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Background: According to the literature, the conditions of studying and living as well

as the psychological, social and health behavior-related variables, which were strongly

related to pharmacological neuroenhancement (PN) before the pandemic, significantly

changed during the pandemic. For this reason, it is expected that the prevalence of

PN among university students is higher during the pandemic compared to before the

pandemic. Therefore, the present study aimed to investigate and compare the prevalence

of PN among university students before and during the COVID-19-pandemic.

Methods: Three online surveys assessing the 12-month prevalence of PN were

conducted among university students at the University of Mainz, Germany. The first

survey took place in summer term 2019 (before the pandemic), the second in summer

term 2020 (during the first German lockdown), and the third in summer term 2021 (after

the second German lockdown). Pearson’s chi-square test was used to test whether the

12-month prevalence of PN differed significantly between the three surveys.

Results: The 12-month prevalence of PN was 10.4% in 2019, 11.3% in 2020, and

8.0% in 2021. Chi-square tests revealed no statistical difference in the prevalence

of PN between 2019 and 2020. Overall, the use of PN was lower in 2021

compared to 2019 (p < 0.0001) as well as in comparison to 2020 (p = 0.001).

Only the use of cannabis slightly increased from 2019 to 2020 (7.1 vs. 8.3%) and

decreased in 2021 (5.4%). At all three time points, cannabis was the most commonly
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used substance for the purpose of PN. Consequently, the results suggest that the

prevalence of PN was highly intertwined with the prevalence of cannabis use for PN.

Discussion: The decrease in the prevalence of PN of around three percentage points

in 2021 compared to the previous years was a surprising finding. It may be mainly due to

the decrease in the prevalence of cannabis for the purpose of PN. However, the fairly high

prevalence of PN of around 8% in 2021 is still an important finding that demonstrates

that there is still an urgent need for prevention initiatives among university students to

combat the use of PN.

Keywords: university, college, epidemiology, brain doping, neuroenhancement (NE)

INTRODUCTION

Pharmacological neuroenhancement (PN) is generally defined
as the use of illicit or prescription drugs by healthy individuals
for cognitive-enhancing purposes such as enhancing alertness,
attention, concentration, memory, and mood (1, 2). Daubner
et al. (3) give a more in-depth look at the development
and discussion regarding the different, partly popular scientific
terminology and paraphrases around PN. In western Europe
and the United States, epidemiological studies showed that
PN is prevalent specific occupational settings such as surgeons
and economics (4–6) and in the general population (7–9).
Furthermore, a considerable number of studies demonstrated the
use of PN in the collective of university students. For example,
as lifetime prevalence for PN, 7.8, 3.2, and 19.2% was reported
among Swiss (10), Norwegian (11), and British (12) students.
Using an indirect survey technique, Dietz et al. (13, 14) described
estimates for the 12-month prevalence of PN between 12 and
20% among university students from Austria and Germany.
These estimates varied between the different study disciplines.
Moreover, within a comprehensive review and meta-analysis,
Benson et al. (15) reported the 12-month prevalence for the use of
prescription stimulants to lay between 5 and 35% among college
students in the US, demonstrating considerable heterogeneity in
the range of this prevalence.

From a public health point of view, the use of PN is seen
critically because it appears to be associated with physiological
and psychological side effects and increased mortality, can lead
to addiction, and may provide a gateway for the use of other
substances (16–21). Therefore, the need for prevention of PN
has been underlined by several experts (3). In this context,
university students were pointed out as a population of specific
relevance, since university students are tomorrow’s leaders,
decision-makers, and parents. Consequently, health promotion
and prevention in this collective would be sustainable and
beneficial for the general society (22, 23). Aiming to develop
and implement prevention strategies of PN among university
students more specifically, Heller et al. (24) investigated
potential sociodemographic and study-related risk groups as
well as predictors of PN taking sociodemographic, psychological,
study-related, general psychosocial factors, as well as health
behavior-related variables into account. They concluded that
specific health behavior variables such as physical activity or

nutrition had the most decisive influence on the explained
variance of PN, supporting the results of previous studies
(13, 25). In addition, other studies identified psychological
factors such as stress (26–28) and study-related psychosocial
factors such as perceived academic benefits (29–32) being
related to PN.

