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Original Article

Methylphenidate as a cognitive  
enhancer in healthy young people 

Silmara Batistela1, Orlando Francisco Amodeo Bueno2,  
Leonardo José Vaz2, José Carlos Fernandes Galduróz2

ABSTRACT. The so-called cognitive enhancers have been widely and increasingly used by healthy individuals who seek 

improvements in cognitive performance despite having no pathologies. One drug used for this purpose is methylphenidate, 

a first-line drug for the treatment of attention deficit hyperactivity disorder (ADHD). Objective: The aim of the present 

study was to test the effect of acute administration of varying doses of methylphenidate (10 mg, 20 mg, 40 mg and 

placebo) on a wide range of cognitive functions in healthy young people. Methods: A total of 36 young university students 

and graduates participated in the study. The participants underwent tests of attention and of episodic, and working 

memory. Results: No differences in performance were observed on any of the tests. There was a dose-dependent 

(40 mg > placebo) effect on self-reported wellbeing. Conclusions: According to the recent literature, psychostimulant 

medications, such as methylphenidate, improve performance when cognitive processes are below an optimal level, 

which was not the case for the subjects of the present study. We suggest the impression that methylphenidate enhances 

cognitive performance in healthy young people, justifying its use, may be due to improvements in subjective wellbeing 

promoted by the drug. 

Key words: central nervous system-stimulating drugs, ethics, nootropic drugs, performance enhancing substances, 

cognition

METILFENIDATO COMO AMPLIADOR COGNITIVO EM JOVENS SAUDÁVEIS

RESUMO. Os chamados ampliadores cognitivos têm sido ampla e crescentemente utilizados por indivíduos saudáveis, 

que apesar de não apresentarem nenhum tipo de patologia, buscam por melhoras no desempenho cognitivo. Um 

fármaco utilizado para este fim é o metilfenidato, droga de primeira escolha para tratamento do transtorno de déficit 

de atenção e hiperatividade (TDAH). Objetivo: O presente estudo teve como objetivo verificar o efeito da administração 

aguda de diferentes doses de metilfenidato (10, 20 e 40 mg e placebo) sobre uma ampla gama de funções cognitivas 

em jovens saudáveis. Métodos: Participaram do estudo 36 jovens universitários ou graduados, tendo sido realizados 

testes de atenção, memória operacional, episódica. Resultados: Não foram observadas diferenças no desempenho 

dos sujeitos em nenhum dos testes. Houve efeito na auto-avaliação de bem estar, sendo este efeito dose dependente  

(40 mg > placebo). Conclusão: De acordo com a literatura recente, medicações psicoestimulantes, como o metilfenidato, 

produzem melhoras no desempenho quando os processos cognitivos estão abaixo de um nível ótimo, o que não era 

o caso dos sujeitos do presente estudo. Sugerimos que a impressão de que o metilfenidato melhora o desempenho 

cognitivo em pessoas jovens e saudáveis se deve ao seu efeito subjetivo de bem-estar.

Palavras-chave: estimulantes do sistema nervoso central, ética, nootrópicos, substâncias para melhoria do desempenho, 

cognição.

INTRODUCTION

Cognitive enhancers are drugs prescribed to 
improve cognitive performance in elderly 

patients and those with dementia or to pro-

mote better quality of life in patients with 
neuropsychiatric disorders or brain trauma.1-3 
However, the administration of these drugs has 
gone beyond clinical indications, being increas-
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ingly used by healthy individuals seeking to improve their 
cognitive, emotional, and motivational functioning.4-6 
Students use stimulant medications to improve academic 
performance, specifically by increasing levels of concen-
tration and organization, and remaining awake longer 
for studying.6,7 Shift workers who perform functions at 
night (e.g., drivers and pilots) also seek to improve their 
cognitive performance by using cognitive enhancers, giv-
ing rise to situations that warrant careful attention.1-3 

The use of drugs as cognitive enhancers is a contro-
versial issue that involves various points of view and has 
enormous economic, ethical, and scientific implications.1 
Some authors8-10 support the use of such drugs, arguing 
that cognitive enhancers are just another way of improv-
ing mental performance, and if they were really effective 
and safe, would provide great benefits for individuals and 
society. Chatterjee (2009)10 argues that non-therapeutic 
use of cognitive enhancers is premature because the effi-
cacy and risk of these drugs in healthy individuals needs 
considerably more investigation. 

Additionally, there are ethical questions involved. 
Young people are pressured to exhibit good cognitive 
performance at work and in their studies. This pressure 
is amplified by the competitiveness of modern life, which 
expects ever more improvement and faster results.2 

Administering these drugs in healthy young people 
should be evaluated carefully. If these drugs show posi-
tive effects in healthy individuals, questions about the 
potential effects of using cognitive enhancers, including 
the ethical, legal, and social implications, warrant urgent 
attention.1,5,11 Should there be no evidence of beneficial 
effects in healthy population, healthy individuals who are 
already disposed to accept the risks of consuming such 
drugs (based on their non-empirically proven benefits) 
should be made aware of this.5,11 

Psychostimulant drugs with catecholaminergic 
action, such as amphetamine and methylphenidate, are 
among the substances most commonly used by individu-
als seeking to extend their capacities for alertness and 
cognition.4,6 Methylphenidate blocks the reuptake of 
dopamine and noradrenaline by blocking the transport-
ers of these neurotransmitters, which leads to higher 
levels in the synaptic cleft.6,12-14 

The dosage of methylphenidate is one of the factors 
that can determine the presence or absence of the cog-
nitive effect. It is generally assumed that the pharma-
cokinetic properties of methylphenidate vary between 
individuals, as do the doses necessary to obtain clinical 
effects (0.1 to 1 mg/kg).12

Considering the growing and widespread use of 
methylphenidate as a cognitive enhancer and its uncer-

tain effects in healthy young people, this study sought to 
verify the effect of acute administration of methylphe-
nidate on memory, attention, and executive functions 
in healthy young people. The present study differs from 
previous studies in that it used a comprehensive battery 
of neuropsychological tasks to evaluate a broad range of 
drug doses on various cognitive functions. 

