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The treatments for attention deficit hyperactivity disorder (ADHD) as well as for excessive daytime
sleepiness of narcolepsy, obstructive sleep apnea/hyponea syndrome, and shift work sleep disorder have
been advanced and expanded rapidly in the past 15 years. The pharmacotherapeutic armamentaria for
those disorders include stimulants (amphetamine, methamphetamine, methylphenidate, and lisdex-
amfetamine), wakefulness-promoting agents (modafinil and armodafinil for narcolepsy), as well as
nonstimulant ADHD medications (atomoxetin, a norepinephrine reuptake inhibitor; guanfacine and
clonidine a2A agonists). In this review, a brief history, chemical classifications, and pivotal clinical data of
those therapeutic drugs which were approved as indications by the US Food and Drug Administration are
discussed. Common off-label applications of those drugs in psychiatric practice are also mentioned.

Copyright � 2013, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

Stimulants, also known as psychostimulants, can increase patients’
motivation, mood, energy, and wakefulness.1 They include natu-
rally occurring substances such as cocaine and caffeine as well as
synthetic drugs such as amphetamine and methylphenidate. The
use of naturally occurring substances use can be traced back to
ancient Peru and other pre-Columbian Andean societies.2 In 1883,
German physician Aschenbrandt gave cocaine to members of the
Bavarian army, and found that the drug suppressed their appetite
and enhanced their mental powers and endurance in maneuvers.3

Sigmund Freud used a great deal of cocaine himself and published a
review called Über Coca, describing its physiological effects and
potential therapeutic uses.4

Amphetamine, first synthesized in 1887, was also used exten-
sively by both sides of the conflict during World War II to combat
fatigue, increase alertness, and improve the mood of the soldiers.
Its abuse began to rise after the war, and became common in the
1960s and 1970s.2 This use is still popular, especially for fighter
pilots on long-distance fights.5 Now, stimulants are indicated for
treating attention deficit hyperactivity disorder (ADHD) and the
excessive daytime sleepiness of narcolepsy, although they are also
effective briefly in treating depression and suppressing appetite.
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The Food and Drug Administration (FDA) of the USA coined and
approved new stimulants such as modafinil and armodafinil
(orexin/hypocretin activator), as wakefulness-promoting agents for
the indication of treating excessive daytime sleepiness of narco-
lepsy. Since the first nonstimulant ADHD medication atomoxetine
was brought to the market in 2002, another two nonstimulants
have been approved to treat ADHD.

In this review, we intend to describe briefly the chemical clas-
sifications and their pharmacotherapies with stimulants,
wakefulness-promoting agents, and nonstimulants in treating
ADHD. Pivotal clinical drug trials of those medications will be
highlighted, and the treatment implications of those medications
discussed.
2. Chemical classification of stimulants and wakefulness-
promoting agents

Sympathomimetic drugs can stimulate the sympathetic nervous
system by directly serving as adrenergic receptor agonists or by
indirectly increasing the release of the neurotransmitter norepi-
nephrine at postganglionic nerve endings.6 Most centrally active
stimulants used in psychiatry are indirectly acting sympathomi-
metic drugs, with the primary effect of causing the release of
catecholamines from presynaptic neurons.1 They include amphet-
amine, dextroamphetamine, methamphetamine, lisdexam-
fetamine, methylphenidate, and dexmethylphenidate. The
mechanism of the novel wakefulness-promoting agents (modafinil
by Elsevier Taiwan LLC. All rights reserved.
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and armodafinil) is presumably acting on brain orexin/hypocretin
neurons, although other mechanisms remain under debate.

2.1. Amphetamine family

2.1.1. Amphetamine
Amphetamine, abbreviated from alpha-methyl-phenyl-ethyl-
amine (a-m-ph-et-amine), is structurally known as phenyl-
isopropylamine.7 Chemical substitutions on the phenyl group,
isopropyl chain or amine group result in producing various chem-
icals with different mechanisms.

