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Modafinil is a drug originally used to treat narcolepsy and sleep disorders, that has
become more and more popular for off-label use as a cognitive enhancer. Modafinil is of
particular interest, because its mechanism of action is largely unknown, yet it is overall
considered to be a relatively safe drug with very low abuse potential. The advent of a “risk-free”
“smart” drug raises many interesting social and ethical questions, striking right at the heart of
Science, Technology, and Society. Modafinil use has increased dramatically in the past few
years, and it’s not because of a spike in narcoleptics. In 2004, Cephalon, the only company
producing modafinil in the U.S. at the time, reported that 90% of prescriptions for modafinil
were for “off-label” uses, such as fatigue, sleepiness, and attention deficit disorder (O’Connor,
2004). A 2013 study used data from the National Ambulatory Medical Care Survey and looked
at modafinil use in patients rom January 1, 2002, through December 31, 2009. They found:
The number of patients receiving modafinil increased almost 10-fold during the study
period, from 57,768 in 2002 to 555 691 in 2009. On-label use increased by less than 3fold, whereas off-label use increased more than 15-fold (Figure). Across all years, 89% of
patients prescribed modafinil did not have an on-label diagnosis.
The results strongly suggest that off-label indications are responsible for a large share of
prescriptions given that patients receiving modafinil without an on-label diagnosis
increased by 15-fold while those with an on-label diagnosis increased by only 3-fold.
(Penaloza et al. 2013)
While they were looking at just a subset of the population, just ambulatory patients, this is still a
very significant number – enough that the researchers deemed it “a nationally representative
sample.” It’s clear that the dramatic growth in modafinil use and production cannot be attributed
to more narcoleptic people alone. But modafinil isn’t the only prescription drug seeing an

increase ins usage for off-label cognitive enhancement. A 2016 study found that from 2005 to
2011, in adults use of Adderall without a prescription rose 67%, and Adderall-related emergency
visits rose 156%, and that of all Adderall nonmedical use, 60% was among 18 to 25-year-olds
(Chen et al. 2016). This is a broader rising societal trend, with particular relevance for college
students, academics, and white-collar professionals. We live in an increasingly global,
connected, competitive, information-based society. With that, brings new challenges and
situations that our parents and grandparents never had to face. In this context, a drug like
modafinil could raise numerous important ethical and social issues to consider.
This thesis aims to first provide an overview of modafinil from a scientific perspective as
well the social circumstances surroundings its off-label use for cognitive enhancement, and then
address some of the major ethical questions surrounding modafinil, as well as cognitive
enhancement in general. Modafinil has yet to reach the same mainstream awareness as drugs like
Adderall and Prozac, so it is especially important to establish a baseline level of understanding
possible before assessing the ethical issues. The first chapter will provide the scientific context,
relying mostly on scientific publications and showing science’s current understandings, as well
as the progression for how research around modafinil has evolved since its discovery. The
second chapter will introduce people’s experiences, using modafinil specifically as a cognitive
enhancer. These accounts will be from non-narcoleptic, otherwise healthy individuals, who used
modafinil specifically to perform better in school or at their job. With the first two chapters
providing a foundation, the third and final chapter will dive into some of the major tensions of a
“smart” drug. Questions include, “What is the individual cost/benefit analysis of using
modafinil? Is “enhancement” ethical? Where is the line between treatment and enhancement?
What does it mean for a drug or technology to be “natural” or “unnatural?” And what makes

modafinil different, or potentially less ethical, than any other form of socially accepted
technologies for enhancement, whether it’s a drug like caffeine, or something like electricity or
education?
My main argument is that because modafinil has a positive benefit-risk ratio with limited
potential societal harm, that cognitive enhancement itself is not unethical, and that we should
have more research into modafinil’s usage as a cognitive enhancer in otherwise healthy people
especially in the long term, as well as think about allowing the use of modafinil as a cognitive
enhancer.

Chapter 1: Overview of the Scientific Research on Modafinil
This chapter will provide an introductory scientific background for understanding
modafinil. I will address what modafinil does, how it works, and any safety concerns and abuse
potential. First, an important disclaimer on the purpose of this chapter. The purpose is to
introduce modafinil, from a scientific perspective, to someone completely new to it. It is not to
create the ultimate scientific review article. Existing review articles have already done so far
better than I could, and the science behind modafinil is just one part of my overall thesis. This
chapter uses a mix of primary studies as well as review articles and secondary research
referencing those studies.
History of modafinil
Modafinil is a drug used to treat narcolepsy and shift-work sleep disorder, and has
become increasingly popular for off-label usage as a cognitive enhancer. It was first discovered
in the late 1970’s by French scientist Michel Jouvet (Guglietta, 2015). It was approved by the
Food and Drug Administration (FDA) for treating narcolepsy in 1998 and for shift work sleep
disorder in 2003 (Ballon et al. 2006). It was marketed by Cephalon under the brand name
Provigil (Dubljevic, 2016). Narcolepsy is characterized by uncontrollable “sleep attacks” and an
inability to control one’s sleep-wake cycles (Narcolepsy Fact Sheet). Shift-work sleep disorder is
“excessive sleepiness caused during night shifts and insomnia when trying to sleep during the
daytime (Neubauer 2006). In the U.S., modafinil is a Schedule IV drug (Myrick et al. 2004),
which means that it is only legally available by prescription. The U.S. Schedule of Controlled
Substances describes Schedule IV drugs as:
A. The drug or other substance has a low potential for abuse relative to the drugs or other
substances in schedule III.

B. The drug or other substance has a currently accepted medical use in treatment in the
United States.
C. Abuse of the drug or other substance may lead to limited physical dependence or
psychological dependence relative to the drugs or other substances in schedule III.
For context, the other most commonly known schedule IV drug is Xanax, and schedule III drugs
include anabolic steroids and the anesthetic ketamine (U.S. Code).
What are its effects?
The Physicians’ Desk Reference, as well as the 2015 drug insert for Provigil from Teva
Pharmaceuticals, reference the same clinical trials to establish modafinil as an effective treatment
for narcolepsy, obstructive sleep apnea, and shift work sleep disorder. For narcolepsy, there were
two 9-week parallel randomized, placebo-controlled, multi-center, double-blind clinical trials,
for a total of 558 patients who met the criteria for narcolepsy. Both studies used two tests, the
Multiple Sleep Latency Test and the Maintenance of Wakefulness Test, as their main
assessments, and reached similar conclusions: “The data indicate that modafinil has an excellent
safety profile and is very well tolerated. Modafinil is an effective treatment for excessive
daytime sleepiness in narcolepsy and shows continued efficacy with up to 9 weeks of daily use”
(Randomized 2000), and
Modafinil significantly reduced all measures of sleepiness and was associated with
significant improvements in level of illness. Medication-related adverse experiences were
few, dose-dependent, and mostly rated mild to moderate. Modafinil taken once daily was
a very well tolerated and effective wake-promoting agent in the treatment of excessive
daytime somnolence associated with narcolepsy. Modafinil demonstrated an excellent
safety profile for up to 40 weeks of open-label treatment and efficacy was maintained,

suggesting that tolerance will not develop with long-term use. Modafinil is a
pharmacologically and clinically promising compound for the treatment of pathological
daytime somnolence. (Randomized 1998)
Modafinil also showed significant improvement for obstructive sleep apnea (OSA) through two
clinical trials, a 12-week multicenter randomized placebo-controlled study with 327 patients
(Schwartz et al. 2003), and a 4-week multicenter randomized placebo-controlled with 157
patients (Pack et al. 2001). All the patients met the International Classification of Sleep
Disorders (ICSD) for OSA. For shift-work sleep disorder (SWSD), a 12-week randomized
placebo-controlled clinical trial showed significant improvements in 209 patients with chronic
shift-work sleep disorder (Erman et al. 2007). All patients met the ICSD for SWSD, were
required to work a minimum of 5 night shifts a month, and were tested with the MSLT test for
sleep latency.
In numerous studies, modafinil has been shown to be a very effective and safe treatment
for narcolepsy and sleep disorder, due to its powerful wakefulness-promoting effects (Ballon et
al. 2006) (Czeisler et al. 2005), even over extended use (Moldofsky et al. 2000). Its effects have
also been studied in non-narcoleptic, “healthy” patients. In a helicopter simulator, pilots kept
awake for 40 hours performed significantly better when they were given three 200 mg doses of
modafinil rather than a placebo (Caldwell et al. 2000). Sleep-deprived doctors who were given
modafinil scored high on tests on working memory, planning, and attention (Sugden et al. 2012).
Modafinil does not allow for indefinite, 100% optimal function without sleep, however, as one
study concluded that “repeated doses of modafinil were unable to prevent deterioration of
cognitive performance over a longer period of sleep deprivation though maintaining wakefulness
and possibly even inducing overconfidence in a person’s own cognitive performance” (Repantis,