METHODS
Subjects. Thirty-six (from 61 previously recruited) 
healthy male subjects aged between 18 and 30 years, 
with a minimum of 11 years of schooling, and Portu-
guese as their first language were included. All of the 
participants were informed of the objectives and proce-
dures of the experiment and signed a free and informed 
consent form. The study was approved by the Research 
Ethic Committee of the Universidade Federal de São 
Paulo (CEP 0364/09).

Exclusion criteria were a body mass index lower 
than 17 or higher than 29.99; endocrine or heart dis-
eases; sleep, neurological or psychiatric disorders; hear-
ing or vision problems; signs of anxiety and/or depres-
sion; dependence on drugs of abuse; and therapy with 
psychotropic drugs. The following instruments were 
used: the State-Trait Anxiety Inventory (STAI),15 Beck 
Depression Inventory (BDI);16 ASRS-18 ADHD scale;17 
and a semi-structured questionnaire. Clinical exams were 
performed: complete blood count, TSH, T3 and T4 hor-
mones for thyroid function, and electrocardiogram. 

Three of the 25 subjects excluded showed signs 
of depression (BDI score greater than 20), three were 
excluded for changes on electrocardiogram, one for 
reported drug abuse, one for reported history of epilepsy, 
one for reported liver dysfunction, one for reported treat-
ment of anxiety, one for reported treatment of depres-
sion, one for higher than expected erythrocyte levels, 
two for thyroid dysfunction, and one for signs of ADHD 
(score greater than 25 on ASRS); five subjects withdrew 
from the experiment after screening with no explana-
tion. In the experimental phase, one participant was 
excluded due to sleep deprivation and four were excluded 
for scoring below average on the Raven, Vocabulary, and 
Cube tests. 

Procedure. The included subjects were instructed not 
to ingest alcohol or any psychoactive substance for 24 
hours before and after the experiment and to get a good 
night’s sleep and eat a light meal before the experiment. 

The experiment was double-blind, with a single 
orally-administered dose. Identical capsules containing 
10 mg, 20 mg, or 40 mg of methylphenidate (Ritalin®) 
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or placebo (starch) were administered to subjects who 
had been randomly assigned to each group. The capsule 
was ingested 90 minutes prior to commencement of the 
battery of tests so that its peak of absorption would be 
reached. Subjects were evaluated individually (between 
11:00a.m. and 12:30p.m.) in a single session lasting 
approximately 90 minutes. 

The experimental session began by applying the 
instruments for estimating IQ (WAIS-R and Raven), 
followed by the Bodily Symptom Scale - BSS (modified 
by Greenwood et al., 1975),18 and ingesting the capsule. 
Subjects then waited for 90 minutes, during which time 
they remained comfortably seated in a room and could 
watch TV or read. At the end of the experiment, the sub-
jects again completed the BSS scale. 

The Analogue Bodily Symptom Scale (BSS): This con-
sists of 18 analogue scales that correspond to different 
bodily symptoms. The subjects must mark the appropri-
ate point on the scale according to how they are feeling 
at the time. 

Battery of tests. Visual Attention Test (TAVIS 3):19 Selec-
tive-attention (to focus and select a particular stimulus 
while ignoring others), divided attention (to simulta-
neously process and respond to different stimuli from 
multiple sources), and sustained attention (to respond 
to a specific target-stimulus over a prolonged period). 

Digit Span - Forward:20 Forward: temporary storage of 
acoustic information. Backward: to maintain and manip-
ulate acoustic information. 

Corsi Blocks: (computerized version adapted from 
Miyake, 2000): 21 Forward: temporary storage of visual 
and spatial information. Backward: to maintain and 
manipulate visual and spatial information.

Operation Span (OSPAN)22 task for words: Episodic buf-
fer, subcomponent for temporary storage that relates the 
contents of working memory to content already stored 
in long-term memory. 

Stroop Test:20 Subcomponents of executive functions: 
processing speed, inhibition and monitoring. 

Random Number Generation (RNG):23 Subcomponents 
of executive functions: maintenance of the set, adoption 
strategies for selection of appropriate responses and 
inhibition of inappropriate responses, monitoring, and 
modifying or alternating the strategies employed.

Zoo Test:24 Planning domain of executive functioning. 
Letter-memory:21 Updating domain of executive 

functioning. 
Trail A and Trail B:20 Visual attention, mental and 

motor flexibility (alternation of executive functioning). 
Logical Memory:25,26 Evaluates episodic memory.

Statistical analysis. Descriptive analyses (mean and stan-
dard deviation) were performed for all the variables, 
which were also tested for normality (K-S test) and 
homogeneity (Levene test). A one-way ANOVA model 
was used for the normally distributed variables. The 
Tukey-HSD post-hoc test was used when a difference 
between the group means was detected. The Kruskal-
Wallis test was used for the non-normally distributed 
variables. The level of significance adopted was p < 0.05.

