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Abstract
Since the introduction of Red Bull in Austria in 1987 and in the United States in 1997, the energy
drink market has grown exponentially. Hundreds of different brands are now marketed, with caffeine
content ranging from a modest 50 mg to an alarming 505 mg per can or bottle. Regulation of energy
drinks, including content labeling and health warnings differs across countries, with some of the most
lax regulatory requirements in the U.S. The absence of regulatory oversight has resulted in aggressive
marketing of energy drinks, targeted primarily toward young males, for psychoactive, performance-
enhancing and stimulant drug effects. There are increasing reports of caffeine intoxication from
energy drinks, and it seems likely that problems with caffeine dependence and withdrawal will also
increase. In children and adolescents who are not habitual caffeine users, vulnerability to caffeine
intoxication may be markedly increased due to an absence of pharmacological tolerance. Genetic
factors may also contribute to an individual’s vulnerability to caffeine related disorders including
caffeine intoxication, dependence, and withdrawal. The combined use of caffeine and alcohol is
increasing sharply, and studies suggest that such combined use may increase the rate of alcohol-
related injury. Several studies suggest that energy drinks may serve as a gateway to other forms of
drug dependence. Regulatory implications concerning labeling and advertising, and the clinical
implications for children and adolescents are discussed.
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1. Introduction
In 2006, annual worldwide energy drink consumption increased 17% from the previous year
to 906 million gallons, with Thailand leading the world in energy drink consumption per
person, but the U.S. leading the world in total volume sales (Zenith International, 2007).
Although “energy drinks” first appeared in Europe and Asia in the 1960s, the introduction of
“Red Bull” in Austria in 1987 and in the U.S. in 1997 sparked the more recent trend toward
aggressive marketing of high caffeine content “energy drinks.” Since its inception, the energy
drink market has grown exponentially, with nearly 500 new brands launched worldwide in
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2006 (Johnson, 2006), and 200 new brands launched in the U.S. in the 12-month period ending
July 2007 (Packaged Facts, 2007). From 2002 to 2006, the average annual growth rate in energy
drink sales was 55% (Packaged Facts, 2007) (Figure 1). The total U.S. retail market value for
energy drinks (from all sources) was estimated to be $5.4 billion in 2006 and has shown a
similar annual growth rate over this same period (47%)(Packaged Facts, 2007). These drinks
vary widely in both caffeine content, (ranging from 50 to 505 mg per can or bottle) and caffeine
concentration (ranging from 2.5 to 171 mg per fluid ounce) (Table 1). For comparison, the
caffeine content of a 6 ounce cup of brewed coffee varies from 77 to 150 mg (Griffiths et al.,
2003). The main active ingredient in energy drinks is caffeine, although other substances such
as taurine, riboflavin, pyridoxine, nicotinamide, other B vitamins, and various herbal
derivatives are also present (Aranda and Morlock, 2006). The acute and long-term effects
resulting from excessive and chronic consumption of these additives alone and in combination
with caffeine are not fully known. Although the full impact of the rise in popularity of energy
drinks has yet to be realized, the potential for adverse health consequences should be considered
and may be cause for preemptive regulatory action.

2. Regulatory Aspects
The regulation of beverages to which caffeine is added has been challenging, partly because
of the widespread and long-term use of beverages such as coffee and tea in which caffeine is
a natural constituent. Nonetheless, several countries have enacted measures to regulate the
labeling, distribution, and sale of energy drinks that contain significant quantities of caffeine.
The European Union requires that energy drinks have a “high caffeine content” label (European
Union, 2007) and Canada requires labels indicating that Red Bull should not be mixed with
alcohol and that maximum daily consumption not exceed two 8.3 oz. cans (Health Canada,
2005). Norway restricts the sale of Red Bull to pharmacies, while France (until recently) and
Denmark have prohibited the sale of Red Bull altogether (Ari Kapner, 2004).

The history of the regulation of caffeine containing beverages in the U.S serves as an illustrative
example of the complexity of the regulatory issues involved in their sale, use, and promotion.
Historically, the U.S Food and Drug Administration (FDA) has regulated caffeine-containing
soft drinks as foods. In 1980, citing health concerns about caffeine, the FDA proposed to
eliminate caffeine from soft drinks (Food and Drug Administration, 1980). In response, soft
drink manufacturers justified adding caffeine to soft drinks on the basis that caffeine was a
flavor enhancer (PepsiCo Inc., 1981), although the scientific basis for that claim has since been
challenged (Griffiths and Vernotica, 2000; Keast and Riddell, 2007). If caffeine had not been
accepted as a flavor enhancer, but had been regarded as a psychoactive ingredient, soft drinks
might have been regulated by the FDA as drugs. However, the FDA approved caffeine and
limited the maximum caffeine content of cola-type soft drinks to 0.02% caffeine, or 71 mg/12
fl. oz. (Food and Drug Administration, 2003).

Although drink manufacturers initially complied with the FDA caffeine limits, the marketplace
has changed dramatically since the introduction of energy drinks. At least 130 energy drinks
now exceed 0.02% caffeine (Energyfiend website, 2008), including one that contains 505 mg
in a 24 oz can (the equivalent of 14 cans of a typical cola or several cups of coffee)(Table 1).
Many manufacturers are not subject to the prior caffeine limits by claiming that their new
products fall under the 1994 Dietary Supplement Health and Education Act, which classifies
products deriving from herbs and natural sources as dietary supplements rather than drugs
(Ari Kapner, 2004). Other manufacturers appear to be ignoring the FDA caffeine limits and
FDA has not enforced the limits. The FDA has been lax in regulating the caffeine content of
energy drinks and does not require warning labels advising proper use or the amount of caffeine
in the product, as it does for over-the-counter (OTC) caffeine-containing stimulants. According
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to the FDA (Food and Drug Administration, 2007a), over-the-counter stimulant drug products
must contain the following warnings and directions on the product label:

• “The recommended dose of this product contains about as much caffeine as a cup of
coffee. Limit the use of caffeine-containing medications, foods, or beverages while
taking this product because too much caffeine may cause nervousness, irritability,
sleeplessness, and, occasionally, rapid heart beat.”

• “For occasional use only. Not intended for use as a substitute for sleep. If fatigue or
drowsiness persists or continues to recur, consult a (select one of the following:
“physician” or “doctor”).

• “Do not give to children under 12 years of age.”

• “Directions: Adults and children 12 years of age and over: Oral dosage is 100 to 200
milligrams not more often than every 3 to 4 hours.”

It is a striking inconsistency that, in the U.S. an OTC stimulant medication containing 100 mg
of caffeine per tablet (e.g. NoDoz) must include all the above warnings, whereas a 500 mg
energy drink can be marketed with no such warnings and no information on caffeine dose
amount in the product.