On January 7th, 2020, Chinese authorities identified a novel
coronavirus (SARS-CoV-2). Due to the rapid increase in cases
of the corresponding coronavirus disease 2019 (COVID-19)
worldwide, theWorld Health Organization officially declared the
spread of COVID-19 as a pandemic (33). In response to the
pandemic, universities in Germany were closed in March 2020
aiming to positively influence the course of infection. The abrupt
loss of personal contacts with peers and faculty, postponement
of curricula, research, practical work, and exchange programs,
profound changes regarding their financial and housing situation
as well as the abrupt switch to online learning (34–36) happened
with far-reaching consequences, not only for the education
of students but also for their mental health, health behavior
and social behavior. For example, using a longitudinal design,
Werner et al. (37) showed that university students’ levels of
loneliness and depression, symptoms of anxiety, and somatic
complaints increased during the pandemic, supporting the
results of previous studies from the USA and China (38, 39).
With regard to behavioral variables, Csépe et al. (40) concluded
that social behavior (e.g., fear and adherence to rules) and health-
related behavior (e.g., smoking, nutrition, and physical activity)
of university students changed in a negative way during the
pandemic (40).

In summary, many empirical studies showed that PN was
prevalent among university students before the COVID-19-
pandemic. Furthermore, a wide range of explanatory variables
of PN were examined before the pandemic, ranging from
psychological, social, study-related, and health behavioral
variables. However, with regard to the prevalence of PN among
university students during the pandemic, we are not aware of any
internationally published article addressing this issue. Since the
conditions of studying and living as well as the psychological,
social, and health behavior-related variables, which were strongly
related to PN before the pandemic, significantly changed during
the pandemic, it is expected that the prevalence of PN among
university students is higher during the pandemic compared
to before the pandemic. Therefore, the present study aimed to
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address this knowledge gap by investigating and comparing the
prevalence of PN among university students before and during
the COVID-19-pandemic.

METHODS

Three online surveys were conducted among university
students at the University of Mainz, Germany, as part of the
interdisciplinary research project Healthy Campus Mainz. The
first survey took place in summer term 2019 between June and
August (before the pandemic), the second in summer term
2020 in June (during the first German lockdown), and the
third in summer term 2021 between June and August (after
the second German lockdown). All three surveys followed
the same procedure. Students were invited to participate via
e-mail addressed to all registered students using the central
student mailing list of the university. The questionnaire of
the first (pre-pandemic) survey covered questions regarding
sociodemographic data, health status, health behavior, and
a wide range of potential determinants of health status and
health behavior. More specific information concerning the
survey procedure and the content of the first survey can
be found elsewhere (41). The second and third (pandemic)
survey contained additional specific questions with regard to
the COVID-19-pandemic. Participation was voluntary and
informed consent was obtained before participation. Study
approval was obtained by the ethical committee of the Medical
Association of Rhineland-Palatinate (No. 2019-14336) for
the first study and the Institute of Psychology of the JGU
for the second (No. 2020-JGU-psychEK-S008) and the third
(2021-JGU-psychEK-S017) study.

PN was investigated in all surveys as part of the health
behavior questions following the same methodical approach
published for example, by Heller et al. (24) and others (4, 5).
Accordingly, the translated question to assess the prevalence
PN was: “Have you ever used the following substance/-s
without medical necessity, for the purpose of enhancing your
cognitive performance or to better handle your studies (not for
reasons of enjoyment)?” The following illicit or prescription
drugs could be selected via multiple-choice, and each with
the scale “never,” “within the last 30 days,” “within the last
12 months,” or “more than 12 months ago”: methylphenidate
(e.g., Ritalin R©), amphetamine preparation (e.g., Adderall R©),
atomoxetine (e.g., Strattera R©), modafinil (e.g., Provigil R©),
ecstasy, ephedrine, cocaine, illicit amphetamines (e.g., Speed),
crystal meth, cannabis, and “other substances.” To be able to
investigate potential changes in the prevalence of PN over time,
the 12-month prevalence (dichotomous: “yes”/“no”) instead of
the lifetime prevalence was used for all further analyses. Pearson’s
chi-square test was used to test whether the 12-month prevalence
of PN differed significantly between the three surveys. The
prevalence of PN is presented as proportion of “yes” in the
analyzed sample. Descriptive variables of the three surveys are
presented as means with standard deviations (SD) for continuous
variables and as absolute and relative frequencies numbers and
percentages for categorical variables.

