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Abstract

Background—Highly caffeinated energy drinks (EDs) are popular with adolescents and young
adults, but longitudinal consumption patterns are poorly understood especially in relation to other
substance use.

Methods—ED and other substance use were assessed annually (modal ages 21-25) among a
sample (7=1099) who were originally recruited as first-year college students (modal age 18).
Trajectory groups were derived based on probability of past-year use during ages 21-24, and
compared for possible differences in substance use outcomes at age 25, holding constant
demographics, sensation-seeking, other caffeine consumption, and age 21 substance use.

Results—From age 21 to 25, ED consumption declined in both annual prevalence [62.5%, to
49.1%,; (wi=weighted)] and frequency of use among consumers (35.2 to 26.3 days/year). Yet
individuals exhibiting a Persistent trajectory (51.4%) of consumption outnumbered those with
Non-Use (20.6%), Intermediate (17.4%), or Desisting (10.6%) trajectories. Age 25 cocaine use,
nonmedical use of prescription stimulants (NPS), and alcohol use disorder (AUD) risk were
significantly associated with trajectory group membership, with Persistent and Intermediate
groups exhibiting the highest risk for such outcomes, even accounting for prior substance use and
other risk factors. Neither marijuana nor tobacco use were associated with group membership.

Conclusions—The typical pattern of ED consumption among this sample was sustained use
throughout young adulthood. Such individuals appear to be at high risk for adverse substance use
outcomes, and results suggest possible specificity regarding cocaine use and NPS, and AUD risk.
More research is needed to understand the mechanisms underlying the connection between ED
and substance use.
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1. Introduction

Energy drinks (EDs) and shots are highly caffeinated products marketed primarily to
adolescents and young adults (Heckman et al., 2010; Reissig et al., 2009). Although caffeine
is the most commonly used drug in the world (Juliano et al., 2009), the introduction of EDs
to the marketplace—and the rapid growth in their popularity—have taken caffeine use in a
new direction (Branum et al., 2014; Packaged Facts, 2013). EDs differ from traditional
caffeinated beverages by typically containing higher doses and concentrations of added
caffeine in the form of sweet, flavored beverages or shots designed to be ingested quickly
(Juliano et al., 2009; Reissig et al., 2009; Seifert et al., 2011). Marketed primarily to youth
(Heckman et al., 2010), some branding is related to risky behaviors (e.g., Rehab, Full
Throttle, AMP Energy) and their consumption has become intertwined with high-risk
alcohol use (Arria et al., 2010; Arria et al., 2011a; O’Brien et al., 2013; O’Brien et al., 2008;
Reissig et al., 2009).

Approximately one in three U.S. adolescents and young adults consume EDs and energy
shots, with estimates as high as 50% for past-month use among college students (Arria et al.,
2014; Miller, 2008b; Terry-McElrath et al., 2014; Velazquez et al., 2012; Woolsey et al.,
2015). One study reported that 10% of college students consumed EDs at least weekly
during the past year (Arria et al., 2011a). While White males are at highest risk for ED
consumption among college students (Poulos and Pasch, 2015), other minority groups
appear to be at risk among community samples (Arria et al., 2014; Berger et al., 2011).

Because of the high caffeine levels contained in most of these products, at least two major
health concerns have been raised. First, acute cardiovascular effects have been discussed
(Seifert et al., 2011); in particular, increased blood pressure (Franks et al., 2012; Phan and
Shah, 2014; Shah et al., 2016), arrhythmias (Goldfarb et al., 2014), and increased platelet
aggregation (Worthley et al., 2010) have been reported clinically. The second concern—and
the focus of this paper—is the possible longer-term consequences of consuming highly
caffeinated EDs, namely the increased potential for substance use and related problems.
Significant cross-sectional associations between ED consumption and substance use (e.g.,
alcohol, tobacco, marijuana, nonmedical use of prescription drugs) have been reported
(Arriaetal., 2011a; Miller, 2008a; Skewes et al., 2013; Terry-McElrath et al., 2014; Trapp et
al., 2014; Woolsey et al., 2014). Research has focused on the interrelationships between ED
consumption and high-risk drinking, as well as the consequences thereof. Almost one-
quarter of college students have mixed an ED with alcohol (O’Brien et al., 2008), and cross-
sectional evidence links this behavior to increased risk for alcohol-related problems such as
alcohol dose escalation and heavy drinking patterns, subjective increases in alcohol desires
and expectancies, injuries, and sexual consequences (Arria et al., 2010; Ferré and O’Brien,
2011; Ferreira et al., 2013; Mallett et al., 2014; Marczinski et al., 2013; Miller, 2012;
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O’Brien et al., 2013; O’Brien et al., 2008). We previously reported that ED consumption is
associated with an increased risk for alcohol dependence and more frequent drunk driving,
even after adjustment for family history, conduct disorder, other caffeine consumption, and
sensation-seeking (Arria et al., 2016b; Arria et al., 2011a).

