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Abstract

Energy drinks are popular beverages that typically include high levels of caffeine and other

ingredients such as taurine, or caffeine-containing herbs, such as guarana. While energy drinks are

often consumed alone, they are also frequently used as mixers for alcoholic beverages. This

review summarizes what is known about the scope of use of alcohol mixed with energy drinks

(AmED), the risks associated with AmED, and the objective laboratory data examining how

AmED differs from alcohol alone. The weight of the evidence reveals that AmED beverages are

riskier than alcohol alone and constitute a public health concern. AmED beverage consumption is

frequent, especially in young and underage drinkers. AmED use is associated with elevated rates

of binge drinking, impaired driving, risky sexual behavior, and risk of alcohol dependence when

compared with alcohol alone. Laboratory research (human and animal) has demonstrated that

AmED beverages lead to altered subjective states including decreased perceived intoxication,

enhanced stimulation, and increased desire to drink/increased drinking compared to alcohol alone.

Possible underlying mechanisms explaining these observations are highlighted.
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Introduction

Energy drinks are popular consumer products advertised to decrease lethargy and increase

energy levels. Energy drinks differ in volume and typical ingredients, but most are

sweetened carbonated beverages that contain high levels of caffeine and other ingredients

including, but not limited to, taurine, guarana, ginseng, glucuronolactone, and B vitamins.1-3

While caffeine-containing energy drinks (CCED) are often consumed alone, they are

frequently used as mixers for alcoholic beverages. It is common in bars to see patrons

drinking cocktails such as a vodka Red Bull® or a Jagerbomb (a shot of the spirit

Jagermeister® placed in a pint glass filled with an energy drink). Up until November of

2010, a variety of premixed caffeinated alcoholic beverages were available (with brand
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names including Four Loko®, Moonshot®, Sparks®, B-to-the-E®, and Joose®). The risks

of alcohol mixed with energy drinks (AmED) were first noticed when these premixed

beverages were on the market. Many underage and young adult drinkers were admitted to

emergency rooms with high levels of intoxication after consuming these products,

prompting physicians and scientists to raise concerns about the safety of these products.4

The US Food and Drug Administration (FDA) promptly responded to such concerns by

reviewing the available scientific data and expert opinion on combining energy drinks/

caffeine with alcohol. After such review, the determination was made that caffeine was an

unsafe food additive when combined with alcohol.5 Concerns about caffeinated alcohol

included the risk that consumers may underestimate how intoxicated they were even though

caffeine does not alter blood alcohol content levels and thus would not reduce the risk of

harms associated with drinking alcohol.6-8 Elevated risks of alcohol poisoning, sexual

assault, and impaired driving were also listed as potential concerns.9 Given the reviewed

scientific evidence and expert opinion, the FDA sent warning letters to alcohol

manufacturers asking for their own scientific evidence that the addition of caffeine and other

stimulants to alcohol was GRAS (generally recognized as safe).10 Manufacturers of these

products promptly responded to the warning letters by voluntarily removing caffeine and

other stimulant ingredients from their alcoholic beverages.11

While the above history about the availability and then removal of premixed AmED

products from the marketplace might suggest that the issue of AmED is now closed, the

reality is that the removal of premixed caffeinated alcohol products from the market has just

been replaced by consumer-made or bartender-made cocktails that mix energy drinks with

alcohol. Consumers are now drinking cocktails that are pharmacologically similar to what

was previously available in one product package. For example, Four Loko® (in the

formulation available before November, 2010) contained alcohol, caffeine, taurine, and

guarana. Many energy drink cocktails today contain the same ingredients in similar doses.

Furthermore, the consumption of AmED is becoming more widespread around the world.

Concerns from scientists and physicians about the safety of combining CCED with alcohol

continue to rise as more data are gathered using a variety of different methodological

approaches. Two examples are briefly mentioned before the weight of the evidence is

discussed in the rest of this review. First, the Drug Abuse Warning Network, a public health

surveillance system in the US, has been monitoring an increased incidence of negative

medical outcomes associated with CCED consumption. From 2007 to 2011, emergency

department visits in the US involving CCED doubled, with a subset of these visits involving

AmED.12 Second, concerns about AmED arise from recently published data of exposure to

CCED that resulted in reports to the US National Poison Data System (NPDS) from 2010 to

2011. NPDS data compile calls to poison control centers. The number of cases involving

AmED was 11% of all calls involving CCED. The AmED cases involved underage drinkers

(68.2% were less than 20 years of age). Moreover, the incidence of moderate to major

adverse effects of toxicity was 39.3% for AmED (as compared to 15.2% for CCED alone).

The seriousness of the AmED cases was also reflected in outcomes, with 76.7% of AmED-

related phone calls to poison control centers resulting in a referral to a health care facility (as

compared to 26.4% of CCED alone phone calls referred to a health care facility).13 Given

that there is continued concern about the risks associated with AmED beverages, the
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purpose of this review is to summarize what is known about the scope of use of AmED, the

risks associated with AmED, and the objective laboratory data examining why AmED is

riskier than consumption of alcohol alone. Certainly, the data coming from emergency room

visits and calls to poison control centers justify taking a closer look at AmED beverages.

To summarize this broad and rapidly growing literature, frequency, associative, and causal

data derived from a variety of methodological approaches is presented to provide a global

picture of the risks associated with AmED.14 As an overview, data regarding the scope of

AmED use indicates that consumption of AmED is common worldwide, particularly in

underage and young adult drinkers. Second, AmED consumption is associated with elevated

rates of binge drinking, impaired driving, requiring medical treatment, risky sexual behavior,

and risk of alcohol dependence when compared with alcohol alone. Finally, causal

statements about how AmED can elevate the risks of alcohol consumption stem from data

gathered from laboratory studies (human and animal). These laboratory studies indicate that

AmED can alter subjective state (by decreasing perceived intoxication, enhancing

stimulation, and increasing desire to drink) to a greater extent than alcohol alone. The

possible underlying mechanisms accounting for these observations are discussed. In sum,

this review highlights recent research that affirms the conclusion reached by the FDA in

2010: consumption of AmED beverages is riskier for the consumer than alcohol alone.