RESULTS

After data cleaning, a total of N = 4,351 students participated in
the 2019 survey, N = 3,066 students in the 2020 survey and N
= 1,438 students in the 2021 survey. The samples of the three
surveys were largely comparable with regard to gender, age, and
study-related characteristics (Table 1). The specific question with
regard to the prevalence of PN was answered by N = 3,984
students in 2019, N = 2,796 students in 2020, and N = 1,232
students in 2021. The 12-month prevalence of PN was 10.4%
in 2019, 11.3% in 2020, and 8.0% in 2021 (Table 2). Chi-square
tests revealed no statistical difference in the prevalence of PN
between 2019 and 2020. Overall, the use of PN was lower in
2021 compared to 2019 (p < 0.0001) as well as in comparison to
2020 (p = 0.001). Taking a closer look at the specific substances
used for the purpose of PN (Table 3), it can be seen that
the 12-month-prevalence rates of all substances were relatively
constant at the three time points. Only the use of cannabis
slightly increased from 2019 to 2020 (7.1 vs. 8.3%) and decreased
in 2021 (5.4%).

DISCUSSION

In the present study, we investigated whether the 12-month
prevalence of PN among university students was higher during
the COVID-19-pandemic compared to the prevalence before
the pandemic. Therefore, three waves of survey in the summer
terms of the respective years were conducted, one before the
pandemic (2019), one during the first German lockdown (2020),
and one after the second German lockdown (2021), when the
infection case rates were continuously decreasing in Germany
and lockdown measures were loosened. The sample sizes of
the three surveys decreased from 2019 to 2020 and from 2020
to 2021. As we used the same methodological approach for
recruiting university studens in all three surveys by contacting
all students of the University of Mainz per E-Mail via a central
mailing list (41), we do not think that the decrease in sample
size had methodological reasons. However, we noticed (although
empirical data are lacking for this hypothesis) an increase in
“tiredness” of being online most time of the day for example
for working, studying, and social interactions. Consequently, we
hypothesize that the university students lost their motivation
to participate in one more voluntary online survey during the
pandemic what may be a reason for the decrease in sample size.

Contrary to our expectation, the prevalence of PN was
relatively constant in 2019 and 2020 but decreased significantly in
2021. At all three time points, cannabis was the most commonly
used substance for the purpose of PN, which made up around
two-thirds to three-fourths of the total prevalence of PN at all
measurement points. Consequently, the results suggest that the
prevalence of PN was highly intertwined with the prevalence of
cannabis use for PN.

The relatively constant or slightly increasing numbers from
2019 and 2020 are in line with the recently published drug survey
2021 of the federal government, indicating that the prevalence
of the use of cannabis among young adults is continuously
increasing since the last years (42). Furthermore, as stated in
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TABLE 1 | Sample characteristics of the three surveys.

2019 (pre-pandemic, N = 4,351) 2020 (during pandemic, N = 3,066) 2021 (during pandemic, N = 1,438)

Gender, n (%) (n = 4,350) (n = 3,066) (n = 1,436)

Female 3,065 (70.4) 2,225 (72.6) 1,065 (74.2)

Male 1,246 (28.6) 821 (26.8) 338 (23.5)

Diverse 39 (0.9) 20 (0.7) 23 (2.3)

Age, years (mean ± SD) 16–73 (23.8 ± 4.4) 16–68 (23.4 ± 4.4) 16–69 (23.7 ± 4.7)

Semester (mean ± SD) 1–45 (7.1 ± 4.9) 1–35 (6.4 ± 4.5) 1–38 (6.5 ± 4.7)

Aspired degree, n (%) (n = 4,351) (n = 3,065) (n = 1,436)

Bachelor 2,261 (52.0) 1,709 (55.8) 827 (57.6)

Master 920 (21.1) 645 (21.0) 269 (18.7)

State examination 977 (22.5) 662 (21.6) 317 (22.1)

