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Abstract

Background

Cognitive enhancers (CE) are often used to improve memory, alertness and cognitive

capacity. These products are commercially and pharmaceutically available. Due to high

academic pressure, university students are at risk of CE misuse. However, data regarding

this issue are limited, especially in the United Arab Emirates (UAE).

Aims

To assess the prevalence of CE intake; evaluate students’ knowledge of these substances;

and identify student characteristics associated with CE usage.

Method

A cross sectional study based on a validated online survey that was distributed using univer-

sity-licensed software (Qualtrics) as a direct web link via email and social media to all Medi-

cal, Pharmacy, Dentistry, Nursing and Engineering students enrolled in six UAE

universities. Associations between student characteristics and CE use were investigated

using the chi-squared test and multiple logistic regression. Reasons for CE use, temporal

patterns of use, details regarding purchase and types of CE used were compared by

gender.

Results

One quarter of students had used CEs. There was a clear difference between users and

non-users in terms of gender (p<0.001). CE users were disproportionately represented by

students from either UAE or other Arab countries (p<0.001), and by students of Medicine,

followed by Pharmacy, Dentistry, and Engineering (p<0.001). CE use increased with year of
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study, reaching the highest level in the fourth year (p<0.001), which for most programmes is

the final year. Modafinil was self-administered, especially in males, for concentration and

alertness; B12 was typically taken by female students for academic performance and con-

centration; and high-dosage caffeine compounds were ingested to improve alertness levels.

Use of the internet for both obtaining information and purchasing CEs was frequently

reported. Multiple logistic regression analysis showed that gender, nationality, and year of

study were associated with CE use among UAE university students.

Conclusions

Universities need to address the prevalence of CE use amongst their students by providing

effective support programs.

Introduction

Most substances referred to as pharmacological cognitive enhancers were originally developed

to treat neuropsychiatric disorders that are often accompanied by cognitive deficits [1]. These

pharmacological cognitive enhancers (CEs), also known as study drugs and nootropics, are

additionally used due to their alleged potential to improve memory, mental alertness, concen-

tration and boost energy levels in healthy individuals, despite the reported drawbacks of its use

such as dependency and the occurrence of psychiatric disorders [2, 3]. Cognitive enhancement

is defined as an amplification or extension of core capacity of the mind by improving the inter-

nal and external information processing systems [4]. Substance use for cognitive enhancement

has been reported by healthy university students to boost their academic performance [5].

A systematic literature review on an updated overview of 48 studies in various countries on the

use of the most popular CEs prescription and non-prescription drugs among healthy university

students has recently been published [6]. Prescription CEs including amphetamine salt mixtures,

methylphenidate, modafinil and piracetam; and non-prescription CEs including caffeine, cobala-

min (vitamin B12), guarana, pyridoxine (vitamin B6) and vinpocetine [6] were mentioned,

although the most popular prescription CEs used among the university students were modafinil,

methylphenidate and amphetamine salt mixtures [7]. Methylphenidate was the most popular pre-

scription CE [8], and caffeine pills the most popular non-prescription CE [9]. However, the effec-

tiveness of CEs among healthy participants and their efficacy is still unclear [2, 10].

The number of recent studies published concerning CE use indicates the rising interest in

academic research, initially in the US and more recently in Europe, to understand the use of

CEs by university students [11]. In the UK, a study showed that out of 1614 students, 33% of

them had used prescription CEs that had not been prescribed for them [12]. From a sample of

877 students from UK and Irish universities, it was found that the lifetime prevalence of the

use of modafinil, methylphenidate and amphetamine were, respectively, 6.2%, 5.9%, and 2%

[11]. A meta-analysis from the US estimated that the misuse of CEs among university students

was 17% [13]. In a study conducted in Brazil, out of 1865 students, 4.2% reported to having

had used CEs in the last 12 months, with the most popular being methylphenidate [14]. Based

on the review of the literature, only one study has been conducted in the UAE on the use of

caffeine consumption as a CE among University students [15].

