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The use of stimulants for the purpose of pharmacological neuroenhancement (NE) among students is a subject of increasing
public awareness.The risk of addiction development by stimulant use for NE is still unanswered.Therefore, face-to-face interviews
were carried out among 18 university students experienced in the nonmedical use of methylphenidate and amphetamines for NE
assessing aspects of addiction. Interviews were tape-recorded, verbatim-transcribed, and analyzed using a qualitative approach.The
interviews showed that participants—themajority had current or lifetime diagnoses ofmisuse or addiction to alcohol or cannabis—
reported an awareness of the risk of addiction development associated with stimulant use and reported various effects which may
increase their likelihood of future stimulant use, for example, euphoric effects, increase of self-confidence, and motivation. They
also cited measures to counteract the development of addiction as well as measures taken to normalize again after stimulant use.
Students were convinced of having control over their stimulant use and of not becoming addicted to stimulants used for NE. We
can conclude that behavior and beliefs of the students in our sample appear to be risky in terms of addiction development. However,
long-term empirical research is needed to estimate the true risk of addiction.

1. Introduction

The use of “smart drugs” containing over-the-counter-
(OTC-) drugs as well as prescription drugs and illicit drugs
for the purpose of pharmacological neuroenhancement (NE)
by healthy people has attracted an increasing amount of
attention [1–4]. In particular, (psycho-) stimulants such as
methylphenidate (MPH) and amphetamines (AMPH) such
as prescription amphetamines (e.g., Adderall, attention) as
well as illicit amphetamines (e.g., ecstasy, speed) seem to
be the most prevalent substances used for the purpose
of enhancing mental performance as previous quantitative
surveys prove: Among university students, prevalence rates
range broadly from 1 to 38% [5–9].

In interdisciplinary debates on medical, social, and
ethical implications of NE, aspects relating to addiction

play a considerable role [10–14]. The common mode of
action of AMPH and MPH is an interaction with synaptic
norepinephrine and dopamine transporters. In contrast to
MPH, AMPH additionally leads to vesicular release (exo-
cytosis) of dopamine, which means an increase of action-
independent dopaminergic activity [15–17].

Based on theoretical reflections on the mechanisms of
action of NE drugs, Heinz and colleagues (2012) argue that
any current or future NE drug will have the potential to
induce dependence; given this risk of addiction, for ethical
reasons they argue against clinical research into NE [10].This
position is rejected by Shaw [12] who argues that safety and
research in the area of NE do not pose unique difficulties.

Smith and Farah point out that, according to an estimate
by Kroutil and colleagues (2006), 5% of the nonmedical
users of prescription stimulants meet the criteria for abuse or
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dependence. However, the immediate and long-term risk of
abuse or addiction among stimulant users for NE is unclear
[14, 18].

Although no data is available on the percentage of
addicted subjects among stimulant users for NE, the addic-
tion risk of stimulants is well known among students: An
interview study by Partridge and colleagues among healthy
university students without experiences of stimulant use for
NE revealed that they identified psychological dependence as
a potential negative consequence [19]. In our own interview
study of 18 student users of MPH and AMPH, we also
demonstrated students’ concerns about the risk of addiction
regarding stimulants compared to caffeine [20] and found
that users of stimulants for NE showed significantly higher
rates of misuse of alcohol and cannabis compared to healthy
controls [21].

In view of the medical data indicating that stimulants
used for NE come with the risk of dependence and given
the fact that many who have heard about NE believe that
it might induce dependence, the aim of this study was to
describe students’ behaviour with respect to stimulant use
and dependence with the help of semistructured interviews
with students who have taken stimulants for NE.

2. Methods

By posting placards on public bulletin boards throughout
the campus of the University of Mainz from 2009 to 2010
we searched for healthy participants (without any psychi-
atric disorders leading to the necessity of being prescribed
stimulants such as MPH or AMPH) who had already used
prescription or illicit stimulants (AMPH, MPH, ecstasy, and
cocaine) for the explicit purpose of NE. Of the thirty students
who contacted us via telephone or e-mail, only twenty-two
responded to our e-mail requests for an appointment and
agreed to participate. Twenty-two interviews were carried
out. Two students had to be excluded because of having
current physicians’ prescriptions for stimulants (e.g., Ritalin);
two interviews failed for technical reasons (the recorder did
not work appropriately). Finally, eighteen interviews entered
further analysis.