RESULTS
Table 1 shows the demographic data for the study 
sample and their performance on the IQ tasks (raw 
data). No significant difference was detected.

On the selective and divided attention tasks, no dif-
ferences between groups were detected on the measures 
of total correct responses, omissions, action or reaction 
time. On the sustained attention task, a ceiling effect was 
observed for all subjects. There were also no differences 
in the measures of action and reaction time (Table 2). 

There was no significant difference between the 
groups on the Corsi or Digit span forward and backward 
tests (Table 3). 

On the OSPAN test, the groups performed similarly 
on all measures assessed (Table 3).

There were no significant differences between the 
groups on any of the tests of randomness in number 
generation (RNG) (Table 3). 

There were no significant differences between the 
groups on the other tests used to assess central executive 
functions. The groups exhibited similar behavior on the 
Letter memory, Stroop and Trail tests (Table 3).

The groups did not differ in immediate or delayed 
recall on the logical memory task (episodic memory) 
(Table 4). 

BSS scale of somatic symptoms. There was a dose-depen-
dent effect on the BSS. The scales were completed by 
the subjects prior to administration of the drug (pre-
treatment) and again at the end of the experiment, 
after administering the neuropsychological tests (post-
treatment).

Improved “general wellbeing” was detected on the 
post-treatment assessment. The groups that received 20 
mg and 40 mg of methylphenidate reported a better sub-
jective feeling of wellbeing than the placebo group (U = 
17.50 with p < 0.03 and U = 13.00 with p < 0.01, respec-
tively). The same effect was not observed in the group 
that received 10 mg of methylphenidate (U = 26.51 with 
p = 0.21). There were no differences between the groups 
on the other scale items (Table 5).
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Table 1. Demographic measures, raw scores on IQ tests, and depression, anxiety, and ADHD scores. 

Variables

Methylphenidate

F PPlacebo 10 mg 20 mg 40 mg

N 9 9 9 9

Age 22.22 ± 2.59 22.33 ± 2.69 23.67 ± 2.60 22.56 ± 2.60 0.57 0.63

Education 14.11 ± 2.71 13.56 ± 1.51 14.78 ± 2.68 13.78 ± 1.86 0.50 0.68

Raven 53.00 ± 5.61 52.44 ± 3.64 54.25 ± 3.01 55.11 ± 3.37 0.78 0.51

Cubes 52.22 ± 9.85 54.22 ± 9.24 56.00 ± 6.71 59.22 ± 5.21 1.24 0.30

Vocabulary 43.00 ± 3.20 43.22 ± 5.14 40.56 ± 4.07 44.78 ± 3.42 1.68 0.18

Beck 3.88 ± 3.01 4.11 ± 3.48 2.88 ± 3.4 5.33 ± 4.00 0.74 0.53

*STAI 31.66 ± 7.21 29.77 ± 7.12 29.5 ± 4.4 34.87 ± 10.98 0.83 0.48

**ASRS 17.22 ± 4.73 22.66 ± 7.88 22.11 ± 9.38 24.85 ± 7.96 1.46 0.24

*STAI: Scale for anxiety (state); **ASRS: Scale for ADHD.

Table 2. Correct-answers, omission, action and reaction time measures on tests for selective, divided and sustained attention.

Methylphenidate

F PPlacebo 10 mg 20 mg 40 mg

Selective attention 

Correct 19.44 ± 3.81 21.44 ± 2.12 20.11 ± 2.47 20.00 ± 3.12 0.74 0.53

Omission 3.88 ± 3.75 1.66 ± 2.44 3.11 ± 2.57 3.77 ± 3.89 0.89 0.45

Action 1.88 ± 1.9 1.33 ± 1.41 1.11 ± 1.26 1.66 ± 1.93 0.39 0.75

Reaction time 0.461 ± 0.03 0.456 ± 0.02 0.468 ± 0.02 0.467 ± 0.04 0.26 0.84

Divided attention 

Correct 21.55 ± 0.72 21.44 ± 0.72 21.88 ± 0.33 21.77 ± 0.44 2.95 (H) 0.39 

Omission 1.66 ± 0.86 1.66 ± 0.7 1.55 ± 0.52 1.44 ± 0.52 0.22 0.87

Action 1.55 ± 0.88 2.22 ± 1.48 1.22 ± 0.66 1.44 ± 1.13 1.42 0.25

Reaction time 0.620 ± 0.08 0.627 ± 0.1 0.599 ± 0.05 0.590 ± 0.06 0.43 0.73

Sustained attention 

Correct 64 ± 0 64 ± 0 64 ± 0 64 ± 0

Omission 0 ± 0 0 ± 0 0 ± 0 0 ± 0

Action 0.11 ± 0.33 0.11 ± 0.33 0.44 ± 1.01 0.11 ± 0.33 0.73 0.53

Reaction time 0.349 ± 0.04 0.347 ± 0.08 0.343 ± 0.03 0.331 ± 0.05 0.16 0.92
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Table 3. Means and standard deviations of digit span forwards (phonological loop) and backwards (central executive/executive functions); let-
ter memory (executive function); Stroop 1, Stroop 2, and Stroop 3 (central executive/executive function); Trail A and Trail B (central executive/execu-
tive functions); Corsi forwards (visuospatial sketchpad) and backwards (central executive/executive function) from the measures for the OSPAN test  
(visuospatial sketchpad); and random number generation test (central executive/executive function).