However, more research is clearly needed and some knowledge gaps that need to be

addressed by scientists will be discussed.

Scope of Use of AmED

Consumption of AmED beverages might not present a major public health concern if it were

a rare practice. However, the data gathered on the scope of use of AmED suggest that

AmED use is common, especially in underage and young adult drinkers. Prevalence data

were first gathered from a variety of samples of college students, which often include a large

portion of underage drinkers. Survey data gathered from college students when premixed

caffeinated alcohol was still available (i.e., before November of 2010) indicated that about

half of college students reported consumption of at least one CCED each month and 54% of

these CCED users combined them with alcohol.15 Other survey data indicated that 25% of

past 30-day alcohol drinkers consumed at least 1 AmED in the past month.9 Survey data

gathered around this same time period in a convenience sample of college students also

found that consumption of AmED was common, with 1 in 10 college students reporting

consumption of at least 1 AmED in the past 2 weeks.16 Another probability sample of

college students surveyed in 2010 revealed that lifetime and past year AmED use prevalence

rates were approximately 75% and 65%, respectively.17 Finally, athletes are a college

population that is likely to engage in heavy episodic drinking. One sample of student-

athletes revealed that 37% had consumed AmED in the past year.18

The above studies reflect data collected on a single college campus or across several

campuses. However, more recent comprehensive data are now available that provide a better

view of the scope of use of AmED. The Monitoring the Future (MTF) Survey examines licit

and illicit drug use in US high school students, college students, and young adults using a

nationally-representative sample. The MTF data are considered to be one of the nation’s
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most reliable scientific sources of valid information on trends in drug use in these age

groups. Data collected in the 2012 survey revealed that 10.9% of 8th graders, 19.7% of 10th

graders, 26.4% of 12th graders, 33.8% of college students, and 36.7% of young adults (ages

19-28) reported consuming an AmED beverage at least once in the past year.19,20 From the

MTF data, one can conclude that AmED use is common, especially considering that these

annual prevalence rates include data collected from individuals who do not consume

alcohol.

On a broader scale, data gathered from a representative community sample in the US

revealed that approximately 6% of the sample reported past year use of AmED. 21 In this

sample, AmED users were more likely to be younger. AmED users were also more likely to

be hazardous drinkers than other consumers of alcohol. Furthermore, some demographic

groups are more likely to consume AmED. One field-based survey conducted in New York

City nightclubs revealed that AmED consumers were more likely to be younger and male

than consumers of alcohol alone. In addition, patrons of gay nightclubs also reported higher

prevalence of AmED consumption than patrons of other nightclubs.22 Survey research of an

Australian community sample also revealed that AmED consumption is common in public

venues, emphasizing that situational context could be something that should be more closely

investigated.23

Scope of use of AmED in other countries appears to be similar to that observed in the US

One recent survey of a large national sample of Brazilian college students (n = 12,711)

indicated that almost 1 in 3 alcohol consumers reported drinking AmED in the past year.24

A survey of Dutch college students (n = 6,002) indicated that approximately 1 in 5 college

students consumed AmED.25 Finally, a survey of Canadian college students revealed that

almost 1 in 4 students reported consuming AmED in the past 30 days.26 In sum, mixing

energy drinks with alcohol is relatively common worldwide, especially in demographic

groups such as adolescents and young adults (including college students).

Risks Associated with AmED

One common reported finding in epidemiological studies with origins in a variety of

countries around the world is that AmED consumers are more likely than alcohol alone

consumers to be heavy episodic (i.e., hazardous or binge) drinkers.17,18,21,24,26-29 In

addition, results from one national survey from Taiwan (n = 22,085) revealed that AmED

consumers were more likely to be dependent on alcohol, when compared to alcohol alone

consumers.27 This observation bears some similarity to the finding from another study that

weekly or daily CCED use in US college students was associated with alcohol

dependence.30 Of course, such data are challenging to interpret as the correlation provides

no information regarding causality; it is unclear if hazardous drinkers are motivated to

consume CCEDs or AmED products, whether CCEDs or AmED increase hazardous

drinking, or whether some combination of these mechanisms are interacting. However, other

studies have more specifically reported that AmED consumption is associated with greater

quantity of alcohol consumed during a single episode when compared to episodes where

alcohol is consumed alone.23,28,31,32 Given these associations, it has been suggested that

AmED consumption leads to increased alcohol consumption when compared to alcohol
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alone. However, not all reports coincide with this observation. For example, one industry-

supported survey of Dutch college students actually reported the reverse observation as

students reported consumption of fewer alcohol drinks when consuming AmED compared

with consumption of alcohol alone.25 It is unclear why this Dutch report would differ from

many other studies, but price of AmED drinks in that location or other cultural factors could

be important and warrant further examination.

The observations from survey research that AmED consumption may lead to increased

drinking also coincide with observations of patient admissions related to alcohol use in

emergency departments. One study examined the medical records of emergency department

visits for intoxication at one hospital to determine if visits followed consumption of Four

Loko® (data were gathered in 2010 when Four Loko® was still available with caffeine,

taurine, and guarana). Analyses revealed that the individuals who consumed Four Loko®

were far younger than the legal drinking age (mean age was 16 years) and many required

admission to hospital because of high blood alcohol concentrations leading to

unconsciousness or altered mental state, emesis, seizures, and/or tachycardia. More than a

third of the patients had blood alcohol levels greater than twice the legal limit.4

Field work is another means to confirm that survey data are reflecting actual behavior. One

study of bar patrons leaving local bars asked participants to report what beverages they had

consumed, whether or not they intended to drive home, and to provide a breath sample.