In previous studies we already analyzed the interview
transcripts of these 18 users regarding moral differences
between illicit stimulants and caffeine (legal stimulant drug)
and regarding life context of pharmacological academic
performance enhancement [20, 22]. In addition, data about a
general overview of knowledge about stimulants for CE, pat-
terns of use, and diagnoses of abuse and addiction compared
to twenty healthy controls have already been published [21].

Each interview was divided into two parts. First, a
trained psychologist conducted a structured clinical inter-
view (SKID). This interview is a diagnostic instrument to
indicate major mental disorders and personality disorders.
The SKID and questions on psychoactive medication as a
result of having a psychiatric disorder with the need of psy-
choactivemedication ensured that potential participantswith
psychiatric disorders and having psychoactive medication
with a physician’s prescription for medical reasons could be

Table 1: Characteristics of participants.

Characteristics Percentage/number
100%, 𝑛 = 18

Gender 66.7% male (𝑛 = 12)
33.3% female (𝑛 = 6)

Age (mean ± SD) 25.8 years ± 2.88
Completed semesters (mean ± SD) 7.35 semester ± 3.79
Department of
Humanities 44.4% (𝑛 = 8)
Natural sciences 33.3% (𝑛 = 6)
Economics 22.2% (𝑛 = 4)

Data are given as mean ± standard deviation (SD) according to Franke et al.
[20].

excluded from the analysis. Addiction was no reason for
study exclusion. Second, based on a semistructured interview
guideline, two interviewers asked open and closed questions
regarding the nonmedical use of substances for CE. Beyond
sociodemographic data such as age, area of study, and grades,
we asked: “Do you think that the/your use of illicit stimulants
may lead to addiction?”, “Which effects of the stimulant you
used did you experience?”, and “Have you experienced a
need to increase dosage in order to achieve the same level of
effects?” In addition, interviewees had the opportunity to tell
us about further aspects important to them.

Prior to the interview, participants gave written informed
consent for being interviewed and for tape-recording. Each
participant received thirty Euros for compensation after
he/she had been interviewed. The local Ethics Committee
(Landesärztekammer Rheinland-Pfalz, Medical Association,
Rheinland-Pfalz) approved this interview study.

One independent person transcribed the contents of the
tape-recorded interviews. Afterwards, transcriptions were
analysed by two raters with a qualitative approach based
on inductive category development [23, 24]. The two raters
analyzed the transcripts independently. Rater 1 came up
with 6 initial categories and rater 2 with 5 initial categories
(cf. Figure 1). The raters discussed the initial categories and
developed a joint set of 5 categories. Some of the categories
directly resulted from the respective interview questions.
Because of a high level of agreement during the category
discussions, no third rater was needed.

3. Results

Among all eighteen participants (100%whomet the inclusion
criteria and whose interviews were correctly tape-recorded
and analysed), fourteen had used illicit AMPH and eight
prescription MPH. Four student participants (22.2%) used
both prescription and illicit stimulants for academic NE.

For participants’ characteristics see Table 1 and one of
our previous publications [20]. As described in our previous
study on these subjects, SKID interviews revealed that the
vast majority (88.9%, 16 of 18 participants) of the participants
had current or lifetime diagnoses of misuse or addiction of
alcohol, cannabis, or AMPH (see Table 2) [21].
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Table 2: Diagnoses of misuse and dependence among all interviewed student participants with the use of a structured clinical interview
(SCID-I).