Amphetamine, which is highly lipid-soluble, rapidly distributes
into tissues and transits across the bloodebrain barrier, achieving
peak levels in about 2 hours. Amphetamine competitively inhibits
reuptake of dopamine (DA) into the presynaptic neuron by binding
to the DA transporter (DAT). Amphetamine also acts as a substrate
of DAT itself and triggers its own transport into the presynaptic
neuron. It has a similar effect on the vesicular monoamine trans-
porter, inhibiting reuptake of DA and entering into the synaptic
vesicles. DA displacement from synaptic vesicles by amphetamine
causes intracellular DA accumulate, causing channels to open and
release DA into the synapse.8

Amphetamine acts similarly on the norepinephrine (NE) trans-
porter (NET). It inhibits reuptake of NE from the synapse, and is
transported into the presynaptic neuron terminal itself, resulting in
increased NE levels in the synapse.9 In DAT-knockout mice, DA is
not released into the synaptic cleft after giving amphetamine10;
however, NET-knockout mice are hyper-responsive to the loco-
motor stimulation of amphetamine, and have DA D2/D3 receptor
supersensitivity.11 Further studies are needed to clarify the possible
differences in actions of stimulants on DAT and NET. Like tra-
nylcypromine, a substituted amphetamine, which acts as a mono-
amine oxidase (MAO) inhibitor, amphetamine itself is also a weak
and reversible MAO inhibitor.12

2.1.2. Dextroamphetamine
Amphetamine has two stereoisomers. Compared to the levo-iso-
mer, dextroamphetamine, or d-amphetamine, is about four times
more potent in increasing DA efflux, yet has no significant differ-
ence in the potencies on NE efflux.13 Dextroamphetamine is about
two times more potent than the levo-isomer in improving wake-
fulness, but has equal potency in reducing cataplexy and rapid eye
movement sleep.14

2.1.3. Lisdexamfetamine
Lisdexamfetamine is a pharmacologically inactive prodrug, and is
metabolized to dextroamphetamine and L-lysine in the red blood
cells by rate-limited enzymatic hydrolysis.13 Compared to dextro-
amphetamine, lisdexamfetamine produces a gradual and sustained
increase in dopamine efflux. It has fewer pleasurable effects and
helps to lower its addition risk.13

2.1.4. Methamphetamine
Methamphetamine has an additional methyl group attached to the
amine of amphetamine. This addition makes this derivative more
lipophilic, thus enabling rapid and extensive transport across the
bloodebrain barrier and giving a better central over peripheral
profile.15 The half-life of methamphetamine is about 9e12 hours,
and its major metabolic pathways include aromatic hydroxylation
producing 4-hydroxymethamphetamine and N-demethylation to
form amphetamine.16 However, the contribution of amphetamine
metabolite does not cause much change in subjective effects added
to methamphetamine, and the peak amphetamine levels are sub-
stantially lower than those of the parent drug throughout the
studied time.16 That methamphetamine is highly addictive and
more neurotoxic than amphetamine is believed to be due to its
rapid absorption into the central nervous system (CNS), its potency
in a sustained release of brain DA and glutamate, resulting in
neurotoxic insults on brain neurons.7

2.1.5. Methylphenidate
Methylphenidate has a piperidine ring structure attached to the
chain of amphetamine. It is fairly short-acting, with the effects
lasting about 4 hours and a half-life of 3 hours.7 Methylphenidate
inhibits NET and DAT, and acts as a more potent and effective NE
and DA reuptake inhibitor than bupropion.9 It does not cause the
release of newly synthesized cytosolic DA as amphetamine does,17

and does not work on vesicular monoamine transporter or act as a
pseudosubstrate for DAT and NET.9 Methylphenidate has a lower
reinforcing efficacy, resulting in having a lower abuse liability than
dextroamphetamine.18 Dexmethylphenidate, a d-isomer of meth-
ylphenidate, is more potent than the l-isomer on both DAT and NET
binding.9
2.2. Wakefulness-promoting agents