3. Advertising
Energy drinks are promoted for their stimulant effects and claim to offer a variety of benefits
including increased attention, endurance and performance, weight loss, and “having fun,
kicking butt and making a difference” (BooKoo website, 2008). The majority of these claims
however, remain to be substantiated. The most consistent result to emerge is that caffeine
reduces performance decrements due to reduced alertness (e.g. conditions of fatigue, or sleep
deprivation) (Bonnet et al., 2005). Other studies have shown that, relative to placebo, caffeine
can increase long-term exercise endurance, and improve speed and/or power output (Graham,
2001; Doherty and Smith, 2004; Doherty et al, 2004; Wiles et al., 2006). However, because
many of the studies claiming to demonstrate performance enhancement by caffeine have been
confounded by caffeine withdrawal, there is debate over whether caffeine has net positive or
performance enhancing effects (e.g. improved mood, alertness or mental function) (Haskell et
al., 2005; Childs and de Wit, 2006) or whether these effects are due to the reversal of caffeine
withdrawal symptoms (James, 1998; Heatherley et al., 2005; Rogers et al., 2003, 2005; James
and Rogers, 2005). Based on preclinical literature that clearly documents the behavioral
stimulant effects of caffeine (Dews, 1984), it seems quite likely that caffeine enhances human
performance on some types of tasks (e.g., vigilance) (Stafford et al., 2007), especially among
non-tolerant individuals. Among high-dose habitual consumers, performance enhancements
above and beyond withdrawal reversal effects are likely to be modest at best (James and Rogers,
2005).

Advertising of energy drinks is targeted primarily towards young males, with alluring product
names such as “Full Throttle”, “AMP Energy” and “Cocaine”. These advertising campaigns
promote the psychoactive, performance-enhancing, and stimulant effects of energy drinks and
appear to glorify drug use. In a survey of 795 undergraduate students self-reported measures
of masculinity and risk taking behaviors were positively associated with frequency of energy
drink consumption (Miller, 2008).

One of the more blatant examples of such advertising tactics is found in the drink additive
“Blow.” This “energy drink additive” is packaged in glass vials and shipped with a mirror and
plastic credit cards in an apparent attempt to model cocaine use. Blow founder Logan Gola
describes the product as “sexy, edgy and fun” (PR Newswire Association, 2007). The energy
drink “Cocaine” was initially marketed as “The Legal Alternative” with its product name

Reissig et al. Page 3

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



displayed as a white granular substance which resembled cocaine powder (Food and Drug
Administration, 2007b; Cocaine website, 2008), and with video clips on the company website
showing consumers “snorting” its liquid product. Recently, the FDA claimed jurisdiction over
both “Cocaine” (Food and Drug Administration, 2007b) and “Blow” (Food and Drug
Administration, 2008), informing the companies that their products were marketed as an
alternative to an illicit street drug, not a dietary supplement, and subject to regulation as a drug.
In early 2008, the manufacturer re-released “Cocaine,” with revised product claims, yet
retaining the drink’s characteristic moniker, “Cocaine” still prominently displayed as a white
powdery substance resembling cocaine powder (Cocaine website, 2008; Kotaku website,
2008). The product “Blow” currently remains on the market.

The marketing of energy drinks as products to be used for their stimulant and recreational
effects stands in marked contrast to the marketing of soft drinks. For decades, advertising for
soft drinks has been restricted to rather innocuous and somewhat ambiguous claims such as
those used to promote CocaCola: “The pause that refreshes” (Pendergast, 1993). As mentioned
previously, in response to an FDA proposal to eliminate caffeine from soft drinks, soft drink
manufacturers justified adding caffeine by calling it a flavor enhancer (PepsiCo Inc., 1981).
After claiming that caffeine was added just for its flavor, manufacturers were likely reluctant
to publically promote their products as stimulants for fear of jeopardizing their regulatory
rationale for adding caffeine. No such restraint is exercised on promotion of energy drinks,
many of which are regulated under the 1994 dietary supplement act.

4. Caffeine Toxicity/Overdose
Concern regarding the caffeine content of energy drinks is prompted by the potential adverse
consequences of caffeine use. One such adverse effect is caffeine intoxication, a recognized
clinical syndrome included in the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV-TR) and the World Health Organization’s International Classification of Diseases
(ICD-10) (American Psychiatric Association, 1994; World Health Organization, 1992a; World
Health Organization, 1992b). Caffeine toxicity is defined by specific symptoms that emerge
as a direct result of caffeine consumption. Common features of caffeine intoxication include
nervousness, anxiety, restlessness, insomnia, gastrointestinal upset, tremors, tachycardia,
psychomotor agitation (American Psychiatric Association, 1994) and in rare cases, death
(Garriott et al., 1985; Kerrigan and Lindsey, 2005; Mrvos et al., 1989). The symptoms of
caffeine intoxication can mimic those of anxiety and other mood disorders (Greden, 1974).

The consumption of energy drinks may increase the risk for caffeine overdose in caffeine
abstainers as well as habitual consumers of caffeine from coffee, soft drinks, and tea. The
potential for acute caffeine toxicity due to consumption of energy drinks may be greater than
other dietary sources of caffeine for several reasons:

1. Lack of adequate labeling: As mentioned earlier, many energy drinks do not label
their product with the amount of caffeine, and are not required to display warning
labels advising proper use. Consumers may be completely unaware of the amount of
caffeine they are ingesting.

2. Advertising: Many energy drinks are marketed with claims of performance enhancing
effects although, as discussed previously, the existence and extent of such effects is
subject to debate. Red Bull, for example, advertises several benefits of consumption
including improved performance, endurance, concentration and reaction speed, and
increased metabolism (Red Bull website, 2008). Consumers may falsely believe that
“more is better” and ingest multiple servings of these products. As an added risk, some
energy drinks encourage rapid consumption of their products. For instance, “Spike
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Shooter” claims “the flavor’s so good, you’ll want to slam the whole
can” (Spikeshooter website, 2008).

3. Consumer demographics: Since there are no restrictions on the sale of energy drinks,
adolescents and children (who may be inexperienced and less tolerant to the effects
of caffeine) may be at an increased risk for caffeine intoxication.

Forty-one cases of caffeine abuse from caffeine enhanced beverages were reported to a U.S.
poison control center from 2002–2004 (McCarthy et al., 2006). Another U.S. poison control
center reported nine cases of adverse reactions to the energy drink Redline from January 2004
to March 2006. Eight of the nine patients were male, the youngest being 13 years of age. The
symptoms were: nausea/vomiting (56%), tachycardia (44%), hypertension (100%) (for patients
evaluated in a health care facility), jittery/agitated/tremors (67%), dizziness (44%), chest pain
(11%) and bilateral numbness (11%) (Walsh et al., 2006). In a survey of 496 college students,
51% reported consuming at least one energy drink during the last month (Malinauskas et al.,
2007). Of these energy drink users, 29% reported “weekly jolt and crash episodes”, 22%
reported headaches, and 19% reported heart palpitations from drinking energy drinks
(Malinauskas et al., 2007).