2010). A clinical study in patients with multiple sclerosis (who were screened to exclude those
that were taking medication affecting fatigue and had diagnoses for narcolepsy, sleep apnea, or
similar diseases) showed significant improvements in fatigue (Rammohan et al. 2002). Due to its
effectiveness in improving performance in sleep-deprived and/or fatigued subjects, modafinil
sparked an interest in its potential as a cognitive enhancer. The question was whether modafinil
had any cognitive benefits besides just keeping people awake. Researchers wanted to see if
modafinil could improve performance in non-sleep deprived, “healthy” people.
The results have been mixed. The general consensus is that at best, modafinil slightly
improves performance in certain areas of cognition, while having insignificant or slightly
negative effects on others. The study “Cognitive enhancing effects of modafinil in healthy
volunteers” found that modafinil “significantly enhanced performance on tests of digit span,
visual pattern recognition memory, spatial planning and stop- signal reaction time,” but that
“These performance improvements were complemented by a slowing in latency on three tests:
delayed matching to sample, a decision-making task and the spatial planning task” (Turner et al.
2003). In 2004, Muller et al. tested 16 healthy volunteers with tests on working memory, and
found that the group given modafinil significantly outperformed the placebo group in some tests,
but had no effect in other tests, as well as no significant differences in reaction times. They
concluded that “In healthy volunteers without sleep deprivation modafinil has subtle stimulating
effects on maintenance and manipulation processes in relatively difficult and monotonous
working memory tasks, especially in lower performing subjects.” Randall et al. 2005, in their
study “Does Modafinil Enhance Cognitive Performance in Young Volunteers Who Are Not
Sleep-Deprived?”, tested 60 healthy volunteers in a double-blind study with either a placebo, 100
mg, or 200 mg of modafinil. Again, they found that modafinil improved some areas such as

pattern recognition while having no significant effect on others, concluding that “those from 100
mg are limited to the span of immediate verbal recall and short- term visual recognition memory,
which is insufficient for it to be considered as a cognitive enhancer in non–sleep-deprived
individuals” and that overall the 200 mg group did not perform significantly better than the 100
mg group. Similarly, another review observed a “relatively weak pooled effect of modafinil on
some aspects of cognitive performance in normal, rested adults” (Kelley et al. 2012).
In 2015, in their review “Modafinil for cognitive neuroenhancement in healthy non-sleepdeprived subjects: A systematic review,” Battleday et al. “reviewed all resultant primary studies
in English from January 1990 until December 2014 investigating the cognitive actions of
modafinil in healthy non-sleep-deprived humans,” and came to the following conclusions:
We found that whilst most studies employing basic testing paradigms show that
modafinil intake enhances executive function, only half show improvements in attention
and learning and memory, and a few even report impairments in divergent creative
thinking. In contrast, when more complex assessments are used, modafinil appears to
consistently engender enhancement of attention, executive functions, and learning.
Importantly, we did not observe any preponderances for side effects or mood changes.
Yet even their finding that modafinil was beneficial in “more complex assessments” was soon
tested. Shortly after the review, Fernandez et al. in 2015 conducted the largest study on modafinil
to date, with 160 volunteers in a double-blind study. Based on a battery of cognitive tests, they
concluded that:
The study demonstrated that modafinil does not enhance the global cognitive
performance of healthy non-sleep deprived students, except regarding non-demanding
tasks. In particular, this drug does not seem to have positive effects on mental processes

that sustain studying tasks in the college population under normal conditions. We expect
these findings to demystify the use of this drug and help decision making concerning
pharmacological public policies.
While modafinil clearly works as a wakefulness-promoting agent, science still haven’t arrived at
a consensus as to how effective modafinil is in terms of cognitive enhancement. Most agree that
modafinil does have an effect, but they disagree to what degree modafinil helps, and for which
kinds of tasks. Even in sleep-deprived subjects, Wesenten et al. 2001 found that modafinil was
no more effective than caffeine in maintaining performance and alertness. A general consensus
might be that modafinil is far from an end-all-be-all smart drug, and at best, provides
wakefulness and slightly increased performance for certain kinds of work.
How does it work in the brain?
Modafinil has a unique mechanism of action that is not yet completely understood. The
Physicians’ Desk Reference states, “Modafinil has wakefulness promoting actions similar to
sympathomimetic agents like amphetamine and methylphenidate, although the pharmacologic
profile is not identical to that of sympathomimetic amines. Modafinil has weak to negligible
interactions with receptors for norepinephrine, serotonin, dopamine, GABA, adenosine,
histamine-3, melatonin, and benzodiazepines.” Researchers have found that while modafinil does
affect several different compounds, the effects are unclear, tenuous, and not well understood
(Minzenberg et al. 2008). Ballas et al. 2002 captured this frustration in the statement, “The
precise mechanism of action of modafinil is unknown, and some preclinical information appears
contradictory.”
Much of the research on modafinil’s mechanism of action has focused on its relationship
with dopamine. Dopamine is the “feel-good” neurotransmitter. Our brains emit dopamine from

food, sex, and stimulants such as caffeine, ADHD medication, and cocaine, and drugs that affect
dopamine levels have high potential for abuse and addiction (Psychology Today). Thus, it is
critical to understand modafinil’s effects on dopamine in order to assess its abuse potential.
Similar pharmacological stimulants, such as Adderall and Ritalin, mainly act as dopamine
reuptake inhibitors. This means that they increase the concentration of dopamine in the synapses
by preventing the dopamine transporter, DAT, from shuttling dopamine out. Ballon et al. 2006
states that “the mechanisms underlying modafinil’s clinical effects are complex and distinct from
other known wakefulness agents,” which “work as sympathomimetic drugs that increase levels
of norepinephrine, serotonin, and dopamine by blocking reuptake and stimulating release at the
presynaptic terminals.”
The understanding of modafinil of how modafinil affects dopamine has changed over the
years. In 1994, Mignot et al. published the first study linking modafinil to dopamine. They found
that modafinil did bind to a dopamine reuptake site with “low affinity,” but commented that “it is
likely that dopamine uptake inhibition alone does not explain the potency of modafinil as a
stimulant compound.” A 2002 review stated that “the wakefulness promoting factor of modafinil
is not blocked by dopamine blockers,” and that “unlike the amphetamines or Ritalin, modafinil
does not produce the rhythmic, purposeless movements that are very common in those with
excess dopamine movements that are very common in those with excess dopamine states. Thus,
while modafinil does have a weak interaction with the dopamine uptake site, it is unclear how
this action influences its overall activity and pharmacology” (Ballas et al. 2002).
In 2009, in response to the general attitude that modafinil had minimal to no effects on
dopamine and therefore had almost no abuse potential (Myrick et al. 2004), Volkow et al.
published the first significant study to unequivocally link modafinil to dopamine. They were

specifically interested in researching modafinil, in the context of its use as a cognitive enhancer
in otherwise healthy people. They found that “modafinil blocked dopamine transporters and
increased dopamine in the human brain (including the nucleus accumbens), and stated that
“Because drugs that increase dopamine in the nucleus accumbens have the potential for abuse,
and considering the increasing use of modafinil, these results highlight the need for heightened
awareness for potential abuse of and dependence on modafinil in vulnerable populations.” More
studies in 2009 (Zolkowska), 2013 (Federici) and 2014 (Okunola-Bakare) found evidence that
modafinil interacted with DAT sites in the brain, but that it did so uniquely from stimulants such
as cocaine and amphetamines (2014 Oluyomi). The general consensus is that “modafinil is an
exceptionally weak, but apparently very selective, DA transporter inhibitor” (Wisor 2013). A
2016 review describes: “All in all, the mechanisms underlying modafinil’s neuromodulatory
effects are complex and somewhat different from older stimulant drugs such as methylphenidate
and amphetamine, potentially incorporated extracellular and intracellular effects” (Dubljevic,
2016).
Side effects, safety, and abuse potential
Overall, modafinil is a relatively safe, well-tolerated drug with limited abuse potential
(Minzenberg et al. 2008). Ballas et al. 2002 stated that regular doses of 200 mg to 600 mg are
well tolerated, and that it was even safe in overdose, with patients taking 1200 mg/day for 21
days. In addition, they referenced a study where patients did not experience any dependence
upon discontinuation after taking up to 400 mg/day for 9 weeks. Taking all this into account, as
well as the fact that modafinil cannot be smoked or injected due to its chemical properties, they
concluded that “modafinil is unlikely to have any significant abuse potential.” Turner et al. 2003
found that health subjects showed no significant difference in test performance between shows

not dose-dependent when given either 100 or 200 mg of modafinil. A lack of dose-dependency is
important, because there is less incentive for overdose and abuse. The Teva 2015 drug insert
recommended a maximum dosage of 200 mg a day, and that 400 mg was well tolerated but that
there was no consistent evidence for benefit beyond 200. Regarding dependence issues, they
reference a placebo-controlled clinical trial, which showed no reported withdrawal symptoms in
modafinil use in narcoleptic patients.
It is important to put modafinil’s effects on dopamine into perspective. Volkow et al.
2009 had stated that the purpose of the study was simply to highlight that modafinil did in fact
dopamine, and that therefore its abuse potential should not be disregarded. They even
acknowledged that “modafinil is much less potent as a reinforcer than stimulant drugs, and
reports of modafinil abuse are rare and much less frequent than those for stimulant drugs.”
Modafinil’s effects do not lend themselves to recreational use for a “high.” Just because
modafinil may affect dopamine, does not mean that it is suddenly abusive, because it is
important to consider the degree to which modafinil increases dopamine levels. Another reason
modafinil has limited abuse potential is because its effects do not lend themselves to abuse.
Myrick et al. 2004 reported that “In general, in over four years of surveillance, this group has not
detected any generalized or persistent misuse or abuse of modafinil. In internet discussions about
abuse/misuse, the drug was discussed as not worthwhile, boring, or a ‘bust.’” Its effect on
dopamine is much subtler compared to stimulants like ADHD medication, and it has little to no
effects on mood (Battleday et al. 2015).
There are some safety concerns. Other than relatively minor potential side effects, such as
headaches, nausea, anxiety, hypertension, and insomnia (DailyMed), there have been some rare
cases of serious and life-threatening skin reactions, including Stevens-Johnson syndrome (SJS),