Diagnoses of substance misuse and
dependence (total number of users: 𝑛 = 20) Lifetime (past) diagnoses Current diagnoses

Alcohol misuse 𝑛 = 9 45% 𝑛 = 7 35%
Alcohol dependence 𝑛 = 3 15% 𝑛 = 2 10%
Cannabis misuse 𝑛 = 5 25% 𝑛 = 1 5%
Cannabis dependence 𝑛 = 4 20% 𝑛 = 1 5%
Amphetamine misuse 𝑛 = 2 10% 𝑛 = 1 5%
Amphetamine dependence 𝑛 = 2 10% 𝑛 = 0 0%
Originally 20 student participants had been surveyed by interview questionnaires [21]. 18 were tape-recorded and verbatim-transcribed for further analysis
with a qualitative approach based on inductive category development [23]. Table 2 contains all diagnoses regarding substance misuse and dependence; there
were no diagnoses of misuse or dependence of further substances.

Initial categories: rater 1 Initial categories: rater 2 

- Effects
- Modifications in stimulant dosage
- Explicit reference to addiction
- Reflections on how to adequately handle stimulants
- Side effects
- Intake of additional substances with addictive potential

- Subjective effects
- Dosage modifications
- Reflections concerning addiction development
- Measures taken to counteract addiction development
- Substances used to fight overdose or hangover

Final joint categories
- Effects
- Modifications in stimulant dosage 
- Addiction
- Self-control
- Measures taken to normalize again after stimulant intake

Category development

Figure 1: Category development.

We analysed contents of the interviews associated with
addiction-related issues. In order to present the answers
we obtained in more detail, we grouped the answers as
follows: (1) effects, (2) modifications in stimulant dosage,
(3) participants’ evaluation of aspects of addiction, (4) self-
control, and (5) measures taken to counteract stimulants’
effects and to “normalize” again after stimulant use.

3.1. Effects. All student participants had used stimulants with
the intention of NE. Each participant described the subjective
effects of stimulant use in a slightly different way.The answers
included rather general descriptions of positive cognitive,
motivational, and emotional effects such as having increased
alertness, being fitter, being in a better mood, experiencing
an increase in self-confidence, being more communicative,
being better focused, having better concentrated attention,
being better motivated, being more vigilant, being more
cheerful, being more energetic, experiencing euphoria or
euphoric episodes, feeling strengthened, or feeling ready to
take on anything. Others said that stimulant use would lead
to being less able to respond to criticism, being less sensitive

but more automatic, feeling closer to oneself, being a little bit
hysterical or hyped up, being more aggressive, being more
distressed, experiencing an increased tendency to do one’s
own thing, feeling detached, or experiencing an increase in
appetite.

In sum, the effects recognized after the use of stimulants
for NE described by the participants are interwoven with
aspects which favor—at least in parts—the development of
addiction.

3.2. Modifications in Stimulant Dosage. In the interviews, we
asked the participants whether during the time period when
they used stimulants for NE there had been a need to increase
the dosage of stimulants in order to maintain the effects.
Three participants said yes, whereas twelve answered that
there was no need to increase dosage; three were ambivalent
regarding dosage.

One of those students who increased dosage said: “At least
I felt as if the effect reduced. [. . .] But I don’t know if that
actually happened.”
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According to the answers obtained, the need to increase
dosage depends on the method and duration of stimulant
intake.Whereas one student stressed that in view of the short
duration of intake there was no need for dosage increase,
another participant said with regard to AMPH use: “If you
take it several days in a row, then you have to increase the
dose in order to reach the same effect. Otherwise if there are
more than two weeks in between, it’s always the same dose.”
Another student stated that he knew from others about the
perceived need to increase dosage and that in view of this he
carefully paid attention not to increase dosage: “I really keep
an eye on not having to increase the dose, also because I don’t
want to do so.”

3.3. Addiction. When asked whether they believe that the use
of stimulants forNEmay lead to addiction eleven participants
responded “quite likely.”

For several participants, the risk of addiction played a
considerable role. One student said that the experience of
stimulants providing support in one’s daily routine might
facilitate addiction: “A certain addiction can definitely come
up very quickly because it helps someone in their everyday
life and with all these pressures to perform an addiction can
be expected.”

Some of the interviewees distinguished between phys-
ical and mental addiction. For most participants, physical
aspects of addiction do not seem to be of primary relevance.
In contrast, several participants stressed mental aspects of
addiction.