Media reports have also highlighted several cases of caffeine intoxication resulting from energy
drink consumption. A 28 year old motorcycle (motocross) athlete nearly died when his heart
stopped during a competition. He had consumed 8 cans of Red Bull over a 5 hour period
(Dasey, 2007). “Spike Shooter” has been removed from several U.S. convenience stores, and
banned from local high schools when students became sick after consuming cans of the product
that were purported to have been given away at a promotional event (Brooks, 2007; Simon and
Mosher, 2007). Similar action has been taken at another U.S. high school after two student
athletes fainted after drinking “Speed Stack” (Lunen, 2007). Local store owners have also
banned the selling of energy drinks to minors, after three teenage boys displayed signs of
caffeine intoxication after rapidly ingesting “BooKoo” energy drink (Lunen, 2007).

In addition to caffeine intoxication, the consumption of energy drinks has been linked to
seizures (Iyadurai and Chung, 2007), acute mania (Machado-Vieira et al., 2001), and stroke
(Worrall et al., 2005). Deaths attributed to energy drink consumption have been reported in
Australia, Ireland and Sweden (Ari Kapner, 2004). Considerable debate has ensued as to
whether these fatalities were a direct result of energy drink consumption.

5. Caffeine Dependence
The DSM-IV-TR defines substance dependence using a generic set of cognitive, physiological,
and behavioral symptoms, including the inability to quit, use despite harm, using more than
intended, withdrawal, and tolerance. Although DSM-IV-TR specifically excludes caffeine
from its diagnostic schema for substance dependence, the World Health Organization’s
International Classification of Diseases (ICD-10) includes this diagnosis (World Health
Organization, 1992a; World Health Organization, 1992b). While there is debate regarding the
extent of reinforcing effects and abuse potential of caffeine, there is compelling evidence that
caffeine can produce a substance dependence syndrome in some people (Bernstein et al.,
2002; Hughes et al., 1998; Jones and Lejuez, 2005; Oberstar et al., 2002; Richards et al.,
2004; Strain et al., 1994; Svikis et al., 2005). For example, studies in adults (Richards et al.,
2004; Strain et al., 1994) and adolescents (Bernstein et al., 2002; Oberstar et al., 2002) have
shown high rates of endorsement of inability to quit, use despite harm, and withdrawal. A
population-based survey showed that 30% of a sample of 162 caffeine users fulfilled diagnostic
criteria for substance dependence when applied to caffeine (Hughes et al., 1998). The
prevalence of caffeine dependence may increase as a result of marketing campaigns promoting
the use of energy drinks among adolescents. By analogy with tobacco and alcohol use, the
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earlier the onset of smoking or drinking, the greater the risk for later dependence (Moolchan
et al., 2000; Liepman et al., 2002).

6. Caffeine Withdrawal
Symptoms of caffeine withdrawal have been described in the medical literature for more than
a century (Griffiths and Woodson, 1988). There have been at least 66 studies of caffeine
withdrawal in the medical literature, the majority of which have been published within the last
10 years (Juliano and Griffiths, 2004). The symptoms of caffeine withdrawal, the most common
of which is headache, begin 12 to 24 hours after the last dose of caffeine (Dreisbach and Pfeiffer,
1943; Lader et al., 1996; Juliano and Griffiths, 2004). In double-blind studies, about 50% of
individuals report headache which may be severe in intensity (Silverman et al., 1992; Juliano
and Griffiths, 2004). In addition to headache, other caffeine withdrawal symptoms include
tiredness/fatigue, sleepiness/drowsiness, dysphoric mood (e.g., miserable, decreased well-
being/contentedness), difficulty concentrating/decreased cognitive performance, depression,
irritability, nausea/vomiting, and muscle aches/stiffness (Griffiths et al., 1990; Juliano and
Griffiths, 2004). These withdrawal symptoms may be severe in intensity, and the incidence of
clinically significant distress and impairment in daily functioning due to caffeine withdrawal
is 13% in experimental studies (Juliano and Griffiths, 2004). Caffeine withdrawal is recognized
as an official diagnosis in ICD-10 and a research diagnosis in DSM-IV-TR. Studies have also
documented caffeine withdrawal in teenagers (Hale et al., 1995; Bernstein et al., 2002; Oberstar
et al., 2002) and children (Bernstein et al., 1998; Goldstein and Wallace, 1997), the incidence
of which may increase substantially with the aggressive marketing of energy drinks to these
age groups.

7. Combined Use of Caffeine and Alcohol May be Problematic
There is an association between the heavy use of caffeine and the heavy use of alcohol (Istvan
and Matarazzo, 1984; Kozlowski et al., 1993), and the ingestion of energy drinks in
combination with alcohol is becoming increasingly popular (O’Brien et al., 2008; Oteri et al.,
2007), with 24% of a large stratified sample of college students reporting such consumption
within the past 30 days (O’Brien et al., 2008). In the previously mentioned survey of 496 college
students, 27% reported mixing alcohol and energy drinks in the past month. Of those that mixed
energy drinks and alcohol, 49% used more than three energy drinks per occasion when doing
so (Malinauskas et al., 2007). In a survey of 1,253 college students, energy drink users were
disproportionately male and consumed alcohol more frequently than non-energy drink users
(Arria et al., 2008).

One study showed that ingestion of a caffeinated energy drink (Red Bull) with vodka reduced
participants perception of impairment of motor coordination in comparison to vodka alone, but
did not significantly reduce objective measures of alcohol-induced impairment of motor
coordination, reaction time, or breath alcohol concentration (Ferreira et al., 2006). These results
are consistent with other studies investigating caffeine-alcohol interactions (Marczinski and
Fillmore, 2006). Thus, when mixing energy drinks and alcohol, users may not feel the
symptoms of alcohol intoxication. This may increase the potential for alcohol-related injury.
Indeed, a recent survey of college students found that in comparison to those who consumed
alcohol alone, students who consumed alcohol mixed with energy drinks had a significantly
higher prevalence of alcohol-related consequences including: being taken advantage of, or
taking advantage of another student sexually, riding in an automobile with a driver under the
influence of alcohol, or being hurt or injured (O’Brien et al., 2008). In addition, mixing energy
drinks with alcohol was associated with increased heavy episodic drinking and episodes of
weekly drunkenness (O’Brien et al., 2008). The recent introduction of pre-mixed caffeine-
alcohol combination drinks may exacerbate these problems (Simon and Mosher, 2007) and
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has prompted regulatory action. Accordingly, as part of a legal settlement reached in 2008 with
State Attorneys in eleven states in the U.S., Anheuser-Busch has agreed to stop the manufacture
and sale of caffeinated alcoholic beverages (Idaho Office of the Attorney General website,
2008).

8. Relationship of Caffeine to Dependence on Other Substances
Studies in adult twins show that lifetime caffeine intake, caffeine toxicity and caffeine
dependence are significantly and positively associated with various psychiatric disorders
including major depression, generalized anxiety disorder, panic disorder, antisocial personality
disorder, alcohol dependence, and cannabis and cocaine abuse/dependence (Kendler et al.,
2006). Studies in adult twins examining caffeine use, alcohol use, and cigarette smoking
concluded that a common genetic factor (polysubstance use) underlies the use of these three
substances (Swan et al., 1996, 1997; Hettema et al., 1999), although another twin study
suggested that caffeine and nicotine were associated with genetic factors unique to these
substances (Kendler et al., 2007). A study examining the co-occurrence of substance use among
drug abusers concluded that dependence on caffeine, nicotine and alcohol were governed by
the same factors (Kozlowski et al., 1993). In a study of caffeine dependent adults, Strain et al.,
(1994) reported a clustering of histories of caffeine, nicotine, and alcohol dependence. In a
study of pregnant women, those who fulfilled criteria for a diagnosis of caffeine dependence
and who had a family history of alcoholism were six times more likely to have a lifetime history
of alcohol abuse or dependence (Svikis et al., 2005).