Other 193 (4.4) 49 (1.6) 23 (1.6)

Field of study, n (%) (n = 4,342) (n = 3,012) (n = 1,430)

STEMa 783 (18.0) 506 (16.8) 217 (15.2)

Social sciences, media or sport 774 (17.8) 493 (16.4) 269 (18.8)

Linguistics, humanities, and cultural

sciences

871 (20.1) 621 (20.6) 315 (22.0)

Medicine 582 (13.4) 341 (11.3) 211 (14.8)

Law and economics 576 (13.3) 479 (15.9) 156 (10.9)

Teaching 665 (15.3) 510 (16.9) 243 (16.9)

Other 91 (2.1) 62 (2.1) 19 (1.3)

aScience, Technology, Engineering, and Mathematics.

TABLE 2 | Twelve-month prevalence of PN in the three surveys.

2019 (pre-

pandemic)

2020 (during

pandemic)

2021 (during

pandemic)

All participants, n 3,984 2,796 1,232

12-month prevalence,

n (%)

416 (10.4) 316 (11.3) 98 (8.0)

the world drug report 2021 of the United Nations, cannabis use
patterns had remained relatively stable during the first lockdown
period in the EuropeanUnion, with nearly half of the participants
reporting no change in their cannabis use, compared with the
pre-lockdown period. In addition, as described in the second
booklet on the global overview of drug demand and drug supply
of the world drug report 2021, supply chains for Cannabis and
also for other psychoactive substances were not affected by the
pandemic. In the fifth booklet of this report on the impact of
COVID-19 on drugs, it is further stated that COVID-19 may
have accelerated the pre-existing trends toward increased use and
availability of cannabis in some high-income countries as some
people have turned to the drug to alleviate stress or manage
boredom brought on by stay-at-home orders (43). However,
these reports refer to the prevalence for the use of cannabis per
se and not for the specific purpose of PN, as we did in our
study. Therefore, the comparability of numbers has to be seen
with caution.

The decrease in the prevalence of PN of around three
percentage points in 2021 compared to the previous years was

a surprising finding. It may be mainly due to the decrease in
the prevalence of cannabis for the purpose of PN, which was
also around three percentage points. In contrast, the prevalence
for the other surveyed substances for PN remained the same.
However, as literature regarding the prevalence of PN during the
COVID-19-pandemic is rare, any discussion of this finding will
be mostly hypothetical. One reasoning could be that potential
demands (e.g., mental, social, and study-related) that were
present during the lockdown and university closure period may
have decreased after the end of the lockdown when infection
case rates declined and restrictions were continuously loosened.
In contrast to this reasoning, a study among college students
performed at seven colleges in the United States showed that
depressive symptoms and anger were modestly higher post-
college closure compared to pre-college closure period, whereas
no differences were observed in anxiety symptoms or insomnia
and variables of cannabis use. However, the data were subject
to both self-report and self-selection bias (44). One theoretical
approach to explain the decrease of the prevalence of PN in
2021 could be Kahnemanns’s Prospect Theory (45). According
to this approach, the slightly higher prevalence of PN at the
beginning of the pandemic (2020) could be explained by the
situation and circumstances that students were confronted with,
which were characterized by many uncertainties such as loss
of personal contacts with peers and faculty, research, practical
work, and exchange programs, profound changes regarding
their financial and housing situation as well as the abrupt
switch to online learning. These may have increased tendencies
toward risk behaviors like PN. In contrast, the decreased
prevalence of PN in 2021 reflects that the experiences after
1 year of studying under the conditions of the pandemic
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TABLE 3 | Prevalences for the use of each specific illicit or prescription drug for PN in the three surveys (N = 3,984 in 2019; N = 2,796 in 2020; N = 1,232 in 2021).