A survey involving around 60 countries showed that 20% of participants had already tried

CEs; some 34% of subjects had purchased these from the internet, 14% from a pharmacy, and

52% from a physician [16]. The Global Drug Survey carried out in 2015 and 2017 among healthy
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university students reported on CE prescription drug use rates; these increased over time in all 15

countries for which data were analysed [17]. Main reported sources of supply for CEs included

friends (47.8%); the web (11.8%); family members (6.1%); and physicians (3.8%) [17].

There may be levels of substantial CE use among students in high-ranking universities and

highly competitive courses such as Medicine [18] and Pharmacy [19]. A study conducted in

Saudi Arabia, a country that is geographically and socially similar to UAE, assessed the preva-

lence and motivation of illicit use of stimulants in 1177 medical students; some 29 (2.46%)

were found to be using stimulants illicitly [20].

In UAE, the rates of both non-medical use of prescription stimulants and the use of legal/

illegal drugs to enhance cognitive performance in healthy individuals are still not known. This

study was designed to estimate the prevalence of CE use in six UAE undergraduate universi-

ties; describe the socio-demographics of CE-using students compared to non-users; identify

factors associated with higher risk of CE use; and evaluate characteristics of the use of CEs

within the UAE Higher Education institutions involved.

The main study hypotheses were as follows: (1) the prevalence of CE use in UAE universi-

ties is comparable to that reported elsewhere; (2) gender, age, year of study, study programs

and nationalities are candidate variables/factors associated with CE use among the UAE uni-

versity students; (3) Male and female students differ in their use of CEs.

Material and methods

Study design and setting

A cross-sectional survey-based study was conducted from March 2020 until November 2020.

The period included the examination and typical end-of-term deadlines characteristic of all

universities in the UAE.

Study population

The target population for this study comprised undergraduate students at various university

levels in the UAE.

The study was conducted in six institutions: Al-Ain university (AAU) which is located in

the Southwest; Mohammed Bin Rashid University of Medicine and Health Science university

(MBRU) in the Northeast; and four institutions located in the Northern Emirates of UAE

(Ajman University (AU), University of Science and Technology (USTF), Ras Al Khaimah

Medical and Health Sciences University (RAKMHSU) and University of Sharjah (UOS).

These universities were selected based on their geographical location. Also, this study identi-

fied one Ministry of Higher and Scientific Research accredited university offering Dentistry,

Medicine, Pharmacy, Engineering, and Nursing courses per state. All selected courses were

highly competitive programmes requiring top grades from applicants for entry.

Inclusion and exclusion criteria

All students registered in the selected undergraduate universities and the selected programmes

aged 18 years or more were eligible for inclusion. Younger, postgraduate, and students regis-

tered on other courses were excluded.

Sample size determination. The sample size n required to estimate a prevalence p with a

specified margin of error e was calculated using the formula as follows [21]:

n ¼ z2 pð1 � pÞ=e2 ð1Þ
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The value p = 0.5 was selected rather than the likely prevalence, as this gives the maximum

possible requirement for a specified margin of error. In this study, the chosen e = 0.05 and z

represents the value from a standard normal distribution corresponding to a 95% confidence

level = 1.96, giving a requirement of n� 385 participants. The target population of our study

comprised 7760 eligible students registered on the medical, pharmacy, dental, engineering and

nursing courses at the six universities during the academic year 2020/2021.

Survey design and validation

The questionnaire was adapted from surveys available from the literature [2, 11, 22–26]. To

validate the questionnaire, the questions were checked by the researcher followed by the super-

visory team consistent with the ‘Face Validity’ approach [27]. Again, a UK Royal Pharmaceuti-

cal Society member expert in the field of quantitative surveys provided further advice and

minor changes were made to improve the quality of the questions, in line with the ‘Content

Validity’ [28] approach. The survey was piloted amongst 10 postgraduate students to ensure

that questions were coherent, and further changes were implemented to improve the compre-

hension of some of the questions (‘Discriminant Validity’) [27].