Tests

Methylphenidate

F/H PPlacebo 10 mg 20 mg 40 mg

Digit Span Forwards 6.33 ± 1.32 5.77 ± 1.09 7.11 ± 1.26 7.22 ± 0.66 2.58 0.07

Digit Span Backwards 6.11 ± 1.61 5.11 ± 1.26 5.88 ± 1.05 6.33 ± 1.11 1.54 0.25

Letter Memory 9.33 ± 3.31 9.33 ± 3.93 8.55 ± 2.18 8.55 ± 2.55 0.19 0.90

Stroop 1 47.55 ± 11.86 50.44 ± 10.91 46.55 ± 9.68 47.55 ± 9 0.23 0.87

Stroop 2 54.33 ± 12.45 58,33 ± 12.12 52 ± 9.88 54.11 ± 10.75 0.48 0.69

Stroop 3 71 ± 14.3 76.77 ± 6.27 66.77 ± 13.76 68.11 ± 15.92 0.89 0.45

Trail A 28.77 ± 9.07 25.88 ± 4.13 25.88 ± 4.13 28.5 ± 12.46 0.31 0.81

Trail B 48.77 ± 14.83 59.88 ± 19.71 60 ± 35.97 58 ± 20.74 0.43 0.72

Corsi Forwards 6.88 ± 1.69 6.44 ± 1.13 6.55 ± 0.88 6.33 ± 1.11 0.33 0.79

Corsi Backwards 6 ± 1.41 6.33 ± 1.5 5.77 ± 0.83 6.55 ± 1.5 0.59 0.62

OSPAN – Sums 0.99 ± 0.01 0.98 ± 0.01 0.98 ± 0.02 0.98 ± 0.01 0.36 0.78

OSPAN – Serial Recall 0.56 ± 0.17 0.58 ± 0.19 0.67 ± 0.16 0.59 ± 0.18 0.63 0.59

OSPAN – Free Recall 0.71 ± 0.1 0.75 ± 0.11 0.78 ± 0.11 0.73 ± 0.1 0.67 0.57

RNG – Evans Index 0.32 ± 0.04 0.31 ± 0.02 0.33 ± 0.02 0.31 ± 0.03 1.03 0.38

RNG – Coupon 17.00 ± 4.96 18.77 ± 7.71 17.53 ± 5.15 17.74 ± 2.31 0.17 0.91

RNG - TPI* 98.63 ± 9.71 94.65 ± 13.08 95.91 ± 8.2 98.36 ± 7.89 0.33 0.79

RNG - Runs 0.89 ± 0.27 0.89 ± 0.28 0.81 ± 0.2 0.87 ± 0.19 0.19 0.90

RNG – Average 8.78 ± 0.14 8.69 ± 0.23 8.68 ± 0.41 8.73 ± 0.11 0.28 0.83

RNG - Preferred 15.11 ± 1.83 15.00 ± 1.8 14.88 ± 1.61 13.22 ± 2.86 1.65 0.19

RNG – Less Preferred 7.22 ± 1.71 6.67 ± 1.58 7.11 ± 2.31 8.00 ± 2.29 0.68 0.56

RNG – Errors 2.66 ± 3.39 4.55 ± 5.61 3.11 ± 4.25 4.77 ± 4.79 0.46 0.70

Zoo - Score (I**) 6.33 ± 2.5 6.88 ± 2.2 7.44 ± 1.33 6.44 ± 2.45 0.92 0.82

Zoo - Planning (I**) 73.77 ± 39.19 100 ± 65.48 50 ± 25.83 121.66 ± 129.07 3.52 0.31

Zoo – Total Time (I**) 145 ± 105.67 138.44 ± 71.45 82 ± 33.99 163.11 ± 137.61 4.32 0.22

Zoo - Score (II#) 8.00 ± 0 8.00 ± 0 7.88 ± 0.33 8.00 ± 0 3.00 0.39

Zoo - Time (II#) 31.66 ± 9.68 33.88 ± 14.47 32.77 ± 12.98 35 ± 14.71 0,29 0.96

*TPI: Turning Point Index; **I: First part, with high cognitive demand; #II: Second part, with low cognitive demand.
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Table 4. Means and standard deviations for immediate and delayed recalls on test of logical memory. 

Logical Memory 

Methylphenidate

F PPlacebo 10 mg 20 mg 40 mg

Immediate Recall 31.44 ± 2.40 29.00 ± 6.36 28.11 ± 5.97 26.44 ± 5.32 1.42 0.25

Delayed Recall 27.78 ± 3.03 26.22 ± 6.76 25.33 ± 8.75 26.00 ± 5.45 0.23 0.86

Table 5. Means and standard deviations for items on self-evaluation scale performed before experiment (pre-treatment) and after the battery of tests 
(post-treatment).

