
into adulthood. The current study examined the relationships between sensation seeking, age of drinking initiation,
and heavy alcohol use among high school seniors. This study demonstrated that high sensation seeking is related to
heavy alcohol use and results supported age of drinking initiation as one explanation for how sensation seeking
influences heavy alcohol use among high school seniors. These findings suggest personality-targeted prevention
programs designed to delay the initiation of drinking may reduce heavy alcohol use among sensation seeking
adolescents.
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Table 1

Means, Standard Deviations, and Bivariate Correlations for Variables in the Model

Measure 1 2 3 4 5

1. Sensation Seeking

2. Age of Drinking Initiation -21%* _

3. Peak Drinking A7* -.36** _

4. Drinking to Intoxication 26%* -.38* JI5%* _

5. Binge Drinking 20%* -.30** J1x* JT9**

M 28.18 15.00 2.54 0.67 0.54
SD 3.77 1.30 4.04 0.95 1.08

*p <.05,** p<.0L

Figure Captions
Figure 1

Age of drinking initiation as a mediator of sensation seeking and heavy alcohol use
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