Other research has observed a relationship between EDs and illicit substance use. From two
waves of data from the study that is the focus of the present analysis, college students who
consumed EDs were twice as likely to initiate nonmedical prescription stimulant use one
year later compared with students who did not consume EDs, controlling for risk factors and
other caffeine consumption (Arria et al., 2010). Other studies have also observed cross-
sectional associations between ED consumption and other drug use (Kelly and Prichard,
2016; Kumar et al., 2015; Miller, 2008a; Miller and Quigley, 2011; Terry-McElrath et al.,
2014; Trapp et al., 2014; Woolsey et al., 2014; Woolsey et al., 2015). At least three potential
mechanisms exist to explain the association. First, ED consumers and individuals who use
illicit substances might share a propensity for risk-taking. Problem behavior theory [PBT
(Donovan and Jessor, 1985; Jessor, 1987)] would predict that ED consumers engage in
substance use because they share many of the same characteristics as individuals with heavy
substance use involvement [e.g., sensation-seeking, conduct problems (Kristjansson et al.,
2013)]. Such commonalities point to a “third factor” hypothesis to explain the association
between ED consumption and substance use.

Second, opportunities to be exposed to both EDs and other substances might overlap with
each other. The social development model (Catalano and Hawkins, 1996) informs our
understanding of the complex interplay of risk factors that might lead to high-risk substance
use—and perhaps ED consumption—in that personal vulnerability to developing a substance
use disorder (SUD) operates in the context of environmentally-driven opportunities to use a
substance. ED consumption might increase an individual’s interest in using illicit drugs
(Reissig et al., 2009). If ED consumers are drawn to affiliate with each other, such a peer
network might provide increased opportunities for and more accepting attitudes toward
substance use.

Third, neurobiological evidence supports the possibility that frequent ED consumption
might contribute to an increased risk for SUD due to caffeine’s ability to potentiate the
addictive properties of other substances (Ferré, 2016). Laboratory studies have shown that
caffeine enhances nicotine’s reinforcing and analgesic effects and potentiates the addictive
properties of other stimulant drugs (Jones and Griffiths, 2003; O’Neill et al., 2015; Sigmon
and Griffiths, 2011; Tanda and Goldberg, 2000). Furthermore, the rapid-onset stimulant
effects of EDs—especially among younger consumers who have not yet developed tolerance
to caffeine—might provoke some consumers to seek out similar or even more intense effects
via other drugs (Reissig et al., 2009). Some have argued that the high doses of caffeine in
EDs might accelerate the development of caffeine dependence, which in turn could predict
other SUDs (Meredith et al., 2013). If ED consumption contributes independently to
intensification of substance use patterns, after accounting for shared risk factors, then
prevention efforts could be targeted at ED consumption as a novel risk factor for substance
use.
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The purpose of this study is fourfold: (1) to describe the prevalence and frequency of ED
consumption among a young adult sample throughout a five-year interval (ages 21 to 25);
(2) to identify subsets of individuals who consume EDs with distinct trajectories of such use
during the first four years of that interval (ages 21 to 24); (3) to describe the pattern of ED
consumption within each trajectory group; and (4) to examine the relationship between ED
trajectory group membership and subsequent alcohol use disorder (AUD) risk and other
substance use at age 25, after accounting for variables that reflect the known shared
propensity for risk-taking among individuals who consume EDs and individuals who use
other substances. By taking these risk factors into account, we will be able to isolate the
unique effect, if any, of trajectories of ED use on substance use, even in the context of the
commonalities in their respective risk factors. This approach allows for simultaneous
evaluation of two competing hypotheses that are both empirically and theoretically
grounded: (1) a “third factor” hypothesis derived from PBT, and (2) a possible contributory
relationship operating through neurobiological mechanisms. This component of the model
reflects our hypothesis that EDs uniquely contribute to risk for AUD and other substance
use.