erythema multiforme EM), and toxic epidermal necrolysis (TEN). A 2007 product report by
Cephalon, the manufacturer of modafinil at the time, stated that “No serious skin rashes have
been reported in adult clinical trials (0 per 4,264) of modafinil.” However, between December
1998 and January 30, 2007, the FDA received six cases of these skin reactions as a result of
modafinil use, with no deaths (Postmarketing, 2007). Still, the cases are extremely rare, and
while “The reporting rate of TEN and SJS associated with modafinil use, which is generally
accepted to be an underestimate due to underreporting, exceeds the background incidence rate,”
“Estimates of the background incidence rate for these serious skin reactions in the general
population range between 1 to 2 cases per million-person years” (Modavigil 2007).” Due to
concerns over skin reactions, it not approved for use in children:
Serious rash requiring hospitalization and discontinuation of treatment has been reported
in adults and children in association with the use of modafinil. Modafinil is not approved
for use in pediatric patients for any indication. In clinical trials of modafinil, the
incidence of rash resulting in discontinuation was approximately 0.8% (13 per 1,585) in
pediatric patients (age <17 years); these rashes included 1 case of possible StevensJohnson Syndrome (SJS) and 1 case of apparent multiorgan hypersensitivity reaction.
Several of the cases were associated with fever and other abnormalities (e.g., vomiting,
leukopenia). The median time to rash that resulted in discontinuation was 13 days. No
such cases were observed among 380 pediatric patients who received placebo.
While these are very serious reactions, they still appear to be extremely rare. Finally, while there
are some studies which have looked at modafinil’s long-term effects in narcoleptic patients, and
found that modafinil had very few safety issues and was well-tolerated (Bastuji et al. 1988)
(Mitler et al. 2000), they are outdated and focused on narcoleptic patients. There is a lack of

recent research concerning the safety of long-term modafinil use in healthy patients. According
to the Physician’s Desk, “The effectiveness of modafinil in long-term use (greater than 9 weeks
in Narcolepsy clinical trials) has not been systematically evaluated in placebo-controlled trials.
The physician who elects to prescribe PROVIGIL for an extended time in patients with
Narcolepsy, OSAHS, or SWSD should periodically reevaluate long-term usefulness for the
individual patient” (974). The main open questions are long-term safety in healthy patients, its
effects on brain plasticity, and further understanding its mechanisms of action.

Chapter 2: The experiences of everyday people with using modafinil for off-label
cognitive enhancement
This chapter will examine first-hand experiences from people using modafinil as a
cognitive enhancer, in order to better understand the sociology around its use. Understanding the
social context, in tandem with the scientific understanding from the previous chapter, will
provide the necessary groundwork for understanding modafinil, from an ethical perspective, in
the next chapter.
First, I must address the sources used for these first-person accounts. One of the biggest
challenges was the shortage of “reputable” sources for people taking modafinil for cognitive
enhancement. While there was no shortage of forum posts, blogs, and sites set up to sell
modafinil online (illegally), I tried to stick to websites that had at least some established name –
first-person accounts from Vice Media make up the majority of what I used. Part of the difficulty
in finding first-person accounts is that modafinil is not approved by the FDA for use as a
cognitive enhancer, and is illegal to obtain without a prescription. Although modafinil can be
prescribed for off-label use, many of those looking to use it as a cognitive enhancer choose to
order it online illegally, in order to avoid a prescription. Ordering it online is significantly
cheaper than through a pharmacy, and alarmingly easy to do for a controlled substance (Kolker,
2013; Renton, 2016). There is also the problem of selection bias in those who post these
accounts. Not everyone who takes modafinil for cognitive enhancement posts online, and those
who do, might not be a good representation of the overall population. Those who do post may be
those who had particularly positive/negative experiences, which can create an unbalanced and
skewed perspective.

Despite these shortcomings, these sources offer a unique value proposition. While their
medium and tone may be less formal than those of an academic journal, they provide a chance to
show the personal side, and for real people to talk about their experiences. Additionally, the
cognitive “tests” used in the scientific studies have little resemblance to real-world work. While
abstract pattern-recognition and memory tests may provide a benchmark for understanding
cognitive performance, they are no substitute for examining modafinil’s use in the context of
day-to-day work outside of a lab, with all of its complexities and external factors. These
especially important to consider, when trying to make a broader argument within the context of
STS. For example, in his discussion on laboratories in The Pasteurization of France, Bruno
Latour emphasizes a critical quote from Pasteur: “Outside their laboratories, the physicists and
chemists are unarmed soldiers in the battlefield” (Latour, 73). The crucial element of laboratories
is control, where man finally has the upper hand over nature, where science reigns supreme. But
outside the laboratory and in the network, control is limited. While scientists can study modafinil
in a controlled lab setting, outside, they cannot unanimously apply what they found in the lab to
the complicated network of our society. Overall, user accounts on their experiences with
modafinil are very consistent. Here are the main frequently mentioned effects:
It significantly, yet subtly, increases focus. A 2013 article in The Tab, a youth UK news site,
provides the best summary for modafinil’s effects: “It gives you a kind of tunnel vision. You can
concentrate for hours on reading a book, taking meticulous notes, not looking up once. You don’t
eat, you don’t really talk to people,” also noting that it was “Quite subtle: this isn’t an
overwhelming experience” (Rivlin, 2014). Interviewed in New York Magazine, Peter Borden,
working two jobs in quantitative analysis and high frequency trading for a Wall Street Startup,
describes his experiences:

“Not fuzzy-headed,” he says, “but crisp. A crisp softness to it.” Soon he was experiencing
a level of concentration he’d never imagined. “My senses sort of shifted to the visual, and
my auditory sense went down. Sounds didn’t even register. It was like walking around on
a winter day when it just snowed. It was very easy to stay visually focused.” Next came a
head rush. “I sensed it was blood actually moving to the optic nerve. Your eyes start to
feel very sort of engorged, and your awareness comes to the front of your face, which is
kind of a freaky sensation. I would describe it as being very much like Adderall, but
without the speediness.” (Kolker, 2013)
Peter’s comparison, “like Adderall, but without the speediness,” matches with the scientific
studies about modafinil’s mild effect on dopamine, especially compared to ADHD medication
and caffeine. Just as Peter compared to modafinil to caffeine, but subtler and more focused,
many of the accounts made similar comparisons to caffeine:
The effects are similar to that of too much caffeine but with some subtle
differences. You become very aware of your thoughts and how fast you are typing/your
leg is twitching, nothing extreme but noticeable; similar to the initial stages of coming up
on coke. These however, are just the effects of your body being sped up; the real effect is
related to the subtlety I mentioned earlier. You develop a tunnel vision of sorts, becoming
extremely focused on whatever you are doing with little regard for anything else. The
best example I can give is that it is now late afternoon and I haven’t eaten anything but a
banana since 8am; this is the first time the thought of hunger has entered my mind- my
brain was simply too focused to think about food. (Maxwell, 2014)
He likens his experience with Modafinil to downing five coffees in the day, minus the
heart palpitations. Rory recounts a day where he slept for four hours, woke up hungover,

took half a tablet, then powered through a 17-hour shift at his part time job, and still slept
normally that night. When studying, he says he can hit the books for 12 hours straight on
Modafinil without feeling fatigued. "It's not like Ritalin, which is like an amphetamine,"
he says. "You're not going to retain information when you're getting cooked. Modafinil
just makes me really productive." (Do, 2015)
I felt the effects by midday: it was like having a really strong coffee without the edginess.
I realized that I didn't want to do anything else that day other than write this piece. I was
supposed to be calling my friend at lunch and I was annoyed that I had to do that. I could
definitely see how this would be great if you had an essay to write and you had all the
research there for you. Other effects: I'm usually ready to chew someone's arm off by
1PM, but I'd lost my appetite completely. My mouth was like a bag of sawdust, no matter
how much water I drank. I didn't have any caffeine all day and didn't need it or even think
about needing, which is unusual, as it's normally a pretty vital part of my routine. (Vice:
Ewens, 2016)
Sonia, 30, is a newly qualified lecturer at a London university. She started using
modafinil in 2013 when she was writing her thesis at the same time as teaching and
marking. "My thesis involved a lot of data analysis. Before modafinil I could work for six
hours, but I would be distracted – looking at my phone, making coffee, going to the toilet.
Now I'm able to do 10 hour days and I am more efficient, instead of taking lots of breaks
where I lose concentration and the quality of work goes down." (Daly, 2016)
This kind of focus is one of the biggest differentiators between modafinil, and drugs like caffeine
and ADD medication, and it might come down to the differences in how they interact with

dopamine. Modafinil is much calmer, smoother, and seems to provide a more appropriate level
of focus and attentiveness then the alternatives.
It seems to be especially effective for detail-heavy, “processing” type work that tends to be
dull and require more focus. Almost none of the accounts mentioned benefits in terms of
creativity or problem-solving. The main benefits seemed to be staying awake, and being able to
focus on a pre-determined, often mechanical tasks – tasks which weren’t so much cognitively
demanding, as they were downright repetitive and “soul-crushing.”
Tasks that were usually soul-crushing now had his undivided attention. He spent hours
fine-tuning ad campaigns for his new business, and his output wasn’t just faster and
longer—it was better. “I didn’t take as many breaks; I didn’t get as frustrated; the stuff
came out with fewer errors,” he says. “I never felt, Oh, let’s just get it done. I polished
things.” As long as he kept taking the pill, his focus never wavered. “Time took on an
entirely different sort of quality.” (Kolker, 2013)
My second task of the day was to transfer data mapping out the effects of robberies in
Bogotá (by time and location) from a PDF file into an Excel worksheet. That's exactly the
kind of mechanical task that usually sends me—an easily distracted person—straight to
Facebook. But this time, it was different. Typing cold, flat figures became the highlight
of my day, and I felt better and better as I inserted numbers into that worksheet. (Serrano,
2015)
It seems bad to say, but marking essays is quite dull work. It's hard to keep focused and
motivated when you've got to your 59th essay answering the same question. But with
modafinil it's brilliant. My concentration is phenomenal and my brain never gets tired.
My eyes can just skim over the page and I'll take it all in. I'm better at writing comments

