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Abstract

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder characterized by inattentive-
ness, hyperactivity, and impulsivity. This review paper outlines the role that pharmacists can play in monitoring am-
phetamine use, to reduce the possibility of medication abuse by those with ADHD and/or Cocaine Use Disorder
(CUD). Because individuals with ADHD also struggle with impulsivity, they are more likely to abuse substances,
particularly illegal stimulants (such as cocaine), in an effort to self-medicate.This article also reviews the pharmacoki-
netics of amphetamine derivatives as well as the evidence for their use to manage ADHD and CUD. Neuropharma-
cologically, the proposed mechanism of action of amphetamines in the treatment of CUD is also detailed. Finally, the
implications of these findings for pharmacy practice are discussed.The primary findings and principal conclusions are
that amphetamines have been found to improve both ADHD and CUD symptomatology, primarily through increasing
DA release from nerve terminals in the central nervous system, as well as increasing the release of NE and serotonin.
Pharmacists can play an important role in monitoring use of these medications by working in collaboration with family
physicians and psychiatrists to ensure that ADHD/CUD patients are taking their amphetamines as prescribed.
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caine is the most common), but also prescription stim-
ulants (of which the amphetamine derivatives are the
most common), in an effort to self-medicate*®. Given
that amphetamines are quite effective in the treatment
of ADHD®, they have also been investigated for the
treatment of CUD, which is another disorder linked to
deficient dopamine transmission, like ADHD. Comor-
bid ADHD and CUD worsens the prognosis, and these
patients have poorer long-term outcomes in many life
domains®.

Patients who misuse cocaine may be self-medicat-
ing latent/undiagnosed ADHD, therefore assessment
of these patients for ADHD is very important — in pa-
tients with comorbid ADHD and CUD, treating their
ADHD could dramatically improve their psychosocial
functioning and help to address the underlying factors
contributing to their cocaine abuse®. Individuals who
have higher baseline ADHD symptomatology have
been found to be at a much higher risk for misusing
cocaine and other illegal stimulants®. This epidemiolog-
ical association underscores the importance of diagno-
sis and formal testing in all patients who abuse stimu-
lants, whether they are stimulants that are available by
prescription or illegal stimulants such as cocaine.

This review paper will examine the evidence for
the potential role of interdisciplinary collaboration be-
tween pharmacy, medicine, and other healthcare disci-
plines in treating patients with comorbid ADHD and
CUD. Furthermore, an association between ADHD
and CUD has been established in the literature and has
aneurophysiological basis, which will also be discussed.

Pharmacokinetics

When ingested via the oral route, amphetamines have a
bioavailability of roughly 75%’. The immediate-release
(IR) formulations require one to three hours to reach
their peak effect; their duration of action is roughly four
to six hours®. Extended-release (ER) or sustained-re-
lease (SR) formulations of amphetamines typically last
longer in the body, with a duration of action of approx-
imately ten hours®. Because of their pharmacokinetic
properties (both the longer duration of action and the
slower/lower peak plasma level), ER and SR formula-
tions also have a lower potential for abuse®.

Evidence for Amphetamines in CUD

Mooney and colleagues (2009) found that the use of
amphetamine analogues can lead to significant re-
ductions in cocaine use as well as cravings. Chronic
cocaine use has been found to deplete dopaminergic,
serotonergic, and noradrenergic pathways in the brain,
leading to psychiatric symptoms that include increased
impulsivity, depression, and anhedonia®. Amphet-
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amine derivatives can help to target these symptoms
and are associated with reductions in cocaine use as
well as cocaine cravings®'®!!. However, it is only the SR
or ER amphetamine derivatives that have been found
to be effective for treating CUD, not the IR formula-
tions, which need to be taken multiple times a day (due
to their shorter duration of action) and are more likely
to be abused®®. Levin and colleagues (2015) conducted
a randomized clinical trial showing that ER amphet-
amine salts (in addition to Cognitive Behavioral Ther-
apy) are effective in the treatment of individuals with
comorbid ADHD and CUD. The ER amphetamine salts
were found to improve ADHD symptoms in addition
to reducing cocaine use, further supporting the theo-
ry that individuals with ADHD are more likely to use
cocaine as a form of self-medication to address their
underlying ADHD symptoms®.

While the role for amphetamine derivatives has
been well established in the treatment of patients with
comorbid ADHD and CUD, adding psychotherapy (e.g.,
Cognitive Behavioral Therapy) to amphetamine-based
pharmacotherapy could also confer additional clinical
benefit to help patients achieve and maintain cocaine
abstinence, although more research is needed in this
domain®. Patients with co-occurring ADHD and CUD
that achieve cocaine abstinence at the beginning of
treatment while treated with amphetamines (to ad-
dress their core ADHD symptoms) appear to have
better outcomes in achieving/maintaining CUD re-
mission; this is likely due to an improvement in ADHD
symptoms'!. These findings support the self-medica-
tion theory of stimulant abuse in patients with ADHD.
Several well-designed large-scale studies examining
amphetamine derivatives in the treatment of ADHD
and comorbid CUD have shown promising results***!!,

Mechanism of Action

Amphetamine’s mechanism of action is on the mono-
amine neurotransmitters dopamine (DA), norepi-
nephrine (NE), and serotonin®. It is considered an
indirect-acting sympathomimetic and is associated
with increases in blood pressure, heart rate, body tem-
perature, and cardiac output, in addition to reducing
appetite®. Amphetamines are weak reuptake inhibitors
of DA and serotonin, and moderate reuptake inhibi-
tors of NE®. Amphetamines enter NE neurons via the
norepinephrine transporter (NET) and are taken into
storage vesicles by the vesicular monoamine transport-
er (VMAT). By moving into NE storage vesicles, am-
phetamines displace NE into the cytoplasm of presyn-
aptic neurons. Subsequently, there is movement of NE
into the synaptic cleft. No action potential is needed
for this release of NE into the synapse; the movement
is triggered by amphetamine molecules moving NE out
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of their storage vesicles in the presynaptic neuron. The
NE in the synapse then stimulates adrenergic receptors
on postsynaptic neurons.