More specifically, with regard to cigarette smoking, human and animal studies show that
caffeine increases the reinforcing effects of nicotine (Gasior et al., 2002; Jones and Griffiths,
2003; Shoaib et al., 1999; Tanda and Goldberg, 2000). Epidemiology studies show that
cigarette smokers consume more caffeine than nonsmokers (Parsons and Neims, 1978;
Swanson et al., 1994), an effect that may be partially due to increased caffeine metabolism
among cigarette smokers (Parsons and Neims, 1978). Self-administration studies show that
cigarette smoking and coffee drinking covary temporally within individuals (Emurian et al.,
1982; Lane, 1996), although acute caffeine administration does not always increase cigarette
smoking (Chait and Griffiths, 1983). As described above, twin and co-occurrence studies
suggest links between caffeine use and smoking (Kozlowski et al., 1993; Swan et al., 1996,
1997; Hettema et al., 1999). A study of pregnant women showed that those who met criteria
for caffeine dependence were nine times more likely to report a history of daily cigarette
smoking compared to those who did not meet dependence criteria (Svikis et al., 2005).

Whether caffeine serves as a gateway to other forms of drug dependence as suggested by some
studies (Collins et al., 1997; Pallanti et al., 2006) bears further investigation (Packaged Facts,
2007). With regard to energy drinks in particular, one study of 1,253 college students found
that energy drink consumption significantly predicted subsequent nonmedical prescription
stimulant use (Arria et al., 2008). It is plausible that the use of energy drinks that are promoted
as alternatives to illicit drugs (e.g. “Blow” and “Cocaine”) may, in fact, increase interest in the
use of such drugs.

9. Vulnerability to Caffeine Affected by Tolerance and Genetic Factors
Vulnerability to caffeine intoxication after bolus caffeine doses, such as those delivered in
energy drinks, is markedly affected by pharmacological tolerance. Tolerance refers to a
decrease in responsiveness to a drug as a result of drug exposure. Daily administration of very
high doses of caffeine (e.g. 750–1200 mg/day) can produce complete or partial tolerance to
caffeine’s subjective, pressor, and neuroendocrine effects (Robertson et al., 1981; Evans and
Griffiths, 1992; Griffiths and Mumford, 1996). Thus, individuals such as children and
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adolescents who do not use caffeine daily, are at greater risk for caffeine intoxication due to
energy drink consumption than habitual caffeine consumers.

Genetic factors are relevant to vulnerability to both caffeine intoxication as well as caffeine
dependence and withdrawal. Studies comparing monozygotic versus dizygotic twins have
shown higher concordance rates for monozygotic twins for caffeine intoxication, total caffeine
consumption, heavy use, caffeine tolerance, and caffeine withdrawal, with heritabilities
ranging between 35% and 77% (Kendler and Prescott, 1999; Swan et al., 1997). Linkage studies
have shown that polymorphisms in the adenosine A2A receptor gene and in adenosine
deaminase are associated with individual differences in caffeine consumption and caffeine’s
effects on EEG, anxiety, and sleep (Alsene et al., 2003; Cornelis et al., 2007; Retey et al.,
2007).

10. Conclusions and Implications
The consumption of high caffeine content energy drinks has increased markedly in recent years.
Regulation of energy drinks, including content labeling and health warnings has differed across
countries, with among the most lax regulatory requirements in the U.S., which is also the largest
market for these products. The absence of regulatory oversight has resulted in aggressive
marketing of energy drinks, targeted primarily toward young males, for psychoactive,
performance-enhancing and stimulant drug effects. There are increasing reports of caffeine
intoxication from energy drinks, and it seems likely that problems with caffeine dependence
and withdrawal will also increase. The combined use of caffeine and alcohol is increasing
sharply, which studies suggest may increase the rate of alcohol-related injury. Given that
clinical pharmacology and epidemiological studies demonstrate an association of caffeine use
with dependence on alcohol, nicotine, and other drugs, and one study showed that energy drink
use predicts subsequent nonmedical use of prescription stimulants, further study of whether
energy drink use serves as a gateway to other forms of drug dependence is warranted.

One limitation of the present review is that the great majority of the knowledge about caffeine
intoxication, withdrawal, and dependence is derived from studies of coffee consumption.
However, studies that have examined these phenomena in the context of caffeine delivered via
soft drinks or capsules have shown similar results (e.g. Juliano and Griffiths, 2004; Strain et
al., 1994). Thus, there is no reason to suppose that delivery of caffeine via energy drinks would
appreciably alter these processes.

These observations have several regulatory and clinical implications. Considering the variable
and sometimes very high caffeine content of energy drinks, in combination with the aggressive
marketing to youthful and inexperienced consumers, it would be prudent to require full
disclosure of the amount of caffeine and other ingredients in energy drinks on the product
labeling. Product label warnings about risks when used alone and in combination with alcohol
would also be appropriate. Restrictions on advertising and the aggressive marketing of energy
drinks to youthful and inexperienced users should also be considered. The promotion of the
use of drugs for their recreational and stimulant properties sends a potentially harmful message
to adolescents that glamorizes and encourages drug use. Ingesting an energy drink to enhance
athletic performance may not be far removed from the non-medical use of anabolic steroids or
pharmaceutical stimulants such as methylphenidate or amphetamine to gain a competitive
advantage. Along the same lines, the rapid onset of stimulant effects provided by energy drinks
may encourage users to seek out the more intense effects of prescription and illicit stimulants.
Finally, it is important for clinicians to be familiar with energy drinks and the potential health
consequences associated with their use. Recognizing the features of caffeine intoxication,
withdrawal, and dependence may be especially relevant when treating younger persons who
may be more likely to consume energy drinks.

Reissig et al. Page 8

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
Alsene K, Deckert J, Sand P, de Wit H. Association between A2a receptor gene polymorphisms and

caffeine-induced anxiety. Neuropsychopharmacology 2003;28:1694–1702. [PubMed: 12825092]
American Psychiatric Association. Diagnostic and statistical manual of mental disorders: DSM-IV.

American Psychiatric Association; Washington, DC: 1994.
Aranda M, Morlock G. Simultaneous determination of riboflavin, pyridoxine, nicotinamide, caffeine and

taurine in energy drinks by planar chromatography-multiple detection with confirmation by
electrospray ionization mass spectrometry. J Chromatogr A 2006;1131:253–260. [PubMed:
16875697]

Ari Kapner, D. Ephedra and energy drinks on college campuses. The Higher Education Center for Alcohol
and Other Drug Abuse and Violence Prevention. 2004 [Accessed on July 17, 2008].
http://www.higheredcenter.org/files/product/energy-drinks.pdf

Arria, AM.; Caldeira, KM.; O’Grady, KE.; Vincent, KB.; Griffiths, RR.; Wish, ED. Energy drink use is
associated with subsequent nonmedical prescription stimulant use among college students. Presented
at the American Public Health Association annual meeting; San Diego California. 2008.