Patrons who had consumed AmED were at a 3-fold increased risk of leaving the bar legally

intoxicated (BrAC > .08 g%) and a 4-fold risk of intending to drive home intoxicated,

compared to other drinking patrons.33 Results from another field study revealed that caffeine

appears to have a dose-dependent relationship with alcohol intoxication in bars, with highly

intoxicated consumers being more likely to have consumed CCED or cola mixers with

alcohol.34 Another field study in 60 bars located in 4 European cities appeared to highlight

the role that CCED played in heighted patron intoxication. The researchers observed that

promotion of CCEDs in a given location was associated with higher levels of customer

intoxication.35

Consistent with observations from field work, survey research has also found that AmED

consumption is associated with additional risky behaviors beyond the association of AmED

and heavy episodic drinking. Individuals who report AmED consumption also report

engaging in a variety of risky behaviors and experiencing greater alcohol-related

consequences, even after adjusting for the amount of alcohol consumed.9,26,29,36,37 After

adjusting for demographic variables, drinking variables, and risk-taking propensity, it has

been reported that AmED users are more likely to be involved in high-risk traffic behaviors

including driving after binge drinking.24,26 Note that this association is similar to that

observed in one field study where AmED consumers were more likely to report that they

were going to drive home despite being intoxicated.33 AmED users are also more likely to

need medical treatment or be hurt or injured when drinking when compared to alcohol alone

consumers.9,26 In addition, several studies have reported that AmED use is associated with

engaging in risky sexual behaviors when compared with alcohol alone.17,37,38 AmED

consumers have also been found to be more likely to use illicit drugs, including marijuana,

cocaine, and ecstasy when compared with alcohol-alone consumers.38 All of the above
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studies control for the alcohol consumed (since alcohol use alone would elevate the risks for

all of the above risky behaviors). Some, but not all, studies also control for risk-taking

propensity and other demographic characteristics that are known predictors of risky

behavior. Therefore, it appears that AmED increases a variety of health and safety risks

above and beyond what would be observed with alcohol alone. However, findings are not

universal in this area, with the results of one online survey of Australians revealing that risk

behaviors were actually lower for AmED sessions compared to alcohol alone sessions.39

In sum, a variety of studies using different methodologies largely, although not universally,

concur that AmED consumption is associated with a variety of risks when compared to

alcohol alone. However, causal statements cannot be made based on these associations since

the studies are not randomly assigning subjects to drink choices and then observing resulting

behaviors. AmED consumption in epidemiological studies and field research is measured in

participants who self-select these beverages. By contrast, experimental studies can

manipulate whether subjects (human or animal) are receiving AmED versus alcohol to

directly compare the pharmacological properties of these two types of beverages. However,

it is important to highlight that the above work on the associations between AmED

beverages and risky behaviors is very useful in designing appropriate experiments to better

understand the risks. The next section describes what is known from human and animal

experimental studies regarding the risks of AmED consumption.

Laboratory Studies Examining AmED versus Alcohol Alone

Laboratory research involving both human and animal participants has examined the

combined effects of alcohol and CCEDs or the combined effects of alcohol and caffeine (the

primary stimulant found in CCEDs) when compared to alcohol alone. Interestingly, results

from experimental studies are similar to the findings from survey and field work studies.

Double-blind, placebo-controlled experimental studies examining whether AmED differs

from alcohol alone suggest that AmED beverages are pharmacologically distinct from

alcohol alone and elevate the risks associated with alcohol consumption by altering

subjective state and increasing desire to drink more alcohol.

Human studies (including our own work) typically involve recruiting subjects to receive

doses of alcohol, CCED, AmED, and placebo in a laboratory setting. Some studies

incorporated within-subjects designs where participants randomly received all dose

conditions, while other studies utilized between-subjects designs with participants being

randomly assigned to one dose condition. In most studies, dose administration is double-

blind and dose administration is based on body weight. After consuming the beverage,

participants are typically asked to complete cognitive tasks to assess various aspects of

performance and questionnaires that assess subjective state. Typically, these objective and

subjective measures were assessed when blood alcohol concentration reached a moderate to

intoxicating level (.05 - .08 g%), as assessed using a breathalyzer.

Across various human laboratory studies, there are important similarities and differences

between AmED and alcohol. First, the similarities should be addressed. Blood alcohol

concentrations do not differ when alcohol is administered with and without the CCED/
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caffeine, rendering the objective level of intoxication to be similar.6-8,31,40-45 Second, data

from a variety of cognitive tasks reveal that behavior is often similarly impaired for alcohol

and AmED, with a few exceptions. Studies have found that AmED (or alcohol combined

with caffeine) produces similar impairments to alcohol with regard to decreased response

inhibition,7 increased choice response errors,7-8,41-43 increased risk-taking,41 and in terms of

alcohol’s slowing effects on simple reaction times,6 coordinated responses,6,8,43 and

information processing.43

However, CCEDs or caffeine when mixed with alcohol can sometimes antagonize some of

the alcohol-induced impairment of behavioral responses.7-8,41-43,45 Such counteracting

effects of CCED or caffeine on alcohol impairment might pose potential risks for increased

abuse of alcohol. For example, in one study of the antagonistic effects of caffeine on alcohol

impairment of motor control, it was found that repeated co-administrations of caffeine with

alcohol over three days facilitated the development of tolerance to the impairment effect of

alcohol alone.46 Given that alcohol tolerance may contribute to abuse by encouraging the

use of escalating doses, that finding raises concerns about the effects of long-term use of

alcohol with caffeine, as in the case of AmED use. Other studies have found that AmEDs or

caffeine mixed with alcohol can counteract some of the impairing effects of alcohol (i.e.,

slowing effects on reaction time), but not other effects of alcohol, such as reduced impulse

control.8 Such non-uniform counteraction of alcohol impairments from AmEDs could result

in a dangerous combination. A consumer of alcohol alone is typically slow and impulsive.

By contrast, a consumer of AmED is also impulsive but is able to react a little quicker. The

AmED consumer may be more able to execute risky courses of action whereas an alcohol

consumer may be less able to execute all risky impulses due to the slowed ability to execute

actions.

The second concern with AmED consumption is revealed by examining the subjective

responses from various questionnaires. AmED consumption (or alcohol and caffeine) results

in several changes in subjective state that are riskier for the drinker when compared to

alcohol alone including: 1) decreased perceived intoxication, 2) enhanced stimulation, and

3) increased desire to drink more alcohol. Decreased perceived intoxication for AmED

versus alcohol alone has been demonstrated in at least two different laboratories.8,41 If a

consumer of AmED underestimates alcohol consumption, this increases the likelihood of

other potentially risky behaviors such as continued drinking or the inappropriate decision to

drive when it is not safe to do so.