2.2.1. Modafinil
Modafinil and armodafinil have a different mechanism of action,
which is distinctive from the amphetamine family. They are
designated as wakefulness-promoting agents by the US FDA. How
modafinil acts to promote wakefulness is still debatable. Although
modafinil has a weak affinity for DAT, its abolished effect in DAT
knockout mice still suggests that the dopaminergic system plays a
role in modafinil.19

Hypocretin, also called orexin, is an excitatory neuropeptide
synthesized by neurons in perifornicular area located in the lateral
posterior hypothalamus. The orexin neurons project widely and
heavily innervate all of the arousal regions, with particularly dense
innervation of the locus coeruleus and tuberomammillary nucleus
(TMN), and play essential roles in regulating wakefulness and
sleep.20 The TMN is the sole neuronal source of histamine in the
brain, and is thus necessary for maintaining normal wakefulness.21

Modafinil activates orexin neurons and the TMN.21

Luca and colleagues did a series of studies showing that racemic
mixtures of modafinil increase glutamate and decrease GABA levels
in posterior hypothalamus and medial preoptic area,22,23 and that
modafinil increases glutamate in the hippocampus and ventral
thalamus.24 These findings may contribute to its wakefulness-
enhancing property. Other studies showed that modafinil’s effects
are mediated through activating NE a1 receptors, because its wake-
promoting effects in experimental animals are inhibited by central
a1 blockers such as prozosin.25

2.2.2. Armodafinil
Armodafinil {(e)-2-[(R)-(diphenylmethyl) sulfinyl] acetamide} is
the active (e)-R-enantiomer of racemic modafinil. At the same
dosage as modafinil, armodafinil can have a late concentration
peak, and the higher plasma concentrations maintain its effect for
6e14 hours after receiving the drug.26
3. FDA-approved indications and off-label uses for stimulants
and wakefulness-promoting agents

The data of double-blind, randomized, controlled trials examining
their safety, efficacy, and effectiveness of stimulants are only
limited in ADHD, although they have been used for decades in
clinical practice. Here, we present FDA-approved indications with
related pivotal drug trials first. We also discuss the clinical data of
their off-label use.
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3.1. ADHD

In theory, ADHD symptoms are linked to insufficient information
processing by pyramidal neurons in the prefrontal cortex, which
may be partly due to imbalances in the neurotransmitters DA and
NE.27 Stimulants act directly in the prefrontal cortex to enhance
signal strength by increasing NE and to reduce noise by
increasing DA, resulting in reducing symptoms of inattention,
hyperactivity, and impulsivity in ADHD.27 Studies have also
shown that stimulants bind to the DAT in the striatum and
indirectly enhance prefrontal cortical function through striatal-
prefrontal pathways.28

Bradley26 first reported in 1937 that d- and l-amphetamine
improve school performance, social interactions, and emotional
responses in childrenwith behavioral disorders. His studies have an
important influence on the studies of methylphenidate and ADHD,
although this study had been ignored in the field of child psychiatry
for decades.29

In 1955, methylphenidate was approved by the US FDA (www.
fda.gov). By 1996, 155 controlled studies of 5768 children, adoles-
cents, and adults had documented the efficacy of stimulants in an
estimated 70% of patients.30 Of the stimulants studied, methyl-
phenidate comprised 83% of all the studies.30 Short-term ran-
domized clinical trials of stimulantsdmost often �12 weeks in
durationdhave been reported robust efficacy of methylphenidate,
d-amphetamine, and pemoline in children with ADHD, with equal
efficacy between stimulants.31

Pragmatic issues associated with amphetamines and methyl-
phenidate, such as the need for frequent doses and resulting
problems in compliance, have led to developing long-acting for-
mulations.28 Methylphenidate in an osmotic controlled release oral
delivery system (OROS) is designed to have a 12-hour duration of
effect, and the mean time to reach peak plasma concentrations
occurs at 6e10 hours (www.fda.gov). Methylphenidate trans-
dermal system is designed to continuously release the drug by
applying the patch to the skin.32 Its advantages are for hyperactive
children who have difficulties swallowing pills. The transdermal
system patch continues to deliver the medication until it is
removed but about half of the children have shown at least minor
erythematous reactions.