One student talked about his impression that high
expectations concerning stimulant effects that are not totally
fulfilled by subsequent uses may facilitate dependency.

“When I take something for the first time it
works perfectly, the second time the effect is
actually the same but you already expect it to
work as well. But if you already approach it
like that, I feel as if the effect was very good
the second time, but subjectively a tiny little bit
worse than the first time.”

3.4. Self-Control. In spite of the fact that a great number
of the participants believed that NE substances have some
addictive potential, most of them felt that they have things
under control. In order to underline this, some interviewees
reported having taken measures to counteract the risk of
addiction. Several students said that for them it is important
to have nonconsumption intervals in between in order to
prevent the development of addiction. For example: “Because
Iwanted tomaintain the feeling that I only take the substances
when I want to and not because I have to [due to an
addiction], I’ve been taking an abstinence break for almost
three months.”

Another one said that he introduced nonconsumption
intervals “in order to avoid enjoying it too much.”

One interviewee stressed reasonableness and pointed out
that he is using stimulants very deliberately:

“I do all that very carefully and not because of
any addiction. I never got addicted to anything.

[. . .] I always watch out where I get the stuff
from.”

Another student explicitly mentioned individual respon-
sibility in this context. He said:

“I think it’s an important aspect that you can
learn how to handle it. And that you can do it
in a responsible way. That’s why you should only
do it occasionally. To me that’s one main aspect.”

3.5. Measures Taken to Normalize Again after Stimulant
Intake. Several participants reported negative effects and
problems that occurred following the duration of stimulating
effects after stimulant intake. These after-effects include
sleeplessness and heightened alertness, but also feelings of
depression, lack of energy, and sleep problems.

Some of the interviewees said that, in order to avoid
problems related to sleeplessness and heightened alertness
that may arise afterwards, they took special measures.

One of them said: “I was a serious chain smoker and
drank loads of alcohol in order to calm myself down a little
bit.”

Other interviewees also talked about illegal drugs and
prescription drugs:

“After the last consumption you have to stay
awake quite a while until you’re tired enough to
fall asleep. There is the opposite consumption,
you can drink loads of alcohol that works against
it, or some smoke weed in order to calm down to
then fall asleep.”

Another example is: “When I took a really high dose
during the day, I took [Zoplicone, Tetrazepam, orMelatonin]
to fall asleep.That’s pretty strong, which is actually the reason
why I don’t take it every day.”

Another interviewee reported “I always have diazepam at
home, which is an antidote for most drugs.”

4. Discussion

In the present study, we focused on aspects of addiction
among students who used stimulants for NE purposes.
Students talked about several aspects ofmisuse and addiction
including desirable effects, dosage of the stimulants used, self-
control, and means taken to counteract stimulant effects and
to “normalize” again after stimulant use. It is important to
stress that the data obtained in this preliminary qualitative
study is in no way representative and that, based on the
spontaneous answers of the interviewees, we are not able to
draw any definitive conclusion on the effects of stimulants for
NE in healthy individuals.

Furthermore, the student participants are a self-selected
group. In order to avoid attracting students with an urgent
need of money, we choose to offer a low to moderate
remuneration of thirty Euros. Thus, we do not think that the
recruitment process favoured participants with current drug
addictions.



BioMed Research International 5

The average age of the interviewees of 25.8 years is very
high, and two-thirds are male. Possible reasons for this may
be that older students experience an increase in pressure to
graduate soon or that those who take longer time to finish
their studies may tend to seek additional distractions and
experiences. It may also be speculated that male students
are more prone to experiment. The results obtained are in
accordance with data collected by DeSantis and Hane [25],
who reported a higher percentage of male students using
stimulants for enhancement and a higher incidence in older
students. The number of students interviewed is too low to
draw any conclusion on whether in certain fields of study
a higher percentage of students misuse stimulants than in
others. During the period of study recruitment (2009-2010),
there have not been any major changes in the university
setting that impacted the students’ use of stimulants.