2. Methods
2.1. Study design

Participants were enrolled in an ongoing longitudinal study that began at college entry in
2004 at one large public university (see (Arria et al., 2008; Vincent et al., 2012).
Recruitment occurred in two stages, beginning with a pre-college survey during summer
orientation (AV=3,401; 89% response rate), followed by a two-hour baseline assessment with
a sample of screened students (/7=1,253; 87% response rate). To ensure adequate statistical
power for analyzing longitudinal drug use patterns, students who used illicit substances or
prescription medications nonmedically at least once during high school were purposively
oversampled with 100% probability, and all others with 40% probability. At baseline,
participation was restricted to first-time college students ages 17 to 19. Data for the present
analysis were collected during Years 4 through 8 of the study (76% to 88% follow-up rates
annually), and therefore encompass college graduation and the first few post-college years
for most of the sample, although continued college attendance and graduation were not
requirements for participation. The study was approved by the university’s IRB, and written
informed consent was obtained. Further protection was provided by a federal Certificate of
Confidentiality. Participants were paid for each assessment.

2.2. Participants

For the present study, the analysis sample was 1,099 individuals (54% women, 72% non-
Hispanic White) who completed at least one of the annual assessments in which ED
consumption patterns were assessed, that is Years 4 through 8, when modal ages were 21
through 25, respectively. Relative to the analysis sample, excluded individuals were over-
representative of men (66% vs. 46%, p<.001) and slightly older at college entry (18.3 vs.
18.2 years, p=.002), but were similar with respect to race/ethnicity, parents’ education, and
prior ED consumption assessed during Years 2 and 3.
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2.3 Measures

2.3.1. ED consumption—Participants were asked which EDs they had consumed during
the past year. Responses were open-ended and did not distinguish between energy shots
(which deliver similarly high doses of caffeine in a smaller volume) and other types of EDs.
For each product they consumed, participants were asked how many days they had
consumed that product during the past year. Responses were later summed to derive an
overall frequency of ED consumption. The summed frequencies were also categorized as
frequent (=52 days), occasional (=12 days and <52 days), and infrequent (=1 days and <12
days) patterns of use. Dichotomous variables representing past-year use (once or more
versus none) were also constructed for each assessment year.

2.3.2. Other caffeine consumption—RParticipants were asked in Year 4 to estimate the
frequency and quantity (in fluid ounces) of caffeinated beverages other than EDs consumed
(i.e., coffee, tea, and soft drinks, assessed separately) during a typical week during the past
year and later summed to approximate overall weekly caffeine consumption other than EDs.

2.3.3. Alcohol use and AUD risk—Past-year frequency of alcohol use and DSM-1V
criteria for AUD risk were assessed in Year 4 and 8 using standard items (Substance Abuse
and Mental Health Services Administration, 2003). A dichotomous variable representing the
presence or absence of AUD risk was later derived based on standard criteria (American
Psychiatric Association, 1994). No clinical assessment of AUD was conducted; therefore,
herein we represent this self-reported proxy variable as “AUD risk”.

2.3.4. Other substance use—Dichotomous variables representing use and non-use of
the following substances were derived from past-year frequency items assessed at Year 4 and
Year 8: tobacco cigarettes, marijuana, cocaine, nonmedical use of prescription stimulants
(NPS), and nonmedical use of prescription analgesics (NPA).

2.3.5. Impulsive sensation-seeking, behavioral dysregulation, and conduct
problems—The Zuckerman-Kuhlman Personality Questionnaire (Zuckerman, 2002) was
self-administered at baseline; the 7-item impulsive sensation-seeking subscale which was
used for the present study has previously demonstrated good predictive validity with drug
use and other risky behaviors (Zuckerman and Kuhlman, 2000). The Dysregulation
Inventory (Mezzich et al., 2001) was also self-administered at baseline, and standard
procedures were used to compute the behavioral dysregulation subscale score. Prior research
has established its validity as an indicator of risk for illicit substance use and dependence
(Mezzich et al., 2001).