The questionnaire was in English. While the first spoken language in UAE is Arabic, over

the last decade as reported by the Ministry of Higher Education and Scientific Research

(MOHESR), English has become a commonly spoken language, taught at all Higher Education

and Research Institutions [29]. Based on the findings from a recent systematic review [6], 9

drugs/substances (modafinil, amphetamines mixtures, methylphenidate, pyridoxine/vitamin

B6, super strength caffeine pills, guarana, piracetam, vinpocetine, cobalamin/vitamin B12)

were included in the study. These drugs/substances have proved to be most popular among

university students and frequently mentioned on the web as well [30].

Due to better ease of access [31]; the current COVID pandemic; and the administrative dif-

ficulties of paper surveys, use of an online tool was here considered the best option. The online

questionnaire consisted of 17 questions covering a range of topics concerning substances used

to enhance cognition for study/academic/work purposes. It included questions on personal

data such as gender, age group, nationality, programme of study and year of course for infor-

mation gathering purposes whilst ensuring full anonymity. The possible characteristics of CE

use was tested by a range of questions (see S1 Appendix), which included the name/s of drug

used, reasons for use, frequency and duration of consumption, source of drugs/substances,

cost, if the users achieved the required benefits; and if they recommended using these mole-

cules. To encourage participation in what could be seen as a sensitive area of research, CE

non-users could record just their gender and age group. Non-CE users who provided informa-

tion on nationality, programme of study and year of course were here referred to as ‘non-user

reporters’.

Ethical approval and study procedures

The study received full Ethical approval from the University of Hertfordshire UH (UK) [LMS/

PGR/UH/04025], RAK Medical and Health Sciences RAKMHSU (UAE) [RAKMHSU-REC-

178-2020-PG-P], and the Ministry of Health and Prevention Research Ethics Committee RAK

Subcommittee (UAE) [MOHAPIREC/2020/35-2020-PG-P).

Participation was voluntary and anonymous, in compliance with the General Data Protec-

tion Regulatory (GDPR) requirements [32]. Prior to participation in the study, all potential

participants were informed about the aims of the study and their rights to refuse participation

or withdraw from the study at any stage without any consequences. Each student gave their

consent before participating in the study.
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The Dean of each student union received a telephone call from the researcher and an email

was sent to all universities selected for the study requesting their permission to run the study

in their academic institutions following the approval of the Ethical Boards.

The questionnaire was distributed using university-licensed software (Qualtrics) and posted

as a direct web link to students on emails concerning their chosen course. Students were

emailed directly with a short explanation (consent), that included a title and the aims of the

study; it also provided the student with a link to complete the survey online. Participants who

completed the survey were entered into a draw for a £100 internet purchase voucher. The

questionnaire took on average about 5 minutes to complete. To facilitate the process and

increase the ease of participation, survey access was made possible through the smartphone as

well; an email reminder was sent to the students once a week for three months to increase the

response rate.

Data analysis

Files were kept on a password-protected laptop used by the researcher only, with scanned ver-

sions of study data having been kept on an encrypted folder until the completion of the project.

Data collected from the survey were automatically generated on an Excel sheet. All data were

checked for incomplete access and rogue entries, and questionnaires providing meaningful

information were retained. Data were then coded for analysis. Statistical analyses were carried

out by using IBM SPSS version 26.0 software package. The number of participants with missing

data due to not reporting or incomplete survey entries was recorded for each variable and indi-

cated in the tables. For each statistical analysis, participants with missing values were excluded.

The reliability and validity of the survey questionnaire were assessed using Cronbach’s

alpha [33]. Variables were summarised by frequencies and percentages. The chi-squared test

was used to compare users and non-users of CE with regard to gender and age-group (Fisher’s

exact test [34] was used when cell entries were small, i.e., more than 20% of cells had an

expected value of less than 5) and users with non CE users reporters on nationality, pro-

gramme of study and year of study. The significance level was taken to be 0.05. Univariate

analyses were used to select variables for inclusion in the subsequent multiple logistic regres-

sion analyses. Subject to both gender and age group giving a p value of less than 0.25 in univar-

iate analyses [35], users and non-users of CEs were compared by multiple logistic regression

with gender and age group as explanatory variables. Independence of observations was

assumed as the students who participated studied at universities with different geographical

locations. Lockdown and distance teaching meant that students answered the questionnaire

online. Spending most of the time physically apart from their fellow students, they were more

likely to give independent responses.