Bernstein GA, Carroll ME, Dean NW, Crosby RD, Perwien AR, Benowitz NL. Caffeine withdrawal in
normal school-age children. J Am Acad Child Adolesc Psychiatry 1998;37:858–865. [PubMed:
9695448]

Bernstein GA, Carroll ME, Thuras PD, Cosgrove KP, Roth ME. Caffeine dependence in teenagers. Drug
Alcohol Depend 2002;66:1–6. [PubMed: 11850129]

Bookoo website. 2008 [Accessed on February 28, 2008].
http://64.233.169.104/search?q=cache:Eon5US__GpsJ:wwwbookooenergy.com/webwinter06/
whoweare.html+boo+koo+having+fun+kicking+butt+and+making+a
+difference&hl=en&ct=clnk&cd=1&gl=us

Bonnet MH, Balkin TJ, Dinges DF, Roehrs T, Rogers NL, Wesensten NJ. The use of stimulants to modify
performance during sleep loss: a review by the Sleep Deprivation and Stimulant Task Force of the
American Academy of Sleep Medicine. Sleep 2005;28:1163–1187. [PubMed: 16268386]

Brooks, J. Spike shooter makers stand by their energy drink. 2007 [Accessed on February, 28 2008].
http://cbs4denver.com/local/local_story_054082902.html

Childs E, de Wit H. Subjective, behavioral, and physiological effects of acute caffeine in light,
nondependent caffeine users. Psychopharmacology (Berl) 2006;185:514–523. [PubMed: 16541243]

Cocaine website. 2008 [Accessed on February 28, 2008]. http://www.drinkcocaine.com/default.htm
Chait LD, Griffiths RR. Effects of caffeine on cigarette smoking and subjective response. Clin Pharmacol

Ther 1983;34:612–622. [PubMed: 6627821]
Collins, L.; Graham, J.; Rousculp, S. Heavy caffeine use and the beginning of the substance use process.

In: Bryant, M.; Windle, M.; West, S., editors. The science of prevention. American Psychological
Association; Washington, DC: 1997. p. 79-99.

Cornelis MC, El-Sohemy A, Campos H. Genetic polymorphism of the adenosine A2A receptor is
associated with habitual caffeine consumption. Am J Clin Nutr 2007;86:240–244. [PubMed:
17616786]

Dasey, D. Man’s heart stops after Red Bull overdose. The Sydney Morning Herald. 2007 Aug 19
[Accessed on February 28, 2008].
http://www.smh.com.au/articles/2007/08/18/1186857834956.html

Dews, PB. Behavioral effects of caffeine. In: Dews, PB., editor. Caffeine: Perspectives from Recent
Research. Springer-Verlag; Berlin: 1984. p. 86-103.

Doherty M, Smith PM. Effects of caffeine ingestion on exercise testing: a meta-analysis. Int J Sport Nutr
Exerc Metab 2004;14:626–646. [PubMed: 15657469]

Doherty M, Smith P, Hughes M, Davison R. Caffeine lowers perceptual response and increases power
output during high-intensity cycling. J Sports Sci 2004;22:637–643. [PubMed: 15370494]

Driesbach RH, Pfeiffer C. Caffeine-withdrawal headache. J Lab Clin Med 1943;28:1212–1219.
Emurian HH, Nellis MJ, Brady JV, Ray RL. Event time-series relationship between cigarette smoking

and coffee drinking. Addict Behav 1982;7:441–444. [PubMed: 7183199]

Reissig et al. Page 9

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.higheredcenter.org/files/product/energy-drinks.pdf
http://64.233.169.104/search?q=cache:Eon5US__GpsJ:wwwbookooenergy.com/webwinter06/whoweare.html+boo+koo+having+fun+kicking+butt+and+making+a+difference&hl=en&ct=clnk&cd=1&gl=us
http://64.233.169.104/search?q=cache:Eon5US__GpsJ:wwwbookooenergy.com/webwinter06/whoweare.html+boo+koo+having+fun+kicking+butt+and+making+a+difference&hl=en&ct=clnk&cd=1&gl=us
http://64.233.169.104/search?q=cache:Eon5US__GpsJ:wwwbookooenergy.com/webwinter06/whoweare.html+boo+koo+having+fun+kicking+butt+and+making+a+difference&hl=en&ct=clnk&cd=1&gl=us
http://cbs4denver.com/local/local_story_054082902.html
http://www
http://www.smh.com.au/articles/2007/08/18/1186857834956.html


Energyfiend website. The caffeine database. 2008 [accessed on February 28, 2008].
http://www.energyfiend.com/huge-caffeine-database/

European Union. COMMISSION DIRECTIVE 2002/67/EC of 18 July 2002 on the labeling of foodstuffs
containing quinine, and of foodstuffs containing caffeine. 2007 [Accessed on February 28, 2008].
http://eur-lex.europa.eu/LexUriServ/site/en/oj/2002/l_191/l_19120020719en00200021.pdf

Evans SM, Griffiths RR. Caffeine tolerance and choice in humans. Psychopharmacology (Berl)
1992;108:51–59. [PubMed: 1410146]

Ferreira SE, de Mello MT, Pompeia S, de Souza-Formigoni ML. Effects of energy drink ingestion on
alcohol intoxication. Alcohol Clin Exp Res 2006;30:598–605. [PubMed: 16573577]

Food and Drug Administration. Warning letter to “Blow”. 2008 [Accessed on February 28, 2008].
http://www.fda.gov/foi/warning_letters/s6674c.htm

Food and Drug Administration, 2007a. Stimulant drug products for over-the-counter human use. Code
of Federal Regulations. Title 21 volume 5, Sec. 340.50.

Food and Drug Administration. Warning letter to Redux Beverages. 2007b [Accessed on February 28,
2008]. http://www.fda.gov/foi/warning_letters/b6312d.htm

Food and Drug Administration. Substances generally recognized as safe. Code of Federal Regulations.
2003 [Accessed on February 28, 2008]. Title 21 volume 3, Sec 182.1180
http://www.cfsan.fda.gov/~lrd/fcf182.html

Food and Drug Administration. Caffeine: deletion of GRAS status, proposed declaration that no prior
sanction exists, and use on an interim basis pending additional study. Federal Register 1980:69817–
69838.

Garriott JC, Simmons LM, Poklis A, Mackell MA. Five cases of fatal overdose from caffeine-containing
“look-alike” drugs. J Anal Toxicol 1985;9:141–143. [PubMed: 4010239]

Gasior M, Jaszyna M, Munzar P, Witkin JM, Goldberg SR. Caffeine potentiates the discriminative-
stimulus effects of nicotine in rats. Psychopharmacology (Berl) 2002;162:385–395. [PubMed:
12172692]

Goldstein A, Wallace ME. Caffeine dependence in schoolchildren? Exp Clin Psychopharm 1997;5:388–
392.