In regard to DA, amphetamines block the ability
of the dopamine transporter (DAT) to clear DA from
the synapse, leading to increased synaptic DA concen-
trations. Amphetamines also bind to VMAT, leading
to DA transfer reversing so that higher concentrations
of DA end up moving into the synapse from storage
vesicles®.

Amphetamines block NET and SERT (the sero-
tonin transporter) as well, leading to higher concentra-
tions of NE and serotonin in the synapse in addition to
increasing synaptic DA levels®. Regular cocaine use de-
pletes dopaminergic and noradrenergic systems in the
brain and can have lasting effects on impulse control.
Since amphetamines target these systems in the brain,
they can improve some of the psychiatric symptoms
experienced by CUD patients.

In terms of the brain regions they affect, amphet-
amines lead to increases in DA and NE in the prefrontal
cortex and the striatum. Amphetamines are highly re-
inforcing, primarily due to increased DA release in the
synapses within the mesolimbic (reward) pathway of
the brain, which includes the nucleus accumbens (part
of the ventral striatum)®. The nucleus accumbens is a
central part of the brain’s reward circuit and is impli-
cated in both ADHD and CUD.

Implications for Pharmacy Practice

The pharmacy model of care that could be implement-
ed when pharmacists are monitoring patients receiving
treatment for comorbid ADHD and CUD has parallels
to the role that pharmacists currently play in metha-
done maintenance treatment. Firstly, it is important
that pharmacists establish a strong therapeutic phar-
macist-patient relationship with ADHD/CUD patients,
based on a foundation of mutual respect, empathy,
compassion, and understanding'?. Pharmacists should
treat substance use disorder patients as they would all
other patients.

In community pharmacy practice, pharmacists can
play an important role in monitoring amphetamine
use by working in close collaboration with family phy-
sicians and psychiatrists to ensure that ADHD/CUD
patients are taking their amphetamines as prescribed.
As part of this collaboration, there should also be reg-
ular communication between pharmacists and phy-
sicians so that there is safe, seamless, uninterrupted
treatment for ADHD/CUD patients, especially when
they are transitioning from inpatient to outpatient in-
stitutions and when they are switching pharmacies'
Thorough documentation is also important to ensure
that pharmacists are able to collaborate effectively

Amphetamines

with other healthcare providers who are treating their
ADHD/CUD patients'?. Pharmacists can also educate
patients (e.g., using behavioral approaches)® regarding
the adverse effects of stimulants, in order to reinforce
the benefits of using stimulants as prescribed and the
consequences of stimulant abuse. Pharmacists should
also ensure that they keep up to date on the clinical
knowledge and research surrounding both ADHD and
CUD, as well as any relevant clinical practice guidelines
that are published when they are treating this specific
patient population'. Lastly, pharmacists must keep a
close eye out for early renewal requests for amphet-
amines in ADHD/CUD patients as well as attempts by
these patients to get their amphetamines prescribed by
multiple physicians, as these could be subtle but im-
portant signs that amphetamines are being misused.
Because patients generally have good relationships
with pharmacists, pharmacists are among the most
readily accessible and highly trained healthcare pro-
fessionals, and the fact pharmacists work long hours
(which include weekends/holidays), pharmacists are
in an excellent position to ensure that patients with
comorbid ADHD/CUD are taking their prescription
stimulants properly. Management of ADHD and CUD
must be targeted using a multimodal approach, which
includes medications, education, and behavioral inter-
ventions. Pharmacists have an integral role to play in
this targeted multimodal approach because they are a
key player in complete and comprehensive therapeutic
interventions for any given patient. Pharmacists play
a vital role in continuation of patient care and in im-
proving long term outcomes for patients suffering with
these chronic and often difficult-to-treat disorders.

Conclusions

In patients with comorbid ADHD and CUD, these neu-
ropsychologically linked disorders can be addressed
together and in a safe manner. Pharmacists can have
an important role in overseeing treatment adherence
and minimizing the risk of diversion (of stimulant med-
ications from those with ADHD to others) or abuse of
amphetamine derivatives®.

This paper focused on reviewing the literature link-
ing ADHD and CUD, their treatment individually and
comorbidly, and the role that pharmacists can play in
monitoring the treatment of these patients. This is an
important topic that is generally poorly understood
and historically understudied. In typical clinical prac-
tice, clinicians avoid prescribing stimulants for patients
with cocaine abuse problems due to the fear of them
abusing prescription stimulants such as amphetamines,
even though there is substantive evidence that treat-
ment with amphetamines can improve both condi-
tions (ADHD and CUD)***1%11 In conclusion, amphet-
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amines have been found to improve both ADHD and
CUD symptomatology primarily through increasing
DA release from nerve terminals in the central ner-
vous system, as well as increasing the release of NE and
serotonin*’. However, their use in patients with CUD
must be monitored closely due to their high potential
for abuse.
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