As an exploratory exercise, CE users were compared with the CE non-user reporters first by

simple logistic regression then by multiple logistic regression using gender, age group, nation-

ality, programme of study and year of study as explanatory variables. To check for potential

bias, non-user reporters were compared with the remaining non-users on gender and age

group.

For CE users only, demographics and characteristics of CE use were compared by gender

with the chi-squared test or Fisher’s exact test using the same criteria as described above (i.e.,

Fisher’s exact test [34] chosen when expected cell entries were small).

Results

In total, 560 completed questionnaires were received, exceeding the minimum sample size

required for this study. Following checks for incomplete access and spam entries, 38 of these
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were removed. Hence, 522 (7%) of the eligible students completed the questionnaire correctly

and participated (S1 Fig)

The survey questionnaire was found to be highly consistent and indicated high reliability

(Cronbach’s alpha = 0.903). Table 1 summarises the demographic data for all participants.

Around 60% of the respondents were female, and nearly all (94.6%) were from the 18–

25-year-old age group. The prevalence of CE usage in the total sample of study was 25.3% (132

out of 522 students). Of the 390 non-users, 109 (27.9%) reported their nationality, 71 (18.2%)

reported their programme of study and 101 (25.9%) reported their year of study, with 109

non-users reporting at least one of these items.

The distribution of nationality for the CE users was similar to that for the population of stu-

dents on these programmes as a whole, with UAE nationals and Asians representing the

majority of the population.

Tables 2 and 3 present a comparison of CE users with either non-users (2) or non-user

reporters (3). There were significant differences between users and non-users regarding

Table 1. Demographic characteristics of respondents from the UAE Universities.

Number 522

Gender Female 307 (59.5%)

Male 209 (40.5%)

(Missing) 6

Age 18–25 years 494 (94.6%)

26–35 years 15 (2.9%)

above 35 13 (2.5%)

CE consumer No 390 (74.7%)

Yes 132 (25.3%)

Nationality UK 14 (5.8%)

EU 1 (0.4%)

USA 2 (0.8%)

UAE 69 (28.8%)

Arab countries 73 (30.4%)

Asian countries 62 (25.8%)

Other 19 (7.9%)

(Missing) 282

Degree Medicine 104 (51.2%)

Pharmacy 38 (18.7%)

Dentistry 33 (16.3%)

Nursing 9 (4.4%)

Engineering 19 (9.4%)

(Missing) 319

Year of Study First 37 (15.7%)

Second 40 (17.0%)

Third 67 (28.4%)

Fourth 71 (30.1%)

Fifth 19 (8.1%)

Sixth 2 (0.9%)

(Missing) 286

Data are presented as frequencies (percentage of the non-missing responses from the UAE universities), missing

values are shown for comprehensive reporting purpose only. Percentages may not sum to 100 due to rounding.

https://doi.org/10.1371/journal.pone.0262704.t001
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gender (p<0.001) but not on age group (p = 0.875). With only one significant univariate result

relating to all non-users, it was not necessary to perform multiple logistic regression on the

complete sample of students.

CE users were disproportionately represented by students from either UAE or other Arab

countries (p<0.001), and by students of Medicine, followed by Pharmacy, Dentistry, and Engi-

neering (p<0.001). CE use increased in line with year of study, reaching the highest level in

the fourth year (p<0.001), which for most programmes is the final year.