– on modafinil I go into serious detail. I get it done twice as quick and I feel cheerful
about doing it,” says Rachel. (Daly, 2016)
"The pressure of marking is massive on anyone but for me it's worse because I'm
dyslexic. No one likes marking, but it took me three times as long as anyone else. I love
my job but this was actually the most horrible thing for me. I would read and re-read the
same paragraph. I was having a cup of tea every half an hour. Marking sometimes made
me want to explode with anger. I would rather do anything else in the world," Will tells
me. After a PHD student suggested he use modafinil, Will started taking 100-200mg a
day on mornings he was marking. "Suddenly marking became almost a pleasurable thing
to do. I couldn't even recognize myself. I can't skim read, but I can read faster now. It
helps me memorize what students have written, so my feedback is immensely better. I
can write pages of comment, it's much better quality of marking." (Daly, 2016)
The intense level of focus can be too much at times, and can lead to impatience and
antisocial tendencies. Modafinil made people much less tolerant of distractions, particularly
from others. “Makes you unsociable and even, as your mum might say, ‘a bit snappy’ when
people talk to you (The Tab).” Another writer describes, “Later, my editor asked me to draft
someone else's piece and I can't remember the last time I was so irritated. I realized I was
growling at the screen” (Ewens, 2016). Skipping meals was another commonly mentioned sideeffect. The work can almost become a compulsion:
I was so into my work that I wasn't even that interested in getting lunch when my
colleague asked if I felt like pizza, which was quite unusual for me. The day after my
initial experiment, I decided to take another pill. The effects were basically the same—
pleasure and well-being in the library. Sweating outside. I even decided not to buy a

water bottle at the cafeteria because I couldn't stand waiting in line. I had another mishap
with my bike: This time I just left it and walked to the university. Usually, I love walking,
but because of the drug, it suddenly seemed like a complete waste of time. Modafinil may
be the least fun drug there is (at least of the ones I've tried), but in the rat race that is
modern life, it's sort of the only one that makes sense. (Serrano, 2015)
But Sonia says there are downsides to the unnatural levels of concentration modafinil
provides. Sometimes she can sometimes become too focused, spending far too long
marking individual essays or rooted like a statue to her chair. The first time she took a pill
she was so focused on her screen that she got bad backache because her posture had not
moved an inch in three hours. Sometimes the act of eating lunch just passes her by totally
unnoticed. (Daly, 2016)
This level of focus, along with the previous bolded section about modafinil being optimal for
“processing” type work, suggests that modafinil might not be a one-size-fits-all drug, and might
be better suited for a computer programmer than a painter. It also might be detrimental in tasks
that require large amounts of collaboration and communication.
The final consistent trend is that the main purpose seems to be for productivity and focus,
either to handle a busier schedule or to deal with tedious work, and not as a recreational party
drug. As one of the accounts so aptly stated, “Modafinil may be the least fun drug there is (at
least of the ones I've tried), but in the rat race that is modern life, it's sort of the only one that
makes sense.” The reported uses for modafinil have overwhelmingly been for cognitive
enhancing purposes, by individuals looking to get ahead with their work – which may suggest
that modafinil lacks the dangerousness and abuse potential of drugs used for instrumental
recreation or enjoyment. This is important in terms of ultimately weighing the costs and benefits

of considering increased availability and usage of modafinil in otherwise healthy adults, which
will be discussed in the next chapter.

Chapter 3: The Ethical Issues Surrounding Modafinil’s Use as a Cognitive Enhancer
Before I get into the ethical arguments, I want to clarify my own stance, and clearly set
boundaries for what I am arguing for. The first disclaimer I would like to make is that I am not
arguing for its deregulation. The previous chapters may have framed modafinil as a relatively
safe and effective drug that lends itself to responsible use, and there are some truths to that.
However, I believe modafinil is a very powerful compound, and that we should in fact not rush
to deregulate it and make it more easily available.
First, using an STS perspective and considering the possible use of modafinil in realworld settings outside of the lab, I do not necessarily agree with the scientific community’s
consensus that modafinil has low abuse potential. My first counter-argument is that modafinil
has high potential to be extremely dangerous in recreational settings. The scientific consensus is
that modafinil has vey limited abuse potential, but they were only studying modafinil in
isolation. Due to its extremely powerful wakefulness effect, modafinil’s biggest dangers could be
mixing it with other substances during recreational use. Specifically, the danger of combining a
stimulant (modafinil, caffeine) with a depressant (alcohol, marijuana etc.). The dangers of
combining the two are that the stimulant can mask the effects of the depressant (most commonly
alcohol). This can lead to to a false sense of sobriety and alertness, which could lead to increased
and dangerous levels of alcohol consumption, and/or a false sense of security and engaging in
dangerous activities such as driving or operating heavy machinery.
For example, there has been considerable controversy surrounding alcoholic cocktails
containing energy drinks – a 2016 study even found that mixing caffeine and alcohol in mice
induced effects similar to cocaine (Robins et al. 2016). In the late 2000’s, alcoholic drinks
containing caffeine, such as Four Loko, were becoming increasingly popular among partiers,

especially on college campuses, and resulted in a number of blackouts and hospitalizations which
resulted in a wave of negative publicity. Several states banned the sale of drinks containing
alcohol and caffeine (Storms 2010), and in 2010, the FDA banned all such drinks, calling
caffeine an “unsafe food additive” in the drinks and declaring them a “public health concern”
(FDA, 2010). Modafinil is a prescription-strength substance, which along with
dextroamphetamines has been shown to be effective for sleep-deprived military pilots (Estrada et
al. 2012). It has a half-life of 15 hours (Teva, 2015) vs. 5 hours for caffeine (Kim, 2012). Given
how powerful modafinil is, it could be exponentially more dangerous than caffeine in this
situation. The drug insert from Teva Pharmaceuticals states to physicians, “Advise patients that
the use of PROVIGIL in combination with alcohol has not been studied. Advise patients that it is
prudent to avoid alcohol while taking PROVIGIL”; and to patients, “You should avoid drinking
alcohol. It is not known how drinking alcohol will affect you when taking PROVIGIL.”
While there haven’t been any studies or concrete empirical evidence of modafinil’s
adverse reactions with alcohol, there are some anecdotal reports. The New York Magazine article
referenced in the previous chapter, which covered one Peter Borden, the modafinil-taking New
York professional juggling multiple jobs, states:
For Borden, life on modafinil really did feel like a real-life (if somewhat toned-down)
Limitless. Things get hairy for the character in the movie—there’s addiction and
withdrawal and tragedy before the tidy Hollywood ending. The first downside Borden
noticed was in line with the film: He couldn’t drink. “I went out for a drink, and then I
had another drink. And because I was so energized and focused, I got drunk faster. It kind
of freaked me out, because time would sort of fly by. I’d be here, and then I’d be here.
Almost like mini-blackouts. I very quickly cut out alcohol.” (Kolker 2013)

Borden’s experiences reflect the expected dangers of mixing stimulants with alcohol – feeling
“energized,” not feeling alcohol’s usual warning signs, and compensating by drinking more.
While modafinil may not have as much adverse publicity for dangers and recreational use, as
well as just in general, this might be because modafinil is still not widely know and has not
permeated into mainstream usage, to the extent of other drugs like caffeine or ADD medication.
However, the sheer power of modafinil’s wakefulness effects compared to caffeine makes this an
important potential societal harm to consider.
The second counter-argument to the scientific consensus, is that people might not become
physically dependent, but instead, might become dependent on their new potentially increased
productivity, and use modafinil at the expense of their sleep. The drug insert states, “PROVIGIL
does not take the place of getting enough sleep” (Teva 2015), yet some might be tempted, at the
risk of sleep deprivation and the harmful effects, such as stress responses and impaired immune
function (Kim 2012). The lab tests in the scientific studies were assessing modafinil’s potential
for physical addiction. Drugs with high risk for physical addiction include heroin, cocaine,
amphetamines, because they heavily impact dopamine levels. Modafinil may not be addictive
physically, but it might be “addictive” in that it might make your work better.
This is an aspect that lab tests, with their abstract cognitive tests, cannot capture. People
might not be excited or “addicted” to getting positive results on a memory test – but outside of
the lab, they might, for example, experience better focus when grading papers or updating
spreadsheets. They then might start getting addicted (or just used to) their new level of
productivity and performance, and become reliant on modafinil. Maybe “addictive” is too strong
– instead, it might be “habit-forming,” and that habit of foregoing sleep could create long-term
health problems. Peter Borden ran into problems with dependence:

Then he ran into an even bigger problem: Skip a dose, and there would be hell to pay. “I
really would feel it. It was sort of like being thrust into dirty, messy reality, as opposed to
a clean, neatly organized place. It was like crashing, and I actually found what would
happen is the anxiety that got dialed down on the way in, when you were coming off it,
all of a sudden you went through the reverse. So I got incredibly anxious. Eventually that
concerned me.” He stopped after three weeks. (Kolker 2013)
His description seems to describe both physical (anxiety) and emotional dependence on
modafinil. Modafinil allowed him to focus on his work, and made his mind clear and orderly.
Getting used to that, and then being thrust back into the distractions and chaos of the world,
would understandably influence someone to keep taking modafinil indefinitely. At the extreme
end of this, is someone who takes this repeatedly to stay up multiple days in a row, to work, to
study, to party, or perhaps for some college students, all three. This could have significant health
dangers. Modafinil might be potentially relatively safe by itself, but to use an STS framework,
nothing exists in a vacuum. While I will later argue that becoming “dependent” on standpoint
from a results standpoint is not necessarily bad or unethical, the potential for severe sleepdeprivation is still an important health risk to consider in weighing the cost-benefit of loosening
restrictions on modafinil usage.
Modafinil’s potential for creating social inequity is not as powerful as that of a blanket
“smart” drug. However, it is still powerful and does have cognitive enhancing effects in healthy
people, which raises ethical issues, especially in our modern 24/7 society. Many of the
philosophical and moral/ethical the arguments against “smart drugs” state that they might cause
inequities. They warn of a dystopian future where smart drugs are so powerful that people will
be forced to take it whether they want to or not, just to survive in such a competitive world. They

entertain thought experiments about smart drugs creating societal rifts and increasing social
inequity. Modafinil is far from this universal “smart” drug, but there are still ethical issues to
examine.
Modafinil provides a level of focus that might not be ideal for all kinds of work. In The
New Yorker, Talbot explains: “Cognitive psychologists have found that there is a trade-off
between attentional focus and creativity. And there is some evidence that suggests that
individuals who are better able to focus on one thing and filter out distractions tend to be less
creative.” This might be the case with modafinil. While the results in scientific studies are mixed,
all the first-person accounts in Chapter 2 talked about the amount of focus they got, and how it
was best for certain kinds of work. Specifically, work that was mechanical, usually tedious, leftbrain “processing” type work. While this type of work is important, the greatest innovation and
progress comes from applying this mechanical mindset and focus, to the ideas spawned from
creativity and right-brain thinking. In that sense, modafinil is not a well-rounded or complete
“smart” drug ideal for all situations. There are many different kinds of work, beyond dull
processing type work, that one must perfect in order to truly excel in their career, and while
being good at this type of work is definitely helpful, it will not be the contributing factor to one’s
success. Furthermore, Chapter 2 mentioned the anti-social effects of this kind of focus.
Teamwork and collaboration are incredibly important skills contributing to one’s success. In
addition, politics and making friendships can play an equally important role in determining one’s
success in moving up the ladder. Finally, many modern work environments require workers to be
on their feet and adaptable, to be able to switch between focusing on a spreadsheet, to going to
meetings, to thinking up big picture strategies. Modafinil might not be optimal for this constant
shifting back and forth with environments and tasks.

However, this isn’t to say modafinil isn’t without its legitimate enhancements and ethical
concerns. Perhaps the most potentially ethically controversial feature of modafinil is its powerful
wakefulness promoting effects, and how it significantly enhances cognitive performance in
sleep-deprived people. While there are some debates over the details of its cognitive enhancing
effects, the research is in agreement that modafinil allows individuals to forego sleep, at least in
the short-term. And the scientific studies showed that it improved performance in sleep-deprived
people, compared to those who hadn’t taken it. This is already an advantage, but in our 24/7,
hyper competitive society, foregoing sleep could be even more of an advantage. Sleep
deprivation is an epidemic. The CDC (Center for Disease Control) found that over a third of
Americans are not getting the minimum recommended 7 hours of sleep (2016), and identifies
insufficient sleep as a public health problem (2015). Someone enhanced with modafinil would
not only be solving their own sleep-deprivation, they would also be in a better position that the
increasing number of sleep-deprived “competition.” In addition, modafinil could create more
hours in the day for someone to work and allow them to sleep less, which could give them a
decided advantage in their career, or allow them to fit in more activities such as hobbies,
exercise, and spending time with family.
In these examples, modafinil use is an “enhancement,” rather than a “treatment.” In
general, “enhancement” incites many more ethical debates. That is the reason why some maybe
question the ethics of modafinil use for enhancement. They argue that drugs should only be used
for treatment, not enhancement. However, I argue that modafinil use for enhancement is not
unethical, because we already have enhancement in our medical practices and drugs, and while
the line between enhancement and treatment for modafinil use may be easy to define, it is not as

easy for other drugs – therefore, to call modafinil use for enhancement unethical is myopic
because it ignores all the other enhancement and fuzzy distinctions.
Western medicine has starkly different attitudes towards drug use for “treatment” vs.
“enhancement.” However, in 1972, in response to the advent of antidepressants at the time,
psychiatrist Gerald Klerman first described the U.S.’ attitude towards drugs as “pharmacological
Calvinism,” defined as
a general distrust of drugs used for nontherapeutic purposes and a conviction that if a
drug “makes you feel good, it must be morally bad.” The dominant American value
system condones and sanctions drug use only for therapeutic purposes and then only
under professional supervision by physicians and pharmacists. In this view, abstinence is
the highest ideal, the purest route to pharmacological salvation. (Klerman 1972)
He goes on to state that
The conviction is often held that the use of psychotropic drugs in psychiatric treatment is
morally wrong, independent of its efficacy, because it promotes gradual dependency.
Drug therapy is thus a secondary road to salvation; the highest road to salvation is
through insight and self-determination. This view, although held only by a minority of
psychiatrists is also embodied in the popular media’s current attempts at drug abuse
education.
In his discussion of pharmacological Calvinism, John Kramer echoes Klerman’s of the United
States in his book Listening to Prozac:
Study after study has shown that, when it comes to prescribed drugs, Americans are
conservative. Doctors tend to underprescribe (relative to the recommendations of
academic psychiatrists) for mental conditions, and patients tend to take less medicine

than doctors prescribe…Relative to the practice in other industrialized countries,
prescribing in the United States is moderate. (274)
Kramer also states that “One aspect of pharmacological Calvinism is the belief that pain is a
privileged state, a view inherent in the arguments concerning affect tolerance and the adaptive
value of sadness” (275). In the case of modafinil, pharmacological Calvinists would consider
sleepiness and fatigue as part of the human experience, and would view cognitive enhancers as
dehumanizing, as productivity in pill form. The United States’ pharmacological Calvinism is the
main reason behind the lack of support for research on “enhancement.” There are regulatory
issues, if there’s not a clear therapeutic target. The authors of the influential modafinil review,
Battleday and Brem, state: "It appears that funding for drug-based studies on healthy individuals
fails to attract typically medical-oriented grants and awards” (Loria, 2016). Dr. Sahakian of the
University of Cambridge states that "The big issue is that there are no long-term safety studies in
healthy people with drugs such as modafinil" (Oberhaus, 2016). In a June 2016 release, The
American Medical Association clearly laid out its opinion on using prescription drugs for
cognitive enhancement in healthy individuals:
Prescription drugs that are FDA-approved to treat attention-deficit hyperactivity disorder
or narcolepsy are commonly associated with the off-label use by students and others
seeking to boost memory, learning or other aspects of cognition. Such use is associated
with a variety of adverse mental health conditions and patterns of substance misuse.
As temptation grows to use prescription drugs for a competitive advantage at work and
school, the nonmedical use of these drugs should be discouraged given potential for
substance misuse and other adverse consequences," said AMA Member Maya A. Babu,

M.D., M.B.A. "The AMA believes physicians can support this goal by not prescribing
any drug for the purpose of cognitive enhancement in otherwise healthy individuals."
While prescription stimulants carry real risks, they do not make people smarter.
The available evidence suggests the cognitive effects of prescription stimulants appear to
be highly variable among individuals, are dose-dependent, and limited or modest at best
in healthy individuals.
The question over enhancement vs. treatment debates is an ethical issue at the root of research in
long-term responsible use in healthy people. Why is “treatment” OK, but not “enhancement?”
The problem is that there is no clear demarcation between the two. One effect of the
enhancement vs. treatment dichotomy is broader medicalization, and recognizing more states as
medical conditions. In the article “Brain Gain” published in the New Yorker, Talbot describes:
“New psychiatric drugs can create markets for themselves. Disorders often become widely
diagnosed after drugs come along that can alter a set of suboptimal behaviors. In this way,
Ritalin and Adderall helped make A.D.H.D. a household name, and advertisements for
antidepressants have helped define shyness as a malady.” Modafinil went through a similar
process – what Talbot calls “mission creep,” where the “official” use of the drug becomes looser,
with the suspected intention being increased sales:
In 1998, Cephalon, the pharmaceutical company that manufactures it, received
government approval to market the drug, but only for “excessive daytime sleepiness” due
to narcolepsy; by 2004, Cephalon had obtained permission to expand the labelling, so
that it included sleep apnea and “shift-work sleep disorder.” Net sales of Provigil climbed
from a hundred and ninety-six million dollars in 2002 to nine hundred and eighty-eight
million in 2008. Cephalon executives have repeatedly said that they do not condone off-