Graham TE. Caffeine and exercise: metabolism, endurance and performance. Sports Med 2001;31:785–
807. [PubMed: 11583104]

Greden JF. Anxiety or caffeinism: a diagnostic dilemma. Am J Psychiatry 1974;131:1089–1092.
[PubMed: 4412061]

Griffiths, RR.; Mumford, GK. Caffeine reinforcement, discrimination, tolerance, and physical
dependence in laboratory animals and humans. In: Schuster, CR.; Kuhar, MJ., editors.
Pharmacological aspects of drug dependence: toward an integrated neurobehavioral approach
(Handbook of Experimental Pharmacology). Springer; Berlin Heidelberg, New York: 1996. p.
315-341.

Griffiths RR, Vernotica EM. Is caffeine a flavoring agent in cola soft drinks? Arch Fam Med 2000;9:727–
734. [PubMed: 10927712]

Griffiths RR, Woodson PP. Caffeine physical dependence: a review of human and laboratory animal
studies. Psychopharmacology (Berl) 1988;94:437–451. [PubMed: 3131789]

Griffiths, RR.; Juliano, LM.; Chausmer, A. Caffeine: Pharmacology and Clinical Effects. In: Graham,
AW.; Schultz, TK.; Mayo-Smith, MF.; Ries, RK.; Wilford, BB., editors. Principles of Addiction
Medicine. Vol. 3. American Society of Addiction Medicine; 2003. p. 193-224.

Griffiths RR, Evans SM, Heishman SJ, Preston KL, Sannerud CA, Wolf B, Woodson PP. Low-dose
caffeine physical dependence in humans. J Pharmacol Exp Ther 1990;255:1123–1132. [PubMed:
2262896]

Hale KL, Hughes JR, Oliveto AH. Caffeine self-administration and subjective effects in adolescents. Exp
Clin Psychopharm 1995;3:364–370.

Haskell CF, Kennedy DO, Wesnes KA, Scholey AB. Cognitive and mood improvements of caffeine in
habitual consumers and habitual non-consumers of caffeine. Psychopharmacology (Berl)
2005;179:813–825. [PubMed: 15678363]

Health Canada. Safe use of energy drinks. 2005 [Accessed on February 28, 2008].
http://www.hc-sc.gc.ca/iyh-vsv/alt_formats/cmcd-dcmc/pdf/energy-energie_e.pdf

Reissig et al. Page 10

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.energyfiend.com/huge-caffeine-database/
http://eur-lex.europa.eu/LexUriServ/site/en/oj/2002/l_191/l_19120020719en00200021.pdf
http://www.fda.gov/foi/warning_letters/s6674c.htm
http://www.fda.gov/foi/warning_letters/b6312d.htm
http://www.cfsan.fda.gov/~lrd/fcf182.html
http://www.hc-sc.gc.ca/iyh-vsv/alt_formats/cmcd-dcmc/pdf/energy-energie_e.pdf


Heatherley SV, Hayward RC, Seers HE, Rogers PJ. Cognitive and psychomotor performance, mood, and
pressor effects of caffeine after 4, 6 and 8 h caffeine abstinence . Psychopharmacology (Berl)
2005;178:461–470. [PubMed: 15696321]

Hettema JM, Corey LA, Kendler KS. A multivariate genetic analysis of the use of tobacco, alcohol, and
caffeine in a population based sample of male and female twins. Drug Alcohol Depend 1999;57:69–
78. [PubMed: 10617315]

Hughes JR, Oliveto AH, Liguori A, Carpenter J, Howard T. Endorsement of DSM-IV dependence criteria
among caffeine users. Drug Alcohol Depend 1998;52:99–107. [PubMed: 9800139]

Istvan J, Matarazzo JD. Tobacco, alcohol, and caffeine use: a review of their interrelationships. Psychol
Bull 1984;95:301–326. [PubMed: 6544436]

Iyadurai SJ, Chung SS. New-onset seizures in adults: possible association with consumption of popular
energy drinks. Epilepsy Behav 2007;10:504–508. [PubMed: 17349826]

James JE. Acute and chronic effects of caffeine on performance, mood, headache, and sleep.
Neuropsychobiology 1998;38:32–41. [PubMed: 9701720]

James JE, Rogers PJ. Effects of caffeine on performance and mood: withdrawal reversal is the most
plausible explanation. Psychopharmacology (Berl) 2005;182:1–8. [PubMed: 16001109]

Johnson, CK. Caffeine-Stoked energy drinks worry docs. The Washington Post. 2006 Oct 29 [Accessed
on February 28, 2008].
http://www.washingtonpost.com/wp-dyn/content/article/2006/10/29/AR2006102900290.html

Jones HA, Lejuez CW. Personality correlates of caffeine dependence: the role of sensation seeking,
impulsivity, and risk taking. Exp Clin Psychopharm 2005;13:259–266.

Jones HE, Griffiths RR. Oral caffeine maintenance potentiates the reinforcing and stimulant subjective
effects of intravenous nicotine in cigarette smokers. Psychopharmacology (Berl) 2003;165:280–290.
[PubMed: 12434259]

Juliano LM, Griffiths RR. A critical review of caffeine withdrawal: empirical validation of symptoms
and signs, incidence, severity, and associated features. Psychopharmacology (Berl) 2004;176:1–29.
[PubMed: 15448977]

Keast RS, Riddell LJ. Caffeine as a flavor additive in soft-drinks. Appetite 2007;49:255–259. [PubMed:
17189661]

Kendler KS, Prescott CA. Caffeine intake, tolerance, and withdrawal in women: a population-based twin
study. Am J Psychiatry 1999;156:223–228. [PubMed: 9989558]

Kendler KS, Myers J, Prescott CA. Specificity of genetic and environmental risk factors for symptoms
of cannabis, cocaine, alcohol, caffeine, and nicotine dependence. Arch Gen Psychiatry
2007;64:1313–1320. [PubMed: 17984400]

Kendler KS, Myers J, Gardner OC. Caffeine intake, toxicity and dependence and lifetime risk for
psychiatric and substance use disorders: an epidemiologic and co-twin control analysis. Psychol Med
2006;36:1717–1725. [PubMed: 16893482]

Kerrigan S, Lindsey T. Fatal caffeine overdose: two case reports. Forensic Sci Int 2005;153:67–69.
[PubMed: 15935584]

Kotaku website. Pure energy: A critical look at energy drinks. 2008 [Accessed on February 28, 2008].
http://kotaku.com/352207/pure-energy-a-critical-look-at-energy-drinks

Kozlowski LT, Henningfield JE, Keenan RM, Lei H, Leigh G, Jelinek LC, Pope MA, Haertzen CA.
Patterns of alcohol, cigarette, and caffeine and other drug use in two drug abusing populations. J
Subst Abuse Treat 1993;10:171–179. [PubMed: 8510191]

Lader M, Cardwell C, Shine P. Caffeine withdrawal symptoms and rate of metabolism. J
Psychopharmacol 1996;10:110–118.