12-month prevalence for the use of specific substances for PN

2019 (pre-pandemic) 2020 (during pandemic) 2021 (during pandemic)

Prescription and illicit drugs

Methylphenidate 1.4% (n = 54) 1.5% (n = 46) 1.4% (n = 17)

Amphetamine preparation 0.2% (n = 7) 0.3% (n = 8) 0.2% (n = 3)

Atomoxetine 0.2% (n = 6) 0.2% (n = 5) 0.2% (n = 3)

Modafinil 0.3% (n = 13) 0.2% (n = 6) 0.2% (n = 3)

Ecstasy (MDMA) 1.0% (n = 38) 0.8% (n = 23) 0.6% (n = 8)

Ephedrine 0.2% (n = 8) 0.1% (n = 3) 0.2% (n = 3)

Cocaine 0.6% (n = 25) 0.9% (n = 25) 0.6% (n = 7)

Amphetamine 0.9% (n = 36) 0.9% (n = 25) 0.6% (n = 7)

Crystal meth 0.1% (n = 3) 0.1% (n = 4) 0.0% (n = 0)

Cannabis 7.1% (n = 284) 8.3% (n = 230) 5.4% (n = 67)

Other substances 2.2% (n = 91) 2.8% (n = 77) 1.8% (n = 22)

may have given a certain kind of security to the students
that studies can be handled and even solutions like online-
exams may cause less stress and therefore less risk behviors
like PN.

For a more in-depth interpretation of the present results,
especially the decrease in the prevalence of PN in 2021
compared to the previous years, more studies are needed
addressing the prevalence of PN among university students and
potential explanatory variables of PN during the COVID-19-
pandemic. Despite the necessity of further research, the fairly
high prevalence of PN of around 8% is still an important
finding that demonstrates that there is still an urgent need for
prevention initiatives among university students to combat the
use of PN. To be able to plan evidence-based and effective PN-
prevention initiatives for university students, it is important to
understand the conditions and factors predicting PN among this
target group. In this context, using a stepwise binary logistic
regression model, Heller et al. (24) showed that specific varibles
of health behavior predicted the use of PN among university
students indicating that initiatives strengthening health behavior
may prevent PN. This is in line with other research indicating
that strengthening health-related key skills and ressources (in
the sense of positive coping strategies) leads to a decrease
in the prevalence of PN. For example, Bagusat et al. (26)
concluded that tailored resilience interventions that improve
the ability to adapt to and recover from stressors prevent
the use of PN. Consequently, we recommend that initiatives
aiming to prevent PN among university students have to be
multifactorial taking the specific conditons of studying into
account and have to focus on strengthening competences with
regard to health behavior, mental health literacy and non-
pharmacological ressources and strategies (24, 46, 47). Especially
during the COVID-19-pandemic and in times of distance-
teaching, online programs are of particular relevance. To name
just some concrete examples of evidence-based online intitiatives
for university students, at the university of Mainz, Germany,

KEN-Online, and STUDYCoach are programs where students
learn to deal with, for example, their emotions, stress, or
symptoms of depression or anxiety. Another approach which
aims to transport the topics physical activity, sedentary behavior
and digital detox into (online) lectures is the program called
Health Express. Here, long lectures are interrupted by short video
clips which address a specific health-related topic and which were
specifically developed for the target group university students
under participation of university students. Moving from sitting
into standing position is obligatory at the beginning of all video
clips (48).

As potential limitation, it has to be mentioned that no causal
inference can be drawn from cross-sectional data, as performed
in the present study.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Medical Association of Rhineland-Palatinate (No.
2019-14336) for the first study and the Institute of Psychology
of the JGU for the second (No. 2020-JGU-psychEK-S008) and
the third (2021-JGU-psychEK-S017) study. Written informed
consent from the participants’ legal guardian/next of kin was
not required to participate in this study in accordance with the
national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

PD, AW, MS, JR, LM, and SH contributed in data collection.
PD, AW, and SH contributed in data analysis. PD, PS, and SH
contributed in interpretation of the results. PD had the lead in

Frontiers in Public Health | www.frontiersin.org 5 March 2022 | Volume 10 | Article 813328

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Dietz et al. Pharmacological Neuroenhancement Among University Students

manuscript writing. All authors have read and approved the final
draft of the manuscript and contributed in conceptualization and
study design.

FUNDING

This Healthy Campus Mainz project was funded by BARMER
health insurance and carried out with the support of the

Johannes Gutenberg-University of Mainz and the University
Medical Center of the Johannes Gutenberg-University
of Mainz.

ACKNOWLEDGMENTS

The authors would like to thank all university students who
participated in the studies.