In the assessment of potential bias, CE non-user reporters were comparable to remaining

non-users in terms of age group: 101/109 (92.7%) vs 267/281 (95.0%) aged 18–25 years. How-

ever, non-user reporters differed somewhat from the remaining non-users on gender: 88/109

(80.7%) vs 179/276 (64.9%) female, respectively. Working with the assumption that CE non-

user reporters were broadly representative of all CE non-users, simple logistic regression fol-

lowed by multiple logistic regression for CE use was applied to the CE users and CE non-user

reporters with gender, age group (18–25 vs above 25), nationality (UK, EU and USA vs UAE

Table 2. UAE students; demographics of CEs users vs non-users.

Number users 132 non-users 390 p value

Gender Female 40 (30.5%) 267 (69.4%) p<0.001 �

Male (Missing) 91 (69.5%) 1 118 (30.6%) 5

Age 18–25 126 (95.5%) 368 (94.4%) p = 0.875

26–35 3 (2.3%) 12 (3.1%)

above 35 3 (2.3%) 10 (2.9%)

� Significant difference between CE users and non-users.

https://doi.org/10.1371/journal.pone.0262704.t002

Table 3. UAE students; demographics of CEs users vs non-user reporters.

Number Nationality# UK users 132 8 (6.1%) non-user reporters 109 6 (5.5%) p<0.001 ��

EU 1 (0.8%) 0

USA 1 (0.8%) 1 (0.9%)

UAE 55 (42%) 14 (12.8%)

Arab countries 49 (37.4%) 24 (22%)

Asian countries 16 (12.2%) 46 (42.2%)

Other (Missing) 1 (0.8%) 1 18 (16.5%) not applicable

Degree Medicine 64 (50%) 36(50.7%) p<0.001 ��

Pharmacy 24 (18.8%) 14 (19.7%)

Dentistry 19 (14.8%) 14 (19.7%)

Nursing 2 (1.6%) 7 (9.9%)

Engineering (Missing) 19 (14.8%) 4 0 38

Year of Study First 9 (6.9%) 27 (26.7%) p<0.001 ��

Second 16 (12.1%) 24 (23.8%)

Third 39 (29.5%) 27 (26.7%)

Fourth 53 (40.2%) 17 (16.8%)

Fifth 12 (1.5%) 6 (5.9%)

Sixth (Missing) 2 (1.5%) 1 0 8

�� Significant difference between CE users v. non-user reporters.

# Fisher’s exact test.

Percentages may not sum to 100 due to rounding.

https://doi.org/10.1371/journal.pone.0262704.t003
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and Arab vs Asian), programme of study (Medicine v. others) and year of study (first two

years vs final years) as explanatory variables.

The simple logistic regression analyses showed that students who were males; 18-25-year-

old; from Emirati/remaining Arab origins; studying Medicine; and in the final years of their

study programmes presented with increased odds of using CEs. Students of Asian nationality

had reduced odds of using CEs. Based on the p value threshold of 0.25 for entry into the multi-

ple logistic regression, only gender, nationality, and year of study were selected.

The multiple logistic regression analysis showed that for university students in the UAE,

male gender and being in the final years of study were independently associated with a higher

risk of CE use. There was an indication of higher CE use with students of Emirati/ remaining

Arab origin whereas being of Asian nationality was associated with a reduced risk, although

these findings did not reach statistical significance (Table 4).

For CE female users, the proportion studying Dentistry exceeded that for males whereas

the reverse was true for Engineering students (p = 0.012 for differences in degrees’ distribu-

tion; Table 5). The distribution for the year of study did not differ significantly between males

and females.

Characteristics of CE use are compared by gender in Table 6. Most common reasons

behind CE intake was “academic performance” (30.5%) followed by “concentration” (27.5%)

and “alertness” (25.2%). With respect to females, male users felt that a positive effect was more

frequently associated with CE use (87.9% vs 60.0; p = 0.008). CEs were mostly ingested during

the “Exams” period (80.1%) and most typically for a period of “1–6 months” (53.4%) and “<1

month” (29%), with some 52.6% having reported a CE intake once/less than once per semester.

The duration of CE use seemed more prolonged in males (e.g., 67% used CEs for 1–12 months,

whilst 40% of females used CEs for less than 1 month). Conversely, about one third of students

reported a daily CE intake. The web, and especially so for males, was identified as the main CE

Table 4. Logistic regression analysis for CE use among university students in the UAE.