In the Multimodal Treatment Study of ADHD, which was funded
by the National Institute of Mental Health of the USA, 579 children
with ADHD combined type, aged 7e9.9 years, were assigned to 14
months of medication management with methylphenidate; inten-
sive behavioral treatment; the two combined; or standard commu-
nity care.33 The results showed that medication management and
combined treatment are better than behavioral treatment and
community care in reducing children’s ADHD symptoms.33 This
study shows the superiority of stimulants over the nondrug treat-
ment in treating the core ADHD symptoms in child patients. Medi-
cations approved by the FDA for treating ADHD include
dextroampetamine, amphetamine, dextroamphetamine, lisdex-
amfetamine, methylphenidate, and dexmethylphenidate.34 Detailed
information is available at www.pediatrics.aappublications.org/
content/suppl/2011.10/11/peds.2011. Although methamphetamine
carries an FDA-approved indication for ADHD and external obesity, it
is not favored by many experts because of its highly addictive nature
and suspected neurotoxicity in animal data.35

The results of the analysis of pooled data from three random-
ized, double-blind, placebo-controlled studies showed that mod-
afinil can improve symptoms of ADHD (assessed by ADHD rating
scale IV School Version).36 Similar improvements have also been
observed on the ADHD rating scale IV Home Version.37 But due to
the reports of serious skin rash, including StevenseJohnson syn-
drome, and hypertension, modafinil has not been approved by the
US FDA in pediatric patients for any indications, including ADHD
and narcolepsy (www.fda.gov).

3.2. Excessive daytime sleepiness and sleep attacks in narcoleptic
patients

Narcolepsy is a rapid eye movement sleep disorder, characterized
by the classic four symptoms of excessive daytime sleepiness with
irresistible sleep attacks, cataplexy, hypnagogic hallucination, and
sleep paralysis.37 Narcolepsy has been identified to be associated
with HLA-DR2 and DQB1*0602,38 encoding proteins to regulate the
production for abnormal hypocretin transmission.39 Hypocretin
deficiency may decrease monoaminergic tone, and could explain
the beneficial effect of medications that can increase monoamine.
These findings may also suggest that the daytime sleepiness in
narcoleptic patients is treated via an increase in hypocretin
transmission.39

Stimulants such as amphetamine or methylphenidate have been
used for excessive daytime sleepiness and sleep attacks since the
1930s,37 but have limited information available on the benefit-to-
risk ratio.37 The lack of information may reflect the limited
research funding sources for generic medications rather than clinical
use of these drugs.40 In a nonrandomized controlled study, meth-
ylphenidate and d-amphetamine significantly improved both
objective and subjective values for somnolence as well as cognitive
function as measured by a digit symbol substitution test.41

Amphetamine, methamphetamine, d-amphetamine, and methyl-
phenidate remain the drug of choice for sleepiness due to narco-
lepsy, recommended by the American Academy of Sleep Medicine.40

As stated previously, the efficacy of modafinil which is different
from that of stimulants, is through activating orexin neurons in the
perifornical area.21 In a nonrandomized control study, healthy
volunteers received modafinil, d-amphetamine and placebo orally
30 minutes prior to bedtime. Modafinil does not impair total sleep
time and sleep efficiency, and does not alter sleep architecture such
as reduction of sleep Stage 2 and rapid eye movement-sleep.42 The
result of a meta-analysis of nine randomized controlled trials
showed that modafinil improves excessive daytime sleepiness in
patients with narcolepsy assessed by the subjective Epworth
Sleepiness Scale, objective multiple sleep latency test, and main-
tenance of wakefulness test.43 However, modafinil cannot decrease
daily number of attacks of cataplexy.43

In 1998, the US FDA approved modafinil for treating excessive
daytime sleepiness in patients with narcolepsy. In 2004, new in-
dications were approved to improve wakefulness in two excessive
sleepiness patient populations with obstructive sleep apnea/
hypopnea syndrome and with shift work sleep disorder. Armoda-
finil was later approved to treat excessive daytime sleepiness with
narcolepsy, obstructive sleep apnea/hypopnea syndrome, and shift
work sleep disorder in 2007 (www.fda.gov).