REFERENCES

1. Franke AG, Lieb K. [Pharmacological neuroenhancement and brain
doping: chances and risks]. Bundesgesundheitsblatt Gesundheitsforschung

Gesundheitsschutz. (2010) 53:853–9. doi: 10.1007/s00103-010-1105-0
2. Dietz P, Ulrich R, Dalaker R, Striegel H, Franke AG, Lieb K, et al. Associations

between physical and cognitive doping - a cross-sectional study in 2.997
triathletes. PLoS One. (2013) 8:e78702. doi: 10.1371/journal.pone.0078702

3. Daubner J, Arshaad MI, Henseler C, Hescheler J, Ehninger D, Broich K, et al.
Pharmacological neuroenhancement: current aspects of categorization,
epidemiology, pharmacology, drug development, ethics, and future
perspectives. Neural Plast. (2021) 2021:8823383. doi: 10.1155/2021/8823383

4. Dietz P, Soyka M, Franke AG. Pharmacological neuroenhancement in the
field of economics-poll results from an online survey. Front Psychol. (2016)
7:520. doi: 10.3389/fpsyg.2016.00520

5. Franke AG, Bagusat C, Dietz P, Hoffmann I, Simon P, Ulrich R, et al. Use
of illicit and prescription drugs for cognitive or mood enhancement among
surgeons. BMCMed. (2013) 11:102. doi: 10.1186/1741-7015-11-102

6. Dietz P, Dresen A. Pharmakologisches Neuroenhancement: ein
arbeitsepidemiologischer Überblick. In: Letzel S, Nowak D, editors.Handbuch
der Arbeitsmedizin. Landsberg am Lech: Ecomed Medizin (2019). p. 1–11.

7. Compton WM, Han B, Blanco C, Johnson K, Jones CM. Prevalence
and correlates of prescription stimulant use, misuse, use disorders, and
motivations for misuse among adults in the United States. Am J Psychiatry.

(2018) 175:741–55. doi: 10.1176/appi.ajp.2018.17091048
8. Maier LJ, Haug S, Schaub MP. Prevalence of and motives for pharmacological

neuroenhancement in Switzerland–results from a national Internet panel.
Addiction. (2016) 111:280–95. doi: 10.1111/add.13059

9. Maier LJ, Ferris JA, Winstock AR. Pharmacological cognitive enhancement
among non-ADHD individuals-A cross-sectional study in 15 countries. Int J
Drug Policy. (2018) 58:104–12. doi: 10.1016/j.drugpo.2018.05.009

10. Maier LJ, Liechti ME, Herzig F, Schaub MP. To dope or not
to dope: neuroenhancement with prescription drugs and drugs
of abuse among Swiss university students. PLoS One. (2013)
8:e77967. doi: 10.1371/journal.pone.0077967

11. Myrseth H, Pallesen S, Torsheim T, Erevik EK. Prevalence and
correlates of stimulant and depressant pharmacological cognitive
enhancement among Norwegian students. Nordisk Alkohol Nark. (2018)
35:372–87. doi: 10.1177/1455072518778493

12. McDermott H, Lane H, Alonso M. Working smart: the use of ‘cognitive
enhancers’ by UK university students. J Further Higher Educ. (2021) 45:270–
83. doi: 10.1080/0309877X.2020.1753179

13. Dietz P, Iberl B, Schuett E, van Poppel M, Ulrich R, Sattler MC. Prevalence
estimates for pharmacological neuroenhancement in Austrian university
students: its relation to health-related risk attitude and the framing effect of
caffeine tablets. Front Pharmacol. (2018) 9:494. doi: 10.3389/fphar.2018.00494

14. Dietz P, Striegel H, Franke AG, Lieb K, Simon P, Ulrich R. Randomized
response estimates for the 12-month prevalence of cognitive-
enhancing drug use in university students. Pharmacotherapy. (2013)
33:44–50. doi: 10.1002/phar.1166

15. Benson K, Flory K, Humphreys KL, Lee SS. Misuse of stimulant medication
among college students: a comprehensive review andmeta-analysis.Clin Child
Fam Psychol Rev. (2015) 18:50–76. doi: 10.1007/s10567-014-0177-z