An adapted version of the conduct disorder screener was also administered at baseline to
capture the occurrence of 18 conduct problems during childhood, corresponding to the
DSM-IV criteria for conduct disorder, and standard scoring methods were used to derive a
scale score accounting for severity and frequency of each problem (Falls et al., 2011;
Johnson et al., 1995; Nurco et al., 1999).

2.3.6. Demographics—Gender was recorded at baseline (i.e., modal age 18). Race/
ethnicity was self-reported allowing for multiple responses, and later dichotomized due to
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the preponderance of Non-Hispanic Whites (72% vs. 28% other race/ethnicity). Parents’
education was self-reported by students at baseline for each parent, and later recoded as the
maximum attainment of either parent.

2.4. Analytic strategy

Statistical weights were used to compute annual prevalence estimates that reflect the general
population of incoming students at the home university and were adjusted for both attrition
and sampling design. Statistical weights for the comparisons by trajectory group were
computed to adjust for sampling design. Unweighted data were used for the regression
modeling.

Group-based trajectory modeling was used to identify subsets of the sample who shared
similar trajectories of ED consumption. A form of multivariate mixture modeling, this
method uses PROC TRAJ (Jones et al., 2001) in SAS (SAS Institute Inc., 2008) and has
proven helpful in understanding other substance use patterns longitudinally (Caldeira et al.,
2012a; Caldeira et al., 2012b; Jackson et al., 2005; Kertesz et al., 2012; Suerken et al.,
2016). We tested all one- to seven-group solutions with a second-degree polynomial in a
series of three alternative sets of analyses. The first two sets of analyses modeled the
variable representing overall past-year frequency of ED consumption, assuming, first, a
zero-inflated Poisson (ZIP) distribution and, second, a normal distribution. The third set of
analyses modeled the dichotomous variable representing past-year ED consumption (once or
more versus none) in a logit model. Model fit was evaluated based on lower Bayesian
Information Criterion (BIC) scores and the heuristic value of the resulting set of trajectory
groups. Thus, even with a low BIC, models were regarded unfavorably if they yielded
trajectory groups that were very small (<5% of sample) or difficult to interpret.

Based on the PROC TRAJ analyses described above, a categorical variable representing
trajectory group membership was derived from the best-fitting model. Correlates of group
membership were then examined using ;(2 tests of independence for categorical variables
and analysis of variance for continuous variables. Lastly, the prospective association of
group membership with other substance use at modal age 25 (i.e., Year 8) was examined via
logistic regression using the dichotomous variables on AUD risk and use of tobacco,
marijuana, cocaine, NPS, and NPA, holding constant the effects of demographics, sensation-
seeking, caffeine consumption, and prior substance use at modal age 21. Thus, our analysis
examined the overall risk for substance use, regardless of whether it represented the
initiation of new use or continuation of use that might have commenced prior to the
observed ED consumption patterns.

With respect to missing data, trajectories were analyzed for the 1,033 individuals who had at
least one observation during modal ages 21 to 24, most of whom had all four observations
(87%). For the regression analyses, 170 individuals were excluded due to missing data on
either (a) the substance use outcomes assessed at age 25 (/7=82), or (b) one or more of the
baseline risk factors (/7=88), yielding a final analytic sample of 7=863.
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3.1. Overall prevalence and frequency

Annual prevalence of ED consumption ranged from 62.5%, (w=Statistically weighted to
reflect the general population of incoming students at the home university) at modal age 21
to 49.1%,,; at modal age 25 (see Table 1). Individuals with infrequent past-year consumption
patterns (=1 days and <12 days) consistently comprised about one-quarter of the sample in
any given year (range 25.6%,,; to 26.7%,,), Whereas frequent (=52 days) consumers
declined from 11.7%,,: to 5.9%,,: and occasional (=12 days and <52 days) consumers
declined from 25.2%,; to 17.2%,,:. Among past-year ED consumers, mean past-year
frequency of use declined from 35.2 to 26.3 days by age 25.