Second, enhanced stimulation (or reduced sedation/fatigue) is an almost universal finding in

most laboratory studies that have compared subjective state for AmED (or alcohol and

caffeine) versus alcohol alone.7-8,31,40-43,45 Drug-induced stimulation is associated with

rewarding effects. Drug users often perceive drug-induced stimulation as positive, sought-

after effects from drugs.47 The enhanced stimulation for AmED (versus alcohol alone) has

also been noted in surveys. For example, one online survey of Australians revealed that

consumers reported a variety of side effects related to overstimulation (including heart

palpitations) on AmED sessions compared to alcohol alone sessions.39 Again, enhanced

stimulation from the CCED mixer could potentially increase the risks of drinking. Sedation

is considered to be a protective interoceptive cue that ends a drinking episode. Without the
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cue of sedation, a consumer may continue drinking more alcohol. This coincides with the

third observation coming from laboratory studies when examining motivation to drink more

alcohol.

The desire to drink more alcohol following AmED versus alcohol alone has been compared,

and desire for more alcohol (after an initial dose) is elevated for a longer period of time with

AmED when compared with alcohol alone. This observation has been reported in studies

from two laboratories41,44 and may account for the observation that AmED consumers are

more likely than alcohol alone consumers to drink to intoxicating levels and to screen

positive for alcohol dependence.27

In sum, the laboratory studies highlight potential risks associated with antagonistic effects of

CCEDs and caffeine on alcohol impairment, increased stimulation from AmED

consumption, and the disconnect that occurs with subjective and objective state following

AmED consumption. However, it is important to note that there is unclear consensus that

subjective responses differ for AmED versus alcohol alone. Null observations may be a

function of research design. For example, in one study all of the subjects received alcohol or

placebo, yet only half received the CCED.48 As a result, the AmED versus alcohol

comparison was a between-subjects comparison that likely lacked statistical power with only

10 subjects per condition. However, variability in subjective response data also may occur in

studies based on other factors including the doses chosen (for both the alcohol and CCED),

the timing of the subjective assessment (during the blood alcohol curve), the choice of

subjective assessment, and the background characteristics of the subjects (light versus heavy

drinkers or experienced consumers of AmED or not). While questions remain, it is important

to next highlight how animal research on this topic is remarkably similar to what is being

observed in human studies.

In the human laboratory studies, reduced perceived intoxication, enhanced feelings of

stimulation, and increased desire to drink are the most frequently observed subjective

outcomes that occur when AmED is compared to alcohol alone. While a mouse or rat cannot

be asked how intoxicated it feels, assessments of stimulation and actual alcohol consumption

can be examined using animal models. Locomotor activity provides a means to assess

stimulation in mice. Alcohol alone will increase locomotor activity (at least in doses that are

not too high thus inducing behavioral sedation). When caffeine or CCEDs are mixed with

alcohol, locomotor activity is increased more than alcohol alone.49,50 These results obtained

from two different laboratories are important because the repeated exposure to alcohol alone

progressively increases psychomotor stimulant effects (known as behavioral sensitization)

and is considered to be a phenotypic marker for the abuse potential of alcohol in both

animals51,52 and humans.47

Interestingly, mice differ in alcohol-induced locomotor stimulation. One study divided mice

based on whether they were low or high sensitized mice in response to alcohol alone.49 The

researchers then observed the response to AmED in low and high sensitized mice. Both

groups had similar and high levels of locomotor stimulation in response to AmED. This

observation suggests that AmED in humans may be most problematic for lighter human
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drinkers (who are less likely to abuse alcohol) as compared to heavier drinkers, although that

would need to be empirically tested.

When assessing whether AmED increases drinking as compared to alcohol alone, three

different laboratories have now demonstrated that 5 mg/kg doses of caffeine (similar to

human consumption) increases alcohol consumption in ad lib alcohol administration models

using rats.53-55 Is should be noted that this dose effect for caffeine is biphasic with caffeine

doses of 10 mg/kg or higher resulting in decreased alcohol intake.54-55 Although it is

challenging to compare animal and human doses of drugs (since rat metabolism is faster

than human metabolism), it is notable that most human studies that combine alcohol and

caffeine use caffeine doses in the range of 2 mg/kg to 4 mg/kg7-8,41 which is similar to the

caffeine doses being consumed in AmED beverages.

To conclude this section on laboratory research, there is consensus from results of human

and animal research on several findings for AmED versus alcohol alone. AmED (or alcohol

and caffeine) results in enhanced stimulation (in humans and animals), decreased perceived

intoxication (in humans), and increased desire to drink/actual drinking (in humans and

animals) when compared to alcohol alone. These observations suggest that AmED is riskier

than alcohol alone. Greater drinking may lead to immediate health and safety concerns

during a single drinking episode. If AmED consumption is repeated often, greater drinking

across time could ultimately lead to serious problems controlling alcohol intake and an

alcohol dependence problem. Given that AmED beverages appeal to underage and young

adult drinkers, it should be noted that there is no laboratory research that has examined if

adolescents respond differently to AmED or alcohol alone.

Possible Mechanisms

The research on underlying neurotransmitter mechanisms explaining why AmED beverages

are riskier than alcohol alone has yet to be specifically elucidated. However, there is some

research available providing insight into how alcohol and caffeine in combination have

effects in the brain. The work has focused on the two neurotransmitters of adenosine and

dopamine. Adenosine is an inhibitory neurotransmitter in the brain that is involved in

sedation. Over the course of the day in all animals, rising adenosine levels suppress arousal

and eventually promote sleep. When alcohol is consumed, alcohol blocks the reuptake of

adenosine thus elevating adenosine activity.56,57 In humans and animals, elevated adenosine

activity after alcohol is consumed results in behavioral sedation and feelings of sleepiness.

Caffeine has the opposite action on adenosine activity. Caffeine is an adenosine antagonist.

By blocking adenosine receptors, caffeine prevents the action of adenosine which decreases

sedation and increases stimulation. Caffeine is most effective as a drug when adenosine

activity is high and the human/animal feels most sedated.58,59 Whether elevated adenosine

activity in the brain originates from lack of sleep or the acute effects of alcohol may not

matter; caffeine will block the action of adenosine and the human or animal will feel and act

more stimulated.