Lane J. Association of coffee drinking with cigarette smoking in the natural environment. Exp Clin
Psychopharmacol 1996;4:409–412.

Liepman MR, Calles JL, Kizilbash L, Nazeer A, Sheikh S. Genetic and nongenetic factors influencing
substance use by adolescents. Adolesc Med 2002;13:375–401. viii. [PubMed: 11986044]

Lunen, JV. A can of worries. Baker City Herald. 2007 Jul 17 [Accessed on February 28, 2008].
http://www.bakercityherald.com/news/story.cfm?story_no=5103

Reissig et al. Page 11

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.washingtonpost.com/wp-dyn/content/article/2006/10/29/AR2006102900290.html
http://kotaku.com/352207/pure-energy-a-critical-look-at-energy-drinks
http://www.bakercityherald.com/news/story.cfm?story_no=5103


Machado-Vieira R, Viale CI, Kapczinski F. Mania associated with an energy drink: the possible role of
caffeine, taurine, and inositol. Can J Psychiatry 2001;46:454–455. [PubMed: 11441790]

Malinauskas BM, Aeby VG, Overton RF, Carpenter-Aeby T, Barber-Heidal K. A survey of energy drink
consumption patterns among college students. Nutr J 2007;6:35. [PubMed: 17974021]

Marczinski CA, Fillmore MT. Clubgoers and their trendy cocktails: implications of mixing caffeine into
alcohol on information processing and subjective reports of intoxication. Exp Clin Psychopharmacol
2006;14:450–458. [PubMed: 17115872]

Miller KE. Wired: energy drinks, jock identity, masculine norms and risk taking. J Am Coll Health
2008;56:481–489. [PubMed: 18400659]

McCarthy D, Mycyck M, DesLauriers C. Hospitalization for caffeine abuse is associated with
concomitant abuse of other pharmaceutical products. Ann EmergMed 2006;48

Moolchan ET, Ernst M, Henningfield JE. A review of tobacco smoking in adolescents: treatment
implications. J Am Acad of Child Adolesc Psychiatry 2000;39:682–693. [PubMed: 10846302]

Mrvos RM, Reilly PE, Dean BS, Krenzelok EP. Massive caffeine ingestion resulting in death. Vet Hum
Toxicol 1989;31:571–572. [PubMed: 2617841]

O’Brien MC, McCoy T, Rhodes SD, Wagoner A, Wolfson M. Caffeinated cocktails: get wired, get drunk,
get injured. Acad Emerg Med 2008;15:453–460. [PubMed: 18439201]

Oberstar JV, Bernstein GA, Thuras PD. Caffeine use and dependence in adolescents: one-year follow-
up. J Child Adolesc Psychopharmacol 2002;12:127–135. [PubMed: 12188981]

Oteri A, Salvo F, Caputi AP, Calapai G. Intake of energy drinks in association with alcoholic beverages
in a cohort of students of the school of medicine of the University of Messina. Alcohol Clin Exp Res
2007;31:1677–1680. [PubMed: 17651468]

Pallanti S, Bernardi S, Quercioli L. The Shorter PROMIS Questionnaire and the Internet Addiction Scale
in the assessment of multiple addictions in a high-school population: prevalence and related disability.
CNS Spectr 2006;11:966–974. [PubMed: 17146410]

Parsons WD, Neims AH. Effect of smoking on caffeine clearance. Clin Pharmacol Ther 1978;24:40–45.
[PubMed: 657717]

Packaged Facts. Energy drinks in the US. Rockville, MD: 2007.
PepsiCo Inc, 1981. The physical or technical effect of caffeine in cola beverages. Volume III, appendix

XII of comments of the National Soft Drink Association submitted to the Department of Health and
Human Services Food and Drug Administration in response to the proposal to delete caffeine in cola-
type beverages from the list of substances generally recognized as safe and to issue an interim food
additive regulation governing its future use. July 29, FDA docket No. 80N–0418

Pendergast, M. The unauthorized history of the great american soft drink and the company that makes it.
Macmilan Publishing Company; 1993. For god, country and Coca-Cola.

PR Newswire Association LLC. Disturbing trends in energy drink marketing: clever branding or sinister
gateway?. 2007 [Accessed on February 28, 2008].
http://www.lexisnexis.com:80/us/lnacademic/results/docview/docview.do?
risb=21_T3160088359&format=GNBFI&sort=RELEVANCE&startDocNo=1&resultsUrlKey=29
_T3160088368&cisb=22_T3160088367&treeMax=true&treeWidth=0&csi=8054&docNo=5

Red Bull website. 2008 [Accessed on February 28, 2008].
http://www.redbullusa.com/#page=ProductPage.Benefits

Retey JV, Adam M, Khatami R, Luhmann UF, Jung HH, Berger W, Landolt HP. A genetic variation in
the adenosine A2A receptor gene (ADORA2A) contributes to individual sensitivity to caffeine effects
on sleep. Clin Pharmacol Ther 2007;81:692–698. [PubMed: 17329997]

Richards, DB.; Juliano, LM.; Griffiths, RR. Characterization of individuals seeking caffeine treatment
for caffeine dependence. Paper presented at the 2004 Meeting of the College of Problems on Drug
Dependence; 2004.

Robertson D, Wade D, Workman R, Woosley RL, Oates JA. Tolerance to the humoral and hemodynamic
effects of caffeine in man. J Clin Invest 1981;67:1111–1117. [PubMed: 7009653]

Rogers PJ, Heatherley SV, Hayward RC, Seers HE, Hill J, Kane M. Effects of caffeine and caffeine
withdrawal on mood and cognitive performance degraded by sleep restriction. Psychopharmacology
(Berl) 2005;179:742–752. [PubMed: 15887055]

Reissig et al. Page 12

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.lexisnexis.com:80/us/lnacademic/results/docview/docview.do?risb=21_T3160088359&format=GNBFI&sort=RELEVANCE&startDocNo=1&resultsUrlKey=29_T3160088368&cisb=22_T3160088367&treeMax=true&treeWidth=0&csi=8054&docNo=5
http://www.lexisnexis.com:80/us/lnacademic/results/docview/docview.do?risb=21_T3160088359&format=GNBFI&sort=RELEVANCE&startDocNo=1&resultsUrlKey=29_T3160088368&cisb=22_T3160088367&treeMax=true&treeWidth=0&csi=8054&docNo=5
http://www.lexisnexis.com:80/us/lnacademic/results/docview/docview.do?risb=21_T3160088359&format=GNBFI&sort=RELEVANCE&startDocNo=1&resultsUrlKey=29_T3160088368&cisb=22_T3160088367&treeMax=true&treeWidth=0&csi=8054&docNo=5
http://www.redbullusa.com/#page=ProductPage.Benefits


Rogers PJ, Martin J, Smith C, Heatherley SV, Smit HJ. Absence of reinforcing, mood and psychomotor
performance effects of caffeine in habitual non-consumers of caffeine. Psychopharmacology (Berl)
2003;167:54–62. [PubMed: 12601503]