In the International Classification of Diseases version 10
(ICD-10) stimulant dependence is described in the ICD-10
F 15.2. Symptoms to diagnose stimulant dependence include
the presence of physical and psychological damage, craving,
reduced ability to control stimulant use, development of
stimulant tolerancewith increased dosage for stable stimulant
effects, withdrawal symptoms in case of abstinence, and
mentally focusing on stimulant use and continued use despite
detrimental consequences of stimulant use. In the Diagnostic
and Statistical Manual of Mental Disorders (version DSM-
IV-TR), AMPH dependence can be found in chapter 304.40
and is diagnosed when an individual persists in AMPH use
despite problems related to use of theAMPH; compulsive and
repetitive use may result in tolerance to the effect of AMPH
and withdrawal symptoms when AMPH use is reduced or
stopped. The results of this study have to be considered in
view of these diagnostic criteria.

All stimulant-using participants of this study aimed at
NE. Beyond that, most of the described types of effects show
“pleasant” states that increase the likelihood of using the
stimulant again. Among the most significant ones are an
increase in self-confidence, euphoric episodes, being more
communicative, being fitter, being in a better mood, being
better motivated, more cheerful, more energetic, feeling
strengthened, and feeling ready to take on anything.

A very important aspect for the diagnosis of addiction
according to the ICD-10 and DSM-IV-TR is an increase of
dosage because of tolerance development and the perceived
need to increase dosage in order to maintain the desired level
of stimulating effects. At least in some consumers, stimulant
use went along with some adaptation process. Three out of
18 participants said that, during the overall time span of
stimulant consumption, there was a need to increase the
dosage, and three were ambivalent. It is important to stress
that, for those who used stimulants during a longer period of
time, the answer to this question might be indicative of some
addictive tendency. In contrast, the question concerning
dosage increase does not apply to those who used stimulants
only once or a few times. The users were well aware of this
context. In several interviews, the wish to avoid an increase
in dosage was picked out as a central theme.

The majority of the users believed that stimulant use for
NE quite likely or definitely may lead to addiction. This is

in accordance with the results obtained in our quantitative
survey among high school students and university students
[26], according to which more than 90% of the participants
believed that NE drugs could lead to addiction.

With regard to the perceived risk of addiction, for the
interviewees frequency of use clearly played a role which is
in line with the reflections by Compton and Volkow [13]:
The perceived risk of addiction was one of the reasons why
several users reported on having introduced longer intervals
in stimulant administration. Others said that they assume
that the risk of addiction would be higher the longer a person
uses stimulants for NE.

Concerning the risk of addiction, the students stressed
mental aspects of addiction, whereas they did not consider
the risk of physical addiction to be considerable. Strikingly,
with regard to a perceived risk of addiction, several students
confidently talked about having control over the situation.
They reported intentionally having introduced intervals in
which they did not take stimulants in order to avoid becom-
ing addicted, or they cited other measures taken to avoid
having to increase the dosage. Several users asserted that they
control the situation and that the substance does not control
them, be it by some addictive potential or by the perceived
need to use it. The underlying ideas seem to be as follows:
I am strong enough to withstand becoming addicted and I
want to autonomously decide on whether or not to take the
drug.

Apart from the participants’ subjective beliefs regarding
their self-control of the use of MPH and AMPH for NE,
objective diagnoses using SKID interviews show very high
rates of current or lifetime misuse and addiction with regard
to alcohol, cannabis, and AMPH on the one hand. On
the other hand, there were only one participant diagnosed
with current AMPH misuse and no participant diagnosed
with current AMPH dependence. It is important to stress,
however, that we do not know whether the reason for current
lack of AMPH dependence and scarce diagnoses of current
AMPHmisuse is due to the fact of efficient self-control or the
fact that the participants currently do not use any stimulants
for NE. Therefore, more research is needed to analyze the
risk of developing stimulantmisuse and/or dependence in the
context of using stimulants for NE.

In the interdisciplinary debate on NE, ethical issues
concerning risks and benefits, fairness, justice, cognitive
liberty, autonomy, authenticity, and personal identity are
intensively discussed [27]. Individual autonomy is one of the
key concerns; such concerns imply that it is up to the indi-
vidual person to decide freely on whether or not to modify
one’s brain chemistry [28, 29]. NE drugs’ addictive potential
may curtail individual autonomy in a highly problematic
way, for addiction clearly undermines a person’s capacity to
autonomously decide on whether or not to use NE drugs
[30, 31]. The users in our study clearly experience this threat
to autonomy.