Through changes to adenosine, both alcohol and caffeine will also enact changes in

dopamine activity (the neurotransmitter that plays a key role in the abuse potential of most
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drugs). Activation of adenosine A2A receptors inhibits dopamine transmission.60 Elevated

dopamine activity is involved in the reinforcing properties of alcohol, so elevated adenosine

activity regulates alcohol consumption and would keep consumption at a lower level.61,62

Since, caffeine acts as an antagonist at the adenosine receptor, thus acting to block

adenosine activity,56,62 dopamine activity will be increased when caffeine is on board and

more dopamine will be released.60,63,64 Given what is known at the cellular level, it seems

unsurprising that AmED beverages (or alcohol and caffeine) would lead to greater desire to

drink or greater drinking than alcohol alone. Adding caffeine to alcohol increases the

reinforcing properties of alcohol. While these changes would occur after one dose of AmED,

it is important to note that adenosine signaling has been implicated in the development of

alcohol use disorders.65-66 When adenosine activity is diminished repeatedly, alcohol intake

may become more excessive to the point of dependence. This makes the repeated

consumption of AmED beverages more concerning than the repeated consumption of the

same amount of alcohol alone.

Knowledge Gaps

An entire paper could be devoted to the knowledge gaps that exist when examining risks

associated with AmED compared to alcohol alone. While an exhaustive list is not possible

within the scope of this paper, a few key unknowns should be highlighted. However, it

should be noted that our expertise is in laboratory research and so those gaps appear most

salient to us. First, caffeine is a stimulant drug known to moderately increase blood pressure

and heart rate.67 The acute effects of alcohol also increase blood pressure especially at

higher doses.68-70 It remains unknown how AmED beverages impact blood pressure and

heart rate as compared to alcohol alone. Individuals with preexisting hypertension or other

medical conditions where elevated blood pressure is contraindicated should be cautious

about consumption of AmED beverages and research on this topic is needed. Retrospective

chart reviews of emergency department visits associated with AmED might be instructive in

determining if cardiovascular complications and/or high levels of intoxication are resulting

in these visits.71

Another knowledge gap concerns the lack of knowledge regarding how the other CCED

ingredients (besides caffeine) may or may not have interactive effects with alcohol. While

extrapolating from literature on the combined effects of alcohol and caffeine can be

instructive, it is unclear if CCED are similar to caffeine alone when mixed with alcohol. It is

interesting to observe that while caffeine has been combined with alcohol in the past (e.g.,

rum and coke or Irish coffee), the rapid escalation in the use of AmED beverages, especially

in underage drinkers warrants explanation. Why are CCEDs now the trendy mixer for

alcohol in underage drinkers? Furthermore, what are the long-term implications of repeated

use of AmED, particularly in underage drinkers, given the evidence that CCEDs could

increase the abuse potential of alcohol and that adenosine signaling has been implicated in

the development of alcohol use disorders? Do the other ingredients in CCED, such as

taurine, have any interactive effects with alcohol?

Finally, it is unclear if there are individual differences in the subjective response to AmED

versus alcohol alone. In humans and animals, the acute subjective response to alcohol alone
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is known to be a phenotypic marker for the development of alcohol-use disorders (AUD) or

heavy drinking. In humans, heavier drinkers (who are more likely to develop AUD) report

greater stimulation when drinking alcohol.72-76 Moreover, stimulant alcohol effects are more

reinforcing and predict within session drinking behavior.77 As described earlier, mice

exhibit more or less locomotor activity (high versus low sensitization) in response to a given

dose of alcohol. It is the more sedated (low sensitization) mice that responded with a more

robust stimulant effect to AmED when compared with highly sensitized mice.49 Combining

all of these observations, it seems likely that the protective effects of alcohol-induced

sedation in lighter drinkers may make consumption of AmED an exogenous factor that

could lead to AUD in a group that really was never at risk for developing an AUD. By

contrast, heavier or dependent drinkers might be less responsive to subtle differences in

subjective response to AmED or alcohol alone although this needs to be empirically tested.

All of the above research gaps require much closer examination from both human and

animal laboratories.

Conclusion

No one piece of evidence can definitively determine whether AmED is riskier than alcohol

alone. However, the weight of evidence coming from scope of use data, associative data,

and experimental studies provides compelling evidence that AmED use is common and

AmED consumption increases the risks of drinking alcohol. While any one piece of

evidence may be imperfect, the weight of the evidence as a whole is clearly telling us that

the practice of mixing CCEDs with alcohol is unwise. Certainly, the value of survey and

field research is clear. It would be unsafe to administer alcohol doses to human subjects that

are being observed in the field or being reported on questionnaires. The risky behaviors that

have been identified to be associated with AmED use (impaired driving or risky sexual

behavior) are difficult to study in laboratory settings. By contrast, the value of experimental

studies is that causal statements can be made about how AmED consumption can lead to

altered subjective states and increased motivation to drink. The consistency across human

and animal studies is remarkable. The cellular work examining how alcohol and caffeine

alter both adenosine and dopamine neurotransmitter activity is invaluable. Finally, it would

be imprudent to emphasize this area of research if it were not a public health concern.

However, the scope of use studies reveal that AmED use is very common around the world,

particularly in young individuals who are already prone to hazardous drinking. In sum, while

we concur that more research is needed to better understand the nature and scope of the risks

of mixing CCEDs with alcohol, there is no doubt that AmED consumption warrants closer

examination by scientists and physicians who come from differing orientations.

Acknowledgments

Sources of Funding: Support from National Institute of Health grants R15AA019795 and P20GM12345 awarded to
CAM is gratefully acknowledged. The sponsor played no role in the preparation of this manuscript.