Besides the stimulants and wakefulness-promoting agents, so-
dium oxybate, the sodium salt of g-hydroxybutyric acid (GHB), was
approved by the FDA for reducing both cataplexy and excessive
daytime sleepiness in patients with narcolepsy.44 GHB is a natural
metabolite of GABA. Its exactmechanism of action is not known, yet
studies suggest that at pharmacological doses, GHB activates GABAB

receptor and alters sleep architecture,45 possibly through the
release of both DA and serotonin.44

4. Off-label uses and promising indications

4.1. Depression

Case series have suggested the efficacy of stimulants combined
with monoamine oxidase inhibitors and tricyclic antidepressant in
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patients with treatment-resistant depression.45,46 In outpatients
with major depressive disorder who had failed from one to three
previous antidepressant monotherapies, methylphenidate OROS
augmentation cannot improve patients’ depressive symptom
scores (rated by the MontgomeryeÅsberg Depression Rating Scale)
at endpoint after 5 weeks, although both apathy (measured by the
Apathy Evaluation Scale) and fatigue (measured by the Multidi-
mensional Assessment of Fatigue) are improved.47

The results of a pooled analysis of two randomized, double-
blind, placebo-controlled studies of modafinil augmentation for
patients who were partial responders to adequate selective sero-
tonin reuptake inhibitor therapy with excessive sleepiness and fa-
tigue showed that modafinil augmentation rapidly (within 1 week)
improves overall clinical condition (measured by the Clinical Global
ImpressioneImprovement), wakefulness (Epworth Sleepiness
Scale), depressive symptoms (17-item Hamilton depression scale),
and fatigue (Fatigue Severity Scale). At final visit, patients with
modafinil augmentation still shows their improvement in overall
clinical condition, wakefulness, and depressive symptoms.48

4.2. Obesity

Since 1937, a series of reports and studies have shown that
amphetamine can be used to treat obesity in adults and children; it
was thought that inhibiting food intake is achieved through the
release of NE in the CNS.49 A small, short-term study has suggested
that modafinil also has anorectic effect.50 But the duration of
appetite-suppressing effects of the stimulants can last only for the
first few weeks, and their high abuse potential also limits their
clinical use.1

Methamphetamine was approved by the US FDA to treat exog-
enous obesity as a short-term (i.e., a few weeks) adjunct in a
regimen of weight reduction based on caloric restriction, for adult
patients whose obesity is refractory to alternative therapy (www.
fda.gov). There are other amphetamine derivatives that are
approved for obesity treatment in adults, such as benzphetamine,
phendimetrazine, diethylpropion, and phentermine.49

4.3. Schizophrenia

Although a long-term use of stimulants such as amphetamines, can
worsen psychosis in schizophrenic patients, they may still improve
negative symptoms without worsening of positive symptoms in
selected patients who are stable and treated with effective anti-
psychotic medications.51 There are no consistent data about the
benefit of adding modafinil or armodafinil to an antipsychotic
regime in enhancing cognitive function, attenuating fatigue,
enhancing activity, improving negative symptoms, and reducing
weight in patients with schizophrenia.52

4.4. Fatigue

The use of stimulants to improve fatigue inmilitary operations and/
or specific medical conditions may be due to the belief of their
pharmacological effects, but related evidence from large-scale
controlled studies is not available.7 d-Amphetamine and methyl-
phenidate can improve fatigue in patients with human immuno-
deficiency virus (HIV).53,54 Methylphenidate is also effective in
treating fatigue in patients with Parkinson’s disease and
cancers.55,56

Modafinil has been extensively studied to treat fatigue in spe-
cific medical conditions for patients with multiple sclerosis, Par-
kinson’s disease, chronic fatigue syndrome, HIV, dementia, and
fibromyalgia, and most results are promising.57
4.5. Cocaine and amphetamine/methamphetamine use