Heinz et al. (2012) suggest that any risk of addiction
associated with the use of stimulants for NE will result in
a very unfavourable risk-benefit ratio for these kinds of
NE and will be a central ethical argument against running
clinical trials on NE [10]. Despite their acknowledgement of
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the risk of addiction, a considerable part of the interviewees
nevertheless continued using these substances. One reason
for their continued use may be the self-reassuring strategies
described above and their impression of having control over
the situation. The putative subjective benefits of NE, which
may lead participants to accept the risk-benefit ratio, serve as
another explanation.

In any case, in spite of the risks involved, the users
voluntarily enroll in some kind of self-experiment on the
effects and side effects of NE. Some users stressed individual
responsibility and argued that they use stimulants for NE in a
responsible way as long as they have control over the situation
and avoid getting addicted or having unforeseen side effects.
These attitudes lead us to the question: Is pharmacologicalNE
something that can be done in a responsible way? It seems
that at least some NE consumers do assume this.

In sum, the risk of addiction and the need to find
an adequate strategy in order to prevent addiction matter
considerably to the interviewees. This is in accordance with
Hall and Lucke who noted that MPH is under “legal control
because of the high rates of dependence and adverse effects
experienced by regular users” [32]. According to Forlini and
Racine, as well as Partridge and colleagues, beneficial effects
of stimulants for NE are widely portrayed in the media while
the risk of dependence is underreported [33, 34]. The results
obtained in this study give a clear hint to the need to paymore
attention to the addictive potential of stimulants used for NE.

In addition, the after-effects of stimulant intake have to be
taken into consideration. Here, the users reported on a broad
spectrum of effects from heightened alertness and sleepless-
ness to depressive periods and lack of energy. Some users
reported on having taken measures after stimulant intake
to “normalize,” which include drinking alcohol, smoking
cannabis, or taking benzodiazepines. Such consumption car-
ries the potential for further individual and health problems,
such as polytoxicomania. Furthermore, these extra measures
to normalize point to the negative influence that coingestion
of other drugs may have the risk of developing dependence.
Taken together, in order to adequately consider the effects
of drug use for NE on the individual persons involved, it
is important to take into account the pharmacological after-
effects as well as additional drugs used in order to normalize
again.

5. Conclusion

In the present interview study, the student participants used
stimulants with the aim of NE.The risk of addiction by stim-
ulant use played a considerable role in the answers obtained.
Taken together, the subjects reported on a broad spectrum
of aspects of addiction related to stimulants used for NE,
including an awareness of the fact that stimulants imply a
potential risk of addiction. Even if the participants are well
aware of this fact, they evaluate the risk as being considerably
low for themselves. Furthermore, several interviewees talked
about strategies that serve as a means to control stimulant
use and to counteract stimulant dependence. Behavior and
beliefs of the students in our sample appear to be risky

in terms of addiction development. However, long-term
empirical research is needed to estimate the true addiction
risk of stimulant use for NE and to characterize factors
associated with a high risk of becoming addicted.

Conflict of Interests

All authors declare to have no competing interests.

Acknowledgments

The authors would like to thank Caroline Bonertz, Michaela
Christmann, and Denise Leber for their support in running
and transcribing the interviews and Sheila Madary and Kelly
Laas for their proofreading of the paper. This project was
funded by the German Federal Ministry of Education and
Research (BMBF), reference number 01GP0807 (2008–2011).
The BMBF had no influence on study design, collection,
analysis, and interpretation of the data, writing of the paper,
and the decision in submitting the paper.

References

[1] A. G. Franke and K. Lieb, “Pharmacological neuroenhance-
ment: substances and epidemiology,” in Cognitive Enhance-
ment—An Interdisciplinary Perspective, E. Hildt and A. G.
Franke, Eds., vol. 1 of Trends in Augmentation of Human Per-
formance, pp. 17–27, Springer, Heidelberg, Germany, 2013.