Variables Simple regression analysis Multiple regression analysis

Crude ORa (95% CI) p value Adjusted ORb (95%CI) p value

Gender

(baseline: Female)

Male 5.15 (3.35–7.92) <0.001 6.91 (3.440–13.91) <0.001

Age

(baseline: Above 25 years)

18–25 years 1.26 (0.50–3.20) 0.630

Nationality

(baseline: UK, EU and USA)

UAE and Arab 1.19 (0.50–2.90) 0.707 2.68 (0.95–7.51) 0.062

Asian 0.16 (0.10–0.30) 0.001 0.43 (0.17–1.08) 0.073

Programme of Study

(baseline: Other programs)

Medicine 0.988 (0.55–0.1.77) 0.967

Year of study

(baseline: First two years)

Final years (3–5) 4.28 (2.39–7.69) <0.001 2.40 (1.20–4.80) 0.001

a: Simple logistic regression
b: Multiple logistic regression.

The model reasonably fits well, assumptions met and no interaction or multicollinearity problems.

https://doi.org/10.1371/journal.pone.0262704.t004
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source in about two thirds of cases, while only 9% of users had a CE prescribed to them.

Friends and online advertisements represented here the major channels through which the

students were made aware of CEs, with no significant differences by gender. Half of CE users

considered CEs as “expensive”; finally, vitamin B12, caffeine and modafinil were the most fre-

quently reported CEs. Vitamin B6 intake was more common in females (22.5% vs 5.5%;

p = 0.014) and modafinil in males (48.4% vs 7.5%; p<0.001).

Medical students reportedly took CEs for a range of different reasons, whilst memory per-

formance improvement did not represent a reason for CE use among other programmes

(p<0.001; chi-squared test). Similarly, compared to other programme students, medical stu-

dents were those most frequently reporting: a daily use of CEs (p<0.001); resourcing to the

web for CE acquisition (p<0.05); and of having been influenced by peers in deciding to access

CEs (p<0.05).

Modafinil was self-administered, especially in males, for concentration and alertness; B12

was typically taken by female students for academic performance and concentration; and

high-dosage caffeine compounds were ingested to improve alertness levels.

Discussion

To the best of our understanding, this paper is the first one to focus on CE use in Higher Edu-

cation Universities in the United Arab Emirates. This study explored the prevalence of use; the

Table 5. Gender-based demographic distribution of CEs’ users among the UAE students.

Female (40) Male (91) p value�

Age# 18–25 years 36 (90%) 89 (97.8%) p = 0.053

26–35 years 3 (7.5%) 0

above 35 years 1 (2.5%) 2 (2.2%)

CE usage Multiple CEs 16 (43.2%) 48 (53.3%) p = 0.301

Single CE 21 (56.8%) 42 (46.7%)

Nationality# UK 7 (17.5%) 1 (1.1%) p = 0.076

EU 0 1 (1.1%)

USA 1 (1.1%) 0

UAE 12 (30%) 43 (47.3%)

Arabs 13 (32.5%) 35 (38.5%)

Asians 6 (15%) 10 (10.1%)

Other nationalities 1 (2.5%) 0

Degree# Medicine 17 (44.7%) 47 (52.8%) p = 0.012

Pharmacy 8 (21.1%) 16 (18%)

Dentistry 10 (26.3%) 8 (9%)

Nursing 2 (5.3%) 0

Engineering 1 (2.6%) 18 (20.2%)

Year of Study# First 7 (17.5%) 2 (2.2%) p = 0.121

Second 7 (17.5%) 9 (9.9%)

Third 9 (22.5%) 29 (31.9%)

Fourth 15 (37.5%) 38 (41.8%)

Fifth 1 (2.5%) 11 (12.1%)

Sixth 1 (2.5%) 1 (1.1%)

�p values for chi-squared test (or #Fisher’s exact test where necessary) to compare the gender-based differences in the demographics among the CE users only.