label use of Provigil, but in 2002 the company was reprimanded by the F.D.A. for
distributing marketing materials that presented the drug as a remedy for tiredness,
“decreased activity,” and other supposed ailments. And in 2008 Cephalon paid four
hundred and twenty-five million dollars and pleaded guilty to a federal criminal charge
relating to its promotion of off-label uses for Provigil and two other drugs. (2009)
For modafinil, the line between enhancement and treatment might not be so blurry, as one can
just look at the FDA’s lawsuit Cephalon to find this line. Treatment is for narcolepsy and
shiftwork sleep disorder, but “decreased activity,” “tiredness,” and other terms Cephalon used in
their marketing materials fall under enhancement.
However, I’m not arguing that the line for modafinil is blurry. What I hope to dispel is
the specific objection that enhancement with modafinil is radically different from the
enhancement that we already have. That calling enhancement through modafinil unethical,
simply on the grounds of it being “enhancement” rather than “treatment,” is myopic, because we
already allow enhancement with many other substances.
One example prominent example of the blurry line between treatment and enhancement
is the use of Prozac for treating depression. Listening to Prozac describes a woman named Tess
who, after taking Prozac, not only fixed her depression, became a fundamentally different
person. She became much more outgoing, charismatic, and satisfied with her social life. Prozac
made her “better than well.” In this case, Prozac not only acted as a treatment for her depression,
but it also enhanced who she was as a person, making it difficult to determine whether Prozac is
more one than the other. In another example, who didn’t meet the criteria for any of the
depressive disorders, wanted Prozac for the two days a week she felt apathetic or unmotivated
(252). Prozac made her feel better than normal, to the point that her normal state felt

unsatisfactory. This is a much clearer case of enhancement and cosmetic pharmacology, where
likely the only medical “case” she might have had was a case of the “Mondays.” In both cases,
Prozac fundamentally changed their personalities, and arguably enhanced who they were.
Another example of the blurriness is ADD medication such as Adderall. Both modafinil
and Adderall are used for off-label cognitive enhancement, and by largely the same
student/white-collar demographic. Adderall is still much more commonly used than modafinil
for these purposes. It’s been around for much longer, and modafinil still has not reached
mainstream awareness, in part because the conditions it’s supposed to treat are much less
common than ADD. This also makes it more difficult for a patient to fake the symptoms and
receive a prescription.
The social situation around ADD drugs is very complex, especially around its use for
sedating hyperactive school children. Of course some children might very well have real
conditions that lead to classroom disruption. But is it a medical condition that young boys can’t
sit still inside on a sunny spring day, studying addition and subtraction for hours on end? It can
be hard to differentiate between a real condition, and simply being a child. What if, similar to the
examples above where Prozac went above and beyond, a child with true ADD started taking
Adderall and outperforming their peers? Adderall would then be both a treatment and an
enhancement.
Other examples of the blurry line, include Viagra for erectile dysfunction, drugs for
baldness, and Botox for wrinkles, which could all be considered enhancements given that none
of these conditions are considered diseases that directly threaten one’s health. While one could
argue that these substances are different from modafinil in that they “restore” one’s “natural”
functions and thus don’t qualify as “enhancement,” maybe it’s only natural for elderly men to be

balding and have erectile dysfunction. One could argue that for a fatigued professor grading
papers late in the afternoon, taking modafinil would “restore” the “natural” intense focus he had
the beginning of the day – or maybe, the focus he had when he was a college student. Why does
the medical establishment decide that certain enhancements are allowed, but others are not? Why
isn’t “tiredness” yet a medical condition to be treated like baldness?
To reference Thomas Kuhn seminal work, The Structure of Scientific Revolutions, we
need a new paradigm shift in how the medical establishment’s treatment vs. enhancement
dichotomy. To say “enhancement” is unethical, is itself a complex statement, instead of a
dichotomy, there is a spectrum between enhancement and treatment that must be properly
examined. Below are some common arguments that I foresee against modafinil’s use as a
cognitive enhancer, and some counter-arguments.
Enhancement is unethical. It’s not ethical to take “smart” drugs to get ahead, gives some
people an unfair advantage, and creates unfair pressure on their peers to take the drug,
and artificially increases the standard of work.
As previously argued, defining something as “enhancement” is inherently problematic.
One example, is if Botox, Viagra, and Rogaine can be considered restorative, can’t modaifnil
also be restorative for older people? What if a patient complains, “Doctor, I can’t focus like back
when I was a kid. I’m not as sharp, my memory is weaker. I need a drug to restore my ability to
focus.” In this case, would modafinil still be called enhancement, or would it also be treatment
for slowed brain activity and inability to focus? Another major reason why enhancement is not
necessarily unethical, is that outside of sports and competition, there are no rules to break, and
life is not always zero sum. One person’s success does not necessarily prevent others from

achieving that success. While there are social stigmas and pressures, there are no set rules
(outside of legal ones) that people must follow.
What about claims of unfair pressure and coercion, and creating an artificial standard?
First, modafinil use does not always have to lend itself to competition. Those taking modafinil
may choose to do so, not so much because they want to beat out their coworkers for the
promotion, but to balance their career and give them more energy for their activities outside of
work, such as spending time with their family. In response to the sleep arguments, it is
undeniable that modafinil could let someone function better with less sleep. But first, one still
has to do the work, and secondly, not everyone, is willing to take prescription grade drugs just to
work harder. Just because can choose to take modafinil to sleep less and hopefully get ahead in
the workplace and earn that promotion, doesn’t mean they will necessarily choose to. It could let
someone sleep less and work more – but I would argue that most people have different lifestyle
goals and would not choose to do that, at least not regularly.
Even if they do choose to use modafinil for that purpose, modafinil probably isn’t the
only piece of technology they are going to use. They might use caffeine, might change their diet,
adopt new time-management strategies, do a light workout in the morning to increase bloodflow, maybe use sleep aids like melatonin to help them sleep better when they need to. Modafinil
may make the work easier to do than otherwise, but the internet makes our research easier,
caffeine makes it easier to stay awake, and heating and air conditioning make our working
conditions bearable. People who want to accomplish more will always find new ways to get
ahead. The tools are available for those who want them.
“Enhancement” shouldn’t be a bad word. Our species has always tried to improve itself.
If it’s not zero-sum, which in most cases its not, there’s nothing wrong with it, and in most

situations, it’s additive and could contribute to society. A productive worker, on the surface,
should be a net benefit, such as an entrepreneur who could build a product that could help
millions of people and creates thousands of jobs. A rising tide raises all ships. In fact, arguments
could even be made that in some cases, it would be wrong not to enhance performance. Sleepy
physicians who have to be attentive. Researchers on the brink of discovering cures for
debilitating diseases, but who need more alertness and focus. A parent having the energy and
mental sharpness to devote to their children after a long day of work, to help them with their
homework, that bully in school, or coming of age issues. If it’s the choice between falling asleep,
or taking a pill and being there for your children, why should we not provide our children with
the “best” version of ourselves?
Modafinil is an “unnatural” piece of technology. It’s not equally accessible, which could
lead to increased inequality.
With all our existing technologies, our entire lives are already unnatural and enhanced.
Coffee, reading, computers, the internet, exercise, better tutors, and prep courses, are common
examples of brain-altering, cognitive enhancing technologies that are both unnatural and
unequally distributed or leveraged in our society. There is no “natural.” Everything from the food
we eat, to the cars we drive, to the clothes we wear, houses we live in, to the medical care we
receive, are profoundly unnatural. Yet we choose to use them, even though others may not have
the same access, even it that’s “unfair,” because these technologies enhance our lives. There may
be barriers to accessing modafinil, but no piece of technology is equally available to everyone.
There is no such thing as “equal access” or “equality.”
In the context of all the other incredibly powerful forms of technology, and in a world
that is, always has been, and always will be, “unfair,” modafinil is unlikely to cause major

changes in equality at all. We have so many existing cognitive-enhancing technologies. Why
would we draw the line at modafinil? Greely et al, argue that so-called drugs aren’t necessarily
any different from other “brain-altering” technologies such as exercise, nutrition, sleep,
instructions and reading, and “should be viewed in the same general category as education, good
health habits, and information technology — ways that our uniquely innovative species tries to
improve itself” (702). A counter argument could be that instead of increasing inequality, it could
lead to greater equality, as another tool for for people to get ahead.
While modafinil may not be physically addictive, isn’t it bad that people could choose to
take modafinil indefinitely and become reliant on it for everyday use? And we still don’t
know much about it’s potential dangers for long-term effects in healthy people – so why
should we allow modafinil’s use as a cognitive enhancer when it doesn’t necessarily save
lives, but could be dangerous (skewed risk/benefit analysis)?
I agree, we don’t know long term effects. I understand we still need more studies. And as
mentioned previous with adverse reactions with caffeine and alcohol, there are still potential
dangers for how modafinil will work outside of the lab, in different contexts. With that said, first
1. Modafinil seems safe, and 2. We should do more research on the long term effects, especially
given number 1, because modafinil could have real benefits to society, and I would argue has a
higher potential benefit than risk, based on the overall positive accounts for focus on healthy
people referenced in Chapter 2, and over a decade of scientific research demonstrating its
relative safety and very low abuse potential, In their landmark review article, Battleday et al.
note that while the ethics remain complex, “However, it is noteworthy that with more protracted
and complex testing, more benefits are being associated with modafinil use rather than less,

which suggests that modafinil may well deserve the title of the first well-validated
pharmaceutical ‘nootropic’ agent” (2015).
With more research, we can promote more responsible use, better assess the risks and
prevent the downsides of potential abuse. There is value in create a dialogue of looking at
potential new ways of leveraging pharmacological technology, towards enhancing our lives, just
as people have been using technology to enhance their lives for all of human history.
In their seminal Nature 2008 article “Towards responsible use of cognitive-enhancing drugs by
the healthy,” Greely et al. mention some guidelines for more research and policy for cognitiveenhancing drug use in the healthy. They argue that the importance of understanding the patterns
of use, benefits, risks for dependence when used for cognitive enhancement, and importantly,
understanding just how big the effects of the drug are, and how they actually work in the real
world, compared to simple laboratory tasks (704). In addition, they call for information to be
broadly disseminated concerning the risks, benefits and alternatives to pharmaceutical cognitive
enhancement” in a manner “similar to the way that information about nutrition, recreational
drugs and other public-health information is now disseminated” (705). This would facilitate a
dialogue and clarify the risks benefits and alternatives, promote safer and responsible use, and
better awareness of what these drugs actually do, how to use them, and if they are necessary at
all.
Is there anything necessarily wrong with being “reliant” on modafinil for every day use?
If there were an “ideal” drug, that had positive benefits with little negative side effects and was
overall relatively safe, would it be wrong to take that drug indefinitely? As mentioned before, we
are already “reliant” on, and perhaps even “addicted” to, many technologies to live our lives.