3.2. Trajectories of ED consumption

The trajectory models based on frequency of ED consumption were largely uninformative:
the ZIP models did not converge, and the best-fitting model assuming a normal distribution
yielded a two-group solution. This convergence problem was likely due to floor effects for
the ED variable, for which the frequency of occurrence of zero ranged from 34.5% to 48.3%
over the assessment time points. A more informative solution was obtained from the logit
models on probability of ED consumption, wherein the four-group solution provided the
best fit to the data (see Figure 1). After refitting the four-group solution omitting non-
significant quadratic and cubic terms from the polynomials, average probability of group
membership was high in all four groups (=.74, see Figure 1).

As shown in Figure 1, the resulting four groups can be characterized on the basis of their
probability of ED consumption as Desisting (i.e., steadily declining probability), Non-Use
(i.e., probability consistently at or near zero), Persistent (i.e., consistently high probability),
and Intermediate (i.e., probability ranging between 33% and 53%). A significant overall
linear decline in ED consumption probability was observed in the Persistent group [&(SE)=
-0.52 (0.17), p=.0029], but the linear terms were non-significant in the other three groups.
This was particularly unexpected in the Desisting group, where the decline in probability
was steep (from .82 to .04) but still did not attain statistical significance [&(SE)=
-1.62(1.17), p=.1661]. For all four trajectory groups, the higher-order terms (quadratic,
cubic) were omitted from the final model because they were not significant (all ps>.05).

Half the sample was classified in the Persistent group (51.4%), in which the probability of
consuming EDs was consistently high (=87% during all four years). By contrast, in the Non-
Use group, which represented 20.6% of the sample, the probability of past-year ED
consumption never exceeded 2%. Individuals classified in the Intermediate trajectory group
outnumbered those in the Desisting group (17.4% and 10.6%, respectively).

3.3. Frequency of consumption by trajectory group membership

As shown in Figure 2, individuals with less frequent ED consumption patterns (i.e., 1 to 11
days, and 12 to 51 days) comprised the vast majority of ED consumers in three of the four
trajectory groups, whereas the fourth group consistently refrained from any ED consumption
(Non-Use, see Figure 2, Panel A). In the Intermediate group (Panel B), the prevalence of
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infrequent consumption increased more than 3-fold (from 12% at modal age 21 to 44% at
age 24) whereas moderate use hovered at or near 10% and frequent use patterns remained
scarce (£4%). In the Desisting group (Panel C), declines were more pronounced for
infrequent consumption (64% to 2%) than for moderate (28% to 0%) or frequent (8% to 0%)
consumption. The Persistent group (Panel D) was the only group with a substantial
proportion of frequent consumers, which declined appreciably over time (24% to 14%), in
contrast to a more modest decline in moderate consumption (45% to 36%) and a slight
increase in infrequent consumption (31% to 37%).

3.4. Correlates of trajectory group membership

ED trajectory group membership was significantly associated with gender and race (ps<.
001) such that males and non-Hispanic Whites were overrepresented among the Persistent
group (61.0%,,; and 70.3%,,, respectively). Males were underrepresented among the Non-
Use group (22.2%,,1), whereas non-Hispanic Whites were underrepresented among the
Intermediate group (58.5%,,; see Table 2). As expected, all three of the psychological risk
factors we tested (sensation-seeking, conduct problems, behavioral dysregulation) were
positively associated with higher probability of ED consumption, with the Non-Use and
Persistent groups having the lowest- and highest-risk scores, respectively (all ps<.001). With
respect to alcohol and other substance use at age 21, all of the variables we tested were
significantly associated with ED trajectory group membership (all ps<.001). The Non-Use
group generally exhibited the lowest level of substance use—with the exception of other
caffeine consumption and alcohol use, which were lowest for the Intermediate group—
whereas the Persistent group exhibited the highest levels of substance use. The Desisting and
Intermediate trajectory groups exhibited intermediate levels of substance involvement, albeit
with inconsistent relative rankings and generally modest differences. For example, the
proportion who used cocaine during the past year at age 21 ranged from 2.7%, in the Non-
Use group, to 4.9%,,; in the Desisting group, to 7.4%,, in the Intermediate group, and
13.1%,, in the Persistent group.