Bodily Symptoms Scale (BSS)

Methylphenidate

F/H PPlacebo 10 mg 20 mg 40 mg

Pre-Treatment Physical exhaustion 29.46 ± 22.57 20.57 ± 23.52 38.63 ± 29.62 29.53 ± 30.69 0.67 0.57

Headache 5.13 ± 11 2.3 ± 3.54 1.42 ± 4.26 4.81 ± 11.76 0.41 0.74

Dizziness 10.14 ± 21.05 0.86 ± 1.83 10.82 ± 27.37 7.26 ± 13.67 0.53 0.65

Trembling 8.25 ± 15.13 6.89 ± 12.42 3.6 ± 6.99 4.99 ± 9.45 0.29 0.83

Weakness 9.15 ± 13.75 6.32 ± 10.37 0.86 ± 2.6 2.14 ± 3.74 5.05(H) 0.16

Muscular Tension 19.5 ± 17.83 22.02 ± 21.65 6.71 ± 5.72 8.97 ± 20.88 1.64 0.19

Nausea 1.36 ± 4.08 1.29 ± 2.33 6.41 ± 19.23 1 ± 2.2 1.31(H) 0.72

Dry mouth 51.05 ± 26.37 54.64 ± 35,52 59.82 ± 29.98 67 ± 26.52 0.48 0.69

Sweat 24.55 ± 31 21.1 ± 29.09 12.04 ± 17.27 11.83 ± 30.74 0.48 0.69

Blurred vision 31.67 ± 31.07 23.53 ± 29.79 24.78 ± 25.95 27.72 ± 24.66 0.15 0.92

Palpitation 4.57 ± 10.41 12.73 ± 16.29 13.32 ± 22.65 15.61 ± 29.06 0.48 0.69

Difficulty breathing 1.57 ± 3.14 7 ± 14.35 2.56 ± 5.43 0.67 ± 1.36 0.87(H) 0.83

Difficulty walking 3.13 ± 6.99 2.42 ± 3.26 5.27 ± 15.81 0.82 ± 1.63 0.39 0.75

Agitation 25.62 ± 25.91 28.3 ± 27.58 28.86 ± 20.41 29.2 ± 27.89 0.03 0.99

Motor Coordination 90.67 ± 15.29 91.41 ± 10.83 91.29 ± 20.58 96.72 ± 8.48 0.33 0.79

Hearing 78.33 ± 39.23 95.38 ± 12.47 93.16 ± 20.51 99.13 ± 1.7 1.60(H) 0.65

Difficulty speaking 17.01 ± 32.39 5.86 ± 7.92 1.99 ± 5.98 3.24 ± 7.13 3.31(H) 0,34

General wellbeing 67,48 ± 38,46 92,23 ± 12,01 78,64 ± 32,56 90,88 ± 15,82 1,78(H) 0,61

Post-Treatment Physical exhaustion 45.21 ± 16.82 17.02 ± 24.1 39.37 ± 33.5 33.45 ± 19.61 2.24 0.10

Headache 13.67 ± 24.32 8.92 ± 19.51 3.41 ± 8.13 0.85 ± 1.81 3.36(H) 0.33

Dizziness 9.98 ± 23.87 9.65 ± 21.08 11.12 ± 28.18 2.84 ± 4.98 0.27 0.84

Trembling 10.11 ± 21.47 1,42 ± 1.75 3.16 ± 5.19 7.26 ± 15.26 0.12(H) 0.98

Weakness 13.72 ± 22.27 7.99 ± 13.6 12.84 ± 28.32 6.55 ± 13.15 0.27 0.84

Muscular Tension 12.71 ± 15.66 27.15 ± 24.33 11.14 ± 11.52 15.82 ± 21.45 2.64(H) 0.45

Nausea 2.85 ± 4.39 2.14 ± 2.13 7.12 ± 21.36 0 ± 0 6.79(H) 0.07

Dry mouth 66.6 ± 29.31 69.33 ± 19.68 62.25 ± 29.79 71.71 ± 28.45 0.20 0.89

Sweating 9.02 ± 10.14 23.58 ± 33.77 19.97 ± 26.33 6.83 ± 20.51 3.65(H) 0.30

Blurred vision 17.63 ± 23.88 31.58 ± 28.72 28.96 ± 21.68 28.71 ± 30.84 0.49 0.69

Palpitation 11.34 ± 20.66 20.58 ± 24.2 5.98 ± 16.55 16.09 ± 21.64 0.80 0.49

Difficulty breathing 7.12 ± 19.52 12.68 ± 22.29 4.7 ± 10.21 0 ± 0 6.74(H) 0.08

Difficulty walking 9.98 ± 22.08 4.14 ± 7.18 6.12 ± 17.43 0.43 ± 1.3 0.67(H) 0.57

Agitation 31.94 ± 29.54 30.44 ± 25.34 19.13 ± 20.93 30.53 ± 24.12 0.50 0.68

Motor Coordination 80.43 ± 21.62 83.13 ± 21.35 80.63 ± 24.83 89.74 ± 19.14 0.35 0.78

Hearing 92.42 ± 13.02 94.7 ± 6.78 86.03 ± 30.91 99.71 ± 0.86 4.10(H) 0.25

Difficulty speaking 11.45 ± 17.93 8.43 ± 9.73 8.83 ± 26.01 0.56 ± 1.7 0.72 0.54

General wellbeing 64.3 ± 34.8 88.1 ± 11.73 88.45 ± 22.06 93.72 ± 15.72 8.52(H) 0.03
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DISCUSSION
The objective of the present study was to verify the 
effects of methylphenidate on various cognitive func-
tions in healthy young people. This drug, traditionally 
recognized as an effective treatment for improving 
ADHD symptoms,1,14 became widely used by healthy 
individuals as so-called cognitive enhancers,5,9 drugs 
that supposedly improve cognitive performance in indi-
viduals who take them despite having no neuropsychi-
atric, neurobehavioral, or neurological pathologies.2,9

Our results showed no effect of methylphenidate 
on cognitive functioning. It should be noted that we 
used various tests involving a large number of cognitive 
domains, as well as a wide range of clinical doses. How-
ever, methylphenidate improved the feeling of wellbeing, 
as assessed by the BSS scale. 