References

1. Howard MA, Marczinski CA. Acute effects of a glucose energy drink on behavioral control. Exp
Clin Psychopharmacol. 2010; 18(6):553–561. [PubMed: 21186930]

Marczinski and Fillmore Page 11

Nutr Rev. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



2. Reissig CJ, Strain EC, Griffiths RR. Caffeinated energy drinks – a growing problem. Drug Alcohol
Depend. 2009; 99:1–10. [PubMed: 18809264]

3. Seifert SM, Schaechter JL, Hershorin ER, Lipshultz SE. Health effects of energy drinks on children,
adolescents, and young adults. Pediatrics. 2011; 127(3):511–528. [PubMed: 21321035]

4. Cleary K, Levine DA, Hoffman RS. Adolescents and young adults presenting to the emergency
department intoxicated from a caffeinated alcoholic beverage: a case series. Ann Emerg Med. 2012;
59(1):67–69. [PubMed: 21820210]

5. U.S. Food and Drug Administration. Serious concerns over alcoholic beverages with added caffeine.
Nov 17. 2010 Available at http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm233987.htm

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

7. Marczinski CA, Fillmore MT. Dissociative antagonistic effects of caffeine on alcohol-induced
impairment of behavioral control. Exp Clin Psychopharmacology. 2003; 11(3):228–236.

8. 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
Psychopharmacology. 2006; 14(4):450–458.

9. O’Brien MC, McCoy TP, Rhodes SD, Wagoner A, Wolfson M. Caffeinated cocktails: energy drink
consumption, high-risk drinking, and alcohol-related consequences among college students.
Academic Emerg Med. 2008; 15:453–460.

10. U.S. Food and Drug Administration. Caffeinated alcoholic beverages. Nov 17. 2010 Available at
http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/
ucm190366.htm

11. U.S. Food and Drug Administration. Update on caffeinated alcohol beverages: FDA announces
progress on removal of certain caffeinated alcoholic beverages from the market. Nov 24. 2010
Available at http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm234900.htm

12. Substance Abuse and Mental Health Services Administration. Center for Behavioral Health
Statistics and Quality. The DAWN Report: Update on Emergency Department Visits Involving
Energy Drinks: A Continuing Public Health Concern. Rockville, MD: 2013. Available at: http://
www.samhsa.gov/data/2k13/DAWN126/sr126-energy-drinks-use.htm

13. Seifert SM, Seifert SA, Schaechter JL, Bronstein AC, Benson BE, Hershorin ER, Arheart KL,
Franco VI, Lipshultz SE. An analysis of energy-drink toxicity in the National Poison Data System.
Clin Toxicol. 2013; 51:566–574.

14. Morling, B. Research Methods in Psychology: Evaluating a World of Information. WW Norton;
New York: 2012.

15. 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]

16. Marczinski CA. Alcohol mixed with energy drinks: consumption patterns and motivations for use
in U.S. college students. Int J Environ Res Public Health. 2011; 8(8):3232–3245. [PubMed:
21909303]

17. Berger L, Fendrich M, Fuhrmann D. Alcohol mixed with energy drinks: are there associated
negative consequences beyond hazardous drinking in college students? Addict Beh. 2013; 38(9):
2428–2432.

18. Woosley C, Waigandt A, Beck NC. Athletes and energy drinks: reported risk-taking and
consequences from the combined use of alcohol and energy drinks. J App Sport Psychol. 2010;
22(1):65–71.

19. Johnston, LD.; O’Malley, PM.; Bachman, JG.; Schulenberg, JE. Monitoring the Future: national
survey results on drug use, 1975-2012: volume 1: secondary school students. Institute for Social
Research, The University of Michigan; Ann Arbor, MI: 2013. Available at http://
www.monitoringthefuture.org/pubs/monographs/mtf-vol1_2012.pdf

20. Johnston, LD.; O’Malley, PM.; Bachman, JG.; Schulenberg, JE. Monitoring the Future: national
survey results on drug use, 1975-2012: volume 2: college students & adults ages 19-50. Institute
for Social Research, The University of Michigan; Ann Arbor, MI: 2013. Available at http://
www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2012.pdf

Marczinski and Fillmore Page 12

Nutr Rev. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm233987.htm
http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm190366.htm
http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm190366.htm
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm234900.htm
http://www.samhsa.gov/data/2k13/DAWN126/sr126-energy-drinks-use.htm
http://www.samhsa.gov/data/2k13/DAWN126/sr126-energy-drinks-use.htm
http://www.monitoringthefuture.org/pubs/monographs/mtf-vol1_2012.pdf
http://www.monitoringthefuture.org/pubs/monographs/mtf-vol1_2012.pdf
http://www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2012.pdf
http://www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2012.pdf


21. Berger LK, Fendrich M, Chen HY, Arria AM, Cisler RA. Sociodemographic correlates with
energy drink consumption with and without alcohol: results of a community survey. Addict Beh.
2011; 36(5):516–519.

22. Wells BE, Kelly BC, Pawson M, Leclair A, Parsons JT, Golub SA. Correlates of concurrent energy
drink and alcohol use among socially active adults. Am J Drug Alcohol Abuse. 2013; 39(1):8–15.
[PubMed: 23030475]

23. Peacock A, Bruno R, Martin FH. Patterns of use and motivations for consuming alcohol mixed
with energy drinks. Psychol Addict Behav. 2013; 27(1):202–206. [PubMed: 22985055]

24. Eckschmidt F, De Andrade AG, Dos Santos B, De Oliveira LG. The effects of alcohol mixed with
energy drinks (AmED) on traffic behaviors among Brazilian college students: a national survey.
Traffic Inj Prev. 2013; 14(7):671–679. [PubMed: 23944744]

25. de Haan L, de Haan HA, van der Palen J, Olivier B, Verster JC. Effects of consuming alcohol
mixed with energy drinks versus consuming alcohol only on overall alcohol consumption and
negative alcohol-related consequences. In J Gen Med. 2012; 5:953–960.