As a replacement treatment strategy, double-blind studies have
shown that sustained release d-amphetamine and methamphet-
amine can reduce cocaine use, but methylphenidate has not shown
the same effect.58,59 Preliminary trials showed that modafinil
decreased cocaine-induced euphoria, but most recent data fail to
support that it can decrease cocaine use.58

There were scarce data to show that sustained release d-
amphetamine/ methamphetamine, as well as methylphenidate and
modafinil cut down amphetamine/ methamphetamine use, and
future studies are needed.58

4.6. Strokes and traumatic brain injury

The limited clinical studies have shown that stimulants (such as
amphetamine and methylphenidate) and modafinil have rehabili-
tative effects in patients with strokes or traumatic brain injury, due
to improving their arousal and cognition as well as facilitating
functional recovery.59

5. Nonstimulant medications for ADHD

5.1. Atomoxetine

The US FDA has approved three nonstimulants for the treatment for
ADHD (www.fda.gov). Atomoxetine is the first nonstimulant drug
for this indication.32 A meta-analysis of nine randomized placebo-
controlled trials showed that atomoxetine can reduce core ADHD
symptoms. The treatment response and relapse prevention for
ADHD through the use of atomoxetine are good.60

Being a selective NE reuptake inhibitor, atomoxetine has little or
no affinity for other neurotransmitter receptors.61 However,
atomoxetine can also increase prefrontal DA levels due to inhibiting
NET-mediated DA uptake, as the NET is relatively abundant
comparedwith the DAT level in the prefrontal cortex, and DA can be
taken up nonselectively by the NET.62 Studies also showed that the
increased NA in the prefrontal cortex may activate DA neurons,
resulting in an increase in the extracellular DA levels.62 Patients
need to be maintained at the full therapeutic dose for at least
several weeks to obtain the drug’s full effect.63

Compared to traditional stimulants, atomoxetine’s efficacy does
not differ significantly from that of immediate-release methyl-
phenidate, but significantly less than those of methylphenidate
OROS and extended-release mixed amphetamine salts.61 A 2007
consensus has recommended stimulants as the first line of treat-
ment for ADHD, particularly when no comorbidity is present,
whereas atomoxetine may be considered as the first drug for ADHD
in individuals with an active substance abuse problem, comorbid
anxiety, or tics.63

A meta-analysis of 14 trials on suicide-related behavior in pe-
diatric patients treated with atomoxetine and placebo showed that
the frequency of suicidal ideation was 0.37% (5/1357) for the pla-
cebo group, but no patient who received atomoxetine committed
suicide (0/851).64 However, the US FDA has placed a black box
warning on atomoxetine about increased suicide ideations in
children and adolescents as a class action because atomoxetine is
an antidepressant pharmacologically in the class of a selective NE
reuptake inhibitor (www.fda.gov).

5.2. Alpha2 agonists (guanfacine and clonidine)

Large, randomized, double-blind, placebo-controlled trials have
shown that guanfacine extended-release (XR) and clonidine XR can
reduce ADHD rating scale IV total scores.65,66 The US FDA approved
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Table 1 Stimulants, wakefulness-promoting agents, and nonstimulants attention deficit hyperactivity disorder (ADHD) medications

Medication Mechanism Abuse
potential

DEA schedule
in the US

Indication
for ADHD

Indication for excessive daytime
sleepiness in

Narcolepsy OSA SWSD

d-Amphetamine Sympathomimetic þþ II Y Y N N
Lisdexamfetamine Sympathomimetic þþ II Y N N N
Methylphenidate Sympathomimetic þþ II Y Y N N
Modafinil Hypocretin/orexin activator and others þ IV N Y Y Y
Armodafinil Hypocretin/orexin activator and others þ IV N Y Y Y
Atomoxetine Norepinephrine reuptake inhibitor 0 0 Y N N N
Guanfacine XR a2A agonist 0 0 Y1 N N N
Clonidine XR a2A agonist 0 0 Y1 N N N

DEA ¼ Drug Enforcement Administration; N ¼ no; OSA ¼ obstructive sleep apnea; SWSD¼ shift work sleep disorder; Y ¼ yes (monotherapy); Y1 ¼ yes (also as an adjuvant to
stimulant); XR ¼ extended release.
Note. From “Stimulants andwakefulness-promoting agents” byW.W. Shen 2011,69 in Clinical psychopharmacology for the 21st century, 3rd ed (ShenW.W., ed), Copyright Ho Chi
Publishing Company. Reprinted with permission.
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them as a monotherapy or an adjunct to traditional stimulants to
treat ADHD in 2007 (www.fda.gov).