Shoaib M, Swanner LS, Yasar S, Goldberg SR. Chronic caffeine exposure potentiates nicotine self-
administration in rats. Psychopharmacology (Berl) 1999;142:327–333. [PubMed: 10229056]

Silverman K, Evans SM, Strain EC, Griffiths RR. Withdrawal syndrome after the double-blind cessation
of caffeine consumption. N Engl J Med 1992;327:1109–1114. [PubMed: 1528206]

Simon, M.; Mosher, J. Alcohol, energy drinks, and youth: A dangerous mix. Marin Institute; San Rafael
CA: 2007 [Accessed on February 28, 2008].
http://www.marininstitute.org/alcopops/resources/EnergyDrinkReport.pdf

Spikeshooter website. 2008 [Accessed on February 28, 2008]. http://www.spikeshooter.com/
Stafford, LD.; Rusted, J.; Yeomans, MR. Caffeine, mood, and performance: a selective review. In: Smith,

BD.; Gupta, U.; Gupta, BS., editors. Caffeine and activation theory: effects on health and behavior.
Taylor & Francis Group; Boca Raton, FL: 2007. p. 283-309.

Strain EC, Mumford GK, Silverman K, Griffiths RR. Caffeine dependence syndrome. Evidence from
case histories and experimental evaluations. JAMA 1994;272:1043–1048. [PubMed: 8089887]

State of Idaho Office of Attorney General Lawrence Wasden website. 2008 [Accessed on July 16, 2008].
http://www2.state.id.us/ag/newsrel/2008/Anheuser-Busch_AVCVC.pdf

Svikis DS, Berger N, Haug NA, Griffiths RR. Caffeine dependence in combination with a family history
of alcoholism as a predictor of continued use of caffeine during pregnancy. Am J Psychiatry
2005;162:2344–2351. [PubMed: 16330600]

Swan GE, Carmelli D, Cardon LR. Heavy consumption of cigarettes, alcohol and coffee in male twins.
J Stud Alcohol 1997;58:182–190. [PubMed: 9065896]

Swan GE, Carmelli D, Cardon LR. The consumption of tobacco, alcohol, and coffee in Caucasian male
twins: a multivariate genetic analysis. J Subst Abuse 1996 1996;8:19–3.

Swanson JA, Lee JW, Hopp JW. Caffeine and nicotine: a review of their joint use and possible interactive
effects in tobacco withdrawal. Addict Behav 1994;19:229–256. [PubMed: 7942243]

Tanda G, Goldberg SR. Alteration of the behavioral effects of nicotine by chronic caffeine exposure.
Pharmacol Biochem Behav 2000;66:47–64. [PubMed: 10837843]

Walsh M, Marquardt K, Albertson T. Adverse effects from ingestion of Redline Energy Drinks. Clin
Toxicol 2006;44:642.

Wiles JD, Coleman D, Tegerdine M, Swaine IL. The effects of caffeine ingestion on performance time,
speed and power during a laboratory-based 1 km cycling time-trial. J Sports Sci 2006;24:1165–
1171. [PubMed: 17035165]

World Health Organization. The ICD-10 classification of mental and behavioural disorders: clinical
descriptions and diagnostic guidelines. World Health Organization; Geneva, Switzerland: 1992a.

World Health Organization. International statistical classification of diseases and related health problems:
ICD-10. World Health Organization; Geneva, Switzerland: 1992b.

Worrall BB, Phillips CD, Henderson KK. Herbal energy drinks, phenylpropanoid compounds, and
cerebral vasculopathy. Neurology 2005;65:1137–1138. [PubMed: 16217079]

Zenith International. US overtakes Thailand as world leader in energy drinks. 2007 [Accessed on February
28, 2008]. http://www.zenithinternational.com/news/press_release_detail.asp?id=206

Reissig et al. Page 13

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.marininstitute.org/alcopops/resources/EnergyDrinkReport.pdf
http://www.spikeshooter.com/
http://www2.state.id.us/ag/newsrel/2008/Anheuser-Busch_AVCVC.pdf
http://www.zenithinternational.com/news/press_release_detail.asp?id=206


Figure 1.
Energy drink sales in millions of dollars in the United States from 2002–2006. Data are based
on scanner data from over 32,000 stores such as supermarkets, drug stores, and discount
merchandisers other than Wal-Mart. Data are from retailers with $2 million or more in annual
sales but exclude: clubstores/warehouse clubs, convenience stores, dollar/variety stores,
foodservice, vending, concession sales and specialty channels/retailers of all types (e.g.,
gourmet/specialty food stores, hardware/home improvements stores, military exchanges)
(Packaged Facts, 2007 used with permission).
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Table 1
Energy drinks in the United Statesa

Ounces per
bottle or can Caffeine Concentration (mg/oz) Total Caffeine (mg)

Top Selling Energy Drinksb

 Red Bull 8.3 9.6 80

 Monster 16 10 160

 Rockstar 16 10 160

 Full throttle 16 9 144

 No Fear 16 10.9 174

 Amp 8.4 8.9 75

 SoBe Adrenaline Rush 8.3 9.5 79

 Tab Energy 10.5 9.1 95

Higher Caffeine Energy drinksc

 Wired X505 24 21 505

 Fixx 20 25 500

 BooKoo Energy 24 15 360

 Wired X344 16 21.5 344

 SPIKE Shooter 8.4 35.7 300

 Viso Energy Vigor 20 15 300

 Cocaine Energy Drink 8.4 33.3 280

 Jolt Cola 23.5 11.9 280

 NOS 16 16.3 250

 Redline RTD 8 31.3 250

 Blow (energy Drink Mix) 8 30 240

Lower Caffeine Energy Drinksc

 Bomba Energy 8.4 8.9 75

 HiBall Energy 10 7.5 75

 Airforce Nutrisoda Energize 8.5 5.9 50

 Whoop Ass 8.5 5.9 50

 Vitamin Water (Energy Citrus) 20 2.5 50

High Concentration Energy Drinksc

 RedLine Power Rush 2.5 140 350

 Ammo 1 171 171

 Powershot 1 100 100

 Fuel Cell 2 90 180

Classic Soft Drinks

 Coca-Cola Classic 12 2.9 34.5

 Pepsi Cola 12 3.2 38

 Dr. Pepper 12 3.4 41

 Mountain Dew 12 4.5 54
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a
Data on drink volume and caffeine content were obtained from the manufacturer via product label, website, or personal communication with manufacturer

representatives. The one exception was that the caffeine content for BooKoo Energy was obtained from the energyfiend website (Energyfiend, 2008)
which indicates the information was obtained from a Boo-Koo representative. When the authors contacted the BooKoo company directly, a BooKoo
representative refused to disclose the drink’s caffeine content but did indicate that accurate information for the caffeine content of BooKoo Energy was
available online.

b
Top selling energy drinks in the U.S. 2006, listed sequentially as a percentage of market share (Packaged Facts, 2007, used with permission)

c
Examples of energy drinks drawn from the hundreds of energy drink products currently marketed in the U.S., listed sequentially on total caffeine content
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