For example, what makes modafinil different from caffeine? Many people rely on
caffeine daily for cognitive-enhancement. Caffeine has its own downsides, and health risks, such
as nausea, heart palpitations, insomnia and nervousness, but there is relatively little social stigma
or controversy around its use. Modafinil has stronger wakefulness effects, and may have some
reported negative side effects, but because it’s much newer compared to caffeine, and comes
only in pill form, we tend to judge it by a different set of standards, becoming more critical and
discerning of any potential safety risks.
Consider a student or white-collar worker tasked with a seemingly insurmountable work
that must be completed in the morning. In other words, an all-nighter is inevitable. The drug of
choice in this case is usually caffeine. Our hero could choose to consume multiple cups of coffee,
perhaps with cream and sugar, or a few sugary energy drinks loaded with sugar and artificial
sweeteners. The caffeine and the dopamine might keep them awake, it could also make them
jittery and anxious. Or instead, they could take one modafinil pill, or maybe a half tablet or none
at all if they had already taken one earlier, given modafinil’s much longer, 15-hour half life. In
this case, modafinil would likely provide them with a much more efficient level of focus and
wakefulness, and allow them to sidestep all the inconveniences and potential health risks of
unhealthy caffeinated beverages. What’s the difference between taking one modafinil pill,
instead of downing endless cups of coffee, as many already do?
Just like any other form of technology, modafinil has its benefits and its risks, that we
should be able to weigh and consider. What are we willing to accept? We can live with some
things. It’s a relatively safe, not addictive, and potent yet specific and limited performance
enhancement. It seems perfectly reasonable to take it. Perhaps, in our post-industrial, knowledge
economy, broader accepted use might be inevitable. Just like we “need” electricity and clothes in

our modern society, drugs like modafinil might become just another reasonable way of dealing
with the requirements of life in our always-connected, always-on world. In conclusion, modafinil
shows promise as a relatively safe and effective cognitive enhancer for certain tasks when used
responsibly, and there should be further research into modafinil’s long term effects as a cognitive
enhancer for healthy individuals.

References
Intro
Chen, L., Crum, R. M., Strain, E. C., Alexander, G. C., Kaufmann, C., & Mojtabai, R. (2016).
Prescriptions, Nonmedical Use, and Emergency Department Visits Involving Prescription
Stimulants. The Journal of Clinical Psychiatry. doi:10.4088/jcp.14m09291
O'Connor, A. (2004, June 29). Wakefulness Finds a Powerful Ally. Retrieved January 22,
2017, from http://www.nytimes.com/2004/06/29/health/wakefulness-finds-a-powerfulally.html?_r=1
Peñaloza, R. A., Sarkar, U., Claman, D. M., & Omachi, T. A. (2013). Trends in On-label
and Off-label Modafinil Use in a Nationally Representative Sample. JAMA Internal
Medicine, 173(8), 704. doi:10.1001/jamainternmed.2013.2807

Chapter 1
Ballas, C. A., Kim, D., Baldassano, C. F., & Hoeh, N. (2002). Modafinil: Past, present and
future. Expert Review of Neurotherapeutics, 2(4), 449-457.
doi:10.1586/14737175.2.4.449
Ballon, J. S., & Feifel, D. (2006). A Systematic Review of Modafinil. The Journal of Clinical
Psychiatry, 67(04), 554-566. doi:10.4088/jcp.v67n0406
Bastuji, H., & Jouvet, M. (1988). Successful treatment of idiopathic hypersomnia and narcolepsy
with modafinil. Progress in Neuro-Psychopharmacology and Biological Psychiatry,
12(5), 695-700. doi:10.1016/0278-5846(88)90014-0
Battleday, R., & Brem, A. (2015). Modafinil for cognitive neuroenhancement in healthy non-

sleep-deprived subjects: A systematic review. European Neuropsychopharmacology,
25(11), 1865-1881. doi:10.1016/j.euroneuro.2015.07.028
Caldwell, J. A., Caldwell, J. L., Smyth, N. K., & Hall, K. K. (2000). A double-blind, placebocontrolled investigation of the efficacy of modafinil for sustaining the alertness and
performance of aviators: A helicopter simulator study. Psychopharmacology, 150(3),
272-282. doi:10.1007/s002130000450
Czeisler, C. A., Walsh, J. K., Roth, T., Hughes, R. J., Wright, K. P., Kingsbury, L., . . . Dinges,
D. F. (2005). Modafinil for Excessive Sleepiness Associated with Shift-Work Sleep
Disorder. New England Journal of Medicine, 353(5), 476-486.
doi:10.1056/nejmoa041292
Dubljevic, V. (2016). Enhancing With Modafinil. In Cognitive Enhancement. Ethical and
Policy Implications in International Perspectives (pp. 259-274). New York, NY: Oxford
University Press.
Erman, M. K., & Rosenberg, R. (2007). Modafinil for Excessive Sleepiness Associated With
Chronic Shift Work Sleep Disorder. The Primary Care Companion to The Journal of
Clinical Psychiatry, 09(03), 188-194. doi:10.4088/pcc.v09n0304
Federici, M., Latagliata, E., Rizzo, F., Ledonne, A., Gu, H., Romigi, A., . . . Mercuri, N. (2013).
Electrophysiological and amperometric evidence that modafinil blocks the dopamine
uptake transporter to induce behavioral activation. Neuroscience, 252, 118-124.
doi:10.1016/j.neuroscience.2013.07.071
Fernández, A., Mascayano, F., Lips, W., Painel, A., Norambuena, J., & Madrid, E. (2015).

Effects of modafinil on attention performance, short-term memory and executive function
in university students: A randomized trial. Medwave, 15(05).
doi:10.5867/medwave.2015.05.6166
Guglietta, A. (2015). Drug treatment of sleep disorders. Cham: Springer.
Kelley, A. M., Webb, C. M., Athy, J. R., Ley, S., & Gaydos, S. (2012). Cognition Enhancement
by Modafinil: A Meta-Analysis. Aviation, Space, and Environmental Medicine, 83(7),
685-690. doi:10.3357/asem.3212.2012
Mignot, E., Nishino, S., Guilleminault, C., & Dement, W. C. (1994). Modafinil Binds to the
Dopamine Uptake Carrier Site with Low Affinity. Sleep, 17(5), 436-437.
Minzenberg, M. J., & Carter, C. S. (2008). Modafinil: A Review of Neurochemical Actions and
Effects on Cognition. Neuropsychopharmacology, 33(7), 1477-1502.
doi:10.1038/sj.npp.1301534
Mitler, M. M., Harsh, J., Hirshkowitz, M., & Guilleminault, C. (2000). Long-term efficacy and
safety of modafinil (PROVIGIL®) for the treatment of excessive daytime sleepiness
associated with narcolepsy. Sleep Medicine, 1(3), 231-243. doi:10.1016/s13899457(00)00031-9
Modavigil Product Information (Rep.). (2007). Cephalon.
Moldofsky, H., Broughton, R. J., & Hill, J. D. (2000). A randomized trial of the long-term,
continued efficacy and safety of modafinil in narcolepsy. Sleep Medicine, 1(2), 109-116.
doi:10.1016/s1389-9457(99)00014-3
Muller, U., Steffenhagen, N., Regenthal, R., & Bublak, P. (2004). Effects of modafinil on
working memory processes in humans. Psychopharmacology, 177(1-2), 161-169.
doi:10.1007/s00213-004-1926-3

Myrick, H., Malcolm, R., Taylor, B., & Larowe, S. (2004). Modafinil: Preclinical, Clinical, and
Post-Marketing Surveillance—A Review of Abuse Liability Issues. Annals of Clinical
Psychiatry, 16(2), 101-109. doi:10.1080/10401230490453743
Narcolepsy Fact Sheet. (n.d.). Retrieved November 11, 2016, from
http://www.ninds.nih.gov/disorders/narcolepsy/detail_narcolepsy.htm
Neubauer, D. N. (2006, March). Does modafinil safely and effectively treat shift-work sleep
disorder? Nature Clinical Practice Neurology Nat Clin Pract Neurol, 2(3), 134-135.
doi:10.1038/ncpneuro0134
Okunola-Bakare, O. M., Cao, J., Kopajtic, T., Katz, J. L., Loland, C. J., Shi, L., & Newman, A.
H. (2014). Elucidation of Structural Elements for Selectivity across Monoamine
Transporters: Novel 2-[(Diphenylmethyl)sulfinyl]acetamide (Modafinil) Analogues. J.
Med. Chem. Journal of Medicinal Chemistry, 57(3), 1000-1013. doi:10.1021/jm401754x
Pack, A., Black, J., Schwartz, J., & Matheson, J. (2001). Modafinil as Adjunct Therapy for
Daytime Sleepiness in Obstructive Sleep Apnea. American Journal of Respiratory
and Critical Care Medicine, 164(9). doi:10.1164/rccm2103032
Postmarketing Reviews - Volume 1, Number 1, Fall 2007. (2007, Fall). Retrieved November 15,
2016, from
http://www.fda.gov/Drugs/DrugSafety/DrugSafetyNewsletter/ucm115974.htm
PROVIGIL - modafinil tablet. (n.d.). Retrieved November 14, 2016, from
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=e16c26ad-7bc2-d155-3a5dda83ad6492c8#ID_eda98bc2-64c6-4efb-a5c4-7328fb35bfce
Psychology Today. (n.d.). Retrieved November 12, 2016, from
https://www.psychologytoday.com/basics/dopamine