Percentages may not sum to 100 due to rounding.

https://doi.org/10.1371/journal.pone.0262704.t005
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users’ socio-demographics, and the CE characteristics of use in a large sample (n = 522) of stu-

dents. Among the large sample of participants who completed the online survey, one quarter

were found to be CE users; a result which is in line with those identified among university

Table 6. CE characteristics of use among UAE students; differences according to gender.

Female(40) Male (91) p value�

Reason Concentration 12(30.0%) 24(26.4%) 0.676

Memory 2 (5.0%) 9 (9.9%) 0.502

Alertness 7(17.5%) 26(28.6%) 0.198

Academic performance 9(22.5%) 31(34.1%) 0.220

Other reasons 10 (25.0%) 1 (1.1%) <0.001

Positive effect (yes)# 24 (60.0%) 80(87.9%) 0.008

Time# Exams 27 (67.5%) 78(85.7%) 0.267

Course deadlines 2 (5.0%) 1 (1.1%)

Studying 5 (12.5%) 9 (9.9%)

Daily 4 (10.0%) 1 (1.1%)

Other 2 (5.0%) 2 (2.2%)

Duration# < 1 month 16 (40.0%) 22(24.2%) 0.027

1–6 months 12 (30.0%) 58(63.7%)

6–12 months 7 (17.5%) 8 (8.8%)

1–2 years 0 2 (2.2%)

2 years or more 5 (12.5%) 1 (1.1%)

Frequency# Daily 15 (37.5%) 23(25.3%) 0.705

Weekly 3 (7.5%) 7 (7.7%)

Monthly 3 (7.5%) 8 (8.8%)

Once/semester 9 (22.5%) 34(37.4%)

< Once a semester 8 (20.0%) 18(19.8%)

Source of acquisition# Prescribed to me 9 (22.5%) 3 (3.3%) 0.022

Friend 6 (15.0%) 17(18.7%)

Online 17 (42.5%) 64(70.3%)

Other 8 (20.0%) 7 (7.7%)

Cost Very expensive/ expensive 12 (31.6%) 56(62.9%) 0.002

Fair/Cheap 26 (68.4%) 33(37.1%)

Heard about# Social media 3 (7.5%) 10 (11%) 0.052

Scientific literature 3 (12.5%) 2 (2.2%)

Internet 9 (22.5%) 24(26.4%)

Friends 14 (35.0%) 49(53.8%)

Family 2 (5.0%) 4 (4.4%)

Other 7 (17.5%) 2 (2.2%)

Drug used B12 18 (55.0%) 32(35.2%) 0.255

B6# 9 (22.5%) 5 (5.5%) 0.014

Methylphenidate 3 (7.5%) 9 (9.9%) 0.864

Adderall/amphetamines# 1 (2.5%) 9 (9.9%) 0.325

Super caffeine pills 16 (40.0%) 35(38.5%) 0.718

Modafinil 3 (7.5%) 44(48.4%) <0.001

Paullinia Cupana/Guarana# 1 (2.5%) 3 (3.3%) 0.955

�p values for Chi-square test (or #Fisher’s exact when necessary) to compare the gender-based differences in characteristics of CE use in CE users only. Percentages are

reported as fraction of the total number of male/female in the CEs users.

https://doi.org/10.1371/journal.pone.0262704.t006
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students from both the UK [36] and Iran [37]. This level of CE use seems to be at odds with

previous suggestions [11] that students are resistant to using CEs.

Around two thirds of CE users were males, a finding which is consistent with several previ-

ous studies [7, 13, 38–40]. Indeed, there may be gender-related different attitudes towards

both recreational [41] and CE drug use [5, 42, 43] worldwide, although some conflicting results

have been published [44, 45].