In the present study, attention was not altered after 
acute administration of the drug, possibly due to a ceiling 
effect reached by the participants, who obtained maxi-
mum (or near maximum) scores on the tests. In par-
ticular, the test of sustained attention lacked sensitivity 
for testing subjects with a high educational level, given 
the lack of variability between the groups. Elliot et al. 
(1997)27 also found no significant effect of acute admin-
istration of methylphenidate (20 and 40mg) on a test of 
sustained attention and verbal fluency. The authors did, 
however, observe improved performance on tasks deal-
ing with visuo-spatial memory and planning, although 
these effects did not vary with dose. In the same study, a 
significant difference was also observed on the subjective 
scales answered by the subjects, and there were improve-
ments in the measures of alertness and exhaustion (with 
the former increasing, and the latter decreasing). 

Tomasi et al. (2011)28 observed no cognitive differ-
ences compared to placebo on visual attention tasks and 
verbal working memory (n-back) in healthy subjects 
after acute administration of 20mg of methylphenidate. 
In the same study, functional magnetic resonance was 
simultaneously used while carrying out the tests. The 
methylphenidate group showed greater activation of the 
dorsal attention network (essential for top-down atten-
tion) than the placebo group and greater deactivation 
of the default mode network (which is active when not 
focusing on a specific task). These alterations were not 
associated with improved cognitive performance, how-
ever. The authors suggested that their results may reflect 
the brain activating neural reserve systems to maintain 
precision during resting conditions. This condition may 
be adversely affected by fatigue and sleep deprivation, 
which may explain why methylphenidate is particularly 
favorable for cognitive performance in these situations. 

In our study, the subjects were instructed to get a good 
night’s sleep prior to the experiment and to be rested; 
based on the suggestion by Tomasi et al. (2011),28 where 
these conditions may have explained the absence of 
improvements. 

In addition to evaluating the visuo-spatial subcom-
ponent, we applied tests to assess the other subcom-
ponents of the working memory system, on which no 
differences were observed, in contrast with findings of a 
review conducted by Lissen et al. (2014).29 

The improved cognitive performance after acute 
administration of methylphenidate may be dependent 
on variables such as the characteristics of the task and 
the baseline of the subjects.14,30,31 The participants in the 
present study were all students from renowned public 
universities and showed high scores on the IQ tests. 
According to Gamo et al. (2010),32 methylphenidate is 
particularly beneficial for subjects with a low capacity for 
working memory. 

Volkow et al. (2008)33 suggested that the effects of 
stimulants can be beneficial when neural resources are 
focused elsewhere or are adversely affected, but can have 
adverse effects when cerebral activity is already at an 
optimal level of focus. In their study, the authors 33 used 
PET to show that methylphenidate (20mg)given prior 
to a cognitive task significantly attenuated the cerebral 
metabolic increase necessary for performing the task 
and reduced activation of the regions involved in execu-
tive processes, orientation and attentional alertness 
compared to placebo. They concluded that methylphe-
nidate reduced the use of attention resources required 
to achieve similar levels of performance compared to 
placebo. They also found that the subjects in whom the 
drug produced the greatest attenuations were those who 
had the lowest baseline cerebral metabolism and the 
greatest increases in cerebral metabolism when the task 
was performed after consuming placebo. The subjects 
who experienced smaller alterations after administra-
tion of methylphenidate showed the lowest activation 
during the task; they also experienced no drug effect on 
task performance. These authors33 concluded that these 
results support the notion that individuals who already 
possess an optimum level of cerebral resources would not 
benefit from use of the drug. 

Finger et al. (2003)6 stated there is no clear evidence 
that methylphenidate can enhance memory and learn-
ing, as we found in the present study, where no drug 
effect was observed in the test of episodic memory. A 
similar result was obtained by other researchers34 using 
associated-pair tasks and immediate and delayed recall 
of stories after intravenous administration of methyl-
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phenidate at doses of 0.1 and 0.25 mg/kg. At a higher 
dose (0.5 mg/kg), adverse effects on performance were 
observed. We did not observe any adverse effects of 
methylphenidate even at the highest (40mg/subject) 
orally administered dose. However, Finger et al. (2013)6 
warned that healthy people who use stimulants as cogni-
tive enhancers could experience impaired performance 
due to the euphoric state induced, preventing study for 
an exam, for example. 

According to Brignell et al. (2007),35 methylphenidate 
can promote feelings of wellbeing and elation. A similar 
change in the subjective “general wellbeing” measure, as 
assessed by the BSS scale after the 40mg dose, was the 
only significant effect found in the present study. Volkow 
et al. (2004)13 proposed that methylphenidate acts on 
the salience of the task, increasing motivation to per-
form tiresome and wearying tasks. Beyer et al. (2014)14 
also commented on subjective feelings in healthy people 
who takes methylphenidate, suggesting that the sup-
posed increase in performance might be more related 
to perceived improvement than with actual cognitive 
enhancement. According to the authors,14 sleep-deprived 
subjects who take this drug have a subjective sensation 
of stimulation and subsequently overestimate their  
performance.