3.5. Logistic regression predicting Year 8 substance use

As measured at modal age 25, AUD risk, NPS, and cocaine use—but not tobacco,
marijuana, or NPA use—were all significantly associated with ED trajectory group
membership, after controlling for the effects of demographics, sensation-seeking, other
caffeine consumption, and prior substance use at age 21 (see Table 3). Relative to the Non-
Use group, individuals in the Persistent group were at significantly higher risk for AUD,
NPS, and cocaine use (all ps<.05, see Table 3). Individuals in the Intermediate group were
also at increased risk for using NPS [H(SE)=1.32(0.42), p=.002] and cocaine
[6(SE)=1.30(0.54), p=.015], relative to the Non-Use group. By contrast, individuals in the
Desisting group did not display elevated risk for any of the substance use measures we tested
and were significantly less likely than the Non-Use group to report NPA [H(SE)=
-1.10(0.50), p=.028]. Examination of pairwise comparisons for NPA (see Figure 3)
indicated that the Desisting group also had significantly lower risk than the Intermediate
group (p=.02). The findings on AUD risk were less definitive, in that the pairwise
comparison between the Persistent and Non-Use groups approached but did not attain
statistical significance (p=.074), despite the apparent difference in their respective adjusted
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means (.52 vs. .38), and despite the significance of the corresponding Chi-square test for the
parameter estimate [&(SE)=0.59(0.24), p=.015; see Table 3].

With respect to the background risk factors (gender, race/ethnicity, parents’ education,
sensation-seeking, other caffeine consumption, prior substance use), each variable was
significantly associated with at least one of the six substance use outcomes we tested (see
Table 3), and generally in the expected direction—with the sole exception that other caffeine
consumption was not significantly associated with any of the outcomes we tested in the
context of the other explanatory variables. Although not a focus of this paper, some
noteworthy inconsistencies in the direction of association were observed for parental
educational attainment, such that higher attainment was negatively associated with tobacco
use, NPS, and NPA, but positively associated with marijuana and cocaine use.

4. Discussion

This study described longitudinal patterns in ED consumption among a young adult sample
originally recruited as college students. Overall, higher-frequency use patterns (i.e., =52
days/year, and 12 to 51 days/year) declined with age, whereas infrequent use patterns
maintained a stable prevalence at approximately 26%,,;. Half the sample (51.4%) comprised
a Persistent group in which the probability of ED consumption remained at or above 87%
throughout the four-year interval studied.

Trajectory group membership was significantly associated with cocaine use, NPS, and AUD
risk, but not with marijuana or tobacco use at age 25, with the Persistent and Intermediate
trajectory groups having the highest risk, even accounting for prior substance use and other
risk factors. These findings suggest that ED consumption might be a novel catalyst for AUD
and certain types of subsequent substance use—namely, NPS and cocaine use. Given the
significant health and safety concerns associated with substance use during young adulthood
(Arria et al., 2016a; Arria et al., 2011b; Caldeira et al., 2012a; Hingson et al., 2005; Kertesz
et al., 2007), the current findings are in need of replication to understand if EDs could be a
potential target for prevention of subsequent substance use.

Results extend prior cross-sectional studies that have linked ED consumption with alcohol
dependence and nonmedical prescription drug use (Arria et al., 2010; Arria et al., 2011a;
Miller, 2008a; Woolsey et al., 2014). Importantly, the present findings extend such
associations by confirming their presence even in young adulthood, when substance use
patterns are more established and fully manifested. Furthermore, the results expand on
previous studies by demonstrating that the relationship between EDs and subsequent
substance use cannot be entirely accounted for by a general propensity for risk-taking.
Finally, because other caffeine consumption was included in the model, it is intriguing that
the relationship with substance use outcomes appears to be specific to ED consumption and
not to other forms of caffeine. ED consumption might have a unique contributory role for the
development and escalation of NPS and cocaine use among young adults. Interestingly,
animal studies have supported the notion that caffeine can enhance the reinforcing effects
and motivational value of cocaine, especially when co-ingested (O’Neill et al., 2015; Prieto
et al., 2016). Earlier research showed an association between caffeine administration and
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dose-dependent increases in self-administration of stimulants (Schenk et al., 1996). The
effect of caffeine on dopamine receptors has been suggested as a mechanism underlying its
potentiation of other psychostimulants (Cauli and Morelli, 2005; Ferré, 2016).