[2] S. Rose, “How smart are smart drugs?”The Lancet, vol. 372, no.
9634, pp. 198–199, 2008.

[3] C. Forlini, W. Hall, B. Maxwell et al., “Navigating the enhance-
ment landscape. Ethical issues in research on cognitive
enhancers for healthy individuals,” EMBO Reports, vol. 14, no.
2, pp. 123–128, 2013.

[4] S. P. R. Rose, “‘Smart drugs’: do they work? Are they ethical?
Will they be legal?” Nature Reviews Neuroscience, vol. 3, no. 12,
pp. 975–979, 2002.

[5] P. Dietz, H. Striegel, A. G. Franke, K. Lieb, P. Simon, and
R. Ulrich, “Randomized response estimates for the 12-month
prevalence of cognitive-enhancing drug use in university stu-
dents,” Pharmacotherapy, vol. 33, no. 1, pp. 44–50, 2013.

[6] T. E. Wilens, L. A. Adler, J. Adams et al., “Misuse and diversion
of stimulants prescribed for ADHD: a systematic review of
the literature,” Journal of the American Academy of Child and
Adolescent Psychiatry, vol. 47, no. 1, pp. 21–31, 2008.

[7] Q. Babcock and T. Byrne, “Student perceptions of methyl-
phenidate abuse at a public liberal arts college,” Journal of
American College Health, vol. 49, no. 3, pp. 143–145, 2000.

[8] A. G. Franke, C. Bonertz, M. Christmann et al., “Non-medical
use of prescription stimulants and illicit use of stimulants for
cognitive enhancement in pupils and students in Germany,”
Pharmacopsychiatry, vol. 44, no. 2, pp. 60–66, 2011.

[9] E. Middendorf, J. Poskowsky, and W. Isserstedt, Formen
der Stresskompensation und Leistungssteigerung bei Studieren-
den. HISBUS-Befragung zur Verbreitung und zu Mustern von
Hirndoping und Medikamentenmissbrauch, HIS Hochschul-
Informations-System GmbH, Hanover, Germany, 2012.

[10] A. Heinz, R. Kipke, H. Heimann, and U. Wiesing, “Cognitive
neuroenhancement: false assumptions in the ethical debate,”
Journal of Medical Ethics, vol. 38, no. 6, pp. 372–375, 2012.



BioMed Research International 7

[11] N. D. Volkow and J. M. Swanson, “The action of enhancers can
lead to addiction,” Nature, vol. 451, no. 7178, p. 520, 2008.

[12] D. M. Shaw, “Neuroenhancers, addiction and research ethics,”
Journal of Medical Ethics, vol. 38, no. 10, pp. 605–608, 2012.

[13] W.M. Compton andN. D. Volkow, “Abuse of prescription drugs
and the risk of addiction,”Drug andAlcohol Dependence, vol. 83,
supplement 1, pp. S4–S7, 2006.

[14] M. E. Smith and M. J. Farah, “Are prescription stimulants
‘smart pills’? The epidemiology and cognitive neuroscience
of prescription stimulant use by normal healthy individuals,”
Psychological Bulletin, vol. 137, no. 5, pp. 717–741, 2011.

[15] R. D. Oades, A. G. Sadile, T. Sagvolden et al., “The control of
responsiveness in ADHD by catecholamines: evidence for
dopaminergic, noradrenergic and interactive roles,” Develop-
mental Science, vol. 8, no. 2, pp. 122–131, 2005.

[16] T. E. Wilens, “Effects of methylphenidate on the catecholamin-
ergic system in attention-deficit/hyperactivity disorder,” Journal
of Clinical Psychopharmacology, vol. 28, no. 3, supplement 2, pp.
S46–S53, 2008.

[17] J. Prince, “Catecholamine dysfunction in attention-deficit/
hyperactivity disorder an update,” Journal of Clinical Psycho-
pharmacology, vol. 28, supplement 2, no. 3, pp. S39–S45, 2008.