To date, cognitive enhancers have been presented as 
a “double-edged sword”: even if they could improve our 
lives, they could also be abused in an unethical manner.11 

However, there are those who defend the use of cog-
nitive enhancers by healthy individuals. According to 
Harris (2009),10 given that the drug is considered safe 
enough to be widely used by children and adults with 
ADHD, even over long periods of time, and given that no 
drug is free from side effects, its use by healthy individu-
als ought to be permitted and legalized. However, while 
use of cognitive enhancers in individuals with patholo-
gies has many advantages for society, the situation is 
more complex for healthy individuals because the risks 
outweigh the benefits.10,11,14 Thus, some authors conclude 
that the argument for non-therapeutic uses of methyl-
phenidate (and other cognitive enhancers) is premature 
and that the efficacy and risks in healthy individuals 
ought to be properly investigated.6,10,11,14 With respect to 
the safety of the drug, Greely et al. (2008)8 stated that 
the safety of cognitive enhancers is guaranteed only 
for therapeutic indications and is not necessarily valid 
for use by healthy subjects. Also, Norman and Berger 

(2008)4 stated that although some studies have shown 
potential improvements in learning and memory after 
pharmacological manipulations it is not yet clear to what 
degree such manipulations of cognitive processes may 
also lead to undesirable side effects. Therefore, despite 
the attraction of using cognitive enhancers, potential 
users should weigh up the pros and cons and bear in 
mind that these drugs were not originally developed for 
this purpose.2,11 The potential risks are not be justifiable 
given that no improvement was observed in any of the 
cognitive functions evaluated. 

In summary, the present study sought to test the 
effects of varying doses of methylphenidate on dif-
ferent cognitive functions. The results are in line with 
recent findings in the literature showing that improved 
performance is typically observed only when cognitive 
processes are below optimal levels, which was not the 
case for the subjects evaluated in the present study. We 
suggest that the impression of enhanced cognitive per-
formance in healthy young people taking methylpheni-
date and justifying its use, may be due to improvements 
in subjective wellbeing promoted by the drug. 

Thus, greater caution and regulation of cognitive 
enhancers is suggested in healthy young people who take 
these medications despite having no clinical conditions 
indicating their use.

Based on our results, we believe that use of meth-
ylphenidate by healthy individuals is not justified. We 
further suggest that more studies be performed to con-
firm this view and that the results be widely publicized to 
increase the population’s awareness of its lack of efficacy 
as a cognitive enhancer under these circumstances. 

Author contribution. Silmara Batistela: design, analysis 
of data, intellectual contribution to the writing of the 
manuscript; Orlando Francisco Amodeo Bueno: design, 
analysis of data, intellectual contribution to the writing 
of the manuscript; José Carlos Fernandes Galduróz: 
design, intellectual contribution to the writing of the 
manuscript; Leonardo José Vaz: design, analysis of data.

Acknowledgments. We acknowledge the financial support 
of the Brazilian Federal Agency for the Support and 
Evaluation of Graduate Education (Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior – CAPES) 
and the Research Incentive Fund Association (Asso-
ciação Fundo de Incentivo à Pesquisa – AFIP).



Dement Neuropsychol 2016 June;10(2):134-142

142 Methylphenidate as a cognitive enhancer    Batistela et al.

REFERENCES
1. Maslen H, Faulmüller N, Savulescu J. Pharmacological cognitive 

enhancement—how neuroscientific research could advance ethical 
debate. Front Syst Neurosci. 2014;8(107):1-12. 

2. Sahakian B, Morein-Zamir S. Professor’s little helper. Nature. 2007;450: 
1157-1159.

3. Lanni C, Lenzken SC, Pascale A, Del Vecchio I, Racchi M, Pistoia F, 
Govoni S. Cognition enhancers between treating and doping the mind. 
Pharmacological Research. 2008;57:196-213.

4. Normann C, Berger M. Neuroenhancement: status quo and perspec-
tives. Eur Arch Psychiatry Clin Neurosci. 2008;258(Suppl 5):S110-4.

5. Repantis R, Schlattmann P, Laisney O, Heuser I. Modafinil and methyl-
phenidate in healthy individuals: A systematic review. Pharmacol Res. 
2010;62:187-206.

6. Finger G, Silva, EG, Falavigna A. Uso de metilfenidato entre estu-
dantes de medicina: revisão sistemática. Rev Assoc Méd Bras 
2013;59(3):285-289.

7. Advokat C. (2010). What are the cognitive effects of stimulant medica-
tions? Emphasis on adults with attention-deficit/hyperactivity disorder 
(ADHD). Neurosci Biobehav Rev. 2010;34:1256-1266.

8. Greely H, Campbell P, Sahakian B, Harris J, Kessler RC, Gazzaniga M, et 
al. Towards responsible use of cognitive-enhancing drugs by the healthy. 
Nature. 2008;456:702-705.

9. Mirko D. Garasic MD, Lavazza A. Moral and social reasons to acknowl-
edge the use of cognitive enhancers in competitive-selective contexts. 
BMC Medical Ethics. 2016;17(18):1-12.

10. Harris J, Chatterjee A. Is it acceptable for people to take methylphenidate 
to enhance performance? BMJ. 2009;338:1532-1533.

11. Shook JR, Galvagni L, Giordano J. Cognitive enhancement kept within 
contexts: neuroethics and informed public policy. Front SystNeurosci 
2014; 228(8):1-8.