Several limitations must be noted. We cannot rule out the possibility of bias related to self-
reported recall or social desirability. The loss of 170 participants in the regression analyses,
due to missing data, might have resulted in a subsample that was not entirely representative
of the larger sample of 1,033 on which the trajectory analyses were conducted.
Generalizability is limited due to recruitment from one university with a predominantly non-
Hispanic White population. Additionally, this study characterized ED consumption during
early adulthood. Therefore, future studies are needed to understand the relationship between
ED consumption earlier in life and subsequent drug use, especially given the significant
neurodevelopmental changes that occur during adolescence that have an impact on the
propensity for addiction. We are unable to clearly distinguish between incident and
persistent substance users. However, the significant differences between the trajectory
groups in substance use at age 21 suggest that many of the individuals using substances at
age 25 had likely been persistent users for several years, and another report on this sample
has documented that incident drug use was quite low after age 21 (Arria et al., in press).
Finally, the demonstration of a prospective relationship supports but does not prove the
existence of a causal relationship between ED consumption and substance use. Efforts to
replicate these findings in large longitudinal cohort studies of adolescents are warranted.

Despite the limitations described above, the present findings extend our prior knowledge of
EDs in several ways. First, our analyses focus on modeling trajectories of ED consumption
during a four-year period. In contrast to static measures of use/non-use, this approach
documented the prevalence of different groups of individuals, namely those whose
consumption is fleeting from those who go on to sustain their consumption over time. Future
studies are needed to investigate other types of health outcomes that might be associated
with these different patterns of ED consumption.

Second, we used longitudinal data to test hypotheses that heavier, sustained patterns of ED
consumption contribute to the intensification of alcohol-related problems and initiation or
continuation of use of other types of stimulant drugs. Importantly, we did not restrict our
focus to consumers who co-ingest EDs with alcohol, and therefore increased our flexibility
to identify high-risk patterns of ED consumption. Future research is needed to examine the
ways in which mixing EDs with alcohol might pose different risks for subsequent use of
psychoactive substances than consuming EDs alone.

An intensified research agenda related to EDs is needed to develop better assessment
methods, learn more about the long-term consequences of ED consumption, and to begin to
fill serious knowledge gaps around this highly prevalent behavior among adolescents and
young adults. In particular, future longitudinal studies of younger adolescents should include
measures of ED and other caffeine consumption as they have not yet passed through the
period of peak risk for initiating illicit drug use, but are likely to have begun to consume EDs
(Arria et al., 2014). The lack of empirical information about the long-term relationship
between ED consumption and health consequences is a barrier to the development of
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effective policies governing the regulation and labeling of EDs. Unlike soft drinks, EDs are
not subject to any regulation regarding maximum caffeine content, nor labeling requirements
for caffeine content (Code of Federal Regulations, 2012). Given previously documented
health and safety concerns about EDs, as well as the possibility that ED consumption
potentiates other substance use, further research is necessary to inform the prevention and
policy efforts to promote young adult health.
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Figurel.
Estimated probability of energy drink consumption during the past year, by modal age and

trajectory group membership (7=1099).

Note. Group membership percentages reflect observed proportions in the sample.
Corresponding estimated proportions were 49.0%, 12.5%, 21.7%, and 16.8% for Persistent,
Desisting, Intermediate, and Non-Use groups, respectively. All quadratic and cubic terms
were dropped from the polynomial for each of the four trajectory groups because they were
not significant (all ps>.05).
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All individuals in this
trajectory group reported
non-use of energy drinks all
four years.
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Figure 2.
Frequency of energy drink consumption during the past year, by modal age and trajectory

group membership (7=1099).
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Figure 3.
Estimated marginal means for probability of substance use at modal age 25, by energy drink

trajectory group membership (7=863).

Note. Results adjusted for the effects of gender, race, parents’ education, sensation-seeking,
other caffeine consumption, and the corresponding substance use measure at modal age 21.
Matching pairs of superscripted letters denote statistically significant differences in
probability of a given substance use outcome (p<.05). A significant difference in NPA is
reported between the Desisting and Intermediate groups, but the overall Chi-square for the
trajectory group variable did not attain statistical significance in that model (p=.051).
AUD=AIcohol use disorder; NPS=Nonmedical use of prescription stimulants;
NPA=Nonmedical use of prescription analgesics.
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