About one half of CE users were medical students, followed by Pharmacy, Dentistry, Engi-

neering and Nursing, with their usage increasing in the final years of study programmes when

the medical students start to have more patient interaction and get under the stress of clinical

rotations. This may tentatively suggest that the usage of CEs is in most cases transient and may

start only in association of increasing levels of academic load. Present findings support previ-

ous studies, which reported levels of use of CEs among both medical [39, 42, 46, 47] and phar-

macy students [19]; levels which are higher than those recorded in other schools [22].

Improving academic performance, concentration and alertness were among the main rea-

sons to ingest CEs, and especially so during the exam preparation times. Other studies also

reported the same motivations for use [37, 42, 48–50]. However, relative to their male counter-

parts, the reasons for CEs use included concentration (30.0% vs 26.4 respectively in females

and males) but not alertness (17.5% vs 28.6% respectively in females and males).

In line with previous findings [36, 43] peer influence and the web were here reported as

facilitating the students’ uptake of CEs. Most users, but especially so males (e.g., 70% vs 40%)

accessed their CEs from online sources, with the web having been previously described as the

focus of drug acquisition activities [51–53]. Indeed, a high circulation UK newspaper has

reported on the high levels of online sales of modafinil, being shipped to students from the uni-

versities of Cambridge, Oxford and London Imperial College [54] and more frequently so at

the time of the exams. Sources of CEs was another aspect where nationality played a role in dif-

ferences in responses among CEs users. While Emirati and Arab students favoured the internet

option, other nationalities relied on a range of different sources to access the index CEs.

Overall, B12 was mainly taken for academic performance reasons, followed by concentra-

tion. Modafinil was also taken for concentration and alertness, confirming previous findings

[55]. Conversely, in line with previous studies [11, 15], caffeine/ super-strength caffeine pills

were mainly ingested for alertness. The distribution of the CEs drugs ingested showed differ-

ences relating to gender. In particular, B6 was more popular in females than in males (e.g.,

22.5% vs 5.5%), whilst modafinil was more significantly reported in males (e.g., 48.4% vs

7.5%). In line with a recent study conducted in the UK [36], the intake of remaining CEs was

not significantly different between the two groups.

This study has shown that it is important to raise awareness of the harms of CE use, provide

knowledge, counteract myths regarding the safety of CE use and address cognitive enhance-

ment at an early stage of higher education as preventative public health measures [6]. Indeed,

universities should focus on correcting the wrong impression of the benefits of the sustained

use of ‘smart drugs’, a practice here suggested to be highly prevalent among UAE university

students.

Strengths

This is the first study to estimate the prevalence of CE use among UAE university students for

the purpose of improving academic performance, concentration, and alertness. In addition,

despite the sensitive nature of the subject, we were able to compare CE users with non-users

and identify characteristics associated with a higher risk of CE use. Participation in the study

was anonymous, limiting the effects of bias.
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Limitations

There are a few limitations in our study to be acknowledged. The major and first limitation

was the delay of data collection from UAE universities due to the COVID-19 pandemic; whilst

the initial plan was for three months only, the survey remained available for almost 8 months.

The second limitation to acknowledge is that the current study focused only on undergraduate

students from the Medical, Pharmacy, Dentistry, Engineering and Nursing undergraduate

courses; combined with a response rate of 7% this may limit the generalizability of the results.

The third limitation is that due to the sensitive nature of the subject, CE non-users were asked

to provide only their gender and age group. Since only 30% of the CE non-users reported addi-

tional demographic information, there is a potential for bias in the current findings.

Conclusions

The high levels of reported prevalence of CE use may be a reason of concern. Indeed, these

molecules appeared here to be mostly acquired without the consultation of a physician for

both diagnostic and monitoring purposes. Furthermore, it should be noted that in the UAE it

is possible to access medicinal compounds without a prescription from pharmacies [56].

At this stage, a few issues need to be better addressed in future studies, including health of

student CE users; and understanding if these drugs may put some of these students at an unfair

advantage over remaining non using students.

Universities may need to develop better awareness levels regarding the prevalence of cogni-

tive enhancers’ use amongst their students and consider taking an active approach in reducing

their use, educating students on the dangers of CEs use whilst providing them with a safe

space to seek help.
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