Rammohan, K. W., Rosenberg, J. H., Lynn, D. J., Blumenfeld, A. M., Pollak, C. P., &
Nagaraja, H. N. (2002). Efficacy and safety of modafinil (Provigil(R)) for the treatment
of fatigue in multiple sclerosis: a two centre phase 2 study. Journal of Neurology,
Neurosurgery & Psychiatry, 72(2), 179-183. doi:10.1136/jnnp.72.2.179
Randall, D. C., Viswanath, A., Bharania, P., Elsabagh, S. M., Hartley, D. E., Shneerson, J. M., &
File, S. E. (2005). Does Modafinil Enhance Cognitive Performance in Young Volunteers
Who Are Not Sleep-Deprived? Journal of Clinical Psychopharmacology, 25(2), 175-179.
doi:10.1097/01.jcp.0000155816.21467.25
Randomized trial of modafinil for the treatment of pathological somnolence in narcolepsy.
(1998). Annals of Neurology, 43(1), 88-97. doi:10.1002/ana.410430115
Randomized trial of modafinil as a treatment for the excessive daytime somnolence of
narcolepsy. (2000). Neurology, 54(5), 1166-1175. doi:10.1212/wnl.54.5.1166
Repantis, D., Schlattmann, P., Laisney, O., & Heuser, I. (2010). Modafinil and
methylphenidate for neuroenhancement in healthy individuals: A systematic review.
Pharmacological Research, 62(3), 187-206. doi:10.1016/j.phrs.2010.04.002
Schwartz, J. R., Hirshkowitz, M., Erman, M. K., & Schmidt-Nowara, W. (2003). Modafinil as
Adjunct Therapy for Daytime Sleepiness in Obstructive Sleep Apnea. Chest, 124(6),
2192-2199. doi:10.1378/chest.124.6.2192
Sugden, C., Housden, C. R., Aggarwal, R., Sahakian, B. J., & Darzi, A. (2012). Effect of
Pharmacological Enhancement on the Cognitive and Clinical Psychomotor Performance
of Sleep-Deprived Doctors. Annals of Surgery, 255(2), 222-227.
doi:10.1097/sla.0b013e3182306c99
Teva Pharmaceuticals. (2015). Provigil prescribing medication information [Brochure]. North

Wales, PA: Author.
Turner, D. C., Robbins, T. W., Clark, L., Aron, A. R., Dowson, J., & Sahakian, B. J. (2003).
Cognitive enhancing effects of modafinil in healthy volunteers. Psychopharmacology,
165(3), 260-269. doi:10.1007/s00213-002-1250-8
Volkow, N. D., Fowler, J. S., Logan, J., Alexoff, D., Zhu, W., Telang, F., . . . Apelskog-Torres,
K. (2009). Effects of Modafinil on Dopamine and Dopamine Transporters in the Male
Human Brain. Jama, 301(11), 1148. doi:10.1001/jama.2009.351
Wesensten, N., Belenky, G., Kautz, M. A., Thorne, D. R., Reichardt, R. M., & Balkin, T. J.
(2001). Maintaining alertness and performance during sleep deprivation: Modafinil
versus caffeine. Psychopharmacology, 159(3), 238-247. doi:10.1007/s002130100916
Wisor, J. (2013). Modafinil as a Catecholaminergic Agent: Empirical Evidence and Unanswered
Questions. Frontiers in Neurology Front. Neurol., 4. doi:10.3389/fneur.2013.00139
Zolkowska, D., Jain, R., Rothman, R. B., Partilla, J. S., Roth, B. L., Setola, V., . . . Baumann, M.
H. (2009). Evidence for the Involvement of Dopamine Transporters in Behavioral
Stimulant Effects of Modafinil. Journal of Pharmacology and Experimental Therapeutics,
329(2), 738-746. doi:10.1124/jpet.108.146142
21 U.S. Code § 812 - Schedules of controlled substances. (n.d.). Retrieved November 12, 2016,
from https://www.law.cornell.edu/uscode/text/21/812

Chapter 2
Daly, M. (2016, July 5). Modafinil Is How Lecturers Mark Your Crappy Essays. Retrieved 23,
2017, from https://www.vice.com/en_uk/article/modafinil-is-how-lecturers-mark-yourcrappy-essays

Do, E. (2015, October 29). Is the Newest University Study Drug Technically Cheating?
Retrieved January 23, 2017, from https://www.vice.com/en_us/article/is-the-newestuniversity-study-drug-technically-cheating
Ewens, H. (2016, May 5). Could We All Soon Be Taking the 'Limitless Pill', the Drug That Will
Turn Us Into Superhuman Workers? Retrieved January 23, 2017, from
https://www.vice.com/en_uk/article/could-we-all-soon-be-taking-the-limitless-pillmodafinil-study-drug-britain-universities-working-culture
Kolker, R. (2013, March 31). The Real Limitless Drug Isn’t Just for Lifehackers Anymore.
Retrieved January 23, 2017, from http://nymag.com/news/intelligencer/modafinil-2013-4/
Latour, B. (1988). The Pasteurization of France. Cambridge, MA: Harvard University
Press.
Maxwell, T. (2014, September 18). I Spent The Day On Modafinil - The 'Limitless' Drug.
Retrieved January 23, 2017, from http://www.sickchirpse.com/modafinil/
Renton, S. (2016, May 18). We Asked Students What Drugs They Take to Study. Retrieved
January 23, 2017, from https://www.vice.com/en_us/article/we-asked-universitystudents-about-their-favourite-study-drugs
Rivlin, J. (2014, May 09). We tried Modafinil...and it's pretty good. Retrieved January 23, 2017,
from http://thetab.com/uk/oxford/2013/05/13/we-tried-modafinil-9723
Serrano, S. (2015, October 7). Taking the 'Smart Drug' Modafinil Made Me Love Work but Hate
People. Retrieved January 23, 2017, from https://www.vice.com/en_us/article/takingmodafinil-made-me-love-work-but-hate-everything-else-876

Chapter 3

AMA Confronts the Rise of Nootropics. (2016, June 14). Retrieved January 24, 2017, from
https://www.ama-assn.org/ama-confronts-rise-nootropics
Estrada, A., Kelley, A. M., Webb, C. M., Athy, J. R., & Crowley, J. S. (2012). Modafinil as a
Replacement for Dextroamphetamine for Sustaining Alertness in Military Helicopter
Pilots. Aviation, Space, and Environmental Medicine, 83(6), 556-567.
doi:10.3357/asem.3129.2012
FDA Warning Letters issued to four makers of caffeinated alcoholic beverages. (2010,
November 17). Retrieved March 08, 2017, from
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm234109.htm
Greely, H., Sahakian, B., Harris, J., Kessler, R. C., Gazzaniga, M., Campbell, P., & Farah, M. J.
(2008). Towards responsible use of cognitive-enhancing drugs by the healthy. Nature,
(7223), 702-705. doi:10.1038/456702a
Insufficient Sleep Is a Public Health Problem. (2015, September 03). Retrieved January 22,
2017, from https://www.cdc.gov/features/dssleep/
Kim, D. (2012). Practical Use and Risk of Modafinil, a Novel Waking Drug. Environmental
Health and Toxicology, 27. doi:10.5620/eht.2012.27.e2012007
Klerman, Gerald L. "Psychotropic Hedonism vs. Pharmacological Calvinism." The Hastings
Center Report 2, no. 4 (1972): 1. Accessed March 5, 2017. doi:10.2307/3561398.
Kramer, P. (1993). Listening to Prozac. New York, NY: Viking.
Kuhn, T. S. (1970). The Structure of Scientific Revolutions. Chicago: University of Chicago
Press.
Loria, K. (2016, June 27). There is one drug in the world that can make you smarter - here's why
you can't take it yet. Retrieved January 20, 2017, from

http://www.businessinsider.com/modafinil-is-an-effective-cognitive-enhancementnootropic-2016-6
Oberhaus, D. (2016, November 30). Why Can't We All Take Modafinil? Retrieved January 20,
2017, from https://www.vice.com/en_ca/article/why-cant-we-all-take-modafinil
Robins, M., Lu, J., & Van Rijn, R. (2016). Unique Behavioral and Neurochemical Effects
Induced by Repeated Adolescent Consumption of Caffeine-Mixed Alcohol in C57BL/6.
PLOS One. doi:10.1371/journal.pone.0158189
Storms, S. R. (2010, November 17). FDA issues warning on alcoholic energy drinks; states move
to ban "blackout in a can". Retrieved March 07, 2017, from
http://www.lexology.com/library/detail.aspx?g=b5cd9c3f-54aa-44ed-9956-4b8bc20c4f55
Talbot, M. (2009, April 27). Brain Gain. Retrieved January 24, 2017, from
http://www.newyorker.com/magazine/2009/04/27/brain-gain
1 in 3 adults don’t get enough sleep. (2016, February 18). Retrieved January 23, 2017, from
https://www.cdc.gov/media/releases/2016/p0215-enough-sleep.html