Guanfacine and clonidine are both a2 agonists. Guanfacine
binds more selectively to a2A receptors, producing fewer side
effects of sedation and lowing less blood pressure, whereas
clonidine binds to all three subtypes of a2 receptors (including
a2A, a2B, and a2C receptors).67 Most studies have focused on the
negative feedback through presynaptic a2 receptors, and many a2
receptors in the CNS are actually localized postsynaptic to NE
cells such as locus coeruleus. However, only those a2 receptors,
specifically a2A subtype, mainly regulate the prefrontal cortex
function.68 Evidence has confirmed that the a2A agonists can
enhance both dorsolateral prefrontal cortex function (in regu-
lating attention and action) and ventromedial prefrontal cortex
function (in regulating emotion).68

6. Discussion

Table 1 summarizes clinical characteristics of all medications
described in this review.69 Few medications have received as
much public scrutiny as those stimulants used to treat ADHD,
despite their safety and efficacy being well-established. Their high
abuse potential and presumed cardiovascular side effect, which is
thought to be related to their effects to increase heart rate and
blood pressure, largely restrict their clinical practice, although the
two latest large studies indicate that ADHD medications (including
stimulants and atomoxetine) do not increase the risk of serious
cardiovascular events in children and adults.70,71

ADHD is one of the most common childhood onset psychiatric
disorders, affecting 5e12 % of children. As many as 60% of child
patients continue to meet ADHD criteria or have some symptoms
as adults.35 Although a worldwide survey estimated the average
prevalence of adult ADHD to be about 3.4% in individuals aged
18e44 years, it remains largely underrecognized.72 Short-term
studies show that effect sizes of stimulants and those of non-
stimulants in treating ADHD in adults are similar as in school-age
children when robust doses are used.73 The data of the effec-
tiveness and safety of methylphenidate transdermal system, and
adjunctive therapy with clonidine XR and guanfacine in adult
ADHD are still lacking.

Many stimulants and wakefulness-promoting agents are used
nonmedically as “smart pills,” “study drugs,” or for daytime
sleepiness due to jet lag. Research found that up to 16% of students
in some US colleges admitted using stimulants to maximize their
learning power.74 It has become such a hot issue that a com-
mentary article in the journal Nature advocated that mentally
competent adults can engage in cognitive enhancement using this
kind of drugs.75
Since modafinil was first introduced to the market in 1998,
research and development in this field began to flourish actively.
New drugs such as atomoxetine as well as old drugs (guanfacine
and clonidine) came to the market for the indication for ADHD.
Other ADHDmedications with novel mechanisms, such as nicotinic
acetylcholine receptor agonist, are in the pipeline of drug devel-
opment.76 Interestingly, a small pilot study in 2008 also showed the
promising effect of aripiprazole to reduce ADHD symptoms and
improve overall functioning.77

Psychiatrists do not have many choices in Taiwan. Methylphe-
nidate is the only stimulant in the market in both immediate
release and OROS formulations. Atomoxetine is the only non-
stimulant ADHD medication, although clonidine is available, but
not in extended release formulation. Modafinil is indicated for
narcolepsy. We hope that more novel medications will be intro-
duced to Taiwan to benefit those patients with ADHD and narco-
lepsy, who do not respond well to the presently available
medications or cannot tolerate their side effects.
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This is an updated and expanded version of Chapter 6: Psy-
chostimulants and Wakefulness-promoting Agent, in Shen WW.
Clinical Psychopharmacology for the 21st Century, 3rd Edition.
Taipei: Ho-Chi Book Publishing Company (in Mandarin), 2011.69
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