[18] L. A. Kroutil, D. L. Van Brunt,M.A.Herman-Stahl, D. C.Heller,
R. M. Bray, and M. A. Penne, “Nonmedical use of prescription
stimulants in the United States,” Drug and Alcohol Dependence,
vol. 84, no. 2, pp. 135–143, 2006.

[19] B. Partridge, S. Bell, J. Lucke, andW.Hall, “Australian university
students’ attitudes towards the use of prescription stimulants
as cognitive enhancers: perceived patterns of use, efficacy and
safety,” Drug and Alcohol Review, vol. 32, no. 3, pp. 295–302,
2013.

[20] A. G. Franke, K. Lieb, and E. Hildt, “What users think about the
differences between caffeine and illicit/prescription stimulants
for cognitive enhancement,” PLoS ONE, vol. 7, no. 6, Article ID
e40047, 2012.

[21] A. G. Franke, C. E. Schwarze, M. Christmann, C. Bonertz,
E. Hildt, and K. Lieb, “Characteristics of university students
using stimulants for cognitive enhancement: a pilot study,”
Psychiatrische Praxis, vol. 39, no. 4, pp. 174–180, 2012.

[22] E. Hildt, K. Lieb, and A. G. Franke, “Life context of pharmaco-
logical academic performance enhancement among university
students—a qualitative approach,” BMC Medical Ethics, vol. 15,
no. 1, article 23, 2014.

[23] J. Corbin and A. Strauss, Basics of Qualitative Research: Tech-
niques and Procedures for Developing Grounded Theory, Sage,
Thousand Oaks, Calif, USA, 2008.

[24] P. Mayring, Qualitative Inhaltsanalyse: Grundlagen und Tech-
niken, Beltz, Landsberg, Germany, 2010.

[25] A. D. DeSantis and A. C. Hane, “‘Adderall is definitely not
a drug’: justifications for the illegal use of ADHD stimulants
explanations for the illegal use of ADHD stimulants deSantis
and hane,” Substance Use and Misuse, vol. 45, no. 1-2, pp. 31–46,
2010.

[26] A. G. Franke, C. Bonertz, M. Christmann, S. Engeser, and K.
Lieb, “Attitudes towards cognitive enhancement in users and
non-users of stimulants for cognitive enhancement: a pilot
study,” AJOB Primary Research, vol. 3, no. 1, pp. 48–57, 2012.

[27] E. Hildt and A. G. Franke, Cognitive Enhancement. An Inter-
disciplinary Perspective, Springer, Dordrecht, The Netherlands,
2013.

[28] C. Forlini and E. Racine, “Autonomy and coercion in academic
“cognitive enhancement” using methylphenidate: perspectives
of key stakeholders,”Neuroethics, vol. 2, no. 3, pp. 163–177, 2009.

[29] W. Sententia, “Neuroethical considerations: cognitive liberty
and converging technologies for improving human cognition,”
Annals of the New York Academy of Sciences, vol. 1013, pp. 221–
228, 2004.

[30] B. Foddy and J. Savulescu, “Addiction and autonomy: can
addicted people consent to the prescription of their drug of
addiction?” Bioethics, vol. 20, no. 1, pp. 1–15, 2006.

[31] K. Drabiak-Syed, “Reining in the pharmacological enhance-
ment train: we should remain vigilant about regulatory stan-
dards for prescribing controlled substances,” Journal of Law,
Medicine and Ethics, vol. 39, no. 2, pp. 272–279, 2011.

[32] W.D.Hall and J. C. Lucke, “The enhancement use of neurophar-
maceuticals: more scepticism and caution needed,” Addiction,
vol. 105, no. 12, pp. 2041–2043, 2010.

[33] C. Forlini and E. Racine, “Disagreements with implications:
diverging discourses on the ethics of non-medical use of
methylphenidate for performance enhancement,” BMCMedical
Ethics, vol. 10, no. 1, article 9, 2009.

[34] B. J. Partridge, S. K. Bell, J. C. Lucke, S. Yeates, and W. D.
Hall, “Smart drugs “as common as coffee”: media hype about
neuroenhancement,”PLoSONE, vol. 6, no. 11, Article ID e28416,
2011.