26. Brache K, Stockwell T. Drinking patterns and risk behaviors associated with combined alcohol and
energy drink consumption in college drinkers. Addict Behav. 2011; 36(12):1133–1140. [PubMed:
21840130]

27. Cheng WJ, Cheng Y, Huang MC, Chen CJ. Alcohol dependence, consumption of alcoholic energy
drinks and associated work characteristics in the Taiwan working population. Alcohol Alcohol.
2012; 47(4):372–379. [PubMed: 22493045]

28. Price SR, Hilchey CA, Darredeau C, Fulton HG, Barrett SP. Energy drink coadministration is
associated with increased reported alcohol ingestion. Drug Alcohol Rev. 2010; 29:331–333.
[PubMed: 20565526]

29. Varvil-Weld L, Marzell M, Turrisi R, Mallett KA, Cleveland MJ. Examining the relationship
between alcohol-energy drink risk profiles and high-risk drinking behaviors. Alcohol Clin Exp
Res. 2013; 37(8):1410–1416. [PubMed: 23527941]

30. Arria AM, Caldeira KM, Kasperski SJ, Vincent KB, Griffiths RR, O’Grady KE. Energy drink
consumption and increased risk for alcohol dependence. Alcohol Clin Exp Res. 2011; 35(2):365–
375. [PubMed: 21073486]

31. Peacock A, Bruno R, Martin FH, Carr A. The impact of alcohol and energy drink consumption on
intoxication and risk-taking behavior. Alcohol Clin Exp Res. 2013; 37(7):1234–1242. [PubMed:
23488876]

32. Velazquez CE, Poulos NS, Latimer LA, Pasch KE. Associations between energy drink
consumption and alcohol use behaviors among college students. Drug Alcohol Depend. 2012;
123(1-3):167–172. [PubMed: 22138539]

33. Thombs DL, O’Mara RJ, Tsukamoto M, Rossheim ME, Weiler RM, Merves ML, Goldberger BA.
Event-level analyses of energy drink consumption and alcohol intoxication in bar patrons. Addict
Beh. 2010; 35:325–330.

34. Thombs D, Rossheim M, Barnett TE, Weiler RM, Moorhouse MD, Coleman BN. Is there a
misplaced focus on AmED? Associations between caffeine mixers and bar patron intoxication.
Drug Alcohol Depend. 2011; 116(1-3):31–36. [PubMed: 21177047]

35. Hughes K, Quigg Z, Bellis MA, Calafat A, van Hasselt N, Kosir M, Voorham L, Goossens FX,
Duch M, Juan M. Drunk and disorganized: relationships between bar characteristics and customer
intoxication in European drinking establishments. Int J Environ Res Public Health. 2012; 9(11):
4068–4082. [PubMed: 23202832]

36. Mallett KA, Marzell M, Scaglione N, Hultgren B, Turrisi R. Are all alcohol and energy drink users
the same? Examining individual variation in relation to alcohol mixed with energy drink use, risky
drinking, and consequences. Psychol Addict Behav. 2013 article in press.

37. Miller KE. Alcohol mixed with energy drink use and sexual risk-taking: Casual, intoxicated, and
unprotected sex. J Caffeine Res. 2012; 2(2):62–69. [PubMed: 24761266]

38. Snipes DJ, Benotsch EG. High-risk cocktails and high-risk sex: examining the relation between
alcohol mixed with energy drink consumption, sexual behavior, and drug use in college students.
Addict Behav. 2013; 38(1):1418–1423. [PubMed: 23006245]

Marczinski and Fillmore Page 13

Nutr Rev. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



39. Peacock A, Bruno R, Martin FH. The subjective physiological, psychological, and behavior risk-
taking consequences of alcohol and energy drink co-ingestion. Alcohol Clin Exp Res. 2012;
36(11):2008–2015. [PubMed: 22897756]

40. Attwood AS, Rogers PJ, Ataya AF, Adams S, Munafo MR. Effects of caffeine on alcohol-related
changes in behavioural control and perceived intoxication in light caffeine consumers.
Psychopharmacology. 2012; 221(4):551–560. [PubMed: 22173851]

41. Heinz AJ, de Wit H, Lilje TC, Kassel JD. The combined effects of alcohol, caffeine, and
expectancies on subjective experience, impulsivity, and risk-taking. Exp Clin Psychopharmacol.
2013; 21(3):222–234. [PubMed: 23750693]

42. Marczinski CA, Fillmore MT, Bardgett ME, Howard MA. Effects of energy drinks mixed with
alcohol on behavioral control: risks for college students consuming trendy cocktails. Alcohol Clin
Exp Res. 2011; 35(7):1282–1292. [PubMed: 21676002]

43. Marczinski CA, Fillmore MT, Henges AL, Ramsey MA, Young CR. Effects of energy drinks
mixed with alcohol on information processing, motor coordination and subjective reports of
intoxication. Exp Clin Psychopharm. 2012; 20(2):129–138.

44. Marczinski CA, Fillmore MT, Henges AL, Ramsey MA, Young CR. Mixing an energy drink with
an alcoholic beverage increases motivation for more alcohol in college students. Alcohol Clin Exp
Res. 2013; 37(2):276–283. [PubMed: 22724427]

45. Smith AP. Effects of caffeine and alcohol on mood and performance changes following
consumption of lager. Psychopharmacology. 2013; 227(4):595–604. [PubMed: 23377024]

46. Fillmore MT. Alcohol tolerance in humans is enhanced by prior caffeine antagonism of alcohol-
induced impairment. Exp Clin Psychopharmacol. 2003; 11(1):9–17. [PubMed: 12622339]

47. Newlin DB, Thomson JB. Chronic tolerance and sensitization to alcohol in sons of alcoholics: II.
Replication and reanalysis. Exp Clin Psychopharmacol. 1999; 7:234–243. [PubMed: 10472511]

48. Alford C, Hamilton-Morris J, Verster JC. The effects of energy drink in combination with alcohol
on performance and subjective awareness. Psychopharmacol. 2012; 222(3):519–532.

49. Ferreira SE, Abrahao KP, Souza-Formigoni MLO. Expression of behavioral sensitization to
ethanol is increased by energy drink administration. Pharmacology Biochemistry and Behavior.
Article in press.