12. Swanson JM, Volkow ND. Serum and brain concentrations of meth-
ylphenidate: implications for use and abuse. Neurosci Biobeha Rev. 
2003;27:615-621.

13. Volkow N, Wang G-J, Fowler JS, Telang F, Maynard L, Logan J, et al. 
Evidence that methylphenidate enhances the saliency of a mathemat-
ical task by increasing dopamine in the human brain. Am J Psychiatry. 
2004;161(7):1173-1180.

14. Beyer C, Staunton C, Moodley K. The implications of Methylphenidate 
use by healthy medical students and doctors in South Africa. BMC 
Medical Ethics. 2014;15:20.

15. Biaggio AMB, Natalício L. Manual para o inventário de ansiedade traço-
estado (IDATE). Rio de Janeiro: Centro Editor de Psicologia Aplicada 
(CEPA); 1979.

16. Gorenstein C, Andrade L. Validation of a Portuguese version of the Beck 
Depression Inventory and the State-Trait Anxiety Inventory in Brazilian 
subjects. Braz J Med Biol Res. 1996;29(4):453-457.

17. Mattos P, Segenreich D, Saboya E, Louzã M, Dias G, Romano M. Adap-
tação transcultural da escala ASRS – 18 (versão 1.1) para avaliação do 
transtorno de déficit de atenção e hiperatividade em adultos para o 
português. Rev Psiquiatr Clín (São Paulo). 2006;33(4):188-194.

18. Greenwood MH, Lader MH, Kantamaneni BD. The acute effect of oral 
tryptophan in human subjects. Br J Clin Pharmacol. 1975;2:165-172.

19. Coutinho G, Mattos P, Araújo C, Duchesne M. Transtorno de déficit 
de atenção e hiperatividade: contribuição diagnóstica da avaliação 
computadorizada da atenção visual. Rev Psiquiatr Clín (São Paulo). 
2007;34(5):215-222.

20. Lezak MD, Howieson DB, Loring DW. Neuropsychological Assessment 
(4 ed). Oxford: Oxford University Press; 2004

21. Miyake A, Friedman NP, Emerson M, Witzki A, Howerter A, WagerTD. 
The unity and diversity of executive functions and their contributions to 
complex “frontal lobes” tasks: A latent variable analysis. Cogn Psychol. 
2000;41:49-100.

22. Turner ML, Engle RW. Is working memory capacity task dependent? J 
Mem Lang. 1989;28:127-154.

23. Jahanshahi M, Saleem T, Ho AK, Dirnberger G, Fuller R. Random 
number generationas as in index of controlled processing. Neuropsy-
chology. 2006;20(4):391-399.

24. Wilson BA, Alderman N, Burgess PW, Emslie H, Evans JJ. Behavioral 
Assessment of Dysexecutive Syndrome (BADS). Inglaterra: Thames 
Valley Test Company; 1996.

25. Correa DD, Gorenstein C. Bateria de testes de memória. Parte 1: crité-
rios de elaboração e avaliação. Arq Bras Psicol. 1988a;38:24-35.

26. Correa DD, Gorenstein C. Bateria de testes de memória. Parte 2: crité-
rios de elaboração e avaliação. Arq Bras Psicol. 1988b;40:42-53.

27. Elliot R, Sahakian BJ, Matthews K, Bannerjea A, Rimmer J, Robbins TW. 
Effects of methylphenidate on spatial working memory and planning in 
healthy young adults. Psychopharmacology. 1997;131:196-206.

28. Tomasi D, Volkow ND, Wang GJ. Wang R, Telang F, Caparelli EC. Methyl-
phenidate enhances brain activation and deactivation responses to visual 
attention and working memory tasks in healthy controls. Neuroimage. 
2011;54:3101-3110.

29.  Linssen AMW, Sambeth A, Vuurman EFPM, Riedel WJ. Cognitive effects 
in healthy volunteers: a review of single doses studies. Int JNeuropsy-
chopharmacol. 2014;17:961–977.

30. Turner DC, Blackwell AD, Dowson JH, McLean A, Sahakian BJ. Neuro-
cognitive effects of methylphenidate in adult attention deficit/hyperactivity 
disorder. Psychopharmacology. 2005;178:286-295.

31. Mattay V, Callicott J, Bertolino A, Heaton I, Frank J, Coppola R. Effects 
of dextroamphetamine on cognitive performance and cortical activation. 
Neuroimage. 2000;12:268-275.

32. Gamo NJ, Phil M, Wang M, Arnsten FT. Methylphenidate and atom-
oxetine enhance prefrontal function through α2-Adrenergic and dopa-
mine D1 receptors. J Am Acad Child Adolesc Psychiatry. 2010;49(10): 
1011-1023.

33. Volkow N, Wang G-J, Fowler JS, Telang F, Logan J, Christopher W, Ma 
J, Pradhan K, Benveniste H, Swanson JM. Methylphenidate decreased 
the amount of glucose needed by the brain to perform a cognitive task. 
Plos One. 2008;3(4):1-7.

34. Wetzel D, Squire LR, Janowsky DS. Methylphenidate impairs learning 
and memory in normal adults. Behav Neural Biol. 1981;31:413-424.

35. Brignell CM, Rosenthal J, Curran HV. Pharmacological manipulations 
of arousal and memory for emotional material: effects of a single dose 
of methylphenidate or lorazepam. J Psychopharmacol. 2007;21(7): 
673-683.