16. Franke AG, Lieb K, Hildt E. What users think about the differences between
caffeine and illicit/prescription stimulants for cognitive enhancement. PLoS
One. (2012) 7:e40047. doi: 10.1371/journal.pone.0040047

17. McCabe SE, Veliz P, Wilens TE, Schulenberg JE. Adolescents’
prescription stimulant use and adult functional outcomes: a national
prospective study. J Am Acad Child Adolesc Psychiatry. (2017)
56:226–33.e4. doi: 10.1016/j.jaac.2016.12.008

18. Wilens TE, Carrellas NW, Martelon M, Yule AM, Fried R, Anselmo R, et al.
Neuropsychological functioning in college students who misuse prescription
stimulants. Am J Addict. (2017) 26:379–87. doi: 10.1111/ajad.12551

19. Chen L-Y, Crum RM, Strain EC, Alexander GC, Kaufmann C, Mojtabai
R. Prescriptions, nonmedical use, and emergency department visits
involving prescription stimulants. J Clin Psychiatry. (2016) 77:e297–
e304. doi: 10.4088/JCP.14m09291

20. Dietz P. Associations Between Substance Use for Cognitive and Physical

Enhancement: Using the Randomized Response Technique to Explore a

General Propensity to Enhance. Zentralbibliothek Universität Mainz: Mainzer
Hochschulschrift (2014).

21. Dietz P, Dresen A. Medikamentenmissbrauch an deutschen Hochschulen
als Ausdruck einer Leistungsgesellschaft. In: Göring A, Möllenbeck
D, editors. Bewegungsorientierte Gesundheitsförderung an Hochschulen.
Göttingen: Universitätsverlag (2015). p. 9–20.

22. Dietz P, Reichel JL, Edelmann D, Werner AM, Tibubos AN, Schäfer M,
et al. A systematic umbrella review on the epidemiology of modifiable health
influencing factors and on health promoting interventions among university
students. Front Public Health. (2020) 8:137. doi: 10.3389/fpubh.2020.00137

23. International Conference on Health Promoting Universities &
Colleges. Okanagan Charter: An International Charter for Health

Promoting Universities and Colleges. (2015). Available online at: https://
internationalhealthycampuses2015.sites.olt.ubc.ca/files/2016/01/Okanagan-
Charter-January13v2.pdf (accessed May 23, 2019).

24. Heller S, Tibubos AN, Hoff TA, Werner AM, Reichel JL, Mülder LM, et al.
Potential risk groups and psychological, psychosocial, and health behavioral
predictors of pharmacological neuroenhancement among university
students in Germany. Sci Rep. (2022) 12:937. doi: 10.1038/s41598-022-
04891-y

25. Jeffers A, Benotsch EG, Koester S.Misuse of prescription stimulants for weight
loss, psychosocial variables, and eating disordered behaviors. Appetite. (2013)
65:8–13. doi: 10.1016/j.appet.2013.01.008

26. Bagusat C, Kunzler A, Schlecht J, Franke AG, Chmitorz A, Lieb K.
Pharmacological neuroenhancement and the ability to recover from stress -
a representative cross-sectional survey among the German population. Subst
Abuse Treat Prev Policy. (2018) 13:37. doi: 10.1186/s13011-018-0174-1

27. Bruyn S de, Wouters E, Ponnet K, van Hal G. Popping smart pills in
medical school: Are competition and stress associated with the misuse of
prescription stimulants among students? Subst Use Misuse. (2019) 54:1191–
202. doi: 10.1080/10826084.2019.1572190

28. Sattler S, Schunck R. Associations between the big five personality traits and
the non-medical use of prescription drugs for cognitive enhancement. Front
Psychol. (2015) 6:1971. doi: 10.3389/fpsyg.2015.01971

29. Holt LJ, McCarthy MD. Predictors of prescription stimulant
misuse in U.S. College Graduates. Subst Use Misuse. (2020)
55:644–57. doi: 10.1080/10826084.2019.1692867

30. Holm AJ, Hausman H, Rhodes MG. Study strategies and “study
drugs”: investigating the relationship between college students’ study
behaviors and prescription stimulant misuse. J Am Coll Health. (2020)
1–10. doi: 10.1080/07448481.2020.1785472
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