50. Hilbert MLT, May CE, Griffin WC. Conditioned reinforcement and locomotor activating effects of
caffeine and ethanol combinations in mice. Pharmacol Biochem Behav. 2013; 110:168–173.
[PubMed: 23872371]

51. Grahame NJ, Rodd-Henricks K, Li TK, Lumeng L. Ethanol locomotor sensitization, but not
tolerance, correlates with selection for alcohol preference in high- and low-preferring mice.
Psychopharmacology. 2000; 151:252–260. [PubMed: 10972472]

52. Lessov CN, Palmer AA, Quick EQ, Philips TJ. Voluntary ethanol drinking in C57BL/6J and
DBA/2J mice before and after sensitization to the locomotor stimulant effects of ethanol.
Psychopharmacology. 2001; 155:91–99. [PubMed: 11374341]

53. Dietze MA, Kulkosky PJ. Effects of caffeine and bombesin on ethanol and food intake. Life Sci.
1991; 48:1837–1844. [PubMed: 2041457]

54. Kunin D, Gaskin S, Rogan F, Smith BR, Amit Z. Caffeine promotes ethanol drinking in rats:
examination using a limited-access free choice paradigm. Alcohol. 2000; 21:271–277. [PubMed:
11091031]

55. Rezvani AH, Sexton HG, Johnson J, Wells C, Gordon K, Levin ED. Effects of caffeine on alcohol
consumption and nicotine self-administration in rats. Alcohol Clin Exp Res. 2013; 37(9):1609–
1617. [PubMed: 23895206]

56. Nagy, Le; Diamond, I.; Casso, DJ.; Franklin, C.; Gordon, AS. Ethanol increases extracellular
adenosine by inhibiting adenosine uptake via the nucleoside transporter. J Biol Chem. 1990;
265:1946–1951. [PubMed: 2298733]

57. Sharma R, Engemann SC, Sahota P, Thakkar MM. Effects of ethanol on extracellular levels of
adenosine in the basal forebrain: an in vivo microdialysis study in freely behaving rats. Alcohol
Clin Exp Res. 2010; 34:813–818. [PubMed: 20184564]

Marczinski and Fillmore Page 14

Nutr Rev. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



58. Fredholm BB, Battig K, Holmen J, Nehlig A, Zvartau EE. Actions of caffeine in the brain with
special reference to factors that contribute to its widespread use. Pharmacol Rev. 1999; 51:83–133.
[PubMed: 10049999]

59. Nehlig A. Are we dependent upon coffee and caffeine? A review on human and animal data.
Neuroscience Biobehav Rev. 1999; 23:563–576.

60. Shook BC, Jackson PF. Adenosine A2A receptor antagonists and Parkinson’s disease. ACS Chem
Neurosci. 2011; 2:555–567. [PubMed: 22860156]

61. Arolfo MP, Yao L, Gordon AS, Diamond I, Janak PH. Ethanol operant self-administration in rats
is regulated by adenosine A2 receptors. Alcohol Clin Exp Res. 2004; 28:1308–1316. [PubMed:
15365300]

62. Yao L, Arolfo MP, Dohrman DP, Jiang Z, Fan P, Fuchs S, Janak PH, Gordon AS, Diamond I.
Betagamma dimers mediate synergy of dopamine D2 and adenosine A2 receptor-mediated PKA
signaling and regulate ethanol consumption. Cell. 2002; 109:733–743. [PubMed: 12086672]

63. Ferre S, Ciruela F, Borycz J, Solinas M, Quarta D, Antoniou K, Quiroz C, Justinova Z, Lluis C,
Franco R, Goldberg SR. Adenosine A1-A2A receptor heteromers: new targets for caffeine in the
brain. Front Biosci. 2008; 13:2391–2399. [PubMed: 17981720]

64. Garrett BE, Griffiths RR. The role of dopamine in the behavioral effects of caffeine in animals and
man. Pharmacol Biochem Behav. 1997; 57:533–541. [PubMed: 9218278]

65. Butler TR, Prendergast MA. Neuroadaptations in adenosine receptor signaling following long-term
ethanol exposure and withdrawal. Alcohol Clin Exp Res. 2013; 36:4–13. [PubMed: 21762181]

66. Nam HW, Bruner RC, Choi DS. Adenosine signaling in striatal circuits and alcohol use disorders.
Mol Cells. 2013 Article in press.

67. Mesas AE, Leon-Munoz LM, Rodriguez-Artalejo F, Lopez-Garcia E. The effect of coffee on blood
pressure and cardiovascular disease in hypertensive individuals: a systematic review and meta-
analysis. Am J Clin Nutri. 2011; 94(4):1113–1126.

68. Adesso VJ, Ritchie SA, Stasiewicz PR. The acute effects of alcohol on the blood pressure of
young, normotensive men. J Stud Alcohol. 1990; 51(5):468–471. [PubMed: 2232802]

69. Puddey IB, Beilin LJ. Alcohol is bad for blood pressure. Clin Exp Pharmacol Physiol. 2006; 33(9):
847–852. [PubMed: 16922819]

70. Waszkiewicz N, Szulc A, Zwierz K. Binge drinking-induced subtle myocardial injury. Alcohol
Clin Exp Res. 2013; 37(8):1261–1263. [PubMed: 23800345]

71. Nordt SP, Vilke GM, Clark RF, Lee Cantrell F, Chan TC, Galinato M, Nguyen V, Castillo EM.
Energy drink use and adverse effects among emergency department patients. J Community Health.
2012; 37(5):976–981. [PubMed: 22367607]

72. Morean ME, Corbin WR. Subjective response to alcohol: A critical review of the literature.
Alcohol Clin Exp Res. 2010; 34:385–395. [PubMed: 20028359]

73. Quinn PD, Fromme K. Subjective response to alcohol challenge: A quantitative review. Alcohol
Clin Exp Res. 2011; 35:1759–1770. [PubMed: 21777258]

74. Holdstock L, King AC, de Wit H. Subjective and objective responses to ethanol in moderate/heavy
and light social drinkers. Alcohol Clin Exp Res. 2000; 24(6):789–794. [PubMed: 10888066]

75. King AC, de Wit H, McNamara PJ, Cao D. Rewarding, stimulant, and sedative alcohol responses
and relationship to future binge drinking. Arch Gen Psychiatry. 2011; 68(4):389–399. [PubMed:
21464363]

76. King AC, Houle T, de Wit H, Holdstock L, Schuster A. Biphasic alcohol response differs in heavy
versus light drinkers. Alcohol Clin Exp Res. 2002; 26:827–835. [PubMed: 12068251]

77. Corbin WR, Gearhardt A, Fromme K. Stimulant alcohol effects prime within session drinking
behavior. Psychopharmacol. 2008; 197:327–337.

Marczinski and Fillmore Page 15

Nutr Rev. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


